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Socio-Economical Effects of Technical Innovations
in Asian Agriculture

Kamphol Adulavidhaya
Thanwa Jitsanguan

1. Introduction

Until this point in time, the Asian agriculture has been developed through a very long history and
experience. By and large, agriculture is considered the birth source of most Asian nations. With the similar
resource endowment in the region, the majority of each country was and is still engaged in one way or another
in the agricultural sector. Production pattern, input use, price and market problems, and recently
environmental impacts among farms in the Asian region are not significantly different. Trend is shown in
many ways, however, that agriculture is now facing many challenges from internal factors of the agricultural
sector itself and external factors from various competitive non-agricultural sectors. - The global promotion in
trade liberalization has turned around the structure of agricultural production in every countries, Direction of
agricultural development in the coming century is then one of the key issues that will definitely affect the
overall welfare of Asian population.

Since the market economy becomes more competitive both at the regional and global levels, a lot of
significant changes can be anticipated in agricultural production of Asian countries. Structure of crops and
animals as well as production system will need to be re-considered from all aspects. Mobilization of factor
inputs especially capital and labor from the agricultural sector to other economic sectors with relatively higher
growth rate has affected all farming patterns and systems. Farmers should be ready in re-adjusting their
cropping pattern and input use according to such changes. Substitution among factors of production for the
least cost combination will play important role in determining the sustainability of agricultural production.
The combination of factors and inputs used should not only be feasible from the production and environmental
conditions but should satisfy the economic and social conditions as well.

Technical innovation in agriculture is considered a part of solution to those emerging problems.
Despite there is unclear definition and scope, appropriate technology has been a key issue in Asian agriculture
for a long time. Different technologies applied to agricultural production simply implies the unique
characteristics of resource and input use, production cost, farm profit, and environmental impacts created.
Farm technology is supposed to be cffective, low cost, and with less external impacts. Induced agricultural
technology should particularly lead to higher farm productivity. On the other hand, farm technology can also
affect the farmers themselves in terms of labor employment, time allocation, income generation, and natural
environment of farm households. Due to the existing open economy system, effects on these socio-economical
factors can be again expected at both within and beyond the farm gate level. Innovation of any farm
technology, therefore, should be applied with great care and already considered from all relevant aspects.

This paper will discuss the consideration of effects from technical innovations on socio-economical
factors of the Asian agriculture in general.

Kamphol Adulavidhaya, Ph.D.(Ag.Econ), is Professor in Agricultural Economics and the President
of Kasetsart University.

Thanwa Jitsanguan, Ph.D.(Econ), is Assistant Professor in Agricultural Economics and Chairman of
Resource Management Program, Kasetsart University.



2. Asian Agriculture in Dynamic Economy

In many senses, agriculture is usually the symbol of most developing countries including those in the
Asian region. Agricultare-based countries also implies the countries with low productivity and significant
dependence on primary products. The vast majority of Asian population has lived and worked in the rural
sector. This human resource allocation suits very well with other natural resources especially land.

The Asian countries(*) has the total land of 2,121 million hectares with 2,831 million population in
1990. At least 18.6 percent of total land was agricultural land in 1990 and the percentage had been almost
constant since 1980. Without China and Mongolia, such a proportion can immediately be increased to 31.7
percent. As compared with 18.6 percent of total land, more than 60.9 percent of Asian population still resided
in agricultural sector in 1990 of which the proportion was reduced from 67.1 percent in 1980. During 1980-
90, while agricultural land can be expanded at only 1.6 percent, the total agricultural population increased at
9.8 percent.

These figures simply show that the pressure of population on land resource still remain significantly
in Asian agriculture. With limited country area, intensification of agricultural land use by any how is most
likely inevitable.

On the other hand, the average GDP contribution from the agricultural sector to an economy of Asian
country was found reduced from 39.8 to 26.8 percent during 1965-90. The changing situation was similar
throughout every Asian countries. This is mainly resulted from the relatively higher growth rate of non-
agricultural sectors, especially industrial and services, which has dominated the economic development
direction of Asian countries since 1960s. Processing of raw materials, manufacturing of high-tech electronic
products, and tourism have been on the list of top export earning sectors.

The growth rate during the past three decades of the agricultural sector in Thailand, for an example,
was approximately 4 percent as compared with those of non-agricultural sectors 12 percent. As a consequence,
the Thai agricultural GDP was then reduced from 35 to only 12 percent.

The relatively higher growth rate of non-agricultural sectors was basically the success of promotion in
forward-looking policy. Export promotion strategy has been widely adopted and adapted in Asian countries
since 1960-70. Many economic incentives in terms of production subsidies and tax rebate for foreign
investment are provided for those export-oriented industries. The successful case of "Gang of Four" including
Rep.of Korea, Hong Kong, Taiwan, and Singapore was forever cited as the blueprint for those who wanted to
be the Newly Industrialized Countries (NICs).

Agriculture, on the other hand, has been usually given low policy priority. Fluctuating price and
world market conditions are often seen unfavorable to agricultural production. Moreover, the majority of Asian
agriculture still depends upon the natural factors particularly rain and soil fertility. Environmental impacts,
natural resource degradation and food safety also appear as the new constraints to agricuiture. The traditional
expansion of "quantity” production is now converted to concentrate relatively on the "quality" production.

Change in the structure of GDP contribution is in fact related to economic development direction of
Asian countries. Such combination trend of GDP really implies that most Asian countries are moving from
agriculture towards the industrialization. In other words, they are shifting from the relatively low-value
production to the relatively high-value production. This is said to be the typical pattern of economic
development process for most developing countries. The rate of transformation in economic structure,
however, seems to be faster during the recent years. Agricultural sector in the dynamic economy of Asian
countries, therefore, is generally considered in the uncertain situation. Sustainability of the agricultural sector
is now one of the most critical issues in Asian countries.

(*) The Asian countries in this paper cover 19 countries including Bangladesh, Bhutan, Burma, Cambodia,
China, DPR Korea, India, Indonesia, Iran, Laos, Malaysia, Mongolia, Nepal, Pakistan, Philippines, Rep. of
Korea, Sri Lanka, Thailand, and Vietnam.



3. Technological Change and Innovation

If one tries to understand more deeply the pattern of agricultural transformation in Asian countries,
he might have to consider the technological change and innovation at farm level. Induced agricultural
technology from the successful "Green Revolution" during 1960s was apparently the main factor responsible
for changing in pattern of agricultural production. Innovation of high yield variety, pesticide and insecticide,
chemical fertilizer, and farm mechanization were influential inputs to increase farm productivity and to change
farming system. Research from the International Rice Research Institute (IRRI) in the Philippines, for an
example, was totally to support the technical innovations in Asian agriculture.

One can also observe that farming in Asia has been passing at least three major stages of its
development according to level of technology.

The first and most primitive stage is the subsistence farming where all farm produces are only the
staple crops such as rice and vegetables especially needed for houschold consumption. Based upon the natural
factors such as land and rain, farm productivity is usually low and subject to all risk and uncertainty. Natural
environment at farm level, however, is relatively well preserved. Labor is predominantly the major factor of
production together with some simple capital tools.

The second stage of farm production might be called the diversified farming since part of farm
produces is grown for self-consumption and part for market demand. Staple crops no longer dominate the
farm output since new cash crops such as fruits, maize, and soybean as well as small-scale animal husbandry
are introduced into.farm. Despite labor still remains the major ingredient in farm production, technology in
terms of high-yield variety, fertilizer, pesticides are also applied in farm,

The third and final stage of farm production is the specialized commercial farming. This advanced
farm production will specialize in cultivation of one particular crop in order to serve for the market demand
either domestically or internationally. Technological progress and scientific research play a major role in
stimulating higher productivity in this farm. The farm depends less upon natural resources such as land, rain,
and labor. Capital formation in terms of labor-saving technique of production, such as mechanization and
chemical application, is the key element to enjoy the "economy of scale” or reducing an average unit cost with
larger farm size. Some of the large-scale specialized farms in Asian region are also owned and operated by the
multinational agribusiness companies.

Many characteristics can be mentioned to distinguish each stage of such development in farm
production. Technical change and innovation, however, appears obviously as the key criteria. Change in the
capital-labor ratio (K/L) in production technique can be employed to indicate the overall figure for each stage
of farm evolution. Increase of the K/L ratio implies that Iabor factor is more replaced by capital factor from
technical innovation. Accordingly, the K/L ratio is supposed to be relatively low for the subsistence farming
and relatively high for the commercial farming,

There are at least two major sources of technical innovation in agriculture. Mechanical innovation in
terms of labor-saving technology, such as tractors and other farm machineries, has been proved since its
introduction that it is very effective for the extensive farm production, large-scale farming, or where farm labor
is scare. On the other hand, biological and chemical innovation in terms of land-augmenting technology can
also improve the intensity of existing land use by raising yields per area. Biological innovation such as hybrid
seeds and chemical innovation such as fertilizer, pesticides and insecticides can be employed for both the large-
or small-scale farming.

As the major technical innovation in agriculture, it should be noted that the use of tractor and
chemical fertilizer in Asian countries had been increased during 1980-90 by 5.2% and 6.8% respectively. Of
the same region, an average application of fertilizer per hectare was 128 kgs in 1990 as compared with that of
Japan, 400 kgs per hectare.

Since these two types of technical innovation are almost totally different, application of each technical
innovation may depend upon many factors. Size of farm, availability of farm labor, and conditions of land such



as soil structure and land slope are probably the major determinants in this regard. In order to solve the same
problem in farm production such as control or eradication of weed, each type of technical innovation can
simply create dissimilar effects on natural resources, environment, or even human resources. The effects are
considered critical in case of Asian agriculture which farm conditions are very diverse and the sector is now
undergoing the rapid change in social and economic structure.

4. Effect of Technical Innovation on Socio-Economical Aspects

Since the Green Revolution, transformation from the subsistence to the highly commercial farming
system has been simply considered the success case of Asian agriculture. Not only as the main source of food
production, surplus of agricultural commodities still serves as the important source of export earning. Such
significant increase of agricultural production is inevitably resulted from technological development.
Increasing farm productivity and decreasing production cost from the "labor-saving” mechanical technology
and the "land-augmenting" biological and chemical technologies can be cited in general. Technical
innovation, however, has also created various external effects on the farm sector in addition to such success.
Among them, the socio-economical effect seems to stand at the front line.

In fact, relationship between socio-economical conditions and technical innovation can be considered
from various viewpoints. Both positive and negative socio-economical effects can be mentioned as the results
from innovation of different agricultural technologies and under different farm conditions.

These socio-economic effects are as follows.

Effect of Labor Employment

Effect on labor employment from technical innovation is very obvious since there is factor
substitution between capital and labor. Technical innovation in terms of labor-saving factor can simply result
in significant unemployment from that labor being replaced by capital factor. Farm machinery such as large
tractor can be used in licu of Iabor for extensive farm activities starting from land preparing, weeding, plowing,
planting and harvesting. As a consequence, labor employment in farm, especially the unskilled, will have to be
declined. The situation in turn will help induce the intersectoral migration between agricultural and non-
agricultural sectors or the rural-urban migration pattern of farm labor. Increase of social problems of farm
labor in the urban sector such as full unemployment, illegal or immoral employment, lack of residence, traffic
congestion, and insufficient health care can all be expected.

Not only domestic migration within each country, migration of farm labor can even take place in the
international level. Legal and illegal migration among Asian countries has been significantly observed during
the recent years. In addition to wage differential, the main cause of international migration is also the excess
supply of labor in some countries which is now substituted by capital factor in farm production. In this regard,
migration of farm labor can also reflect to some extent about the level of technical innovation in the
agricultural sector of each Asian country. For example, farm labors from Thailand have migrated to Taiwan
and Japan while they are being replaced by farm labors from Burma and Cambodia.

Accordingly, the success of technical innovation in agricultural sector is often made at social cost of
non-agricultural sectors of the same economy or even the rest of the world.

Effect on Time Allocation and Non-Farm Income of Farm Households

However, the effect of technical innovation can be also considered in terms of time re-allocation of
farm houscholds. Since most technical innovation is the time-saving factor, substitution of capital for labor
will simply result in more leisure time for farm labor as well as all household members. Given the constant
farm income, availability of more leisure time is thus part of the well-being of farm houscholds.

Regardless of intersectoral migration, more time available for farm labor can also suggest additional
non-farm income possibly generated at farm houscholds. There are many non-farm activities that can be



mentioned as the positive effect of time-saving technical innovation such as household crafting industry, food
processing industry, or small-scale business in the rural community. Time re-allocation for farm labor and
household members as a result of technical innovation then can become the supplementary source of the total
household income.

Effect on Net Farm Income

There is always an assumption that technical innovation in agriculture will bring the higher
productivity and lower production cost. However, the assumption is proved in reality that it is not always true.
Assuming small-scale farm size with abundant farm labor such as in many parts of Asian agriculture, the
labor-saving technical innovation is sometimes regarded as anti-developmental factor. This is because the
introduction of heavily mechanized farming techniques can significantly create the unemployment of farm
labor without necessarily lowering per unit cost of farm production. In other words, increase of capital factor
in terms of labor-saving technology for the small-scale farming may not always lead to the cost-saving. In
stead, cost per unit of farm production with technical innovation can become even higher and finally result in
declining net farm income or even net loss of farm business. With economic disincentive from farm
production, migration of farm labor out of the agricultural sector will be even at the faster speed.

The case can simply be found in the rural areas of Asian countries where most farmers are relatively
uneducated and own small-scale farms. Effect of excessive commercialization and ineffective agricultural
extension program can help worsen the situation by introducing inappropriate technical innovation.

Effect on Natural Environment

It is obvious that natural resources and the environment have the strong link with technical
innovation in agriculture. Mechanical innovation can directly create top soil loss, heavy soil erosion and
reduce soil moisture during the stage of land preparing and weeding while biological and chemical innovation
will damage the natural balance of biodiversity and pollute the surface or underground water. With intensive
chemical use in farm production, degree of food safety can also be expected to decline. All of these
environmental impacts will then affect the welfare of farmers, the rural society, and every consumer in the
economy.

In order to prevent, or to solve if possible, such environment problems, much of farm production cost
will have to be increased. Still, it can be expected that not all of environmental impacts created by technical
innovation will be completely recovered. Part of the complicated natural environment, once destroyed, will
never be the same again or may have to take a very long period of time to heal itself. Also, despite the cost of
environmental impact from agricultural production is significant, most Asian countries still seem to ignore or
underestimate the problem.

Effect on Structure of Rural Community

The ultimate effect of technical innovation on socio-economical aspects is on the structure of rural
communities in Asian countries. Substitution between capital and labor not only deals with issues of production
technology, production cost, farm income, and degradation of natural resources and environment, it can also
come to weaken the structure of rural community as a whole. As the final consequences from unemployment,
rural-urban migration, and unpleasant environment, many rural communities in Asian countries are
commonly left behind with broken farm households with elderly and children. Some rural communities are
even completely abandoned. Economic incentive from higher wage rate and better job opportunity in other
sectors of the country has easily attracted a lot of farm labors during the on-going information age.

Fragile structure of rural communities and so weakening rural sector in Asian countrics is then
another major social cost of agricultural development in terms of technical innovation.



5. Evaluation of Technical Innovation in Agriculture with respect to the Socio-Economical Effects

In considering the success or failure of technical innovation in agriculture, one therefore has to
compare the total benefit and total cost directly or indirectly involved. Technical innovation does not only
imply the increase of capital-labor ratio in the production process, the increase of farm output, and the decrease
of production cost. It also suggests the change in time allocation of farmers, decline in farm labor employment,
and then change in farm houschold as well as social structure. As also consequences from the production
procedure, technical innovation in agriculture may also create environmental impacts from both the production
and consumption aspects.

Basically, benefit from technical innovation may simply be measured in terms of incremental farm
productivity, and then incremental farm return, from the production with and without technical application.
Cost, on the other side, is even more simple since it can be measured in terms of additional cost of technical
application. With evidences in higher productivity and lower cost, the technical innovation in agriculture is
assumed to be justified from the technical point of view.

However, if all socio-economical effects are taken into consideration, the benefit and cost of technical
innovation has to be re-considered. External benefit and external cost generated from technical innovations
should be added into the typical measurement of benefit and cost. Despite it is extremely difficult to estimate
the complete value of external effects, socio-economical effects can serves as the good examples of external
benefit and cost potentially induced by technical innovation. From those mentioned earlier, external benefit
may include effect on leisure time and non-farm income while external cost may include effect on labor
employment, net farm income, natural environment, and rural community structure.

Accordingly, it might be more appropriate to introduce the social evaluation in replacing the
technical evaluation or private evaluation for technical innovation. Such social evaluation will include all the
physical, socio-economical, as well as environmental aspects of technical innovation. Appropriateness in
technical aspect does not always indicate the feasibility of socio-economical and environmental aspects. With
these new evaluating approach, the usual justification about technical innovation in agriculture can possibly be
changed.

With respect to the socio-cconomic effects, technical innovation in agriculture is not only to increase
farm productivity or decrease production cost but to change part of farm households and the whole structure of
rural community. The technical innovation can then affect the welfare of an individual farmer, his farm
houschold, or the rural community. The general socio-economical effects can even come across the agricultural
sector to other sectors of the country. In this respect, technical innovation is not considered only the issue of
agricultural production per se but also considered the issue of farm and rural development at the same time.
Consideration for the adoption of any technical innovation will definitely go beyond the farm gate and
boundary of the agricultural sector.

6. Rationale for Technical Innovation in the Future: Consequence of Socio-Economical Change

Despite the social evaluation of technical innovation might be somewhat complicated and sound
rather pessimistic for farmers in Asian countries, the need for development in technical innovation is still
obvious and significant. Rationale for the need of technical innovation in agriculture can be ranged from the
change of "micro" socio-economical conditions until the change of "macro” international policy.

In other words, change in socio-economical conditions can be considered as both the consequence
and the cause of technical innovation in Asian agriculture.



Rationale of technical innovation from the micro prospect

Effect of market conditions

It can be noticed that many Asian countries can naturally produce and trade in similar crops and
animals. The excess supply of the same agricultural commodity in this region is one reason to explain the
declining price and then lower farm income of the farmers. Agricultural production in the future should
therefore concentrate more on the issue of "quality" production in stead of the typical "quantity” production.

Moreover, the socio-economical conditions such as income level, education, employment, lifestyle,
and taste of consumers can help determine the production. As consequences of socio-economical change
especially higher income effect in many Asian countries, "quality” of agricultural commodities will potentially
be more demanded and becomes one of the key factors to differentiate the price and market share. The Asian
agriculture should therefore be more aware of the quality production. Competition for the quality production in
agriculture will require a number of factors including some “green” technical innovations which can produce
safe foods with the least environmental impacts. Research and development regarding environmentally sound
technical innovation will be of great need for Asia in the future.

The suburb agriculture

Importance of technical innovation in agriculture as related to the socio-economical change can also
be seen from the case of suburb agriculture.

The suburb agriculture simply imply the agricultural production at locations adjacent to the urban
areas or the large cities which result in the scarce supply and higher opportunity cost of land and labor.
Quantity, quality, types, and time of agricultural production are directly affected by strong market force of the
urban sector. In such areas with increasing shortage of labor such as the suburb around capital cities in Asian
countries, for an example— small provinces surrounding Bangkok in Thailand, Manila in Philippines, and
Jakarta in Indonesia, technical innovation is prominently the solution in continuing the farm production.
According to better communication and information system, farm labor in the suburb areas will easily look for
the alternative employment outside the agriculture. This finally result in the increase of production cost from
higher wage rate in order to attract the increasingly scarce farm labor.

In case of suburb agriculture with scarce labor supply, mechanical innovation in terms of labor-saving
technology can potentially bring down the per unit cost in the large-scale commercial production according to
the "economy of scale” principle. In case of limited land resources, land-augmenting technology in terms of
biological and chemical innovation can also raise farm productivity in response to the increasing demand for
food and agricultural products of the urban areas.

Rationale of technical innovation from the macro prospect

Effect of trade liberalization

As an indirect effect of the global socio-economical change, technical innovation is also involved with
the international policy. The current trend of trade liberalization has made commercial agriculture of Asian
countries now in the process of re-structuring the pattern of agricultural production to suit the free-trade market
system. With disappearing protection and subsidy measures in international trade, comparative advantage of
agricultural sector in the future will rely more upon the actual cost of production and improved farm
productivity. Development of agricultural technology and effective production planning will be the key macro
factors for the success of agriculture in the future.

According to such expected situation, technical innovation appears even as the more important factor
in effectively planning the agricultural production in relation to the appearing liberalized trade policy.
Encouragement or discouragement for specific crop production according to liberalized trade policy will need
to be supported by appropriate technological factor. With better research and development, technical



innovation can potentially help produce crops and animals according to the conditions of supply and demand
in the domestic or international market

Factor substitution

Generally, rationale of technical innovation in the future can also be mentioned as the factor
substituted for resource scarcity in agricultural production. It is generally realized that agricultural resources
are now declining both in terms of quantity and quality. In spite of the fact that supply is physically limited,
land suitable for agricultural production is declining from being converted into non-agricultural areas. Due
mainly to relatively higher economic rent, rapid expansion of industrial and service sectors in many Asian
countries is mainly responsible for the misuse of agricultural land in the region.

Another obvious case of resource scarcity in Asian countries is declining water supply for agriculture.
Water resource used to be abundant in the region which helps survive the majority of farmers in the rainfed
areas. Trend is shown in many ways that rain, surface, and underground water for agriculture are all gradually
declining. Moreover, increase in competitive use of water supply, especially from the surface water in rivers
and reservoirs, has eventually put agriculture in the lower priority behind consumption, industrial, and tourism
purposes. This is also indirectly influenced by effect of socio-economical improvement of population in other
sectors of the economy.

Owing to such resource scarcity consideration, the continuity of agricultural sector into the future will
depend in one way or another upon the development of technical innovation. Land-based agriculture will
gradually be replaced by technology-based pattern of production especially in the areas of increasingly scarce
resources. In general, technical innovation in agriculture is expected to substitute, complement, or supplement
the natural resources whenever it is appropriate.

7. Conclusion

As long as many Asian countries still have to rely upon agriculture, the issue of technical innovation
is always necessary to be discussed.

With all changes in economic development in each country or in international economy, agriculture
is still expected to remain as an important part in Asian countries. Role of agriculture, however, may be
declining in terms of export earning as compared with the contribution from non-agricultural sectors such as
the industries and services. In terms of food and raw material production, residential sector, domestic
employment, and social structure, agriculture still has to serve as the significant sector in Asian countries.

Successful development of Asian agriculture from subsistence to commercial farming has been much
influenced by technical innovation. Traditionally, technical innovation aims to increase farm productivity at
the same time reducing unit cost of production. For examples, mechanical innovation can act as the labor-
saving technology while biological and chemical innovation will serve as the land-augmenting technology.

Along with the successful experience in Asian agriculture, technical innovation has also created
many socio-economical effects to be evidenced. Negative effects on labor employment, net farm income,
natural environment, and rural community structure are commonly found throughout the Asian countries
together with the positive effect on leisure time and non-farm income. Taken into consideration all these
external benefit and cost, the social eceggeegvaluation is then suggested in stead of the technical evaluation when
considering the technical innovation.

Despite the fact that technical innovation has produced significant socio-economical effects, rationale
still exists for the need of technical innovation in the future. Not only considered as a consequence of technical
innovation, changes in socio-economical conditions can also be considered the main cause of technical .
innovation for the Asian agriculture.



As one may see, the issue of technical innovation does not deal only with increasing farm productivity
and reducing production cost. The issue can be investigated in relation to many external effects such as direct
and indirect socio-economical conditions of a farm or the whole farm society. Accordingly, decision making
upon technical innovation in agriculture should not be made solely by anyone but the whole team of
interdisciplinary academicians. In other words, technical innovation is not a normal agricultural issue but
rather it is an interdisciplinary matter.

Awareness in adopting technical innovation should be much more in case of the Asian agriculture
which is relatively sensitive to any technological change. Even the Asian agriculture is now in search of the
solution for its sustainability, technical innovation is not something possibly to take it for granted. Especially,
while gap between agricultural and non-agricultural sectors still prevails significantly in this region of the
world, innovation of agricultural technology must be performed with perfect knowledge. Some technologies
considered suitable for one particular area or country may or may not be suitable for other areas or countries
notably due to different socio-economical conditions. Successful technical innovation in agriculture therefore
should not be evaluated only from measuring net farm profit but also from the social impact, change in welfare
of farmers, as well as external cost to the rest of society where the agriculture belongs to as part of it.
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Recent Advances and Prospects in Weed Control Technology in Rice

H. Chisaka
The Japan Association for Advancement of Phyto-Regulators, Tokyo 110, Japan

Abstract. In rice cropping in Japan, weed control means "herbicide" in
general, under the strong demands of farmers for labor-saving and complete
weed control. Herbicide technology in transplanted rice has been developed by

adopting the granular formulation and the mixture with two or more active
ingredients. Sequential application of several herbicides has been replaced
to one-shot application. In 1994, weeding hour was 20 hours/ha with 1.6 times
of herbicide use on an average for the total rice field. Further improvements
are making good progress, especially in new formulations. These are so-called
"1 kg granule”, "flowable" and "jumbo" formulation. In the near future, these
new formulations will replace the conventional 3 kg granule and contribute
much to efficiency of application practice. The environmental compatibility
is requested more in weed control technology. As one of further tasks, it's
very important to establish the technology which minimize run-off of
herbicides from fields and economize herbicide use by forecasting incidence

of weeds.
Progress of weed control by herbicides

There are various weeding methods in rice cropping. Herbicides among
them, i.e. chemical weeding, are superior in weed contrel performance,
handiness, economic efficacy and labor-saving to any other methods. Such
superiority meets well rice farmers' demands for low-cost rice cropping with
less-labor and eradicating weeds from their fields. Other methods, as
mechanical or biological one, in spite of much effort in investigation, do
not reach to the level of efficiency sufficient for practically wide use.
So, weed control in rice heavily relies upon herbicides in present Japan.

Before 1950, when there was no herbicide available, weeds were removed by
hands and/or man-power rotary cultivator which were repeated four or more
times in one crop season, spending over 500 man-hours/ha. Manual weeding in
hot and wet summer was strongly hard work for farmers.

2,4-D was introduced to practical use in 1949 and proved its value by
significant herbicidal action and this success accelerated development and
introduction of new herbicides so rapidly. Manual weeding was reduced year by
year with the extention of herbicide use and the conventional herbicides were
replaced by new, more effective ones. Then the total weeding hour including
herbicide application practice has shrunken to 20 hours/ha in 1994. By the



way, herbicide cost this year caluculates to labor-cost of 25 man-hours/ha,
and combining these two figures gives 45 man-hours/ha equivalent for total
weeding cost. This means less than 10 % of 1949 figures.

Herbicides for transplanted rice have advanced mainly by adopting the
granular formulation and the mixture of two or more active ingredients. Rice
herbicides of granular type generally show merits in the following points:
handiness in application practice (possible to apply without any instruments),
escaping from the injurious effects caused by direct contact to crops, and
stable herbicidal activity by forming uniformly the active layer on soil
surface.

Herbicide products containing two or more active ingredients aim to be
effective for more broad weed spectrum. Besides this, in some products,
synergistic action for weeds and antagonistic action to decrease the negative
influence to rice growth are utilized and then enlarging selectivity between
rice and weeds is expected.

Granules or mixtures was estimated to be used to more than 80 % or 75 % ,
respectively, of the total of herbicide treated acreage in 1994. Granules
are applied to the field by hands, handy spreader or power spreader according
to farming scale.

In recent years, about 30 products are available as major herbicides of
rice, which are divided into several categories by their application time.
These are soil-incorporating application after puddling, pre- or post-
planting soil application, foliar and soil application, foliar application
and one-shot application, as shown in Fig. 1. One or more herbicides among
them are selected for use according to regional climate, rice cropping
method, weed species to be controlled and other factors.

Before development of the one-shot herbicides, sequential treatment of
herbicides of different categories was commonly practiced to achieve
sufficient weeding. Especially, in such regions as cool climate where weeds
tend to emerge longer period, three or more times of herbicide application
was required. Aiming to minimize application times, improvement of products
has advanced toward more broad weed spectrum of control achieved and more
adequate persistence of activity in soil. Consequently, herbicides of one-
shot application which possibly control weeds sufficiently by just one time
of application practice were developed to practical use. One-shot application
is extending for these ten years as shown in Fig. 2. and replacing gradually
to the conventional sequential treatment, and then herbicide application times
is steadily reducing from about 2.4 times in around 1980 to 1.6 times in 1994
on an average of the total rice fields ( Fig. 3.).



Improvement of herbicide application techniques

The tendency to focus on herbicides as core technology of effective weed
control is still going on. Above all, the easier application techniques which
reduce labor intensity have been much sought in order to respond to aging of
rice farmers and a large number of part-time farmers which are characteristics
of rice cultivation in Japan. New formulations which meet such needs have
been developed on the basis of advancement of formulation technology. These
are so-called "1 kg granule”, "flowable" and "jumbo" formulation.

"1 kg granule"” (standard rate of application : 1 kg/0.1 ha) has been
produced as a substitute of the conventional "3 kg granule" (3 kg /0.1 ha) by
enhancing releasebility of active ingredients in water. As the percentage of
active ingredients in "1 kg granule" is three times of it in "3 kg granule",
"1 kg granule” products have shown equal or better herbicidal performance in
comparison with "3 kg" ones, though number of granules/ha of "1 kg granule"
are about one-tenth of that of "3 kg" ones.

"1 kg granule” can contribute to saving the natural materials required for
granule formation and the logistics cost as well as to reducing the labor
intensity for carriage and application practice. Most of granular products

are expected to switch over to "1 kg granule" within these three or four years.

"Flowable" formulation has been produced as a stable suspension of active
ingredients in a fluid with better diffusebility. The fluid of this
products is able to apply directly into the paddy water from the holes of
inner cap of bottle without any instruments. It can be applied not only by
shaking bottle walking on levee of field, but also by pouring the fluid at
water inlet of field at the time of irrigation. It is generally packaged in
500 ml bottle and its use rate is one or two bottles/0.1 ha. Several

"flowable" products are increasingly used now practically.

"Jumbo" is the trade name of the throw~in type formulation of herbicides,
and aims to get more handiness for application. Two types of formulation are
investigated, one is bubbling tablet and the other is water soluble bag
packaging granules. One tablet or bag is 50 g as standard, and 20 of them
per 0.1 ha are thrown evenly onto the water irrigated field. Active
ingredients diffuse rapidly in surface water and distribute uniformly over
the field by the action of bubbling agent or other means.

As the result of much effort for improvement in diffusebility and for
minimizing the local residue at the spot where tablets are placed, herbicidal
activity of " jumbo" products has achieved to the satisfactory level.



Easiness of application is the major merit of "jumbo". It can be applied by
hand from levee, even under somewhat bad weather, rainy or windy condition,
without any drift, at the accurate application timing. At present, two
" jumbo" products are already registered for use.

Herbicide use environmentally compatible

While herbicide use technology in rice has made a remarkable progress over
the past forty years in its efficacy, technology progress has relieved safer
herbicides with less toxicity to manmmal, fish or environmental organisms.
The discovery and extension of low dosage herbicides in recent years resulted
in decrease in the quantity of active ingredient per hectare. These have
contributed to reducing environmental risks. '

Increasing concern is neverthless being felt by many on account of wide
use of herbicides, occasional undesirable side effects and environmental
impacts. Certainly, it is very difficult to produce herbicide having no
effect to any non-target organisms as environmental components. In spite of
this, herbicides as core of weed control technology will continue to be needed
and relied upon for the foreseeable future, owing to their economic efficacy.
It is essential, therefore, to keep environmental impacts by herbicide usage
within the range of buffering and recovering capacity of natural eco-system.
Much efforts are still important for providing herbicides or herbicide usage
with high environmental compatibility, suitable for application in integrated
weed or pest control. At the same time, more attention should be paid to how
minimize herbicide input to environment, considering the fact that knowledge
concerning variation, diversity or buffering capacity of eco-system is not
sufficient for evaluating the environmental impacts of new technology.

Paddy water connected directly to surface water system such as creek and
pond, and herbicide run-off is top most concerned as a factor of envirommental
impacts. One of the practical ways for reducing herbicide run-off, besides
preventing physically paddy water from leaking out, could be to economize
herbicide use by forecasting the incidence of weeds. The amount and species
of emerging weeds vary remarkably from field to field depending on the extent
of weed control practiced previously. Extensive control of rice weeds
during these decades has possiblly caused significant reduction in amount of
certain species. If we could forecast the weed incidence as amount and
species in each field before weeding practice, herbicide use with minimum but
necessary amount of active ingredients could be selected for financial as
well as environmental reasons. It's requested strongly to Weed Science to
propose the practical, even empirical, technique of forecasting weed

incidence on the basis of knowledge concerning weed ecology.
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WEED MANAGEMENT PERSPECTIVES FOR SUSTAINABLE AGRICULTURE
IN RICE-BASED SYSTEMS
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Development and Associate Dean, College of Agriculture and Life Sciences
Virginia Tech, 1060 Litton Reaves Hall, Blacksburg, Virginia 24061-0334 (USA)

Abstract. Demand for increased production of rice (Oryza sativa L.) and other food crops has caused
intensive production systems to thrive, particularly on irrigated lands in Asia. This increase in cropping
intensity and production of rice and other food crops has been sustained due to an increased use of
fertilizers and pesticides. With that increase came misuse and overuse of herbicides, particularly in the
direct-seeded rice areas. Even small land holders are using greater amounts of herbicides in order to
decrease the cost of production of rice and other crops and increase farm income. Labor cost increase,
unavailability of timely labor, and increased area under direct-seeded, flooded rice have contributed to
such an increase in herbicide use in rice-based systems. Herbicides have a direct impact on fish, frogs,
arthropods, and algae, and are thought to impact the producers in the food chain (algae, phytoplankton,
etc.) that are considered important for the entire rice and estuary food production systems. However,
many Asian farmers do not depend entirely on herbicides to control weeds. They use a weed
management system that consists of direct removal or control of weeds by chemical and cultural
methods. Systems approaches are essential for harnessing sustainability and environmental concerns.
This will entail minimizing chemical approaches to systems, involving greater use of preventive, cultural,
mechanical, biological, and integrated weed management systems. Researchers often have not
recognized the economic impact of the integrated weed management concept, and few are concerned
with the biological feasibility. This may have created the impression that all indirect and direct methods
are pyramidal under one system. An applied, basic and strategic research including innovative
techniques should be engaged in introducing germplasms and weed management technology that are
consistent with and compatible to other productive practices in rice-based cropping systems.

Key Words. cropping systems, biological control, crop competitiveness, integrated weed management

L. Introduction

Asian rice (Oryza sativa L.) production has almost doubled since 1966 when the first modern
variety IR8 was introduced. The average per capita rice consumption today is about 25% higher than it
was in 1966. Unfortunately, the demand for rice will continue to increase because the rice-eating
population will increase about 2% per year (Hossain and Laborte, 1993). As income rose in the rice-
eating population in Asia, resources shifted from the production of rice to other food crops that have
stronger markets. These scenario changes promote crop diversification, which discriminates against food
grain production (David and Rosegrant, 1991). Recent interest has broadened from a single crop like rice
research to systems research that seeks to increase benefits derived from total crop production and
income from available resources. Whether rice is grown as a monoculture crop or as a component of
cropping systems, annual crop losses due to weeds were estimated at 10% to 15% of potential production
(Smith et al. 1977; De Datta, 1980). In most tropical Asian countries, year-round, moderately warm
temperatures and high humidity encourage year-round weed growth. The kind and number of weed
species associated with rice have been reported to be 1800 species in South and Southeast Asia, of which
559 were found in transplanted rice and 180 in broadcast-seeded flooded rice (Moody, 1989). However,
only 10 species are considered to be of economic concern to the rice growers. The competitive advantage
of weeds over rice is attributed to some weeds being C, plants, unlike rice, which is a C; plant; high
photosynthetic rates and corresponding high growth rates; high potential to acclimatize to a changing
environment; and more efficient seed production (Kim and Moody, 1989). In weed competition, studies
reported critical thresholds or durations of competition and in others reported the nature of competition
and its mechanism. Studies have determined herbicide behavior and factors affecting it. Studies on cost-



effective control methods are limited to rice (Baltazar and De Datta, 1992). Few research projects have
reported weed management in rice-based systems with holistic approaches that aim for maximum profit
using integration of practices that maximize profits rather than maximize yields. Whether for rice or rice-
based systems, environmental, ecological, human, and animal health concerns must be addressed
simultaneously with other direct and indirect approaches in developing integrated weed management
practices in rice-based systems. New and emerging knowledge and technology must be evaluated that
will increase options for integrated weed management strategies and practices that will improve
sustainability of the production systems.

My paper presents the various agronomic, ecological, and economic approaches that make up
the integrated systems in managing weeds in irrigated rice and rice-based systems in Asia.

II. Weed Management in Rice-rice Systems

In irrigated rice production systems, rice is either grown transplanted or directly seeded. In
tropical Asia broadcast seeding with pre-germinated rice is the most common method in directly seeded
areas. Many reports are available on control methods of rice (Moody, 1991; Baltazar and De Datta,
1992). De Datta (1989) observed that many of these reports agree on several points:

1. There is a wide variety of control methods to match the wide diversity in weed species infesting
rice.

2. No single method used in isolation can give effective and continuous control of all weeds in all
situations.

3 The most effective methods are those that provide favorable stand establishment and growth for
rice that are simultaneously unfavorable to weeds.

4. Best results are obtained when direct (therapeutic) methods are combined with indirect
(prophylactic) methods and

5. The relative proportion of direct and indirect methods depends on the desired control level,

available technology, growersl resources and technical know-how, and probably most
important, cost of control input in relation to net profit.

A. Direct cultural methods of weed control
There are a number of direct weed control methods used that were evolved because of socio-
economic conditions.

1. Manual and Mechanical
Removing weeds with bare hands, weeding tools, or hand-pushed inter-row cultivators
is the principal direct control method used in most parts of Asia, either alone or as a
supplement to chemical control. In Japan, engine powered rotary weeders are used to
control perennial weeds (which become dominant species once the annuals are
controlled with selective herbicides) or in the fall or winter in between cropping seasons
to expose underground propagules of perennials to freezing temperatures and kill them
in the process (Shibayama, 1992).

2. Chemicals
In the past 20 years economic growth in rice producing areas in Asia created a relative
shift of labor from agricultural to non-agricultural sectors, and has led to arise in real

labor costs in rural areas. As a result, many farmers are now substituting herbicides for
manual labor as a method of weed control. The problem has been accentuated with
the spread of broadcast- seeded, flooded rice technologies that are gradually replacing
transplanted rice in many countries in Asia (Naylor, 1994).

Woodbum (1990) estimates that the total value of herbicide sales for rice
production in Asia is about U.S. $700 million with larger sales occurring in Japan,
Korea, and Taiwan. Other less developed rice-growing countries in Asia have increased
their share of herbicide sales during the past decade. Naylor (1994) contends that with
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continued economic expansion in these countries, the use of herbicides is expected to
grow further. Herbicide use is directly corresponded to the real wages in rice
production. For example, during the 1970s and 1980s in Bangladesh, where real wages
are low and in fact declined, herbicides were not used at all. Herbicides are applied in
virtually all the rice-producing areas in Japan and Korea, where real wages -- already at
high levels -- rose at an annual rate of 2.1 percent and 6.7 percent, respectively (Naylor,
1994).

In the 1960s and 1970s, pre-emergence herbicides such as butachlor,
thiobencarb, pendimethalin, molinate, propanil, and other pre- and post- emergence
compounds, were used primarily to control grass and some broadleaf and sedge control.
The late 1970s saw the advent of bentazon for post-emergence control of broadleaf
weeds and sedges. The 1980s saw the new post-emergence compounds with very low
use rates, which were first primarily intended for broadleaf crops, but eventually shown
to have adequate selectivity for rice. These compounds included fluazifop, diclofop,
fenoxaprop, bensulfuron and quinchlorac (Baltazar and De Datta, 1992). The most
effective time of application is from germination to no later than one-leaf stage of weeds
for pre-emergence treatments, and from one-leaf to no later than four-leaf stage of weeds
for post-emergence treatments. Phenoxys, amides, and carbamates are widely used in
Thailand, Malaysia, Taiwan, Indonesia, and the Philippines, while the new compounds
(sulfonylureas) and their mixtures are now widely used in Korea and Japan. Table 1
shows some examples of commonly used rice herbicide mixtures in selected countries in
Asia.

Currently used rice herbicides generally have adequate selectivity to rice.
However, because rice is also most susceptible to herbicide treatments at the same
growth stages as weeds (ie. from germination to four-leaf stage), certain selectivity
problems may occur with grass herbicides, which do not have adequate physiological
selectivity to rice (De Datta and Baltazar, 1994). Marginal selectivity and rice injury
greater than 30% can occur with grass herbicides applied when moisture levels are
excessive, e.g., if heavy rainfall occurs just before or after herbicide application
(Bernasor and De Datta, 1983). Flooded and wet-seeded rice usually incur greater
injury than dry-seeded or upland rice (Baltazar et al., 1990) suggesting the critical role
of moisture on herbicide selectivity, particularly with grass herbicides. Flooding a field
for a month after pre-emergence herbicide application can provide adequate weed
control in lowland rice ( De Datta, 1981). A recent study (Pablico and Moody, 1993)
reported flooding duration had no effect on pretilachlor performance at an application
rate of 0.15-0.30 Kg a.i/ha. The herbicide rate could be reduced to 50% of that
recommended rate without loss in efficiency across all flooding regimes. It appears that
fenoxaprop was completely selective to nonflooded rice when tested in the greenhouse.
In the field, fenoxaprop exhibited slight to moderate toxicity to transplanted and
wetseeded rice at initial growth stages but recovered fully by mid-season (Baltazar, et
al,, 1993).

Biological

The biological control of weeds is the deliberate use of natural enemies to suppress the
growth or reduce the population of a problem weed species (Watson, 1993). Only a few
studies have reported evaluations of biological methods of weed control in rice.
However, interest is growing in systems of biological control that reduce the use of
herbicides in order to avoid environmental pollution and protect human, animal, and
aquatic health. Biological agents to control rice weeds are herbivores, insects, plant
pathogens, and allelochemicals.

Herbivores

Herbivores 1o control certain rice weeds are used in small scale in some areas in Asia or
are being studied for potential widespread use. In Japan, for example, the use of tadpole
shrimp has been reported to have some success (Matsunaka, 1975). Some snails
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(Lymnaea sp. and Physa sp.) have also been.reported to control some rice weeds in
Japan (Gohbara and Yamaguchi, 1993). Other studies reported were the use of grass
carp in Indonesia (Soewardi, et. al., 1977), Malaysia and Japan (Itoh, 1991), shellfish
and ducks in Japan (Takahashi, 1992; Shibayama, 1992) and in the U.S. (Smith and
Sullivan, 1980), and apple snail in Taiwan (Chiang, 1993). Helmet crab (Triopus
longicaudatus) has been used as an herbivore in Japan for 80 years (Gohbara and
Yamaguchi, 1993).

Insects

One biological strategy for weed control in rice includes insects. In California, water
lily aphids controlled some aquatic weeds selectively in rice (Smith, 1993). Because
carbaryl, and perhaps other insecticides, kill water lily aphids, this control strategy
would have to be integrated with other insect control programs using the IPM concept to
prevent damage to the aphid.

Catindig et al. (1991) reported that three insects, i.e. (Creatonotus gangis L.,
Mythimna separata (Walker), and Pseudococcus saccharicola showed biocontrol
potential against rice weeds. They caused extensive defoliation, destruction, and
hopperburn of unwanted weeds, respectively, in the Philippines. For various
reasons, Waterhouse (1993) suggests that out of 61 species listed as major weeds in rice,
only six are likely targets for classical (use of insects or natural enemies): Monochoria
vaginalis, Fimbristylis miliacea, Ehinochloa crusgalli, Ageratum conyzoides,
Sphenoclea zealanica, and Rottboellia cochichinensis.

Plant Pathogens

Several pathogens have been identified to have the potential of controlling important
rice weeds. A successful biocontrol study was conducted in the U.S. when the endemic
fungus Colletotrichum gloeoesporioides (Penz.) Sacc. f. sp. aeschynomene was
discovered in 1969

(Daniel et al., 1973; Templeton et al., 1980) to cause anthracnose in a broadleaf weed
that infects rice, northern jointvetch (Aeschynomene virginica 1.) . Its efficacy has been
used as a bioconirol agent for 13 years, which led to commercial use in 1982 (Smith,
1986). It is highly specific only against this weed and provides 90 to 100% control.
Colletotrichum truncatum has controlled sesbania in rice in the United States (Smith,
1993). In Japan various species of fungi belonging to the genera Fusarium, Rhizoctonia,
Phoma, Drechslera, etc. were found to have naturally infected barnyard grass (Gohbara
and Yamaguchi, 1993). Watson (1993) surmised that the prospect for the development
and utilization of bioherbicide technology for major rice weeds is good. Virulent
pathogens of some potential weed targets have been identified. = Mutation,
recombination, and direct gene transfer are methodologies available to genetically
modified fungi.

To date, there is no known successful widespread use of inundative (use of
plant pathogen inoculum or mycoherbiciedes) biological control methods to control
weeds in rice in Asia. However, Kim (1992) reported a pathogenic fungi Alternaria sp.
that was reported to control Scirpus panicalmis, which is a potential perennial stage in
the newly reclaimed land on the west coast of Korea.

Allelochemicals

Potentials of allelopathy for weed control has been reviewed by Purvis (1990)
and Watson (1992). Identification of rice cultivars having allelopathic activity against
certain weeds has been done in the U.S. (Smith, 1992) and in Japan (Fujii, 1992), but
there is no real widespread use of this method yet. Crop residues from barley, wheat,
and rye have allelopathic compounds such as ferulic acid, p-coumaric, sinapic, etc.,
which have allelopathic potential to reduce the population of Potamogeton distinctus, a
major rice weed in Korea. Further studies are needed to identify specific
allelochemicals (Kim, 1993). Future research programs involving development of
allelochemicals should consider availability of facilities needed to produce these
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chemicals locally, should this technology be considered for the developing Asia.

B. Prevention and Substitutive Cultural Methods of Weed Control

Weed control practices that had been widely studied include the indirect (preventive,

substitutive, and complementary).

1. Tillage
Land preparation, especially puddling and harrowing, provides weed-free conditions at
planting, aids in good crop establishment, and often minimizes weed growth in the
established crop. Increased frequency of harrowing will not eliminate the need for a
direct measure. Farmers still have to follow land preparation with direct weed control
methods.

2. Rice Cultivar
Replacing tall, traditional rice cultivars with modern rice has often been equated with
the loss of competitiveness of rice against weeds. But tall and late-maturing cultivars
are not always superior in suppressing weed growth.

3. Planting Density
Close spacing is essential to minimize weed infestation and increase grain yield. Many
farmers use high seeding rates to control weeds in broadcast-seeded flooded rice. But
the increase in cost due to increased seeding rates should be compared with that of lower
seed rates combined with other weed control practices, to assess profitablility.

4. Water Management
The weed suppressing ability of standing water has long been recognized. Weed
emergence and weed types are greatly influenced by soil moisture and water depth in the
rice field. Growth of broadleaf aquatic weeds (i.e. Monochoria vaginalis) is suppressed
at saturation or field capacity while growth of low moisture-requiring grasses (i.e.
Echinochloa crusgalli) is suppressed at greater water depth (e.g., 2.5 cm. or more)
(Moody, 1991). Adequate moisture is, however, needed for optimum herbicide efficacy.

5. Crop Rotation
Rotating flooded rice with an upland crop to dry out and kill moisture-loving weeds is
an effective weed control method. Scirpus maritimus populations were observed to
increase with continuous cropping of irrigated, transplanted rice, but were decreased in
density when irrigated, transplanted rice was rotated with an upland crop (Bernasor and
De Datta, 1986). In Korea and Japan, choice of rotation crops with rice depends on
potential market value of the crop (Kim, 1992). Because some herbicides cannot be
used with certain crops for reasons of selectivity, rotation of crops will mean rotation of
herbicides, thus preventing continuous use of same herbicide and subsequent build up
of weed tolerance ( De Datta and Baltazar, 1994).

I Weed Management in Rice-Based Cropping Systems

The rapid income growth in China, Thailand, and Indonesia will reduce per capita consumption
of rice. The growth in demand for rice has started slackening due to rapid urbanization, higher incomes,
and decreased population growth (Hossain and Laborte, 1993). As a result of reduced demand for rice,
research on cropping systems involving upland crops in rotation with lowland rice has been intensified
throughout Asia. Such cropping systems research seeks benefits derived from crop production from
available resources through intensified cropping patterns. In many advanced countries, public attitude
has shifted from environmental awareness to environmental action. Many of these concerns have
focused on environmental, economic, and social impacts of conventional agriculture. Of the 23 countries
in the world that produce more than one million tons of rice, almost half have a per capita income of less
than U.S.$500 per year. These countries are the least developed, as categorized by the World Bank
(Hossain and Laborte, 1993). Therefore, considerable interest has developed to introduce high value
crops in rice-based systems to increase income and improve nutrition. Cropping systems can be used to



minimize crop damage from weeds. Crop rotations recognize that certain weeds are often associated with
specific crops. Moody (1990) pointed out that relations among crops with drastically dissimilar life
cycles or cultural conditions are preferred to break the weed cycle. This is one of the most effective of all
weed control methods.

Rotation of lowland rice with an upland crop will reduce infestations of water-tolerant weeds in
rice fields. Upland crops commonly rotated with rice are maize, soybean, mungbean, peanut, wheat,
barley, and pastures. Over large areas of North India, irrigated wheat is grown in the cool season,
followed by rice in the monsoon season.

In China there is no area that grows rice continuously. One or two crops of rice are grown with
other upland crops, including other cereals, legumes, and vegetables.

A Non-Chemical Approaches and Practices

1. Cultural weed control covers a wide range of practices such as physical removal by hand
implements or machines, competition from crops or pasture grown either in sequence or in
association with main crops, use of dead vegetative materials such as mulch, and other
biological control methods using predators or pathogens (Wells, 1992).

In irrigated lowlands, short duration legumes such as soybean or peanut are often grown
after lowland rice. Very little is known on the ecology of weeds in these crops. However, the
simplest method of weed control in soybean fields is to spread rice straw over the soil surface
of the lowland field and then bum it. The field is then irrigated and soybean seeds are drilled
into soil with planting sticks. If the bumn is complete, the weed growth is minimal and weeds are
covered by a soybean canopy (Wells, 1992).

On the other hand, peanut crop is grown on raised beds and weeds are removed by hand
or removed by small implements. In many areas in South and Southeast Asia, soil moisture is
extremely limited in the dry season. Unless supplementary irrigation water is available, very

few crops can be grown. One possible exception has been growing deep rooted lab Lab bean

(Lablab_purpureus or pigeonpea (Cejanus cajan).
2. Weed Ecology

Knowledge about crop-crop and crop-weed interactions can be best utilized to develop
appropriate systems approaches to cropping systems 1nv01vmg lowland rice and upland crops
following the steps described below:

) Study factors affecting crop-weed competiton
(ii) Develop a model utilizing cultural, manual, mechanical, chemical, and biological
methods or combinations of these to create an environment that is defrimental to weeds

and favorable to crops
(it  Study the dynamics of weed community and monitor weed shifts
(iv)  Explore the possibility of shifting the weed flora toward more easily controlled species.
) Study the life cycle of "difficult to control" weeds to "know the enemy" (Plucknett, et
al., 1977).
3. Weed Shift
For the last two decades, there has been an increased recognition regarding "weed shifts"
toward perennials and difficult-to-manage weeds (De Datta, 1974; Cao and Mercado, 1975).
Perennials that pose problems in lowland rice in the tropics are Scirpus maritimus and
other Sciripus spp. When lowland rice was rotated with upland crops such as maize or soybean,
perennials such as Scirpus maritimus weeds were not able to build up (De Datta and Jereza,
1976).

Yield depressions due to weeds in lowland rice in this rotation were lower than under
continuous lowland conditions. Cyperus rotundus occurs only under upland conditions. Moody
and De Datta (1982) also reported that annual weeds caused complete crop failures for
continuous lowland rice and continuous upland crops. In Punjab, India Gill and Brar (1972)
observed Phalaris minor, a relatively minor weed when wheat is grown alone, is increasing at
alarming rates in an intensive rice - wheat crop production systems. Yamasue and Ueki (1981)
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reported that lowland weeds have a lower oxygen requirement for germination than upland
weeds.  As a result, rotation of a lowland rice with an upland crop such as corn, mungbean,
sweet potatoes, vegetable crops, or pastures will result in reduced infestations of water-tolerant
weeds in the rice crop (Moody, 1983b).

Chemicals
Throughout Southeast Asia, particularly the Philippines and Indonesia, chemical weed control
has made a major penetration into annual cropping systems.

In areas of intensive cropping systems involving rice and vegetables, chemicals in
combination with rotary hoes are used to control weeds (Norman, 1979). In intensively
managed production systems, the diversity of weed species has been reduced due to application
of highly sophisticated control techniques. For example, herbicide use reduces diversity.
Residues of herbicides applied to rice are rarely a problem in succeeding upland crops (Moody,
1983b).

Integration of Approaches and Practices for Weed Management

Various approaches should be considered to develop an integrated weed management (IWM)

system that takes all aspects of the cropping systems into consideration.

Among the factors that must be considered in developing IWM are as follows:

Conventional tillage, which advocates the maintenance of crop residue cover on 30% of the soil

surface. Swanton and Weise (1991) advocate that the potential for a reduction in herbicide use

is greater in conservation tillage, particularly in no-till, than can be achieved in conventional

tillage systems. However, this approach should be carefully evaluated in the lowland rice-based

cropping systems.

Ciritical period of weed growth

Two components are considered:

1. the length of time weed control methods must be maintained to prevent crop yield loss

2. the length of time weeds can remain in the crop before they interfere with crop growth
and ultimately reduce yield

Enhancement of Crop Competitiveness

Cultivar competitiveness, planting patterns, and nutrient management are some of the

approaches that attempt to effectively exploit the competitive ability of crops in suppressing the

weed growth.

IWM as a Component of Integrated Pest Management (IPM)

Most descriptions of [PM mention three elements:

a multiple tactics (for example, competitive varieties, cultural practices, chemical usage)
used in compatible manner

b. pest populations maintained below levels that cause economic damage

c conservation of environmental quality (Thill et al., 1991)

The term IPM was first introduced by entomologists in late 1950s and early 1960s in response to

problems created by over-reliance on insecticides. According to Walker and Buchanan (1982),
Integrated Weed Management (IWM) is a term that has been accepted and that was used frequently by
weed scientists in the early 1970s. IWM stresses integration of control tactics with other practices that
influence the ecosystem, and links weed control back to the larger picture of ecosystem management
(Thill, et al., 1991).

The general principles for IWM are similar to IPM. The principles are enhancing farmer

profitability, environmental stewardship, and responsiveness 1o consumer calls for pesticide-safe foods.



VL Sustainable Systems

Natural resource management is key to sustainable agricultural production. It plays a role, for

example, in Asials high intensity production systems. Where yields are now stagnating and even
declining, agriculture and agricultural research therefore lies at the heart of natural resources
management. Further productivity in rice-based systems will depend not only on new technology, but
also on institutional reform, policy changes, and ecosystem management.

The trend of use pattern for weed control has changed from mainly handweeding in the 1950s
and 1960s when labor was cheap, to increased use of herbicides from the 1970s to the present, when
herbicide prices are lower than or equal to labor cost.

Naylor (1994) suggests that herbicide use may be socially profitable in a wide range of Asian
countries, but complete and continuous chemical weed control may not be the most socially profitable
practice, especially when the unknown chronic health and long-term environmental changes are
considered. There is a cost to a disaggregated knowledge-based approach, which must be considered in
the overall assessment of implementing IWM strategy. The process of training farmers, extension agents,
and others is slow and expensive (Teng, 1989). A successful IWM strategy is therefore likely to depend
critically on the coordinated efforts between public and private sectors on appropriate use of herbicides
and other control measures in the rice-based cropping systems. Increased information needs, complex
policy decisions, and interdisciplinary research needs all have important implications for natural resource
management.

Therefore, it is imperative that new weed science research agenda be pursued using cutting edge
of science and new tasks be assumed that will lead to sustainable rice-based production systems in Asia.
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Table 1. Examples of commonly used rice herbicide mixtures in selected countries in Asia.
(Adapted from De Datta and Baltazar, 1994).

Country Herbicide mixture

Malaysia pretilachlor + bensulfuron-methyl
molinate + bensulfuron-methyl
quinclorac + bensulfuron-methyl

Japan mefenacet + bensulfuron-methyl!
mefenacet + thiobencarb + bensulfuron-methyl
molinate + simetryn + MCPB
mefenacet + pyrazosulfuron + ethyl
butachlor + pyrazolate

Taiwan butachlor + chlomethoxynil
butachlor + bensulfuron-methyl
butachlor + oxadiazon

Thailand propanil + 2, 4-D
butachlor + 2, 4-D
propanil + thiobencarb
propanil + molinate

1All combinations listed for Japan are one-shop treatments, applied either preemergence or early
postemergence.
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Abstract: In South and South-east Asia the largest area under rice is transplanted and weed problem is less
severe than in direct seeded rice. In east Asian countries of Japan and South Korea weed management is
done by herbicides in almost all rice growing areas. In India, hand weeding is still most common method.
In Punjab and Haryana non-traditional rice belt, where farmers are relatively rich and labour is scarce and
costly, herbicide use is quite high. But in traditional rice belt in eastern India peasant farmers do not use
much herbicide. With the general rise in labour wage there is a trend of increasing popularity to use
herbicides in this region also. Herbicide use started in India with 2, 4-D and MCPA in the early fifties
followed by propanil in the early sixties and thereafter broad spectrum herbicides like butachlor,
benthiocarb, oxadiazon and pendimethalin came into use and are still more commonly used than other rice
herbicides. Sulfonyl urea herbicides have recently shown promise for control of broad-leaf weeds and
sedges. To solve the complex rice weed problem, a holistic approach of integrated weed management in
rice based cropping system with lowest possible use of herbicides is needed to preserve environment
quality. In addition, rotation of herbicides and herbicide combinations to prevent shift in weedflora and
resistant biotypes, development of effective weed control technology for rainfed uplands, deep water and
wild and red rice, low toxicity fast degradable and ecologically sound herbicides and alternative technique
stressing non-chemical weed control methods including development of tools, biological methods and
application of biotechnology are the important future lines of approach in rice weed control.

Key words: Integrated weed management, herbicides, nonchemical weed control, biotechnology, rice crop.

Introduction

World's rice land is situated in 111 countries with largest area in India(27.6 %) followed by China(25.1%).
Rice is cultivated in all countries in Asia, most countries of west and north and some countries in central
and east Africa, four southern states of USA, most of central America and Latin America and Australia,
Spain, Portugal, France, Italy and East European crountries. Highest average rice yield is produced in
Japan, Australia, Korea and Spain.

In India, rice is the most important and extensively grown food crop occupying 41.6 m ha of nearly 41%
of the total area of the cereals of the country with a total production of 76.6 m tonnes and average per
hectare yield of 1744 kg (Fertilizer Statistics, FAI, 1993-94). It is cultivated in all the regions of the
country under different kinds of rice culture. The traditional rice belt of India is the eastern states covering
more than half of the total rice area of the country(53.3%) accounted only for 29.6% of the total annual
production while the non-traditional rice belt in north western states of Punjab, Haryand and Uttar Pradesh
with 19.8% of total area accounts for 40% of total production. The southern states of Andhra Pradesh,
Tamil Nadu, Karnataka and Kerala accounts for 22,8% of rice production.

Basic types of rice culture in India include upland rice fully grown in rainfed dryland occupying 7.2 m ha
and low land rainfed rice in which rice soil is puddled for transplanted or wet seeded and dry seeded
followed by standing water due to rains. This ecosystem comprises of 4 sub-systems, viz. shallow sub-
mergence (0-30 cm), intermediate waters (30-50 cm), semi deep (50-100 cm) and deep waters (> 100 cm).
In eastern India, rainfed low land occupies 66% of the total area under this type of rice culture.



Upland rice weed problem :

Upland rice is primarily grown in tropical Asia, Africa and Latin America. In India, upland rice is mostly
cultivated as unbunded rainfed in northern parts of West Bengal (Aus Paddy) and some parts of Assam (Ahu
Paddy). Weed problems are far more complex and serious in dry seeded upland rice than in all the other
rice production systems. In addition to severe weed problem due to simultaneous germination of crop and
weed seeds and absence of standing water, there are also the added problems of inadequate and irregular
rainfall and inefficient fertilizer use and sometimes lack of suitable varieties. Weeds can cause yield losses
between 30 to 98% (Mukhopadhyay et al., 1972; De Datta and Llagas, 1982).

Mostly annual and some perennial weeds depending on the kind and density cause damage to the upland

rice crop in India (table-1).

Table-1. Weedflora of upland rainfed rice in India

Botanical Name Common Name Life form" Family

Grasses
Echinochloa colona (L) Link Jungle rice (AG) Poaceae
Echinochloa crusgalli (L) Beauv Barnyard grass (AG) Poaceae
Eleusine indica (L) Gaertn. Goose grass (AG) Poaceae
Dactyloctenium aegyptium (L) Willd Crow foot gréss (AG) Poaceae
Paspalamsp(L)y .. (AG) Poaceae
Cynodon dactylon (L) Pers Bermuda grass PG) Poaceae
Digitaria sanguinalis (L) Scop. Large crabgrass (AG) Poaceae

Sedges
Cyperus rotundus L. Purple nutsedge (PS) Cyperaceae
Cyperus iria L. Rice flat sedge (AS) Cyperaceae
Fimbristylis miliacea (L) Vahl ... ... (AS) Cyperaceae

Broad-leaved

Eclipta alba (L) Hassk ... ... (AB) Asteraceae
Trianthema portulacastrum L Hors purslane (AB) Aizoaceae
Cyanotis axillaris (LyD. Don ... ... (AB) Commelinaceae
Digera arvensis Forsk ... (AB) Amaranthaceae
Bonnaya brachiata Link Otto ... ... (AB) Scrophulariaceae
Euphorbia hirta L. Garden spurge (AB) Euphorbiaceae

* AG : Annual grass; PG : Perennial grass; PS : Perennial sedge; AS : Annual sedge; AB : Annual

broadleaf



Weed problem in low land rice :

The low land plains and river flood plains probably account for half to two-thirds of the total rainfed rice
area. In these areas flooding and stagnant water are the most serious problem. Much of the rainfed rice in
the low land plains and river flood plains of south and southest Asia is located in four major river deltas -
the Mekong in Vietnam, Chaophraya in Thailand, Irrawaddy in Burma and Ganges - Brahmmaputra in
India and Bangladesh. Two-thirds of the rainfed rice area in Asia is shallow rainfed (5-15 cm).

Rainfed low land rice in India, Bangladesh and Southest Asia generally cultivated in warm wet season
(Kharif) as transplanted rice. In eastern India particularly in West Bengal and Bangladesh, this type of rice
crop cultivated with standing water from rains in Kharif season is known as Aman rice.

Rice is cultivated in low land mostly as A) rainfed low land, B) irrigated.
A) Rainfed low land :

(a) dry seeded subsequently become flooded due to rainfall, (b) land is puddled and germinated seeds are
direct seeded, (c) low land transplanted. In India unlike USA as in California, rice is never cultivated water
seeded.

In case of dry seeded low land rice, weed problem is very severe at the initial stage and because of
subsequent standing water due to monsoon rains weed growth is reduced at the later stages. Thus weed
control measures are to be taken at the crital stage of crop growth namely before flooding to prevent the
crop becoming weak initially.

In case of direct seeded puddled rice, because of puddling operation and thin flim of initial standing water
weed growth is less severe than the dry seeded direct sown in upland rainfed or low land. But because of
direct seeding and simultaneous germination of weeds and rice plants, the weed problem is comparatively
more severe than transplanted rice.

In case of transplanted rice, weed problem is least severe not only due to check in growth of some weeds
for continuous sub-mergence after puddling operation but also due to the fact that transplanting of rice
seedling of higher age gives the crop an upper hand on weeds which are just germinating (Mukhopadhyay,
1978).

In transplanted rice, rainfed or irrigated, the hydrology of the rice yield, i.e., depth of water determines
the composition of weed flora. In irrigated and shallow depth or water, Echinochloa sp., Paspalum sp.,
Cyperus iria, Fimbristylis miliacea are pre-dominant and above 2.5 cm water, Sphenoclea Zeylanica, are
pre-dominant.

In the coastal saline areas of southern districts of West Bengal and Orissa, the algal weeds like Chara
zeylanica, Nitella sp. and Eriocaulon sp. pose serious problem in rice field. (Mukhopadhyay, 1986 and
1988)

Mukhopadhyay (1990) reported major weeds in all kinds of low land rice system (e.e., rice with standing
water from the beginning or at later stages (table-2).



Table-2. Weed flora of lowland rice in India

Botanical Name Common Name Life form" Family
Grasses

Echinochloa crusgalli (L) Beauv Barnyard grass (AG) Poaceac

Paspalum scrobiculatum Paspalum PG) Poaceae
Sedges

Cyperus iria L Rice flat sedge (AS) Cyperaceae

Cyperus difformis L Umbrella plant (AS) Cyperaceae

Fimbrystlis miliacea (L) Vahl (AS) Cyperaceae

Scirpus erectus Poiv. Bulrush (A/PS) Cyperaceae

Scirpus supinus L Bulrush (AS) Cyperaceae

Broad-leaved

Sphenoclea zeylanica Gaertn Goose weed (AB) Sphenocleaceae
Hydrolea zeylanica (L) Vahl (AB) Hydrophylaceae
Sagittaria sagitifolia L Arrow Head (AB) Pontaderiaceae
Monochoria vaginalis (Burn f.) Presl (AB) Alismataceae
Sphaeranthus indicus L (AB) Asteraceae
Eriocaulon sieboldianum Sien et Zuce (AB) Eriocaulaceae
Ammania baccifera L Red stem (AB) Lyraceae
Marsilea quadrifolia L Pepper wort (PB) Marsileaceae
Ludwigia parviflora Roxb. Water purslane (AB) Onagraceae
Aeschynomene aspera L Joint vetch (AB) Papilionaceae
Algae
Chara zeylanica Willd Chara . Characeae

*AG : Annual grass; AS : Annual sedge; AB : Annual bradleaf; PG : Perennial grass;
PB : Perennial broadleaf; PS : Perennial sedge

B) Irrigated rice :

In north-west India, Punjab and Haryana, rice is cultivated as irrigated rice even in monsoon (summer wet)
due to low rainfall, but in eastern India, rice is cultivated as irrigated crop only in summer season known
as Boro and there is trend of increase in area under this boro crop due to higher yield then main warm wet
season. While weed flora in north-west India comprises of usual Echinochloa spp. and other typical rice



weeds but in boro rice, predominant weeds are sedge type namely, Fimbristylis spp., Scirpus etc.
Yield losses in low land rice :

The extent of yield reduction in rice due to weeds alone in India is estimated to be 15-20% for translanted
rice and 30-35% for direct seeded rice under puddled conditions (Pillai and Rao, 1974).

C) Deep water rice :

Deep water rice are paddy fields experiencing water depth from 1.0 to 1.5 m atleast over a period of one
month are included under deep and beyond 1.5 m under floating rice.

Deep water rice occupies 2.40 million ha in India, out of which 2.06 m ha is in eastern India. Yields of
deep water varieties seldom exceed 1.0 t/ha. India has large deep water areas in Assam (0.1 m ha), Bihar
(0.67 m ha), Orissa (0.13 m ha), Eastern U.P. (0.55 m ha) and West Bengal (0.67 m ha). In West Bengal
the seed is broadcast in April-May in dry soil and weed competition occurs at the seeding stage.

Some time free floating aquatic weeds particularly Eichhornia crassipes and Pistia sp. invade deep water
rice due to flash flood. Research information to control weeds in this hitherto unattended field of deep water
rice is also necessary.

Critical period of weed management :

i) Upland rice : The first 15 days after seeding of upland rice seem to be the maximum period during
which weed can be tolerated without affecting the final crop yield (Upadhyay and Chaudhury, 1979). The
weed free requirement for upland rice varies from the first 20-60 days depending on edaphic and climatic
conditions and weed flora (Sankaran and De Datta, 1985; Mukhopadhyay, 1989).

ii) Low land rice : In case of transplanted rice with the agro-ecology of standing water, the critical period
of weed competition falls in the range of 25-55 weeks after transplanting (Gill, 1982, Mukhopadhyay, et
al., 1992).

Weed Control Methods :

A) Non-Chemical Weed Control :

Land preparation :

Ploughing immediately after the various rice crops is harvested may have advantages over ploughing at the
beginning of the next rainy season. Repeated tillage during the fallow periods prevents weeds from seeding
and exposes propagulers to drying and significantly depletes weed seed reserves in the soil (Moody and

Mian, 1979).

In some places in Srilanka and India, the land is prepared during the dry season. The rice seeds are
broadcast on dry soil and covered. They remain dormant in the soil untill the advent of rain.

Land preparation and puddling in low land rice :
Land preparation during the dry season led to a significant reductiion in the mumber of Cyperus rotundus
but had no effect on the annual grass population (IRRI, 1960). In India particularly eastern India,

sometimes a pulse crop (Kheshari - Lathyrus sp.) is broadcast into the rice crop is 15-20 days to before
harvest. As soon as the harvest is over, the pulse crop covers the fields in the dry season by its rapid



vegetative growth. In India, during the dry season Seshania aculeata is grown as a green manure crop and
ploughed down before transplanting the next rice crop in the monsoon season. This results in lower weed
infestation in the secceeding main crop (Mukhopadhyay, 1983).

Stale seed bed technique :

Stale seed bed technique in dry seeded upland rice involves the removal of successive weed flushes before
planting. Chemicals (paraquat or glyphosate), mechanical and manual methods may be used to remove the
weeds. The dry seeded rice crop may be sown with minimum of soil disturbance and the weeds are killed.
Less weeds grow in association of rice because most of these in the favourable zone for germination have
been killed (Moody and Mukhopadhyay, 1982 and Mukhopadhyay and Hossain, 1987).

Nitrogen application :

Weed growth is stimulated if nitrogen is incorporated into the soil. Nitrogen application should be timed
to prevent weed proliferation and yet obtain maximum benefit from the fertilizer applied. With dry seeded
rice, the basal application of fertilizer should be delayed (skipping basal dose of N) until weeds are removed
(Evatt. 1965, Moody and Mian, 1979). That is the practice of farmers in many parts of India and Thailand
(Moody & Mukhopadhyay, 1982).

In case of low land rice, topdressing nitrogen after weeding is desirable to maximize nitrogen fertilizer
efficiency and to minimize weed growth (De Datta, 1981).

Plant spacing and seeding rate :

In all types of rice cultivar, close spacing in essential to minimize weed infestation and to obtain high yields
- the closer the rice plants are sown, the better they can complete with weeds. Bhan (1968) found that
narrow spacing (15 cm) was superior to wide spacing (30 and 45 cm) in minimising weed competition and
increasing productive tillers and yield in upland rice.

Cultivar :

The wide spread replacement of traditional tall cultivars with modern cultivars may have increased weed
problems throughout tropical Asia. Unlike the traditional cultivars that have droopy leaves, semidwarfs
have erect leaves, more light penetrates the crop canopy and more weeds emerge and survive. Furthermore,
the high fertilizer rates used on modern rice cultivars of medium stature may be better suited than
semidwarfs. Even on experimental farms, intermediate statured IR 442-2-58 competed better with annual
and perennial weeds than semidwarf IR-20 (De Datta, 1977).

Water Management :

About 80% of the rice grown in South and Southeast Asia is subjected to uncontrolled water supply, which
exposes the rice land to various degrees of weed pressure (De Datta, 1981).

In dry-seeded wet land rice, there is heavy competition of weeds for moisture in the early stage when there
is no standing water. In later stage of the crop when there is standing water from rains, water management
is important. In direct seeded flooded rice, a depth of 10-20 cm water at the seedling stage reduces
infestation of Echinochloa crus-galli (Smith and Shaw, 1966). Water management can substitute for
weeding in transplanted rice. Grass weed problems can be completely eliminated if continuous 15 cm
flooding is maintained throughout crop growth. Because of standing water in the monsoon in north eastern
India, the rainfed transplanted rice crop does not have much competition from grass weeds
(Mukhopadhyay, 1983). In north western India, even in the wet season it is not possible to maintain
continuous subemergence because of scanty rainfall. Thus, irrigation and chemical or mechanical weed



control are essential.
Crop rotation/cropping system

Rotation of crops breaks the association of particular weeds in a crop and minimizes the undisturbed
development of weeds. Various component crops with different cultural practices in the rice-based cropping
system reduces the difficult to control weeds (Mukhopadhyay, 1988).

Manual weeding :
i) Handweeding by hand tools :

In dry seeded rice in upland rainfed and in low land dry seeded at the early stage before impounding water,
the most common and age old method of weeding in India and Bangladesh is by using a Khurpi or Nirani
(small hand hoe) by human labour. This practice popularly known as "Hand Weeding", is very effective
if done frequently, but it is extremely time consuming and involves huge amount of labour. Besides it has
the drawbacks of being costly in many places, due to high wage rate and non-availability of labour for
timely weeding.

ii) Rotary weeder :

For transplanted and direct-seeded flooded rice in India, the push type rotary weeder is used if seeding and
transplanting are in straight rows.

In a 1966 study, the labour for 2 rotary weedings (115 hrs/ha) was half that for 2 hand weeding, but the
grain yield was lower (De Datta, 1981). The slightly lower yield with the rotary weeding was perhaps
caused by the inability of rotary weeding to remove weeds within or close to rice hills.

Mechanical weed control :

Farmers in some parts of Asia use mechanical weed control methods. For weed control in broadcast dry
seeded rice (Aus Paddy) in Bangladesh and West Bengal, India, it is a common practice for farmers to pass
a spike-toothed harrow through the rice fields 5-15 days after crop emergence (blind tillage).

In parts of India (Orissa and Madhya Pradesh) the farmers control weeds by ploughing and cross ploughing
their fields after flooding when the rice is 30-40 days old. This practice was described as early as 1900s
by Clauston (1908) and Graham(1913). The practice is known as bueshening in Orissa and beasi in Madhya
Pradesh. This practice of bueshening needs to be replaced by more effective inter-row cultivation.

In India and Bangladesh broad casting is the common practice of seeding in upland or lowland dry seeded
rice. This gives the difficulty of using inter-row equipments.

Thus, at a meeting on Research and Development in rainfed crop production in South and Southeast Asia,
it was recommended that research for weed control should focus on tillage practices such as inter-row
cultivation and other cultural practices. Such research should be directed toward modification of the native
implements already in use before undertaking the design of new implements (FAO, 1978).

Further research is needed to determine if inter-row cultivation can be used successfully in dry seeded rice
and if equipment that can work under a wide range of soil conditions. The possibility of using inter-row
cultivation in combination with other weed control practices such as herbicides and hand weeding needs
to be explored carefully.



B) Chemical Weed Control :

Herbicide use in India is little in traditional rice belt of north-eastern and south India, but it is quite popular
in the north-western states of Punjab and Haryana (non-traditional rice belt). Chemical weed control in
India is limited to areas where labour is scarce and wages rates are high. (Mukhopadhyay, 1992)

In India, herbicide use for both upland and lowland rice, started with 2, 4-D and MCPA in early fifties
which controlled broadleaf and to some extent sedge weeds followed by use of propanil in early sixties for
grass weed control and thereafter the broad spectrum herbicides like benthiocarb, oxadiazon, pendimethalin
have come into use and continue still to be the most commonly used herbicides over other rice herbicides.
(Mukhopadhyay, 1993)

However herbicide which are exclusively used for rice with standing water mainly transplanted rice are
anilofos, cinmethylin and sulfonyl ureas.

Table -3. Herbicides in use in India under different rice culture :

Situations Herbicides
Dose Kg.a.i/ha.

1. Rice Nursery Oxadiazon 0.5 kg, Butachlor 1.0 kg,
Thiobencarb 1.0 kg as pre-emergence

2. Upland dry seeded rice Oxadiazon 0.5 kg, Pendimethalin 1.0 kg
Butachlor 1.5 kg, Thiobencarb 1.0 kg

3. Rice with standing water Butachlor 1.0 kg, Pendimethalin 1.0 kg,

(Transplanted, direct seeded Thiobencarb 1.0 kg, Anilofos 0.4 kg,

puddled and low land direct Pretilachlor 0.25 kg, 2,4-D EE(G) 0.5 kg,

seeded). Oxyfluorfen 0.10 kg, Fluchloralin 1.5 kg

Newer herbicides:

Cinmethylin 60-80g 10 DAT,
Quinchlorac 0.2-0.3 kg 3-5 DAT
Sulfony! ureas:

Met-sulfuron methyl 2-4g 12 DAT
Chlorimuron ethyl 6-12g 12 DAT
Thiobencarb methyl 7.5-15g 12 DAT
Tribenmuron methyl 7.5-15g 12 DAT
Bensulfuron methy! 0.5 kg 12 DAT

N.B. Propanil, Nitrofen are off the market in India.

Biological Control :

Research into biological control of weeds by insect, pathogen, fish, snails etc. have made some progress.
In India, except some use in controlling aquatic weeds Salvinia sp and Eichhornia sp, weed control in rice

by biotic agents have not yet become popular. Whatever little published information on successful weed
control by bioagents in rice have been reported are presented in table-4.



Tabled. Biological weed control in rice

Rice Weed Bioagents References
Echinochloa crus-galli Drechslera monoceras Gohbara, 1991
(Fungus) Arita, 1990

Fusarium oxysporum (Fungus) Nishi, 1988
Leptosphaeria salvinii (Fungus)

Echinochloa cryzicola Dreschslera poae (Fungus) Arita, 1992

Echinochloa colona Dreschslera ravenclii Gohbara, 1992

Echinochloa sp. Lymnocea sp. Gohbara and Yamaguchi, 1993
Physa sp. (Snails) "

Eleocharis kuruguwai Epicoccosorus nematosporus Suzuki, 1990
Nimbya scirpicola Shibayama, 1992
Dendryphiella sp. Imaizumi, 1992

Eichhornia crassipes Neochetina eichhornae (Insect)  Julien, 1992

Neochetina bruchi (Insect)

Salvinia molesta Cyrtobagous salviniae Room. 1990

Ageratum conyzoides Hirschmanniella spinicaudata Babatola, 1980
(nematode)

Monochoria vaginalis Azolla pinnata (Fern) Mansor and Lang, 1993

Alternanthera philoxeroides Agasicles hygrophylla Zeiger, 1967

Cyperus rotundus Athesapaeuta cyperi ICAR Biological Control
Bactra minima minima Centre India Tech. Bulletin. 1,

1989

Algal weeds Pomacea canalieulata (Insect) Chiang, 1993

Ludwigia adscendens Haltica caerulea ICAR, Biological Control
Monophycs sp. var. Centre India Tech. Bulil. 1,
Nigritulus (Insect) 1989

Pistia stratiotes Namangana pectinicoris "

Algal weeds Pomacea canaleieulata Chiang, 1993

Future lines of weed management in rice :

1.Monitoring of weeds - shift in weed flora, appearances of resistant and introduction of new
weeds :

Continuous use of herbicides or use of the same herbicide year after year has created the problem of
succession of weeds and appearance of resistant biotypes of the same weed. Propanil herbicide, once very
effective against Echinochloa sp., is now ineffective against the biotypes of this weed. A trend of



succession from grassy weeds towards sedge and broadleaf weeds in rice fields has also been evident.
Systematic monitoring of weeds would help to devise effective ways to tackle this growing problem.

2. Emphasis on ecological, biological and other non-chemical methods weed control for
environmental safety :

Standardisation and perfection of research on various ecological and promising biological methods as well
as non-chemical cultural methods for avoiding the environmental hazards of chemical method of weed
control has to be made.

Further research to determine the extent of effectiveness agronomic manoeuvring like stale seedbed,
nitrogen management, water-management, crop rotation and modification of native hand tools for weeding
is needed.

3. Rice based cropping system wise integrated weed management approach :

Need for shifting research towards weed management in rice based cropping system as a whole from the
existing research to find weed control technology for individual crops.

In different agroecological regions of India large number of different rice based cropping systems with
various component crops are practised. It is necessary to study the possible effects of weed control practice
in rice on the succeeding crops on the lines of a) reduction of density in succeeding crops, b) changes in
floristic composition or shift in weed species and c) problem of selectivity and residual toxicity of
herbicides in the cropping system.

4. Develop threshold research in weed management in rice :

From field research data on weed density and duration of interference on the crop, competitive threshold
needs to be worked out and its relation to monetary yield losses would bring out the economic threshold.

Unlike insect and disease control, little or no research has been done on economic threshold levels in weed
control in rice or other crops.

5. Rotation of herbicides and herbicide mixtures :

More research information and a thorough understanding about the interaction among currently used
herbicides when used in mixtures, their compatibiliity, selectivity and bio-efficacy as also problems of
phytotoxicity and persistance is needed. Similarly necessity of rotation of herbicides to solve the problem
of weed flora shifts and appearance of resistant weeds.

6. Develop more effective weed control technoligy for rainfed upland rice

Inspite of large volume of research on weed control in rainfed upland rice, effective and sound weed
control technology in this type of rice culture is still lacking because weed problems are far more complex
and serious in dry seeded rainfed upland rice than in other rice production systems in tropical Asia.
Recognising this alarming weed situation, basic and applied research to help develop weed controt
technology suitable for a wide variety of local condition is needed.

7. Develop weed control technology for wild and red rice :
Wild and red rice as weeds are a serious threat to rice production in many countries in Africa, Latin

America and Thailand. The wild rice species namely Oryza longistaminata, O. breviligulata and O.
glaberrima invade rice field and red rice species normally belongs to the same species as cultivated rice



(0. sativa). Another red rice species is O. rufipogon Griff.

Although it has been reported that red rice problem can be minimized by growing rice in puddled
continuous flooding condition as well as late seeding or transplanting (Sonnier, 1978, Vongsaroj, 1993).
The fact is that so far no solution to wild and red rice problem has been achieved.

8. Develop low toxicity fast degradable eco-friendly and safe herbicides :

New herbicides like cinmethylin (40-80 gm a.i./ha) (Argold) and sulfonyl ureas (7.5-10 gm a.i./ha) are
effective in low quantities and have little or no residual toxicity. (Mukhopadhyay and Banerjee, 1989 and
Mukhopadhyay and Mallick, 1991)

Cinmethylin being made up of carbon, oxygen and hydrogen has very low toxicity to mammals, birds, fish
and other aquatic organisms.

AC-382 140 broad spectrum safe new herbicides for transplanted rice in Japan and Philippines have been
reported to show promise (Quakenbush er al, 1993).

Biotechnology in rice weed management :

Application of biotechnology can play a great role to solve the emerging probiems of chemical weed control
by standard herbicides. This area needs to be further developed for safe and alternative weed control
(Mukhopadhyay, 1992). The microbial toxins and allelochemicals provide novel chemistries that could be
manipulated to produce commercial herbicide. Bio-herbicides (Collego for rice weed control), naturally
occurring herbicide (Bialopas with active ingredient phosphinothricin to control grass and broad leaved
weeds) and methoxyphenone (a synthetic analog of the microbial toxin anisomycin to control branyard grass
in rice). To overcome the low virulence of the pathogen and the required fastidious environmental
conditions for development of bio-herbicides, genetic manipulations like recombinant DNA technology of
and integration of bio-herbicides with chemical herbicides may be done to enhance the activity. In India,
bioherbicides for weed control has not developed for practical application.
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Noxious Weeds in Asian Tropics and their Control
U. Suwunnamek
Department of Agronomy, Kasetsart University, Bangkok, Thailand

Abstract. Noxious weeds usually possess some characteristics in common, e.g., rapid multiplication, adaptation to
changing circumstances, high competitive ability, and resistance to control measures. Dormant tubers of Cyperus
rotundus L. which are small and hard to identify make the weed a serious one in the same way as a piece of rhizome
of Imperata cylindrica (L.) Raeuschel in the soil. The tuber or rhizome if under unfavorable condition it stays
dormant underground. With its high compelitive power and resistance to most preemergence herbicides plus its
irritating hairs on leaves when touched, Rotthoellia cochinchinensis (Lour.) Clayton is considered very serious in
any crop.

Management of weed species mentioned above is discussed in the paper.

Key words: Cyperus rotundus, Imperata cylindrica, Rottboellia cochinchinensis, noxious weeds.

Introduction _

Perhaps many people wonder what noxious weed is. WSSA (38) defined that a plant regulated or identified
by law as being undesirable, troublesome, and difficult to control. Mercado (20) described noxious weeds as those
which are highly competitive, persistent, and are difficult to control. She also mentioned five major characteristics
which contribute to their aggressiveness and persistence. However, Cardenas et al. (6) divide noxious weeds into
two categories, the primary and the secondary. Primary noxious weeds are those which are widely distributed and
established in a region, are very aggressive and diflicult to control. Secondary noxious weeds are defined as either:
(a) those which arc aggressive, widely distributed and established in a given region, but are relatively easy to control,
or (b) those which are aggressive and difficult to control but may not yet have become established. They also defined
common weeds as those which are easy to control and in general, although well distributed, are not aggressive. So,
aggressiveness (e.g., a plant with rank growth, rapid multiplication, and/or with highly competitive ability, or a plant
equipped with harmful organs or toxic substances) and tolerance substances) and tolerance to adverse environmental
conditions (including control measures) are the key factors to determine whether it is noxious or not. In general,
noxious weeds are noxious in many to most crops but may not necessary to be in all crops. This is due to the
difference of crop nature, cultural practices, and especially the herbicide use.

Actually there are a lot of noxious weeds in Asian tropics to be mentioned but only three species are
selected to suit time and pages allocated.

Cyperus rotundus L.
Common name: Purple nutsedge.  Family: Cyperaceae

Qrigin. It is a native in India and now a weed in 52 crops in 92 countries in the tropics and subtropics areas (11).
Description. A perennial sedge with tuberous base producing rhizomes which later on give off tubers which may or
may not develop shoots. Culm : slender, triangular same as most sedges, 15 to 50 cm tall. Leaves : erect, glabrous,
linear, grass-like, 5 to 30 ci long and 2 to 6 mm wide. Inflorescence : simple or compound umbel with spikelet
clustered al the tips of branches, 1 to 3.5 cm long and 2 mm wide containing 10 to 40 flowers, and protected by
reddish brown glumes with 5 to 7 nerves.

Reproduction. The weed mostly reproduce itsell from tubers. Tuber germinates under appropriate conditions by
giving off sprout or short rhizome that begins a new shoot, and a basal bulb develops just under the ground line. The
basal bulb later on forms a new rhizome and becomes a new plant again (30). Single tuber can produce 39 tubers



in 4 months under favorable condition (1). Under field condition it produced about 4 times of the original counts
(from 120 tubers/0.25 m? and 20 ¢m deep) in a year (35). There are many reports that tuber production is much more
than this (21). By this mechanism plus tuber dormancy make the weed survive even extreme conditions.
Problem. Infestation of C. rotundus mostly occurs in cultivated fields, and especially where herbicides are used
repeatedly or routinely. So far in Thailand, infested crops are field corns, sugarcane, soybean, sorghum, and also
lately vegetables, e.g., shallot, garlic. Modern field crop plantations and especially seed production fields have the
problem. For the latter they use herbicides because they need weed-free conditions to facilitate intensive farm
practice, and also at the same time they do not want the seeds which cost more than ten times of grains contaminated
with weed seeds, The problems in soybean is slightly different. This is due to its tubers in paddy field have not been
killed by water level and when soybean is planted no-tillage after rice the infestation resumes. Again, herbicides used
in soybean cannot control nutsedge. C. rotundus also causes problem in lawns and green in golf course. Nutsedge
plant grows faster alier mowing comparing with the grass.

Competition. C. rotundus usually absorbs more nutrients than the crop. Nutsedge plants growing with cotton at 5:1
weed crop ratio can take up about twice as much N, one-third more of P. and three-fourth more K from the soil
compared with cotton (10). However, crop species and even cultivars as well as seasonal changes dictate the severity
of the weed. Full season competition with C. rotundus population ranging from 600 to 1600 plt/m?, caused 33 to
89% losses in vegetable crops in Brazil (40). Garlic is ranked first followed by okra, tomato, and carrot. Upland rice
is often seriously competed by nutsedge. In Thailand for sweet comn ear weight was significantly reduced by low
density of nutsedge plants (10 to 20 shoots/0.25 m*) compared with weed-free in dry season, but not in wet season
during which the medium density (20 to 40 shoots) reduced the yield. Gain yield of field comn Suwan 1 was
significantly reduced by medium density of nutsedge in dry season but required high density (50 to 80 shoots) for the
reduction in wet season. There were also different responses among field corn cultivars (1).

Management. Established infestation of C. rofundus is very difficult to practically eradicate. Only temporary control
from crop to crop with quite high cost of handling or with more steps of operation can be made. In planting
management a few weak points of the weed should be realized: 1) shoot and tuber production 1s greatly reduced by
20% light mntensity (21), 2) tubers having been soaked in water for 200 days still retain full viability (7), 3) dried
tubers with moisture content 12% (72 hr sun-drying) are unlikely to germinate (25). So, practically management
should integrate many methods together, i.¢., preventive measures, physical control, habitat management, and also
chemical control.

Preventive measures, see in conclusion.

Physical control includes cultivation for land preparation, inter-row tillage (once or twice times), and post-
harvest following. The practices at least can twmn over tubers to drying and germination decreased. Thorough disking
at 2 to 3 weeks interval for growing seasons was recommended to eradicate C. rotundus (39). For small area forking
to take out the bulbs or tubers is effective, but very laborious job.

Habitat management employs techniques on environment to reduce or eliminate competition of the weed.
Size and nature of crop plant, density per unit area and its response to the environment should be considered first.

Crops which can complete with nutsedge should grow fast and produce shade enough to suppress the weed.
Even though mulching with rice hull or sawdust is not eflective, but with thicker layer new plants will develop within
the layer and easy for hand pulling. The method is suitable for small area.

Chemical control is so far the main tool for the seriously infested area to keep it calm down during crop
season. Even though there are a number of herbicides effective on C. rotundus (21) only those familiar and
practically used in the tropics are to be mentioned.



Glyphosate and also sulfosate, translocated and non-selective chemicals, are quite effective for the weed
at 2.25 kg ae/ha. Lower rate at 1.13 or 1.69 kg ae/ha can work too if combined with ammonium sultate 10 kg/ha at
the spray volume of 500 L/ha (1). C. rotundus should applied at 3 weeks after emergence of tubers, and mostly as
preplant treatment in no-tillage method in any crops. Generally, residual activity is none, but in certain crops and soils
careful study should be conducted in advance to make sure of the safety.

2,4-D is also translocated and selective for control of broadleaves in graminaceous crops. As overall spray
at 2 kg ae/ha (quite high) for conirol of nutsedge in sweet corn at 25 days after planting, 2,4-D also gave quite a good
result (1). If as preplant treatment it should be combined with 10 kg urea (35). Rate for some crop should be reduced.
Some tubers are killed by 2,4-D but with less percentage than glyphosate.

Arsonates (DSMA, MSMA), even with some translocation, the chemicals should be regarded as the contact
and with only top kill. MSMA can also be used to control grasses in cotton and lawn (18).

Chlorimuron 1s the herbicide belongs to sulfonylurea group for control of broadleaves and sedges. At 30
g avha it was effective when applied preemergence in soybean. Chlorimuron 12 g at combined with glyphosate 1.5
kg av/ha applied preplant gave enough control of nutsedge (2 wk old) in soybean without atfecting yield (9).

Imidazolinone herbicides (imazaquin, imazethapyr, and imazapyr), are also effective for C. rotundus.
Imazaquin and imazethapyr were both effectively used as preemergence in soybean at 420 and 125 g ai/ha,
respectively. Imazaquin 280 g ai/ha combined with glyphosate 1.5 kg avha applied preplant also provided an
adequate control of the weed (2 wk old) in soybean. Even though imazapyr at 40 g a1 also gave the same degree of
control, but it decreased soybean yield (9). Imazapyr possesses long residual activity ranges from 3 months to 2 years
under field conditions and it is nonselectively used in noncropland (38). '

Uses. Nutsedge tubers can be used by its own or as an ingredient in quack remedies of antidysenteric and carminative
(suffering from flatulence) (22). In agriculture, for ridged plantation (e.g., citrus) in the low land area of Thailand,
it has been observed that the growers grow C. rotundus on the bank to prevent erosion.

Rottboellia cochinchinensis (Lour.,) W.D. Clayton

Common name: Itchgrass. Family:  Poaceae (Gramineac)
Onigin. The grass is a native to India, a weed in 18 crops in 28 countries within 20°C 1sotherms in the northern and
southern hemisphere (11).
Description. An aggressive annual grass belongs to tribe Andropogonaceae. Culm : stout with still roots, hairy, erect
branched, 1.5 to 2.5 m high; tiller produced ai the basal nodes, branches arise at the axils of upper leaves. Leaves
: linear-lanceolate, about 1 m long, and 2.5 ¢ broad, tapering to each end, pale green color with well marked white
midribs and rough sharp edges; sheaths bear with white bristles which can cause irritation when contact with skin.
Inflorescence : spike-like, with cylindrical spikelets in pair compressed against the rachis and tapering towards the
apex; spikelet glabrous and awnless, one sessile and the other on small stalk. Fruit : cylindrical caryopsis containing
seed, at maturity fall off from the apex to the base.
Reproduction. The weed reproduce by seeds in large number ranging from about 4,500 to 50,000 seeds/plant/cycle
depending on the growing season. Seeds possess dormancy which is due to the presence of hull and immature embryo
also. Intact seeds were found to germinate 1 and 7 % after 8 and 12 months of storage at room temperature,
respectively, meanwhile dehulled seeds germinate 56 and 85% respectively (14). Under tield condition dormancy
period could be less than this. However, some seeds are still viable even more than 2 years in the soil if the condition
1s not suitable (19).
Problem. The grass is a problem in upland and plantation crops in certain area once it gains a foothold there by any
means. It is very competitive and we can observe that it tends to dominate other weeds, even the very serious one



like Imperata cylindrica (1..) Raenachel and it will be easy if the weeds are low growing like Cyperus rotundus. So,
we can find the grass both in cropland and non-cropland. It a is serious weed in sugarcane in the Philippines,
Indonesia, Malaysia, and Thailand (29). Problem and causes can be summarized: 1) due to its dormancy which keeps
the seeds germinate ceaselessly after the earlier flash has been controlled, 2) seeds can germinate even from deep
soil germinate more than 50% from 20 cm deep, 3) bristles on leaf sheaths and blades causes severe itching to
workers handling the weed or crop, 4) it is impossible to get rid all of the weed by normal routine operation, and this
can cause unending infestation, 5) other than highly competitive ability, nobody want to go into the infested areas,
and that can cause more loss in crop production.

Competition. Study with soybean showed that even a single plant of itchgrass in one m? can cause significant
reduction of yield (more than 30%) in wet season growing, but not in dry season which needs two plants to reduce
the yield. Sixteen plants caused 65% yield reduction in wet season but only 25% reduction in dry season (14). The
season for the difference is that the weed did not grow very well in dry season which the plant height 1s about 60 cm
compared with 165 ¢cm in wet season. Another reason is that soybean plants grew much better in dry season
compared with those in wet season. Crops respond to itchgrass differently. Study with field corn in late wet season
shows that 5 and 40 plt/m2 of the grass caused yield reduction 8 and 43%, respectively (33). Compared with soybean
mentioned above, field corn are more tolerant of itchgrass. Competition study shows that field corn can tolerate
itchgrass for 2 week at density 80 plt/m? but this same length of time soybean can tolerate only 16 plt/m*.

Study on area of influence of itchgrass in soybean, it was concluded that the grass can reduce seed yield
significantly, more than 30% if it grows close to crop plant at the distance of 7.5 cm and 50 cm in dry season (14).
It is surprised that the effect seems much higher compared with the report in which soybean seed weight within 20
cm of the weed was reduced only 15 to 21% (17). However, there are a number of biotypes of itchgrass and each
responds differently to the varied weather condition . This could be a reason.

Management. Actually preventive control should be born in mind where one is farm has high potential to be under
threat of the grass (see in conclusion).

In newly infested areas, eradicative measures are inevitable. Successtul eradication of the grass was expected to be
obtained in three years or 18 months at least, so far as the areas were regularly checked and the weed plant removed
all the time before seeding (19). Studies by Richards and Thomas (26) have shown the persistence of its seeds in the
soil to be three years at the utmost.

Unlike purple nutsedge, itchgrass is not sensitive to shades. So, growing crops like soybean or field corn
to suppress the weed's growth is not successful. Even growing legume cover crops we have to help them at the
beginning until they form a thick bush to suppress the grass. So far, less herbicides can be used in corn (practically
only preemergence herbicides) whereas more can do with legume crops. So, crop rotation with legume or other crops
which both preemergence and a number of postemergence herbicides can be effectively used could indirectly help
decrease the infestation.

Interrow cultivation (disking, off-barring and hilling up) can be used in row crops. However, it should be
followed by hoeing, especially these in the row.

Herbicides play a key role in dealing with itchgrass as well as in indirectly spreading the grass. Very few
residual chemicals can be used effectively on itchgrass, and among these are herbicides belong to dinitroaniline
group, e.g., pendimethalin, trifluralin, dinitramine, etc (19). Pendimethalin 1s quite well known and easy to use in
many crops. It can control other grasses as well at 1.5 to 2.5 kg/ha, but not much effective tor certain broadleaves,
e.g. Euphorbia heterophylla L. The chemical if combined with atrazine at 1.5 kg/ha each was quite effective in corn
(34). In sorghum application should be at 2 weeks after crop emergence and also after destroying the first flush of
seedlings. In soybean a good weed control was obtained with pendimethalin alone at 2.2 kg/ha and also with the



combination of imazethapyr at 150 g/ha plus oxyfluorfen 250 to 500 kg/ha or clomazone 75 to 150 g/ha without
affecting yield (14).

For foliar-applied herbicides, it was found that most aryloxyphenoxy alkanoic herbicides are effective (14),
1.e., quizalofop-tefuryl and quizalofop-ethyl, fluazifop-butyl, haloxyfop-methyl, and fenoxprop-ethyl at 0.25 to 0.3
kg/ha. In soybean, double applications at 3 and 6 weeks after crop emergence can decrease weed population, and
hence with the increase in grain yield. However, still there was a new flush of seedlings coming up. Preemergence
application of herbicide followed by postemergence application performed similarly.

Diclofop-methyl and cyclohexanedione herbicides e.g., clethodim, cycloxydim, and sethoxydim, did not
provide a satisfactory control (34).

Nicosulfuron is also active for itchgrass in field corn as directed spray, but overall application is still not
satisfied. Ametryn at quite high rate, 4 kg/ha plus surfactant, also can work as well as glyphosate, glufosinate, asulam
(34) MSMA, DSMA, paraquat, and others (19).

So, itchgrass in cropland and noncropland, if not too long established, should pose no problem as there are

many herbicides or means which can be selected to suit the situation.
Use. Some biotype of itchgrass which is not much hairy and less itching sensation, and does not germinate in dry
season, can be grown in wet season, especially in lowland areas. By dry season as the plant is almost 2 m high and
seeds mature. It is pressed to the ground, and then vegetable crop seedlings, e.g., cabbage, Chinese cabbage, kale
are transplanted no-tillage. Itchgrass plant mulch can preserve moisture and keep off other weeds as well as itchgrass
itself. In most cases people can grow twice crops before the rain comes

Imperata cylindrica (L.) Raeuschel
Common name : Cogongrass. Family : Poaceae (Gramineae)

Origin. A native of the old world, 1t is on all of the continents and is the worst weed of southern and eastern Asia.
Seventy-three countries report that it is a weed in 35 crops (11).
Description. Perennial grass, compact or loosely growing. Culms : erect, 15 to 120 cm high, arising from an
extensive system of tough, scaly rhizomes, unbranched. Leaves : linear-lanceolate, up to 150 c¢m long, 4 to 18 mm
wide : sheaths smooth or margins ciliates : ligule short, truncate, 0.5 to 1 mm long. Inflorescence : panicles, dense,
and spikelike, 3 to 20 long, 0.5 to 2.3 cm wide, creamy-white or silvery-white silky hairs : spikelets 3 to 6 cm long
surrounded by silky hairs 10 mm long. fruit : a caryopsis, 1 to 3 mm.
Reproduction. Propagation is by seed or vegetatively from numerous rhizomes.
Varieties. I cylindrica is widely distributed between the latitudes of 45 ° in both the northern and southern
hemisphere. Following the examination of a large number of specimen. Rubbard et al. (12) placed them in five major
groups:

1. var. major is most widely distributed from Japan, southern China through the pacific Islands and
Australia to India and eastern Africa.

2. var. gfricana is the next most widely distributed from Senegal and Sudan southward through Africa.

3. var. Furopa extends from Portugal through southern Europe to the arid regions of Central Asia and
Afghanistan,

4. var. latifolia is found only in northemn India.

5. var. condensata 1s found in Chile on the coastal region between lat 30 ° and 40 ° N.

Var. major is most aggressive and found most in Asia. It has smaller spikelets than others and has hairy
nodes while most others do not have.



Problem. Cogongrass causes a big problem in plantation crops, e.g., rubber, o1l palm (Malaysia), tea (Ceylon, India,
Indonesia), coconut (Ceylon, Malaysia) (11). It is also a great problem in newly reforested plantation. In Thailand
the problem can also be found in fruit trees as well as i perennial crops like pineapple and sugarcane. Annual upland
rice are not much subject to the problem due to the land is tilled every 3 to 4 months for soil preparation, and
normally the soil is left sun-dried more than a week and then retilled. By doing this way a lot of rhizomes are killed
every time. Upland rice is usually infested with the grass due to the land preparation is not well processed. Even
worst, sometimes farmers never do at all, because they grow by no-tillage method. Another reason is due to most
upland rice fields are in or near the forest and usually surrounded by the grass as patches or as a sheet. The situation
is the same with plantation crops. Normally the areas for newly planted plantations are close to the forests which are
full of cogongrass. On the other hand sometimes crops are grown in the area once dominated by the grass. Certainly,
it is not completely eliminated, and the problem is inevitable.

Like purple nutsedge, cogongrass multiplies rapidly both sexual and asexual means. Iven (13) estimated
the number of florets per inflorescence to range from 500 to 1,000 and in a moderate infestation, there could be 10
to 20 infloresences per square meter. Plume seeds can be carried by wind and other factors even flowing water.

Santiago (28) reported 95% germination within one week of harvest and the seeds viable for at least one
year. Rhizomes developed after 4 wk of germination and plant grew fast after that. It fully dominated over the area
of 4m?mn 11 wk (7). We can find net of rhizomes in underground, mostly 15 to 20 cm deep. The section sized 2 to
S mm diam even at 1 to 5 cm can germinate to be a new plant. Not all rhizome nodes have buds. Only are near the
terminal can germinate.

Cogongrass is tolerant of drought. Burning, cutting, and grazing can lower the rhizome weight, not killed,
but enhance flowering (31). It can tolerate water logging on heavy soil (11). To my own observation, even for 3
months 1n soil under water level, not all of, the weed were killed.

The weed generally recognized to be a light-loving plant which can be "shaded out" under a heavy canopy.
Though it is weakened it remains ready to invade areas which open up as a result of disease or ant reason. Soerjani
(31) found that even 50% shade did not eradicate the weed.

Cogongrass can thrive in a wide range of soils from the poor to highly fertile ones. However, it becomes

established most quickly on medium to good soils and is less frequently a pest.
Competition. Cogongrass 1s very competitive and the growers have realized this for a long time. Experiments in
rubber plantations in Malaysia show that, for the first 5 years after being planted, trees surrounded by the grass made
about 50% of the annual growth of trees which were free from the weed or which had a legume ground cover of
Centrosema pubescens (2).

In immature rubber, Yeoh and Pushparajah (41) found that one year after the control of /. ¢ylindrica by
dalapon and glyphosate, the growth increment in untreated plots was 18% significantly less than the treated plots.
Forest trees can be suffered from the weed. Coster (7) reported that the growth of teak trees, Tectona grandis, in the
first year was 13 em in plots of I. ¢ylindrica and 100 cm in plots where the weed had been removed.
Management. Actually before planting farmers should make sure that they do not have the grass in the areas. So,
eradication is necessary as well as prevention (see in conclusion). In case it has spread already, steps of control must
be taken.

Tillage method is till used where the situation permits and you feel that it is more feasible. Cross cultivation
with a tractor (deep enough) to turn up the rhizomes to expose to the sun 3 times at weekly interval in dry season
gave 90% control of the weed (24). The first ploughing should be after the last rain while soil still soft. Kasasian (15)
also reported that the weed can be eradicated by regular cultivations (every 3 to 4 weeks). The fragment with less
node numbers (short thizome pieces) germinated less compared with the more nodes (longer piece). The method can



be combined with others. :

Slashing is still practiced by some fruit growers. Actually, they do not allow the weed close to the bases of
crops or canopy edges. The slashed leaves are collected and thrown under the tree canopy to preserve moisture. And
1t works in that situation which drought is so severe in dry season. I think possibly there could be other plants better
than the grass, e.g., Vetiveria zizanioides, but research is needed.

For habitat management, one should know that cogongrass is sensitive to other weeds as mentioned earlier.
R. cochinchinensis was reported be grown to suppress cogongrass (3). In another case even now people still grow
a small and climbing grass, Microstogium oiliatum (Trin.) A. Camus, to suppress this weed (27) and also other
weeds In mangosteen plantation. In Thailand people have used sesame (Sesamum indicum L.) for control of the grass
for a long time. Strangely enough it works. Premasthira and Zungsontiporn (23) also grew 2 sesame plants in
assoclation with 2, 3, and 4 cogongrass plants in the container 490 cm® with soil and they found that dry weight of
the grass was reduced more than 50% and tillering reduced 21 to 44%.

Inter-cropping and growing cover crops are common practiced in rubber or o1l palm due to the row space
for these crops is wide (7 to 8 m), if not it will be occupied by weeds Legume cover crops used mostly are
Calopogunium mucunoides, Pueraria phaseoloides, and Centrosema pubescens. All these are planted in mixture
at the ratio 2:2:3 at 7 kg/a, or only the last two species can be used at 2:30. Lately another one which is very good,
C. caeruleum, can be added at 350 g/ha.

Chemicals are necessary for control of the grass. Long time ago dalapon was the only one which effective.
Now, glyphosate (also sulfonate) is quite practical and practically without soil residue. Optimum rate depends on
location (possibly biotypes ?). In Thailand the rate 1.92 to 2.25 kg ae in 625 L/ha is enough (4) but in Malaysia (16)
and Indonesia (36) they use 2.16 to 4.32 kg ae in 550 L/ha. High spray volume causes problem in finding the water,
esp. on the hilly areas. Lately a lot of modifications have been created to use less volume. Mist blower can also be
used practically at 30 L/ha (C. Boonarirat, 1995. Personal communication). However, a good quality surfactant with
enough amount is required.

Imazapyr 1s another compound which is very effective on /. ¢ylindrica. Optimum rate 15 0.5 to 1.0 kg ae/ha
(5). Due to its residual activity the chemical is not much as popular. However, rubber trees aged ranging 9 months
to 4 years was found selective at 0.375 to 1 kg ae/ha. Also, 2 years old plant showed tolerance to 6 applications of
the chemical 0.75 to 1.5 kg ac made at 90 day interval (5). Certain forest species, 1.e., Acacia mangium, Schima
wallichii, Eucalyptus deglupta, and Swietenia macrophylla, were found to grow better in the imazapyr treatment
compared with that in the other treatments, because of the improved efficiency by imazapyr on cogongrass (32).
Imazapyr was applied 1 month preplant. For growing cover crops, one month delay after cogongrass application with
imazapyr was found enough. The advantage are that the treated plants were slowly decomposed, and the area was
not found much of germinating weeds (C. Boonsrirat, 1995. Unpublished). The chemical did not show deleterious
effect on rice either when applied 1 month or more before sowing seeds ( 8 ).

However, other than herbicide efliciency and selectivity, the cost should be considered too. Usually farmers
integrate physical and chemical methods, or chemical and habitat management together, e.g., herbicide application
preceded by burning or slashing (herbicides applied to new regrowth), or growing legume covers after herbicide
application.

Uses. The most usefulness of /. cylindrica 1s thatching for houses, which a number of villagers still use it. The grass
in vast area can be a standby forage crop for the cattle, but only the very young plants after burning. Its leaves can
also be used as mulching material for vegetable growing, especially when grown by seedling. If can also be used as
soil binder to prevent erosion (11). For medicinal purpose, the grass rhizomes can be used as diuretic treatment (22).



Conclusion
Established infestation of noxious weeds is very difficult to control, so taking the preventive measures is
the better thing. Do scouting the field regularly and get rid it of the weed when spotted every time. Escape weeds
must be eradicated with no choice. Consider using cover crops both in cultivated and non-cultivated areas. Dolichose
lablab 1s a good one and young pods can be eaten as a food.
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THE SUCCESSION OF NOXIOUS WEEDS IN TROPICAL -ASTAN RICE
FIELDS WITH EMPHASIS ON MALAYSIAN RICE ECOSYSTEMS.
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Abstract: Both allogenic and autogenic successions occurred among weed communities in tropical
Asian rice ecosystems. These successions were largely attributed to changes in habitat brought about
by and in response to changes in crop establishment techniques, weed management and other agronomic
practices of what used to be low pesticides and low fertilizer sedentary traditional farmings to pesticides
and inorganic fertilizer-oriented, irrigated and mechanised rice farmings. The consequential changes in
weed community populations and species diversity was brought about principally by the shift in rice
culture replacing the labour intensive transplanting technique with direct-seeding alternative since the
mid-1980°s. Direct-seeded rice culture and continuous use of phenoxy herbicides then have resulted in
species shift in weed community structure favouring the more competitive graminoids, viz. Echinochloa
crus-galli complex, E. colona, Leptochloa chinensis, Ischaemum rugosum and Paspalum distichum in
tropical Asia and of late, weedy rices (Oryza sativa) in Malaysia. Being C, plants, these graminoids are
well adapted to hot, arid and high intensity light regimes prevailing in the tropics. These species are also
comparatively efficient in nitrogen and water uptake and can inflict severe yield losses on rice. The
predominance of graminoids in direct-seeded rice culture since mid-1980°s, has led to inevitable changes
in the pattern of herbicide use favouring the highly selective graminicides among farmers. This in turn
favoured the proliferation and recurrence of broadleaved weeds and sedges at the expense of
graminoids.

Keywords: allogenic, autogenic, successions, weed community, species diversity, weed management,
agronomic practices, phenoxy herbicides, graminicides, Echinochloa crus-galli, E. colona, Leptochloa
chinensis, Ischaemum rugosum, Oryza sativa, Paspalum distichum

INTRODUCTION

Rice is a major food crop in the tropics. The recent emphasis on direct seeded rice culture in the
tropics especially in Asian countries is due to widespread use of herbicide in controlling weeds (De
Datta & Flinn, 1986) and rising labour cost in the Philippines, Thailand and Malaysia (Ho, 1991).

In the past decade in Southeast Asia, there has been a shift in the rice production system from
transplanting to direct seeding (DSR), of which wet seeding (pre-germinated seeds broadcast on puddled
soil) has been the main method of rice culture in Malaysia, Thailand, Philippines, Vietnam and Sri
Lanka (Moody, 1993). Meanwhile, dry seeding of rice onto non-puddled soils is practised in India,
Bangladesh, Indonesia and parts of Sri Lanka (Upasena, 1980 cited in Moody, 1983).

In irrigated rice arcas of Thailand, the Philippines, Sri Lanka, Malaysia, Fiji Island and Vietnam,
rapid changes from fransplanting to direct-seeded method have been motivated inter-alia by the
introduction of effective herbicides, development of short-culm and early maturing rice cultivars and
burgeoning labour cost of transplanting (Ttoh, 1991). Currently more than 90% of the irrigated rice area
in Peninsular Malaysia is now direct seeded instead of the traditional transplanting.

Weed populations in areas tree from disturbance by tillage regimes or herbicides are considered
to be relatively stable, in terms of density and species diversity (Harper, 1977). However, when
ecosystems are disturbed or cultivated as in most agricultural situations, weed populations change,
colonizing bare ground, a response typical of ruderal species (Groves, 1992).

It is the opinion of Connell & Slatyer (1977), inter-alia, that contemporary ecological thinking has
shifted from the early Clementsian idea of a successional series of species moving towards inexorably
towards a stable state (the climax climatic ) incorporating at least three possible pathways. Due to the
continuous nature of disturbance by cultivation, tillage operations, herbicide application, and other



agronomic practices, the appropriate model of succession for a weedy agricultural land lies ‘somewhere’
between the tolerence model applying to secondary succession and the one Connell and Slatyer (1977)
denoted as inhibition model. The former model in the absence of further disturbance depicts an old-field
succession. Invariably, the net effect of agricultural operations is to maintain vegetation at an early
successional stage suitably adapted for competitive ruderals.

The weed flora in a rice field is greatly influenced by the method of rice culture (Ampang-Nyarko
& De Datta, 1991). Continuous rice cultivation with unchanged cultural system encourages the buildup
of weeds adapted to that system. Although weed problems in rice vary from one ecosystem to another,
it is widely accepted that weeds cause more damage than other pests and this is more severe in upland
rice than in all other ecosystems in which rice is grown (Akobundu, 1987).

NOXIOUS WEEDS IN RICE

Noxiousness is a measure of both the undesirability of a weed and the difficulties in controlling
it (Akobundu, 1987). There are about 350 weed species in 150 genera with 60 families known to be
problematic in rice (Smith, 1983). Of these, species of Poaceae are the most common with more than
80 species. Among them are E. crus-galli, L. chinensis, I. rugosum, E. colona and weedy rice (Oryza
sativalO. spontanea).

In tropical Asian countries, the moderately warm to high temperature and high humidity favour
year-round luxuriant weed growth. Among them are Echinochloa crus-galli complex, E. colona, E.
oryzicola, Leptochloa chinensis and 1. rugosum (Itoh, 1991; Ho, 1991). These weeds have become
dominant and competitive in DSR in the tropics.

The advent of direct seeding and the continuous usage of phenoxy-group of herbicides and
inadequate water supply, inter-alia are factors perceived to be responsible for the shift in weed species
dominance and diversity in rice ecosystem. Echinochloa crus-galli complex(E. crus-galli var, crus-galli,
E. crus-galli var. formosensis), along with other Echinochloa aggregates (E. oryzicola, E. colona, E.
stagnina and E. picta), Leptochloa chinensis, Ischaemum rugosum and Paspalum distichum, which were
not so prevalent and dominant Malaysian rice fields in the 1970’s (Baki and Azmi, 1992; Azmi ef al.,
1993) became widespread in the 1990’s. In many arcas of the Philippines, E. crus-galli are fairly
common in wet-seeded rice (Casimero ef al., 1994). Other weeds reported to be of importance were P.
distichum, I. rugosum, M. vaginalis and Sphenoclea zeylanica.

Echinochloa crus-galli, a cosmopolitan and noxious species in many tropical crops, is regarded as
the principal weed of rice (Holm et al., 1977). It has been reported as a weed in 61 countries and 36
different crops (Barret, 1983). The world distribution of E. crus-galli ranges from 50°N to 40°S latitude
(Figure 1) (Holm et al., 1986). The ecological requirements of E. crus-galli are very similar to rice and
certain varieties of the former are very difficult to distinguish from one another in the early stages of
growth (Yabuno, 1966). Barnyardgrass is a C, plant and grew very well under wet condition (Maun
& Barret, 1986). In addition, C, weeds have higher net photosynthetic rates, water and N use efficiency
than do the C;-plants of which rice is one under all light regimes (Ampong-Nyako & De Datta, 1989).
Under shade, therefore, C, weeds have a competitive advantage over rice.

Echinochloa crus-galli complex has three subspecies namely E. crus-galli var. crus-galli, E. crus-
galli var. formosensis and E. crus-galli var. praticola (Kim, 1994), Both E. crus-galli complex and E.
oryzicola resemble the rice plant and their growth is restricted to rice fields. These species are important
weeds in South east and east Asia.

In case of L. chinensis, a true indigene of tropical Asia (Soerjani, 1987), is a common weed of
rice in Malaysia, Indonesia, Pakistan, Sri Lanka, Burma, Thailand, Laos, Cambodia and Vietnam. In
the Muda area, Malaysia, L. chinensis is rated as one of the most noxious weeds in DSR (Itoh, 1991).
Like E. crus-galli, it is a C, species and is highly adapted to hot, arid and high light conditions
(Ampang-Nyarko & De Datta, 1991). In growth strategy, the weed is positioned closer to the r end of
the r - K continuum (Radosevich & Holt, 1984). Extreme r-selection leads to a short-lived plant
(usually less than one year), occupying open habitats and early stage of succession. A large proportion
of biomass of r-strategists is allocated to reproduction and the population is regulated by physical
factors.
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Another important grass weed in tropical rice areas is /schaemum rugosun. It was reported to be
major weed of partially irrigated and rainfed lowland rice in Thailand, Sri Lanka, Philippines, Malaysia
and India (Lubigan & Moody, 1989, Holm et al., 1977; Azmi et al., 1993). It is an annual grass and
a native of tropical Asia (Holm er al., 1977). It is easily recognized by its spiral awns and by the
prominent transverse ridges on the lower glume of the spikelet.

Echinochloa colona is also an important weed species in rice in Philippines and India (Holm et al.,
1977). 1t is an annual grass and a native of India. The weed is an excellent competitor and if rice crop
is badly managed the crop may be forced out by this weedy plant. It has prostate growth habit in early
seedling stages.

An emerging threat in DSR in tropical Asia is weedy rice. Weedy rice can be defined as rice plants
which occur spontancously as weeds within or around rice fields (Moody, 1994). Moody (1994)
reported weedy forms of rice occurred in Malaysia, Philippines and Vietnam. In Malaysia, weedy rice
is locally known as padi angin. Padi angin, with many morphological variants, has high degree of
deciduousness before being harvested (Wahab and Suhaimi, 1990). Baki (unpublished) recognized at
least 80 variants of weedy rice species in Malaysia. Many theories have been put forward on origin of
weedy rice. Moody (1994) lists 6 possible ways in which weedy rice can evolve, viz; (a) outcrossing
with wild or shattering rice, (b) segregants of a heterogeneous cultivar, (c) degeneration of the cultivar
due to continuous use, (d) seed mixtures, (¢) volunteers from the previous crop and (f) mutation. Similar
arguments have been forwarded by Abdullah ef al. (1994).

The seeds of noxious weeds often enter rice fields with crop seeds (Holm er al., 1977). They may
be transferred from neighbouring fields through farm machineries and on the feet, fur, feathers and skin
of rodents, birds and larger animals including human.

Weed succession and distribution patterns in rice fields are dynamic in nature and are governed by
spatio- temporal elements, and the agronomic practices being employed. As such species dominance
and their patterns of distribution varied considerably. A few species, could claim the status of ubiquity
in rice areas of Peninsular Malaysia in 1980, i.e. Monochoria vaginalis, Ludwigia adscandens,
Fimbristylis miliacea, Scirpus grossus, Limnocharis flava, Leersia hexandra, Cyperus haspans and L.
hyssopifolia (Baki & Md. Khir, 1983).With the widespread of direct-seeding in the 1990’s, there is a
dramatic shift in weed flora in the rice fields. Azmi er al. (1993), reported E. crus-galli was the most
dominance weed in DSR. Other important weeds in rice included F. miliacea, Limnocharis flava and
M. vaginalis. Comparison of shift in weed dominance after about 10 years in Malaysian rice fields is
shown in Tables 1 and 2.

Ho (1991) recorded meaningful shift in species dominance among rice weeds in the Muda granary,
arguably brought about by the change in rice culture from the dominantly transplanting rice culture in
1979 to direct-seeding in 1989 (Table 3). Rapid rise of E.crus-galli as the most dominant weed species
in DSR in Kemubu rice area, Malaysia was found to be related to the adoption of DSR Azmi (1994).
In 1989 season only transplanted rice was adopted in the granary. However, 50.4% of the area involved
with DSR in 1991 season and 79.6% of DSR in 1993 season. Table 4 enlists major weeds of rice in
Southeast Asia, (Waterhouse, 1991).

FACTORS INFLUENCING WEED SUCCESSION IN RICE ECOSYSTEM
(a) Crop establishment technique

In a review on changes in weed flora associated with reduced tillage systems, Froud-Williams et
al. (1981) cited several studies where perennial monocot and dicot species increased in the absence of
tillage. They were of the opinion that perennial monocots constituted the greatest threats to adoption
of reduced tillage systems. Further, reduced tillage would favour rhizome and stolon-bearing perennials
over annuals. Similar findings of more diverse populations of perennials weeds developed in reduced
tillage regimes (Buhler ef al., 1994). The work of Pollard & Cussans (1976) noted the high prevalence
of perennials in non-tillage compared to systems that included preplant tillage. Impact studies of
agronomic practices on weed communities by Derksen er al., (1993, 1994) revealed no increase in
association of perennial and annual grasses with zero tillage. They also observed that changes in weed
communities were greatly influenced by time and space rather than tillage systems operating, indicating



Table 1. Comparison of ranking of 15 species dominance of major-rice field weeds in Peninsular
Malaysia in 1980 and 1990 based on importance value indices

Weed species Ranking
1983° 1993°

Monochoria vaginalis 1 4
Fimbristylis miliacea 2 2
Ludwigia repens 3 -
Leersia hexandra 4 -
Cyperus haspan 5 -
Limnocharis flava 6 3
Scirpus grossus 7 13
Eleocharis variegata 8 -
Ludwigia hyssopifolia 9 6
Salvinia molesta 10 -
Scirpus juncoides 11 -
Isahne globosa 12 -
Utricularia aurea 13 12
Scirpus mucronatus 14 -
Lindernia pedunculata 15 -
Echinochloa crus-galli - 1
Echinochloa colona - 7
Leptochloa chinensis - 5
Sphenoclea zeylanica - 14
Marsilea crenata - 10
Cyperus iria - 8
Cyperus difformis - 15
Najas graminea - 11
Sagittaria guyanensis - 9

- minor weeds
* Baki & Md. Khir (1983)
® Azmi, ef al. (1993)



Table 2. Weed shift from transplanting to direct seeding method in Peninsular Malaysia

Irrigated transplanting Extensive direct seeding Intensive direct seeding in
(1970’s) (1980°s- 1990’s) future
Grasses
Isachne globosa Echinochloa crus-galli L. chinensis
Leersia hexandra Leptochloa chinensis E. oryzicola
O. sativa (weedy rice) 0. sativa (weedy rice/volunteer
seedlings)

Broadleaved weeds

Limnocharis flava L. flava S. guyanensis*
Monochoria vaginalis M. vaginalis M. vaginalis**
Sagittaria guyanensis Spenoclea zeylanica**
Sedges
Scirpus grossus Cyperus iria F. miliacea**
C. iria**

* Herbicide resistant species (2,4-D)
** Herbicide resistant biotypes (2,4-D)

Table 3: Changes of weed flora and dominance from transplanting to direct seeding in the Muda area (1979 - 1989)
modified from (Ho, 1991)

Diversity indicator & % Season
direct-seeded area
2179 1/82 1/84 2/84 1/87 1/89
No. of species 21 34 42 45 50 57
No. of genera 18 18 30 30 38 44
No. of families 13 14 19 17 22 28
% direct seeded area 0.2 20.7 53.0 24.0 98.9 81.7
Dominant weed species* M.vag M.vag F.mil E.cru E.cru E.cru
L.hys L.hys M.vag S.gro E.col L.chi
F.mil F.mil E.cru L.hys L.chi F.mil
C.dif L.hex S.gro P.amp S.gro M.cre
L.fla S.gro M.cre L.chi F.mil M.vag

*M.vag - Monochoria vaginalis; S.gro - Scirpus grossus; L.hys - Ludwigia hyssopifolia;
E.cru - Echinochloa crus-galli; F.mil - Fimbristylis miliacea; M.cre - Marsilea crenata;
C.dif - Cyperus difformis; P.amp - Panicum amplexicaule;L.fla - Limnocharis flava;
L.chi - Leptochloa chinensis; L.hex - Leersia hexandra; E.col - Echinochloa colona

— 56 —
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fluctuational rather than directional or consistent changes in community composition. Sagar (1970)
presented schematic representation of factors that may control the size and to a certain extent species
succession in an agricultural area.

Weed populations in rice are influenced by crop establishment method. Baki and Azmi (1992) have
reported that more broadleaved weeds grow in association with transplanted rice while more grassy
weeds with wet seeded rice. Moody and Drost (1981) reported weed problems will be lIess prevalent
when wet seeded or transplanted rice is grown as the first crop than dry-seeded rice. Pablico et al.
(1994) reported that water seeding changed species composition of the major weeds from grasses and
sedges to broadleaved weeds which accounted for 78-91% of the weed flora by weight. Baki (1995)
employing canonical discriminant analysis in his extensive studies on the influence of tillage regimes
and weeding practices of weed communities in direct-seeded rice in Malaysia reported that spatio-
temporal changes in weed community in the rice granary of Seberang Perai, if any, were erratic and
fluctuational and were dependent on crop season and influenced by weeding practices and inherent
differences in species composition between plots. As pointed by Derksen et al. (1994), inter-alia,
periodic weed assessments in long-term studies which were a point in time samplings, may produce
findings which are not truly representative of community response to production practices. While
changes in diversity status and species composition in weed communities did occur in Seberang Prai
fields among weeded and non-weeded plots, no consistent change in species association has been
recorded solely due to tillage regimes. It was obvious that a meaningful changes in weed community
both in species diversity and species composition vis-a-vis tillage regimes and other agrotechnical
practices need a longer period of experimentation and are likely to be dependent upon species, time and
environmental variables.

The non-weeded plots registered higher overall densities ranging from 80.9 £ 7.3 to 88.0 £ 6.2
plants/m? than the weeded plots with 26.9 * 6.2 - 30.4 £ 10.6 plants/m® These apparent differences in
density ratings of weed species between plots subjected to weeding and non-weeding practices were
compounded by changes in diversity status and species composition of weed communities in plots
subjected to different tillage regimes and time. Marked differcnces were recorded in the relative density,
relative frequency, relative dominance, relative abundance and important value indices between species
(Table 5). A total of 29 species of weeds belonging to 14 families were recorded in the 1991-1992
seasons depicting a typical weed flora of rice granary of Seberang Prai (Azmi ef al. 1992, 1993).
Intriguingly, no Portulaca oleracea was observed in 1993, Weed communities were dominated by ten
species in the order of relative abundance or importance value; Monocharia vaginalis>Echinochloa
crus-galli > Fimbristylis miliacea > Limnocharis flava > Bacopa rotundifolia > Cyperus iria >
Sagitaria guyanensis > C. haspans > Paspalum distichum > Rotola rosea.

It appears that factors other than tillage systems may have contributed to the weed compositional
differences. This is exemplified by the significant differences between tillage regimes T; and T, in 1992
and 1993 but not in 1991 or T, and T, in 1991 but not in 1992 and 1993. In the Seberang Prai granary
of Peninsular Malaysia it is possible that changes in environmental conditions in the field may have
contributed to these differences. Infact, 1991 was a relatively drier year compared to 1992 and 1993.
Derksen ef al. (1993,1994) among others, observed that changes in weed communities were influenced
more by location and year than by tillage systems, indicating fluctuational rather than directional or
consistent changes in community composition. Further, such changes may have been influenced by the
relative timing of management practices.

Weed species association and affinity with tillage regime could be assessed for the experimental
year when species compositional differences were recorded (Table 5) by comparing vector length and
direction. Most of the specics present (Table 5) were not particularly associated with a specific tillage
regimes, except for ten major species (Figure 2). Differences in association, wherever observed varied
with time and to a certain extent, species.

High incidences of E. crus-galli populations were associated with plots subjected to minimal tillage
regime especially in plots not subjected to hand weeding (Figure 2). These were the case for all seasons
of 1991-1993, based on vector lengths. Echinochloa crus-galli was a major weed problem in many rice
growing countrics and Malaysia is no exception (Azmi et al. 1993).

The previous argument of increased annual grass species in reduced tillage (Froud-Williams et al.
1981) was based on the difficulty in controlling them in cereals especially monocultural crops (Pollard
& Cussans, 1976). Similar findings have been shown by Derksen et al. (1994) for Avena fatua and



‘qxoy saproounf g

69 €99 619 8Tt T 10T €61 961 L1 ££7 0LT 861 €81 161 yo'l 6T
908 118 €L €97 WLT 9T 08T €97 bz WT e e Pz LbT LS 3 7 $5048 sndatog ‘87
£UL1 65°LL 9981 €89 669 €L LYE T9E 00F 1FS  SL'S R6'S ST8 TT8 898 WEA (1) vavg syfstaquity ‘1
SE0T STIT 10T €09 669 869 6U8  LYB 908 WS Ty 619 ¥Z9 "99'9 99°L RGN 9z
866 986 98 $8C L8  LGT 681 €17 T 65t 8S€ 9LE oIy sty 81T 7 smoffip D ‘sz
YOL TO9  L§9 €7 081 L1z T WL €T 8TT 11T €€ €T 6v'1 10T puas HoILe D vz
pOPl ELEL PITI $9S €S 65Y PLT  LBT 96T wr vev 06 889 16§ 8TV 71 suvdsvy sniadd) €7
09L 2§99 08¢ $0T 0T 81 1T 8vT 11T 197 T (ST sv'l el Tl " suadas unopnd § A4
8hzr gLzt L9t 61y L0V €1V Iy 65y Ty T6°S TS 8LS SPT I8T L6T TemS wnyopsip wypdsod ‘Iz
X4 S AN S 4 Y LYt oLt Tl 681 00T 861 09’1 791 §¢'l pL1 061 681 s2aN () stsuaunys voyyroiday 01
[4 % B A S A S 89'1 SL1 sL'l 96T T0T B80T 68t U6t L¥l Lyl 8¢l 191 aueljity (‘puaig) vuySnnon awysonauly] 61
918 9L 8¢S PET LIT 5ST 8$°¢C TEE 8K LEe SUE 01T e 811 001 Sury () puojoa g 81
LT POLT FTOE 188 068 t66 186 bT6 LEOL UL ROL UYL BE01 TL01 00°TL “aneag] (1) E-s1ad vopyoouII Lt
£€9 €69 96 vET 6£T. 61 st 8Ll TLl oVT  PPT 9T 87T €£7 3¢l "upaey) o}z vafIONIYdS ‘91
€Sl 8Ll 651 90 050 6v0 v90 6L0 T90 ¥9°0  L90 €50 LTO TEO WrO "R ("we) ponpuiosp piydouwy Sl
A6ET 0T'ET TLET LLL SSL 89°L L€8 18 98 798 118 €T8 169 26’9 1L WM (XUINW) plofipumos vdoowg ‘b1
000 060 901 000 920 TE0 000 6£0 IO 000 €€0 LED 000 810 LT0 ouusd (WS|0D) Broyd vispU] €1
L9 v¥3E  1E°6€ 601 €971 6¥TI PEPL 0Pl ECPI LL'6  $96 L8O1 90Tl 6E¥L LWL ‘Isa1d ) uung) syorsSva vLwY0UOLY 71
000 v6'0 TOL 000 870 0£0 000 8v0 THO <000 610 LTO 000 LTO ££0 1 pa0DA2}0 DIDIALIO] n
056 8E8 €S8 £0E  SLT €37 vr'C 88T 067 pEE  TE PSE wT 30T 11T 1oxg (uoq ‘D) piofidossfy 1 gy
65T I8 10°€ 180 880 $60 860 901 Tl 960 801 I $9°C 890 8L “eie}] () Suapuasspp viSmpny "
wr pEY Sty Sl €TL ol w88l 961 361 syl Tl 760 860 LO'I "IS24] DIDUIL) DaYISION ‘8
611 9611 €901 LEP €TV LLE 61't 05 $S°E 98¢  kLE 1TE L8y Wb L8E Yoo @D (H104) vasos vIoy ]
80 960 01 €20 620 0£0 90 680 Two 6TH  0E0 BTO LU0 Lo Lo prejyos (1) vaasiod viaponds ‘9
$9¥T 9TYT $6'ET we s 0S8 179 89 969 998  RI'8 SLL 8L°6 976 PT6 neusyong] (1) vavy spwyoouury S
€08 69L S8L 98T ¥$T 19T 0T P3T 19T ore 8Lt 96T 1£€7 061 82T NgH stsuauvng puvmsos ‘b
WLl 91t g9l v$'S  L9b TS €69 I8S 89 L9s 86V 1SS vb's 9tb 96b ] 4ousut vua] €
st Tl €Tl W0 BE0 6b0 6£0 LVO IS0 pyo Y0 £S0 or0 ££0 S0 1y (190 uou) vaupuw3 sofoN Z
bEL TS 9Ll or0  PL0 TS0 §S0 v90 TLO 0£0  €€0 WO 6¥0 €S0 290 INOT| v2UnY DUBINILI) 1
€661 7661 1661 £661 7661 1661 €661  T661 1661 £661 1661 1661 €661 T661 1661

anjea souepodwy sauepunge sanejey 20uBUIUOp SANIR]SY - Kouanbai) sane|ay Aususp aane|ay satoadg ‘oN

(S661 “1yeQ) £661 - 1661 Ut 1e1] Sueroqag ‘wensg] ‘uonelg Yo1easoy [YVIN Ut siojd jeiuswiiadxa je popledsds saioads pasp ¢ d1qel



(5661 ‘1eg Joyje) 7 uonodunj {esjuoued = Sixe -A ‘| UONJURJ [eJlUOUBD = SIXE -X ‘7 3]qel Wi U3AIF 25 AJpuopt sa10ads pue UONBUNLLIDSIP AJUNWWIOD 01 PANGUNE Ay
Yoty sa193ds JUBUILIOP 10) pajaqe] s10109A -aundas a3ejin 2anoadsas ayy pue s310ads Paas UIIANAG UONEIDOSSE JO YISUans Jalie}al 2 Sa1edipul pJua] J01oA "SI0103A 3Y) JO UONI3Np 3y £q
PauTBLI0SSE 2q UBD JUSUAEBAI YIM Uoneidosse sa1o2dg uonisodwiod saidads aanejal uo paseq pajedoy s uonisod 1oy pqe siojd Jusunean jenpiaipul wasaidas sjoquiks 'SV OE-G1 18 3uop sem
Suipaam puey ou asaym S10jd UL €661-166] Ul WeUSE 1B SUOHEIJNSSE Juswieas] Suljedipul S101094 s315ads paam yueuiwop jo Suipess joidiq pue (€ 3jeds) sawida ([CJ) a8ejjn [euonusAuod jo
spunos aAy pue (O) spunos Inoj “(w) spuncs sanj1 () spunol om) ‘Gl) 29eyn [ewiuiw ‘(@) 3Ten 0I5Z Joj JO SIANSN|I WSUNEIN Jo wreISelp UOHRUIPIO SISA[RUR JUBUULIDSIP [edIUOUR)) 7 AIndi]

ot1--}-09- 01--}-0-9-

213

q @1e2s Om_

v s7ess 0'9

0'l- q atess
!

0'9- @ erwag

014-09 01-1-0-9 D
£661 J 7661




Setaria viridis . In the case of E. crus-galli, reduced tillage enable the weed to proliferate and produced
many seeds without any disturbance after emergence, especially in non-weeded plots. Similar patterns
were observed in weeded plots, although their populations were understandably lower (Figure 3).

Another problematic graminoid species in the Malaysian rice ficlds is Paspalum distichum. Together
with the sedges C. haspans, C. iria and Fimbristylis miliacea, this graminoid was strongly associated
with four or five rounds of conventional tillage throughout the experimental seasons of 1991-1993.
Arguably, conventional tillage regimes did not appear to reduce the populations of these weed species
(Figure 3).

For unknown reasons, Bacopa rotundifolia has a reasonably strong association with three rounds
of conventional tillage inspective of weeding regimes (Figures 2 & 3) for all seasons. Rotala rosea, L.
flava, S. guyanensis and M. vaginalis, depicted strong association with zero- or minimal-tiliage (Figures
2 & 3). These were so for the 1992-1993 seasons. In 1991, L. flava, R. rosea and M. vaginalis exhibited
strong association with plots subjected to zero tillage. This apparent ‘shift in association’ between
broadleaved weeds and tillage regime may be explained by the inherent seed banks retained in the soils
from the previous growing seasons and posed problems in subsequent seasons when no control measures
were made.

Baki (1995) hypothesised that species groupings into broadleaves, sedges and grasses responded
in similar ways to agronomic practices according to their groups. The notable examples were B.
rotundifolia which was strongly associated with three rounds of conventional tillage while other
broadleaves such as R. rosea, S. guyanensis, L. flava and M. vaginalis has close affinity to zero- and
minimal-tillage regimes (Figures 2 & 3). Such similar responses were not observed with the exception
of sedges species within the group. Derksen ef al. (1994) recorded dissimilar responses among species
of the same groupings with different tillage regimes. Further research is needed to elucidate the
underlying agroecological attributes that determine the association of species with tillage systems.

(b) Change in water management

Poor water control confributes to increase. in weed population. This phenomenon related to
exposure of the soil to air allowing noxious weeds especially E. crus-galli to develop secondary roots
(Ampong-Nyarko & De Datta, 1991). Because of that, water seeding of rice is practised in India, Sri
Lanka, Malaysia and Thailand. Pregerminated rice is broadcast directly onto the flooded field. The rice,
which is seeded into 7-10 cm deep, sinks to the soil, germinates and emerges from the water, The field
remain flooded at a depth of 7-10 cm until a few weeks before maturity. This cultural method is used
to supress L. crus-galli.

(c) Control methods

Weed control methods may affect the weed species growing in association with rice (De Datta,
1977; Janiya & Moody, 1989). Hand weeding is impractical in broadcast seeded rice because it is
difficult to distinguish young grassy weeds and rice plants and rice plants may be destroyed in the
process. Therefore, herbicides are recognized as the only practical way of for weed control in DSR.
When the same herbicides are used continuously in rice without rotation, weeds that tolerate those
herbicides could colonize the site. The build-up of populations of a certain weed species after the
continuous use of a herbicide can be viewed in two possible ways; first, the weed species is inherently
very resistant to the herbicide and the elimination of its competitors favour its predominance; second,
the weed species has gradually acquired resistant to the herbicide through continued absorption of the
herbicide at sublethal concentrations or through the build-up of the resistant strain of a normally
susceptible population (Mercado, 1979). For example, molinate was used to control E. crus-galli but
escalated the infestation of L. chinensis, I. rugosum and E. oryzicola in Malaysia (Ho, 1991; Azmi &
Mashhor, 1994). In the Philippines, E. glabrescens (= E. crus-galli var. formosensis) was dominant in
the unweeded and herbicide-treated fields while M. vaginalis was dominant in the hand- weeded fields
(Mercado, 1979; Janiya & Moody, 1989).



Jonym soroads Emﬁzmmmv_v ‘mwwmvoﬂwmw_vmmc“honw_sc.wﬂzwwwwcwwmu = Sixe H “ :o:uze _nu_wo:nu = SIX® -X "7 2|qe) ui uda1d ase nuapl sa1dads pue uUOHEUIWILIISIP AJIUNWILOD O] PIINGLNE dARY
_uu,:_a:ou.mmm " :mu. e tn, :o:a_ubmm wu._uug .m:: o>wuo $al oY) _”w:m $2123ds PadAs UDIMIDY BONBIDOSSE JO YIUoNS DA1IR|21 2 SIIBOLPUL YIFUD] JOIIDA "$I01IIA 3] JO UOHIAULP Y1 A
B e o el 102dg ‘uonisodwod satads aane|as uo paseq pajesoj st uonsod stay) pqe siopd Juaunean jenpiatpul Juasaidal sjoquiks Sy 0£-G ] 18 3Uop sem

ip puey Ym s10id Ul €661-1661 Ul wensg je suoneldosse juswieas Junesipul s10109a sa19ads paaa Jueulwop jo Surjess jo0)diq pue (& speas) sswidas ) 23efn [ruoluaALOD JO
spunou aay pue () Spuno2 Jnoj ‘@) Spunol a1y ‘@) spunos om) ‘@) 2Tejn fewnuiw (@) d3ejjl 0152 10§ JO SIANSO[D WAWIEIL] JO .Eﬂwa_n _._o_:w:_Eo sisAjeue E.uEEtum% _ﬁ.::c:a.u i amndig

o1-4-09- ot -}-09- 5 o._-y-ow.«,
(@]
. o " #5050 n &
n ‘.H“O D qo (u] n o O AVDO ¢¢ -om ) O—Uq |
x e | 7E B0 ox% R 0 20 g O " RO 2
5 S womiemr WOt o I |
q atess O_,_ ol l;(. oo & Om_- Om_ o u m.malﬁw @ 0 c 23 3 Ow_- Ol__ .* -hMD DD O O {- q atels
v oquss 0'9 o O -O*M* X o's- 0'9 ® x RSO0 Ox¥ x o- 09 o..omuﬁ cn_ O X 0's- e ateas
Y &«*%M o ¥ *f** o H1Y *u
. *o ¥ o of¥ *«, ¥
¥ ¥ ® X
¥
¥ x
oi-}-o9 oI1-}-09 o4-{-09
3 q e

£661 661 1661



In imrigated areas where herbicides have been used for annual weed control, E. crus-galli and M.
vaginalis have become minor weeds and Scirpus maritimus has become increasingly dominant (De
Datta, 1977). In rainfed areas, Paspalum distichum and Cynodon dactylon have become dominant
(Mercado, 1979). It has been argued that in the Muda granary of Malaysia, the continuous usage of
phenoxy herbicides since 1960°s and 1970’s has favoured the proliferation of graminoids at the expense
of broadleaved weeds especially (Table 2) (Ho, 1991). The 38-fold increase in the use of molinate
since 1980 has contributed to the substantial increase in the proliferation of grasses, especially the E.
crus-galli aggregates in the granary. Baki (unpublished data) argued that the substantial recurrence of
broadleaved weeds and sedges in the granary of Tanjung Karang in the 1990’s, vis-a-vis the 1970’s and
1980’s, arguably was attributed to the continuous use of graminicides since the last decade by farmers
in their effort to arrest weedy graminoids infestation. However, the recent work by Habibah, Baki &
Abd. Munir (1995) and Zaharuddin, Baki & Abd. Munir (1995) did not show any meaningful shift in
species dominance in weed communities of the Sungei Burong and sawah Sempadan granaries of
Tanjung Karang, Malaysia since the published report by Azmi ef al. (1992).

CONCLUSIONS

Succession or shift of weed species are known to occur in continuously DSR fields in response to
tillage practices, technique of crop establishment, weed control practices and other changes in habitat.
The shift of weed species from broadleaved weeds and sedges in transplanting method to noxious
graminoid in DSR have been observed in tropical Asia where herbicides have been used extensively.
This has been particularly evident in the Philippines, Malaysia, Thailand and expected to increase in
Indonesia and Vietnam with increasing popularity and importance of DSR gaining in important. The
reasons for the increase in noxious weeds are: continuous use of a particular herbicide, decreased use
of manual weeding, practice of minimum tillage, saturated conditions during crop establishment in
DSR, the use of short-term cultivars and increased use of fertilizers.

Invariably, weed successions in the Asian rice fields can be allogenic or autogenic in nature. The
former is driven by forces outside the rice agroecosystem. These forces include change in the amount
and duration of available water (either through irrigation or rainfall) and agronomic practices (tillage
regimes, methods of rice culture. herbicide regimes and application protocols). The over-reliance by
farmers on cheap and readily available phenoxy herbicides in the 1970’s and early part of 1980’s
contribute to proliferation and spread of hard-to-control graminoids like E. crus-galli, L. chinensis and
I. rugosum, and of late, weedy rices (0. sariva/O. spontanea) in many rice fields of Asian tropics.
Conversely, the preferential adherence by farmers on graminicides in the 1980°s and thereafter to
control problematic graminoids rejuvenate yet another cycle of recurrence and prevalence of noxious
broadleaves and sedges like S. zeylanica, F. milliacea to name a few. If intensive weed control is
sustained for several years without interruptions, weed species can diminish and species diversity can
be reduced ( Menges, 1987). On the other hand, the high weed seed populations in the seed banks due
to prolific seed production, dormancy and longevity insulate weed population from changes. This is
especially true for many weed species in the rice fields of Asian tropics. Autogenic succession, as the
name implies, is succession from within the system itself. In the Asian tropics, inter- and intra-specific
competitions among neighbouring rice weeds do occur and when they do, displacement of the less
competitive species by the competitive ones prevailed. In this context, competitive graminoids like E.
crus-galli with phalanx growth habits will have better chances of preventing the invasion of other
competitors for space with a similar habitats than those with guerilla growth habits. Furthermore,
changes in the habitat may acccelerate species displacement by one another.
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WEEDY RICE PROBLEMS IN SOUTHEAST ASIA AND CONTROL STRATEGY

Hiroaki Watanabe
Japan International Research Center for Agricultural Sciences,
Tsukuba, Ibaraki 305 Japan

Abstract Weedy rice with undesirable traits can inflict crop loss by reducing the
yield and quality of commercial rice. Weedy rice rarely grows in transplanted rice,
but with the spread of direct seeding culture in southeast Asia, its infestation is
increasing. Difficulties in controlling volunteer rice have allowed the fields to be
infested by weedy rice. In this region, weedy rice has originated from cultivated rice
(Oryza sativa L.) or wild rice (other Oryza species), and could have developed its
ecological weedy characteristics such as easy grain shattering and moderate seed
dormancy. It is known as “Padi angin” in Malaysia and “Weedy wild rice” in Thailand.
It is likely that weedy rice will continue to evolve morphologically and metabolically
similar to rice crop by inter-crossing with modern cultivars, making it difficult to
control using available herbicides. Therefore, integrated control measures based on
ecological methods should be applied to overcome the problems. Genetic and
ecological studies would give useful information for developing its control strategy.

Key words weedy rice, wild rice, volunteer rice, easy shattering, seed dormancy

Introduction In a region where a crop shows a high genetic diversity, the crop is
often associated with its companion weed such as weed sorghum, weed oat, and weed
rice(Oka, 1988). In rice fields where rice and its weedy form grow together, detection
of weedy rice is rather difficult since it often shows continuous variation in its
morphologies closely similar(mimic) to rice crop. Weed is defined biologically as a
plant adapted to unstable and frequently irregularly disturbed habitat including
agricultural fields (Kawano, 1969). Weed has also been defined by its undesirable
behavior to the activities of man(Mortimer, 1990), even though weed include some
useful or available plants for man by the recent definition (Kusanagi, 1994). In this
paper, “weedy rice” is the term used to describe the rice plant adapted to rice fields
and not wanted by farmers because of its interfering with rice production.

Weedy rice in rice fields have been reported in many countries, and called by
various local names as “Red rice” in the USA, “Akamai’ in Japan, “Lutao” in China,
“Sharei” and “Salpeh” in Korea, “Khao pa” in Laos and “Khao nok” in Thailand
(Smith, 1981, Hyakutake et al.,, 1983, Oka, 1988, Kim, 1993, Vaughan, 1994a). In
Tropical Asia, weedy rice problems have also been observed in India, Philippines,
Vietnam and Myanmar(Oka, 1988, Moody, 1994, Vaughan, 1994b). Infestation of
“Padi angin”’, Malaysian weedy rice inflicting rice production by its easy grain
shattering, was observed in Projek Barat Laut Selangor in 1988 (Wahab and
Suhaimi, 1990), and the problem was detected in 1990 in the Muda rice area(Md.
Zuki and Kamarudin, 1994). Weedy rice infestation is serious in direct seeded rice
fields, and is supposed to be increasing with spread of direct seeding rice culture in
tropical Asia. Objective of this paper is to present information on some important
characteristics of weedy rice with respect to its problems in rice production,
morphological variation and adaptability in rice fields with special reference to
Malaysian weedy rice. Future development of its control strategy will also be
discussed.



Origin of weedy rice In the temperate region where wild rice does not grow,
weedy rice has evolved from rice(Oryza sativa L.), although origin of “Lutac” in
China and “Sharei” in Korea is unknown. The origin of weedy rice in areas where rice
and wild rice are sympatric may be more complicated. Rice in Asian countries is
thought to be derived from common wild rice(Oryza rufipogon Griff. = Asian form of
O. perennis Moench), and progenies of hybridization between cultivated rice and its
wild relative are often weed in lowland rice(Morishima, 1987). Common wild rice
itself exhibits wide variation in life-history traits, and its annual type (sometimes
named as Q. nivara or O. sativa f. spontanea) are adapted to disturbed habitats
characterized by a prolonged dry season(Oka, 1988). These species have the same
number of chromosomes (2n=24, genome AA), and their F1 hybrids show no
disturbance in meiotic chromosome pairing(Chu et al.,, 1969). Therefore, not only
cultivated rice but also annual or intermediate type of common wild rice and their
natural hybrids are a possible origin of weedy rice in tropical Asia, although
differentiation of the annual or intermediate type depends on environmental
conditions.

Asia can be divided into two areas based on the distribution of annual and
intermediate types of wild rice compared to perennial wild rice. India, Nepal, Sri
Lanka, Bangladesh, Thailand, Cambodia, Laos, Myanmar and parts of southern
Vietnam have a long dry season. In these countries annual and intermediate type of
common wild rice can commonly be observed Morishima et al., 1961, Morishima and
Oka, 1975, Oka, 1988, Vaughan, 1994a). The life-history traits of annual,
intermediate and perennial type has been compared(Barbier, 1989a, 1989b).
Sano(1980) concluded that the intermediate type has high evolutionary potential,
and therefore is more likely to be the wild progenitor of rice(O. sativa) than the
typical perennial type. Common wild rice which grows in rice fields and is considered
a serious weed was identified as annual or intermediate type in Thailand (Hyakutake
et al.,, 1983a, 1983b, 1984). Wild rice population found in a stream running through
glutinous rice field in Chiengmai, Thailand, contained many heterozygotes for the
glutinous gene(Oka and Chang, 1961), and population found in India was also shown
to be a hybrid swarm between wild and cultivated rice. Therefore, common wild rice
and their resultant hybrids with rice cultivars might be an important progenitor of
weedy rice in Thailand and India.

On the other hand, in the tropical rain forest area of Malaysia and
Indonesia, differentiation of annual or intermediate types of common wild rice has
rarely occurred. Thirty-two samples of common wild rice from Peninsular Malaysia
were all perennial type(Abdullah et al., 1991). It grows along irrigation canals,
roadside ditches, swamps in secondary drains adjacent to rice fields, banks of old
canals, and corners of rice fields(Itoh et al., 1990). Perennial common wild rice itself
is supposed to have little potential to be a serious weed in well managed rice fields. A
population of weedy rice growing in a dry seeded rice field in Malaysia showed wide
variation in its morphologies(Watanabe et al., 1994). DNA analysis using randomly
amplified polymorphic DNA(RAPD) markers revealed that genetic structure of these
rice plants showed close similarity to cultivated rice(Abdullah et al., 1994), indicating
that the Malaysian weedy rice could have originated from cultivated rice, although
the gene transfer from common wild rice can occur.

In early August of 1994, common wild rice was observed flowering at the
roadside adjacent to a rice field in the Muda area, Peninsular Malaysia. It was
suspected to be an intermediate wild rice because it exhibits weak photoperiodism
and higher seed fertility, compared to typical perennial type which flowers from late
September to late January(Itoh et al., 1990). The Muda area is characterized by a



short dry season for two months. Its habitat is more disturbed than that of most
perennial populations due to regular cleaning of roadside ditches. Relationship
between the intermediate type of common wild rice and weedy rice is unknown in
Malaysia.

Serious infestation and problems in Malaysia The commencement of double
cropping in 1970 followed by direct seeding culture in 1980’s had caused weed shift
and serious weed infestation in the Muda area(Ho, 1991, Itoh, 1991, Morooka and
Yasunobu, 1993). At the beginning, wet seeding was mainly practiced. Dry seeding
was practiced in the fields where enough water was not supplied in off-seasons.
Seedling establishment in dry seeded fields is more unstable compared to wet seeding
because it depends on uncertain rainfall. Poor establishment of dry seeded rice was
sometimes compensated by volunteer seedlings which emerged from shed seeds in
the previous season. In the first season(off-season) of 1987 when irrigation water was
not supplied in the Muda area, volunteer seedling culture was practiced in nearly
40% of total rice fields, where farmers depended on volunteer rice seedlings for the
season crop. Volunteer seedling culture has decreased in off-seasons from 1988 to
early 1990's, when dry seeding culture was encouraged to save irrigation water
because of continuous shortage of water supply from irrigation dams (Fujii and Cho,
1993). According to the field survey in 1988 and 1989, rice crops in dry seeded fields
included a lot of volunteer seedlings(Hiraoka et al., 1991). Weedy rice with easy grain
shattering trait emerged with volunteer seedlings. The problem was detected in
1990, and became obvious in 1993 in the Muda area, where a total of 168 ha were
infested with weedy rice (Md. Zuki and Kamarudin, 1994).

rice fields (%)

weedy rice

Figure 1 Weedy rice infestation in Different cultivation methods

An interview survey was carried out in the Muda and Tanjung Karang rice
area to investigate relationship between cultivation method and weedy rice
infestation. Eighty three farmers were selected for the survey whose fields were
infested by weedy rice in 1994. According to the farmers responses on their



cultivation from 1/1993 to 1/1994, infestation of weedy rice was more serious in dry
seeded fields(Figure 1). Practice of dry seeding culture associated with volunteer rice
seedlings is supposed to be the most important factor causing infestation of weedy
rice in Malaysia. Weedy rice infestation, however, was also observed in wet seeded
rice fields. It suggested that weedy rice had adapted to puddled soil condition, and
that broadcasted seeds had been contaminated with weedy rice seeds. Crop
Production Center(CPC) is providing seeds of several modern rice cultivars.
However, its capacity of seed production is not enough for rice cultivation in the
whole Muda area. More than two thirds of planted area is suspected using farmers’
own seeds from the previous crop. Therefore, seed contamination is considered as a
factor that increase weedy rice problem in the area.

Undesirable traits of weedy rice in rice production are listed in Table 1.
Weedy rice reduces rice yield and causes lodging problem when its grows at a high
density. In a serious infested field where weedy rice plants occupied 35% of total rice
plants, the rice grain yield was 3.2 ton/ha, which was 50% to 60% of the rice yield
without weedy rice infestation(Watanabe et al., 1994). In the dry seeded fields, weedy
rice emerged earlier than seeded cultivated rice since it emerged from incorporated
seeds in the soil, resulting in its competitive advantages over cultivated rice with
poor seedling establishment.

Table 1 Undesirable traits of weedy rice including evolutional characteristics
in rice production in Malaysia

undesirable traits interfering to rice production
morphological long culm causing lodging, high competitive advantage over rice
characteristics

short grain

pigmented grain reducing rice quality

pigmented pericarp

awn

mimicry to rice difficulties in identification
ecological easy grain shattering  reducing rice yield, increasing seed population in soil
characteristics

seed dormancy difficulties in controlling after

shedding

seed viability in the soil difficulties in reducing seed population in rice fields

variability in adaptability in wet seeded
fields

germination traits

physiological tolerance to rice less effectiveness of chemical control
characteristics herbicides




Some rice farmers in Malaysia seemed to be less concerned with the quality
of their harvested rice according to the survey. However, the grain grade will be
estimated lower when it is contaminated with short grains of weedy rice. Pigmented
and/or awned grain and colored pericarp will also reduce the quality of rice grains.
Farmers, who cultivate short maturation cultivar to avoid yield loss by early
shattering weedy rice, will harvest a lot of weedy rice grains. Mimicry to cultivated
rice, seed dormancy and tolerance to rice herbicides are also undesirable
characteristics. They cause difficulties in controlling weedy rice, which cost farmer
for eliminating it and reduce his net income.

Variation in morphologies Weedy rice plants showed differences in culm
length, leaf colour, grain size, grain and pericarp pigmentation, awn, panicle type
and panicle length in Malaysia (Wahab and Suhaimi;, 1991, Azmi et al., 1994). Some
of the classified characteristics resembled the morphologies of “Mahsuri’, a rice
cultivar with long culm and moderate to easy grain shattering traits, which farmers
used to grow before introduction of direct seeded rice culture. Detail survey on their
morphologies in a dry seeded rice field showed that majority(93%) of weedy rice
plants had longer culms than cultivated rice (modern cultivar), 34% had pigmented
grains, and 39% had grains with long awn, while the population included some easy
shattering plants with short culms and non-pigmented awnless grains (Watanabe et
al., 1994). These morphological characteristics was supposed to be distributed
independently from each other in the population.

respondents (%)
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Figure 2 Result of interview surveyon characteristics for farmer’s identification
of weedy rice in the Muda and Tg. Karang area, Peninsular Malaysia



According to the survey on identification method of weedy rice, more than a
half of Muda farmers did not have any identification method (Figure 1). It was due to
a limited experience of weedy rice infestation compared to farmers in Tg. Karang
area where the weedy rice problem occurred earlier. Long culm, short grain and its
pigmentation were the morphologies for identification after heading in both areas.
Light green color of leaf sheath was useful identification for farmers who controlled
weedy rice at early stage of rice cultivation in Tg. Karang area. However, no farmer
could identify the weedy rice with the same morphologies as cultivated rice. Several
plants with easy grain shattering traits which were resembled modern rice
cultivar(MR-84) were found in direct seeded rice fields in Malaysia(Vaughan, 1994
personal communication).

Easy grain shattering and seed dormancy Seventeen variants of
Malaysian weedy rice showed wide wvariation in their seed shedding
behavior(Watanabe et al., 1994). Grain shattering started at eight days after heading
in the earliest shattering type, and earlier shattering resulted higher shattering rate.
Some variants showed less grain shattering as modern cultivars, MR-84 and MR-123.
Vaughan(1994b) classified their shedding performance into several grades as hard
threshing, easy threshing, very easy threshing, easy shattering, very easy
shattering, and spontaneous shattering,

According to the germination test using seeds of twenty weedy rice plants
growing in a rice field in Malaysia, seed dormancy was absent at three months after
shedding, although their germination was not uniform compared to MR-84
(Watanabe et al., 1994). However, germination test using fresh dry seeds at
immediately after seed shedding showed wide variation in seed dormancy(Figure 3),
suggesting that Malaysian weedy rice required less than three months to overcome
its seed dormancy. This trait may be desirable for weedy rice to emerge in the next
season of double rice cropping in Malaysia.
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Figure 3 Seed germination of weedy rice and cultivated rice collected from twenty
six rice fields in Malaysia
(* heating treatment: 50°C for sevendays before germination test)



The two ecological characteristics, seed shattering and its dormancy, are
related to adaptability in rice fields. Weedy rice strains from Thailand, India, Korea
and Nepal were varied in seed shedding rate and in the number of days required to
overcome dormancy, while so-called “red rice” from Japan, Korea and Brazil had a
low shedding rate and low degree of seed dormancy (Oka, 1988). The differences in
seed shattering pattern and their dormancy of progenies of three variants growing in
a rice field in Malaysia was estimated (Figure 4). Variant 1 seemed to be the easy
shattering type as intermediate between hard shattering and spontaneous
shattering, while variant 2 and variant 3 seemed to be the spontaneous shattering
type which started to shed seeds earlier and completed in several days. Seed
germination percentage is higher in the progenies of variant 1 than that of variant 2
and variant 3, indicating that degree of seed dormancy of spontaneous shattering
type was higher than that of intermediate shattering type. It clearly demonstrated
that there was genetic variation in ecological characteristics in the population,
because these different types grew together in the rice field.
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Figure 4 Seed shattering of weedy rice sampled from the Muda area(A) and
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Control of weedy rice Manual transplanting has prevented rice fields from
weedy rice infestation. Zainal and Azmi(1994) reported that farmers in the infested
areas who reverted back to transplanting culture had completely avoided
regeneration of weedy rice. In direct seeding culture, however, no single technique
has superior effectiveness in controlling it. Interview survey is indicating that many
farmers were puzzled over difficulties in controlling weedy rice in Malaysia(Figure
5). Several control measures should be integrated to eliminate it(Table 2).
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Figire 5 Result of interview survey on effective control methods of weedy rice
in the Muda and Tg. Karang area, Peninsular Malaysia

(1) Land preparation Weedy rice which adapted to rice fields have seed
dormancy, more or less, even it evolved from cultivated rice. However, repeated
rotovation is effective to reduce weedy rice population in rice fields. Weedy rice
seedlings which are promoted to emerge by the first or the second rotovation will be
buried in the soil by the second or the third rotovation. In dry seeding rice culture,
intensive land preparation is effective in getting uniform seedling establishment of
broadcasted rice as well as reducing weedy rice population. The use of drive harrow
was recommended to make soil lumps smaller in size(Fujii and Cho, 1993). In wet
seeding culture, intensive puddling is effective on reducing weedy rice emergence
and also on reducing other aerobic germinating weeds and some perennial weeds.



Table 2 Effectiveness of cultural practices on reducing weedy rice population
in tropical rice fields.

cultural practice negative effect «———— > positive effect effectiveness(l) note(2)
herbicide before not apply apply el A
land preparation (3)

land preparation (3) poor intensive ekl AB
seed purity contaminated pure Bahd C
seed vigor weak - strong bl B,D
cultivation method dry seeding wet seeding transplanting Tk A,B,D
seeding method(wet) broadcasting «-——— > row seeding whk BE
seeding method(dry) broadcasting row seeding  drill seeding *kk B.E
seed rate low density <———————> high density ** D
water management at

seedling establishment no standing water «———>well drainage ** B

(wet seeding)

water management after  no standing water €«————> flooded * AD
seedling establishment

herbicide usage in rice (4) foliage  soil treatment soil incorporation

manual weeding none intensive ok
fertilizer usage (3) before weed control <—>after weed control *
harvesting (3) . early or late right timing * CF

(1) Less effectiveness* to superior effectivenesg*****

(2) Effective on; A: reducing volunteer rice seedlings including weedy rice
B: uniform seedling establishment
C: preventing from contamination of weedy rice
D: desirable rice growth and high competitive advantages over weedy rice
E: minimizing of difficulties in manual weeding
F: preventing from shattering of weedy rice seeds
(8) Timing of practices is important
(4) Few registered herbicide is available for tropical rice fields



(2) Seed purity and vigor Pure seeds could be harvested in pure field.
Intensive rice cultivation is necessary for seed production. Selection of seeds with
high vigor is related to good seedling establishment and desirable rice growth
competitive to weedy rice.

(8) Seedling establishment Uniform and rapid seedling establishment of
cultivated rice is necessary to prevent serious weed infestation including weedy rice.
In dry seeding culture under severe draught condition, seedling establishment
depends on attachment of seed surface with soil. Tillage for mixing seeds with soil
and pressing the soil with roller after sowing were recommended from the result of
field experiment under MADA/JIRCAS joint research program(Fujii and Cho, 1993).
In wet seeding culture, remaining water in the fields after drainage causes the
formation of vacant spot where weeds will emerge later. Therefore, well water
drainage is necessary in seedling establishment period. After seedling establishment,
field should be submerged by water and fertilizer should be applied for desirable rice
growth. Timing of fertilizer application will be important for its competitive
advantages over weedy rice.

(4) Manual weeding Many farmers noticed that manual weeding is the most
effective practice for controlling weedy rice. However, it cost farmers physically and
economically. Moreover, there are difficulties in walking in broadcasted rice fields
and identification of weedy rice. Making narrow ditch to walk in the field, row
seeding or drill seeding will help farmers to practice manual weeding. Successful
farmers who eliminate weedy rice by manual weeding, has made effort to reduce
emergence of weedy rice by the other methods.

(5) Chemical control Herbicide usage before land preparation is effective to
reduce seed population of weedy rice in the field. Paraquat, glufosinate and
glyphosate are available, and rotovation after herbicide usage will increase their
effectiveness.

Few herbicide, however, is available to control after seeding in direct seeded
rice fields in tropical Asia, although butachlor and oxadiazon was effective on
controlling volunteer rice in transplanted rice in Japan(Nemoto et al., 1982). Several
field experiments were carried out to control red rice in the USA. Treatment of
preplant soil-incorporated molinate at 4.5 and 6.7 kg/ha in a continuously flooded
culture or 6.7 kg/ha in an alternately drained-flooded culture controlled 87 to 93% of
red rice, resulting high grain yield and high grain quality, while water culture
treatments without molinate did not control red rice(Smith, 1981). Baker et al.(1986)
concluded that pre-plant incorporated molinate at 4.5 kg/ha with brief post seeding
drainage give the best red rice control. Effectiveness of molinate was also evaluated
on padi angin, Malaysian weedy rice(Lo, 1994). From the field experiment,
incorporative treatment of molinate at 4.5 kg/ha immediately before seeding was the
most effective on padi angin control. Lo suggested that cultivated rice could have
advantages over padi angin on stronger seedling vigor from broadcasted fresh seeds,
resulting the differential effect of molinate between cultivar and padi angin.

6) Control strategy in future Breeding of rice highly tolerant to herbicide
would help chemical control of weedy rice. Rechard and Baker(1979) evaluated the
response of seventy-three rice cultivars to molinate. They were divided into five
grades from highly susceptible to highly tolerant, showing the possibility to develop
cultivars which have a high tolerance to molinate. Tissue culture and other



biotechnology developed rice plants resistant to AHAS-inhibiting herbicides from the
mutant cells in Rice Research Station in Crowley(Croughan, 1994). Transgenic rice
lines resistant to glufosinate, a broad spectrum herbicide, were developed by
Agracetus, Inc. from two rice cultivars, and their response to the herbicide were
evaluated in RRSC(Braverman, 1994). Transgenic lines from Gulumont showed no
apparent injury by glufosinate. Koshihikari lines displayed some initial yellowing
shortly after herbicide treatment, but these symptoms had disappeared by 14 days
after treatment.

Weedy rice will continue to evolve physiologically and metabolically similar
to rice cultivars. Continuous usage of herbicide resistant cultivar would cause
herbicide resistant weedy rice through the crossing and natural selection in rice
fields. Segregation in heading time and culm length in progenies of weedy rice plants
indicated that the rice field was infested by heterogeneous rice plants(Watanabe et
al., 1994). Genetic structure of common wild rice was influenced by its mating system
in natural population(Morishima and Barbier, 1990). Information on mating
performance of weedy rice, gene transferring between weedy rice and cultivated rice
and their genetic structure in rice fields is necessary for further discussion on
evolution of weedy rice.
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Implementation of Integrated Weed
Management for Sustainable Rice Production

Prasan Vongsaroj

Botany and Weed Science Division, Department of Agriculture,
Chatuchak, Bangkok 10900, Thailand

Abstract A single weed control is not sufficient for sustainable rice production and
integeration of weed management methods is neccessary. Land preparation is the primary
method for destroying weeds and germination weed seeds, by land levelling in transplanted
rice and pregerminated direct--seeded rice; by repetition of tillage prior to seeding seeded rice.
After the crop is established, rice varieties with long and droopy leaves such as IR 2006-P-3-
33-2, Kim Rad F87, Dular and Hashkalmi well have better competition for light and reduce the
biomass of weeds. For transplanted rice, water should be used as a tool to control weeds by
mintaining it as 5-10 cm one month after transplanting. With pre-germinated direct-seeded
rice, water should be drained one week after seeding. Weed control by manual weeding or
small machine at 20-30 days after planting is usually necessary. Control of weeds by judicious
use of herbicides 2,4-D butachlor, thiobencarb, pretilachlor, oxadiazon, and fenoxaprop-p-
ethyl and the possibilites of substitution by other bio-agents such as duck agisting and azolla
coverage of weed 1s discussed. - o

Key words : integrated weed management, sustainble rice production, lowland rice, upland rice
and deepwater rice

Introduction A single method of weed control is ususally not successful. Weed
management is a combination of practices that lead to sustainable rice production. Weed
management is long-term and aims to optimize farm productivity, by maintaining weeds below
levels which compete significantly with the crop. It must maintain a balance between
economic, social and emviromental considerations (Kon, 1992). Weed management is a
combination of several factors, including rice cultivars, planting methods, land preparation,
jucidious irrigation, time of planting, crop rotation, harvesting method, biological control
agents, allelopathic subatances, preventive weed control methods and jucidious chemical weed
control (Smith, Jr., 1993). Sustainable rice production should depend on decreased use of
chemicals and other fossilbased inputs, while the same time increase yield, reduce production
costs, improve farm profit, reduce risk, and sustain the productivity of the soil and water
resources (Harwood, 1990). Consideration of each method of weed control for inclusion in
weed management different rice cultivation type is important to achieve sustainable rice
production.

Land preparation Land preparation is an extermely important weed control practice. It can
provide weed free conditions at planting and provide favorable conditions for the growth and
development of the crop. In the past, when plowing was carried out using draft animals, it was
done when the soil was wet and the majority of weeds had germinated. Weed seedings were
killed because ploughing uprooted them and covered them with soil. Now that tractors are
being used, plowing can be carried out under dry conditions. Newly shed weed seeds lying on
the soil surface are buried deep in soil, while buried seeds from the previous season are
brought up to the surface to germinate. This therefore the causes severe weed infestations,



especially in upland rice and dry seeded rice. Soil should be -harrowed after the first plowing,
when weeds have reached the seeding stage. This will kill the majority of Echinochloa colona
(L.) Link seeding, since the germinate at 0-1.5 cm soil depth (Vongsaroj and Notaya, 1991).
Yingviwatanapong {1986) found that plowing a deepwater rice field with a three-disc plow to a
depth of 3.0-12.5 cm reduced the occurrence Eleacharis turmned up to the soil surface and were
killed by drying. Control methods must lower the viabillty of weed seeds, or alternatively
stimulate germination, so that control can easily be achieved (Vongsaroj, 1976). In the case of
heavy infestation of wild rice, burning the rice straw after harvest gave good control
(Vongsaroj, 1976). Puckridge et al., (1988) found that broadcasting pre-germinated rice seeds
onto puddled soil reduced the wild rice population because the germination of wild rice seeds
was inhibited in saturated soil. For wet seeded rice, a single plowing followed by puddling and
leveling of the soil surface minimized weeds because the water lavel over the whole field could
be controlled at a specific depth to prevent weed germination.

Rice crops Rice seed should be free of weed seed. In the Phillippines Rao and Moody that
(1990) found that most rice seed was contaminated with weed seeds. Rice seed should be
made free of weed seeds by winnowing, floating the rice seed, and cleaning the equipment
used for land preparation and threshing before its use. Cultivars of rice that will have
advantage in competition with weeds should be tall and have an extensive leaf display with
many long, wide horizontally disposed leaves, to shade weeds, have early rapid root growth,
and be free tillering. Moody, 1979). Vongsaroj et al.,(1977b) compared 10 rice varieties in
transplanted rice and found that tall rice cultivars namely Khaodokmali, Puangnak 16,
Nanfmol 34. Leung Pratew 123 and Kaokaew had less weeds than short cultivars. Biswas et al.
(1992) found that the upland rice data of plots of Hashikalmi had less weed weight than other
cultivars (Table 2). Hassan et al., (1994) found that the rice cultivars Arabi, Sakha, UPK 82-1-
7. Bala, IET 144 and Dular reduced barnvardgrass fresh weight by 92 to 96% while Giza 176
reduced weeds only by 5% (Table 2) because those cultivars release allelopathic substances to
inhibit weed growth. Many rice cultivars (Table 3) controlled signalgrass, ducksalad and
purple ammania 60-90% while Rexmont and Palmyra had zero control (Dillday, et al., 1990),
and minimized Cyperus difformis L. (Table4) ( Hassan, et al., 1994).

Table 1. Effect of upland rice cultivars on weed weight and percentage of light interception
and grain yield (Biswas, Sattar and Bashar, 1992).

Entry Rice plant no. Weed wt. Radiation Grain yield
interception (kg/ha)
)

BR 4290-3-35 176 215b 27.10 374b
BR 4290-3-1-10 181 203b 31.19 442 ab
IR 255-88-7-3-1 193 200b 28.01 259b
BR 20 130 225b 29.64 357b
BR 21 167 201b 34.18 407 ab
Hashikalmi 296 132a 36.37 647 a

In upland rice feilds, weeds and rice seeds. germinate at the same time. Much upland rice
cultivation is practiced in deforested areas where there are no weeds during the first year, but
during the second and third years heavy weed intestations occur. There are no barriers to the
spread of weeds from adjafdent clear areas, and intense of sunlight on the exposed soil induces



the germination of weed seeds. The upland farmer solves this weed problems by moving on to a
new site every few years.

Table 2. Allelopathic activity of different rice genotype on growth of
barnyardgrass . in the green house (Hassan, et al., 1994).

Rice genotype Barnyardgrass BY(G)  Barnyardgrass fresh % Reduction
(plant height) wt. (g/pot) in BYG fresh wt.
cm
Barnyardgrass 36.3 34.65 0
Giza 176 34.7 33.01 5
Arabi 23.8 2.65 92
Sakha-2 153 2.60 a2
Ratna 19.5 1.34 96
UPR 82-1-7 15.5 1.48 96
Bala 8.3 1.50 96
IET 1444 6.5 1.49 96
Dular 8.1 1.50 96

Table 3. Rice germination accessions with potential allelopathic actvity to broadleaf
signalgass, ducksalad, and purple ammania, 1988-1991. (Dilday et al. 1990).

Weed species Germination = Country of origin ~ Radius (cm) of Weed control
designation activity (%)
Broadleaf Daudzai Pakistan 25.0 90
Signal grass IR 329 19522 Phillippines 25.0 90
Indonesia 25.0 80
Japan 125 60
Ducksalad AC 1423 India 17.8 85
Tono Brea 439 Domican 16.5 85
Tsai Yuan Chon Taiwan 15.2 90
Donduni Kunluz ~ Afghanistan 1.52 85
Purple ammania IR 104456 Phillippines 17.5 77
Cuba 65 V 58 United States 17.5 72
Cuba 6558 A United States 17.5 70
IR 75 693 Phillippines 14.0 80
IR 52 1673 Phillippines 14.0 80

Check cultivars (Rexmont and Palmyra) had zero allelopathic activity



Table 4 Allelopathic activity of different rice genotype on growth of Cyperus difformis
in the greenhouse (Hassan, et al.,1994)

Cyperus difformis
Rice genotype Fresh wt. (g/pot) % Reduction
Cyperus difformis -Check 1.288 a -
Giza 172-check 4424 a 8
Giza 175-check 4.654 a 5
IR 2006-P 3-33-2 0.132b 94
KimRadF 87 04320 9
Dular 0.232b 95

Method of Planting There are several types of rice cultivation upland rice, dry seeded rice,
deepwater rice, transplanted rice and wet-seeded rice. The level of weed infestation varies with
different methods of plamting. Upland rice has the worst weed infestation and transplanted
rice has the least. Dry seeded rice and wet-seeded rice have intermediate weed infestation
(Kittipong, 1983).

Water control  Water is widely recognized as effective means of suppressing weeds.
Flooding transplanted rice for 30 days suppresses weed growth (Publico and Moody, 1993.)
Dry seeded rice is sown under dry conditions, but when the field is flooded, weeds at some
growth stages are killed. Nakkaew et al, (1991) found that all Echinochloa colona plants were
killed when the field was submerged for two weeks at a depth greater than 30 cm at 10 or 20
davs after emergence farmers have a good stand of rice before they flood the field, most weed

will be suppressed. In wet seeded rice, farmers drain water out 10 days after seeding. The
population of Echinochloa crus-galli (L.) Beauv, Cyperus difformis (L.) will then be reduced
under dry conditions, but be replaced by Echinochloa colona (L.) Link, Leptochloa chinensis
(L.) Nees and Ischaemum rugosum Salisb. which are then partly killed when the field is
flooded again.  Leptochloa chinensis gradually (L.) Nees was completely controled by
flooding 15-20 days after sowing (Drost and Moody, 1981). (Table 5). In irrigated areas,
farmers grow wet-seeded rice as an upland crop to induce upland weeds to germinate. The land
is gradually flooded from 5-10 days after crop emergence until flowering stage to a depth of
15-20 cm. This controls some weeds (Vongsaroj et al., 1977 a).

Transplanted rice Transplanting was introduced to minimize weed problems. Flooding at
5-10 ¢m depth after transplanting prevents germination of some weeds. Even if some weed
species germinate under submerged condition, the height of the rice seedlings is 20-30 c¢m as
the weeds just start to germinate. Rice has the advantage is competition with the weeds.

Direct seeded rice Direct seeding can be either dry seeded rice or wet seeded using pre-
germinated seeds. Although transplanting does reduce weeds, it involves high production cost
in terms of a nursery bed for seedlings, and the labour cost of gathering seedlings and hand
transplanting, Wet seeded rice was developed in order to reduce costs (Kanchanomai, 1981).
Both wet and dry direct seeded rice has weed problems, because rice and weeds germinate at
the same time. After direct seeding has been used for a few years, 1t is recommended that
farmers change temperarily to transplanting, which is particularly effeetive by controlling



Echinlochloa crus-galli (L.) Beauv. and Leptochloa chinensis (L.) Nees in the control plain of
Thailand (Vongsaroj, 1987).

Plant density Seeding rate has an important role in weed control,. Farmers normally sow
seeds in dense stands to help the rice compete with weeds. In dry seeded rice, a seed rate of
125-162.50 kg/ha was very effective in suppressing weeds. For wet seeded rice, a rate of 100
kg/ha was suitable to compete with weeds (Kanchanomai, 1981). In transplanted rice, spacing
hills 25x25 cm with 1,3,6,9 and 15 plants/hill gave a dry weight of Marsilea crenata Presl of
197.60, 188.40, 108.00, 111.20, 120.80, or 114.80 g/sq.m) respectively (Supatakul and
Khomvilai, 1986). Transplanting at spacing of 8x8 cm with one plant/hill minimized
infestation by Chara zeylanicg Willd. in the northeast of Thailand (Vongsaroj et al., 1977 a).

Table 5. Weed density and biomass of Leptochloa chinensis growing in association with
wet-seeded rice as affect by time of floding (Drost and Moody, 1981).

Time of flooding Weed density Weed wt.
DS) no/m’ (g/m®)
5 _ oa Oa
10 2a Oa
15 42b 25.0b
20 72b 25.0b

Weed control Manual weeding be done 1s the primary direct weed control method and
should be done at the early stages of rice growth. However it is labour intensive, and labour
costs are rising with the alternative demands for labour both on and off farm. It is recommend
that hand weeding of transplanted rice is carried out for the first time 20-30 days after
transplanting. It should be carried out 20-30 days after seeding in case of upland rice, -dry
seeded rice and deepwater rice (Anon, 1988). Manual weeding can be replaced by rotary
weeder or small machine, if it is available. Most farmers do hand weeding whenever they are
free from other work. If weeding is delayed until the initiation of rice panicle primodia, the rice
yield will be greatly reduced.

Judicious use of herbicides

Herbicides can eradicate hard to control weeds in a rotation ; more efficient use of land,
reduce the need for cultivation;use as harvesting aid; maintain low weed seed number in the
soil and increase efticiency of external production factors (Zoschke, 1994). All these increase
rice yield and quality due to reduce competition. Herbicides also ease working conditions by
minimizing hand labour, increase human effiency, promote pride in clean field, give more
leisure times better education, and reduce costs, provide time for alternate weeding operations
and maximize income and net profit (Zoschke, 1994). Herbicides have been introduced to
control weeds and minimize the possible harzards to non-target organisma of all sorts from
micro-organisms to mammals (Hance, 1990), Herbicides should only be used when really
needed and must be applied at the right rate and right time. Butachlor, (Machete EC 60% a.1.),
propanil (Stam F EC 35 % a.i.) oxadiazon, (Ronstar EC 25 %) and thiobencarb + propanil
(Saturnil) EC 60 % a.1.) at 0.8, 10.0-0.5, 3.0, 0.75 and 2.4-1.2 kg a.1./ha for weed control and
higher vield respectively were most effective (IRRL, 1981).

__85,.



Possibility of substitution Herbicides are widely used in paddytields, but may be acutely
or chronically toxic to other organisms, man included (Hance, 1990.) Substitution by other
methods or materials is often desirable. For examples plant allelspathic substances that
extracts of Eupatorium adenophorum Spreng. inhibited germination of 9 weed species e.g.
Amaranthus spinosus L., Amaranthus viridis L., Bidens pilosa L. and Borveria alata DC. 90-
100 % (Zungsontiporn and Premassthira, 1994). other bioagents tor weed control was found,
Azolla suppressed 69-100 % of weed in tranplanted rice (Janiya and Moody, 1984) and
controlled Aornochoria vaginalis in transplanted rice in Thailand (Table 6)(Vongsaroj et al.,
1944). When combined with fish system , rice-azolla-fish minimized weed density and weed
weight (Table 7) (Liu Chung - chu, 1987). For fish, Tubb (1961) reported that during early rice
growth, a field containing milk fish (Chanos chanos) required less weeding than a field
without fish. The water level should be 20 - 30 cm. Ducks were also found to minimize weed
number and weed weight (Table 8) (Komson et al., 1995 ; Manda, 1992) and reduced red rice
grain in U.S.A. (Smith, Jr. and Sullivan, 1980). Utilization of weeds in another mean of weed
control, there are many weeds species are used as vegetable (Table 9) (Prachasaisoradcj, 1989,
Jackquat and Bertussa) and Marsilea crenata in proved to have high nutritional value (Anon,
1992)

Carry over effectiveness of herbicides Oxadiazon and oxyfluorfen were used to control
weeds 1n rice crop and after rice had been harvested, soybean was immediately planted in rice
straw without any tillage. Weed control in rice crop had a residual effect on the soybean crop,
reducing the incidence of broadleaf weeds (Vongsaroj and Price, 1987). The same had been
results were found in 1992, 1993 and 1994 when growing sovbean after rice which treated
with pretilachlor (Kanchapan et al, 1995). Similar effects were found when soybean, mungbean
and suntlower were grown after rice treated with thiobencarb, butachlor and
piperophos/dimethametryn (Vongsaroj, 1993).

Table 6. Azolla and Lemna for control of some weeds in dry season (Vongsaroj;1994).

Dry weight of weeds Yield of rice t/ha
Treatment 1 2 3
Azolla 62.5 kg/ha 372b 1.2b 2.7ab 33bc
Azolla 125.0 kg/ha 327b 04a 23ab 39sa
Azolla 197.5 kghha 211b 03a 3.0ab 39a
Azolla 250 kgha 235b 02a 09a 41a
Lemna 62.5 kgha 0.62 ab 1.1ab 2.5ab 39a
Lemna 125.0 kg/ha 0374 0.1ab 2.3 ab 3.7b
Lemna 197.5 kghha 1.25ab 03a 2.7ab 370
Lemna 250 kgtha Oa 05a 15a 37b
Oxadiazon Oa 03a Oa 39a
Untreated check 8.08 ¢ 1.5b 75¢ 31¢

Cyperus difformis

Monochoria vaginalis

= Sphenoclea zeylanica

2. Values in the same column followed by the same letter are not significantly different
at 5% level by DMRT.
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Table 7. The effect of rice-azolla-fish systems on weed growth. (Liu Chung-chu, 1587).

Treatment Weed density Weed weight
no./m* g/m’
Rice 48.2 450
Rice-azolla 93 63
Rice-azolla-fish 1.8 11

Table 8. Frequency of duck agisting in the field as compared to hand weeding and
chemical control at 8 weeks after transplanting (Komson et al., 1995).

Treatments Height of rice plant Number of rice Dry weight of
(cm) tillers/hill weeds (/0.5 m%)
Untreated check g4.1 259 19.8
Pretilachlor 84.6 28.8 184
(Sofit EC 30 %)
Hand weeding 83.5 30.1 10.3
Duck agisting 1 time 833 271 22.5
Duck agisting 2 times 83.4 28.7 17.4
Duck agisting 3 times 82.8 309 156
Duck agisting 4 times 84.6 29.6 14.4
Duck agisting 5 times 83.5 29.4 9.4
Table 9. Edible weeds from paddy fields (Prachasaisorade, 1989; Jackquat and
Bertussa, 1990).
Weeds Family Edilde parts of plant
Ceratopteris thalictroides Brown. Parkeriaceae Young fronds
Marsilea crenata Presl Marsileaceae Tender shoots and leaves
Nelumbo nucifera Gaertn Nelumbonacese Young leaves
Nymphaea lotus Linn Nyvmphaeaceae Stalk of flowers
Nymiphaea nouchali Burm. Nymphaeaceae Stalks of leaves
Jussiaea repens Linn Onagraceae Shoots and leaves
Crassocephalum crepidiodes S. Compositae Tuber
Moore Compositae Leaves
Spilanthes acmella Murr. Convolvulaceae Shoots young leaves,
Ipomoea aquatica Forsk fruits
Sphenocleaceae Young plants
Sphenoclea zeylanica Gaertn. Linnocharitaceae Stalks of young leaves
Limnocharis flava Buch. Hydrocharitaceae Young leaves
Blyxa echinosperma Hook. F. Hydrocharitaceae Leaves
Blyxa japonica Maxim. Es Aschers
+ Guerke. Hydrocharitaceae Young leaves
Ottelia alismoides Pers Pontederiaceae Young leaves
Monochoria hastata Solms Pontederiaceae Young shoots and
Monochoria vaginalis (Burm. {.) leaves
Aizoaceae Young shoots, leaves
Mollugo pentaphylla Linn and flowere
Plantaginaeae Young shoots

Plantago major Linn




Environmental consideration weed control methods must pay attention to the user and
the environment. Herbicides should not be toxic to human beings, e.g, 2,4,5-T, or to fish, eg,,
PCP in Japan,. Regulations should be set for the safe use or handling of herbicides in addition
to those dealing with health and safety at work. Poisons and pollution are wider in scope and
continue to have implication. Civil liabilities of the user of herbicide, employees, duty to
neigbour, duty to public, contractor’s duty to occupier and insurance should be set.

Economic and sustainability Cost of different methods of weed control treatments have
different costs : hand weeding is labour consuming and wages are increasing year by year, and
also difficult to get while herbicide cost is almost fixed. Vongsaroj, (1995) found that weed
control treatments with herbicide application tended to have higher gross margin than hand
weeding (Table 10). In the Phillippines a better return was obtained from weed control
treatments (Table 11) (IRRI, 1981). If there is no risk for intergrated weed management, then
technology will be sustained.

Table 10. Gross margin of weed control treatments in dry seeded rice in the north-east
of Thailand (Vongsaroj , 1995).

Treatment 1990 1991
Yield of rice  Gross margin Yield ot rice Gross margin
(t'ha) $ (t'ha) 3
Weedy check 2.62b 422 225b 360
HW 30 DAE 2.63b 383 2.66 ab 387
HW 45 DAE 2.66a 485 318a 411
HW 30+45 DAE 357a 497 314a 490
2,4-D 383a 601 3294 514
Propanil 378a 568 351a 526
2,4-D+HW 45 DAE 3744 529 352a 514
Propanil + HW 45 DAE 370a 519 3.00a 341
2,4-D + propanil 384a 566 301a 441
2,4-D + propanil +
HW 45 DAE 370a 511 359a 433
Table 11 Return to weed control affected by weed control treatments (IRRI, 1981).
Treatment Rate Yield Output Cost of Return of
(kg a.1./ha) (t/ha) 3 weed control  weed control
®
Butachlor : 0.8 3.1 508 12 414
Thiobencarb+2,4-D 1.0-0.5 2.6 426 19 325
Propanil 3.0 39 640 34 524
Oxadiazon 0.75 32 525 55 388
Thiobencarb+proparnil 2.4-12 4.0 656 49 525
Unweeded : - 0.5 82 - -




Replacement of labour Due to high wages and shortage of labour, replacement of labour
should be attempted. No tillage systems, optimum plant population, models of water control,
sheding rice cultivars, allelopathic subatances from rice cultivar or from weeds, biological
control with available bio-agents in the coumtry and safe herbicides can be used. Small
machines to hoe weeds must adopt planting methods with rice in rows.

Effect on crop production Crop production may be low from integrated weed management
for sustainable rice production in the short term. It will get higher production if it is on
practice for long term. When economic is concerned profits are high enough to adopt. In
additonal with environment aspect, it will be far more benefit because weed control treatment
are not harmful to the user and environment.

What is needed to continue The technique of growing rice has been changed from
transplanting to wet seeded rice. Intergration of weed management for sustainable rice
production must also be improved by researchers, but the real need 1s that technology must be
easy to adopt, less input, maximum profit and not harmful to the environment, and
conveniently implemented by farmers.
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Sustainability in Rice Weed Management

Keith Moody
International Rice Research Institute
P.O. Box 933, Manila, Philippines

Abstract. For a number of years in Asia, there has been a problem of degradation of the environment and
declining rice productivity in paddy fields. This has been accompanied by declining profitability and
declining incomes from rice farming. In the future, there will be a need to greatly improve productivity
while maintaining the sustainability of that increased productivity. The problem of sustaining productivity
growth is caused by inadequate attention to understanding and responding to the physical, biological and
ecological consequences of agricultural intensification. Intensification in rice production and changes in the
methods of planting rice have resulted in changes in weed populations, emergence of new weed problems,
including weedy forms of rice, and increased herbicide usage. There is increasing concern about the
externalities of intensive rice production. Sustaining input use efficiency is closely related to understanding
changes in the paddy system with intensification. Information will be required on the components of the
weed flora, the effects of levels of weed infestation on crop performance and the efficacy and cost of
potential means of control. Weeds have a strong impact on rice production and there are few practical
alternatives to heavy reliance on tillage, high planting densities, water and herbicides for weed control.
The challenge for weed research is to develop control strategies that maintain or enhance farm profits while
safeguarding the environment and human health.

Introduction

As we look toward 2020 and beyond, the world must confront three central intertwined challenges:
alleviating widespread poverty, meeting current and future food needs and managing the natural resource
base to ensure sustainability. Compounding the difficulty of meeting these challenges is the expected
addition of almost 100 million people to the world's population every year for the next 30 years and the
limited availability of new land for cultivation in much of the world (Pinstrup-Andersen and Pandya-Lorch,
1994). The challenge is how to feed an increasing population without irreparably damaging the natural
resource base on which agricultural production depends (Ehui and Hertel, 1989).

Rice, which is produced in a wide range of locations and under a variety of climatic conditions, is
most closely associated with the south, southeast and east Asian nations extending from Pakistan to Japan.
It is one of the most important crops in the world, providing 20% of global human per capita energy and
15% of per capita protein (IRRI, 1993).

For a number of years in Asia, there has been a problem of degradation of the environment and
declining rice productivity in paddy fields. This has been accompanied by declining profitability and
declining incomes from rice farming. - In the future, there will be a need to greatly improve productivity
while maintaining the sustainability of that increased productivity. The problem of sustaining productivity
growth is caused by inadequate attention to understanding and responding to the physical, biological and
ecological consequences of agricultural intensification (Pingali, 1991).

Intensification in rice production and changes in the method of planting rice have resulted in

changes in weed populations, emergence of new weed problems,. including weedy forms of rice, and
increased herbicide use. There is increasing concern about the externalities of intensive rice production.



Problems
Undesirable weed shifts

The recent changes from transplanting to direct seeding of rice in Asia have resulted in dramatic
changes in the types and intensity of weeds and their distribution. Studies conducted in Malaysia clearly
show that direct seeding techniques cause weed populations to shift from less competitive broadleaved
weeds to more problematical grasses. Weed surveys in the Muda area revealed that in the late 1970s when
direct seeding was in the incipient stage of development (less than 1% of the planted area), there were 21
weed species belonging to 13 families. The hierarchical order of dominance was Monochoria vaginalis
(Burm. f.) Presl > Ludwigia hyssopifolia (G. Don) Exell > Fimbristylis miliacea (L.) Vahl > Cyperus
difformis L. > Limnocharis flava (L..) Buch. (Ho and Zuki, 1988). In the first season in 1989, when 82%
of the area was direct seeded, 57 weed species belonging to 28 families were recorded. The order of
severity was Echinochloa crus-galli (L.) P. Beauv. > Leptochloa chinensis (L..) Nees > F. miliacea >
Marsilea minuta L. > M. vaginalis (Ho and Itoh, 1991).

Similar results have been observed in Korea. Kim (1992) reported a two- to three-fold increase in
weed biomass and a shift in the dominant weed species to C4 grass weeds in direct seeded rice compared to
transplanted rice.

The continuous adoption of a particular practice inadvertently contributes to the shift in dominance
and distribution of rice weeds. In the formulation of any weed management program, it is imperative that
the recommended production practices be systematically manipulated and synchronized with the current
location-specific farming activities. In this way, the most effective weed management is obtained (Ho et
al., 1994).

A program of weed control does not usually simply remove one species from within a community
but will alter the relationships between the constituent species by disturbing the environment, altering
competitive interactions or creating stress so disrupting the natural pattern of development change occurring
in the community (Cook, 1990).

The use of herbicides moves the agroecosystem toward low species diversity which is contrary to
the high species diversity of the natural ecosystem. Mahn and Helmecke (1979) stated that reliance on a
single herbicide could result in quantitative changes in the structure of the weed population in as few as 5
years.

In Korea, since 1980, 140-150% of the irrigated rice area (100-120% of the total rice area) has
been treated with herbicide annually. However, there has been too much reliance on a single herbicide.
From 1975 to 1989, butachlor accounted for more than 50% of the total herbicide used, peaking in 1986 at
80%. This has resulted in undesirable weed shifts (Kim, 1994).

Increased herbicide use

The importance of weeds in rice production is likely to grow rather than diminish with continuing
population-induced increases in land use intensity. The pressing need to raise yields and maintain profits
on a progressively limited land base has paved the way for herbicide use in Asian rice production. Farmers
are now left with little choice but to cut labor and production costs, particularly for the most labor-intensive
tasks, such as planting and weeding. As a result, herbicides are being substituted widely for manual labor
as a method of weed control. This trend has been reinforced by the spread of direct-seeded rice that
requires chemical weed control in the early stages of crop growth to prevent substantial yield losses and by



a decreasing ability in some systems to control weeds through water control as a consequence of
diminishing water supplies and deteriorating irrigation structures (Naylor, 1994).

According to Woodburn (1993), it is realistic to expect that over the next 6 to 8 years, the average
global expenditure on rice herbicides could exceed $10/ha compared to $7.50 at present resulting in an
increase in the rice herbicide market in China and India from $67 million to over $550 million. Herbicides
will represent the major growth area in the pesticide industry in the developing countries in the next
decade.

The steady emergence of herbicides as a preferred technology for weed control in Asian rice
systems follows a 20-year period of widespread growth in insecticide use that is just beginning to subside.
Asian farmers now realize that their dependence on insecticides has often been unnecessary, expensive and
sometimes even dangerous. Although herbicides are much less toxic and persistent than the majority of
insecticides used in Asian rice production, the inevitable question arises: "Twenty years from now, will
Asian societies regret having gone down the herbicide path?" (Naylor, 1994).

Weed resistance to herbicides

One important development as a result of continued use of the same herbicide is the evolution of
weed species that have developed resistance to herbicides.

In Malaysia, a resistant form of F. miliacea has been found in rice fields where 2,4-D has been
applied for 25 years; the weed cannot controlled with six times the recommended rate of 2,4-D (Watanabe
et al., 1994). Butachlor-resistant E. crus-galli has been reported in China (Huang and Lin, 1993). More
resistance is observed where butachlor has been applied for 8-12 years and where two rice crops are grown

per year.

Resistance is expected to become a much more serious economic problem within the next 5 to 10
years (LeBaron and McFarland, 1990). The problem can be avoided or reduced by exploiting a wide range
of crop protection measures rather than over-relying on chemical inputs (Tan et al., 1992).

Externalities

Despite the increasing use of herbicides in rice fields in south and southeast Asia, there is
surprisingly little information on their external effects. Externalities have a value because people who can
afford it are willing to pay for health and happiness, for clean water, fresh air and healthy food (Zadoks,
1992).

(a) Water. One of the main problems associated with the use of chemicals is to ensure that there is
no pollution of water for its many uses. Caution must be used when applying herbicides in floodwater to
avoid movement of the herbicide into groundwater or to keep treated water from contaminating other water
as it drains from treated fields (Bayer, 1991).

In intensively cropped areas, agrochemicals are reaching shallow aquifers and contaminating
groundwater. Castafieda and Bhuiyan (1995) reported that 24 % of the groundwater samples collected from
shallow tubewells within rice field boundaries were contaminated with butachlor, the maximum
concentration in a single sample being 1.14 ppb. Present concentrations are much below dangerous levels
but it is only a matter of time before toxic levels are reached. Studies are needed to understand the
processes of agrochemical movement and contamination of the water resource base and to predict trends
under alternative management options (Bhuiyan, pers. comm.).



(b) Health. In Malaysia, 51.3% of farmer respondents said that they had experienced symptoms
associated with pesticide poisoning. The highest incidence (24.8%) was due to herbicides, mainly 2,4-D
and paraquat. Headaches and dizziness were the most frequently mentioned symptoms. Drinking of
coconut water was the main (73.6%, n = 120) remedial action. Only 12.8% consulted a medical doctor
for treatment (Ho et al., 1990).

Other factors

(a) Risk. Risk considerations can be important in determining farmers' choice of weed control
methods and intensity of control in rice fields. Unlike other inputs such as water and fertilizers, weed
control inputs are "protective” in the sense that they help reduce damage. Such inputs are generally
considered to be "risk-reducing”. Depending on the source of uncertainty, herbicides could be risk
reducing or risk increasing (Pandey and Medd, 1991; Horowitz and Lichtenberg, 1994). To the extent they
actually reduce risk, risk averse farmers would tend to apply more weed control inputs than risk neutral
farmers.

Risk aversion could also be an important factor in determining the level of weed control inputs
applied by rice farmers. Weed management practices which function effectively only under very precise
conditions may be perceived to be too risky by farmers. For example, in the Mekong Delta in Vietnam,
farmers do not like to use pretilachlor + fenclorim for weed control in wet-seeded rice because of the
narrow application window (it has to be applied at 3-4 days after seeding). In the Philippines, farmers use
low levels of weed control inputs even though the marginal benefit-cost ratio associated with high intensity
weed control practices is large. In addition to credit constraints, such a behavior could be due to risk
aversion.

(b) Economics. Herbicides are a highly productive input and the marginal return for every dollar
invested in herbicides is strongly positive. This is consistent with increasing sales volumes of herbicides.

To the extent that herbicides are made cheaper relative to labor due to distortionary price policies,
substitution of herbicides for labor is socially undesirable. In addition, negative environmental and health
effects of herbicide use entail additional social costs.

The acceptability of more sustainable production systems is largely dependent upon success or
failure in managing weeds. Assuming the development and successful implementation of novel agricultural
systems that are biologically diverse and have reduced requirements for purchased inputs, economics will
continue to dictate efficient weed management in the foreseeable future (Bridges, 1995).

Possible Solutions
Herbicide rate

Farmers in most countries in south and southeast Asia apply herbicides at less than the
recommended rate (Navarez and Moody, 1979; Abeyratne et al., 1984; van de Fliert and Matteson, 1990).
In a number of experiments conducted at the International Rice Research Institute and in farmers' fields in
the Philippines, application rates of preemergence herbicides, such as butachlor and pretilachlor +
fenclorim, could be reduced by up to 50% of that recommended without loss in efficacy or reduction in
crop yield (Mabbayad and Moody, 1985; Castin er al., 1992; Pablico and Moody, 1993).

It is possible to reduce the recommended rate because it is often based on worst case situations for
the most difficult to control weed species under unfavorable climatic conditions. However, the worst case



approach is no longer acceptable. Instead, the rate should be adjusted to give exactly the required effect
and no more under the prevailing conditions.

Amount of herbicide applied

The amount of herbicide applied can be reduced by using more effective herbicides applied at
lower rates and by improving application equipment. Advances in application technology should reduce
over application and drift and, therefore, reduce environmental contamination.

Recently developed herbicides that are applied at low rates and have low mammalian toxicity
reduce the risk of environmental contamination. Application rates have been reduced from 1.8-3.0 kg/ha to
20-50 g/ha (Kim, 1994).

Appropriate herbicide selection is another way to reduce herbicide use. In many cases, in Korea,
only one inexpensive herbicide application is needed (e.g., butachlor, thiobencarb or chlomethoxyfen for
Echinochloa spp., M. vaginalis or other annual weeds; piperophos + dimethametryn for Potamogeton
distinctus A. Benn.; and bentazon for Eleocharis kuroguwai Ohwi) rather than expensive and systematic
applications of a number of herbicides (Kim, 1994).

Use postemergence herbicides

Postemergence herbicides are usually used at lower rates than preemergence herbicides and most
have low to very low groundwater contamination potential (Worsham, 1991).

Risk considerations are important in the choice of preemergence versus postemergence herbicides.
Preemergence herbicides have to be applied before weeds emerge; the application is prophylactic. On the
other hand, postemergence herbicide use is more flexible because it can be tuned to the level of infestation.
Farmers may, however, opt for prophylactic applications if they believe that postemergence control is too
risky.

Crop rotation

Many weeds thrive best and cause the most trouble when the same crop is grown year after year.
Some weeds are associated with certain crops or grow only in special habitats. Crop rotation or changing
the habitat interferes with the normal life cycle of many weeds. Various systems of crop rotation have been
employed from time to time. Many are useful for controlling weeds but the practicability of any specific
method for a particular locality must be determined by considering such factors as climate, rainfall,
suitability of soil, availability of markets and opportunity for utilizing or disposing of the crops. The
success of a system of rotation, as far as the control of weeds is concerned, depends largely on the
thoroughness and persistence with which the cultivated crop is kept free from weeds rather than on the kind
of crop (Muenscher, 1960).

Allelopathy
Since plants are known to self-regulate their densities and distribution in nature through
allelopathic interactions, attention is now being given to the possibility of exploiting this phenomenon to

aid in placing crops in a more favorable competitive position over weeds (Worsham, 1989).

Dilday et al. (1991) reported that 347 accessions from the USDA/ARS rice germplasm collection
exhibited allelopathic activity to Heteranthera limosa (Sw.) Willd. Lin et al. (1993) found that six



allelopathic rice lines reduced the dry weight of aquatic weeds from 93 to 99% compared with Rexmont, a
cultivar without allelopathic activity.

Fujii (1992) screened 189 rice cultivars for allelopathic activity, using lettuce as the assay crop,
and found distinct differences between cultivars. Improved Japonica cultivars showed little allelopathic
activity; traditional Javanica rice cultivars and red rice strains showed strong activity. The allelopathic
activity of Oryza glaberrima Steud. was also strong.

Mulching

The phytotoxic potential of crop residues could be exploited in management of various weeds in
agroecosystems. Dilday et al. (1992) reported that allelochemicals were present in straw of rice accessions
that showed allelopathic activity in the field to H. limosa. Rice germplasm with high allelopathic activity
combined with its straw incorporated into soil controlled Cyperus iria L. almost as effectively as a tank
mixture of propanil + bentazon (Lin ef al., 1992).

Khan and Vaishya (1992) reported that residues of rice cv. Sarjoo-52 incorporated 5-6 cm deep at
5 t/ha reduced populations of Echinochloa colona (L.) Link and broadleaved weeds (Ammannia baccifera
L., A. mulriflora Roxb. and Phyllanthus fraternus Webster) by 40 and 56 %, respectively and their biomass
production by 39 and 64% whereas germination and biomass production of Fimbristylis dichomata (L.)
Vahl and F. ovata (Burm. f.) Kern were stimulated.

Biological control

Augmentive biological control of weeds refers to the utilization of endemic natural enemies against
endemic weed species or exotic weed species which were introduced long ago and have become naturalized
in the present habitat. In the bioherbicide approach, excesses of pathogen inoculum are applied to the
entire population of an indigenous weed in the same manner as chemical herbicides, causing infection and
death of the contacted host plants.

Only one microbial herbicide, an endemic fungal pathogen, Colletotrichum gloeosporioides
(Penz.) Sacc. f. sp. aeschynomene, is registered for the control of a weed [Aeschynomene virginica (L.)
B.S.P.] in rice in the United States. However, this product is no longer manufactured because it is too
expensive.

Pathogens that have shown potential as biological control agents for controlling weeds in rice in
Asia include Drechslera monoceras (Drechsler) Subram. & Jain for the control of E. crus-galli (Gohbara
and Yamaguchi, 1992), Epicoccosorus nematosporus Yokoyama et Suzuki for the control of E. kuroguwai
(Gohbara and Yamaguchi, 1992), and a leaf blight pathogen for the control of Sphenoclea zeylanica Gaertn.
(Bayot et al., 1992).

Although bioherbicides produce no environmental contamination or toxicity to humans, their
selectivity can be a disadvantage because each agent controls only one weed species. Other problems
include the difficulty of commercially producing and formulating the organism while maintaining its
viability (Ho et al., 1994). The use of naturally occurring enemies such as plant pathogens appears to offer
an environmentally friendly natural solution to weed problems. In practice, however, there are many
problems associated with their development and effective use that will probably prevent them becoming a
significant method of weed control in arable crop production at least until the year 2000 (Williams, 1992).



Cover crops

The use of cover crops is increasing in popularity as farmers become more concerned with the need
to reduce inputs and protect the quality of their farm environments. In addition to providing on-farm
sources of nitrogen and organic matter, legumes may decrease soil erosion, improve soil physical
characteristics, increase cropping system biodiversity and increase yields. Mallick (1981/82) reported that
using Sesbania bispinosa (Jacq.) W.F. Wight as a green manure resulted in a reduction in weed growth.

The mechanisms of weed suppression by cover crops are complex. Cover crop residues can inhibit
weeds through purely physical influences such as reduction in light or soil temperature. Living cover crops
may interfere with weeds through competition for limited growth requisites. Allelopathic interference
through the release of chemicals from plants or residues may also be involved (Hoffman and Weston,
1995).

Integrated weed control

Increasing herbicide use is likely to result in a move from integrated weed control to a "simple"
weed control technology. Factors such as herbicide-resistant weeds, build-up of tolerant weed species and
environmental contamination will result in greater integration of weed control practices. A balance between
the two must be reached taking into consideration all the factors involved.

Weeds are most effectively controlled by the simultaneous application of a variety of practices, the
total effect of which is usually greater than the effects of individual measures employed separately. Lower
herbicide rates or better herbicide performance is achieved when optimum cultural practices are used.

Conclusions
Rice fields form a recurring part of the landscape of many countries and rice provides sustenance
to more people than any other cereal. The wise use of rice fields is, therefore, a worthy objective
(Fernando, 1980).

At present, there is no package of technology available to transfer to producers that can assure the
sustainability of growth in agricultural production at a rate that will enable agriculture, particularly in the
developing countries, to meet the demands being placed on them (Ruttan, 1988). -

Growth of agricultural production is not incompatible with natural resource protection. The
growth path must be based on technologies that do not exploit the resources and make maximal use of the
biological potential (de Haen, 1991). The research agenda on sustainable agriculture needs to define what
is biologically feasible without being excessively limited by present economic constraints (Ruttan, 1991).

Agriculture will be made more sustainable not by going back but by drawing on the best from the
past and the best of modern technology (Fawcett, 1995). Sustainable agriculture supports a system of
agriculture that over the long term, improves environmental resources such as soil and water, creates a
healthful and plentiful food supply, is not harmful to farmer health and fosters a system of agriculture that
is supportive of economically viable rural communities (Wyse, 1995).

The composition of weed communities of arable land are a reflection of the production and
management practices imposed on the land. Trends towards reduced tillage, reduced herbicide use,
intensified rotations, organic sources of nutrients and other changes in production practices change the
environment where weeds are managed, compete and reproduce. Modifying crop management inputs will
result in an altered competitive environment in which morphological and physiological traits that confer



success will shift. These changes must be taken into consideration to develop economically and
environmentally sound weed management systems (Buhler, 1995).

The importance of weeds in rice production is likely to grow rather than diminish with continuing
population-induced increases in land use intensity. Rice weed control problems are compounded by
growing water scarcities and by the rapid shift from transplanting to direct seeding. Herbicide use is
expected to keep growing as farmers shift out of hand weeding in response to rising wage rates.

No single weed control technique is perfect and because the weed population constantly adapts to
its physical environment, a muitilateral approach is required to ensure sustainability. There is a need to
find ways to reduce dependency on herbicides. New weed control strategies must be found to balance the
use of herbicides with environmental protection and the production of food safe for human consumption.
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Abstract. No matter how one may define sustainable agriculture, use of soil-conserving cropping
practices, less synthetic herbicide inputs, and as good as or better weed control would be compatible
components. Previously, these components have been considered to be incompatible by some, since
it was widely believed that soil-conserving practices required increased pesticide use, including
herbicides. However, we have shown that environmental and ecological differences between no-till and
conventional tillage can enhance control of certain weed species in no-till cropping systems. We have
shown that with proper choice and manipulation of cover crops and residues, it is often possible to
reduce the number and/or amount of herbicides needed. Thus, in eliminating tillage, which restricts
weed seeds to poor germination sites, by utilizing allelochemicals leaching from a killed cover crop,
and using newer, more effective herbicides when needed, weed management in no-till has become much
more effective.

In North Carolina, although results have been variable, we have grown soybean (Glycine max L.),
tobacco (Nicotiana tabaccum L.), corn (Zea mays L.), sorghum (Sorghum bicolor L.), and sunflower
(Helianthus annus L.) in killed heavy mulches of rye, (Secale cereale L.) without herbicides, other than
a non-selective one to kill the rye. Early-season control of broadleaf weeds such as sicklepod (Cassia
obtusifolia 1.) moringglory spp. (Ipomoea spp.) cocklebur (Xanthium strumarium L.) prickly sida
(Sida spinosa L.) and pigweed spp. (Amaranthus spp.) has been 80 to 90%. Rye has been the most
weed suppressing cover crop among several small grains and subterranean clover (Trifolium
subterraneum L.) and crimson clover (Trifolium incarnatum L.) the most suppressive legumes.
Currently in the Southeastern U.S., it appears that it will still be most practical to use a non-selective
herbicide for cover crop kill and selective postemergence herbicides as needed for late-season weeds
and especially for grasses and perennial weeds. This approach will still enhance agricultural
sustainability because; (a) productive top-soil will be conserved, (b) herbicide use (especially
preemergence herbicides) can be reduced, and (c) herbicides for cover crop kill and postemergence
selective herbicides have little potential for environmental contamination.

Key Words: allelopathy, cover crops, environmental contamination, herbicide reduction, soil erosion,
weed control

INTRODUCTION

By the year 2025, 83% of the expected global population of 8.5 billion will be living in developing
countries. Agriculture has to meet the challenge of providing enough food and fiber. Major
adjustments will be needed to increase food production in a sustainable way and enhance food security.
One of the priorities identified in the United Nations Programme of Action, "Earth Summit Agenda 21"
in 1992 to create a sustainable agriculture and rural development was land conservation and improved
management of inputs (1). Since weed management is one of the largest inputs in agriculture, what
is the relationship of weed management to sustainable agriculture?

In order to discuss weed management for sustainable agriculture, it would appear desirable to define
"Sustainable Agriculture” and the position weed scientists have taken on this subject. Following is a
portion of a position statement compiled by a committee within the Weed Science Society of America.

"Our present agricultural system provides the United States with an abundant, diversified, high-
quality, reasonably priced food supply. However, agriculture is and always has been in a constant state .
of change where producers must overcome numerous constraints in crop production. A major
biological constraint to crop production is weeds, with which the Weed Science Society of America

- 104 —



(WSSA) has been vitally concerned. To be sustainable, agriculture must be profitable; therefore,
economical weed management will play a significant role in Sustainable Agriculture -----

In agreement with this position, therefore, use of soil-conserving cropping practices, less synthetic
herbicide inputs, and as good or better weed control would be compatible components of sustainable
agriculture. Weed scientists and agriculturalists in the Asian-Pacific area would probably not disagree.
Many agricultural workers, however, believe these components incompatible, since it has been widely
thought that conservation tillage, espeeially with use of cover crops, requires increased pesticide use,
including herbicides.

Most of the benefits of cover crops are well known. They provide wind and water erosion control,
conserve soil moisture by reducing evaporation and increasing infiltration, increase organic matter,
increase fertility by recycling nutrients, add nitrogen (if legumes), and improve soil structure. It is now
known that certain cover crops can also improve weed control by increasing mulch and allelopathically
suppressing weed growth. This can improve agricultural sustainability and environmental quality,
especially in protection of surface and groundwater, by reducing, or eliminating in some cases, the need
for preemergence herbicides.

The majority of row-crop acreage in the Southeastern U.S. is on Coastal Plain soils, an area
described by the U.S. Environmental Protection Agency as having a high potential for leaching of
pesticides into groundwater. Similar areas as to leaching potential exist in the com-soybean region of
the Midwest. The primary weed management system for the U.S.’s 1.2 million acres of corn is the pre-
emergence application of a combination of atrazine and alachlor, making them the most widely used
herbicides in the U.S. In preliminary surveys, detectable residues of both atrazine and alachlor have
been found in a small percentage of water wells (25). Programs to lessen the potential for groundwater
contamination from pesticides have already been established and others seem inevitable (33, 34). These
programs may involve changes in use patterns, restrictions for certain areas or states, or canceling the
registered uses for certain products. As examples, atrazine and atrazine-containing herbicides became
restricted use products on September 1, 1990 because of groundwater concerns. Currently, the USEPA
is reviewing triazine herbicides for possible further restrictions on use in the U.S. On October 24,
1990, the manufacturer of alachlor canceled its use in the state of Florida because the cost of required
groundwater tests made further sales in that state unprofitable. I understand that some countries in the
Asian-Pacific area also have groundwater pesticide concerns.

The Conservation Provisions of the U.S. 1985 Food Security Act (Farm Bill) encouraged owners
of highly erodible, cropped land to have approved conservation plans fully implemented by January,
1995. One means of achieving compliance in the Southeast will be the increased use of no-till
planting. Much greater use of cover crops will be required to meet conservation guidelines for soil
protection at planting time (30% ground cover for most of the US., 50% in N.C.), (28). These
provisions were strengthened in the 1990 Farm Bill and there will likely be stronger provisions for
protecting the environment in the 1995 Farm Bill, including incentives to reduce pesticide use.

Recent developments in weed management for crops planted no-till into killed cover crops will be
discussed in this paper. The suppression of broadleaf weeds by certain cover crop mulches, possible
reasons for this, and the implications for improvement of agricultural sustainability and of
environmental quality, especially groundwater quality, will be discussed.

WEED SUPPRESSION BY COVER CROPS

Herbicides will continue to be a key component in most integrated weed management systems in
the foreseeable future. Some problems and potential problems, however, are receiving increasing
attention and concern. Such problems include persistence in soil, contamination of the environment
(especially ground water), crop injury, an increase in herbicide-resistant weeds, increased costs of
discovering and developing new herbicides, enhanced soil biodegradation, and container disposal (29,
30).

Because of these problems and other potential ones, increased attention is being focused on
alternative ways of controlling weeds. Allelopathic suppression of weeds as a possible alternative weed
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management strategy has received increased study in recent years. Many papers and reviews on cover
crops used, allelochemicals identified or suspected, and the degrees of weed control obtained from
mulches have been published (2,3,4,5,6,8,10,11,12,15,16,17,18,21,23,24,26,27,29,30,31,32).

From results of laboratory experiments and observations of farmers in Japan, Brazil, and the USA,
46 plants for summer cover crops and 54 plants for winter cover crops were selected by Fujii and
Waller (7) for field tests for weed control. Some promising allelopathic plants were found.

RESULTS OF WORK IN NORTH CAROLINA

Our work in North Carolina over a number of years has indicated that leaving a small grain mulch
and not tilling gives 75 to 80% early-season control of a number of annual broadleaf weeds (Table 1).
Removing straw, tilling and replacing straw gives 60% control. Removing straw and not tilling gives
40 to 50% control and removing straw and tilling the soil, without herbicides, gives little to no control
of these weeds (Table 2. It was concluded that not tilling accounted for some weed control, but having
straw alone contributed even more. Not tilling plus having a straw mulch gave the highest degree of
weed control (27).

Table 1. Effect of straw management and tillage on weed suppression in no-till planted crops in North
Carolina.® (Worsham 27)

Straw and tillage treatment % Control®
Rye mulch® Wheat mulch®
Remove straw and till soil 9a 30 a
Remove straw, no-tillage 43 b 50b
Remove straw, till and replace 60 c 60 c
Leave straw, no-tillage 76 d 814d

*Average results from research in corn, soybeans, sorghum, and tobacco, 1980-1986.

PEarly-season ratings on redroot pigweed (dmaranthus retroflexus L.), common lambsquarters
(Chenopodium album L.), common ragweed (Ambrosia artemisiifolia L.), morningglory sp. (Ipomea
spp.), prickly sida (Sida spinosa L.), and sicklepod (Cassia obtusifolia L.).

“Means within a column followed by the same letter are not significantly different as determined by
Waller-Duncan T-test (K-ratio =100).

Table 2. The effects of mulch, tillage, and diphenamid on weed control in flue-cured tobacco at two
locations in North Carolina.®

Weed control’

Treatment Broadleaf* Grass?
Tilled no herbicide 8e i7¢
Tilled plus herbicide 524d 57 e
No-tiil, no herbicide 68 be 71 abc
No-till plus herbicide 87 ab 94 a
No-till, rye mulch, no herbicide 79 be 54 be
No-till, rye mulch plus herbicide 97 a 80 ab

*Modified from Shilling et al. (19).

*Ratings taken four weeks after transplanting. Means within a column followed by the same letter are
not significantly different as determined by Waller-Duncan T-test (K-ratio =100).

°‘Redroot pigweed, common lambsquarter, and common ragweed.

Goosegrass [Eleusine indica (L.) Gaertn.] and large crabgrass (Digitaria sanguinalis L.).
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Among five no-tillage systems studied by Shilling et al. (19) using desiccated small grains for
weed suppression, rye generally provided the best broadleaf weed control (Table 3). Rye has also been
particularly effective in studies by Putnam and DeFrank (16), Barnes et al. (3), and Worsham (26). The
high biomass production of shoots and roots, winter hardiness, and phytotoxicity of the residues make
this grass crop very effective in no-tillage soil conservation cropping systems.

Table 3. Effects of Small Grain Mulch and Tillage on Weed Control at Two Locations Over Two Years
in North Carolina.?

Mulch type® % Weed control®
Broadleaf® Grass'
Rye 85 ab 70 b
Wheat 74 ¢ 61 bc
Barley 75 ¢ 54 be
QOats 80 be 64 b
None 63 d 41d
None® 90 a 8la

*Modified from Shilling et al. (19).

®All treatments had 6.7 1b/A diphenamid and 3.3 kg/ha glyphosate applied to kill grain and provide
residual weed control.

“Tilled and rebedded prior to transplanting tobacco and cultivated twice.

YMeans within a column followed by the same letter are not significantly different as determined by
Waller-Duncan T-test (K-ratio = 100). Ratings are in early-season; about 4 weeks after transplanting.
‘Redroot pigweed, common lambsquarters, and common ragweed.

Large crabgrass and goosegrass.

Shilling et al. (19) reported research in which they attempted to partition the weed control effects
from tillage alone, no-tillage, and no-tillage plus mulch with and without a preemergence herbicide in
tobacco (Table 2). Tillage alone without herbicide gave 8% early-season control of broadleaf weeds
and 47% control of annual grasses. Adding a soil-applied herbicide gave 52 and 67% control of
broadleaf weeds and grasses, respectively. Not tilling, without herbicide or mulch, gave 68 and 71%
control. The no-till treatment without mulch plus herbicide yielded 87 and 94% control. Rye mulch
alone, no-till without herbicide gave 79 and 54% control, respectively, of broadleaf and grass weeds
and rye mulch plus herbicide in no-till gave 97 and 80% control. Results from the same treatments
with wheat, oats (Avena sativa L.) and barley (Hordeum vulgure L.) were similar. These results
confirm the need for not tilling plus having a mulch to achieve the highest degree of weed control
without a preemergence herbicide.

In a study in 1989 to determine the difference in weed suppressing ability of a number of rye
cultivars, after rye kill, no additional herbicides were needed for weed control in no-till corn, soybean,
or grain sorghum. In 1990, however, weed control from the rye mulch alone was not adequate (8).

In a preliminary study in 1990, redroot pigweed (dmaranthus retroflexus L.) control four weeks
after planting no-till corn, cotton, soybeans, or tobacco was 81% in rye, 79& in subterranean clover,
72% in crimson clover, 41% in hairy vetch, 39% in no cover no-till, and 0 in conventionally tilled
plots. No preemergence or postemergence herbicides were used. Postemergence herbicides were
needed later in the season for complete weed control for most crops (29).

Weed control by rye, crimson clover, subterranean clover, and hairy vetch (Vicia villosa Roth.)
cover crops was evaluated in no-tillage corn and cotton (Gossypium hirsutum L.) during 1992 and 1993
(31). Conventional tillage and no-cover, no-tillage treatments were included for comparison. Rye,
crimson clover, and subterranean clover gave the best weed suppression. Although some of the cover
crops gave significant early-season weed control, they did not entirely replace herbicides. Additions
of preemergence and/or postemergence herbicides with the mulches gave the highest crop yields,
particularly in cotton.
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Table 4. Early-season weed control in corn from cover-crop/tillage systems and PRE herbicides.
Clayton and Rocky Mt., NC, 1992.°

Broadleaf
Cover/crop weeds” Grasses®
Tillage system PRE® UTC® PRE UTC
ou

Rye/no-till 97a 87b 95ab 84b

Crimson clover/no-till 98a 65¢ 94b 64c

Sub. clover/no-till 99a 82b 97a 72¢

Hairy vetch/no-till 98a 42d 94b 42d

No cover/no-till 98a 23e 98ab 24e

No cover/conv. till 96a of 92a of

*Adapted from Yenish (31).

®Means within a type of weed followed by the same letter are not different at P< 0.05 according to
Fisher’s Protected LSD test of  arsine transformed data. Data recorded 45 days after planting.
‘PRE = 1.4 kg/ha atrazine + 2.2 kg/ha metolachlor applied preemergence. UTC = check without
herbicide.

There is more recent evidence, however, that a cover crop can be manipulated to achieve greater
weed control in the subsequently planted no-till crop. We found that increasing the seeding rate of rye,
using a cultivar that tended to produce higher biomass, -and killing the cover crop as close to planting
time as possible all increased weed suppression. A very thick surface mulch provided adequate weed
suppression for up to 10 weeks after transplanting tobacco (13).

Table 5. Effect of rye seeding rate on mulch and weed biomass. Reidsville, NC 1994°,

Seeding rate Rye biomass Biomass Biomass

Kg/ha g/m? Grass weeds Broadleaved weeds
0 0 52 819

67 225 42 12.1

134 244 13.9 15.3

202 285 2.0 ' 2.6

*Preliminary data from Nagabhushana et al. (13). Data taken 45 days after planting.

In efforts to partition weed suppression effects between physical barriers of cover crops and
allelopathy, we found that the duration of weed suppression by rye cover crops more closely followed
disappearance of certain allelochemicals (DIBOA, DIBOA-glucoside, and BOA) from rye residue than
disappearance of the residue itself (32). Published estimations of weed suppression duration also more
closely follow disappearance of BIBOA-glucoside and related compounds from rye residue than
disappearance of the residue (3,4,20).

IMPLICATIONS OF ALLELOPATHIC COVER CROPS IN NO-TILLAGE
FOR SUSTAINABLE AGRICULTURE

As described in this paper, many cover crops temporarily suppress annual broadleaf weeds and
there is evidence that this suppression in some cases may eliminate the need for preemergence soil-
applied herbicides at time of planting summer crops. This has several benefits compatible with aims
of sustainable agriculture. First, the cost of extra herbicide application is eliminated. The potential for
groundwater contamination is lessened because herbicides used to kill the cover crops are foliar applied
and do not leach in soil. Postemergence herbicides will probably still be required for most crops, but
these, if needed, are usually used at much lower rates than preemergence herbicides, less will reach the
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soil, and most have low to very low ground water contamination potential according to the ranking
index by Weber (22).

A method of evaluating groundwater contamination potential by changing to a postemergence weed
management approach was given by Hoag (9) for soybeans. Using his "cost-environmental hazard
predictive model", changing from the most herbicide-intensive, environmentally risky system to an
environmentally desirable postemergence herbicide only, the groundwater risk potential was reduced
by 65% at no extra cost to the producer. Further risk reduction was possible at very little cost. The
new selective postemergence herbicides for corn should allow great reduction in environmental risk and
groundwater contamination potential for this major acreage crop also.

The other well-known properties of cover crops that benefit the environment and sustainable
agriculture such as wind and water soil erosion control, nutrient recycling, conserving soil moisture,
increasing soil fertility and structure etc., would still be available with any allelopathic cover crops.
There are disadvantages and potential problems, however, with the use of cover crops. Some of these
are: cost of establishing, difficulty in killing (especially legumes), leaching of nitrates (if legumes),
lowering of soil temperatures in spring, depletion of soil moisture in the spring, the unknown effects
of releasing natural phytotoxins into the environment, and possible increase of certain insects and
diseases.

Fujii and Waller (7) concluded that the use of living mulches as well as mixed plantings are
necessary to develop a profitable, sustainable agriculture. Narwal (14) reported that in the near future,
allelopathy-mediated weed control technology may be available which will be free from environmental
pollution and suitable for future sustainability of agriculture.

More research is needed on the extent to which use of cover crops allelopathic to weeds can be
substituted for herbicides. More research is especially needed to determine the factors influencing
degree of weed suppression as results are variable now. Finally, more research would have to be done
to provide the information needed to help growers integrate these new practices into on-going crop
production practices and rotations.
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WEED MANAGEMENT ON A RUBBER PLANTATION
WITH SPECIAL REFERENCE TO MINIMUM TILLAGE CULTIVATION

by
Soekisman Tjitrosemito, PhD.
SEAMEO BIOTROP P O Box 116 Bogor 16001

ABSTRACT

The establishment of perennial plantations is a process of vegetational succession. The suc-
cession will favour the development of "weeds" as considerable resources have been utilized by the
almost unlimited number of weeds, compared to only about 500 plant lets/ha; therefore, weed control
or vegetation management is necessary to direct the succession into vegetational domination of a good
perennial plantation.

Problems of weeds exist in every stage of crop establishment, from pre-planting, nursery,
immature, and mature rubber fields; it is therefore imperative that weed management strategies/ activ-
ities address the problem.

Crop establishment using minimum tillage cultivation will necessitates the classification of
types of vegetation into those which are useful (A) and whose growth should be encouraged, those
which are harmless (B), those which are useful soil cover as soft grasses (C), those that should be
controlled (D), and those which should be eradicated (D).

Weed control activities are directed only toward certain species of weeds, leaving others to
grow to be manipulated for the benefit of the plantation.

INTRODUCTION

Weed management, especially in perennial crop is more of vegetation management, i.e. a
system of planned and responsive activities to promote the establishment of perennial crops by direct-
ing the process of vegetational succession from undesirable coarse of development toward a desirable
one, i.e. vegetation in the area is dominated by rubber at the shortest possible period. It is under-
stood from the outset that the condition immediately before or after manipulation is not usually the
desired one and that through the anticipation of vegetation succession we set up vegetation communi-
ties to grow into a desirable form. Thus, a given manipulation of vegetation has an intermediate
objective the appearance of a limited number of crop that will develop into a stand that we deem
desirable (Miles, 1979).

The development of vegetational succession in perennial plantations is dependent upon physi-
co-chemical and biotic factors such as stability of vegetation community before the establishment of
perennial crops, edaphic as well as climatic suitability to introduced crops, abundance of other vege-
tations and juvenile growth habit of the crops, (Newton, 1981).

The conditional requirement that the rubber plants domination should occur at the shortest
possible time., implies a set of activities which should be programmed and executed to direct the
process of succession toward the domination of rubber plantation in the form of healthy rubber planta-
tion.

The planned and responsive activities will cover various subject matters, such as :

(i) those related to pre-planting

(ii) those related to nursery

(iii) those related to rubber field
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Figure 1. Diagram showing the relationship of various activities and points where
weed managenient advises is required (Tjitrosemito and Mawardi, 1993)

PREPLANTING

A. Field Preparation

The first problem faced by plantation manager at the pre planting stage is stability of the
existing vegetation community. Stability, in the ecological sense, is the resistance to change in
composition. There is a trends for plant communities to become more stable as they increase in age.
With increasing degree of site occupation, there is a decreasing chance for the establishment of
immigrant seedlings (Odum, [969; Eussen, 1981). Abundant recruitment of new plants tends to occur
only after a substantial disturbance (Miles, 1979; Nearing & Goodwin, 1976). Therefore, if a
community has stabilized in an undesirable stable state it must be disturbed o dislodge it, we are thus
left with the basic principle that stability is natural property of plant communities and that disturbasnce
of some kind is a pre requisite for a change in a trend of successional development. A logical corol-
lary of this principle is that the need for intensive disturbance increases as successional stages mature.

The planing of field lay out has a strong bearing on weed control and management during
preparation, planting, even for tapping. The size of unit fields with the accompanying road and drain-
age systems is very importaut factor to be considered seriously.

— 113 —



The areas for planting are differentiated into :
(a) Forested land

(b) Imperata land, and

(c) Old plantation

1. Forested land

Forested land refers to primary and secondary forests. The primary forest consists of trees
with three or four storeys. The top storey is scattered, not forming a continuous cover but emerging
here and there out of very large, buttressed trees over 50-70 m. The lower storey occurs at 30-50 m.
Below the mature tree storey there is a large of young sapling trees, and below this is scanty under-
growth (Jacobs, 1988; Budowsler, 1965). In secondary forest, their undergrowth is much more
abundant, although the population of trees is less but the methods used for clearing of these forests
differ little.

Plant nutrients in a forest system are held in vegetation and the surface soil, and the good
structure of the humic topsoil is protected from the impact of rainfall and sunlight by the closed forest
canopy and by the deposited litter so that rainfall readily infiltrates into the soil. The destruction of
stability for crop establishment should also consider this aspect. When the land is cleared and the bare
soil is exposed to the sun and to the impact of rainfall, the decomposition of soil organic matter will
be accelerated, leading to nutritional leachage, breakdown of the aggregate structure of the surface
soil and erosion of the nutrient-rich soil surface. To avoid these ill effect as far as possible, the
exposure of the bare soil should disturb and compact the soil as little as possible (Webster & Baulk-
will, 1989).

The availability of land for establishing rubber plantation is decreasing, flat land has been
utilized for expanding food crop production as some areas previously for food production have been
converted to residential area and also factories in the process of urbanization.

Therefore, the accepted area for the establishment of rubber plantation, has been extended to
lands having slope of 45°% Lands having slope more than 45° should not be considered for establishing
rubber or other plantation but continuous cover. However, whenever sloping lands are utilized for
plantation, necessary water and soil conservation works should be constructed.

The land clearing may be carried out by the following sequences:

a) Cut all undergrowth with "parang”, fell trees with chainshaws, smaller first close to the
ground, bigger ones 0.5-1.5 m above ground, but tressed trees 2.0 m above ground;
uproot stumps. It requires 150-200 mwd/ha (man working days) for 200 trees/ha or
when using bulldozers it requires 5 twh/ha.

b) Line felled trees in one direction parallel to the intended rubber rows and these activities
are normally done in March-April (i.e. at the end of wet season).

c) Leave unsaleable materials to dry out by stacking and windrowing before burning in July -
August.

d) Remove stumps, roots and other debris prior.

) Construct the necessary soil conservation device, drainage and road systems.

Up to this point, if the area is formerly primary forest the weed infestation is not much, but
in the secondary forest shrubs can be considerable, and these shrubs together with robust, big grasses
(Themeda sp., Saccharum sp., Imperata cylindrica) should be eradicated before legume cover crops
are planted.

2. Imperata land
The land slope requirement is the same as those of forested land. Generally works  on land

clearing under Imperata are much easier than those under forested land. Imperata land is sometimes
considered as fire climax, i.e. it has a strong stability. Therefore, it is necessary to destroy this
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stability to provide opportunities to the introduced rubber stumps to grow and dominate the area. The

use of chemical control using herbicides such as glyphosate (2.2 kg a.i./ha) or dalapon (8+7 kg

a.i./ha) should be observed carefully since there is always regrowth from the remaining I. cylindrica
The typical results of spraying as compared with other methods can be observed in Table 1.

Table 1. Imperata population before and after treatment (plant/m?) and at harvest (% coverage)
after some treatments and one season cropping

Initial ¥ At 8 weeks ? After maize and
Treatments population  after spraying At planting”  rice harvest 2
(plant/m®  (plant/m?) (plant/m?) (% coverage)
1. Mechanical control 53.7 22.5b 19.3b 28.3 ab
2. Manual 44,2 27.3b 18.9b 350 b
3. Minimum tillage
a. Dalapon (6.8 kg ai/ha) + 5.8a 22.5a
10 kg Urea + 11 Teepol
b. Glyphosate (2.2 kg ae/ha) 68.7 3.5a 39a 17.5a
4. Zero tillage, glyphosate 58.8 35a
(2.2 kg ac/ha)
LSD ns 8.3 3.1 5%
C.V. O] 20.0 23.9

1) adopted from Tjitrosemito et al., 1985
2) adopted from Mangoensoekarjo ef al., 1987
3) adopted from Siswanto and Anwar, 1986

The spraying as soon in the Table 1 is very consistenly effective, but still leaves a consider-
able Imperata population, which still necessitate the application of spot spray and wiping. Wiping
may be done using 1% glyphosate, or 2% dalapon, or diesel oil + kerosene at 60:40 mixture.

Recently imazapyr may also be applied, it normally requires 1 month after spraying before
LCC can be planted.

However, when Imperata is killed, the growth of weed seed from unshaded soil will be very
fast, it is very important therefore to control those emerging weeds in the growing Legume Cover
Crop. It requires clean weeding at 2 weeks interval with 8-20 man working days/ha.

3. Old plantation (Replanting and Conversion Planting)

Weeds grow weaker under the shade of old plantation and are easier to control then they are
under full sunlight, therefore, it is suggested to start controlling weeds one year before filling.

When the incidence of "White root disease" (Rigidoporus lignosus) is high, it is better to
cultivate the soil and clean the area from any debris of plant roots and stumps; this condition is also
an advantage for establishment of legume cover crops. However, the lower loss of trees and the
saving in disease control measures after planting may not offset the high cost of stump and root
removal compared with minimum tillage technique, in such situation soil cultivation with accompany-
ing stump and root removal is not suggested.
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The vegetation under old plantation may be classified into the following (Nasution, 1986;
RRIM, 1972):

A,

B.

C.

D.

E.

Useful weeds or vegetations, the growth and establishment of these vegetation should
be encouraged.

Harmless Annual Vegetation, in a normal situation no special effort to control them
is necessary. '

Perennial Vegetation, usually tolerated as "soft grasses”, but when excessive will
require a particular control.

Very Competitive Weeds, should be controlled especially at the early of establish-
ment of young rubber.

Noxious weeds, should be eradicated.

Table 2. List of common weeds in Rubber Plantation. (Modified from Sri S. Tjitrosoedirdjo,
1993).
Group/
Family Species Class
FERNS (Pteridophyte)
1. Blechnum orientale B/C
2.  Cyclosorus aridus B/C
3. Dicranopteris linearis ' D
4. Lygodium flexuosum B
5. Nephrolepis biserrata C
6. Selaginella willdenowii B/C
7. Stenochlaena palustris B/C
8. Taenitis blechnoides B/C

GRASSES (Poaceae)

Axonopus compressus C
Brachiaria distachya D
Brachiaria reptans D
Centhotheca lappacea D
Coelorachis glandulosa D
Cynodon dactylon C
Cyrtococcum acrescens C/D
Cyrtococcum oxyphyllum C/D
Dactyloctenium aegyptium B/C
Digitaria ciliaris B/C

Echinochloa colona
Eleusine indica
Imperata cylindrica
Ischaemum muticum
Ischaemum timorense
Ischaemum rugosum
Oplismenus compositus
Ottochloa nodosa
Paspalum comersonii
Paspalum conjugatum

oRvEeNvEwA-"N--Nesli--Neo!
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Group/

Family Species Class
21. Pennisetuns polystachion D/E
22. Setaria barbata D/C
23. Setaria palmifolia D/E
24. Sporobolus diander D
25. Themeda arguens D/C
26. Themeda villosa D/E

SEDGES (Cyperaceac)
1. Cyperus kyllingia C
2. Cyperus rotundus D
3. Scleria bancana b
4. Scleria ciliaris D
5. Scleria levis D
6. Scleria sumatrensis D
7. Scleria purpurascens D

CLIMBERS
1. Abrus precatorius C
2. Calopogonium mucunoides A
3. Centrosema pubescens A
4, Cardiospermum halicacabum C
5. Desmodium triflorum A
6. Dioscorea nummularia C
7. Ipomoea cairica C
8. Lepistemon binectariferus B
9. Melothria affinis B
10. Merremia umbellata D
11. Mikania micrantha E
12. Fassiflora foetida B
13. Pueraria javanica A
14. Tetracera indica D
15." Tetracera scandens D
16. Trichosanthes walliciana D
17.  Vitis japonica D

SHRUBS
1. Chromolaena odorata D
2. Clibadium surinamense D
3. Clidemia hirta D
4, Cordia curassavica D
5. Diodia sarmentosa D
6. Ficus hirta D
7. Grewia tomentosa D
8. Lantana camara D
9. Melastoma affine D
10. Sida rhomboidea D
11. Sida acuta D
12. Triumfeta rhomboidea D
13. Urena lobata D
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Group/
Family Species Class

MIMOSACEAE

1. Mimosa invisa E
2. Mimosa pigra E
3. Mimosa pudica D
HERBS
1. Ageratum conyzoides B
2. Ageratum haustonianum B
3. Borreria laevis C
4. Borreria latifolia C
5. Cleome rutidosperma B
6. Commelina benghalensis C
7. Commelina diffusa C
8. Crassocephalum crepidioides B
9. Croton hirtus B
10. Curculigo villosa C
11. Desmodium triflorum A
12. Dianella nemerosa B
13. Emilia sonchifolia B
14. Euphorbia hirta B
15. Euphorbia heterophylla C
16. Hyptis capitata D
17. Hyptis brevipes D
18. Phylanthus amarus B
19. Phylanthus reticulatus B
20. Rostellularia obtusa B
21. Stachytarpheta indica D
22. Trimeza martinicensis B

The vegetation may be dominated by either of those groups, or most likely they grow
together with group D and E dominating the vegetation when the plantation is kept with only
minimum maintenance.

Initially weeds of group E and D are normally eradicated at year -1 followed by rubber
tree felling. Weeds of D E groups consisting shrubs and woody weeds are normally eradicated
first. When the density is infrequent it is enough to uproot manually; however, when they are
very dense, Picloram (TORDON 101) at 4-6 It/ha or trichlopyr at 1.2-2.4 kg a.i./ha are more
practical; weeds of D E group consisting of grasses glyphosate at 1.2-1.5 kg a.e./ha are suffi-
cient. The weed of ABC group, when the density is only infrequent up to frequent, paracol at
1.5 1t/ha will be sufficient to keep them from growing, until LCC planting is carried out;
however when they are very dense, they will require glyphosate at 3 It/ha to keep them in check.
When soil is sloping necessary terracing, and other soil conservation measures should be ob-
served (see under forest land) beside road network.

Afier eradication of D, E weeds and felling of rubber trees, it is immediately followed
by lining and holing, i.e. preparation for planting. Legume cover crops are planted in between
rows of holes.

A typical series of activities, when the area is less than 200 ha can be seen in Table 3.
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Table 3. Integrated Imperata control into other activities before rubber planting in PTP XI West Java
(Adopted from Tjitrosemito & Mawardi, 1993)

No. Activities J F M A M ] J A § O N D

Delineating field X .

Fell big trees X X .

Slashed shrubs . . X

Uproot shrubs . . X .

Uproot big trees . . . X

Windrowing-burning . . . ) SN .

Spray Imjperat‘a1 . . . . . X .
Correction spray” . . . . . . X . .
Spot-spray Imperata® . . . . . . . . X . . .
10. Imperata hunting® e
11. Road construction . . . . X

12. Drainage construction . . . . X . .

13. Lining . . . . . . X

14. Soil conservation/terracing . . . . . . . X X X

15. Holing . . . . . . . X
16. Weeding before planting LCC . . . . . . . . X

17. Weeding after planting LCC . . . . . . . . . . . .
18. Circle weeding . . . . . . . . . . . . X
19. Pest/disease control . . . . . . . . . X

20. Fertilization of LCC . . . . . . . . . . .
21. Planting LCC . . . . . . . . . . X
22. Planting rubber . . . . . . . . . . X
23. Fertilization of rubber .

VXN R -

=
4

LI B

1 : using glyphosate at 1.44 kg ae./ha 4 : wiping glyphosate at 1 %
2 : using glyphosate at 0.36 kg ae./ha 5 : using glyphosate at 1.1 kg ae./ha
3 : using glyphosate at 1.1 kg ae./ha (against grasses other than Imperata)

B. Lining and Holing

When the area is cleared of trees, shrubs, and robust grasses, lining and holing can be car-
ried out. When the area is flat line marking is easier. Usually a base line is fixed on the longest
boundary of the area, running from north to south. The base line is made with the help of steel wire
tagged according to interrow distance by extending it from a corner peg and placing a second corner
peg at its end; other pegs are then put in on the base line at each planting point marked on the wire.
In the east-west direction another guide perpendicular to the base line is fixed and tagged with at in
row distance. Starting from the baseline, the wire of inter-row distance is held at its north and south
ends by two men who advance east-west. They stop at each tag on the guide line, while other men
place pegs at the planting point along the wire.

When the area is sloping, the planting rows are established on terraces to follow contour
lines. The distance from centre to centre of adjacent terraces is equal to the normal inter-row in flat
condition. A base line is marked out at right angle to the contour, down an average slope of the area.
Pegs are put in at the interrow planting distance down the length of base line. The slope is usually not
uniform, therefore when the distance between terraces is reduced by 2/3 of the normal distance the
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terrace is terminated; if the distance is more or equal to 1 1/3 normal, anadditional terrace should be
prepared; when the slope is more than 30 %, the plant is planted in individual terraces.

Holes are made by cangkul measuring 60 x 60 cm at the surface, tapered down to 40 x
40 cm at 50 cm depth. Each hole is fertilized with 300 g of rock phosphate.

C. Establishment of LCC

When the availability of labour is low, LCC is planted one year ahead of its crops; however
when the area is only small and the availability of labour is high, LCC and crops can be planted in
the same year.

There are many species of legume cover crops such as Pueraria javanica, P. pashe-
loides, Calopogonium mucunoides, C. caeruleum, Centrosezma pubescens, etc.; but in Lampung and
West Java P. javanica ( at 7.0 kg/ha) and C. caeruleum (1 plant/m) are very common. P. javanica is
planted in 4 rows, i.e. 2 rows are at 1.5 m distance from the rubber rows the next row is 1.0 m apart
with a central rows planted with C. caeruleum. P. javanica is planted at about 122.5 g/m row and
mixed with an equal amount of rock phosphate. Cutting of C. caeruleum is fertilizer with 10 g rock
phosphate/plants and planted at 1.0 m distance.

NURSERY

In nursery, the planters have the greatest opportunity to obtain the best planting materials
through careful selection and appropriate agronomical practices. If farmers do not utilize this oppor-
tunity properly and plant a second grade budded stumps, the farmers will suffer a considerable loss in
the entrepreneurship in the form high cost of maintenance with the accompanying low yields.

There are two nurseries, i.e. for root-stocks and bud-wood. The strict selection of plant
materials from seeds, seedling, grafting, bud form, vigor and careful husbandries on the best envi-
ronment, with adequate moisture and nutrients, free of weeds, pathogens, insect and vertebrate pests
will ensure a healthy, vigorous and strong budded stumps. It is the first pre-requisite of a good
rubber plantation.

1. Root-stock nursery

The process of establishing root-stock nursery involves a series of activities from construct-
ing germination bed, germinating selected seeds, transferring seedlings to a nursery of selected site,
maintenance of seedlings for 4-6 months (for green budding) or 8-12 months (from brown-budding)
until grafted with the appropriate scion.

The site for rootstock nursery is carefully selected, cleared from other vegetation, thorough-
ly cultivated and must be kept weed free until seedlings are planted at 40 x 40 cm double rows; row
distance is 60 cm. Seedlings are planted in holes of 5 cm deep.

Weed management is directed toward clean-weeding in every step of those series of activi-
ties. A greater attention should be observed when seedlings have been transferred to the nursery.
Weed control rotation must be adhered closely. When carried out manually it requires once every 10
days in the first month, once every 15 days in the second and third month, and once at the monthly
interval from the forth month onward until grafting. However, when labor is scarce, chemical control
can also be applied i.e, mixture of alachlor + linuron at 0.5 kg a.i./ha each at 1-5 days after plant-
ing; it is good for about 3 month; after that paracol (paraquat + diuron 0.5 kg ae/ha at 2 monthly
interval are good enough (Yeoh ez al, 1980); Care should be taken to avoid herbicide contact with
the stem and leaf of young rubber.
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2, Budwood nursery

This nursery is directed toward producing sufficient scion to be grafted to young rubber from
the rootstock nursery. The planting materials in the form of stump are planted at 100 x 80 cm. The
size of the nursery has to be calculated carefully to ensure sufficient quantity of scions to be grafted.
One year old bud wood will produce 20 scion/m; bud wood rubber of 1.5 year old having experi-
enced twice cuttings will produce 6-8 new branch each having 3-4 good scion. As the planting dis-
tance is wide than that in root stock nursery, weed management requires a more effort here; basically
it is similar to that of root stock nursery in that it requires also clean weeding.

3. Grafting

There are two types of grafting available, brown and green budding. The technique is simi-
lar, the later one is only recently carried, and is more difficult, but can be done on rootstock of only
4-6 month old. The success of grafting is highly affected by soil moisture condition, when evapora-
tion is producing water deficit, grafting should be postponed until the soil moisture is more favorable.

The maintenance of grafted rootstock may be carried out "in situ” or planted in polybags
before being transplanted to the field. Planting the budded stump in polybag is much favored, as more
maintenance can be carried to ensure a good planting material in the field.

Weed management is directed toward clean weeding both for weeds in the polybags as well
as the surrounding.

FIELD PLANTATION

When the intended field for establishing rubber plantation has been thoroughly prepared and
the budded stump either direct from the root stock nursery after being grafted, or in polybags are
available at sufficient quantity, then transplanting can be carried out.

Transplanting is carried out carefully by considering the topography, planting distance, as
well as whether Legume Cover Crop are planted or not. Planting distances vary from 4 x 5m to
7x3mor 8x2.5m with apopulation of around 500 budded stump/ha.

In any case weed management activities can be differentiated into those rubber plantation at :

a) 0 - 2 years old

b) 3 - 5 years old

c) 6- 15 years old

d) 16 - 25 years old

1. Rubber plantation of 0§ - 2 years old

The activities on weed management are extremely important here. The introduced budded
rubber stump is only around 500 plants/ha, and yet the weed population is almost unlimited. It is
compulsory, therefore, to control vegetation sufficiently to provide enough opportunity for rubber
stump to grow, develop and dominate environment.

The area is usually differentiated between (1) the circle around the introduced rubber and (2)
outside the circle. The circle of 1.0-1.5 m radius around the young rubber is demanded to be free of
weed; and weeding is usually carried out manually through light soil cultivation 10-12 time per year
requ-iring 3-4 MWD/ha. While it seems to require a tremendous labor input, the input will be much
higher when at this stage weed management is neglected.

Outside the circle the vegetation should be managed seriously. When LCC is planted it is
good to follow the following rotation, and done manually by pulling and uprooting the weed: 1st-6th
month requires 8-15 MWD/ha, 6th-12th month requires 5-6 MWD/ha, 12th-24th month requires 4
MWD/ha.
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When weeds of D and E types are present abundantly the plantation is in a very bad situa-
tion. It has been a mistake along the line some where during the pre-planting stages, either cultiva-
tion with nursery, or negligence in later plantation husbandry. In any case weeds of D and E types
must be eradicated.

Imperata cylindrica and other unwanted grasses can be controlled using glyphosate at 2.0-
4.0 kg ai/ha when exists in a dense up to very dense population with blanket spray (dense) or spot
spray (frequent); when the population is only infrequent, wiping using glyphosate 1%, dalapon 2%,
or diesel oil + kerosene mixture at 60+40 is better, while shrubs may uprooted or sprayed with
picloram or triclopyr at 1.2-2.4 kg ai/ha.

2. Rubber plantation of 3 - 5 years old

At this stage the growth of rubber plantation when kept normally at least will have girth
measurement of 8.0 - 10.0 cm. The circles of each trees are joint to form a strip along the row of
rubber trees. '

Weed control in strip, or rows, will be much more intensive before manuring. As at this
stage the population of weeds in strips has gone up also, chemical control is usually more frequently
applied. Weed management in between rows is directed eradication of D and E types of weeds.

3. Rubber plantation of 6 - 15 years old

When the standard practice of plantation husbandry is carried out normally, at this stage the
plantation should have been capable. The canopy is closing reducing the light penetration. The popu-
lation of LCC is reduced so is the population of weeds. As rubber also experience leaf falling during
the dry season, the population of D and E types should always be observed.

4. Rubber plantation of 16-25 years old

The strip weed population still require contro, weeds of D and E types are not allowed to
grow but toward the year of 20th the vegetation is allowed to grow in between rows as at this stage
the rubber is close to replanting again.
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Current Status of
Rice Herbicide Use in the Tropics

Nai-Kin Ho

Muda Agricultural Development Authority
(MADA) ALOR SETAR 05050 MALAYSIA

Abstract. Chemical weed control for rice in the tropics began with the use of the
chloroplenoxy herbicides in the 50s. MCPA and 2,4-D were used routinely in
transplanted wetland rice for controlling broadleaved weeds and sedges. Propanil was
introduced subsequently in the mid 60s as post-emergence control of annual grasses
such as Echinochloa crus-galli and Leptochloa chinensis. Over the past decades,
intensive research has led to the discovery, development and marketing of the wide
spectrum of rice herbicides in the tropics. Those used include bensulfuron methyl,
pyrazosulfuron-ethyl, cinosulfuron, bentazon, butachlor, piperophos thiobencarb,
quinclorac, fenoxaprop-ethyl, molinate, pretilachlor oxadiazon, piperophos,
dimethametryn, bifenox, pendimethalin and oxyfluorfen. The switch from transplanted
to direct-seeded rice in recent years has triggered more weed infestation in tropical
rice. Herbicides are the only logical alternative for weed control in direct-seeding
culture; however, continuous herbicide application causes a distinct shift in the weed
flora from annuals to perennials. Repeated use of the same herbicide also results in the
development of herbicide tolerant strains or resistant biotypes. Increasing herbicide
usage has created concern regarding hazards to rice farmers' health. In the next
decade, rice herbicide use in the tropics is expected to expand further because of
increasing popularity of direct-seeded rice in the irrigated areas. It is therefore
imperative to evaluate the impact of herbicides from the perspective of social
implication such as potential environmental and health costs. Experiences of integrated
weed management in malaysia reveal that it is possible to reduce herbicide application
through farmers' education with emphasis on proper cultural practices and good water
management.

Keywords: Herbicides, Weed Shift, Direct seeding.
Introduction

The successful synthesis of phenoxy derivatives in the 1940s triggered a significant
change in rice weed management in the tropics. The herbicide 2, 4-D (2, 4-
dichlorophenoxy acetic acid) was initially tested in the Philippines in 1948 to eradicate
weeds in lawns and pastures, and subsequently tested for weed control in rice. Other
herbicides and growth inhibitors were subsequently studied in 1955 (Mercado, 1979).
In Thailand, 2, 4-D was considered as the only promising herbicide for the rice crop
when it was introduced in the late 50s (Teerawatsakul, 1981). In Malaysia, chemical
control for rice began with the use of 2, 4-D amine in the early 60s in the Muda
Irrigation Scheme. However, herbicide usage was limited. The introduction of the
wettable powder formulation of 2, 4-D butyl ester in the early 70s gave the impetus
needed to boost the use of herbicides. This product was commonly hand broadcast in
the rice fields together with urea and other granulated insecticides at 15 - 25 days after
transplanting (DAT), thus saving time and labour for separate pesticide application (Ho,
1983). In Indonesia, progressive rice farmers in North Sumatra started using MCPA
(2-methyl 4-chlorophenoxy acetic acid) to control broadleaved weeds and sedges in
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1972. Farmers subsequently switched to 2, 4-D in 1978 due to shortage of MCPA.
Indonesian farmers preferred the use of 2, 4-D because the price was lower and it did
not require sprayers for application (Sundaru, 1981).

Since the introduction of phenoxy compounds four decades ago, intensive herbicide
research has led to the discovery, development and marketing of a wide spectrum of
herbicides. This has paved the way for wider herbicide use for rice-cultivation in the
tropics (Table 1). This paper deals with some aspects of the current status of herbicide
use in transplanted and direct seeded rice. Future challenges in chemical weed
management in the tropics are also discussed.

Status of Herbicide Use in Transplanted Rice

Manual weeding is still commonly practised in transplanted rice. However,
manual weeding is laborious and expensive. Moody (1994a) reported that weeding
transplanted rice once at the appropriate time required approximately 25 labour
days/ha. Therefore, the use of herbicides is more practical, effective and economical
than manual weeding in achieving weed control and reducing crop losses.

In the tropics, the chlorophenoxy herbicides 2, 4-D and MCPA are used as routine
weed control measures for sedges and broadieaved weeds in transplanted wetland rice.
The most common formulations are the sodium and potassium salts available as water
soluble powder or water-soluble liquid. Propanil was introdused in the mid 60s as a
post emergence contact herbicide for grassy weed control (De Datta and Herdt, 1983).
Extensive studies conducted subsequently over the past three decades revealed that
herbicides suitable for use in transplanted rice include bensulfuron-methyl,
pyrazosulfuron-ethyl, bentazon, butachlor, 2, 4-D, MCPA, piperophos + 2, 4-D,
propanil, thiobencarb, quinclorac and fenoxaprop-ethyl (Moody, 1994b).

In Malaysia, 2, 4-D isobutyl ester and 2, 4-D amine are more popular than the
other phenoxy derivatives. Approximately 95% of rice farmers who practised chemical
weed control in the Muda Irrigation Scheme use these two herbicides for post
emergence weed control in transplanted fields against sedges such as Fimbristylis
miliacea (L.) Vahl, Cyperus difformis Linn, Scirpus grossus Linn.f. and annual
broadleaved weeds such as Monochoria vaginalis (Burm.f) Presl, Sagittaria guyanensis
Humb and Limnocharis flava (L.) Buch (Ho and Md. Zuki, 1989). The extensive use
of 2, 4-D compounds for post-emergence application has enabled the Muda farmers in
Malaysia to keep the annual sedges and broadleaved weeds under control. However,
aquatic ferns, such as Marsilea minuta and Salvinia molesta D.S. Mitchell, which are
tolerant to 2, 4-D, remain problematic in the transplanted fields (Ho, 1991). In the late
80s and early 90s, sulfonylurea herbicides became popular because of their excellent
control over M. minuta, S. molesta and Sphenoclea zeylanica Gaertn (Ho, 1994).

In the Philippines, selective herbicide such as butachlor and thiobencarb are
popular as pre-emergence and post-emergence herbicides for annual grassy-weed
control. Remarkable selectivity against Echinochloa and other weeds species make
thiobencarb an excellent herbicide for transplanted rice (De Datta and Herdt, 1983).

In Thailand, 2, 4-D and butachlor are the most popular herbicides based on the
total quantity imported. The most common herbicides used for transplanted rice are
thiobencarb, bifenox, butachlor, CNP, oxadiazon, piperophos, dimethametryn and
bensulfuron methyl. These herbicides are generally applied 5 - 8 days after
transplanting. The effectiveness of these herbicides are very much dependent on the
maintenance of suitable water level in transplanted rice (Vongsaroj, 1993).

In Indonesia, the application of slow-release formulations of thiobencarb and
butachlor is currently being studied. Preliminary investigations indicate that although
these chemicals do not give better weed control than the existing commercial
formulations, they are more compatible with integrated fish-rice culture (Suyud, 1992).
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Status of Herbicide Use in Direct Seeded Rice

In recent years, the increase in irrigated areas, inexpensive herbicides,
development of early-maturing modern varieties, knowledge on efficient fertiliser
management, and socio-economic constraints encouraged many farmers in the
Philippines, Thailand and Malaysia to switch from the traditional transplanted to direct-
seeded rice culture; (De Datta, 1986). Escalation of transplanting cost and shortage of
farm labour provided further impetus to widespread adoption of the labour-saving direct
seeding technique in South East Asia.

Weed control is more critical and difficult in direct-seeded rice than in transplanted
rice. This is because of the similarity in size and morphology of rice seedlings and
grass weeds of the same age (De Datta and Bernasor, 1973). Yield losses due to
uncontrolled weed growth at IRRI, Philippines were on an average 9% higher in wet-
seeded rice than in transplanted rice (Moody, 1983). In dry-seeded rice, weed
problems are more acute than in other rice cultures because a lack of water at early
crop establishment stage triggers more weed infestations. Moody and Cordova (1985)
reported that herbicides are the only logical alternative for weed control in wet-seeded
rice.

In Malaysia, virtually all the rice farmers who practised direct seeding in the Muda
area adopted chemical weed control (Table 2). Herbicides commonly used for grassy
weed control in the direct seeded fields are propanil, propanil + thiobencarb,
pretilachlor + safener, quinclorac, molinate, molinate + propanil and fenoxaprop-p-
ethyl (Ho, 1994). Baki and Azmi (1992) reported that pretilachlor at 0.5 kg ai/ha
applied 3 - 5 DAS, or a mixture of molinate + 2, 4-D IBE (2.5 + 0.5 kg ai/ha);
molinate + bensulfuron (2.5 + 0.03 kg ai/ha); thiobencarb + 2, 4-D IBE (2.5 + 0.5
kg ai/ha); oxadiazon + 2, 4-D IBE (0.5 + 0.5 kg ai/ha); propanil + molinate (2.5 +
0.5 kg ai/ha) and cinosulfuron (0.04 kg ai/ha) applied at 8 - 10 DAS on moist or
moderately inundated field conditions (5 - 10 cm depth), can control a broad spectrum
of sedges, grasses and broadleaved weeds.

In the Philippines, the shift to wet-seeding resulted in a
shift to herbicide use (Casimero et al, 1994). Studies conducted in Nueva Ecija
revealed that 71% rice farmers who practised wet-seeding used only chemical control,
whereas 52% of farmers who transplanted their crops used only herbicides for weed
control (Table 3) (Erguiza et al, 1990). The herbicides most widely used in the
Philippines are butachlor and thiobencarb (De Datta and Flinn, 1986).

In Thailand, some commonly used herbicides are butachlor, thiobencarb,
oxadiazon, piperophos and dimethametryn (Vongsaroj, 1987). Bifenox and oxadiazon
are often used after the rice seeds have been broadcast in dry-seeded, wet-seeded and
deep water rice. Herbicide combinations such as 2, 4-D + propanil, propanil +
molinate and propanil + thiobencarb are applied when weeds reach the 2 - 3 leaf stage.
For upland rice, bifenox, pendimethalin, oxadiazon and oxyfluorfen are used after
seeding (Vongsaroj, 1987).

Issues Related to Herbicide Use
a) Weed Shift

Reliance on a single herbicide could result in quantitative changes in the
structure of the weed population in as few as 5 years (Mahn and Helmecke.
1979). In the tropics, a distinct shift in the weed flora from annuals to
perennials occur after continuous herbicide application. Repeated applications
of herbicides in the Philippines have resulted in Echinochloa crus-galli and
perennial sedge became increasingly dominant (Vega et al, 1971; De Datta,
1977). Annual weeds in the early croppings were replaced by the perennial
grass Paspalum distichum L. after continuous treatment with piperophos + 2,
4-D, pendimethalin and butachlor (Janiya and Moody, 1987).
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In Indonesia, the population of Echinochloa crus-galli (L.) Beauv is
increasing in transplanted rice with the continuous use of 2, 4-D and
metsulfuron methyl for broadleaved weed control (Moody, 1991).

In the Muda area of Malaysia, continuous use of 2, 4-D applied as post-
emergence control has caused the suppression of the easy-to-control weeds such
as Monochoria vaginalis and Fimbristylis miliacea, resulting in a distinct
dominance of Echinochloa crus-galli, Sphenoclea zeylanica, Marsilea minuta,
Cyprus iria and C. babakan. The application of pretilachlor with fenclorim as
safener has shown remarkable crop selectivity and bio-efficacy in grassy weed
suppression, but provided a conducive environment for Sagittaria guyanensis
and M.minuta to prevail (Figure 1). Molinate suppresses E. crus-galli, but
results in escalated infestation of Leptochloa chinensis (L.) Nees and Ischaemum
rugosum Salisb (Ho, 1991).

b) Herbicide Resistance

Herbicide tolerant strains or resistant biotypes could evolve through
repeated use of the same herbicide over a long period. Le Baron and Mc
Farland (1990) revealed that there are 113 weed biotypes which are resistant to
the 15 classes of herbicides in the world. A few of these are claimed to have
evolved resistance to some herbicide classes by cross resistance.

In South-east Asian rice fields, the 2, 4-D tolerant biotype of Sphenoclea
zeylanica was first reported in the Philippines (Migo et al, 1986). Subsequent
studies by Mercado et al (1987) reported that this tolerance is attributed to the
thicker cuticle observed in the third and fifth leaf position which possibly
resulted from continuous use of 2, 4-D.

In the Muda area of Malaysia, a 2, 4-D resistant biotype of Fimbristylis
miliacea was first detected in 1989 in a farmer's field where 2, 4-D has been
seasonally applied since 1975 (Ho, 1992). Subsequent studies conducted by
Watanabe et al (1994) indicated that the resistant biotype recovered after the
application of 2, 4-D amine at 16 times strength over the recommended dosage.
This resistant biotype showed cross resistance to other phenoxy compounds such
as 2, 4-D isobutyl ester, 2, 4-D sodium salt and MCPA.

¢) Herbicide Poisoning

In recent years, increasing use of herbicides in rice cultivation has created
concern regarding the hazards to the health of rice farmers. In Malaysia, a
recent survey on pesticide usage and associated incidence of poisoning in the
Muda area indicated that herbicides were most commonly used when compared
with insecticides, fungicides and rodenticides. Approximately 51.3% of the
responding farmers reported that they had experienced symptoms associated
with pesticide poisoning. The highest incidence was due to herbicide
application alone (24.8%), followed by insecticides (14.7%). Farmers rarely
experienced poisoning symptoms due to rodenticides or fungicide. Headache
and dizzeness (71.6%) were most commonly experienced by the respondents.
The types of herbicide identified by farmers and spray operators were 2, 4-D,
paraquat, molinate and metsulfuron methyl (Ho et al, 1990).

In the Philippines, studies conducted by Rola and Pingali (1992) found that
the use of phenoxy derivatives was linked to the incidence of pterygium (eye
irritation), bronchial asthma, pulmonary disorders, low haemoglobin and
polyneuropathy. The reported incidence of pterygium in the surveyed villages
was five to seven times greater than that in the control villages that did not use
herbicides in rice production.
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Outlook of Herbicide Use in the Tropics

In the next decade, it is envisaged that rice weed management will not differ
drastically from current practices. However, the area treated with herbicide is expected
to expand because of the increasing popularity of direct seeding in the irrigated rice
areas (Moody, 1994b). In the tropics, the rice herbicide market is expanding.
Woodburn (1993) reported that herbicide use in Thailand has increassed dramatically in
the late 80s and early 90s. Products such as bensulfuron methyl, pretilachlor and
Jenoxaprop ethyl have benefitted although the old herbicides 2, 4-D and butachlor
remained important. A similar trend is being observed in Malaysia (Ho, 1994).

The adoption of herbicides is very much dependent on the return of input
investment relative to other weed control measures. Ampong Nyarko and De Datta
(1991) showed that the marginal benefit - cost ratio of chemical weed control in
transplanted rice was 16 : 1 whilst that for manual weeding was only 3.3 : 1. The
relative cheapness and efficacy of herbicides and their contribution towards reducing
drudgery in manual weeding is indeed a remarkable achievement in modern rice
cultivation. However, it is imperative to evaluate the impact of chemical weed
management technologies from the perspective of social implications of herbicide use.
1§ome of the potential environmental and health costs listed by Naylor (1994) are as

ollows:-

Chronic health and environmental damage associated with the contamination of
ground and surface waters

Herbicide residues in food chains

Increased mortality and alteration of population among the flora and fauna in the
rice agro-ecosystem '

Occurrence of weed shifts and herbicide-resistant weed
Elimination of beneficial plants as refuge for biological agents.

Over-reliance on herbicides discourages the development of other weed
management alternatives. This will seriously hinder any reduction of dependence on
herbicides (Moody, 1994). Integrated weed management (IWM) which emphasises the
integration of several weed control measures applied simultaneously (Moody and De
Datta, 1982) is the best approach from the agronomic, economic, social and ecological
standpoints. In the Muda area of Malaysia, the successful launching of a large-scale
campaign during 1989 based on the IWM concept reduced Echinochloa infestation by
66 % and increased rice yields by 27% (Ho et al, 1990).

Lessons learnt from continuous monitoring of weed-rice interaction in the Muda
area of Malaysia indicated that the total eradication of weeds is not practical in the rice
agro-ecosystem. The removal of the last 5% of weeds remaining in the rice fields is
usualy not cost effective. Besides, additional herbicide usage for total weed control
creates concern about environmental side effects.

Although the use of herbicides is more widespread and expenditure in chemical
control per hectare has increased (Table 2), the total quantity of herbicides used in the
Muda area, Malaysia has declined in recent years (Figure 2). This is because
improvement in cultural practices has reduced the frequency of herbicide application.
Studies in the Muda area showed that farmers practising proper land preparation and
good water management could manage their weed problems with only one round of
herbicide application, whereas farmers adopting poor cultural practices usually apply
herbicides 3 to 4 times per season to control weeds (Ho, 1994). Besides, the
widespread adoption of pretilachlor (0.5 kg ai/ha), fenoxaprop-p-ethyl (0.06 kg ai/ha)
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to replace molinate (3.0 kg ai/ha), and the use of sulfonyl urea compounds (0.004 to
0.05 kg ai/ha) to replace 2, 4-D (0.8 to 1.0 kg ai/ha.) also helps to reduce herbicide
usage and fish toxicity problems in the rice agro-ecosystem.
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Table 1 : Herbicides Used in Tropical Rice Fields

Herbicides Rate Time of
(kg ai/ha) Application
Bensul furon 0.05-0.07 6 - 8 DAT or DAS
Bensulfuron + 0.0165 + 5 - 18 DAT,
metsulfuron (P) 0.0035 10 - 18 DAS
Bentazon 0.75-2.0 10-15 DAT or DAS
Bentazon + MCPA (P) 0.8 + 0.12 15-20 DAT or DAS

Bentazon + Propanil (P)
Bifenox
Bifenox.+ 2.4-D

Butachlor

Butachlor N safener (P)
Butachlor + 2,4-D
Butralin

2, 4-D

Cinosulfuron
Chlorimuron ethyl

Chlorimuron ethyl +
metsulfuron

CNP

EPTC + 2,4-D

Fenoxaprop - ethyl
MCPA
Molinate

Molinate + Propanil (P)

1-1.3+2-2.7

2.0

2.0 + 0.66

1.5 - 2.0

0.008

0.004+0.004

2.0

1.2 + 0.6
0.04 - 0.18
0.5 - 0.8
2.5 - 4.3

2-2.3+2-2.3

15-20 DAT or DAS

6 DAS
6 DAS
3 - 7 DaT,
6 - 8 DAS
3 Das
6 - 8 DAS
4 - 6 DAS

15-25 DAT, 20 DAS
8 - 10 DAS
20 DAT or DAS

21 DAT or DAS

3 DAT or 5 DAS

7 - 10 DAT or
10 - 15 DAS

26 - 30 DAs
20 DAT or DAS
3-6 DAT, 8-10 DAS

10 - 14 DAS
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Herbicides Rate Time of
(kg ai/ha) Application
Oxadiazon 0.75 - 1.5 10 - 14 DAS
Oxadiazon + propanil (P) 0.5 + 1.5 10 - 14 DAS
Oxyfluorfen 0.24 3 - 6 DAS
Pendimethalin 0.75 - 2.0 6 DAS
Pendimethalin + 2.6 + 1.07 8 - 10 DAS
propanil (P)
Piperophos + 0.4 + 0.1 4 - 6 DAS
dimethametryn
Piperophos + 2,4-D(P) 0.3 + 0.2 6 - 8 DAS
Pretilachlor + 0.3 - 0.45 0 - 4 DAS
safener (P)
Propanil 3 -4 10 - 14 DAS
Pyrazosulfuron 0.015-0.030 3-14 DAT,7-14 DAS
Quinclorac 0.25 - 0.50 0-5 DAT, 7-14 DAS
Sethoxydim 0.2 25 - 30 DAS
Thiobencarb 2 -3 10 DAS
Thiobencarb + 2,4-D(P) 1.2 + 0.6 7 - 14 DAT,
10 - 14 DAS

Thiobencarb + 0.5 - 1.0 10 DAS
propanil (P) 1.4 - 2.8
Trifluralin + 2,4-D(P) 0.6 + 1.0 10 - 15 DasS
DAT - days after transplanting

DAS - days after seeding

(P) - Proprietory product
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Table 2

Comparison of Herbicides Usage under different

crop Establishment Methods (first season) in
the Muda area, Malaysia.

Source : MADA (1994)

1988 1994
Farmers' Weed
Control Trans- Direct Trans- Direct
planting Seeding planting Seeding

Average Herbicide 4.8 24.8 6.0 48.0
cost (US$/ha)
Farmers using 82 98 86 100
herbicide (%)
Frequency of 1.2 2.9 1.0 2
herbicide application (1 - 2) (2 - 4) (1) (1 - 3)

(rounds/season)

* Figures in parentheses denote the range of herbicide
application frequency

Table 3 : Weed Control practices by crop establishment method
Nueva Ecija, Philippines, 1986 Dry Season (Adapted from Erguiza

et al 1990)
Transplanted Broadcast-seeded
Weed Control flooded

Method
Farms (no) % Farms (no) %
Manual only 9 8 0 0
Chemical only 57 52 44 71
Combination of 37 34 17 27
None 7 6 1 2
Total 110 100 62 100
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Fig. 1: CHANGES IN WEED DOMINANCE
AFTER CONTINUOUS HERBICIDE APPLICATION IN THE MUDA AREA

% weed coverage ** |

100%
Before pretilachlor After pretilachlor 90%
application * application *

80% |
60%
60%
40%
20%
5%
0%
1/89 2/89 1/90

Season

B Echinochloa crus-galli Sagittaria guyanensis

* Continuous application of pretilachlor + safener (0.5 kg ai/ha)
** Weed assessment at 50 - 55 DAS

% weed coverage **

0
100% Before molinate After molinate
application * application *

80%

80%

60%

40%
22%

18%

20%

0%
1/92 2/92 2/93

Season

B Echinochloa crus-galli Leptochloa chinensis

* Continuous application of molinate (3.0 kg ai/ha)
** Weed assessment at 50 - 60 DAS
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LONGTERM DIRECTION OF HERBICIDE USE IN PADDY FIELDS IN KOREA

JA OCK GUH" AND YUN-JIN OH™

* College of Agriculture, Chonnam National University, Kwangju 500-757, Korea
** National Youngnam Agricultural Experiment Station, RDA, Milyang 627-130, Korea

Abstract : Due to rapid industrialization since the 1970s, farm labour has decreased and
the amount of herbicide use has drastically increased. In the 1970s the annual herbicides
of diphenylethers and acid amides were widely used, there by in the 1980s perennial
weeds dominated in paddy fields. "One-shot herbicides”, combinations of two or three
herbicides including sulfonylureas, were used to control annual and perennial weeds at
the same time by application during the growing season. Ideally, these combination
products should maximize the synergistic effect of each herbicide so that the amount
applied to a given area can be decreased. However, since weed species in a rice field
may not need such broad coverage, the combination products are not always ideal in it.
Thus, intensive use of these herbicides can actually increase the soil contamination in a
long term. Especially in Korea, the sudden change in the cultural system from
transplanting to direct seeding gives rice longer growing season in fields and induces
weed species which become tolerant to combination herbicides. Under such conditions
control of weeds connot be achieved with the existing combination products. To improve
efficiency of rice herbicide use the following should be considered: (D re-establishment
of crop-weed competitive relationship in different cultural systems (in relation to
sequential application); @ restraint of imprudent use of one-shot herbicides and
sequential application of herbicides: @ development of reduced use technology to
minmize environmental contamination: @ rotation of herbicides with different modes of
action: ® development of specific herbicides for certain weeds: ® development of
foliar—applied herbicides: and @ development of an herbicide use technology toward
integrated weed management.

Key words : direct seeding rice, weed problem, one-shot herbicide, sequential application
tanc-mix, IWMS, rotation application

I. Introduction

Rice in Korea is grown on 1.2M Ha. or 52% of total cropping acreage. Thus, rice is
the single most important crop representing 43% of agricultural gross income of farmers
with more than 115Kg of annual per capita consumption.

Rice production in Korea today is being placed in very difficult socio~economic
situations due to rapid decrease in rural population, poor labor quality, high wages of
rural society and shrinking to 3-D(difficult, danger, and dirty) agricultural works.

Self-sufficiency of rice had been one of nation’s goals for decades until 1977 when it
was achieved through breeding of high-yielding varieties and improved -cultural
practices. As the result of continuous national researching for technical innovations, the
production of rice has been maintained above the level of self-sufficiency resulting in
surplus availability particularly, during the last few years.

On the other hand, rice production in Korea today is faced with critical challenges
due to @ oversupply of rice, @ changes of farm demographics to fewer and older farm
population, and @ weakness in competing with international rice market. In order to
overcome those internal as well as external challenges, rice production in Korea will
have to go through significant changes in cultural practices nowaday and in the next
few years. Accordingly, an urgent goal is the reduction of production cost by improving
of labor productivity in rice cultivation.
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Until recent years, the most important target of rice culture was maximum yield,
whereas in these days it was changed to economic yield that minimize the production
cost.

Since 1990, Rural Development Administration(RDA) has introduced so-called
"machine-transplanting of infant seedling(8 to 10 day-old)”. More recently,
direct-seeding and minimtill/no-till rice are under development to improve
competitiveness of Korean rice in the open market. It will be an interesting task to
identify key issues related to rice production in Korea in the future. '

In comparing the productivity of labour and land, the land productivity of Korea is
not significantly lower than that of California but the labour productivity of Korea is far
below that of California. This is probably due to the condition of small-scaled farming,
in which large machinery is not practicable and land is not adjusted for. Therefore, the
situations should be improved and the cultural system should also be transferred to
direct seeding method.

II. Review on the Changes of Rice Culture Systems

Machine transplanting was introduced in the late 1970s with 30-35 days old
seedlings. Before hand, the conventional hand transplanting was used with 40-45 days
old seedling. From the viewpoints of weed control, there were 2 major concems; @
herbicidal phyto-toxicity increased as the age of seedling was younger and transplanting
depth was shallower, and @ the infestation area by perennial weeds, typically Sagittaria
pygmaea, Cyperus serotinus, Eleocharis kuroguwai, etc. were significantly increased.

New herbicides were screened for the younger rice seedling and one-shot herbicides
with SU were successfully be introduced since 1983.

Machine transplanting has significantly increased during 1980s. And, the age of
transplanted seedling was declined to be younger up to 8 days. Nowadays, it is
estimated that more than 95% is transplanted by machines and more than 50% of the
acreage is with 8 days old seedling.

In order to save labour for nursery beds, the new technology of using 8-day old
seedling was introduced in 1990, instead of conventional 30-day old seedling. In the
early days, herbicide phyto-toxicity was a serious concern with 8-day old seedling.

However, the 8-day old seedlings have shown much stronger tolerance to most
herbicides than 30-day old seedlings, and the reason was found to be the active
endosperm attached to the 8-day old seedling at the time of transplanting.

On the other hand, direct-seeding practice has been be introduced since 1991.
Follows are the trend of seeded acreage during the last 4 years.

The most crititcal factors for success of direct-seeding are O weed control in early
growing stage and @ stable maturity as the growing period is longer than in
transplanting,

In direct seeding under dry paddy condition, an effective weed control is the most
serious problem. Since it has maintained under dry condition up to 30 days after
seeding, both lowland and upland weed species will exist at the same time. Even though
fields would be irrigated after seedling stand of the rice plant, water is easily leaching
down from the soil surface. This may provide more chance to germinate the weed
species. Also, dry paddy condition also result in weed shift to annual grass weeds such
as Echinochloa crusgalli, Oryza sativa spp. spontanes, Leptochloa chinensis, Setaria
viridus, Eleusine indica, Digitaria sanguinalis, etc.

The practical weeding method in direct seeding under flooded condition is a similar
to the transplanted rice cultivation except seeding procedure. There are two kinds of
different seeding methods under flooded condition, which are such as water soil surface
broadcasting and water subsoil drill seeding. In case of water soil surface broadcasting,
the rice plant during reproductive and ripening stage might be easily lodged by the
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wind or typhoon while water subsoil drill seeding would not be as shown in Table 4.

Under the flooded direct-seeding, effective weed control is still a challenge due to
phyto—toxicity of herbicides. Tank~mixes of propanil with butachlor and pendimethalin or
being developed for weed control at early growth stage. In order to overcome the issue
of extended growth period, the direct-seeding is currently being recommended in
southern area. In longer term, development of early maturing varieties is required.

It is said that Korea is in a transition stage from transplanting to direct-seeding.
The future planting system largely depend on successful introduction of direct-seeding
under farmer’'s condition. The gov’t has a very strong desire to expand the acreage of
direct-seeding in future as it provides an opportunity for more economic rice production
in Korea, Critical factors for successful direct-seeding may be;

- Establishment of efficient seeding method.

-~ Prevention of lodging.

- Establishment of seedling stand under flooded direct-seeding

- Establishment of effective weed control programs.

~  Development of new rice varieties suitable for direct-seeding; lodging resistance
and shorter growing period.

Actually, Korea has the potentialties in acreages to increase the direct seeding
systems by region as shown in Table 2.

III. Review on Major Problem Weeds and Weed Control Systems

There is a great difference in weed occurrence among different rice growing
systems.

In hand translanting major dominant weed species are Echinochloa crusgalli, Scirpus
juncoides, Monochoria vaginalis, Aneilema japonica, and Ludwigia prostrata as annual
weeds while as perennial weed species Eleocharis kuroguwai and Cyperus serotinus are
predominant. On the other hand, there are more predominant annuals including. Scirpus
Jjuncoides, Echinochloa crusgalli, Cyperus difformis, Aneilema japonica, Monochoria
vaginalis, Polygonum hydropiper, Ludwigia prostrata and Rotala indica, and perennials
such as Eleocharis kuroguwai and Cyperus serotinus are dominant in transplanted rice
with semi-adult seedling.

In the rice field transplanted with infant seedling, dominant weed species are
Echinochloa crusgalli, Cyperus difformis, Monochoria vaginalis, Aneilema japonica,
Persicaria hydropiper, Lindernia procumbens as annual weeds, and also Eleocharis
kuroguwai and Cyperus serotinus of perennial weeds are predominant like the field
transplanted with semi-adult seedling cultivation.

Unlike in transplanted rice, dominant weed species in direct seeding would be
different in lowland rice field. '

In general, Alopecurus aequalis, Echinochloa crusgalli, Cyperus difformis, Monochoria
vaginalis, Aneilema japonica, Persicaria hydropiper, Lindernia procumbens, Rotala
indica, Persicaria hydropiper, Ludwigia prostrata, Aeschynomene indica, Eragrostis
multicaulis, and Centipeda minima as annuals, and Eleocharis kuroguwai and Cyperus
serotinus as perennial weeds were dominant in water seeded rice.

In particular, dominant weed species are quite different in direct seeding under dry
condition. There are predominant weed species such as Alopecurus aequalis, Cardamine
flexuosa, Stellaria alsine, Mazus miquelii, Echinochloa cursgalli, Scirpus juncoides,
Cyperus difformis, Lindernia procumbens, Aneilema japonica, Rotala indica, Persicaria
hydropiper,  Ludwigia prostrata, Lindernia  angustifolia,  Centipeda minima,
Aeschynomene indica, Eragrostis multicaulis, and Digitaria sanguinalis as annual
weeds, and also perennial weed species like Eleocharis kuroguwai and Cyperus
serotinus are dominant.
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IV. Evaluation of Weed Control Systems
-Based on Herbicide Use-

A. Reestablishment for critical period of competition according to change of rice
culture systems

Direct seeding method will undoubtly result in drasic increment of weed growth
compared with transplanting method, and also will shift to the troublesome weed flora.
The important troublesome weeds in direct seeded rice will be Echinochloa spp.,
Digitaria spp., annual Cyperus spp., Leptochloa spp. and Setaria spp., etc. Addition to
that, some annual broadieaf weeds such as Aeschynomene spp. which is not an
important weed in transplanted rice may be an important weed, and flooded direct
seeded rice will be suppressed by occurrence of algae. Therefore, new integrated weed
management concept including reestablishment of critical period concept in weed
competition due to shifting of cultural methods might be needed to approach an effective
weed control in direct seeded rice filds.

The Figures 1 show the critical period of compettition newly established under
different cultural systems of rice in Honam district.

The critical period of competition in convertional hand-transplanting is not clear. In
this system the critical competition with weeds can be avoided either by herbicide
application at 4 weeks or 8 weeks after transplanting. Thus, satistactory control of
weeds can be acheived by treatment as soil application or foliar application. The similar
trend was observed in transplanting with young seedlings(8-day old), in which weed
control can be satistactorly achieved by a treatment at either 5 or 7 weeks after
transplanting.

However, in water seeded rice weed control is required from 5 weeks after seeding
and the required critical periodc of weed-free is about 7 weeks from seeding. This
indicates that the period of weed control is longer; thus, one application of herbicide
with one-shot or foliar application is not enocugh to control weeds satisfactorily,
therefore, sequention applicatic is needed to control weeds in water~seeded rice.

In dry seeded rice weed occurence including upland weeds is much more severe.
Therefore, it is necessary to apply a herbicide one time during the first dry period and
two times after flooding.

B. Appraisal of onc-shot herbicides

One-shot herbicides are premixtures with more than two herbicides which have
different target weeds. They are designed to obtain satisfactory control of weeds by one
application during the whole season. However, there are two purposes to once use of
one-shot herbicides. First, they should be designed to control the broed spectrum of
weeds by applying smaller amount of each compound because they must have
synergistic or additive effect. The second point is to save labours by reducing the
number of application doing in the season, though there is no additive or synergistic
effects expected. Most of one-shot herbicides or premixtures in Korea are desigsned to
save labours.

In Korea the herbicides registered in rice 1994 are 54 products, of which 12 products
are single and 42 products are double or triple combination. During the past 10 years
the combination products are onesidely registered.

The products registered in dry seeded use are butachlor, Giljabi(propanil +
pendimethalin), Satanil(propanil + thiobencarb), Momanna(Propanil + molinate), and those
in water seded rice are Dubaenon(dithiopyr + bensulfuron), Ddazi (pretilachlor +
fenclorm).

Most of one-shot herbicides are not adopted to direct seeded rice because of the time
of weed emergence, different weed spectrum, and crop growth stages. But in the near
future the herbicides for sequential application may be developed for direct seeded rice.
In general most of one-shot herbicides have weed spectrum that are overapped by each
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herbicides, except for barnyardgrass(Echinochloa crus-galli.). In addition, one-shot
herbicides are well coincided with farmers convenience in terms of application time for
most annual and perennial weeds expected from the overall situations.

Unlikely, in survey of weed occurence from 111 farmers fields, perennial weeds were
found to be problems in only 35 fields(31%). In other words, the fields with problems of
annual weeds were represented 69%, suggesting that one-shot herbicides may not be
necessary in some fields and that application of one-shot herbicides induced more
impact of herbicides increase of soil residues and contamination possibiity, there by
affecting economic loss to farmers. In the United States, tank-mix treatments are widely
used to broaden the spectrum of weed control, but in Asia(Korea), one-shot herbicides
cause same problems because they are used for convenience and laboar saving., Thus,
tankmix treatments should be reconmended for farmers practices.

V. Longterm Tasks for Sequential Application Systerm of Herbicide
- for large-scale farming of direct seeding -

The merits in use of herbicides are as follows [Table 6]

In order to utilize rationally the merits of herbicide use, the herbicides to be
developed should be met with the following conditions [Table 7].

From these points of view the tasks in large-scale farming in Korea are to be
suggested as follows.

A. Development of herbicides for control of resistant weeds

As rice culture system is transferved from hand and machine transplanting to direct
seeding, the distribution ratio of annual grass and brodaleaf weeds has been increasing.
Especially, the dominant weeds in water seeded rice are Alopecurus aequalis, Aneilema
Jjaponica, Aeschynomene indica, Leptochloa spp., Lindernia procumbens, Centipeda
minima and  Eragrostis multicaulis, and those in dry seeded rice are Alopeculus
aequalis, Cardamine flexuosa, Mazus miquelii, as winter annual weeds, and most noxious
trobblesone weeds as in water seeded rice.

Most of weeds dominant in direct seeding are tolerant to the existing rice herbicide.
B. Development of special formulation

Most of rice herbicides are formulated in granular types, becomse of small rice
acreage/household and lack of application equipment. However, development of effective
spreader or new formulation types is requested for lage-scale framing in the future.

C. Development of foliar applied herbicides

Most of rice herbicides are soil applied before or right after weed emergence. They
are not enough to use in large-scale terming in fams of application time and application
quantity.

Due to short labour, and lack of application equipment and mechines, foliar applied
herbicides with wide application window are needed to develop under Korea conditions
in which application time is concentrated in a short period of time after transplanting or
seeding.

D. Stability of herbicide activity and selectivity to water and soil

In large-scale farming, it is not easy to consistently control the cultural
managements such as irrigation, drainage, and cultivations. Therefore, weed species,
emergence and growth characteristics are different accordingly, inducing the differences
in activity and selectivity of herbicides applied.

E. Necessity to devcelop the technology of sequential trecatment with single
product and of tank-mix treatment

The critical period of weed competition in large-scaled direct seeding is longer, so
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the seguential treatment is required. But the dominance of a certain weed species is
increased with succession of weeds, so a system of sequential treatment is required
with a herbicide having broad specttum of control and with a special herbicide
controlling new comers.

When various species emerge at the same time, satisfactory efficacy is not expected
by application of single product, so that minimum number of product and rate will be
effective.

F. Technology avoiding consecutive use of a certain herbicide

Farmers tend to select and apply a certain herbicide continuously became they do not
know about herbicides and weed species well.

Continuous use of one herbicide causes increased residues in soil, restriction of
certain groups of microorganisms in soil, and increased dominance of resistant weed
species, Show(1982) suggested the rotation model for herbicides and crops, though it is
not in case of rice.

G. Development of Intrgrated Weed Management Systems(IWMS) Technology

Chemical weed control has significantly increased yields, reduced weed seeds in soil,
reduced tillage, improved harvesting efficiency, reduced labor requirements, and
dramatically increased net farm profits without damage to the biological, chemical, or
physical properties of the soil ; without reducing the productivity of the soil ; and
without causing undesirable shifts in weed populations(1).

For those technologies, every fundamental cultural practices should be kept in quiet a
level of the best conditions. Advances in and cost of weed-control technology must be
assessed as a part of our total farm-management production and protection technology,
which includes follows.

Those production and protection practices have been integrated into high-yielding
agroecsystems that are compatible with a quality environment. They have had
far-reaching benefits(2,4).

In conclusion, use of herbicides should be minimized for stability and safety of
ecosystemn, although herbicides are compelled to use for farmer’s economic points.
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Table 1. Recent trend of direct-seeding acreage of rice in Korea

Direct Seeding(Ha.)

Dry Flooded
1991 259 0
1992 1,710 1,010
1993 3,550 4,020
1994 35, 336 37, 469
(1995) (50, 000) (70, 000)

Table 2. Comparison of regional potential acreage in direct seeding rice culture = RDA(’93)
Regions Total Direct seeding potentials (Thousant Ha)
& acreage Sub-total Dry C. Flooded C. D+F.C
Total 1,268 703 162 169 372
Central 315 153 62 22 69
S. Western 564 361 87 96 178
S. Eastern 389 189 13 51 125
Table 3. Changes of dominant weed species in lowland rice field
Year Order of dominance
1st 2nd 3rd 4th 5th
1971 R.indica E.acicularis M.vaginalis C.difformis E.crusgalli
1981 M.vaginalis S. pygmaea S. trifolia P.distinctus C.serotinus
1992 E. kuroguwai S.trifolia E. crusgalli C.serotinus M.vaginalis
Table 4. Comparison of major weed emergence by rice planting systems
ti No. i it Yield
Planting systems In?g]wd Is Pgr)'mﬂs spe%ies Diversity redulceton(é)
Adult seedling 1 Hand T. 269 15.7 7 0.631 15
30 days seedling 1 Machin T. 295 58. 8 10 0.687 27
10 days seedling 1 Machin T. 625 164.8 i0 0. 657 33
Direct seeding/Flooded 840 751.6 15 0.793 50
Direct seeding/Dry 1,080 776.1 20 0. 865 85

Table 5. Survey of weed occurence from farmers fields (Chonnam, random 111 fields,1994)

Weed occurence(coverage %) Fields(%) Sub-total
Less(< 5%) 26( 23.4) 26( 23.4)
Annuals mostly( 5~10% 33 3
Annuals mostly(10~30% 11 50( 45.0)
Annuals mostly( > 30%
Annuals and Perennials mixed( 5~10% 23( 20.7
Annuals and Perennials mixed(10~30% 7( 6.3 31( 27.9)
Annuals and Perennials mixed( > 30% 1( 0.9
Perennials mostly( 5~10% 3( 2.8
Perennials mostly(10~30% 1( 0.9 4 3.7)
Perennials mostly( > 30% - -

Total 111(100) 111(100)
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Table 6. Advantages in herbicide use among other weeding methods

- Selective application on a specific crop

- Control of weeding timing

- Energy save — increase cropping and frequency density

- Lower the physical damage on crops — application possibility
- Weeding possibility in any sites(Forest, water, etc.)

- Lower the soil interferance — rapid and when-ever application
Some what additionally, growth regulating effects on crops

Table 7. Requisities of Herbicide

- Low toxicity(Safety in environment, men and animals,

- High selectivity(Crop damage |, Weeding efficacy 1)

- High environmental stability

- Lower price (otherwise low cost)

Easy handling in storage, transport, application and production
Others

Table 8. Effect of labour saving by formulation types of rice herbicides

SC ( 54 /Ha ) GR ( 30Kg/Ha )
Application method irrigation channel hand spread
Application hour/ha 50 min ' 300 min
Bioactivity(%) 92 95
Labour saving(%) 83 0

Table 9. Features of existing soil-applied herbicides (Necessity of developing fdliar—apdlied herbicides)

1. inconsist and incomplete efficacy of soil-applied herbicides
«— great effect of soil and water management
— increased competition with regrown weeds
2. less possibility of applying at proper time
«— large-scale timiming, difficulty in mechanization, uniqueness of
crop growth stage
3, difficulty in consistent prescription (in case of direct seeding)
— changing characters of weed emegerence time, year by year, and
region by region
4. difficulty in minimizing labour power, herbicide cost, and in herbicide
selection
— Selective application in optimum rates and herbicide
(in case of foliar-applied herbicides)
5. usage in sequential application
— most soil applied, pre-and early post-emergence pre-mixed herbicides
6. difficulty in controlling weeds in water channel and levees
— minimizing contamination of water and soil by use of foliar applied
herbicides.
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Table 10. Model 1 : Rotation of different herbicides on the same crop

Chemical weed control treatments

Crop
Year sequence Preplanting Preemergence Postemergence
Fist Corn EPTC Atrazine 2,4-D
Second Corn Atrazine+clachlor Atrazine+propachlor Linuron
Third Corn Cyanazine+butylate Propachlor Dicamba
Fourth Soybeans Trifluralin Metribuzine Bentazon+2, 4-DB

Table 11. Model 2 : Rotation of different herbicides on all crops

Chemical weed control treatments

Crop
Year sequence Preplanting Preemergence Postemergence
Fist Corn Atrazinet+alachlor Atrazine+propachlor 2,4-D
Second Peanuts Vernolate Alachlor+dimoseb 2,4-DB
Third Cotton Trifluralin Fluometuron MSMA+methazole
Fourth Soybeans Fluchloralin Metribuzin+alachlor Bentazon+2, 4-DB

Table 12. Advantages of herbicides when used in IWMS(1,3)

- a wide array of herbicides is available to control most weeds at practical costs

reliable equipment is widely available to apply herbicides

herbicides act quickly iand are effective against dense weed populations

- herbicides permit the individual grower to protect his crops irrespective of any

action taken by his neighbors
most herbicides are used selectively

herbicides are dependable and essential to the effective use of IWMS

Table 13. Necessity of I WMS as the present question

- new species(resistant and new species) to be managed in order to reduce

development requirement of new herbicides

- use of ecological and physical methods for control of perennial weeds in order

to solve the problems of one-shot herbicides

- introduction of rotation system of crops and herbicides in order to avoid the

problems of consecutive application

- maximum efficiency of herbicide efficacy by gradually reducing weed emergence

and number
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Technical innovation in herbicide use.

OMichiaki Kamoi, Koji Noritake
Researh Institute of The Japan Association for
Advancement of Phyto-Regulators ( JAPR )

According to the statistical research as shown in Fig.1, the weeding
labor time in paddy rice culture in Japan in 1992 was only two hours per
0.1 hectare, which is less than 4% of 50.6 hours with the times in the
previous introduction of paddy rice herbicides, and is corresponding to
about 5% of 41.1 hours of total labor time in the rice culture in 1992,

This situation resuls from the development of new candidate and the
improvement of formulation as paddy rice herbicides, and in addition the
rational spreading of these herbicides.

Especially after 1983, the weeding labor time has been saved owing to
simplifying application methods, which are the reduction of application
frequency by the development and introduction of "the one shot herbi-
cide”, and the reduction of application amount from 3kg/0.1lha agent to
1kg/0. 1ha agent as well as the development of the flowable formulation.
Now, herbicides are able to apply handily from levees into paddy fields.

Since 1991, the Japan Association for Advancement of Phyto-Regulators
(JAPR) has carried out basic research on the throw-in type formulation
(so called "Jumbo Herbicide”, JH) to develop the safety and easy
application method and to save application labor for the rice production
cost to reduce, and besides toward the age of older farmers engaged
in rice production.

At first, JH agents have been examined in an attempt to treat 20
packages of each 50g/0.1ha from levees into paddy fields without machine
used.

From the results obtained, two kinds of JH were already filed for the
registration in 1994. These JH agents are started on sale in 1995.
And at present, thirty products are being evaluated as a JH agent
through the JAPR.
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Table 1 Comparison of labour burden between throw—in type formulation (Jumbo herbicide, JH) application by hands (JH)
and conventional granule application by back—pack power distributor (PD) from levees of a paddy field.

Work efficiency—1  Work efficiency—2 Work intencity—1  Work intencity—2  Work intencity—3

work time per 0.1 work area per min. heart rate energy metabolic energy consumption per
ha(min./0.1ha) (0.01 ha/min.) (heart rate/min.) rate(RMR *) 0.1ha(kcal/0.1ha)
JH PD JH PD JH PD JH PD JH PD
Male A 15 1.9 6.7 5.3 119 136 3.8 4.8 7.3 11.0
(62 years old)
Male B
(38 years old) 1.3 1.7 8.0 6.0 113 135 2.8 4.2 5.9 10.3

* RMR is a parameter of work intencity to indicate how much energy is consumed in work with the metabolic rate and

calculated by the following equation.
metabolic rate at work — metabolic rate at rest

RMR = -
base metabolic rate
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Fig.4 3kg/0. lha Granule (left). 1kg/0.lha Granule (right)

Fig. 5 Granule application by back-pack power distribution from levees.

Fig. 6 Granule application by power duster with boom type blow head.
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Fig. 7 Several flowables of one-shot herbicide

Fig.8 Flowable application from levees by hands.

Fig.9 Flowable application at irrigation inlet.
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Fig. 10 Several throw-in type formulations (so called "Jumbo Herbicide”)

Fig. 11 "Jumbo Herbicide” application from levees by hands.

Fig. 12 "Jumbo Herbicide” application from levees by hands.
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Fig. 13 "Jumbo Herbicide” diffusion from a water soluble package

Pig. 14 "Jumbo Herbicide" diffusion from bubbling tablet.
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ALLELOPATHIC COMPOUNDS AS NATURALLY OCCURRING HERBICIDES

Chang-Hung Chou
Institute of Botany, Academia Sinica, Taipei, Taiwan 115, Republic of China

Abstract Allelopathy is the result of biochemical interactions between plants. It is caused by
toxic chemicals which are released by the plant through volatilization, leaching, and root exudation or
produced during the decomposition of plant residues in the soil. Phytotoxins, including fatty acids,
phenolics, flavonoids, terpenoids, and alkaloids, have been found in plants and soils from different
habitats around the world. Since 1972, we have reported that allelopathic metabolites are released
from woody plants, such as Phyllostachys edulis, Leucaena leucocephala, Vitex negundo, and Delonix
regia, to suppress the growth of understory species; causing a significant reduction of biomass and a
low diversity of understory plants. The formation of dominance of the tree species mentioned above is
due primarily to the phytotoxic effects of metabolites released from plant parts, such as leaves,
flowers, and twigs, and the decomposition of fallen litter. A pasture grass-forest intercropping system
was established by introducting kikuyu grass into a deforested region where coniferous trees or
hardwood plants were allowed to regenerate. Because of the allelopathic potential of the kikuyu
grass, weeds grown in the deforested land were suppressed by the grass six months after the grass was
planted; the growth of regenerated forest plants was not suppressed, however, but was stimulated.
This example clearly demonstrated that allelopathic compounds can be used as natural herbicides to
control weed growth in agricultural practice. This will reduce the use of synthetic herbicide, avoid
agrochemical runoff, and reduce expensive labor costs.

Key words. Allelopathy, phytotoxin, phenolics, flavonoid, alkaloids, sustainable agriculture,
allelochemicals

Introduction

Secondary plant metabolites included a variety of compounds which released from plants into
the environment often attract or repel, nourish or poison other organisms. Yang and Tang (1988)
made an extensive review of plants used for pest control as described in Shengnoon Ben Tsao Jing in
25-220 AD.in China. They found 267 plants containing pesticidal activity, many of them also
exhibiting allelopathic potential. In 1832, De Candolle, a Swiss botanist, suggested that the soil
sickness problem in agriculture might be due to exudates of crop plants (Rice, 1984). Whittaker and
Feeny (1971) clarified that "chemical agents are of major significance in adaptation of species and
organiation of communities". Since then, secondary metabolites have no longer been regarded as
metabolic waste, but play an important role in plant adaptation and plant-insect coevolution (Chou
and Waller, 1989; Ehrlich and Raven, 1965; Harborne, 1977). Allelopathy, a detrimental biochemical
interaction between plants, plays directly or indirectly roles in mechanism of plant dominance,
succession, and climax, and in regulation of crop productivity, genetic diversity, and ecosystem
stability (Muller, 1966, Rice, 1984, Chou and Waller, 1989, Chou, 1993). For example, the
compounds produced from California chaparral vegetation, such as Salvia leucophylla, and
Artostaphylos glandulosa var. zacaensis (Muller, 1966; Muller and Chou, 1972), suppress the growth
of its understory plants or nearby. The compounds are released into the environment by means of
four ecological processes: volatilization, leaching, decomposition of plant residues in soil, and root
exudation.

In past decades, agricultural practice has been drastically changed by applying an increased
amount of fertilizers and agrochemicals, such as herbicide, fungicide, and pesticide into fields. The
continuous use of agrochemicals in farm would cause severe environmental problems, such as losing
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efficiency of nitrogen fixation in soil, breaking the balance of soil microorganism, causing residual
effect of agrochemicals, forming eutrophic water reservior, or leading to water pollution. As a result
of long-term application of agrochemicals into the fields, certain dominant soil microorganisms will
form, resulting in a pathogenic effect on crop growth (Patrick, 1971; Wu et al., 1976a and 1976b). A
concept of sustainable agriculture, which implies organic, regenerative, biodynamic, intensive, low-
input and resource-conserving has been much emphasized since 1980 (Francis and Sahs, 1986).
Alternate ways of agricultural practices, such as organic farming, biological control, and crop rotation
were recommended to solve the problem. In biological control, many natural plant growth regulators,
such as agrostemin, can be used to weed control (Gajic and Nikocevic, 1973). Other allelochemicals
were also used as fungicides, insecticides, and nematodicides (Rice, 1984; Waller, 1987; Rizvi and
Rizvi, 1992), and were less than man-made agrochemicals to damage the global ecosystem. It makes
efficient use of resources internal to the farm, relies on a minimum of purchased inputs, and
minimizes the influence of agricultural practices beyond the farm boundariecs (Chang, 1992;
Gliessman, 1986). Putnam and Duke (1974) selected for allelopathic activity when breeding
weed-controlling cultivars of cucumbers. Since 1972, Chou and co-workers have performed
experiments in elucidating the role of allelopathy in agroecosystem in Taiwan and found many
potential allelochemicals useful for agriculture practice (Chou, 1992). This paper is thus focused on
allelopathic compounds isolated from local vegetation with the potential of prospective herbicides.

Secondary Metabolites as Potential Naturally Occurring Herbicides

Many secondary plant metabolites, such as phenolics, flavonoids, alkaloids, terpenoids, and
cyanogenic glycosides, have often attracted scientists, particularly organic chemists, to the study of
their satructure, biosynthesis, and natural distribution, but not to that of function until Frenkel (1959)
and Whittaker and Feeny (1971) pointed out the important functions of the secondary metabolites in
plants and in ecosystems. Waller and Nowacki (1975) note that plants produced high levels of
alkaloids which are toxic to many organisms when the plants grew in soil poor in nitrogen. In
addition, Koeppe et al. (1976) found that significantly higher amounts of allelopathic substances were
also produced when plants grew in phosphorus-deficient soil. There is evidence that the secondary
plant metabolites are often stored in vacuoles or in intercellular space when they are not used. The
compounds are released into the environment by means of four ecological processes mentioned earlier
(Chou, 1989). Based on the nature of allelopathic compounds isolated from each specific plant, the
compounds are grouped into phenolics, flavonoids, and alkaloids described below.

Phenolic compounds

A unique pattern of weed exclusion by bamboo vegetation is often found on many hillsides of
mountains at elevations below 1500 m in Taiwan. Founteen bamboo species were selected for
evaluation of allelopathic potential. Among 14 bamboo species, Sinocalamus latiflorus showed the
highest phytotoxicity, and Bambusa oldhami, B. pachinensis, B. ventricosa, Phyllostachys edulis, and
P. makinoi revealed significant phytotoxicity (Chou and Hou, 1981; Chou and Yang, 1982). The
allelopathic substances isolated from the bamboo leaves and their soil were identified as phenolic
acids, namely, o-hydroxyphenylacetic,” p-coumaric, p-hydroxybenzoic, ferulic, vanillic, and syringic
acids (Table 1 and Figure 1). Most of these phytotoxic phenolics are also distributed in 12 subtropical
grasses (Table 1) (Chou and Young, 1975), and in Miscanthus species (Chou and Chung, 1974; Chou
and Lee, 1991).

Moreover, Chou and Chen (1976) also evaluated allelopathic potential of 25 woody species
commonly occurring in northern Taiwan, 5 major compounds same as the compounds mentioned
were present in leaves and litter of the plants.

In leguminous plantations of Leucaena leucocephala, there is an absence of understory growth
other than itself. This is due primarily to the phytotoxins, including eight phenolic acids, namely
gallic, protocatechuic, p-hydroxybenzoic, p-hydroxyphenylacetic, vanillic, caffeic, p-hydroxycinnamic
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and ferulic acids released from its leaves and litter (Table 1 and Figure 1). The compounds can
suppress the growth of many weeds and forest species, such as Acacia confusa, Ageratum conzoides,
Liquidambar formosana, Casuarina glauca, Mimosa pudica, and Alnus formosana (Chou and Kuo,
1987).

Flavonoids

Vitex negundo a dominant coastal vegetation, is widely distributed in the southern parts of
Taiwan. Chou and Yao (1983) found that the biomass and density of its associated understory is less
than that in adjacent pasture. Field results showed that, compared to the rain-water control, the
leachate of V. negundo significantly retarded the growth of Digitaria decumbens but stimulated the
growth of Andropogon nodosus. The growth of D. decumbens in pots under greenhouse conditions
was significantly retarded by watering with a 1% aqueous extract of V. negundo, but the growth of
Andropogon nodosus and M. pudica was stimulated. The aqueous extract was phytotoxic to lettuce and
ryegrass seeds. The aqueous effluents from a polyamide column chromatograph were bioassayed,
some fractions inhibited the growth of lettuce and rice seedling radicles, whereas other fractions
stimulated growth. The responsible substances, isolated and identified, included several phenolic
acids and ten flavonoids, including 3'-hydroxyvitexin and its derivative (Figure 2) (Chou and Yao,

1983). These metabolites have potential usefulness as herbicides.

In connection with a chemosystematic investigation of Agastache pallidiflora, Chou et al.
(1979) identified 6 flavonoids, namely kaempferol, quercetin 3-rhamnoside, kaempferol 3-galatoside,
diosmetin 7-glucoside, and acacetin 7-glucoside. The alycone moiety of flavonoids may exhibit
allelopathic nature, yet the biological activity has not been fully confirmed.

Alkaloids

The mature leaves of Leucaena possess about 5% dry weight of mimosine (Figure 1), the
amount varying with varieties. The seed germination and radicle growth of lettuce, rice, and rye
grass were significantly inhibited by aqueous mimosine at a concentration of 20 ppm, while that of the
forest species mentioned was suppressed by the mimosine solution at 50 ppm or above. However, the
growth of Miscanthus floridulus was not suppressed by the mimosine solution at 200 ppm (Chou and
Kuo, 1986). Of eighty-four M. pudica seedlings tested, only two seedlings survived, showing that
mimosine can be of practical use in the control of field weeds.

Recently, Chou and Leu (1992) reported another plant, Delonix regia, which allelopathically
excludes understory species. The aqueous extracts of the leaves, flowers, and twigs of D. regia
revealed significant phytotoxicity (over 70%) against tested species such as Isachne nipponensis and
Centella asiatica. The responsible allelopathic substances are 3,4- dihydroxybenzaldehyde and the
acids: 4-hydroxybenzoic; chlorogenic; gallic; 3,4-dihydroxybenzoic; 3,4-dihydroxycinnamic;
3,5-dinitrobenzoic (Table 1, Figure 1); and L-azetidine-2-carboxylic (Figure 3). In addition, some
unidentified flavonoids are present in the plant.

Furthermore, regarding the allelopathic compounds isolated from Coffea arabica, there are 7
phenolic compounds and 4 alkaloids, namely caffeine, theobromine, theophylline, and paraxanthine
(Figure 3). At the concentration of 100 ppm in aqueous solution, the alkaloids exhibited significant
phytotoxicity of test plants (Chou and Waller, 1980). Waller et al. (1989) further studied the action
model of these alkaloids and interesting findings were associated with biosysthesis of proten and
nucleic acids.

Allelopathy in Pasture-forest Intercropping Systems
Taiwan is an island, two thirds of which is mountainous, and its forests are extremely
important for water conservation. The limited amount of agricultural land forces farming activities

into the hills and to higher elevations. A forest-pasture intercropping system is thought to be a way to
solve the probloem and to increase livestock production. Recently we have conducted several
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experiments in the forest area of Hoshe Experiment Station of National Taiwan University, located at
an elevation of about 1200 meters (Chou et al., 1987). A one-hectarc arca was deforested. The leaf
litter of the conifer tree Cunninghamia lanceolata was removed from part, and the rest was left
unchanged, as the control. The half of the test plot adjacent to the control plot was planted with
kikuyu grass (Pennisetum clandestinum) and the other half left open. The experiment was designed to
determine the reciprocal interaction of fir litter and kikuyu grass, and to evaluate the allelopathic
influence of the two plants on weed growth. The biomass of kikuyu grass invading the cleaned plot
was significantly higher than that invading the control plot (Chou et al., 1987). In addition, the
number of weeds that grew in the plot planted with kikuyu grass was lower than that in the control
plot, indicating that the kikuyu grass may compete with and suppress weeds. The seedlings of fir
regenerating in the deforested area grew well and seemed not to be affected by the neighboring newly
planted kikuyu grass. The growth of kikuyu grass, however, was inhibited by the fir litter left on the
unchanged plot in the first three months after deforestation. Bioassay of aqueous extracts showed that
the fir litter extract exhibited higher phytotoxicity than did the kikuyu grass. Nevertheless, four
months after deforestation the growth of kikuyu grass in the field was luxuriant, indicating that the
phytotoxicity of fir litter disappeared (Chou et al., 1987).

In another experiment (Chou et al., 1989), a split plot design of eight treatments was set up
after deforestation of Chinese fir (Cunninghamia lanceolata): open ground without planting (control),
planted with kikuyu grass, planted with kikuyu grass and Alnus formosana, planted with kikuyu grass
and Zelkova formosana, planted with kikuyu grass and Cinnamomum camphora, planted with A.
Jormosana, planted with Z. formosana, and planted with C. camphora. Field measurements showed
that weeds grew luxuriantly six months after treatment in plots which had not been planted with
kikuyu grass. The growth of weeds was significantly retarded, but that of woody plants was not
affected when the plots were planted with kikuyu grass. Compared to the tap-water control, the
aqueous leachate of kikuyu grass stimulated the seedling growth of C. camphora and A. formosana,
but the extract stimulated the growth of C. camphora and inhibited that of A. formosana. The aqueous
extracts of three hardwood plants had varied inhibition on the root initiation of kikuyu grass. The
aforementioned extracts and leachates were bioassayed against seed germination and radicle growth
of four test plants, including Miscanthus floridulus. The extract of Z. formosana revealed the highest
phytotoxic effect on the test species while that of kikuyu grass showed the least effect. The phytotoxic
phenolics (Tablel, Figure 1) were identified by means of chromatography. The quantity of phytotoxins
present was highest in the extract of Z. formosana and was lowest in that of kikuyu grass. The degree
of phytotoxicity and quantity of phytotoxins was in good correlation, indicating that a selective
allelopathic effect was involved (Chou et al., 1989).

Conclusions

Allelopathic chemicals could only temporarily suppress plant growth and regulate species
diversity without making species extinction because naturally occuring compounds are rapidly
degradated into nontoxic compound and reveal less residual effect. However, the synthetic
agrochemicals often exhibit greater toxicity and are difficult to be decomposed, leading to a longer
residual effect on living organisms, causing environmental pollution. In sustainable development of
agriculture, we have to be aware of the importance of biodiversity and balance of ecosystems,
otherwise, the benefit of our economic success and agricultural production through advanced scientific
technology would be overthrown by feedback of environmental deterioration.
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Table 1. Presence (+) of phytotoxic phenolic compounds as naturally occurring herbicides in grasses and
woody plants in Taiwan

Compounds Grasses Woody plants

DAV | Mf | Mt Pc Pe Af | Ca Cl Dr L1

Zf

Caffeic acid + + +

Chlorogenic acid + +

Cinnamic acid + + +

o-Coumaric acid

m-Coumaric acid + +

p-Coumaric acid + + + + + +

3,4-Dihydroxy- +
benzaldehyde

3,4-Dihydroxybenzoic +
acid

3,4-Dihydroxycinnamic +
acid

3,5-Dinitrobenzoic acid +

Ferulic acid + + + + +

Gallic acid

p-Hydroxybenzoic acid + + + + + + + +

o+ [+ |+

p-Hydroxyphenylacetic
acid

o-Hydroxyphenylacetic + + + + +
acid

Phloridzin +

Protocatechuic acid + + +

& -Resorcylic acid +

B -Resorcylic acid

7 -Resorcylic acid +

Scopoletin

Syringic acid + + + + + +

Vanillic acid + + + + + + + + +

4-Hydroxycoumarin +

(1) Abbreviations of each plant name are: Dd: Digitaria decumbens
Mf: Miscanthus flovidulus, Mt: M. transmorrisonensis
Pc: Pennisetum clandestinum, Pe: Phyllostachys edulis
Af: Alnus formosana, Ca: Coffea arabica, Cl: Cunninghamia lanceolata, Dr: Delonix regia
Ll: Leucaena leucocephala, Zf. Zelkova formosana.
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Figure 2. Chemical structure of potential allelopathic flavonoids (I-X) isolated from Vitex negunda and
flavonoids (X I -X1V) isolated from Agastache pallidifiora. Compounds X I to XIV are:

X I = Kaempferol 3-rhamnoside,
X T = acacetin 7-glucoside,

X II = qucertin 3-thamnoside

X IV = diosmetin 7-glucoside
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HERBICIDE SAFENERS: RECENT ADVANCES AND BIOCHEMICAL ASPECTS OF THEIR

MODE OF ACTION
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Herbicide safeners are a group of chemically diverse compounds with the ability to improve the crop
selectivity of certain herbicides. Several agrochemical companies have commercially developed safeners
for thiocarbamate, chloroacetanillide, and aryloxy-phenoxypropionate herbicides in major monocotyledo-
nous crops including maize, small grain cereals, rice, and grain sorghum. Safeners are employed to
extend the use of available herbicides on additional crops and to exploit new herbicides with marginal
crop selectivity. There is considerable evidence that safeners dct by accelerating herbicide metabolism
and detoxification in crop plants. Metabolic reactions that are enhanced include oxidation (hydroxylation,
oxidative dealkylation) and conjugation to endogenous moieties such as glucose and glutathione. A
number of enzymes involved in these metabolic pathways, such as glutathione S-transferase isozymes
and various forms of cytochrome P450-dependent monooxygenase activities, have been shown to be
induced by safeners. Safeners have also been reported to increase the biosynthesis and accumulation of
glutathione, and to enhance the process of compartmentation of herbicide conjugates. The botanical
specificity of safener protection has been investigated in the light of the recently developed
aryloxyphenoxypropionate herbicide and safener combination, clodinafopropargyl and cloquintocet-
mexyl (Topik®). The herbicide exhibits different metabolic routes in wheat and in target weeds, and only
crop specific herbicide metabolism is enhanced by the safener.

®- is registered trademark of Ciba-Geigy AG

key words: Safener,, glutathione S-transferase, glutathione, cyt P-450monooxygenase, Topik

INTRODUCTION

Weed management in modern agriculture requires efficient weed control technologies that are safe to the
crop. The search for environmentally compatible herbicides with high biological activity and crop
selectivity is a challenge for agrochemical research. Insufficient crop tolerance is one of the major
constraints in the development of new herbicides and in the use of existing herbicides in particular crops
or under unfavourable environmental conditions. Based on the available knowledge of the mechanisms of
herbicide selectivity, the chemical optimization of lead structures for crop selectivity will in the
foresecable future depend more on broad-based synthesis and testing of herbicidal molecules rather than on
~rational design~ (Brown et al., 1991). Recent efforts are thus aimed at protecting crops from herbicidal
injury by means of selection or genetic engineering of herbicide tolerant crop cultivars (Hinchee et al.,
1993) Another approach is to improve crop tolerance to new and existing herbicides by herbicide safeners.

THE SAFENER CONCEPT

Herbicide safeners are a group of chemically diverse compounds with the unique ability to protect crop
plants from injury by certain herbicides without impairing weed control efficacy. The safener concept has
been established by the pioneering work of O. L. Hoffmann (Stephenson & Yaacoby, 1991). After the
initial discoveries of naphthalic anhydride (naphthalene-1,8-carboxylic anhydride) and dichlormid (N,N-
diallyl-2,2-dichloroacetamide) as herbicide safeners, a number of other safeners have been developed for all
major monocotyledonous crop species including maize, small grain cereals, rice and grain sorghum. In
most crop-weed associations, selective improvement of crop tolerance can be achieved with safeners
applied as mixed formulations with the herbicide; however, seed-treatment with safeners is also currently
used, mainly in grain sorghum, to protect only the crop and not botanically closely related weeds.
Safeners have been exploited in two ways: to improve tolerance of newly developed herbicide with limited
selectivity on target crops, and to extend the use of available herbicides on additional crops.

In the past, the search for safeners has been most successful for pre-plant soil incorporated and pre-

emergence pgrbiqides of the thiocarbamate and chloroacetanilide classes in maize, and for
chloroacetanilides in sorghum and wet-sown rice. More recently, safeners have also been developed for
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post-emergence grass weed control in cereals in combination with aryloxyphenoxypropionate herbicides.
Protection by various safeners has also been reported for members of several other herbicide classes such
as the sulfonylureas, imidazolinones, cyclohexanediones, and isoxazolidinones.

MECHANISMS OF ACTION OF HERBICIDE SAFENERS

Several hypotheses have been advanced for the mechanism(s) of the protective action of herbicide safeners.
It has been suggested that safeners may reduce herbicide uptake or translocation to sensitive site(s) within
the plant, or increase the rate of herbicide metabolism and detoxification. Alternativly, safeners may
prevent binding of the herbicide to the cellular target site, or antagonize herbicidal effects at the
physiological level. Finally, a combination of several of these factors may be encountered. Understanding
of herbicide-safener interactions is hampered by a general lack of exact knowledge of the herbicidal
mechanisms ultimately leading to plant injury. However, there is a large body of evidence that the
hitherto commercialized safeners protect crop plants by enhancing herbicide metabolism and
detoxification.

a.) Enhancement of herbicide metabolism

Differences in herbicide metabolism and detoxification between tolerant and susceptible plant species have
long been recognized as one important mechanism contributing to the selective action of many herbicides
(Owen, 1987). Biotransformations of herbicides in plants generally include oxidation, hydrolysis,
reduction (rarely), and conjugation to e.g. glutathione, glucose, or amino acids. To date, two different
metabolic pathways have been related to the mode of action of herbicide safeners. The first represents the
conjugation of chloroacetanilide and sulfoxidized thiocarbamate herbicides with glutathione; the second
includes hydroxylation and subsequent glucose conjugation. The latter pathway appears to be important
predominantly in safener protection to aryloxyphenoxypropionate, sulfonylurea, and imidazolinone
herbicides. '

b) Glutathione conjugation and glutathione S-transferases

Conjugation of herbicides via the thiol function of reduced glutathione (y-glutamylcysteinylglycine) is
well established as one of the major detoxification and selectivity factors in plants (Lamoureux et al.,
1991). Though glutathione conjugations can proceed nonenzymatically at appreciable rates with some
substrates, the reactions are usually accelerated through catalysis by glutathione S-transferase enzymes
(EC 2.5.1.18). The rate of glutathione conjugation of herbicides in plants may be regulated, in principle,
by both glutathione S-transferase level and activity as well as by glutathione availability.

Chloroacetanilide herbicides are initially metabolized in plants through glutathione conjugation by
nucleophilic displacement of chlorine from the chloroacetyl side chain, without the need for a preceding
metabolic step to increase electrophilicity. Fuerst & Gronwald (1986) have shown that protection of
sorghum from metolachlor injury by oxabetrinil and other safeners is closely correlated with their ability
to accelerate metolachlor metabolism in shoot tissue. Maize exhibits reduced tolerance to metolachlor and
other chloroacetanilide herbicides under certain adverse growing conditions such as high soil moisture and
low soil temperature before seedling emergence. Effects of soil temperature have been related in part to a
slower rate of herbicide metabolism, as well as to greater herbicide exposure due to slower seedling
emergence (Viger et al., 1991). The safener benoxacor protects maize from metolachlor injury under a
wide range of environmental conditions (Peck a al., 1988). The predominant site of uptake of pre-
emergence applied chloroacetanilides is the coleoptile of germinating grass species, while the primary
anatomical sites affected are the enclosed developing leaves and apical and intercalary meristems (LeBaron
et al., 1988). After shoot application of metolachlor a comparatively small proportion of the herbicide
moved into the enclosed developing leaves, and most of the absorbed herbicide was retained in the
coleoptile and was metabolized there via glutathione conjugation (Kreuz et al. 1989). The developing
leaves, however, were found to be relatively slow to metabolize metolachlor as compared to the
coleoptile. They also exhibited the lowest glutathione S-transferase activity of all seedling tissues
examined. Benoxacor significantly reduced the concentration of unmetabolized metolachlor mainly in the
developing leaves, but also in the coleoptile and mesocotyl, as a consequence of enhanced metabolism.
Activity of glutathione S-transferase accepting metolachlor as substrate was increased fivefold in seedling
shoots upon benoxacor treatment (Kreuz et al., 1989; Viger et al., 1991). Similar results were reported
from studies with metazachlor and the safener BAS 145138 (l-dichloroacetylhexahydro-3,3,8a-
trimethylpyrrolo(l,2-a]-pyrimidin-6-(2H)-one) in maize (Fuerst & Lamoureux, 1992).
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In maize, sorghum and rice, herbicide safeners increase the extractable glutathione S-transferase activities

as evaluated with the model substrate 1-chloro-2,4-dinitrobenzene, chloroacetanilide herbicides, and EPTC-
sulfoxide (maize only). Constitutive and safener-induced glutathione S-transferases from sorghum and
maize have been distinguished based on chromatographic elution characteristics and differential activities
towards various substrates (Dean et al., 1990; Fuerst a al., 1993). Maize contains at least two major
constitutive glutathione S-transferase isozymes accepting metolachlor as substrate and whose activities
were enhanced by treatment of seedlings with benoxacor. A third such isozyme was found to be absent
constitutively and highly induced by benoxacor (Fuerst a al., 1993).Complementary DNAs for two maize
glutathione S-transferases have been cloned and the deduced amino acid sequences were shown to possess
some similarity to each other as well as to animal glutathione S-transferases (reviewed by Timmerman,
1989). Safener induction of glutathione S-transferase activity is associated with a net accumulation of
enzyme protein and requires de novo protein synthesis. The steady-state levels of messenger RNA coding
for a particular isozyme subunit were increased in maize treated with dichlormid or flurazole (benzyl 2-
chloro-4-triflnoromethylthiazole-S-carboxylate), which suggests that regulation of enzyme synthesis by
safeners is exerted at the level of gene transcription.

¢.) Regulation of glutathione levels and biosynthesis

Safeners have repeatedly been shown to increase the tissue concentration of reduced glutathione in plants,
yet the significance of elevated glutathione levels for safener action is still uncertain. A weak correlation
has been found between the increase in glutathione content of sorghum shoots and the degree of
protection from metolachlor injury conferred by a particular safener (Gronwald a al., 1987). On the other
hand, decreased glutathione contents of maize shoots due to treatment with buthionine sulfoximine, an
inhibitor of y-glutamylcysteine synthetase, are correlated with increased metolachlor susceptibility
(Farago et al., 1993). In roots of maize seedlings, dichlormid and benoxacor increased the contents of free
cysteine and glutathione and enhanced the biosynthesis of these thiols from inorganic sulfate (Farago &
Brunold, 1990,1994). This was attributable to an increase in the extractable activities of adenosine 5°-
phosphosulfate sulfotransferase and ATP-sulfurylase (EC 2.7.7.4) two key regulatory enzymes of
assimilatory sulfate reduction and y-glutamylcysteinesynthetase. Glutathione reductase activity (EC
1.6.4.2) has also been reported to be enhanced in the shoots of safener-treated maize seedlings (Komives
et al., 1985).

d.) Oxidative metabolism and cytochrome P450 monooxygenases

Ocxidation and subsequent glucose conjugation constitutes a very important pathway responsible for
herbicide selectivity that has recently also been associated with safener action. Oxidation appears not
always to afford complete herbicide detoxification, but is frequently a necessary and rate-limiting step for
subsequent glucose conjugation. Safeners have been shown to stimulate oxidative metabolism of
herbicides belonging to the groups of sulfonylureas, imidazolinones and aryloxyphenoxypropionates in
plants in vivo (Hatzios, 1991).

There is accumulating evidence that cytochrome P450-dependent monooxygenases (EC 1.14.14.1) play a
pivotal role in the oxidation of many herbicides in plants. The cytochromes P450 found in plants are,
like the well-characterized ones in the endoplasmic reticulum from mammalian liver, membrane-bound
haemoproteins of approximately 55 kDalton molecular mass (Donaldson & Luster, 1991). They require
molecular oxygen for catalytic activity, NADPH, and a second protein component, the flavoprotein
NADPH-cytochrome P450 reductase. Reactions mediated by plant cytochrome P450-monooxygenases on
herbicide substrates include aryl and alkyl hydroxylations and oxidative N- and O-demethylations.
Conclusive evidence for the involvement of cytochrome P450-monocoxygenases in plant herbicide
metabolism has been obtained for 2,4-D, diclofop, bentazone, flumetsulam (N-(2,6-difluorophenyl)-5-
methyl-1,2 4-triazolo[1,5-a]pyrimidine-2-sulfonamide), metolachlor and members of the phenylurea and
sulfonylurea herbicide classes (Moreland et al, 1993 and references cited thereirn; Frear et al, 1993). The
criteria that have been employed to demonstrate cytochrome P450 monooxygenase catalysis in those
reactions include spectral evidence, photoreversible inhibition of these reactions by carbon monoxide,
requirement for molecular oxygen and NADPH, sensitivity to known cytochrome P450 inhibitors and
involvement of NADPH-cytochrome P450 reductase activity. Despite considerable experimental
difficulties, e.g. low constitutive enzyme activity levels, apparent instability of the enzymes and presence
of endogenous inhibitors in crude microsomal preparations, much effort has been devoted in recent years
to elucidate the putative multiplicity of cytochrome P450 isoforms and the regulation implicated in
safener action. These studies have revealed that microsomes isolated from plants treated with herbicide
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safeners or other xenobiotics, such as ethanol and phenobarbital, contain elevated cytochrome P450
monooxygenase activities towards particular substrates (Fonne-Pfister et al., 1990; Frear et al., 1991;
Moreland et al., 1993). Studies in grain sorghum have shown that microsomal cytochrome P450-linked
metabolism of bentazone hydroxylation), diazinon (desulfuration and oxidative dearylation) and lauric acid
(in-chainhydroxylation) is stimulated to varying degrees by a number of safeners applied to the seed prior
to planting (Moreland et al., 1993). Cytochrome P450-mediated oxidation of several herbicides and its
induction by naphthalic anhydride, ethanol, or phenobarbital has been demonstrated in wheat (Frear et al.,
1991). In this system, increases in monooxygenase activities as determined with diclofop, chlorsulfuron
and triasulfuron as substrates ranged from five- to twentyfold, depending on the particular substrate and on
the inducer employed. Interestingly, strong evidence has been obtained that in wheat diclofop aryl
hydroxylase is identical with lauric acid (w-1) hydroxylase which, for the first time links a herbicide-
metabolizing monooxygenase activity to a particular cytochrome P450 isoform that participates in a
defined physiological reaction (Zimmerlin & Durst, 1992). Both enzyme activities exhibited similar
induction patterns with naphthalic anhydride and phenobarbital.

¢.) Glucose conjugation

Metabolism of herbicides to derivatives containing free hydroxy groups is generally followed by extensive
carbohydrate conjugation, with O-B-D-glucosides representing the most common group of these
conjugates (Lamoureux et al., 1991). Glucose conjugation seems in some cases necessary to complete
herbicide detoxification; since free hydroxylated metabolites do not commonly accumulate to significant
levels in plants, glucosylation appears prima facie not an important site for safener action. During
metabolism of chlorimuron-ethyl in maize, however, hydroxylation at the 5-position of the pyrimidine
ring yielded the major metabolite, 5-hydroxychlorimuron-ethyl (Lamoureux & Rusness. 1992).
Chlorimuron-ethyl causes injury to maize that can be alleviated by BAS 145138. This safener increased
the capacity for 5-pyrimidyl-O-glucoside formation from chlorimuron-ethyl, and feeding experiments with
5-hydroxychlorimuron-ethyl revealed that the in vivo rate of glucosylation was indeed accelerated. The
glucose conjugate was less inhibitory in vitro towards the target enzyme, acetolactate synthase, as
compared to the free hydroxychlorimuron-ethyl. Interestingly, the safener BAS 145138 increased, in
addition to glucose conjugation, the capacity for pyrimidine-ring hydroxylation as well as glutathione
conjugation of chlorimuron-ethyl in maize. Evidence for a safener-induced increase in the rate of
glycosylation has also been obtained with a hydroxylated aryloxyphenoxypropionate herbicide in wheat
(Kreuz et al., 1991).

f I lism of herbicide conjugates and compartmentation processe

Glutathione conjugates of herbicides in plants usually undergo extensive processing to e.g. cysteine or
thiolactic acid derivatives and conjugates thereof with malonate, to name but a few (Lamourcux a al.,
1991). Simple glucose conjugates are frequently subject to secondary conjugations to carbohydrate or
malonyl residues. Terminal products may be stored as soluble metabolites, presumably in the vacuole, or
deposited as “bound residues” into cell wall components. Formation of soluble secondary metabolites and
bound residues from the initial glutathione conjugates of propachlor and metolachlor in maize was only
marginally influenced by the safener BAS 145138 and therefore appeared to be of minor significance for
safener action (Khalifa & Lamoureux, 1990).

Circumstantial evidence indicates a reduced mobility in the plant of herbicide conjugates as compared to
the parent herbicides (see e.g. Fuerst & Lamoureux, 1992). This is conceivably due to the lower
membrane permeability of hydrophilic conjugates, but specific compartmentation processes have also
been inferred. The commonly observed addition of a malonyl residue to initially formed glucose
conjugates or glutathione-derived cysteine and thiolactic acid conjugates has been proposed to be a
mechanism to facilitate transport into the vacuole (Lamoureux a al., 1991). However, vacuolar
localization of herbicide conjugates has rarely been demonstrated, and transport processes have apparently
not been investigated as yet. Only recently, active transport of the glutathione conjugates of metolachlor
and other xenobiotics into the plant vacuole has been discovered and shown to be mediated by an ATP-
dependent carrier in the tonoplast membrane (Martinoia et al.,1993). This vacuolar carrier showed a
striking resemblance to the glutathione S-conjugate export pump in the canalicular membrane of
mammalian liver. It is not yet known whether such transport processes into plant vacuoles are influenced
by herbicide safeners.
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g.) Specificity of safener action

Safeners used as a tank-mixture or prepackaged formulation with the herbicide act specifically with respect
to the plant species that are protected from herbicidal injury. Fenchlorazole-cthyl, a compound developed
for use in conjunction with the aryloxyphenoxypropionate herbicide, fenoxaprop-ethyl, has been reported
to act as both a safener on wheat and as a synergist of herbicidal action on Digitaria ischaemum (Yaacoby
et al., 1991). In both plant species, fenchlorazole-cthyl stimulated deesterification of fenoxaprop-ethy! to
the herbicidally active free acid. Further metabolism and detoxification of the herbicide, however, was
only enhanced in wheat but not in D. ischaemum. More recently, specific safener action of cloquintocet-
mexy! (5-chloro-8-quinolinoxyacetic acid-l1-methylhexyl ester) for the herbicide clodinafop-propargyl (2-
propynyl-R-2-[4-(5-chloro-3-fluoro-2-pyridinyloxy)-phenoxylpropionate) on wheat (Amrein et al, 1989)
could be explained on the basis of the qualitatively different metabolic pathways of the herbicide in wheat
and in susceptible target weeds. Metabolism of clodinafop-propargyl in wheat proceeded through
deesterification to the herbicidally active acid, followed by hydroxylation and ether cleavage to yield 2-[4-
(6-hydroxy-5-chloro-3-fluoro-2-pyridinyloxy)phenoxy] propionic acid and 2-(4-hydroxyphenoxy)propionic
acid, respectively. All metabolites were subject to carbohydrate conjugation. In excised wheat leaves,
rapid deesterfication occurred, while all subsequent metabolic steps where significantly enhanced by the
safener cloquintocet-mexyl (Kreuz et al., 1991). In leaves of Alopecurus myosuroides and Lolium
rigidum, the readily formed free acid of clodinafop-propargyl was slowly converted to a major metabolite
that was identified by mass spectrometry, 'H-nmr and chemical synthesis as the ester conjugate of the
herbicide acid with malate (Kreuz et al., unpublished resuits). No oxidative metabolism of clodinafop-
propargyl was detected in these weed species. The rates of deesterification of clodinafop-propargyl and re-
esterification with malate were not influenced in these weeds by the safener cloquintocet-mexyl. Thus, the
metabolic pathway conferring moderate herbicide tolerance to wheat in the absence of cloquintocet-mexyl
and which is enhanced by the safener to confer full tolerance is completely absent in these susceptible
weeds.

CONCLUSION

Herbicide safeners act at multiple sites of herbicide metabolism and detoxification pathways in plants by
enhancing oxidative reactions, glucose conjugation, glutathione conjugation, and glutathione
biosynthesis. There are indications that induction of metabolism is exerted at the level of transcription of
genes coding for herbicide-metabolizing enzymes. Safeners appear to enhance, in a particular plant
species, metabolic pathways that are already expressed at a certain constitutive level, rather than to induce
qualitatively different reactions. The molecular mechanisms involved in these induction processes,
however, still remain elusive and require further research.
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Current Status of Herbicide-Resistant Weeds and Their Management Strategies

J. C. Cotterman
DuPont Agricultural Products, P.O. Box 30, Newark, Delaware 19714 U.S.A.

Abstract. Since the first reports of herbicide-resistant weeds in the 1960s, resistance has been confirmed
in at least 100 species, affecting many diverse herbicide classes and modes of action. Resistant weeds
have been identified worldwide, generally in continuous monoculture crop fields, or non-crop areas, where
a single herbicide mode of action was used repeatedly. Resistance to triazines, which are Photosystem II
inhibitors, was one of the first confirmed cases, and it is now the most prevalent type of herbicide
resistance, with 58 resistant species. Fewer, but significant numbers of species have documented
resistance to Photosystem I inhibitors, acetyl CoA carboxylase inhibitors, acetolactate synthase
inhibitors, tubulin inhibitors, and auxin analogs, among others. Strategies to minimize and manage
herbicide resistance focus on reducing selection by a single mode of action alone, and on depleting the
weed population. A long-term, planned approach to weed management should integrate a variety of
chemical and non-chemical weed control methods. Judicious selection of mixture, rotational, or
sequential applications of herbicides with different modes of action should be implemented in conjunction
with cultural practices to reduce production and dispersal of weed seeds. Competitive crop stands, weed-
free seeds, crop rotation, tiliage or cultivation, non-selective herbicides, grazing, delayed planting, clean
machinery and equipment, and removal of weed seeds during harvest are examples of techniques that may
be employed with selective herbicides to enhance the ability to manage weeds and maintain efficient crop
production in the face of resistance.

Key words. herbicide-resistant weeds, resistance management strategies

Introduction

The evolution of herbicide resistance in weeds resulting from repeated herbicide applications was
first reported in the 1960s (1). Since that time, the numbers of weed species, herbicide classes, and
geographical areas affected by resistance have grown continually. Use of the same herbicide for several
consecutive years characterizes the situations in which the first resistant weeds developed. After thirty
years, and the development of thousands of additional resistance sites, it is still true that resistance
generally occurs where the same herbicide, or herbicides with the same mode of action, are used to control
the same weed for several years. Weed management strategies to avoid or delay the onset of resistance
have been devised to reduce the intensity of selection that such mono-herbicide systems apply to weed
populations, and to deplete the weed population by reducing seed production.

Current Status

The first reports of weed populations evolving herbicide resistance were of triazine-resistant
common groundsel (Senecio vulgaris L.) (24) and 2,4-D-resistant wild carrot (Daucus carota L.) (29).
Since then, at least 30 countries worldwide have reported one or more cases of resistance (15). Although
species with resistance to members of various other herbicide classes have been documented (10), triazine
resistance is the most prevalent with at least 58 resistant species identified (15). Significant numbers of
species have developed resistance to other herbicide classes (Fig. 1) including acetolactate synthase (ALS)
inhibitors, acetyl CoA carboxylase (ACCase) inhibitors, auxin analogs, Photosystem I (PS I) inhibitors,
and tubulin inhibitors, as well as non-triazine Photosystem II (PS II) inhibitors.

In many of the cases studied so far, resistance is due to an alteration of the target site that renders
it less susceptible to the herbicide (10). On this basis, selection for resistance to one member of a
herbicide class often confers resistance to some or all other herbicides with the same mode of action.
This phenomenon is known as target site cross resistance, and herbicides with different modes of action
generally retain activity on such biotypes.

An important trend during the last decade has been the development of non-target site cross
resistance and multiple resistance, best exemplified by blackgrass (Alopecurus myosuroides Huds.) in the
United Kingdom and rigid ryegrass (Lolium rigidum Gaud.) in Australia (8). Biotypes of these species
have evolved resistance to many herbicides from different chemical classes and having different modes of
action, often without having been treated by some of the herbicides. The basis for resistance is one (non-
target site cross resistance) or several (multiple resistance) resistance mechanisms. These biotypes can be
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especially problematic because of the limited number of selective herbicides still capable of controlling
them.

Resistance Evolution

For resistance to evolve, genetic variation for the resistance trait(s) must exist within a
population, and selection events must take place (17). Genetic variation for resistance probably arises
from spontaneous gene mutation (12). There is no data to indicate that mutations result from herbicide
application (10). The rate of resistance evolution depends on initial frequency of resistance alleles, mode
of inheritance, relative fitness of the resistant and susceptible phenotypes, soil seed bank dynamics, and
selection intensity (6, 17), with selection intensity having the greatest influence (12). Selection intensity
on a particular weed by a given herbicide is determined by the intrinsic efficacy of the herbicide and the
duration of its effect against that weed, coupled with its frequency of use.

Considering the components of selection intensity, as alluded to earlier, the majority of sites
where herbicide resistance has developed are characterized by practices that imposed high selection
intensity. These practices include:

¢ Reliance on a single herbicide mode of action in continuous monoculture, rotational

cropping, or industrial use (such as roadsides or railroad rights-of-way)

» Use of herbicides with long residual activity (or high application rates that impart long

residual) or frequent applications.
Specific examples of situations resulting in high selection intensity, and alternative weed management
programs, will be described in a later section.

Compounding the issue of selection intensity is the wide range of inherent sensitivity of
different weeds to the same herbicide and the fact that herbicide application rates are typically selected to
control numerous species. Consequently, the recommended application rate may be considerably higher
than the rate required to control the most sensitive weeds. Species in which resistance has evolved have
generally been those that are highly sensitive to the selecting herbicide. Thus at recommended
application rates they are exposed to very high selection intensity.

Once established, the spread of resistance is influenced by gene flow, through either pollen or
seed dispersal. Aside from cytoplasmic inheritance of target-site triazine resistance, inheritance is by
single, nuclear, dominant or semi-dominant genes in the majority of resistant biotypes where inheritance
has been studied (4). This implies that pollen dispersal should be a key mechanism in resistance gene
flow. However, though pollen movement is involved in spreading resistance for species with a high
degree of cross-fertilization and with resistance mechanisms encoded by nuclear genes, seeds likely play a
more important role in many instances (12), especially for long-distance dispersal (28). Many resistant
species are prolific seed producers, and some have seed dispersal mechanisms that promote seed spread
(25, 27). Furthermore, harvesting operations and farm implements contaminated with resistant seeds (or
vegetative propagules) can increase dissemination of resistance. Therefore, prevention of seed production
and dispersal is a key objective of resistance management programs.

Exceptions to the tendency for seed migration to be the major means of gene flow are blackgrass
and rigid ryegrass. These species, in which cross- and multiple resistance have developed, are obligate
cross pollinators and possess a high degree of genetic variability. It is hypothesized that cross-
fertilization among survivors of herbicide applications in large populations results in the exchange of
genes for several resistance mechanisms. Consequently, multiple mechanisms accumulate in individuals
and populations (8, 23). For these species, pollen movement appears to play a substantial role in
resistance spread. »

Resistance Management Strategies

From the previous discussion of factors that affect the rate of resistance evolution and spread, it
is clear that strategies to minimize and manage resistance must focus on reducing selection by a single
herbicide mode of action alone, and on limiting seed production. Not only are these among the most
influential determinants, but they are also among the few factors over which a farmer can exert control.
A long-term, planned approach that integrates a variety of chemical and non-chemical methods over
multiple years of the rotation is key to successful weed management. Techniques to reduce selection
pressure include (6, 12, 16):

¢ Rotating crops in conjunction with rotating herbicide modes of action

¢ Using mixtures or sequential treatments of herbicides with different modes of action
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« Using shorter-residual herbicides

¢ Limiting the number of treatments per crop with the same mode of action for control of the

same species.

When choosing the herbicide(s) with alternative modes of action for mixture, sequential, or
rotational treatments with a particular herbicide, the optimal partner with respect to resistance
management is one with a similar weed control spectrum and residual activity as the primary herbicide.
In addition, the application rate of the partner herbicide should be sufficient to provide effective control of
the target species. Regarding the selection of rotational crops, one should consider crops that would
allow the use of selective herbicides that are still effective against resistant biotypes that may have been
selected by the use of a previous herbicide.

Another means by which herbicides with alternate modes of action may be introduced into the
cropping system is through the use of herbicide-resistant crops (5). For example, as crops resistant to
glyphosate and glufonsinate become available, growers may break the selection cycle for resistance to
selective herbicides by incorporating these non-selective herbicides (with appropriate resistant crop
varieties) into their in-crop weed management program.

A wide variety of methods may be used before, during, or after the cropping season, or during a
non-crop part of the rotation, to deplete the seedbank and limit new weed seed production (16, 19, 23).
Many of these methods are non-selective and thus control resistant and susceptible biotypes equally. A
partial list of measures to prevent spread of resistance by seeds includes:

» Using tillage or cultivation before or after the crop or during a fallow period

¢ Using non-selective herbicides before or after the crop or during a fallow period

¢ Delaying planting so that early germinating weeds can be controlled by cultivation or non-

selective herbicides

» Making a late season herbicide application to control late maturing weed species

¢ Producing competitve crop stands

¢ Using mulches

» Cutting a crop for hay, silage, or green manure before weed seed production

« Rotating to pasture and grazing before weed seed production.

In addition, consideration should be given to rotating to crops grown in different seasons. "Shifting" the
cropping season may provide opportunities during the "new" off-season to control problem weeds of the
standard crop by alternative herbicides or non-selective methods that are not practical in the cropping
season.

Measures should also be taken to minimize weed seed dispersal which may be accomplished by:

¢ Planting weed-free seeds

¢ Cleaning farm machinery and implements

¢ Collecting and removing weed seeds during the harvesting operation (if seeds are not shed at

maturity)

* Burning pastures or crop and weed residues to destroy seeds.

The above lists are not intended to be comprehensive. Rather, they should be viewed as
providing ideas to form the basis of an integrated weed management plan that is customized for the
prevailing local environmental, economic, and cultural conditions, as well as the crop and weed biological
characteristics. Such conditions vary dramatically from place to place, as do exploitable characteristics of
target weeds. It is therefore imperative that management strategies be devised on a local, and even a field-
by-field basis.

Fitness Considerations

Empirical models indicate that if the resistant phenotype is associated with reduced fitness (in the
absence of the selecting herbicide), resistance evolution will be slower than if the resistant and susceptible
phenotypes have similar fitness (6,18). The relative fitness of the resistant and susceptible phenotypes
can also influence the effectiveness of some resistance management strategies. Specifically, models
predict that rotating herbicides will be more effective in slowing the progression toward resistance or in
hastening the reversion to susceptibility (when use of the selecting herbicide is discontinued) when the
resistant is less fit than the susceptible phenotype (6, 12, 18). The basis for these effects is that in the
absence of the selecting herbicide, the proportion of the resistant phenotype in the population will decline
due to its inferior competitive ability (fitness).

Substantially reduced fitness has been clearly demonstrated in several species with target-site
resistance to triazines (11), and it has probably resulted in a slower progression to resistance than would
be predicted based on only selection intensity and initial frequency. Fitness has not been studied as
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exhaustively for resistance to other modes of action as it has been for triazine resistance. However, from
the available results, there does not appear to be a consistent fitness disadvantage in other resistant
biotypes (11, 25). In particular, studies of fitness components in biotypes resistant to ALS inhibitors
(25), ACCase inhibitors (30), or triallate and difenzoquat (21) have not revealed consistent fitness
penalties compared to susceptible biotypes. Findings in studies of weeds resistant to dinitroanilines
(tubulin inhibitors) and PS I inhibitors have been mixed, and they neither support nor refute the
hypothesis of a general tendency for reduced fitness in resistant biotypes (11). Further, inherent
intraspecific variation and selection by environmental conditions and cultural practices for specific traits
may compensate for fitness effects associated with herbicide resistance in a field environment (11).
Consequently, with the exception of target-site triazine resistance, when rotating to herbicides with a
different mode of action, the expected effect will be a delay in resistance evolution proportional to the
number of years away from the herbicide of interest. An enhanced delay, greater than the proportion of
"off years", will occur only if fitness of the resistant plants is low in the off years (i.e. in the absence of
selection by the herbicide of interest) (6).

Increased sensitivity of resistant plants to alternative herbicides, or negative cross resistance, can
further delay resistance development or speed the return to a largely susceptible population (6). This
phenomenon may not be widely applicable, however, as most examples of negative cross resistance so far
reported have been among triazine-resistant plants (6), just as is true for reduced fitness (11).

Practical Examples Of Resistance Management

Resistance managment techniques have been proposed largely based on theory and empirical
modelling. Few experiments have been conducted to systematically study the benefits of employing
resistance management strategies, or to compare the efficacy of various strategies in delaying the onset of
resistance or in managing it once it has evolved. Therefore, it is instructive to review some examples of
actual farming situations in which contrasting weed control practices were used and had different results in
terms of resistant weed development.

Perhaps the first and most obvious example is that of triazine resistance. Beginning in the
1960s, triazine resistance has developed extensively, and sometimes relatively rapidly (e.g. 6-10 years), in
maize (Zea mays 1..) monoculture, nurseries, orchards, and non-crop areas worldwide, where triazines were
used repeatedly and exclusively for weed control (1, 7). In stark contrast is the fact that triazines have
been used on other extensive areas of maize for over 30 years without resistance occurring (1, 6). The
likely reason for this difference is that in the latter areas, several of the methods that we have listed as
resistance management strategies have been typical of crop culture for many years. Maize is regularly
rotated with other crops (e.g. soybeans (Glycine max (I..) Merr.) in the U.S. Midwest), numerous
alternative herbicides with different modes of action are used in maize as well as the rotational crop(s), and
tillage or interrow cultivation is practiced. Comparing the resistance outcome of the two situations offers
clear support for crop rotation and the use of a variety of herbicide modes of action. -

A similar example is that of the development of resistance to ALS inhibitors in broadleaf weeds
of cereal crops in North America but not in Europe (2, 25). Cereal culture in much of Canada and the
northern U.S. is characterized by monoculture, relatively few effective alternatives to ALS inhibitor
herbicides for broadleaf weed control, and environmental conditions that favor long residual activity of
some ALS inhibitors. Hundreds of sites of resistant kochia (Kochia scoparia (L.) Schrad.) have been
confirmed among the cereal growing areas of the northern U.S. and Canada (2, 25). On the other hand, in
northern Europe, cereals are generally grown in rotation with a diversity of crops. Further, a variety of
herbicides, herbicide mixtures, and sequential treatments are available for use, not only in cereals, but also
in the rotational crops. Consequently, to date there is only one confirmed case of resistance in a broadleaf
weed to ALS inhibitors (2, 25) even though ALS inhibitors for cereals have been available in Europe
nearly as long as in North America. Significantly, this resistant chickweed (Stellaria media (L.) Vill.)
developed in a Danish field in which spring barley (Hordeum vulgare L.) had been grown continuously
and treated with an ALS inhibitor alone for five years (13). Again, this comparison supports the validity
of crop and herbicide rotation and herbicide mixtures for delaying resistance.

A third example also highlights the importance of rotating herbicide modes of action along with
crop rotation. ACCase inhibitors are used only for grass control, and dinitroanilines are used for grass
and broadleaf control. Due to their versatility, members of both of these classes may be used in grain and
oilseed crops. In some areas of western Canada, dinitroanilines have been used annually on the same field
for control of green foxtail (Setaria viridis (L.) Beauv.) for more than 15 years, in spite of rotating crops.
The result has been widespread green foxtail resistance to dinitroanilines in these areas (20, 26).
Similarly, ACCase inhibitors have been used annually as the exclusive control of wild oat (Avena fatua
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L.) in some fields in cereal-oilseed rotations. Predictably, the outcome has been the development of wild
oats resistant to ACCase inhibitors (3, 9). Although dinitroanilines and ACCase inhibitors are also used
for grass control in rotated crops (i.e. maize/soybeans) in the U.S., resistance has not been observed under
these circumstances. A possible basis for this absence of resistance is that neither of these two classes of
herbicides with different modes of action is used as the sole grass control agent throughout the rotation.
Maize-selective ACCase inhibitors are not available, and herbicide mixtures and sequential treatments
incorporating grass activity from different modes of action are currently the norm in both maize and
soybeans. Thus selection from a single mode of action alone is minimized.

The final example to be discussed emphasizes the importance of carefully selecting partner
herbicides for mixture, sequential, or rotational treatments. It is critical that the partner herbicides be
active on the species of most concern for resistance development and that they be used at rates that
provide effective control. Resistance to the ALS inhibitor bensulfuron methyl developed after 4 years of
its continuous use in monoculture rice (Oryza sativa L.) in California, U.S. and New South Wales,
Australia (2, 22, 25). Smallflower umbrella sedge (Cyperus difformis L.), an annual sedge, developed
resistance in California and New South Wales. California arrowhead (Sagittaria montevidensis spp.
calycina), an annual broadleaf, developed resistance in California. Both of these weeds are very sensitive
to bensulfuron methyl and are not controlled by molinate, the predominant partner that was used with
bensulfuron methyl. In addition, due to various issues such as water quality and drift potential, few
herbicides with other modes of action are available for annual broadleaf and sedge control in rice in
California or New South Wales. Under these conditions, selection intensity for resistance was high and
widespread. In contrast, although rice is also grown in monoculture in Japan, the selection intensity for
resistance to the ALS inhibitors is generally low in this country. The reason for the reduced selection
intensity is that in Japan, nearly all rice ALS inhibitors are sold in combinations with herbicides having
other modes of action and weed control spectra that overlap the ALS inhibitors. Additionally, the
mixtures are frequently applied in sequence with other non-ALS inhibitor herbicides. ALS inhibitors
have been marketed in Japan since 1987, with the first being bensulfuron methyl. Weed management
methods in practice in most of Japan during that time have minimized the potential for resistance
development. However, the occurrence of resistance of paddy weeds to ALS inhibitors in California and
New South Wales underscores the need for selection of partner herbicides with overlapping weed control
spectra and alternative modes of action for mixtures or sequential treatments.

Paradoxes In Resistance Management

The already complex task of developing effective resistance management strategies is
complicated by the existence of several apparent inconsistencies between recommended methods and
current agricultural realities. Several examples follow:

» Recommendation: Use tillage or cultivation.

Inconsistency: The trend is toward reduced- or no-till practices to conserve soil, water, and
energy resources.

* Recommendation: Removal or burning of crop residues or pastures.
Inconsistency: Trend is to maintain residues for soil conservation; burning is banned in some
areas due to air quality concerns.

* Recommendation: Delay planting.
Inconsistency: Delayed planting often results in less competitive crop stands, which is
detrimental to weed control, and reduced yield.

* Recommendation: Rotate crops.
Inconsistency: Government programs often indirectly encourage monoculture cropping.

* Recommendation: Use herbicide-resistant crops.

Inconsistency: Repeated use of a single mode of action alone, even with such herbicides as
glyphosate or glufosinate, may lead to evolution of resistance or a shift in the
population from sensitive to less sensitive species.

The benefits and vulnerabilities of a multitude of factors must be balanced when a comprehensive weed
management program is constructed. This is a compelling reason to promote the cooperation of all
members of the agricultural community: farmers, academia, government, and industry, in managing
resistance to maintain tools for efficient crop production.
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Prospects For The Future

Currently many chemical and non-chemical weed control tools are available to enable most
farmers to adopt integrated weed management programs that will allow efficient crop production and delay
the onset of resistance. However, agricultural realities are constantly changing. Regulatory pressures,
that for a variety of reasons result in the removal of current herbicides from the marketplace, reduce the
number of herbicide options. Furthermore, increasing hurdles for the commercialization of new
herbicides slow the rate of introduction of new products and, most importantly, new modes of action.
Several new products {(e.g. new ACCase inhibitors and ALS inhibitors) have expanded the number of
crops in which the same mode of action may be used. Farmers should be aware of the mode of action of
herbicides they use and plan for rotating modes of action as well as crops. Herbicide-resistant crops
introduce another potentially complicating factor for resistance management. As they become more
widely adopted, they should be incorporated into the overall weed management strategy in a way that does
not promote continuous reliance on a single mode of action for control of key target weeds. Further,
additional methods such as biological control and herbicide synergists may become more available in the
future. To continue to meet weed management challenges, farmers will need to be alert to changes in
their weed populations, stay well informed and adaptable to new management techniques, and work
closely with local extension, academics, and retailers to maintain efficient, productive operations.

Acknowledgement: The author thanks Drs. J. L. Saladini and L. L. Saari for reviewing the manuscript.
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Figure 1. Worldwide distribution of herbicide resistance in weeds: number of species resistant to each
herbicide class. Thirty countries reported occurrence of one or more resistant weed species (3, 10, 14, 15,
25, 26).
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Current and Future Herbicide Risk Assessment in Europe and United States

William L. Chen, Ph.D., Global Regulatory, Toxicology and Environmental Chemistry, DowElanco,
9330 Zionsville Road, Indianapolis, IN 46268-1054 U.S.A.

Abstract. The risk assessment process offers regulators, registrants, public interest groups and users a
means of weighing apparent health and environmental effects of pesticides (herbicides) and other
chemicals, and measuring their safety for use. This paper examines three key areas of risk assessment:
(1) Maximum Tolerated Dose (MTD), (2) Cancer Classification and Risk Assessment, and (3) Ecological
Risk Assessment. The American, European and International approaches in these important areas are
compared and discussed in light of the current scientific knowledge.

Key words. risk assessment, herbicide, global harmonization
Introduction

Pesticide (herbicide) risk assessment practices in the United States and Europe have changed
dramatically during the past 10 years since the adoption of quantitative procedures that link experimental
hazards identified in animals and plant species with human or environmental exposure from a variety of
sources, including air, water, soil, food and the workplace. Herbicide risk assessment and risk
management comprise dynamic processes that can be used to weight scientific evidence in order to
formulate regulatory policy for the protection of human health and the environment.

All herbicides, because of their intended use, are toxic to some form of life. Risk assessments are,
therefore, necessary to estimate a level of human or environmental exposure which will not result in
adverse effects to human health or the environment. Risk assessment is an analytic process involving four
integrated steps as recently identified by the European Union (EC, 1993) and the U.S. Government (U.S.
National Research Council, 1983): (1) hazard identification, (2) dose-response assessment, (3) exposure
assessment. and (4) risk characterization,

The basic process in human health risk assessment is to derive and compare the estimated human
exposure (dose) with a no-observed-adverse-effect-level (NOAEL) for the most critical effect observed
in human or animal toxicity studies conducted by a relevant route of exposure. Similarly, in ecological
risk assessment, the process involves the derivation and comparison of the predicted environmental
concentration (PEC) with the LC50 or no-observed-effect-concentration (NOEC), determined in aquatic,
avian and other terrestrial species. The risk assessment process can either result in an adequate margin of
safety (MOS) or an inadequate margin of safety. In the latter case, higher tier risk assessment or
mitigation procedures, usually involving exposure refinement or reduction, will be employed.

Unfortunately, many different testing and evaluation guidelines have been adopted and implemented by
various countries, creating significant differences in risk assessments and regulatory decisions on
herbicides. The need for international harmonization in the field of pesticide (herbicide) health and
environmental risk assessment has been recognized for a number of years. This recognition prompted the
development, by the Food and Agriculture Organization (FAO), by the World Health Organization
(WHO) and by the Organization for Economic Cooperation and Development (OECD), of
recommendations for the harmonization of data requirements and risk assessment methodologies.

Recent efforts in national and international harmonization have provided a workable process by which
the differences can be resolved in moving towards global harmonization of herbicide risk assessment and
registration. This paper examines three key areas: (1) Maximum Tolerated Dose (MTD), (2) Cancer
Classification and Risk Assessment, and (3) Ecological Risk Assessment. The American, European and
International approaches in these important areas are compared in light of the current scientific
knowledge.

Maximum Tolerated Dose (MTD)

Much of the controversy on MTD has been a result of inconsistencies in its definition and interpretation.
These inconsistencies exist between the U.S. and most of the OECD countries. It is a source of
disharmony between EC countries on .one side and U.S. EPA on the other, in the registration and
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relegglellicion of pesticides. It is therefore important to examine the MTD as it is defined and interpreted
globally.

The OECD guideline for carcinogenicity studies gives this description of the MTD (OECD, 1987):

The highest dose level should be sufficiently high to elicit signs of minimal toxicity without
substantially altering the normal life span due to effects other than tumors. Signs of toxicity are
those that may be indicated by alterations in certain serum enzyme levels or slight depression of
body weight gain (less than 10 percent).

The EC Registration Directive (Directive 91/414/EEC, 1993 draft Annex II) describes the dose-selection
process as follows (EC, 1993a):

The doses tested, including the highest dose tested, must be selected on the basis of results of short-
term testing and the level of possible human exposure, and where available at the time of planning
the studies concerned, on the basis of metabolism and toxicokinetics data, such that at the highest
dose, definite but minimal signs of toxicity are elicited (viz, slight depression in body weight gain),
without causing tissue necrosis or metabolic saturation, and without altering normal life span due to
effects other than tumors. Higher doses causing excessive toxicity are not considered relevant to
evaluations to be made.

The World Health Organization (WHO) in discussing the selection of dose levels and the validity of
MTD concept, states (IPCS, 1990):

Results of studies at dose levels many orders of magnitude above the level of human exposure . . .
(are of) little relevance. Instead of using the MTD to select the top dose level, the use of properly
designed biotransformation studies over a range of doses (including human exposure level) may
provide a more rational basis for dose selection in long term animal studies.

All three guidelines define minimal toxicity for selection of the highest dose. In contrast, the EPA takes
the position of eliciting significant toxicity as its requirement for MTD (EPA, 1987):

The highest dose to be tested in the oncogenicity study should be selected below a level which
resulted in significant life-threatening toxicity in the subchronic study. The level should not be
selected too far below a life-threatening level because the highest dose tested in the oncogenicity
study should elicit significant toxicity without substantially altering the normal life span of the test
species from effects other than tumor formation.

The consequences of selecting significant toxicity versus minimally toxic doses are enormous. As a
result of differences in high dose selection, many rodent carcinogenicity studies were rejected by U.S.
regulatory bodies, for not reaching MTD, even after they have been accepted by European and
International agencies. The repeated studies add little knowledge in terms of real hazard identification or
risk assessment of pesticides and hence are a waste of resources. The high doses themselves may
produce tumors in animals which are not relevant to situations where humans are exposed to much lower
concentrations. Differences in MTD may cause unwarranted concerns about residues allowed in food.
This difference could give rise to potential trade barriers between nations and serve to increase the
growing skepticism with which governments and scientists are regarded.

Recent efforts in harmonizing high dose selection or MTD have met with some success. The October
1993 consensus text of the International Conference on Harmonization (ICH) of Technical Requirements
for the Registration of Pharmaceuticals for Human Use proposed five equally acceptable criteria for
selecting the high dose (ICH, 1993): 1) dose-limiting pharmacodynamics, 2) a minimum of a 25-fold
area-under-the-curve (AUC) ratio (rodent:human), 3) saturation of absorption, 4) maximum feasible
dose, and 5) the MTD.

Another project underway is the international harmonization of risk assessment methodologies for
carcinogens, mutagens, and reproductive toxins. Participants in this project include the WHO's
International Program on Chemical Safety (IPCS), EC, OECD, and the U.S. EPA. Differences in
approaches to high dose selection (MTD) hopefully will be harmonized in this process.

Cancer Classification and Risk Assessment

A recent survey of risk assessment methodologies practiced by OECD and selected non-OECD countries
was conducted by IPCS (Dragula, 1994). While the linearized multistage extrapolation model is used by
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U.S. in assegsing cancer risks, most countries employed the No Observed Adversed Effect Levels
(NOAELS) with safety factors for non-genotoxic carcinogenic risk assessment.

The U.S. EPA (EPA, 1986) assumption for all substances showing carcinogenic activity in animal
experiments is that no threshold exists (or at least none can be demonstrated), so there is some risk with
every exposure. Thus, the dose-response curve derived based on this assumption shows zero risk only at
zero exposure. All other exposures entail some risk. All substances identified as Categories A or B, and
some Category C carcinogens (see Table 1 for details on carcinogen classification) are subjected to the
same linearized multistage extrapolation procedure in risk assessment. This is a conservative procedure
used to estimate the hypothetical upper bounds on the cancer risk and cannot be related to expected
disease incidence in an actual population. In fact, EPA generally attaches the following description to its
risk estimates: ‘

"The true value of the risk is unknown, and may be as low as zero."

Table 1

Human Classification of Carcinogens by EPA

A. Human Carcinogen
B. Probable Human Carcinogen
C. Possible
D. Inadequate Data
E. No Evidence (Negative)
}  Risk Assessment
D.
} NoRisk Assessment
E.

In EC and most OECD and non-OECD countries, carcinogens are divided into genotoxic and non-
genotoxic categories. For genotoxic carcinogens, it is assumed that no threshold exists for these agents.
Non-genotoxic carcinogens are treated as threshold toxicants. A NOAEL and safety factor are used to set
allowable daily intakes (ADIs). The mechanisms of tumor induction are often investigated.

No linearized extrapolation models are used in cancer risk assessment. The U.K. described its rationale
for not providing linearized mathematical model as follows (UK., 1991): "The Committee does not
support the routine use of quantitative (linearized model) risk assessment for chemical carcinogens. This
is because the present models are not validated, are often based on incomplete or inappropriate data, are
derived more from mathematical assumptions than from knowledge of biological mechanisms and, at
least at present, demonstrate a disturbingly wide variation in risk estimates on the model adopted."

The linearized extrapolation model and the MTD used by U.S. EPA have also been severely criticized by
others. Dr. Jay 1. Goodman, in a paper in Molecular Carcinogenesis (1994), made the following
statement (Ray, 1994):

"In freshman chemistry laboratory we are taught not to extrapolate beyond a standard curve because one
quickly ends up in ‘never-never land.' All too often the low-dose exirapolations from carcinogen bioassay
results are based upon one data point, i.e., the estimated line is drawn from a single point, a practice that
would not be deemed acceptable in a geometry class . . . The implicit assumptions underlying
extrapolation from the MTD . . . do not appear to be valid. Therefore, both the criteria for selection of the
high dose used and the default criteria that are employed for extrapolation from high-dose must be
reevaluated in a critical manner."
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Since 1986, our knowledge of carcinogenesis and risk assessment processes have continued to advance,
leading U.S. EPA to initiate in 1994 (EPA, 1994) a revision of the 1986 Cancer Risk Assessment
Guidelines (EPA, 1986). The major difference in the 1994 proposed revised guidelines compared with
the 1986 guidelines concerns how evidence is weighed and used in support of decisions. Under the
proposed revised guidelines, all scientific evidence will be used i.e. data on animal and/or human tumor
effects, cancer mechanistic data and other key evidence. Risk characterization will include a robust
qualitative and appropriate quantitative description of the conclusions instead of the current cancer
classification scheme used by U.S. EPA (Table 1).

Other differences in the revised risk assessment process will include the following. The hazard
identification step will include a description of the likelihood of hazard to humans and conditions of
expression i.e. a consideration of the route, level, frequency and duration of human exposure. The use of
a hazard narrative instead of the current alphanumeric classification. In the dose-response assessment
step, biologically based model will be used as the first choice for fitting and extrapolation. Depending on
the mechanism of carcinogenesis, linear default or threshold model will be used in assessing safety of
carcinogens.

Ecological Risk Assessment

Ecological risk assessment will become nearly as important as human health risk is today. This is
evident from the recent activities noted within the EC (EC, 1993a), U.S. EPA (EPA, 1993) and OECD
(OECD, 1994) to develop various types of risk assessment schemes. A key ingredient of the ecological
risk assessment process should be the ability to distinguish perceived risk from real risk. As outlined in
Figure 1, the primary aspects of the process are to compare exposure values with toxicity endpoints in
order to determine potential hazard. Then by a suitable means ecological significance is assessed. One
fundamental aspect of risk (Figure 1) is the correlation between level of risk and the probability that a
hazard might actually occur. The greater the probability, the greater the risk, and if too high, a risk
management process takes over in order to mitigate risk back to an acceptable level. Therefore, key
ingredients in ecological risk assessment are comparison of exposure to toxicity endpoints and evaluation
of the probability that exposures will reach significant toxic levels.

To deal with the need for extensive data, computer assisted model simulation of pesticide (herbicide)
movement is being used to develop the multiple sets of data and to serve as the basis for exposure
refinement. Computer simulation is selected because it is a very cost effective way to generate the large
data sets needed for risk refinement. With modern computers and computing tools it is now possible to
generate thousands of PEC estimates at a fraction of the cost of a single field study. Field studies can
still be utilized if desired but they take on much more meaning and value if designed to support and
improve the modelling process.

From the above discussion, the following risk assessment or risk refinement scheme is presented (Figure
2):

Tier I. - Simple first estimation of PEC from simple inputs, consisting of application rate, and compared
to toxicity endpoints. Very conservative assessment and serves to identify the species of concern.

Tier I1, - Model simulation with standard worst-case scenarios of soil and weather as inputs. Scenarios
defined probabilistically and are set to identify the 90th percentile PEC. The main purpose of this
activity is to identify the use areas that have ecological concern. There may also be some activity to
identify the benefits of mitigation.

Tier II1. - Model simulation with many scenarios of soil and weather as inputs. The purpose is two fold:
(1) to identify probabilistically the sensitive locations within a use area of concern, and (2) to evaluate
mitigation/management techniques that can minimize level of risk.

Tier 1V. - Landscape modelling to take into account the relationship between treated locations and

sensitive habitats. All of the previous tiers assume habitat is at the edge of the treated area. This tier
steps beyond and examines landscape factors that influence the ultimate PEC's for the sensitive habitat.
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This tiered process of exposure refinement and thus risk refinement in ecological risk assessment is
similar to that proposed recently in the U.S. by the Aquatic Risk Assessment and Management Dialogue
Group (ARAMDG) (ARAMDG, 1994), and by FOCUS, the European modelling working group that has
been working on ecological risk assessment for ground water.

Conclusion

The risk assessment process offers regulators, registrants, public interest groups and users a means of
weighing apparent health and environmental effects of pesticides (herbicides) and other chemicals, and
measuring their safety for use. All herbicides, because of their intended use, are toxic to some form of
life. Risk assessments are, therefore, necessary to estimate a level of human or environmental exposure
which will not result in adverse effects to human health or the environment. Risk assessment is an
analytic process involving four integrated steps as recently identified by the European Union (EC, 1993)
and the U.S. Government (U.S. National Research Council, 1983): (1) hazard identification, (2) dose-
response assessment, (3) exposure assessment. and (4) risk characterization.

Unfortunately, many different testing and evaluation guidelines have been adopted and implemented by
various countries, creating significant differences in risk assessments and regulatory decisions on
herbicides. Recent efforts in national and international harmonization have provided a workable process
by which the differences can be resolved in moving towards global harmonization of herbicide risk
assessment and registration. This paper examines three key areas: (1) Maximum Tolerated Dose
(MTD), (2) Cancer Classification and Risk Assessment, and (3) Ecological Risk Assessment. The
American, European and International approaches in these important areas are compared in light of the
current scientific knowledge.
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Fig. 1. Environmental Risk Assessment Scheme
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Fig. 2. Ecological Risk Refinement

Tier I
Calculation of PEC from application rate;
Calculation of Risk Quotient Q from PEC/ToxEndpt

(Identifies Ecological Species of Concern.)

No Concern Developed; Risk
Assessment Completed.

Tier I1
Re-calculation of PEC Via Model Simulation With Standard
Worst-case Scenarios of Weather and Soil. Scenarios Defined
Probabilistically as 90th Percentile events. Evaluation of
Mitigation Practices Via Simulation

(Identifies Use Areas of Ecological Concern)

Concern Acceptable or Mitigated To
Acceptable Levels. No Further
Evaluation Needed.

Tier I11
Calcuiation of PEC Via Model Simulation With Many
Scenarios of Soil and Weather as Input. Evaluation of
Mitigation Practices Via Simulation.

(Identifies Sensitive Locations Within Use Areas of

Concern)
Concern Acceptable or Mitigated To
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Tier IV

L.andscape Modeling. Landscape Features Factored Into PEC.
Takes Into Account Location of Treated Area And Habitat of
Concern.
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Abstract. Phytotoxic effects of peroxidizing herbicides, e.g. oxyfluorfen, on chlorophyll
content, protoporphyrin-IX accumulation and short-chain hydrocarbon formation were
measured with Scenedesmus acutus, Marchantia polymorpha and Nicotiana glutinosa.
The peroxidizing parameters were conveniently determined using cells of three plant
species. Sensitivities of the peroxidizing herbicides to the three systems are described.

Key words: Peroxidizing herbicides, plant cell cultures, phytotoxic activity

INTRODUCTION

Plant tissue cultures are often used to study the mode of action of herbicides,
because they exhibit several advantage like handling, growth or reproducibility.

However, photosynthetic activity of plant tissue cultures is considerably lower
compared with that of the intact plants, because they are generally heterotrophically
grown supplying sugar as carbon source. Therefore, there remain doubts whether the
influence of the herbicides targeting photosynthesis accurately reflect those of intact
plants. We believe that plant cells are good materials and methods in many cases. Here
we report the use of plant tissue cultures of habituated tobacco cells and liverwort cells to
determine herbicidal effects caused by peroxidizing herbicides, comparing them with
phytotoxic data obtained from the autotrophic green microalgae, Scenedesmus acutus.

MATERIALS AND METHODS

1) Chemicals

Oxyfluorfen, 2-chloro-4-trifluoromethylphenyl 3-ethoxy-4-nitrophenyl ether, was
prepared by treating 1,3-bis-(2-chloro-4-trifluoromethylphenoxy)-4-nitrobenzene, syn-
thesized from resocinol, with ethanolic KOH (1).

Chlorophthalim, N-(4-chlorophenyl)-3,4,5,6-tetrahydrophthalimide, was prepared
by the condensation reaction of 3,4,5,6-tetrahydrophthalic anhydride and 4-
chloroaniline, according to own method given elsewhere (2).

Chemicals, analytical grade, for cell cultivation were purchased from Wako Chemical
Corp.,Tokyo, Japan and fine chemicals including authentic protoporphyrin-IX (Proto-
IX) and buffer from Sigma, Miinchen, Germany.

2) Cultivation of plant cells

HNG (habituated Nicotiana glutinosa) cells were grown on agar medium (AYMB80T)
aseptically for 15 to 20 days at 25°C in the light of 6,000 lux as described (3).

Liverwort (Marchantia polymorpha) cells were grown in liquid medium as reported in
ref. (4), on a rotary shaker at 150 rpm at 25°C in the light of 3,000 lux.
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Microalgae (Scenedesmus acutus) cells were grown autotrophically in liquid culture
medium at 22°C under gassing with 4% (V / V) of CO, / air in the light (approx. 6,000
lux) (5).

3) Phytotoxic assays

[Experiments using HNG]

Herbicides dissolved in methanol were added to 0.1g of HNG cells placed into gas-
tight 10-ml vials suspended in 2 ml of liquid culture medium (AXM80T medium except
for agar). A two ml cell suspension was shaken at 25°C in the light (10,000 lux). After a
48-hr incubation, cell growth, chlorophyll content and short-chain hydrocarbon (ethane,
ethylene and propane) formation were determined according to the methods given
elsewhere(3). Proto-IX accumulatlon was determined during a 10-hr mcubatlon with
peroxidizing herbicides, 10° M.

[Experiments using liverwort]

Herbicides were applied to a 6-day old liverwort cell suspension (with a density of 10
ul packed cell volume / ml of cell suspension). Experiments were performed in gas-tight
10-ml vials. A two ml cell suspension was shaken at 25°C in the light (10,000 lux). After
a 3-day incubation, cell growth, chlorophyll content and ethane formation were
determined. Proto-IX accumulation was measured after a 12-hr incubation with
oxyfluorfen, 10° M.

[Experiments using Scenedesmus)

Herbicides were applied to a 24-hr old algae cell suspension (with a density of 2 pl
pcv / ml of cell suspension). Experiments were performed in gas-tight 9-ml vials. A two
ml of algae suspension containing 5 mM of NaHCO, was shaken in a Warburg apparatus
for 16 hr at 22°C in the light (17,000 lux).

After incubation, cell growth, chlorophyll content and short-chain hydrocarbon
(mostly ethane) formation were determined according to the method given elsewhere (5).

Proto-IX accumulatlon was determined during a 20-hr incubation with peroxidizing
herbicides, 10° M.

4) Determination of peroxidizing activity

The pl-values of herbicides against growth, chlorophyll content and short-chain
hydrocarbon formation were determined from dose-response relationship by means of
Probit analysis (6).

RESULTS AND DISCUSSION

1) Phytotoxic parameters

[HNG cells] Accumulation of protoporphyrin-IX in the presence of oxyfluorfen was
observed in HNG cells (Fig.1). The Proto-IX contents in HNG cells increased within 7
hrs, thenceforth Proto-IX decreased. Control HNG cells showed a very low level. This
result indicates that protoporphyrinogen-IX oxidase catalysing chlorophyll biosynthesis
was inhibited by peroxidizing herbicides.

Growth inhibition, chlorophyll decrease and short-chain hydrocarbon formation in
HNG cells were also observed in the presence of peroxidizing herbicides after 48-hr
incubation (Table 1). The short-chain hydrocarbon formation in HNG cells treated by the
herbicides apparently is due to lipid peroxidation, following chlorophyll degradation and
growth inhibition. The chlorophyll decrease, short-chain hydrocarbon formation and
Proto-IX accumulation were also alleviated by the simultaneous addition of diuron. This
result indicates that peroxidizing effects of the herbicides are somewhat related to
photosynthesis (7).
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Fig.1 Time-course accumulation of protoporphyrin-IX in the

presence of chlorophthalim and oxyfluorfen (10-5M)
in HNG (habituated Nicotiana glutinosa) cells

Table 1 Effects of diuron in the peroxidizing effects by peroxidizing
herbicides in HNG (habituated Nicotiana glutinosa) cells after
a 48-hr incubation

Chlorophyll hsyl(li(;roté:ilgg:l Proto-IX
Culture condition Growth content formation accumulation
(mg FW) (ug/gF.W.) (amol/gF.W.) (nmol/g F.W))
Control 81.8 39.3 1.27 -
(+)Oxyfluorfen
(+)Oxyfluorfen
(+)Diuron (10°M) 78.0 36.4 1.26 0.71

* Proto-IX accumulation after a 7-hr incubation with peroxidizing herbicides, 10°M,
F.W.= fresh weight.

Although the responses to peroxidizing herbicides of HNG cells were slower than

those of Scenedesmus cells, HNG cells showed the same effects to peroxidizing

herbicides, as was documented and explained in detail with Scenedesmus cells (8).
[Liverwort cells] Accumulation of Proto-IX in the presence of oxyfluorfen occurred in
liverwort cells (Fig.2) as observed with HNG cells. Proto-IX in the liverwort cells
slightly increased with a lapse of 7 hrs, thence the Proto-IX drastically increased and

accumulated to a maximum after an 11-hr incubation. After that time, Proto-IX content in

the cells decreased.
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Growth, chlorophyll decrease and short-chain hydrocarbon formation in liverwort
gells were also investigated in the presence of herbicides after a 3-day incubation (Table
).
Although,in liverwort cells, these responses to peroxidizing herbicides as mentioned
above were slower than those of HNG cells, liverwort cells showed the same response
to peroxidizing herbicides as was observed with HNG cells and Scenedesmus cells. The
diuron effect is not very much pronounced in contrast to HNG cells and autotrophic
Scenedesmus (Table 2). It should be noted that we can detect a new tetrapyrrole (590FP)
of Proto-IX when cultivating liverwort cells in the presence of peroxidizing herbicides
(4). This tetrapyrrole is considered as the trigger of peroxidizing process (9).
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Fig.2 Time-course accumulation of protoporphyrin-IX in the presence
of oxyfluorfen (10-M) in liverwort (Marchantia polymorpha) celis
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Table 2 Effects of diuron in the peroxidizing effects in liverwort
(Marchantia polymorpha) cells after a 72-hr incubation

Short-chain
Chlorophyll h
iy ydrocarbon
Culture condition Growth content formation
(ul pev*/ml) (ug/ml pcv*) (nmol/ml pcv*)
Control 17.3 590.2 0.49
(+)Oxyfluorfen
(+)Oxyfluorfen
(+)Diuron (10°M) 10.5 102.5 n.d.**

* pcv= packed cell volume, ** n.d.= not determined.
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[Scenedesmus cells] It has already reported that all peroxidizing phytotoxic parameters
such as growth inhibition, chlorophyll decrease, short-chain hydrocarbon and Proto-IX
accumulation are conveniently detected using green microalgae, Scenedesmus acutus
(8). The assay with Scenedesmus can be done within a 16-hr treatment.

It is also known that diuron counteracts the peroxidizing effects in autotrophic
Scenedesmus cells. In the dark-incubated heterotrophic cultures, no peroxidative ethane
formation is detected. No inhibition by peroxidizing herbicides is found on
photosynthesis and respiration at concentrations exceeding the ply,-values for growth
mhibition (8). These findings suggest that the peroxidizing herbicides induce radical
reactions by affecting crucial enzymes and metabohc pathways including chlorophyll
formation steps. Generation of activated oxygen, e.g. 'O, or hydroxyl radicals, which is
mediated by Proto-IX and possibly by photosynthetic electron transport in the light. The
light-dependent action of peroxidizing herbicides (10) is now discussed on this
principle(11).

2) Comparison of phytotoxic data obtained from three types of cell cultures

Phytotoxic data of peroxidizing herbicides are assayed with HNG cells, liverwort
cells and Scenedesmus cells (Table 3).

The pl,,-values indicating phytotoxic sensitivity to peroxidizing herbicide differed
among three cell cultures. The strong peroxidizing herbicide, oxyfluorfen, confirmed
already via Scenedesmus assay system (pl, (Growth) 8.00; pl,, (Chlorophyll) 8.15;
pl,, (Short-chain hydrocarbon) 7.00) also showed strong phytotoxic data (pl, (Growth)
6.61; pl, (Chlorophyll) 6.88; ply, (Short-chain hydrocarbon) 6.69). The peroxidizing
phytotox1ty in HNG cell cultures, however, (pL;, (Growth) 6.55; pl,, (Chlorophyll)
6.56; pl,, (Short-chain hydrocarbon) 6.32) obtained from liverwort cell cultures are
lower compared with these phytotoxic data. The response of three cell cultures to the
peroxidizing herbicide is rather similar. Speediness and extent of the phytotoxic response
is different. This fact may depend on difference in chlorophyll productivity or uptake of
herbicides by the three plant cell cultures, or on endogenous radical-quenching systems.

Table 3 Phytotoxic activities of oxyfluorfen against tobacco
cells, liverwort cells and Scenedesmus cells

plso
Compound Plant species ~ Growth  Chlorophyll hSyl:i(;f)t;:?&rtll
Oxyﬂuorfen HNGY 6.61 6.88 6.69
OCH;s
_C}_ _@_ LW 6.55 6.56 6.32
Sce? 8.00 8.15 7.00

1) HNG : habituated tobacco, 2) LW : liverwort, 3) Sce : Scenedesmus acutus.

Handling of HNG cells and liverwort cells for culture and phytotoxic assays of the
herbicides is rather convenient. Thus the assay system using the HNG cells and the
liverwort cells provides a reliable method for screening of peroxidizing herbicides as well
as using Scenedesmus. The investigator may choose any one of the three cell cultures,
whichever one can be handle best in his laboratory. Using the three cultures of this
paper, we can also obtain resistant mutants against peroxidizing herbicides by selection,
as was already achieved with Scenedesmus yielding an oxyfluorfen-resistant mutant
(12).
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ENZYMATIC CONVERSION OF THIADIAZOLIDINE-TYPE PEROXIDIZING
HERBICIDES INTO MORE ACTIVE TRIAZOLIDINES

Yukiharu Sato, Tetsuji lida, Satoshi Senoo, Beate Nicolaus*, Ko Wakabayashi and
Peter Boger*
Graduate School of Agricultural Science, Tamagawa University, Machida-shi, Tokyo
194, Japan

* Lehrstuhl fiir Physiologie und Biochemie der Pflanzen, Universitdt Konstanz, D-78434
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Abstract. 4-Aryl-1,2-tetramethylene-1,2,4-triazolidines and their isomers, S-arylimino-
3,4-tetramethylene-1,3,4-thiadiazolidines were synthesized, and the phytotoxic activities
were assayed by determining light-induced ethane formation and protoporphyrin-IX
formation in Scenedesmus acutus, and root growth inhibition in Echinochloa utilis.
They showed peroxidative activities. Triazolidines were up to 500 fold more active than
thiadiazolidines for inhibition of protoporphyrinogen oxidase isolated from etiolated
maize (Zea mays var. Anjou) seedlings. Interestingly, some thiadiazolidines were
enzymatically and irreversibly converted into triazolidines.  The rate of conversion
depended upon the arylimino moieties and the presence of a carbonyl or thiocarbonyl
group on the thiadiazolidine ring. On the other hand triazolidines were never converted
into their corresponding thiadiazolidines. The converting enzyme from maize was puri-
fied and determined to be a glutathione S-transferase isoform.

Key words: 4-Aryl-1,2-tetramethylene-1,2,4-triazolidines, S-arylimino-3,4-tetra-
methylene-1,3,4-thiadiazolidines, isomerization, glutathione S-transferase

INTRODUCTION

Peroxidizing compounds cause their phytotoxic activity by inhibiting
protoporphyrinogen oxidase (protox) leading to destruction of cell membranes and
formation of short-chain hydrocarbons.  Selectivity, however, is a problem with
peroxidizing herbicides since our knowledge on protox inhibitor sensitivity or on
chemical modification of peroxidizers in the plant cell is still meager. During our previous
resarch to find the intrinsic structure for peroxidation among the cyclic imide
peroxidizers, we found some N-aryl-3,4,5,6-tetrahydroisophthalimides and 5-arylimino-
3,4-tetramethylene-1,3,4-thiadiazolidines which were converted into their corresponding
isomers in the presence of sawa millet (Echinochloa utilis) seedlings. Thus the isomers
converted expressed phytotoxic activities (1,3,5). We found that this isomerization was
caused by an enzyme in the culture of sawa millet, corn (4) and equine glutathione S-
transferase (GST) catalyzed the isomerization in the presence of SH compounds,
especially with reduced glutathione (GSH). Recently, Shimizu et al. (1994) have briefly
reported  that  5-(4-chloro-2-fluoro-5-methoxycarbonylmethylthiophenylimino)-3,4-
tetramethylene-1,3,4-thiadiazolidin-2-one is converted into its triazolidine isomer in the
presence of the impure GST from velvetleaf (7). In this paper, we present data on
enzymatic isomerization of 5-arylimino-3,4-tetramethylene-1,3,4-thiadiazolidines and
preliminary results on identification of the enzyme (isomerase) from corn (Zea mays var.
Anjou), which is essential to isomerize the thiadiazolidine compounds.
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MATERIALS AND METHODS

1. Chemicals

5-Arylimino-3,4-tetramethylene-1,3,4-thiadiazolidin-2-ones (thiadiazolidin-ones, nos.
1~ 4 in Table 1), 5-arylimino-3,4-tetramethylene-1,3,4-thiadiazolidine-2-thiones
(thiadiazolidine-thiones, nos. 5~7 in Table 1), 4-aryl-1,2-tetramethylene-1,2,4-tri-
azolidin-3-one-5-thiones (triazolidin-one-thiones) and 4-aryl-1,2-tetramethylene-1,2,4-
triazolidine-3,5-dithiones (triazolidine-dithiones) were synthesized according to the
previous procedures cited in the references 2,3 and 5. N-Ethoxycarbonylhexahydro-
pyridazines, synthesized from hydrazine via 4 steps, were treated with aryl isothio-
cyanate to yield I-arylthiocarbamoyl-2-ethoxycarbonylhexahydropyridazines (I).
Hydrolysis of 1-arylthiocarbamoyl-2-ethoxycarbonylhexahydropyridazines with KOH-
ethanol gave 1-arylthiocarbamoylhexahydropyridazines (II). Cyclization of pyridazines
(II) with trichloromethyl chloroformate or thiophosgene gave 5-arylimino-3,4-tetra-
methylene-1,3,4-thiadiazolidin-2-ones or  5-arylimino-3,4-tetramethylene-1,3,4-thia-
diazolidine-2-thiones, respectively. Pyridazines (I) were heated with sodium acetate to
give  4-aryl-1,2-tetramethylene-1,2,4-triazolidin-3-one-5-thiones. Treatment of
pyridazine (II) with carbon disulfide yielded 4-aryl-1,2-tetramethylene-1,2,4-triazolidine-
3,5-dithiones.

2. Assay of thiadiazolidines-converting activity into triazolidines (isomerase activity)

For the assay of thiadiazolidine converting activity, fraction 2 of Mono Q anion-
exchange column was used as enzyme sample (for details see ref.4). To a total volume

of 200 pl of 0.05 M potassium phosphate, pH 6.8, 0.1 mM thiadiazolidine, 1 mM GSH
and enzyme sample were added, and the reaction was carried out at 30°C for 30 min.

The reaction was stopped by addition of EtOAc (400 pl) followed by a 1 min
centrifugation for complete phases separation. Pooled EtOAc extract was dried under

nitrogen, dissolved in 50 pl acetonitrile and subjected to HPLC analysis using Nucleosil

column (5 pm, Macherey & Nagel) and acetonitrile/H,O (3:2) as mobile phase (flow rate:
1 ml/min). The amount of thiadiazolidines and triazolidines was determined by
comparison of the integrated areas of the eluted peaks with a calibration standard.

3. Investigation of the co-factor for thiadiazolidine-converting enzyme (2,6)

Reduced glutathion (GSH), dithiothreitol (DTT), S-methyl-L-cysteine and methionine
were investigated for co-factor activity of the isomerization enzyme. Thiadiazolidin-one
1 and thiadiazolidine-thione 5 were used as substrates, equine GST (Sigma) was used
for isomerization enzyme. Results are shown in Table 2.

RESULTS AND DISCUSSION

1. Isolation of the thiadiazolidine-converting enzyme from corn seedlings
The details of the purification steps will be published in reference 4. Corn seedlings

(Zea mays var. Anjou) were grown in vermiculite for 6 days in darkness at 30°C.  After
homogenization and ammonium sulfate fractionation, the crude extract was purified by
HPLC system including a Mono Q anion-exchange column and GSH-affinity columns.
The result of the separation by Mono Q anion-exchange column eluted with a NaCl
gradients was shown in Fig. 1. Two active peaks (fraction 1 and 2) were recognized in
this chromatography. Isomerization activity of the fraction 2 was measured using
thiadiazolidin-one 1 as a substrate. As shown in Fig. 2, thiadiazolidin-one 1 was
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isomerized very rapidly into the corresponding triazolidine. After boiling the reaction
solution, the isomerization was not recognized, indicating that isomerization occurred
by means of an enzyme. This finding agrees with our previous results obtained with
Echinochloa seedlings (2,3,5,6).
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Fig. 1 Separation of two GST fractions on Mono Q
( see reference 4 for details )
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Fig.2 Isomerization of a thiadiazolidine by
enzyme fraction 2 from corn

2. Conversion of thiadiazolidines into triazolidines

In the previous experiments, conversion of thiadiazolidin-ones into triazolidin-one-
thiones was dependent on the 5-arylimino moiety and the thiadiazolidine-thiones were not
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isomerized into triazolidine-dithiones in the presence of Echinochloa seedlings and equine
GST (2,3,5,6). Since it was presumed that only one enzyme or an enzyme family with
similar reaction characteristics to GST was involved in the isomerization, we tried the
conversion experiments using fraction 2 of Mono Q chromatography. The results are
shown in Table 1. Thiadiazolidin-ones (nos. 1,2,3) were converted into corresponding
triazolidin-one-thiones rapidly, the order being nos. 1 and 2 > no. 3. A very little
conversion of thiadiazolidin-one no. 4 and thiadiazolidine-thiones (nos. 5,6,7) were
confirmed. These results are in good agreement with the previous experiments in which
intact Echinochloa seedlings were used for conversion (2,3).

Table 1 Conversion of thiadiazolidin-ones and thiadiazolidine-thiones into
triazolidines by isomerase isolated from corn seedlings.

(D Compounds (2) 3) Activity factor (4)
Protox I, between
Thia / Tria [M] Thia/ Tria

R
2y, i

N
@ #s - C N 1N \_’//R
o]

(o]
1 (R=4-Br) 306" 50 X 10%/13 X 10°® 385
2 (R=4-C1) 306 cemeemeeee
194 3.1 X 10°%/2.0 X 107 16

3 (R=2-CH,, 4-Cl)
4 (R=4-OCH-CH,Clp) 32 6.9 X 10°/1.3 X 10* 530
R
aY S
vy Gy
sIf CN‘I{ W/,
S S

5 (R=4-Br) 2.7 74 X 107/73 X 10° 101
6 (R=4-Cl) 3.0 1.1 X 10°/68 X 10° 162
7 (R=4-0CH, CH,Clp) 06 82 X 107/1.2 X 10° 68.3

*) Specific activity in nmol converted per hr and mg protein

Table 1 shows that the conversion of thiadiazolidines into triazolidines by an isolated
plant GST depends on the arly substituents and on the core structure of the thiadiazolidines
(col. 2).  The inhibition value (I5;) for protox is quite different for both types of com-

pounds (col.3), yielding a ratio of I, values up to 530 (col. 4).

3. Investigation of the co-factor for thiadiazolidine-converting enzyme

It is well known that GST exhibits its conjugating activity in the presence of GSH.
Four candidates for co-factor, GSH, DTT, S-methyl-L-cysteine and L-methionine, were
investigated with equine GST, and the result are shown in Table 2. Both thiadiazolidines
did not convert into the corresponding triazolidines without any co-factors.
Thiadiazolidin-one 1 converted into a corresponding triazolidine in the presence of GSH
and DTT, but not with S-methyl-L-cysteine nor L-methionine. Thiadiazolidine-thione 5§
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did not convert into a corresponding triazolidine with these co-factors. These results
show that equine GST needed SH compounds when it acted as thiadiazolidine-converting
enzyme.

From our experiments up to this time, we conclude as follows:

(1) Thiadiazolidin-ones are isomerized to corresponding triazolidin-one-thiones in the
presence of Echinochloa utilis seedlings, Scenedesmus acutus, a homogenate of
Spinacia oleracea, and an GST, obtained from corn (4). Presence of GST and SH
compounds is required for isomerization.

(2) Thiadiazolidine-thiones barely convert into the corresponding triazolidine-dithiones
under the same condition as mentioned above.

(3) No reverse isomerization of triazolidines into thiadiazolidines is observed under these
conditions.

(4) The conversion of thiadiazolidines into triazolidines may have a bearing to herbicidal
activity and selectivity. This selectivity was caused by the structural difference in
thiadiazolidine structure, i.e. the difference between carbonyl and thiocarbonyl
group, and the structural difference of the 5-arylimino moiety. Which kind of and
how much activity of the GST, related to isomerization of thiadiazolidines, are still
open for the discussion concerning herbicidal selectivity of thiadiazolidines.

Table 2. Co-factor requirement for equine GST

Compounds at start Co-factor Thiadiazolidine form  Triazolidine form
Thiadiazolidin-one .
5 “" 98.4 1.6
o r GSH 2.4 97.6
CN s DTT 3.8 96.2
N~( S-Methyl-L-cysteine 97.2 2.8
o] Methionine 96.1 3.9
Thiadiazolidine-thione
N e G 96.0 nd?
A GSH 95.4 n.d.
C Y g DIT ) 98.2 n.d.
N~ S-Methyl-L-cysteine 96.0 n.d.
Methionine 94.9 n.d.

1) (-) : without co-factor
2) n.d. : not detected
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SELECTION OF HERBICIDE-TOLERANT SOYBEAN CELLS
AND MECHANISM OF TOLERANCE TO OXYFLUORFEN

T. Pornprom, H. Matsumoto, K. Usut and K. Ishizuka
Institute of Applied Biochemitry, University of Tsukuba

Abstract Soybean (Glycine max L. cv. Enrei) cells tolerant to oxyfluorfen, imazaquin, or
fluazifop-P-butyl were tried to isolate and the mechanism of tolerance was investigated. By a
stepwise selection with increasing concentration of the herbicides, the growth of imazaquin-
and fluazifop-P-butyl-tolerant cells completely stopped when the cells were put into 106 M
imazaquin or 104 M fluazifop-P-butyl. Only oxyfluorfen-tolerant cells which grew in a
medium containing 10"® M of the herbicide were successfully obtained. Oxyfluorfen concen-

tration required to inhibit the growth of the tolerant cells by 50% was 5x10-6¢ M. This
indicates that the selected nonchlorophyllous soybean cell line was 100-fold tolerant to
oxyfluorfen than the non-selected (normal) cell. To clarify the tolerance mechanism
absorption, metabolism, protoporphyrin IX (Proto IX) accumulation, protoporphyrinogen
oxidase (Protox) inhibition, activities of the antioxidative system, and cross-tolerance to other
herbicides were compared between the tolerant and normal cells. The results suggested that
the tolerance is mainly due to less sensitivity of Protox and partially due to less absorption
and high Protox activity. The oxyfluorfen-tolerant cells were found to have cross-tolerance to
nitrofen, oxadiazon, and bifenox, although there was no cross-tolerance to bensulfuron-
methyl.

Key words: oxyfluorfen, imazaquin, fluazifop-P-butyl, herbicide tolerance, soybean
suspension cells, protoporphyrin IX, protoporphyrinogen oxidase, cross-tolerance

Introduction

Several types of herbicides including oxyfluorfen, imazaquin, and
fluazifop-P-butyl, have been widely utilized to control major grasses and
broadleaf weeds in soybean. Selection of cultivars tolerant to specific herbicides
may offer new means to control weeds. To isolate a mutant which has tolerance
to certain herbicide, in vitro selection technique has been employed because it
can utilize large number of cells. Tolerant cell lines to several herbicides
have been obtained by the technique. Recent reports introduced soybean cells
tolerant to atrazine (Wrather and Freytag,1991) and clomazone (Norman et al.,
1990). However, there is still limited information on herbicide-tolerance in
soybean cells. In the present study, the trials to select soybean cells tolerant to
oxyfluorfen, imazaquin, and fluazifop-P-butyl and characteristics of the
selected nonchlorophyllous soybean cell line is described.
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Materials and Methods

Cell suspension culture

Soybean (Glycine max L. cv. Enrei) cell cultures induced from cotyledons
were maintained in MS-medium supplemented with 2.0 mg/1 2,4-D and 20 g/1
sucrose (pH 5.7), and incubated on a gyratory shaker at 110 rpm at 28°C under
dim light. Subculturing was performed at every 10 days. A 10-fold increase of
packed cell volume (PCV) during 10 days was repeatedly obtained. The
oxyfluorfen-tolerant cells were maintained in the medium containing 10-7 M

oxyfluorfen under continuous fluorescent light at about 50 uEm-2s-1,

Selection of soybean cells tolerant to herbicides

The growth response of soybean cells to the herbicides was determined by
transferring 2 ml of cells into 100 ml of fresh medium containing different
concentrations of the herbicides (10°2 to 10°6 M oxyfluorfen, 108 to 106 M
imazaquin, and 10°7 to 10-4 M fluazifop-P-butyl). The survived cells were then
transferred to a subsequent medium with the same or higher concentration of
the herbicides. This process was repeated. To determine oxyfluorfen effect,
suspension cultures were maintained under continuous fluorescent light at 50

p.Em'zs'l.

Absorption and metabolism

Five days-old cells after subculturing (at the linear phase of the growth
cycle) were treated with oxyfluorfen at the concentration of 5x10°8 or 5x10-6 M.
Absorption and metabolism of oxyfluorfen were compared between the normal
and tolerant cells according to the modified procedures of Lee et al. (1991).

Effect of light on the growth of oxyfluorfen-tolerant and normal soybean cells

Both cells were treated with 10-8 or 10-7 M oxyfluorfen and exposed to
fluorescent white light (50 pEm~2s"1) or wrapped with an aluminum foil. To
determine the effect of light intensity on the oxyfluorfen activity, the culture
flasks were exposed to light at 0, 50, 100, 200 or 400 pEm~ 251 respectively.
Cytotoxic effects were evaluated by measuring PCV.

Protoporphyrin IX (Proto IX) determination
Both cells were treated with oxyfluorfen at the concentration of 5x10-8 or
5x10© M, and incubated in flasks which were placed under continuous

fluorescent light at 50 pEm~2s-1for 0.5, 1, 2, 4 or 8 hr. The same experiment was
performed in darkness. The amount of oxyfluorfen-induced Proto IX accumu-
lation was measured according to the modified procedures of Lee et al. (1992).

Protoporphvrinogen oxidase (Protox) assay

Protox activity was determined in vitro according to modified procedures
of Sherman et al. (1991). Protein concentration was determined by using the
method of Bradford (1976). The enzyme substrate, Protogen, was prepared
according to Jacobs and Jacobs (1982).
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Antioxidative system
Both cells were treated with 10°8,10°7 or 10-© M rose bengal (a generator
of 10y) and then exposed to fluorescent white light (50 pEm~2s"1) or wrapped

with an aluminum foil. The relative growth of the cells at the various concen-
trations was estimated by measuring PCV over a cultured period of 10 days.

Determination of cross-tolerance
1. Growth of cells: The relative growth of oxyfluorfen-tolerant and -
normal soybean cells to other herbicides, was determined under different

concentrations ranging from 10710 t0 105 M. The treated-cells were incubated
on a gyratory shaker at 110 rpm under dim light (bensulfuron-methyl-treated)
or continuous fluorescent light at 50 uEm 25"l (oxyfluorfen-, bifenox-,
nitrofen-, and oxadiazon-treated). The effects of the herbicides were determined
10 days after treatment by the PCV.

2. Assay of Protox: Protox activity of the cells was determined by in vitro
assay with various concentrations of the herbicides as described elsewhere
(Pornprom et al.,1994).

Results and Discussion

Selection of soybean cells tolerant to these herbicides were attempted
using suspension cultures induced from their cotyledons. The concentration

required to inhibit the growth of normal cells by 50% were 5x10°8 M, 5x10"7 M,
and 1075 M for oxyfluorfen, imazaquin, and fluazifop-P-butyl, respectively. By a
stepwise selection with increasing concentration of the herbicides, the cells
tolerant to 107 M oxyfluorfen, 5x10~7 M imazaquin, and 5x10-5 M fluazifop-P-
butyl were obtained. The growth of imazaquin- and fluazifop-P-butyl-tolerant
cells, however, was completely stopped when the cells were transferred into

106 M imazaquin or 104 M fluazifop-P-butyl. Only oxyfluorfen-tolerant cells

were grown in the medium containing 10°© M of the herbicide. Oxyfluorfen
concentration required to inhibit the growth of the tolerant cells by 50% was
5x10-6 M. This indicates that the tolerant cells were 100-fold more tolerant to
oxyfluorfen than the normal cells. The acquired tolerance was stable for at least
6 months when the cells were retained in the medium without the herbicide.

The mechanism of tolerance of the selected cells to oxyfluorfen was
investigated. The results are as follows.

Light was not required for the growth of both cells but was required for
the activity of oxyfluorfen. No growth retardation of either cell line by oxyflu-

orfen was observed in darkness. Under light levels higher than 100 pEm=2s1,

the growth of the normal cells treated with 10-8 M oxyfluorfen completely
stopped; however, no growth retardation of the tolerant cells was observed up to
10-7 M.

The tolerant cells absorbed less amount of oxyfluorfen than the normal
cells. Metabolism of oxyfluorfen was not different between the two cell lines
after 2 and 6 hr treatment. This suggests that lower absorption of oxyfluorfen in
the tolerant cells may contribute to the tolerance but the tolerance is not
metabolism-based.
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Determination of Proto IX indicated that the normal cells accumulated
much higher amount of Proto IX in the presence of 5x10°8 M oxyfluorfen.

However, its accumulation in the tolerant cells treated with 5x10°8 M was
considerably small. This suggests that the mechanisms for oxyfluorfen
tolerance is related with reduced accumulation of the photodynamic porphyrin
in the cells. Higher levels of Proto IX was also accumulated in treated cells in the
light than in darkness. This indicates that light acts as an enhancer of the Proto
IX accumulation.

The activity of Protox from the normal cell was more strongly inhibited
by oxyfluorfen. The I5g values of Protox activity from the normal and tolerant

cells were 5x10710 and 6x10-9 M oxyfluorfen, respectively. The sensitivity of
Protox differed about 12 times between the two cell lines. This differential Protox
sensitivity is considered to cause differential levels of Proto IX accumulation.
These data suggest that one of the tolerance mechanisms of the oxyfluorfen-
tolerant cells is a decreasing sensitivity of Protox to oxyfluorfen. Higher activity
of Protox in tolerant cells may also partially involved in the tolerance.

.Rose bengal is known to singlet oxygen (l02) generator. Rose bengal
inhibited growth of both normal- and tolerant-cells under the light condition,
however, growth inhibition was not observed under dark condition. The data
suggests that rose bengal generated 107 in the light and growth of the cell lines
was inhibited by its photodynamic action. Therefore, it was considered that
antioxidative system may not involved in the tolerance mechanism.

The relative growth of the both cells treated with other Protox inhibitors
(bifenox, nitrofen, and oxadiazon) was determined to check their cross-
tolerance. Sensitivities of the cells were compared by the determination of
growth rates and the target enzyme inhibition. The growth of normal cells was
severely inhibited by all Protox inhibitors whereas the tolerant cells was not.
The oxyfluorfen-tolerant cells was found to have cross-tolerance to Protox
inhibitors. However, the growth inhibition of the tolerant cells by bensulfuron-
methyl indicated the lack of cross-tolerance to this herbicide which has
different action mechanism. Protox enzyme from the tolerant cells was less
sensitive to all inhibitors than that from the normal cells. The sensitivity of the
enzyme preparations between the cells differed about 15-fold to oxyfluorfen, 30-
fold to oxadiazon, 45-fold to bifenox, and 100-fold to nitrofen. There was a
positive correlation between the tolerance ratio determined by growth rate and
that at enzyme level. It may be concluded that the mechanism of oxyfluorfen
tolerance in the selected nonchlorophyllous soybean cell line is principally due
to a change in the sensitivity of the Protox enzyme to Protox-inhibiting
herbicides.

Results of all above experiments are summarized in Table 1.
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Table 1 Comparison of possible factors which may
determine the tolerance of cells to oxyfluorfen.

Possible factors Cells
Normal Tolerant
1. Absorption Greater Less
2. Metabolism Little Little
3. Proto IX accumulation Large Small
4. Protox inhibition Strong Weak
- Protox (I5q) 5x10-10 M 6x10"2 M
5. Antioxidative activity Little Little
6. Cross-tolerance
- Protox inhibitors Susceptible Tolerant

Taken together, it may be concluded that the tolerance is mainly due to
less sensitivity of Protox and partially due to less absorption and high Protox
activity.
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KIH-9201, FOR POSTEMERGENCE BROADLEAF WEED CONTROL IN
CORN(Zea mays) AND SOYBEANS(Glycine max)

S.Takahashi1 * s T.Miyazawal, K.Kawanol, H.Sadoharal, and M.Yamaguchi2
(IKumiai Chemical Industry Co., Ltd., 2K-I Chemical Research Institute Co., Ltd.)

Abstract. KIH-9201(chemical name, methyl{[2-chloro-4-fluoro-5-{(5,6,7,8-tetrahydro-3-oxo-1H,3H-
[1,3,4]thiadiazolo[3,4-alpyridazin-1-ylidene)amino]phenyl]thio]acetate), a new low rate postemergence
herbicide introduced by Kumiai Chemical Industry Co., Ltd., is used for controlling weeds in com(Zea
mays ) and soybeans(Glycine max ). KIH-9201 is an inhibitor of protoporphyrinogen oxidase. KIH-9201
provides excellent control of troublesome weeds, such as Abutilon theophrasti Medic , Chenopodium
album L., and Amaranthus spp. at 5-10 g a.i./ha. Corn and soybeans exhibit good tolerance to KIH-9201.
Field and laboratory results to date indicate favorable environmental properties including a short half-life
and no soil residual activity. KIH-9201 has been tested under the code number CGA-248757 by Ciba-
Geigy Corporation in the United States.

Keywords: KIH-9201, CGA-248757, fluthiacet-methyl, soybeans, velvetleaf

Introduction
Selective broad spectrum control of broadleaf weeds in comn and soybeans is needed for maximum yield
potential, but most common herbicides do not control the complete weed spectrum. KIH-9201 is a potent
new herbicide for corn and soybeans discovered by Kumiai Chemical Industry Co., Ltd.. It exhibits high
activity on problem broadleaf weeds with good crop safety. KIH-9201 is currently being jointly developed
in the U.S. by Kumiai and CIBA-GEIGY Corporation under the code number, CGA-248 757. This
paper describes the chemical, physical and biological properties of KIH-9201.

Materials and Methods

Chemical and physical properties

Structure
F
MS SCH2COOCH 3
O
Common name : fluthiacet-methyl(ISO proposed)

Chemical name (IUPAC) : methyl{[2-chloro-4-fluoro-5-[(5,6,7,8-tetrahydro-3-oxo-1H,3H-
[1,3,4]thiadiazolo[3,4-alpyridazin-1-ylidene)amino]phenyl]thio]acetate)

Code number : KIH-9201, CGA-248 757
Empirical formula : Cl 5 Hl 5 CIFN3 03 Sz
Molecular weight : 403.88
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Appearance : white powder

Melting Point 1 107°C
Volatility : extremely low
Solubility : <1 mg/liter in water at 20°C

Toxicology of technical materials

Acute toxicity :Oral LDS0 rat >5000 mg/kg
Dermal LD50 rat >2000 mg/kg

Acute fish toxicity :Bluegill sunfish LDS0 >0.13 mg/l
Rainbow trout LD50 >0.072 mg/1

Irritation :Skin, rabbit : . non-irritant
Eye, rabbit slight irritant

Mutagenicity :Non-mutagenic in Ames Test

Teratogenicity Non-teratogenic (Rat and rabbit)

Subchronic toxicity :No effect level, Rat- 10 ppm (male)

100 ppm (female)
Mouse 10 ppm

Mode of action

KIH-9201 acts rapidly on foliage of sensitive species by inducing an accumulation of protoporphyrins,
which enhances per oxidation of membrane lipids.(3,4) This leads to irreversible damage of membrane
structure and cellular function in sensitive weeds. Light and oxygen are required for herbicidal activity.
Symptoms include leaf necrosis which is often apparent within 24-48 hours.

Biological trials

Greenhouse trials with KIH-9201 were conducted in Japan using a 120 g a.i./¢ EC formulation. Post-
emergence applications were made in 250 0 /ha spray volume with a non ionic surfactant at 0.25% V/V.
Test plants were in the one to five leaf stage at application. Visual evaluation of herbicidal effects were
made 20-30 days after treatment as per cent activity. Pre-emergence soil applications were also evaluated.

Field experiments have been conducted since 1988 in the United States and Japan, as well as in other
countries. Corn and soybeans trials contained two to four replicates, with a plot size of 10-30 m?2.
Standard fertility and maintenance programs were used. KIH-9201 was applied in a spray volume of 200-
400 0 /ha with a non ionic surfactant. Pre-emergence trials were also conducted. Standard commercial
herbicides, such as acifluorfen(Blazer 2S, 24% a.i.), bentazon(Basagran 4S, 48% a.i.),
chlorimuron(Classic 25DG, 25% a.i.), Imazethapyr(Pursuit 2E, 24% a.i.), thifensulfuron(Pinnacle 25DF,
25% a.i.), were included at their recommended rates and additives for comparison. Herbicidal activity and
crop phytotoxicity were assessed visually at various intervals after treatment using a 0-100 per cent scale

on crops and weeds.
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Results and Discussion
Greenhouse Trials

Excellent control of many weed species was obtained from rates of 2.5-10 g a.i./ha. Table 1 shows the
activity on nine weeds in greenhouse trials. Soybeans in the first to third trifoliate leaf stage and corn in
the two to five leaf stage exhibited excellent tolerance to KIH-9201 at these rates.

TABLE 1. KIH-9201 post-emergence herbicidal activity and crop tolerance in greenhouse trials.

% Activity

Plant Species 10 5 2.5 (g a.i./ha)
velvetleaf (Abutilon theophrasti) 100 100 - 100
redroot pigweed (Amaranthus retroflexus) 100 100 100
lambsquarters(Chenopodium album) 100 100 90
Ivyleaf morningglory(Ipomoea hederacea) 96 85 63
tomentose knotgrass(Polygonum lapathifolium) 65 35 16
common purslane(Portulaca oleracea) 78 53 22
hemp sesbania(Sesbania exaltata ) 93 90 78
common cocklebur(Xanthium strumarium) 100 100 92
Corn 4 0 0
Soybeans 2 0 0

Other greenhouse results show slender amaranth(Amaranthus viridis), jimsonweed(Datura stramonium),
black nightshade(Solanum nigrum), prickly sida(Sida spinosa) and common dayflower(Commelina
communis) to be susceptible to 10 g a.i./ha. Species tolerant to this rate include sicklepod(Cassia tora),
common blackjack(Bidens pilosa), common chickweed(Stellaria media), green foxtail(Setaria viridis),
large crabgrass(Digitaria ciliarisy, common bamyardgrass(Echinochloa crus-galli) - and
johnsongrass(Sorghum halepense). At higher application rates, crop foliage present at application was
burned, but new growth was not affected.

Field Trials in USA
KIH-9201 applied post-emergence in Corn and soybeans at 5-10 g a.i./ha showed selective control of
problem broadleaf weeds, such as velvetleaf, redroot pigweed and lambsquarters (Table 2).

Table 2. Average per cent activity of KIH-9201 at 5 or 10 g a.i./ha on Corn, soybeans and
broadleaf weeds (1 evaluation/trial taken 14-35 DAA).

% Activity (No. of trials)

Plant Species S ga.i./ha 10 g a.i./ha
Corn 1.4 (3D 3.6 (20
Soybeans 6.1 (7D 8.6 (69)
velvetleaf 95 (38) 99 (31)
lambsquarters 79 40) 8 (39
redroot pigweed 66 (30) 79 (21
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KIH-9201 exhibits superior post-emergence application timing flexibility on velvetleaf and
lambsquarters, when applied at 5-10 g a.i./ha, as compared to several standards (Table 3). At the lowest
rate tested, KIH-9201 gave complete control of velvetleaf, regardless of growth stage. On lambsquarters,
KIH-9201 performed better than most standards. Corn and soybean selectivity was not affected by
application timing.

Table 3. Influence of stage of weed growth on performance of KIH-9201 gave compared to
commercial standards (3-12 weeks after application).

Average % Control (No. of trials)

Product Rate velvetleaf(5) lambsquarters (3)
‘ (gai/ha) Stagescm) 2-15 10-51 1-5 215
KIH-9201 5 100 100 85 89
KIH-9201 10 100 100 97 97
acifluorfen 560 54 66 79 79
chlorimuron 13 86 82 37 69
imazethapyr 70 86 88 63 S8
bentazon 1120 92 87 87 90
thifensulfuron - 44 90 91 90 96

Pre-emergence applications resulted in almost no effect on all crop and weed species tested, even from
application rates up to 120 g a.i./ha. Based on this and limited recropping data, no limitations in
rotational flexibility are expected.

The rapid activity of KIH-9201 enhances the early performance activity when used in combinations. Table
4 shows that this effect is still manifest at 21-42 days after application where tank-mixes of KIH-9201
with commercial standards improves activity on the key weed species controlled by KIH-9201 alone (e.g.
velvetleaf and lambsquarters) without negatively affecting activity on weed species well controlled by the
standards (e.g. common cocklebur).

Table 4. Efficacy of KIH-9201 at 5 g a.i./ha alone and in tank-mixtures (t-mix*) with
commercial standards in soybeans (two to four trials per species; evaluations 21-42 DAA)

Average % Control Across Trials

Product Rate velvetleaf(2)  lambsquarters (3) common cocklebur (4)
(g a.i/ha) alone t-mix* alone t-mix* alone t-mix*

KIH-9201 5 100 - 84 - 38 -
acifluorfen 840 94 100 84 93 68 65
bentazon 1120 99 100 71 80 82 92
chlorimuron 13 82 100 26 67 87 86
imazethapyr 70 85 99 50 87 86 93
thifensulfuron 4 79 100 74 94 65 65
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These results show the utility of KIH-9201 to broaden the spectrum of various standards to ensure control
of problem species such as velvetleaf, lambsquarters and possibly others. Further work is underway to
confirm the enhanced control of these and other species in Corn and soybeans with the appropriate
standards.

Conclusions
1. Greenhouse results obtained with KIH-9201 demonstrated post-emergence corn and soybean selectivity
and herbicidal activity on certain problem broadieaf weeds when applied in the 5-10 g a.i./ha range.

2. Field results confirmed the post-emergence corn and soybean selectivity of KIH-9201 at 5-10 g a.i./ha
and efficacy on important broadleaf species such as velvetleaf, lambsquarters and redroot pigweed .

3. The high level of activity allows post-emergence applications with appropriate additives over a wide
range of growth stages of velvetleaf and lambsquarters, while maintaining crop selectivity.

4. KIH-9201 can be used in combination with other products to ensure control of such problem species as
velvetleaf, lambsquarters and others for broad spectrum control.

5. Initial trials show no problems with rotational flexibility because of little pre-emergence activity, even
from excessive rates.

6. Trials underway show KIH-9201 to have a favorable toxicological and environmental profile.

Acknowledgements: The authors thank the colleagues in Kumiai Chemical Company, Ihara Chemical
Company, K-I Chemical Research Company, and CIBA-GEIGY, who contributed to the development of
KIH-9201, for their cooperation.
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Calculating Chlorsulfuron Concentration in Plants:
an Approach for Detecting the Mechanism of Herbicide
Sensitivity

F. Dastgheib and R.]. Field

Department of Plant Science, P.O.Box 84, Lincoln University,
Canterbury, New Zealand

Abstract. Two wheat cultivars with different sensitivity to chlorsulfuron were used in an approach to
demonstrate the fate of the herbicide in the plant following a foliar application. An analysis of chlorsulfuron
concentration in the tissues of wheat cultivars Kotare (tolerant) and Rongotea (sensitive) showed that retention,
uptake, translocation and distribution of the herbicide did not account for differences in sensitivity. The
concentration of un-metabolised chlorsulfuron in the young expanding tissues of Rongotea and Kotare were
15.6 and 1.2 ng/g dry weight, respectively, 48 h after application. The rate of metabolism of chlorsulfuron was
different between the wheat cultivars tested and explained the difference in tolerance to the herbicide.
Calculation of herbicide concentration in each plant compartment, for each event in the process following
herbicide application is described.

Key words. cultivar sensitivity, herbicide selectivity, herbicide tolerance, sulfonylurea, wheat.

INTRODUCTION
Variations in the performance of a foliar-applied herbicide have been associated with differential spray deposit,
uptake and translocation or metabolism within the plant (Hathway, 1986; Owen, 1989; Hess and Falk, 1990;
Devine and Vanden Born, 1991). Variations in one or more of these events may cause changes at the target
site in the concentration of the herbicide in toxic form. This may induce variations in biochemical responses
leading to changes in plant growth and physiology. In order to investigate the main reason(s) for variations in
the concentration at the target site, the amount of herbicides reaching different plant parts should be
determined at each step.

Chlorsulfuron (Glean, 750 DF) is a highly active herbicide from the sulfonylurea group recommended for weed
control in cereals at rates less than 20 g a.i./ha. Wheat (Triticum aestivum L.) cultivars showed differential
tolerance to the application of chlorsulfuron (Dastgheib, Field and Namjou, 1994). Similar differences in
sensitivity to chlorsulfuron amongst cultivars have been reported by various workers (Anderson, 1986; Wicks,
Norquist and Schmidt, 1987; Bowran and Blacklow, 1987). However, the physiological reasons for such
differences in chlorsulfuron activity have not been previously elucidated.

Very little published information is available to correlate sensitivity of different crop cultivars to chlorsulfuron,
or other sulfonylurea herbicides, with their uptake, translocation or metabolism. Blacklow and Pheloung
(1987) reported that detached leaves of sensitive wheat cultivars metabolised chlorsulfuron more slowly than
tolerant cultivars. Matthews et al. (1990) found some evidence to correlate resistance to chlorsulfuron in an
annual ryegrass (Lolium rigidum L.) biotype to its ability to oxidise the herbicide to a less active catabolite.
Similarly, Harms et al. (1990) found that differential metabolism was the mechanism of tolerance of maize
(Zea mays L.) inbred lines to the sulfonylurea herbicide primisulfuron.

The objective of the present study was to demonstrate an approach in identifying the mechanisms for
differential sensitivity of wheat cultivars to foliar application of chlorsulfuron by calculation of the amount of
herbicide reaching various plant parts during transfer to the target site. Thus retention of chlorsulfuron on the
foliage, its uptake by the leaves, its translocation and distribution inside the plant and its rate of metabolism
within the plant were compared in two wheat cultivars with different degrees of tolerance to chlorsulfuron.
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MATERIALS AND METHODS
Cultivar tolerance pot experiment
Seeds of Kotare and Rongotea wheat were sown into 200-mm diameter black plastic (planter) bags containing
9 kg of Templeton silt loam soil. Pots were maintained outdoors and thinned to a final stand of five plants per
pot. When plants had reached the three-leaf stage (ZGS 13), they received an application of chlorsulfuron at 0,
15, or 60 g a.i./ha. Chlorsulfuron was applied with a CO, pressurized sprayer which delivered 250 I of
water/ha at 275 kPa. Citowett surfactant was added to the spray solution at a concentration of 0.25 ml/l. The
experiment was a randomized complete block design replicated five times. Plants were harvested 43 days after
spraying (DAS) and their shoot dry weights determined.

Cultivar tolerance field experiment

The experiment was carried out on a Wakanui silt loam soil at the Lincoln University research farm. Seeds of
Kotare and Rongotea were drilled in 0.15-m rows at a population of 260 plants/m?. Chlorsulfuron was applied
at the same rate and at the same plant stage as described above. Weeds in all unsprayed control plots were
removed by hand. The experiment was laid-out in a randomized complete block design with four replicates.
At 21 DAS, plants from two 0.1 m* quadrats, placed at random, were cut to ground level for determination of
shoot dry weight.

Retention of chlorsulfuron by foliage.

Seeds of wheat cultivars Kotare and Rongotea were sown in 700-ml volume plastic pots containing Templeton
silt loam soil. These were kept outdoors alongside plants from cultivar tolerance pot experiment and thinned
to two seedlings per pot. The experiment was a randomized complete block design with four replicates.

At the three-leaf stage plants were sprayed with a solution containing chlorsulfuron (15 g a.i./ha), Citowett
(0.25 ml/1) and fluorescein dye (0.05 g/I) and retention of chlorsulfuron on the foliage was determined as
described previously (Dastgheib et al., 1994).

Uptake and translocation of **C-chlorsulfuron

Wheat seedlings from cultivars Kotare and Rongotea were grown individually in 350-ml volume plastic pots
filled with Templeton silt loam soil and maintained in a controlled environment cabinet at 12 h daylength and
day/ night temperature of 20/10 °C. The experiment was a randomized complete block design with four
replicates.

Radiolabelled chlorsulfuron was applied at the three-leaf stage. Ten ul **C-chlorsulfuron formulated in
Citowett solution (0.25 ml/l) was applied as 35-40 droplets with a micro-syringe to the adaxial surface of the
lamina of leaf 2. The final concentration of radioactivity was 0.05 uCi in 10 pl. Uptake of "*C-chlorsulfuron
was measured 12 h and 48 h after application of the radiolabel as described previously (Dastgheib et al., 1994).
In addition, the distribution of radioactivity in different plant parts was determined.

Metabolism of chlorsulfuron

Plant culture and growing conditions were the same as described above. Experimental design was a
randomized complete block with four replicates. Ten ul *“C-chlorsulfuron, formulated as described above, was
applied as 18-20 droplets to the adaxial laminar surface of each of leaf 2 and 3. Two plants were paired as one
plot for analysis. Metabolism of chlorsulfuron was measured as described previously (Dastgheib et al., 1994).

Chlorsulfuron concentration in young tissues following a foliar application

By considering data on retention, distribution and metabolism of chlorsulfuron, obtained from the experiments
described above, it was possible to calculate the amount of un-metabolised chlorsulfuron reaching the young
tissues following a foliar application of 15 g a.i./ha, using equation 1.

A=R*C*D,*P/dry weight (eq.1)
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where R is the retention of spray solution by plant foliage in pl/plant (Table 2), C is the concentration of
chlorsulfuron in the spray solution (0.06 pg/ul), Dy is distribution of radioactivity in young plant tissues as
proportion of applied dose (Table 2), P is the amount of parent chlorsulfuron as a proportion of the total
(derived from Table 2) and A is the concentration of un-metabolised chlorsulfuron in young tissues in ug/g dry
weight.

Statistical Analysis

All experiments were carried out at least twice and only the typical results are presented. All data were subject
to analysis of variance. In the tolerance experiments means of sprayed plants were compared with that of the
control using Dunnet's procedure. The Dunnet's statistic, designed as 'd' is presented with the means for each
cultivar, Counts of radioactivity and percentage values were transformed using square root and arcsine
transformation respectively, before analysis. Since the results were similar for the untransformed and
transformed data only the former are presented.

RESULTS
Cultivar tolerance experiments
Data from both pot and field experiments showed the difference in sensitivity to chlorsulfuron between the two
wheat cultivars tested (Table 1). Kotare showed no significant reduction in shoot dry weight up to 60 g a.i./ha
chlorsulfuron while shoot dry weight of Rongotea was reduced even with the recommended field rate of 15 g
a.i./ha.

Table 1. Effect of chlorsulfuron on shoot dry weight of wheat cultivars. Measurements were
taken 43 days after spraying (DAS) in the pot experiment and 21 DAS in the field

experiment.
Chlorsulfuron rate Pot experiment Field experiment
(g a.i./ha) Kotare Rongotea Kotare = Rongotea
0 1.16 0.94 - 044 0.47
15 0.98 0.68" 0.39 0.40"
60 0.85 0.46" 0.36 0.33"
d 0.312 0.250 0.093 0.060

* An asterisk indicates a significant reduction compared with the control at p<0.05.

Retention and radiotracer experiments

No differences were found between Kotare and Rongotea cultivars in herbicide retentlon, expressed either on a
per plant or per unit dry weight basis (Table 2). At 48 h after application, uptake was low and similar in both
Kotare and Rongotea. Moreover, translocation of 14C_chlorsulfuron out of the treated area was similar in
Kotare and Rongotea either expressed as a percentage of the applied dose or as a percentage of the total
radioactivity recovered from plant (Table 2).

Distribution of radioactivity in various plant parts of wheat cultivars 48 h after application is shown in Table 3.
In both cultivars, leaf 2 lamina (the treated area) contained significantly more radioactivity than any other
plant part. Rongotea had slightly more radioactivity in its young tissues than Kotare.

Metabolism of “C-chlorsulfuron

Significant differences in metabolism of chlorsulfuron were found between wheat cultivars (Table 2). At48 h
after application, Kotare had metabolised more than 92% of the chlorsulfuron compared to 63% metabolism in
Rongotea.
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Table 2. Retention, uptake, translocation and distribution of 14C-chlorsulfuron in two wheat
cultivars. Retention was measured 30 minutes after application and all the other
measurements were taken 48 h after application.

Event Kotare ‘Rongotea F test
Retention (ul plant™) 10.8 11.3 ns
Retention (ul g dry wt) 207.6 188.2 ns
Uptake (% applied) 14.4 16.7 ns
Translocation (% applied) 8.5 8.9 ns
Translocation (% recovered) 14.4 18.5 ns

Distribution in
young tissues (% applied) 71 10.9 *

Metabolism (%) 92.2 63.0 *

* An asterisk indicates a significant difference at p<0.05.

Table 3. Distribution of radioactivity in various parts of wheat cultivars 48 h after application
of C-chlorsulfuron to leaf 2 lamina. Values are percentage of radioactivity recovered

from the plant.
Cultivar Leaf 1 Leaf 2 lamina  Leaf2 sheath  Young tissue Root
Kotare 0.68 85.64 2.37 7.08 4.23
Rongotea 0.57 81.51 2.27 10.94 4.27
sem 0.107 1.745 0.431 0921 0.576

* An asterisk indicates a significant difference at p<0.05.

Fate of chlorsulfuron in the plant following a foliar application

Figure 1 shows the calculated values for the amount (ng/plant) or concentration (ng/g dry weight) of
chlorsulfuron in the plant for Kotare and Rongotea cultivars following a foliar application at the recommended
rate of 15 g a.i./ha. No differences were observed between the two cultivars in retention, uptake and
translocation of chlorsulfuron, and the ratio of Rongotea : Kotare for the amount or concentration of
chlorsulfuron did not exceed 1.3 for any of the specified compartments. Distribution of chlorsulfuron and
metabolites to young tissues of Rongotea was 2.4 and 2.8 times greater than for Kotare, based on a per plant
and per dry weight basis, respectively. Differential metabolism of chlorsulfuron by these cultivars greatly
increased the difference between the cultivars in the concentration of the herbicide in meristematic tissues.
Thus, 48 h after spraying, young tissues of Rongotea contained 15.6 ng/g dry weight of un-metabolised
chlorsuifuron compared to only 1.2 ng/g dry weight for Kotare. This means that the concentration of
chlorsulfuron in young tissues of Rongotea was 12.8 times as much as that of Kotare (Figure 1).
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Figure 1: Diagram showing the amount of chlorsulfuron at different events
involved in herbicide application. Values are calculated for
Kotare and Rongotea wheat 48 h after a foliar application of 15 g

a.i/ha.
EVENTS
ng/plant ) ng/g dry weight
Rongotea : Kotare ' Rongotea : Kotare
RETENTION
675 : 647 Chlorsulfuron deposited 2551 : 2273
(1.0)* on foliage (1.1)
N2
- UPTAKE
112:93 " Chlorsulfuron taken into 423 : 327
(1 .2) follage (1 . 3)
l
TRANSLOCATION
60 . 55 Chlorsulfuron moved to 227 :193
: different parts )
1.1 (L.2)
4
DISTRIBUTION
3.6:1.5 Chlorsulfuron and metabolites in 422:153
2.4) young tissue 2.8)
1
METABOLISM
1.33:0.12 Chlorsulfuron in young 15.6 : 1.22
33:0. tissue 6: 1.
(11.1) (12.8)

*  Values in brackets are the ratio of Rongotea : Kotare in the amounts of
chlorsulfuron available at each event.

DISCUSSION
The results of this study demonstrate that some wheat cultivars have low levels of tolerance to chlorsulfuron. It
is important to find explanations for differential sensitivity to chlorsulfuron between cultivars. In order for
chlorsulfuron to affect plant growth, it must be retained, absorbed and translocated to the site of action in
meristematic tissues at high enough concentrations to elicit a physiological effect that results in cell death.

Data in Table 2 and Figure 1 show that retention, uptake and translocation of chlorsulfuron were similar
between the tolerant Kotare and the sensitive Rongotea. Relatively higher amount of total radioactive material
reached the young tissues of Rongotea than those of Kotare. The diagram of chlorsulfuron concentrations in
the plant in each compartment (Figure 1), demonstrates the contribution of individual events following a foliar
application and facilitates their ranking. Based on the data provided, differential metabolism is the main
reason for differences in sensitivity between Rongotea and Kotare. The small difference between cultivars in
the distribution of chlorsulfuron, does not seem to account, by itself, for differential sensitivity between
cultivars. It might however, contribute to greater sensitivity of a cultivar which has a low capacity to detoxify
chlorsulfuron.
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ACTIVITY OF A SULFONYLUREA HERBICIDE AZIMSULFURON
(DPX-A8947) IN COMBINATION WITH BENSULFURON METHYL

Shinichi Shirakura**, Kenji Ito**, Stephen K. Gee***, Aldos C. Barefoot*** and
Hiroyasu Aizawa**

Abstract.  Azimsulfuron (DPX-A8947) is one of sulfonylurea herbicides developed
by E.I. du Pont de Nemours and Co. Inc. as a paddy rice herbicide. Results of
greenhouse pot tests indicated that azimsulfuron at a rate as low as 6gai./ ha
affords excellent control of sedge and perennial weeds. Especially activity on
Cyperus serotinus and Eleochalis kuroguwai was significantly higher than that of
bensulfuron-methyl(BSM). Azimsulfuron afforded a comparable rice safety to that
of BSM at 75gai/ha upto 12 g a.i/ha under the tested conditions. Ingreenhouse
studies, we could see a clear advantage of mixing azimsulfuron with BSM. Addition
of azimsulfuron significantly improved the activity of BSM on perennial sedges
without increasing rice injury and reduced the total quantity of chemicals used.
This combination controlled the tested weeds well even under environmental factors
such as water leaching, overflow of paddy water and low temperature.

- KEY WORDS) Azimsulfuron , bensulfuron-methyl, environmental factors,
perennial sedges

Introduction

Azimsulfuron (1-(4,6-Dimethoxy-pyrimidin-2-yl)-3-[2-methyl-4-(2-methyl-2H-
tetrazol-5-yl) -2H-pyrazole-3-sulfonyl]-urea ) (Fig.1) is a highly active herbicide for
use in paddy rice developed out of sulfonylurea group of chemistry by E.I du
Pont de Nemours and Co.Inc. Another sulfonylurea herbicide, bensulfuron methyl
(BSM), is highly active sulfonylurea that effectively controls broad leaf and sedge
weeds in transplanted and direct seeded rice 5:7) and is widely used in various paddy
rice area of the world. In this study, we investigated the herbicidal activity of
azimsulfuron and found out its higher activity on perennial sedge weeds than BSM.
We have tried to combine azimsulfuron with BSM to make the best use of the
advantage of each herbicide. We also investigated the effect of the environmental
factors, leaching, overflow and low temperature, on the weed control of azimsulfuron
in combination with BSM to make sure whether it gives the regional differences
of herbicidal activity.

Materials and Methods

Compound
Chemical structure of azimsulfuron is shown in Fig. 1.

Assay of Acetolactate Synthase (ALS)
The leaves of ten days old etiolated soybean and wild mustard were used as a
source of ALS. The preparation of crude enzyme and its assay were conducted
by the same procedure as Ray did 3.

* Agricultural Science Laboratory, Agricultural Products, Du Pont Kabushiki Kaisha 25-2, 1-chome,
Kannondai, Tsukuba-shi, Ibaraki 305 Japan

*** Agricultural Products Department, E.I du Pont de Nemours and Company, Inc. Wilmington, Delaware
19898, US.A.
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Fig.1. Chemical structure of azimsulfuron

Herbicidal Activity and Crop Safety Test in Greenhouse

Weed control and crop safety under paddy conditions were determined through
the test in greenhouse. The test was conducted using plastic pots, 1/5000a and
1/10000a, filled with paddy soil (light clay, pH6.3, Organic Matter Content=4.2%).
After adding fertilizer (N:P:K=12:16:1) and puddling, the weed seeds (former 3
species ) or tubers (latter 3 species ) (Monochoria_ vaginaris, Rotala indica, Scirpus
juncoides, Sagittaria pygmaea, Cyperus serotinus and Eleochalis kuroguwai )were-
planted in the soil surface in 1/10000a pots and rice seedlings at the 2.2 leaf stage
were transplanted in 1/5000a pots. The chemicals (technicals diluted in acetone)
were applied to the paddy water. After that, the pots were kept in greenhouse for
35 days for weed control studies and 21 days for crop safety studies, and then
weed control and crop injury were visually evaluated using a zero to 10 rating
system (O=no effect, 10=complete killing).

Studies of Effects of Environmental Factors on Herbicidal Activity

(a). Effect of Leaching on Herbicidal Activity

Monochoria vaginaris, Rotala indica, Cyperus difformis and Scirpus juncoides
were grown in 1/5000a Wagner pots filled with puddled paddy soil (clay loam,
pH6.5, OM1.2%). Leaching was conducted at 2cm/day regulated by electric pump,
and kept for 3 days just after chemical application.

(b). Effect of Overflow on Herbicidal Activity

The simulation study of overflow of gaddy water by rainfall was conducted by
the same method as Morita et al did® Monochoria vaginaris, Scirpus juncoides
and Cyperus serotinus were grown in 1/10000a plastic pots filled with the puddled
paddy soil. Three, 6 and 24 hours after chemicals applications, 200 ml of paddy
water which is equivalent to 2cm water depth was exchanged with same volume
of non-chemical fresh water. This water exchange simulated the rain fall at 50
mm / day.
(c). Effect of Low Temperature on Herbicidal Activity

Rotala indica, Scirpus juncoides and Cyperus serotinus were grown in the pots
prepared by the same way as the herbicidal activity test in greenhouse, and were
put in the two growth chambers one of which was controlled at 20°C/10°C
(day/night) and another at 25°C/15°C (day/night). Chemicals were applied at the
designated timing.
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Table 1. Effect of azimsulfuron and BSM on ALS from wild mustard and soybean

Azimsulfuron 150 BSM 150
PLANT (moled) (moled)
WILD MUSTARD 3.1x10 1.0x10
SOYBEAN 2.0x10 1.9x10
Results

Assay of Acetolactate Synthase (ALS)

Azimsulfuron, like other sulfonylurea herbicides 39, inhibited the plant enzyme
acetolactate synthase extracted from soybean and wild mustard and provided low
Iso values, 2.0x107 mole/1 (soybean) and 3.1x10® mole/1 (wild mustard) (Table 1).

Herbicidal Activity and Crop Safety Test in Greenhouse

Azimsulfuron : Azimsulfuron at 6 g a.i./ha gave better control on Cyperus
serotinus ~ and Eleochalis kuroguwai than BSM at 51 and 75 g a.i. /ha. At the
same rates, azimsulfuron controlled Scirpus juncoides and Sagittaria pygmaea

similarly as BSM but was less active on annual broad leaf weeds(Monochoria

vaginaris and Rotala indica). The herbicidal symptoms of azimsulfuron were similar
to that of BSM. Rice plants were tolerant to azimsulfuron and the slightly better
crop safety than BSM at 51 ga.i. /ha has been given at 6 g a. i /ha(Table 2).
BSM + Azimsulfuron : In greenhouse test, BSM at 24 and 36 g a.i. /ha in
combination with azimsulfuron at 6 g a. i. /ha controlled Cyperus serotinus and
Eleochalis _kuroguwai better than BSM at 51 and 75 g a.i. /ha and controlled
Monochoria vaginaris and Rotala indica better than azimsulfuron alone at 6ga.i./ha.
Rice plants were tolerant to BSM+azimsulfuron at 24+6 and 36+6g a.i./ha as well
as BSM at 51 and 75 ga.i./ha (Table 3).

Studies of the Effects of Environmental Factors on Herbicidal Activity

(a). Effect of leaching on Herbicidal Activity

BSM+azimsulfuron at 30+6g a.i./ha and their half rate controlled every testedweeds,
Monochoria vaginaris, Rotala indica , Cyperus difformis and Scirpus juncoides,
even under leaching condition. On the other hand, azimsulfuron at 6ga.i./ha was
not active enough on Monochoria vaginaris, Rotala indica and Cyperus difformis,
and BSM at 51ga.i./ha was not active enough on Scirpus juncoides under leaching
condition. At the half rates, azimsulfuron alone was not active enough on any tested
weeds and BSM at 51 g a.i./ha was not active enough on Monochoria vaginaris,
Rotala indica and Scirpus juncoides under leaching condition. BSM at 75 ga.i./ha
and its half rate controlled every tested weed except for the fact that it was not
active enough on Scirpus juncoides at half rate (Fig.2).

(b). Effect of Over Flow on Herbicidal Activity

BSM-+azimsulfuron at 30+6ga.i./ha and its half rate provided high herbicidal activity
on the tested weeds, Monochoria vaginaris, Scirpus juncoides and Cyperus serotinus,
even with the over flow of the paddy water at 3, 6 and 24 hours after application
though its activities at 1/3rate were clearly reduced by the over flow at every
timing tested, especially at 3 hours after application (Fig.3).
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Table 2. Crop safety and herbicidal activity of azimsulfuron in greenhouse test

CROP SAFETY"] HERBICIDAL ACTIVITY*
CHEMICALS RATE RICE Mv Ri 5f Sp Cs Ek
(g a.i./ha) (5DAT*") (2L) (1L) (3L) (3L) (3L) (15cm)

Azimsulfuron 6 1.5 7 3 8.5 8 10 10
12 1.5

BSM 51** 1.5 10 9.5 8.5 8.5 7 7
102 2.5

75 2 10 9.5 9 8 8 8
150 3.5

* Crop safety and herbicidal activity were visually evaluated using scales ranging from 0 to 10
** Appilication time (DAT : days after application, L : leaf stage)

Mv : Monochoria vaginalis, Ri: Rotala indica, Sj: Scirpus juncoides, Sp : Sagittaria pygmaea,
Cs : Cyperus serotinus, Ek : Eleochalis kuroguwai
*** Actual rate for use in paddy fields in southern and northem areas, respectively.

Table 3. Crop safety and herbicidal activity of BSM+azimsulfuron in greenhouse test

CROP SAFETY"] HERBICIDAL ACTIVITY*
CHEMICALS RATE RICE Mv Ri S Sp Cs Ek
(g a.i/ha) (5DAT*") (2L) (1L) (3L) (3L) (3L) (15cm)
BSM+Azimsuliuron 2448 15 10 9.5 9 8 9 9.5
3646 2 10 9.5 9 8.5 9 9.5
Azimsulfuron 6 1 7 3 8.5 8 10 10
BSM 51 ' 2 10 9.5 8.5 85 7 7
75 2 10 9.5 9 8 8 8

* Crop safety and herbicida! activity were visually evaluated using scales ranging from 0 to 10
“* Application time (DAT : days after application, L :leaf stage)

My : Monochoria vaginalis, Ri: Rotala indica, Sj: Scirpus juncoides, Sp : Sagittaria pygmaea,
Cs : Cyperus serotinus, Ek : Eleochalis kuroguwai

(c). Effect of Low Temperature on Herbicidal Activity

BSM+azimsulfuron at 30+6ga.i./ha controlled tested weeds, Rotala indica ,
Scirpus juncoides and Cyperus serotinus, under the lower temperature condition,
200C/10°C (day/night), as well as 25°C/ 15°C (day/night). The combination
demonstrated higher activity on Rotala indica under the lower temperature condition
(Table 4).

Discussion

Results through the test in greenhouse indicate that azimsulfuron at arate as low
as 6ga.i/ha provides excellent control on sedge and perennial weeds, whereas
higher rate is required to give excellent control on annual broad leaf weeds.
Especially the activity of azimsulfuron for controlling perennial sedges was
significantly higher than that of BSM. Azimsulfuron at 6 and 12ga.i./ha provided
slight injury on transplanted rice with the application at 5 days after transplanting,
but the injury was comparable with BSM at 51 and 75ga.i./ha and was acceptable.
In the test in greenhouse, we could see a clear advantage of combining azimsulfuron
with BSM ; azimsulfuron at 6 ga.i/ha plus BSM at 24-36 ga.i/ha. Addition of
azimsulfuron could significantly increase the activity of BSM on perennial sedge
weeds without increasing crop injury, and reduced total quantity of chemicals
from 51 ga.i./ha to 30-42 g a.i./ha.

BSM + azimsulfuron controlled the tested weeds well even with environmental
factors such as leaching, overflow of paddy water and low temperature. The
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Fig. 3. Effect of overflow on herbicidal activity
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M Leaching  [J Non-leaching Cs : Cyperus serofinus, S| : Scirpus juncoides,

Al : Rotala indica, Cd : Cyperus difformis, Mv : Monochoria vaginalls

Mv : Monochoria vaginalis, Sj : Scirpus Juncoides

Table 4. Effect of low temperature on herbicidal activity of BSM+azimsulfuron and BSM

HERBICIDAL ACTIVITY *
20/10 C 25/15 C

CHEMICALS RATE Ri 5 Cs Ri Sf Cs
(g a.i./ha) (1L) (2L) (3L) (1L) (2L) (3L)

BSM+Azimsulfuron 1543 10 9 9 9 9 9.5
30+6 10 9 10 9 9 10

BSM 375 9.5 8.5 6 9 8 4

75 9.5 9 8.5 9.5 9 7

* Herbicidal activity was visually evaluated in scales ranging from 0 to 10.
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higher herbicidal activity of BSM+azimsulfuron than each sulfonylurea herbicide
alone under leaching condition demonstrates the increasing stability of weed control
by the combination. As for overflow test, since the tested extruded granule of
BSM and azimsulfuron tend to provide their highest concentration in paddy
within 24 hours after application (data not shown)®), the timing of overflow
shown above (3, 6 and 24 hours after application) seems to be relatively severe
for weed control of the compounds. That is, it was suggested that BSM+azimsulfuron
keeps its high activity on paddy weeds even under the condition with the rainfall
at early timing after application. In terms of low temperature response, the mixture
of BSM and azimsulfuron gives neither increase or decrease of practical weed
control on Scirpus juncoides and Cyperus serotinus but was a little more active
on Rotala indica under low temperature condition, while BSM alone increased its
activity on Cyperus serotinus. Better weed control of rice herbicides under low
temperature condition are reported with cinmethlyn 1 and pyrazosulfuron-ethyl 4) .
These results of -the studies of environmental factors demonstrated that the weed
control of the combination of BSM at 30 ga.i/ha and azimsulfuron at 6ga.i./ha
is stable under the possible environmental factors for variables.

These test results suggest thatazimsulfuron is a promising rice herbicide which
has high biological activity and good crop safety especially in combination with
BSM with lower total use rate.
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KIH-2023, A NEW POST-EMERGENCE HERBICIDE IN RICE (Oryza sativa)

K.Kobayashil*, M. Yokoyamal, O. Watanabel, H. Sadoharal, N. Wa\da2
(1 Kumiai Chemical Industry Co., Litd., 2 K-] Chemical Research Institute Co., Ltd.)

Abstract, KIH-2023, sodium 2,6-bis[(4,6-dimethoxypyrimidin-2-yl)oxy]benzoate, is a new post-
emergence herbicide for the control of a wide range of weeds with excellent selectivity in direct seeded rice
(Oryza sativa). This compound inhibits acetolactate synthase in plants. The rate of 15 to 45 g a.i./ha with
surfactant has provided outstanding efficacy on Echinochloa spp. and can be applied from one to seven
leaf stage of the weed. Also it can control other important weeds including Cyperus spp., Fimbristylis
Spp., Scirpus spp., Sagittaria spp., and Sphenoclea zeylanica. Rice exhibits good tolerance to KTH-2023
at this rate. Preliminary results are favorable in toxicological and environmental fate studies.

Keywords : KIH-2023, bispyribac-sodium, rice herbicide, direct seeded rice

Introduction

In direct seeded rice, some annual and perennial weeds, especially Echinochloa spp. frequently escape from
application of existing commercial rice herbicides which usually require relatively high rates of use. Rice
growers continue to look for flexible and low rate post-emergence herbicide to optimize crop yield. KIH-
2023 (common name : bispyribac-sodium)is a new post-emergence herbicide discovered and being
developed by Kumiai Chemical Industry Co., Ltd. for use in direct seeded rice. This herbicide inhibits
acetolactate synthase in plants, and exhibits excellent efficacy against a wide range of economically
important grass and broadleaf weeds with good safety. This paper describes the biological properties of
KIH-2023 from greenhouse trials.

Materials and Methods
Chemical and Physical Properties

Structure
OCH3
N—
0 <\ /
N
OCH3
COONa
OCH3
N—=
0]
N\ /
N
OCH3
Common name : bispyribac-sodium ( ISO proposed )
Chemical name : Sodium 2,6-bis{(4,6-dimethoxypyrimidin-2-yl)oxy Jbenzoate
(IUPAC)
Chemical formula : CyoH 7N4NaOg
Appearance : White powder
Molecular weight 2452.4
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Melting point 1223 ~224C

Water solubility 1733 g/l (at25 C)
Vapour pressure :5.04x 109 Pa (at25 C)
Toxicology
Acute oral LD50 (rat) : 4111 mg/kg ( male ), 2635 mg/kg ( female )
Acute dermal LD50 ( rat ) : > 2000 mg/kg
Inhalation LC50 (rat) 1> 4.48 mg/l
Acute fish toxicity LC50 : Bluegill sunfish : >100 ppm
Rainbow trout : > 100 ppm
Eye irritation ( rabbit ) : Slightly irritant
Skin irritation ( rabbit ) : Not irritant
Ames mutagenicity : Negative
Teratogenicity ( rat, rabbit ) : Non-teratogenic
Subchronic toxicity : No effect level, rat : 100 ppm ( male ), 1000 ppm ( female )

dog : 100 mg/kg/day ( male, female )

Biological trials

Greenhouse trials were conducted using 10% W.P. or 30% D.E formulation. Clay loam soil was used.
Visual evaluation of herbicidal effects were made 30 days after application using a scale of zero to ten
(zero=no effect to ten = complete control). Trials contained three replicates. Test plants and application
methods were as follows.

1. Activity of KIH-2023 in different rice cultivation practices

KIH-2023 10% W.P. was tested under two conditions. One was dry seeded rice cultivation conditions
without flooding water, and the other was transplanted rice cultivation conditions. KIH-2023 was applied,
by dropping diluted solution, on to the flooding water of the simulated transplanted rice cultivation pots.
KIH-2023 was also sprayed on the foliage of the test plants of simulated dry seeded rice cultivation pots.
Applications were made in 1000 1/ha spray volume with a non ionic surfactant at 0.1 % V/V.
Echinochloa was in the three leaf stage at application.

2. Selectivity of KIH-2023 between rice and Echinochloa in foliar application

Rice (var. IR36) and Echinochloa oryzicola were grown in plastic pots without flooding water. KIH-2023
was sprayed on the foliage of the plants. Applications were made in 1000 l/ha spray volume with a non
ionic surfactant at 0.1 % V/V.

3. Activity of KIH-2023 under flooded conditions

Rice (var. IR36) and Echinochloa oryzicola were grown in plastic pot with water depth of 4 cm flooding.
The test plants were in the four to six leaf stage. Foliar applications were made in the same manner as in
trial two.

4. Effect of surfactant on activity of KIH-2023

Echinochloa oryzicola was grown without flooding water. Foliar applications were made in 1000 1/ha
spray volume with, or without, a non ionic surfactant at 0.1% V/V. Echinochloa was in the five leaf
stage at application..

5. Weed spectrum of KIH-2023 in foliar application

Aquatic weeds were grown under 4 cm flooding conditions. Other weeds were grown without flooding
water. Echinochloa oryzicola was in the four leaf stage at application. The water was drained from the
aquatic weeds pots at the time of application. The aquatic weeds were flooded again at three days after
application.

KIH-2023 30% D.F. were used in the trials from number two through five.
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Results and Discussion
KIH-2023 has little activity when applied on the flooding water under transplanted rice cultivation
conditions. Under dry seeded rice cultivation conditions, however, KIH-2023 at 7.5 g a.i./ha provides
excellent control on Echinochloa with good tolerance of rice (Table 1).

Table 1. Activity of KIH-2023 in different rice cultivation practices.

Cuiltivation  Application Rate Echinochloa Rice
type method (g a.i./ha) control injury
transplanted drop 7.5 0 0
15 0 0
30 0 0
60 1 2
dry seeded foliar 7.5 10 0
15 10 1
30 10 3
60 10 3

evaluation scale : 0 = no effect - 10 = complete control

The results of selectivity trial are shown in Figure 1. KIH-2023 has high selectivity between rice and
Echinochloa oryzicola with foliar application under dry seeded conditions, especially when rice is three
leaf stage or older. The efficacy of KIH-2023 on Echinochloa oryzicola seemed to be consistent control on
wide range of growth stage of Echinochloa oryzicola under dry seeded conditions. KIH-2023 at 15to 30 g
a.i./ha provides better control than Propanil at 3000 g a.i./ha on Echinochloa oryzicola when test plants
were in the three to seven leaf stage (Figure 2). These results suggest that KIH-2023 can be used against a
wide range of growth stage of rice plants and Echinochloa spp..

8 -
% KIH-2023
9
g 6 -
ey
=
=]
2 4
Q
v
2 4
1 -
i I 1 T | I
1 2 3 4 5 6
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Figure 1. Selectivity of KIH-2023 between rice and Echinochloa oryzicola

by foliar application under dry seeded conditions.
Rate required for 10% rice injury

Selectivity index = ) . ,
Rate required for 90% Echinochloa oryzicola control
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Figure 2. Efficacy of KIH-2023 on different growth stage of Echinochloa oryzicola
by foliar application under dry seeded conditions.
evaluation scale : 0 =no effect - 10 =complete control

Table 2 shows activity of KIH-2023 under flooded conditions. KIH-2023 shows excellent control of
Echinochloa oryzicola without rice injury at 15 to 30 g a.i./ha.
Activity of KIH-2023 remarkably decline when surfactant was not added to spray solution. Surfactants,

including non-ionic types, silicon types and crop oil concentrates, play an important role in enhancing
activity and achieving the consistent performance of KIH-2023 (Table 3).

Table 2. Activity of KIH-2023 under flooded conditions at different growth stage of
Echinochloa oryzicola.

Application* Rice injury Echinochloa control
Test compound timing 30 60 15 30 (g a.i./ha)
KIH-2023 ' 4L 0 1 9 10
SL 0 1 8 10
6L 0 0 8 10

* . Leaf stage of Echinochloa oryzicola
evaluation scale : 0 = no effect - 10 = complete control

Table 3. Effect of surfactant on Echinochloa control of KIH-2023.

Rate Echinochloa control
Test compound (g a.i./ha) not added  with surfactant
KIH-2023 7.5 0 8
15 0 10
30 0 10

evaluation scale : 0 = no effect - 10 = complete control
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Table 4 Weed spectrum of KIH-2023 by foliar application

Rate (g a.i./ha)
Test weed 7.5 15 30
Grasses
Echinochloa colonum 10 10 10
Echinochloa crus-galli 10 10 10
Echinochloa oryzicola ' 10 10 10
Echinochloa crus-pavonis 10 10 10
Digitaria ciliaris 6 7 8
Eleusine indica 2 6 7
Leptochloa chinensis 4 5 8
Leptochloa panicea 7 8 9
Brachiaria platyphylla 8 9 10
Sedges
Cyperus difformis 9 10 10
Cyperus iria 9 10 10
Cyperus serotinus 4 -8 8
Fimbristylis miliacea - 10 10
Scirpus juncoides 6 7 9
Eleocharis kuroguwai 2 4 9
Broad leaf weeds
Aeschynomene indica 10 10 10
Alisma canaliculatum 8 9 . 9
Amaranthus retroflexus 9 10 10
Eclipta thermalis 9 10 10
Lindernia procumbens 10 10 10
Ludwigia epilobioides 10 10 10
Monochoria vaginalis 5 9 10
Polygonum lapathifolium 9 10 10
Portulaca oleracea 9 10 10
Rotala indica 10 10 10
Sagittaria pygmaea 5 8 10
Sagittaria trifolia 5 7 10
Sphenoclea zeylanica - 7 9

evaluation scale : 0 =no effect - 10 = complete control
- : not tested

Table 4 shows that weed spectrum of KIH-2023 at 7.5, 15 and 30 g a.i./ha in foliar application. KIH-
2023 is able to control Echinochloa spp. and other important weeds in direct seeded rice including grasses,

sedges and broad leaf weeds.
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Conculutions
The results of these trials show KIH-2023 with surfactant has wide application window and wide weed
spectrum in foliar application. KIH-2023 exhibits excellent control on Echinockloa spp. with good crop
safety. The properties of KIH-2023 seen in these trials allow it to be considered a basic tool for weed
control in direct seeded rice.
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Imazosulfuron, a New Sulfonylurea Herbicide, Applicable in Rice Paddy Fields

Y.Tanaka*, K.Ideno, T.Yamawaki and H.Yoshikawa
Agricultural Research Laboratories, Agro Division,
Takeda Chemical Industries, Ltd., Tsukuba, Ibaraki 300—42, Japan

Abstract. Imazosulfuron, which is a new herbicide synthesized and developed by Takeda Chemical
Industries, Ltd. for use in paddy rice and in turf, was studied for biological activity and selectivity.
Imazosulfuron controlled 12 paddy field weeds including annual and perennial broadleaf weeds and
sedges on pre— and post—emergence applications_of 90 g ai/ha, the conventional dosage eventually
adopted for practical use. Rice plants on applications of 75 g ai/ha to 150 g ai/ha of imazosulfuron did
not suffer any practical damage irrespective of planting depths and water leakage conditions. The
results and accompanying data show that imazosulfuron exerts excellent herbicidal activity on most
paddy field weeds with sufficient safety to rice plants over a broad range of dosage centered at 90 g
ai/ha. When AWARD® flowable, a milky suspension composed of three herbicides, i.e. imazosulfuron,
pyributicarb and daimuron, was dripped into a rectangular paddy field(1 m x 16 m) where rice plants,
Echinochloa oryzicola, Scirpus juncoides and Cyperus serotinus were equally grown, in a way as though
a line had been drawn along the short side, most of the weeds were killed, while the rice plants
were entirely unharmed. It is remarkable that the weeds 15m distant from the start line were
damaged as much as those close to the line, and indicates the efficient dispersion of AWARD®

flowable.

Key words. imazosulfuron, herbicidal activities, safety for rice plants, flowable formulation

INTRODUCTION

Imazosulfuron, a new sulfonylurea herbicide(1),(2), was commercialized in Japan in 1993. Various
type of formulations such as TAKEOFF®, BATL®, HAYATE®, GO—SIGN® and AWARD® are now
available for paddy field use(3). TAKEOFF® is a single granular formulation and BATL®, HAYATE®
and GO-SIGN® are also granular formulations in combination with grass herbicides. AWARD®
flowable is a suspension combination formulation and quickly dispersible when dripped or poured
directly into paddy water.

This paper reports properties of imazosulfuron such as herbicidal activity, safety for rice plants,
selectivity and dispersibility of AWARD® flowable.

Chemical and physical properties

Common name : imazosulfuron (ISO)
Code name : TH-913
Chemical name : 1~ (2~ chloroimidazo[1,2—a]pyridin— 3— ylsulfonyl)— 3— (4,6— dimethoxy—

pyrimidin— 2—y1) urea (UPAC)

Structural formula :
~ /-
NS N

SOQNHCONH—</ \

OCH,

Molecular weight : 412.83
Melting point : 183—-184°C (dec.)
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Solubility(at 25°C) : water

pi 51 61 170
mg/l 5 67 308

Toxicological properties

Acute oral : mouse (male and female) LD50 > 5000 mg/kg

rat (male and female) LD50 > 5000 mg/kg
Acute dermal : rat  (male and female) LD50 > 2000 mg/kg
Skin irritation : rabbit not irritant
Eye irritation : rabbit not irritant
Mutagenicity : negative
Fish toxicity : carp TLm48hr > 10 ppm

MATERIALS AND METHODS

Herbicidal activity
Herbicidal spectrum

Weed seeds or tubers are planted uniformly into the flooded soil in a 200 cm? plastic Wagner
pot packed with clay loam soil(Organic matter 5.11%), keeping flooding water constant in 5 cm
depth during the experiments(similar Wagner pots packed with the soil were used in the following
experiments). Immediately after the planting or when weeds reached the specific stages shown in
Fig.1, 0.3% granules of imazosulfuron were applied to the flooding water at the dosage of 30 kg/ha.
21 days or 28 days after applications, the above— ground parts of weeds were cut off and the dry
weights were measured after oven—dried at 70°C for 24 hours.
Residual activity

0.25% granules of imazosulfuron were applied to the flooding water at the dosage of 30 kg/ha.
Immediately after the application or 14, 28 and 42 days after the application, seeds of Scirpus
juncoides and tubers of Sagittaria pygmaea and Cyperus serotinus were planted into the flooded soil in
the Wagner pots. After 21 days from the planting, weed control(%) was evaluated visually with
scales ranging from O(same as the untreated) to 100(complete killing).

Safety for rice plants
Effect of transplanting depths

Rice seedlings(Oryza sativa cv. Nihonbare) at 2 leaf stage were transplanted into the flooded soil
in the Wagner pots in — 0.5 cm, 1 cm, or 3 cm depth. 5 days after transplanting, 0.25% granules of
imazosulfuron were applied to the flooding water at the dosages of 30 kg/ha or 60 kg/ha. 28 days
after applications, shoots were cut off and the dry weights were measured after oven—dried at 70°C
for 24 hours.
Effect of water leakage

Rice seedlings at 2 leaf stage were transplanted into the flooded soil in the Wagner pots in 2 cm
depth. 7 days after transplanting, 0.25% granules of imazosulfuron were applied to the flooding
water at the dosages of 40 kg/ha or 60 kg/ha and then water was leaked at the rate of 3 cm/day in
depth for 3 days. Water depth was maintained at 5 cm during the experiments. 35 days after
applications, shoots were cut off and the dry weights were measured after oven—dried at 70°C for
24 hours.

Diference of sensitivity between C serotinus and rice plants

The tubers of C. serofinus were planted into the flooded soil in the Wagner pots. When C.
serotinus reached its 1 to 2 leaf stage, a suspension solution of imazosulfuron was applied to the
flooding water at the dosages of 1, 3, 10, 30 and 100 g ai/ha. 28 days after applications, their
above— ground parts were cut off and the dry weights were measured after oven—dried at 70°C for
24 hours. Rice seedlings at 2 leaf stage were transplanted into the flooded soil in the Wagner pots.
7 days after transplanting, a suspension solution of imazosulfuron was applied to the flooding water
at the dosages of 30, 100, 300, 1000 and 3000 g ai/ha. 28 days after applications, the shoots were
cut off and the dry weights were measured after oven—dried at 70°C for 24 hours.

Dispersibility of AWARD® flowable
Seeds of Echinochloa oryzicola and S. juncoides and tubers of C. serotinus were planted into the

— 228 —



flooded soil in a rectangular paddy field(1 m x 16 m) at the intervals of 1m along the long side and
rice seedlings at 2 leaf stage were transplanted equally all over the plot. Flooding water was kept
in 5 cm depth during the experiments. 10 days after transplanting, E. oryzicola, S. juncoides and C.
serotinus reached 1.7, 1.0 and 1.8 leaf stage, respectively. And then AWARD® flowable at the
practical dosage of 5 //ha was dripped into flooding water as though a line had been drawn along the
short side. 17 days after the applications, the plant heights of transplanted rice were measured.
After 35 days, the weeds were cut off and the dry weights were measured after oven— dried at 70°C
for 24 hours.

RESULTS AND DISCUSSION

Herbicidal activity
Herbicidal spectrum

As shown in Fig.l, all weeds were controlled extensively. Especially annual broadleaf
weeds(Monochoria vaginalis, Lindernia procumbens and Rotala indica) at cotyledon stage and
perennial weeds(S. pygmaea, Sagittaria trifolia, Oenanthe javanica, Potamogeton distinctus, S.
Juncoides and C. serotinus) were strongly suppressed to the degrees above 95%. Imazosulfuron
inhibited shoot growth and killed them gradually. Although the dry weight of E. oryzicola, Scirpus
planiculmis and Eleocharis kuroguwai were reduced more than 85%, they were alive while being
stunted. On pre—emergence applications, some of emerged E. oryzicola elongated to coleoptile or 1
feaf stage and then all stunted.

ECHOR(PE)
(2.5L)]
MOOVA(1.0L)]
(2.5L)1
LIDPY(coty)|
(2-4L)|
ROTIN(coty)
(2-4L) |
SAGPY(1.0L)]
(2.7L)
SAGTR(2.2L)}
(4.2L)8
0ENJA(sp)
(1-2L)
PTMDI(0-1L) 3§
(2-3L)}
SCPJO(PE)
(3.5L)
CYPSE(1-2L) B
(3-4L)
SCPPL(2.2L) 8
(3.8L) 4
ELOKU(7cm) §
(13cm) § L
0 20 40 60 80 - 100
Reduction in dry weight (%)

Fig.1 Effect of imazosulfuron(80 g ai/ha) on 12 paddy field weeds.
Abbreviations of weed names:
ECHOR : Echinochloa oryzicola, OENJA : Oenanthe javanica
NOOVA : Monochoria vaginalis, PTMDI : Potamogeton distinctus
LIDPY : Lindernia procumbens,  SCPJO : Scirpus juncoides

ROTIN : Rotala indica, CYPSE : Cyperus serotinus
SAGPY : Sagittaria pygmaea, SCPPL : Scirpus planiculmis
SAGTR : Sagittaria trifolia, ELOKU : Eleocharis kuroguwai

Numbers and letters in parentheses show leaf stages or plant heights at applications.
Abbreviations of letters in parentheses:

PE : pre-emergence stage coty : cotyledon stage

L : leaf stage ' sp : sprouting stage
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Residual activity ,

As shown in Fig.2, emergences of S. juncoides, S. pygmaea and C. serotinus were suppressed for
42 days. After 28 days, however, some of S. pygmaea and S. juncoides began to emerge and
elongated to coleoptile or 1 leaf stage but all remained stunted without further growth.

Imazosulfuron was proved to have an excellent herbicidal activity on most paddy field weeds
with sufficient residual activity.

1
© . ® e 5CPIO
el SAGPY
(>
-
o 607
3
o
5
o 404
o]
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[}
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0 + + {
0 14 28 42

Seeding time after application (days)
Fig.2. Residual activity of imazosulfuron(75 g ai/ha) on SCPJO, SAGPY and CYPSE.
*0 = same as the untreated; 100 = complete kiling.
For abbreviations of plant names see footnote in Fig.1.

Safety for rice plants
Effect of transplanting depths

As shown in Fig.3, at the applications of 75 g ai/ha, imazosulfuron did not cause any practical
damage against transplanted rice even if transplanting depths were changed as —~0.5 cm, 1 cm and
3 cm. In case of shallow transplanting(—0.5 cm in depth) only slight growth retardation and
reduction of the dry weights were observed at the higher dosage of 150 g ai/ha but they did not
result in any practical damage.

IOOT B 75 g ai/ha

£3150g ai/ha

Dry weight (¥ of control)

0.5 1 ' 3
Transplanting depth (cm)

Fig.3. Effect of transplanting depth on the phytotoxicity of imazosulfuron against rice
seedlings.

Effect of water leakage

As shown in Fig4, water leakage did not cause any practical damage against transplanted rice.
Although at 150 g ai/ha, a higher dosage than conventional one(90 g ai/ha), the dry weights of
shoots were scarcely reduced by water leakage at the rate of 3 cm/day for 3 days.
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It is remarkable that imazosulfuron nearby the conventional dosage(90 g ai/ha) did not cause any
practical damage against transplanted rice irrespective of planting depths and water leakage
conditions.
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Fig.4. Effect of water leakage on the phytotoxicity of imazosulfuron to rice seedlings.

Difference of sensitivity between C. serotinus and transplanted rice

As shown in Fig.5, C serotinus was completely suppressed and killed at the dosage over 10 g
ai/ha. At the rate of less than 3 g ai/ha, the plants were only stunted with mild chlorosis and
progressive necrosis as secondary symptoms. On the other hand, transplanted rice suffered only
slight reduction in the dry weights at the dosage of 100 g ai/ha and the extent of the damage was
acceptable. However, at the dosage over 1000 g ai/ha, transplanted rice was seriously injured and
unrecoverable.

The Iso of imazosulfuron to C serofinus was about 1000 times smaller than that to transplanted

rice.

Imazosulfuron was proved to have excellent herbicidal activity against C. serofinus with sufficient
safety to transplanted rice over a broad range of dosage centered at 90 g ai/ha.
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Fig.5 Difference of sensitivity between CYPSE and ORYSA to imazosulfuron.

CYPSE : Cyperus serotinus
ORYSA : Oryza sativa

Dispersibility of AWARD® flowable in a rectangular paddy field

As shown in Fig.6, at the location, 15 m apart from the application line, the dry weights of E.
oryzicola
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oryzicola and C. serotinus were suppressed to the degrees over 95%. In case of S. juncoides, a slight
decline of weed control was observed at the locations 10 m or more apart from the application line
but it was acceptable for practical use. On the other hand, transplanted rice did not suffer any
damage even if at the neighboring area to the application line.

It is remarkable that AWARD® flowalble had shown good dispersibility to be able to control the
weeds even at 15 m apart from the application line without damage to transplanted rice.
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Fig.6 Dispersibility of AWARD® flowable in a rectangular paddy field.
For abbreviations of plant names see footnote in Fig.1

Note. Seeds of E. oryzicola and S. juncoides and tubers of C. serotinus were planted into the
flooded soil in a rectangular paddy field(1 m x 16 m) at the intervals of 1 m along the long
side and rice seedlings at 2 leaf stage were transplanted equally all over the plot. Flooding
water was kept in 5 cm depth during the experiments. 10 days after transplanting, E.
oryzicola, S. juncoides and C. serotinus reached 1.7, 1.0 and 1.8 leaf stage, respectively. And
then AWARD® flowable at the practical rate of 5 //ha was dripped into flooding water as
though a line had been drawn along the short side. 17 days after applications, the plant
heights of transplanted rice were measured. After 35 days, the weeds were cut off and the dry
weights were measured after oven—dried at 70°C for 24 hours.
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AC 322,140: A New Broad-Spectrum Herbicide for Transplanted
and Wet Sown Rice in the Far East

R. L. Braddock', S. C. Lee?, P. J. Huang’, C. Sujin*

! American Cyanamid Company, Princeton, New Jersey 08543-0400 USA
* Cyanamid International, Singapore
? Cyanamid Taiwan Corporation, Taiwan
* Cyanamid (Thailand) Limited, Thailand

Abstract. AC 322,140 is a new sulfamoylurea herbicide for selective weed control in paddy rice. The
acetohydroxyacid synthase (AHAS) inhibitor is characterized by very low toxicity to mammals, birds, fish
and aquatic invertebrates. Low water solubility and moderate to strong adsorption by soil also indicate a
low potential for leaching. .Rice tolerance is primarily due to rapid metabolism. Field studies conducted in
Asia at rates of 15 to 60g ai/ha applied 0 to 15 days after transplanting or seeding have demonstrated good
to excellent control of a wide range of common annual and perennial broad-leaved weeds and sedges.
Good crop tolerance has been demonstrated at rates up to 80g ai/ha. Initial registrations are anticipated by
1996-1997.

Key words: herbicide, rice, sulfamoylurea, broadleaf weed, sedge

Introduction

AC 322,140, (1-{[0-(cyclopropylcarbonyl)phenyl]sulfamoyl}-3(4,6-dimethoxy-2-pyrimidinyl)-urea) is a
herbicide from a new chemical class (sulfamoylureas) developed by American Cyanamid Company. The
mode of action of AC 322,140 is via inhibition of acetohydroxyacid synthase, a key enzyme in amino acid
biosynthesis. AC 322,140 has been extensively field tested in transplanted rice and wet sown rice in Japan,
Korea, PRC, Taiwan, and several South East Asian countries since 1992. This paper describes field
performance of AC 322,140 in the PRC, Thailand, and Taiwan.

Materials and Methods

More than 10 transplanted and wet sown rice trials were completed in the PRC and Thailand, respectively,
since 1992. Just as many transplanted rice trials were initiated in Taiwan during this period. Both
AC 322,140 10% wettable powder (WP) and 0.15% extruded clay granule (G) formulations were tested.
All trials were arranged in a complete randomized block design. Rates of AC 322,140 ranged from 15-80g
ai/ha, using pre-emergence to post-emergence application (0-15 days timing). Local standards plus hand
weeding and an untreated check were included for comparison.

Efficacy was determined by visual observation, number of major weed species, and fresh weight of weeds

per unit area. Crop selectivity and yield were also assessed.

Results and Discussion
Herbicidal Activity

Field trials were conducted under different climatic and environmental conditions. The results presented
summarize trials carried out in the cooler zone of Manchuria in the PRC, the moderately warm zone along
the Yangtze River basin in the PRC and Taiwan, and in the warm zone in Thailand. The response of the
major rice weed species to AC 322,140 at the dosage range of 15 to 80g ai/ha has been consistent
throughout.
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Grasses

AC 322,140 at 30-40g ai/ha gave good suppression of Echinochloa crusgalli (Table 1). This was seen in
terms of weed coverage or weed biomass per unit area. For effective Echinochloa control, AC 322,140
required 2 60g ai/ha to be comparable to the standard grass herbicides in both transplanted and wet sown
rice.

Table 1. AC 322,140: Effect on Echinochloa crusgalli, 1992-1994.

Rate Application % Control at 30-50 DATR/DAS (1)
Treatment g ai/ha Timing (DATR/DAS) PRC(2) Taiwan (3)  Thailand (4)
AC 322,140 30 2-15 80.3 - -
AC 322,140 40 2-15 86.3 70.0 67.8
AC 322,140 260 2-15 92.1 77.2 86.0
Butachlor 750 4 - - 99.0
(safened)
Butachlor 1350-1500 3-5 96.2 90.7 -
Molinate 3360 Post 98.2 - -
Bensulfuron 30-45 2-15 68.6 69.7 -
Pyrazosulfuron 15-22.5 2-15 80.7 78.0 -
Pretilachlor 450 4 - - 99.0
Untreated check - - 472.5(5) 20.6% (6) -
(1) - Days after transplanting or seeding. (4) - Wet sown rice. Average of more than 6 trials.
(2) - Transplanted and wet sown rice. (5) - Weed biomass (g/m?).

Average of 9 trials. (6) - Ground cover of Echinochloa crusgalli.
(3) - Transplanted rice. Average of more than
10 trials.

In transplanted rice in the PRC, with good water management, AC 322,140 at 30-40g ai/ha appears
sufficient to provide good suppression of this weed without resorting to selective hand weeding or
sequential treatment with a late post-emergence grass herbicide.

Annual Broadleaf Weeds and Sedges

AC 322,140 at 20-30g ai/ha provided excellent control of many common annual broadleaf weeds and
sedges such as: Monochoria spp., Lindernia spp., Eclipta spp., Sphenoclea spp., Rotala spp., and Cyperus
difformis, irrespective of the application time. This near-perfect control was seen in all trials conducted in
the various countries (Table 2). The 20g ai/ha rate appears more than -adequate to provide acceptable
control of these weeds.
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Table 2. AC 322,140: Effect on Annual Broadleaf Weeds and Sedges
- PRC, Taiwan and Thailand, 1992-1994.
% Control at 30-50 DATR/DAS (1)

Rate Application Broadleaf Weeds Sedges
Treatment g ai/ha Timing MONVA LINPR ECLPR SPHZE ROTIN CYPDI

FIMMI

(DATR/DAS)

AC 322,140 15 2-15 934 - - - 91.8 91.7 -
AC 322,140 20 2-15 908 98.0 93.0 - 98.6 96.3 -
AC 322,140 30 2-15 923 98.0 93.0 100.0 100.0 95.6 100
AC 322,140 40 2-15 983 98.0 96.3 100.0 100.0 98.8 100
Butachlor 750 4 - - - 56.0 - - -
(Safened)
Butachlor 1350-1500 3-5 81.1 952 95.5 - 100.0 87.4 100
Pretilachlor 450 4 - - - 79.4 - 100.0 100
Bensulfuron 30-45 2-15 975 - - - 98.9 96.1 -
Pyrazosulfuron 15-22.5 2-15 975 - - - 98.0 92.5 -

(1) - Days after transplanting or seeding.

MONVA - Monochoria vaginalis; M. korsakowii

LINPR

ECLPR - Eclipta prostrata
SPHZE - Sphenoclea zeylanica
ROTIN - Rotala indica
CYPDI - Cyperus difformis
FIMMI - Fimbristylis miliacea

Perennial Broadleaf Weeds and Sedges

- Lindernia procumbens; L. pyxidaria

Sagittaria pygmaea, S. trifolia, Potamogeton spp., and Heleocharis yokoscensis are widespread perennial
weeds in the PRC. AC 322,140 at the 30 to 40g ai/ha rates consistently provided good control of these
weeds (Table 3). There were a few escapes of S. trifolia and Scirpus juncoides (Taiwan), but they were
greatly suppressed. The overall performance of AC 322,140 was comparable to the standard bensulfuron
or pyrazosulfuron and distinctly superior to butachlor.
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Table 3. AC 322,140: Effect on Perennial Broadleaf Weeds and Sedges
- PRC, Taiwan and Thailand, 1992-1994.

% Control at 30-50 DATR/DAS (1)

Rate Application Broadleaf Weeds Sedges
Treatment gai/ha  Timing SAGPY SAGTR POTDI BIDTR HELYO SCIU

SCIPL

(DATR/DAS)

AC 322,140 30 2-15 94.1 89.5 100 79.6 100 76.0 334
AC 322,140 40 2-15 99.1 86.5 100 899 100 86.4 57.3
AC 322,140 60 2-15 99.4 925 100 9.0 100 94.9 79.2
Bensulfuron 30-45 2-15 81.9 86.0 100 684 100 85.9 66.83°
Pyrazosulfuron 15-22.5 2-15 92.6 89.0 100 76.0 100 "~ 88.0 76.1
Butachlor 1350-1500 3-5 98.6 540 100 0.0 0 68.0 0.0

(1) - Days after transplanting or seeding.

SAGPY - Sagittaria pygmaea
SAGTR - S. trifolia

POTDI - Potamogeton distinctus
BIDTR - Bidens tripartita
HELYO - Heleocharis yokoscensis
SClJU - Scirpus juncoides
SCIPL - Scirpus planiculmis

AC 322,140 at the 40g rate also gave good control of Bidens tripartita, a new, emerging perennial in
Manchuria rice of the PRC and in Korea. All rates of AC 322,140 below 60g ai/ha failed to control
Scirpus planiculmis, a difficult-to-control perennial sedge, not easily managed by current standard
sulfonylureas (Table 3).

Crop Tolerance and Effect on Paddy Yield
Both the japonica and indica rice varieties tested have shown good and acceptable crop tolerance, as well
as good yield. Some transient dwarfing was noted, using the 60-80g ai/ha rates in both the transplanted

and wet sown rice (PRC). However, paddy yield was not affected and was either comparable to or higher
than the hand weeding treatment or untreated check (Table 4).
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Table 4. AC 322,140: Effect on Rice Yield - PRC, Taiwan and Thailand, 1992-1994.

Yield (% vs. Hand Weeding or Untreated Check)

Rate Transplanted Rice Wet Sown Rice
Treatment g ai’ha PRC (1) Taiwan (3) PRC (1) Thailand (2)
Untreated Check - - - - 100.0
(2.7 MT/ha)
Hand weeding - 100.0 - 100.0 -
(6.0 MT/ha) (5.6 MT/ha)
AC 322,140 15 102.5 - - -
AC 322,140 20 105.2 - 104.2 142.0
AC 322,140 30 105.6 - 104.7 146.5
AC 322,140 40 106.7 - 104.5 155.5
AC 322,140 60 106.7 - 107.4 153.0
AC 322,140 80 - - - 167.0
Bensulfuron 30-45 104.3 - 106.2 147.0
Pyrazosulfuron 15-225 1047 - 104.7 -
Butachlor 1350-1500 104.7 - - -
Butachlor 750 - - - 116.0
(Safened)
Pretilachlor 350-450 - - - 122.0
Molinate 3360 - - 105.1 -

(1) - Yield vs. hand weeding.
(2) - Yield vs. hand weeding.
(3) - Yield not assessed.

Conclusion

The overall results from field trials in the PRC, Taiwan and several South East Asian countries suggest that
AC 322,140 is a promising new rice herbicide offering consistent and persistent weed control on a wide
range of annual and perennial broadleaf weeds and sedges. Registration of AC 322,140 for use in paddy
rice in two to four Far East countries can be anticipated during 1996-1997.

AC 322,140 has the potential to be combined with E. crusgalli herbicides. Further field studies and

development work are in progress in many Far East countries to explore the tankmix and/or co-formulation
potential.

Acknowledgement: The close cooperation of the government agencies in the various Far East countries is
greatly appreciated.

- 237 —



References

AC 322,140 Experimental Herbicide Product Profile FHT-D302-300-9203. American Cyanamid
Company.

AC 322,140 Experimental Herbicide Product Profile FHT-D319-800-9311. American Cyanamid
Company.

AC 322,140: Rice Trial Reports, 1993. Plant Protection Research Institute, Academy of Agri
Sciences, Hunan Province.

AC 322,140: Rice Trial Reports, 1993. Plant Protection Research Institute, Academy of Agri
Sciences, Jilin Province.

Murai, S., H. Hasui, K. Kawai, M. Kimpara, and M. Suzuki. 1993. Proc. 14th Asian-Pacific Weed
Science Society Conference, Brisbane.

Quakenbush, L. S., S. J. Rodaway, B. Tecle, T. E. Brady, B. Lapade, P. Marc, M. E. Condon, and
T. Malefyt. 1993. Proc. 14th Asian-Pacific Weed Science Society Conference Brisbane.

Wang Huan Min, Li Pu, Wang Xue Wen, S. C. Lee, Zang Xiao Mei, and Ding Hui. 1994. Fifth Weed
Science Society Conference, Yunnan, PRC.

Limmanee, A., S. Theveethivarak, S. C. Lee, and S. Chinawong. 1994. Thailand National Conference
on Weed Science.

— 238 —



RP020630 - A NEW HERBICIDE FOR TRANSPLANTED RICE (Oryza sativa)

Y. Oe*, S.Kawaguchi, M. Yokoyama, K. Jikihara
Ami R & D Center, Rhone Poulenc Yuka Agro K. K., 8-3-1 Chuo, Ami, Inashiki
Ibaraki 300-03 Japan

Abstracts RP020630 S5-ter-butyl-3(2,4-dichloro-5-propargyloxyphenyl)-1,3,4-oxadiazol-2-
(3H)one developed by Rhone Poulenc Agrochimie, was evaluated as a transplanted rice
herbicide in Japan in 1994. At the dose rate of 35 - 80g ai/ha, it provided excellent control of
Echinochloa spp., annual broad-leaved weeds and Cyperus difformis at pre and post emergence
application timings. Phytotoxicity in the form of leaf sheath browning was observed at the rate
of 120 - 150g ai/ha, but the rice recovered quickly. Mixture with Cumyluron, Daimuron and
Bromobutide broadens the weed spectrum. In this paper, herbicidal properties of RP020630 in
transplanted rice are reported.

Key wards. RP020630, herbicide, transplanted rice

Introduction

RP020630 5-ter-butyl-3(2,4-dichloro-5-propargyloxyphenyl)-1,3,4-oxadiazol-2-(3H)one is a new
experimental herbicide of Rhone-Poulenc Agrochimie. It is a long acting non systemic herbicide
that can be used at pre or early post-emergence on rice, sugarcane, turf, non-crop and so on.
RP020630 is oxadiazoline new compounds and the same mode of action as Oxadiazon, but it
requires a far lower rate. In rice, it can be used with PPI application and post emergence
application on transplanted rice, and also used for direct seeded rice.

In Japanese paddy condition RP020630 controls the weed such as Echinochloa spp., Monochoria
vaginalis, Rotale indica, Lindernia procumbens, Cyperus difformis, Alisma canaliculatum,
Potamogeton distinctus, Eleocharis acicularis and Elatine triandra with 50~100 gai/ha. This
paper presents the basic information on herbicidal activity and rice plants selectivity under
greenhouse and field in Japanese paddy condition.

Chemical, physical and toxicological data

common name ; Oxadiargyl
code-number ; RP020630
chemical name  ; 5-ter-butyl-3(2,4-dichloro-5-propargyloxyphenyl)-1,3,4-oxadiazol-2-
(3H)one
chemical structure ; H
|
HC=C—C—0 O\/ch(CHa)a
H 1
Cl N—N
Cl
appearance ; white powder
melting point ; 134 C
water solubility ;1 mg/L at20C
fish toxicity ;. the 96 hour LC50 > water solubility

] Material and method
Field trials were made at Akeno, Ami and Ushiku in Ibaraki prefecture in 1994. Weeds were
seeded at the depth of 0.5cm into paddy soil. 4 days before transplanting, 3 % of flowable was
applied and paddled into the mud at the depth of 3cm uniformly (PPI). Post treatment was also
conducted with flowable formulation. After the transplanting the field was submerged to a depth
of 2~3 cm and kept the depth. At 21days after application, visual assessment of efficacy and crop
damage were made on a scale of 0=(no effect) to 10=(complete kill).
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Result and discussion
Herbicidal spectrum
RP020630 showed the high activity against Echinochloa crus-galli, Monochoria vaginalis,
Lindernia procumbens and Cyperus difformis at every treatment timing. However, perennial
weeds such as Sagittaria pygmaea and Cyperus serotinus were not controlled. Scirpus hotarui
was not killed perfectly, but suppressed the growth with post application.(tablel)

Table;1 Herbicidal spectrum at 75gai/ha

PPI* Pre** 1.6L**"
weeds
Echinochloa crus-galli 10 10 10
Scirpus hotarui 4 9 8
Monochoria vaginalis 10 10 9
Lindernia pyxidania 10 10 10
Cyperus difformis 10 10 10
Sagittaria pygmaea 0 1 1
Cyperus serotinus 0 1 0

0~10 efficacy rating system : 0 = no efficacy 10 = complete kill
* : four days before transplanting with PPI

* - application at pre-emergence of ECHCC

**+ - application at 1.5L of ECHCC

Activity on the Echinochloa crus-galli

The different activity of RP020630 against Echinochloa crus-galli was observed at 3 locations.
The dose range of > ED95 was between 38 to 75 gai/ha at each location. The reason of different
activity is probably due to the organic matter content in soil. Ushiku soil contains 10.0 % of
organic matter and Akeno soil contains 5.0 % respectively. And for the Ami soil, sand was
added for the improvement of the soil texture, thus, the organic matter content was less, and the
efficacy seemed higher. Therefore herbicidal activity of RP020630 is affected by the organic
matter content in the soil.(Fig.1)

1580 +

)
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N 75 !l _______ A _______________ A _______ u
E O AM| field
g 375 +------- - - O-woo O-coe ol ® AKENO field
g A USHIKU field
a

0 } } } "

PPI pre- 0.5L 1.0L 1.5L

emergence
Leafstage of Echinochloa crus-galli

Fig1;Effective dose to control the Echinochloa crus-
galli in various treatment timings (>EDss)
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Selectivity between Echinochloa crus-galli and Oryza sativa.

Phytotoxicity of RP020630 with both PPI and early post application was observed at the rate of
more than 75gai/ha, the symptom was leaf sheath browning, same as that of Oxadiazon.
However the phytotoxicity of 75gai/ha was slight and recovered very quickly. At this dose,

Echinochloa is controlled same as annual dicot weeds and Cyperus difformis.(Fig.2)

—O—Oryza saliva

~—®— Echinochioa
crus-galil

% of control and phytotoxicity

L S
L] Y

Dose o;\ RP020630 T
Fig2-1;Selectivity of RP020630 between

Echinochloa crus-galll and Oryza sativa
with PP] appication

—O— Oryza saiva

% of controt and phytotoxicity

—&— Echinochioa
crus-galli

£ § £ &
§ 3 81
Dose of RP020630
Flg2-2;Selectivity of RP00630 between
Echinochloa crus-galli and Oryza sativa

with early post application

Recovery of phytotoxicity

The phytotoxicity of RP020630 with PPI application at the rate of 75gai/ha was very slight,
however at the rate of 150gai/ha, the score was more than 10%. This phytotoxicity remained for
21 days after the treatment. After this time, recovery was very quick and at the 35 days
assessment, almost no phytotoxicity was observed.

At early post treatment, phytotoxicity was observed at more than 75gai/ha, but the degree of the
phytotoxicity was stronger than that of PPI application. The recovery of the phytotoxicity at the
rates of 75gai/ha and 150 gai/ha were almost perfect at 35 days after treatment.(Fig.3)

50 50
40 40
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¥ ]
3 30 ]
H ——38gaiha g —&—38gaiha
% » —8—75gaiha £ ~&—75gaiha
5 —O— 150gaiha 5 —O— 150gaiha
s ®
10
Q
A
7DAT 14DAT 21DAT 35DAT 7OAT 14DAT 210AT 39DAT

Days after transplanting Days after treatments

Fig3-1;Transition of recovering the
phytotoxicity with PPl application

Fig3-2; Transition of recovering the
phytotoxicity with early-post application
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Persistent period ,

Persistent period of RP020630 against Echinochloa oryzicola was determined in comparison
with Oxadiazon in the field condition. At the rate of 150 gai/ha, persistent period was 28 days to
35 days, almost the same as Ronstar (Oxadiazon 600 gai/ha). And at the rate of 75gai/ha, it was
14 to 21 days. (Fig.4)
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Days after application
Fig4:Residual activity of RP020630 and Oxadiazon
Combinations

Combination trials were conducted on account of the broader weed spectrum of RP020630.
Combinations of RP020630, 60 gai/ha with JC-940 at the rate of 1500 gai/ha, or S-47 at the rate
of 1000 gai/ha showed the good control of Echinochloa oryzicola, Scirpus hotarui, annual dicot
weeds and Cyperus serotinus. Also combination with SK-23 at the rate of 2000 gai/ha showed
the same performance except the lower activity against Cyperus serotinus. In both of PPI and
early post application, each combination showed the same spectrum and activity. (table-2)

Table2-1; Effect and phytotoxicity of RP020630 combination at PP! app.

) % weed control at 24DAT*
Compounds App.dose j[Echinochioa Scirpus ~ Monochoria  Lindemia  Sagittaria  Cyperus
gaitha oryzicola hotarui vaginalis  pyxidaria  pygmaea  serotinus
RP020630 60 10 5 10 10 0 2
RP020630+SK-23 60+2000 10 10 10 10 2 7
RP020630+S-47 60+1000 10 10 10 10 3 9
RP020630+JC-8940 60+1500 10 10 10 10 3 10
Delcut 10 10 10 10 3 8

Application timing : four days before transplanting (PPI).
0~10 crop injury & efficacy rating system : 0 = no injury or no efficacy 10 = complete kill
* DAT : days after transplanting

Table2-2; Effect and phytotoxicity of RP020630 combination at three days after transplanting app.
it % weed control at 21DAT*
App.dose Fchinxhloa Scirpus  Monochoria  Lindernia  Sagittaria  Cyperus

Compounds gai/ha oryzicola hotarui vaginalis pyxidaria  pygmaea  serotinus
RP020630 60 10 9 10 10 0 2
RP020630+SK-23 60+2000 10 10 10 10 0 8
RP020630+S-47 60+1000 10 10 10 10 5 9
RP020630+JC-940 60+1500 10 10 10 10 4 9

Modown (bifenox) 10 9 9 10 6 5

Application timing : three days after transplanting (+3).
0~10 crop injury & efficacy rating system : 0 = no injury or no efficacy 10 = complete kill
* DAT : days after treatment
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Conclusion
At extensive field trials in 1994, RP020630 showed the excellent control against Echinochloa spp.

and annual dicot weeds. The phytotoxicity of RP020630 was observed as the symptom of leaf
sheath browning in early stage, however at the rate of less than 75gai/ha, injury was slight and
recovered soon. Mixture with JC-940, S-47 and SK-23 showed good complement weed spectrum.

Acknowlegment: We would like to acknowledge to Mr. P.Loubicere of Rhone-Poulenc Agrochimie
for giving us technical advice to conduct the trials.
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HOE 095404 - A NEW SULFONYLUREA-TYPE HERBICIDE FOR THE USE IN RICE

K. Bauer*', E. Hacker', H. Kehne', L. Willms', H. Kocher', and T. Nakashima®

' AgrEvo GmbH, Research Frankfurt, D-65926 Frankfurt/Main, Germany
2 Hoechst Schering AgrEvo K.K., 10 - 33, Akasaka 4-chome, Minato-ko, Tokyo, 107 Japan

Abstract Hoe 095404 (proposed common name: Ethoxysulfuron) is presently being developed by AgrEvo
as a herbicide with a wide efficacy spectrum and application window for the control of annual and
perennial sedges and dicotyledonous weeds in seeded and transplanted rice. For different uses the
product will be available as water dispersible granules (WDG) and granular formulations. The use rates
of Hoe 095404 vary between 10 to 60 grams active ingredient per hectare dependent on application
method, application timing, growth stages of weeds and weed spectrum to be controlled. The active
ingredient inhibits the acetohydroxyacid synthase. It possesses favourable environmental and
toxicological properties, such as low mammalian and aquatic toxicity, high soil adsorption and moderate
to fast degradation in soil. No negative effects on following rotational crops have been observed so far.
Selectivity of Hoe 095404 is due to differential metabolism. For a complete efficacy spectrum Hoe
095404 can be mixed with a range of other rice herbicides. As well as in rice the product can be used
selectively for weed control in cereals and sugarcane.

Key words: Ethoxysulfuron, sulfonylurea, ALAC inhibitor, weed control, rice
INTRODUCTION

1. Physical and chemical properties. Hoe 095404 [3-(4,6-dimethoxypyrimidin-2-yl)-1-(2-ethoxy-
phenoxysulfonyl)-urea] is a sulfonylurea which has a molecular mass of 398.43 g:mol”. The difference
from other rice selective chemicals of this class is due to the oxygen bridge between the aromatic
benzene ring and the sulfonylurea moiety. The technical material of Hoe 095404 is a light beige powder
with a melting point of 142 - 147 °C. Hoe 095404 is non-volatile (Vapour pressure at 20 °C: 6.6:10” Pa
= 6.6.-1077 mbar).Octanol/water coefficient, water solubility, Henry’s Law constant and hydrolysis are
greatly affected by pH (Table 1). The technical material is soluble in dichloromethane and
dimethylsulfoxide whereas in other organic solvents and water the solubility is low or moderate.

Table 1. Effect of pH on apparent octanol/water partition coefficient (K,.,), water solubility, Henry’s
Law constant, and hydrolysis of Hoe 095404

pH
Parameter 3 5 7 9
Octanol/water partition coefficient at 20 °C* 773 1.01 0,06
Water solubility at 20 °C (ppm)* 26 1353 9628
Henry’s Law constant at 20 °C (Pa-m*mol™) 1.00-10°  1.94-10° 2.73-10°
Hydrolysis in 50 mM phosphate buffer (half-life in 65 259 331

days)b

* Kow and water solubility determination has been carried out using Hoe 095404 technical
material of 99.4 % purity by current analytical methodology
® Values for hydrolysis half-lifc at pH 7 and 9 were extrapolated from a 0 to 30 days study

2. Formulation. Hoe 095404 is available as a sprayable formulation in form of water dispersible granules
(WDG) containing 150 grams and 600 grams active ingredient per kilogram product, respectively. For
granular application the product is available as extruded clay granules. Flowable formulations.as well as
jumbo granules are under development,

3. Toxicology. As intense testing has shown Hoe 095404 is very safe to mammals and other animal
species. The LDs, value of the technical product in rats was >5000 mg/kg, the acute dermal LDs; in rats
was >4000 mg/kg, and the 96-hour LCs in fish (Brachydanio rerio) was 320 mg/l. It was not irritating
to skin and eyes in rats. There also has been observed no toxic effects on Daphnia, honey bees, and
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mallard ducks. In the microbial test Hoe 095404 was non-mutagenic. Long term toxicity studies are
being carried out at present.

4. Mode of action. The herbicidal activity of Hoe 095404 in susceptible plants is due to an inhibition of
the acetohydroxyacid synthase. Hoe 095404 has an inhibition value (Is)) <107 M.

5. Soil and rotational behaviour. Half-life time for soil degradation under aerobic conditions has been
evaluated in a sandy loam soil as DTs, = 18 days resulting in a DTy of 58 days. Also under paddy
(water logged) conditions Hoe 095404 was rapidly degraded in Japanese soils with half-life times
between 10 and <50 days. Model calculations using an intermediate Koc and water solubility near
neutral pH indicated no risk for leaching of Hoe 095404 into lower soil levels. Intensive ficld testing
showed that in no case any Hoe 095404 was found below the depth of 20 cm. Biological investigations
under field conditions revealed no substantial risk of damage for rotational crops planted after rice
growing season and an early application of Hoe 095404 in the recommended dosage rate.

MATERIALS AND METHODS

1. Uptake, distribution, and metabolism studies. Rice (Oryza sativa) was grown from seeds, Cyperus
serotinus from tubers in loamy sand in a greenhouse at 30/19 °C (day/night). The flood water level in
the pots was maintained at 2 cm above soil surface. For uptake and distribution studies rice was treated
with the '*C-labelled herbicide in the 3- or 4/5-leaf stage, Cyperus serotinus, accordingly, in the 2- or 4-
leaf stage. ['“C]Hoe 095404 was formulated as WDG and added to the flood water with an initial
concentration of 0.2 pg/ml. For degradation studies excised shoots of the test species were placed with
the cut end in buffer solution (pH = 6.8) with 7 ppm non-formulated ['“C|Hoe 095404 Uptake and
distribution of radioactive material in different parts of the test plants was quantified after combustion by
liquid scintillation counting. Degradation of ['“C]Hoe 095404 was analysed by radio TLC after
. extraction of the plant tissue with acctone/water (80/20) and phase partitioning at pH 5.0 using
methylene chloride.

2. Adsorption/desorption studies. For Hoe 095404 the Freundlich adsorption/desorption studies were
determined by using batch slurry method in 5 different soils. The herbicide was evaluated at four
concentrations (0.5 - 5 mg/! soil). Freundlich adsorption coefficients (K values) were determined for the
individual soils and the Koc (soil organic carbon partition coefficient) was calculated by dividing each
K¢ value by the percentage of organic carbon content of the test soils.

3. Laboratory biotest. Formulated material of Hoe 095404 was incorporated into previously vitalised
sandy loam soil using different concentrations of active ingredient. On the day of incorporation and in
different time intervals samples were taken from the soil which was kept under constant temperature and
humidity. The samples were then deep frozen. Thawing of samples took place at the end of the trial
period and the soil was then filled into plastic pots and seeds o } white mustard (Sinapis alba) sown on
top of the soil and covered by a thin layer of the treated soil. Three weeks after sowing assessment of the
biotest was made by visual scoring of the plant damage and determination of fresh weight of test plants.

4. Field testing. Hoe 095404 was intensively field tested in the major rice growing areas world-wide,
including East and Southeast Asia, southern Europe, South America and the US. The test method most
widely used was plot trials in a randomised block design. Plot size was usually 20 square meters. Trial
assessment was done by visual scoring of crop damage and efficacy against weeds.

RESULTS AND DISCUSSION

1. Uptake, distribution, and metabolism of Hoe 095404. One week after application of [*CJHoe 095404
to the paddy water the concentration of radioactive material in the shoot base of the susceptible weed
species Cyperus serotinus, which was exposed to the flood water, exceeded the corresponding content in
rice by one order of magnitude (640 pg/g fresh weight in Cyperus serotinus_versus 66 pug/g in rice)
(Table 2).
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Table 2. Concentration of Hoe 095404-14C equivalents in plant tissue (ng/g plant fresh weight) 7 days
after application via paddy water

Plant part Rice (cv. Binalien) Cyperus serotinus

3-leaf stage 4/5-leaf stage 2-leaf stage 4-leaf stage
Shoot above water level 455%122 26.1+£3.2 185+5.6 16.7 £ 6.8
Shoot base 178.3£49.5 6591217 477.6 £ 89.7 640.1 +269.8
Root 179.6 £ 48.6 3326 +81.9 160.1 +41.0 120.7 + 48.9
Tuber - - 653+125 109.1 +£46.9

In both species the concentration of ['“CJHoe 095404 in the shoot above the water level remained
markedly lower than in the shoot base and the roots. Degradation to hydrophilic compounds in shoots of
rice was more rapid than in shoots of Cyperus serotinus. In rice only 7% of the extractable radioactive
material was still in the form of the parent compound Hoe 095404 three days after application. After the
same time 31% of the herbicide was still detected in Cyperus serotinus, These data for the rate of
degradation suggest that the selective action of Hoe 095404 is based upon differential degradation in rice
and the target weed species. This behaviour is in accordance with observations on other rice selective
herbicides (1, 2). In addition, relatively high concentrations of Hoe 095404 in the shoot parts exposed to
the treated water-body contribute to the high susceptibility of weed species.

2. Adsorption/desorption studies. The Ko values for Hoe 095404 vary within 57 and 243 dependant on
the soil type tested, indicating that Hoe 095404 is bound to soil in a much higher degree than other
herbicides used for weed control in rice (i.e. 2,4-D: Koc = 20). Thus the relatively strong adsorption to
soil in conjunction with the short half-life of the herbicide results in a minimum liability for leaching of
Hoe 095404 to ground water zones.

Table 3. Soil adsorption constants of Hoe 095404 in 4 standard soils and one U.S. soil after a 16 hour

adsorption period
Soil tested
SLH S2.1 LS 2.2 F 821 Arizona

Koc 57 110 243 81 63
Texture silt loam sand loamy sand sandy loam loamy sand
Silt % 70.52 9.07 13.78 18.92 2.84
Sand % 11.46 87.90 85.36 60.05 8841
Organic matter 1.10 0.92 2.96 1.05 0.16
pH 6.20 5.10 5.50 7.40 8.00

3. Laboratory biotest. Under laboratory conditions Hoe 095404 is readily degraded in biologically active
soil. The biological degradation curve suggests a half-life time of about 18 - 20 days for the active
ingredient, which is very acceptable for a sulfonylurea type herbicide. Rapid degradation of Hoe 095404
and low susceptibility of rotational crops thus minimise the risk of damage for cultivation species
following harvest of the treated rice crop.

4. Field testing. Hoe 095404 controls a wide range of important rice weeds including Cyperaceae as
well as broad-leaved species (Table 4). Level of activity does not differ significantly regardless of the
application method. Optimal application window for the product is the 3 - 4 leaf stage of the target
weeds. While efficacy of Hoe 095404 against Cyperus serotinus must be regarded as only intermediate to
good, grasses like Echinochloa crus-galli are not sufficiently controiled by the product.

This means that Hoe 095404 has a high intrinsic selectivity in monocotyledonous plants which is
reflected in the extraordinary tolerance of rice against the product (Table 5). Rice tolerance is
exceptionally high both in foliar and submerged application, although foliar treatment secems to give
even greater selectivity.

— 246 —



Table 4. Field performance of Hoe 095404. Efficacy against major rice weeds at 30 to 60 g a.i./ha and
submerged application

Sensitive Moderately sensitive Tolerant

Grasses: Echinochloa crus-galli
Sedges: Cyperus difformis Cyperus serotinus
Cyperus iria
Eleocharis acicularis
Eleocharis kuroguwai
Fimbristylis spp.
Scirpus juncoides
Broadleaves: Ammania spp.
Lindernia spp.
Ludwigia spp.
Monochoria vaginalis
Rotala indica
Sagittaria trifolia
Sagittaria pygmaea
Application window: 2 - 4 leaves of weeds

Table 5. Field performance of Hoe 095404. Crop tolerance at 15 - 60 g a.i./ha

Parameter Crop tolerance

Transplanted rice

submerged application - granules tolerated
foliar/spray application - wettable powder tolerated
Varieties No response

Direct seeded rice / water seeded rice

submerged application tolerated
foliar/spray application tolerated
Varieties No response

Hoe 095404, thus, provides an excellent tool for weed management in transplanted and water-seeded
rice (see also 3, 4). Its very low level of animal and environmental toxicity is combined with low soil
mobility and excellent weed control rates in conjunction with high rice selectivity. For completion of the
efficacy spectrum Hoe 095404 may be mixed with other rice herbicides such as Anilofos, Benfuresate
etc. (3). The new herbicide has also shown interesting activity and selectivity in cereals and sugarcane.
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Hoe 95404 a New Herbicide Controlling Broadleaf’s and Sedges
in Direct Seeded Rice in Thailand

T. Sitchawat* and S. Khattiyakarun
Hoechst Schering AgrEvo (Thai) Ltd., PO Box 130, Yannawa, Bangkok 10120, Thailand

Abstract. Hoe 95404 is a sulfonylurea herbicide for broadleaf and sedge control developed by Hoechst
Schering AgrEvo GmbH, Germany. Its efficacy was tested against major broadleaf’s and sedges i.e.
Sphenoclea zeylanica, Monochoria vaginalis, Jussiaea angustifolia, Cyperus difformis and Fimbristylis
miliacea in direct seeded rice in 1990. At 21 to 28 days after seeding (DAS), Hoe 95404 and metsulfuron
methyl at 20 and 6 g.ai/ha, respectively, gave excellent control, except F. miliacea which was completely
controlled by Hoe 95404 but not controlled by metsulfuron methyl at 28 days after application . To
improve its weed spectrum, tank-mixtures of Hoe 95404 plus grass herbicides at various rates and timing
for one-shot control of the mentioned broadleaf’s and sedges plus Echinochloa crusgalli and Leptochloa
chinensis were tested in 1991-1992. Hoe 95404 plus thiobencarb and Hoe 95404 plus butachlor at
7.5+2,000 and 7.5+750 g.ai/ha, respectively, applied at 5 DAS gave better overall control than Hoe
95404 plus propanil at 7.5+2,000 and thiobencarb/propanil at 1,333.3/666.7 g.ai‘ha (recommended rate).
At 10 DAS, Hoe 95404 plus propanil at 10+2,000 g.ai’ha showed better overall control than
thiobencarb/propanil 1,333/666.7 , Hoe 95404 plus thiobencarb at 10+2,000 and Hoe 95404 plus
butachlor at- 10+750 g.ai’/ha. In defining the rate of application and its flexibility, Hoe 95404 plus
propanil at 15+1,500 at either 10 or 15 DAS gave better overall control than Hoe 95404 plus thiobencarb
at 10+1,500 at 10 DAS, thiobencarb/propanil at 1,333.3/666.7 and butachlor/propanil at 722/722 g.ai‘ha
(recommended rate). Yields from each treatment were significantly higher than untreated control.

Key Words. sulfonylurea, single application, direct seeded rice, early to mid post emergence,
combinations

INTRODUCTION
Pre-germinated direct seeded rice is the most popular rice cultivation method for the important rice
production areas in Thailand. Weed problems in this kind of cultivation are always quite serious. There
are many different weed types found in the pre-germinated direct seeded rice. Vongsaroj (1984) reported
that Echinochloa crusgalli was the most dominant of the grasses, Sphenoclea zeylanica of broadleaf
weeds, Cyperus difformis of sedges and Marsilea crenata of ferns, respectively (1).

At the present time there are many kinds of herbicides recommended for use in rice depending on weed
species and timing of application. For pre- to early-post-emergence, pretilachlor, thiobencarb,
thiobencarb/propanil, butachlor, butachlor/propanil, etc. are recommended. While propanil, fenoxaprop-
P-ethyl, 2,4-D, metsulfuron methyl and chlorimuron ethyl, etc. are recommended for mid- to late post-
emergence. As mentioned, these herbicides are appropriate and effective for certain groups of weeds due
to their chemical nature. For instance pretilachlor, butachlor, thiobencarb and propanil are very effective
against most of the grasses and also some broadleaf’s and sedges. On the other hand, 2,4-D, metsulfuron-
methyl and chlorimuron-ethyl are found to give good control of most broadleaf’s and sedges (2).

Hoe 95404 is a new sulfonylurea being developed by Hoechst Schering 