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Evolution and genetic diversity of Malaysian weedy rice
Duncan A.Vaughan®!, H.Watanabe?, Abdullah Md. Zain?, K.Okuno'

National Institute of Agrobiological Resources(NIAR), apan International
Research Center for Agricultural Science(JIRCAS), Tsukuba 315, Japap,
SMARDI Rice Research Center, Seberang Perai, Malaysia

Abstract. Weedy rice (O.sativa L.) in Malaysia, locally called "padi angin", was
first recognised as a problem in 1988. Subsequently this weed was reported from
a wide area in Malaysia’s most important rice growing areas. Yield losses can
be very high in infested fields. Weedy rice was intensively sampled in a grid
fashion from all areas where weedy rice has been reported. In addition, locally
growing cultivars of rice and wild rice were sampled. After DNA extraction the
PCR method was wused to generate randomly amplified polymorphic
DNA’s(RAPDs). Weedy rice is genetically very similar to cultivated rice based
on RAPD analysis and distinct from wild rice (O.rufipogon Griff.) growing in
Malaysia. Although evidence of introgression from cultivated rice to wild rice
was detected, based on our results, weedy rice most probably evolved as a result
of indirect selection for shattering types during periods of volunteer seeding (i.e.,
grains dropped prior to harvest are the main seed source for the next crop).
Where weedy rice has been observed for the longest time, our results suggest
distinct weedy races are emerging. Weedy rices which mimic the most popular
cultivar, MR84, have appeared making it more difficult to accurately detect and
assess weedy rice infestation.

Keywords: RAPD’s, PCR method, wild rice, O. sativa
Introduction

Asian rice farmers have rapidly adopted direct seeding of rice in areas
where rice was previously transplanted. Direct seeding is economically
advantageous for farmers who have other employment and require a rapid method
of planting rice. Direct seeding is traditionally favored when the availability of
water for rice is uncertain particularly early in the-growing season.

The two major rice growing areas of West Malaysia are the MUDA river
irrigation area, Kedah and Perlis States and Tanjung Karang irrigation area,
Selangor State (Fig. la). Wahab and Suhaimi (1991) first reported that
infestation of weedy rice, which is locally called "padi angin", appeared in rice
fields around Tanjung Karang in 1988. Two years later weedy rice was found in
the MUDA irrigation scheme and by 1993 some fields were obviously infested.

The objectives of our study were to determine the origin of weedy rice and
its diversity in MUDA and Tanjung Karang using the polymerase chain method,
which can readily detect polymorphism. Three experiments were performed:-
Experiment 1 to determine the relationship between wild, weedy and cultivated
rice; experiment 2 and 3 to determine the diversity of weedy rice variation in
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MUDA and Tanjung Karang, respectively, as revealed by random amplified
polymorphic DNA’s (RAPD’s).

Materials and Methods

Experiment 1. Seven samples of wild rice, O. rufipogon, from the MUDA area,
9 rice varieties which have been widely grown over the last decade in West
Malaysia were provided by the MARDI rice genebank and 28 samples of weedy
rice of which 24 were from a transect across a single infested monitoring field
near Aloe Star were collected in early 1994(Fig. 1b).
Experiment 2. 49 samples of weedy rice were collected between July and August
1994 in a grid fashion across MUDA were. A maximum of 6 samples were
taken within each subdistrict. Within sampled fields seeds from a single panicle
on a weedy rice plant closest to a randomly chosen location in the field was
sampled. Towards the north of MUDA weedy rice was only occasionally found
(Fig.1b). :
Experiment 3. Weedy rice was sampled as in MUDA in August, December,
1994, and January 1995. Two samples of MR84 the most widely cultivated rice
in West Malaysia was included in this experiment. The location of samples
collected across Tanjung Karang is shown (Fig 1c).
DNA extraction, amplification and visualization

For experiment 1 the base of young tillers was sampled approximatly 50
days after planting in the quarantine greenhouse of the NIAR, Tsukuba, Japan.
For experiments 2 and 3, 10 to 15, 7 day old seedlings were used. DNA was
extracted using the standard CTAB method for small scale extraction of DNA
(Williams et al., 1993). Briefly, 0.5-1g of fresh leaf tissue, finely ground after
immersion in liquid nitrogen, was placed in CTAB containing 0.3%
B-mercapoethanol and immersed in a water bath at 60°C for 1hr. The solution
was mixed with chloroform/isoamyalcohol (24:1) and centrifuged. The
supernatent was mixed with 50ul of 10% CTAB solution and equal volume of
precipitation buffer. After standing for 30 min, and centrifugation, the residue
was dissolved in 500ul of high salt TE with about 1ul of RNase for 1 hour at
50°C. After adding an equal volume of isopropanol and centrifuging, the residue
was washed in 70% ethanol and dissolved in 20 to 100ul of 0.1 TE buffer. The
concentration of DNA was adjusted to Sng/ul by comparing with known standards
on starch gels. Amplification of 'DNA was performed on a Techne Thermal
Cycler by mixing 2ul of Sng/ul DNA with a pre-mix of 6ul sterile distilled water,
1ul of 10xbuffer (Cetus), 0.2ul 25mM MgCl,, 0.2ul of 10mM mixture of dNTP’s
and 0.5ul of primer (oligonucleotide 10-mers), 0.2ul of Taq polymerase (1u/ul).
The thermal cycler was programmed for 45 cycles of 1 min at 93°C, 2 min at
35°C and 3 min at 72°C. A further cycle at 72°C for 10 min was performed
before cooling and storing at -5°C. The amplification products were visualized
on 1% agarose gels containing ethidium bromide. Binary data (presence or
absence) of bands which showed clear polymorphism were analysised using
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Clustan software. Wards coefficient of similarity was measured.
Results and discussion

A dendrogram for each experiment is presented (Fig. 2a,b,c). For experiment
1, 23 polymorphic bands were scored for 13 primers. Analysis of the binary data
is presented as a dendrogram (Fig. 2a). The results show a clear separation of
wild rice from weedy and cultivated rice, except for one sample of wild rice
which is in the cultivated/weedy cluster. This one sample was from a wild
population which grows near Aloe Star. It is atypical of O. rufipogon in the
region since it is not or only weakly sensitive to photoperiod and thus flowers
when other populations of this species do not. It seems possible that this
population represents progeny from a hybrid with cultivated rice which has
retained most of its wild characteristics. The results of this experiment clearly
suggest that weedy rice evolved from cultivated rice and is not progeny of a cross
with wild rice. The banding pattern of weedy and cultivated rices were very
similar and in one case the same. Many morphological traits of weedy rice are
similar to cultivated rice ( Watanabe et al.,1994) which also suggests cultivated
rice is the source of weedy rice.

The wild rice species, O. ryfipogon, which has the same genome as rice
and can form hybrids naturally with cultivated rice, grows in several parts of
West Malaysia but not in the Tanjung Karang area. Since weedy rice was first
reported from Tanjung Karang this supports the results which indicate weedy rice
evolved from cultivated rice. However in MUDA, O. rufipogon is common
around rice fields, but based on our results O. rufipogon does not seem to have
been a cause of weedy rice in MUDA.

Rainfall in Malaysia is insufficient in some years to fill reservoirs
sufficiently to supply the water needs of all rice farmers. As a consequence the
practice of "volunteer" seeding became widespread. This practice uses dropped
seeds from one seasons rice planting to act as a source of seeds for the next crop.
This method of seeding was practiced on nearly 40% of MUDA rice land during
the off(dry) season in 1987 (Ho,1991). More than 10,000ha of land were
volunteer seeded during the off season between 1984 and 1988. Such a practice
would result in the selection of easy shattering rices and could lead to the
selection of spontaneous shattering types, which is the main characteristic of
weedy rice. '

Germplasm from MUDA were analysised in experiment 2 and from this
material 18 polymorphic bands were scored from amplification products using 12
primers. Analysis of the binary data is presented(Fig. 2b). All 49 samples,
having 42 different banding combinations, used in the analysis were weedy rice
samples. No clear groupings are observed from cluster analysis. In experiment
3, Tanjung Karang weedy rice and MR84 were analysised 24 polymorphic bands
were scored for 12 primers. Analaysis of binary data is presented(Fig. 2¢). The
40 weedy rice samples and 2 samples of MR84 resulted in 37 different banding
patterns. Cluster analysis reveals two distinct groups of almost equal size. One
group contains MR84. The other group consists of weedy rices only.
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Results presented for weedy rice in Tanjung Karang (Fig.2c) suggest that two
distinct groups of weedy rice have evolved. Further studies of these two groups
is planned. Spontaneously shattering rice has been observed (by DAV) in Tanjung
Karang which, apart from the spontaneous shattering trait, is very similar to
MR&84. Fields which have weeds which so closely mimics the crop that it cannot
be obviously observed is likely to be very difficult to control.

The changes in weedy rice populations in Malaysia appears to be very
dynamic and requires careful monitoring. The causes behind ecotypic
differentiation, which appears to be happening in Tanjung Karang, needs to be
addressed since this may be resulting in the evolution of more pernacious weedy
rices. The genetic nature of shattering and changes involved in the development
of spontaneously shattering weedy rice, from easily threshed rice, may provide
clues to preventing spontaneous shattering ecotypes arising.

The emergence of weedy rice in Malaysia appears to be the result of
specific characteristics of rice farming in Malaysia. However, weedy rice has
also recently emerged as a serious problem in other countries, such as Korea (Suh
et al., 1992). In other parts of the world weedy rices have been a persistent
problem for a long time and a major cause of yield loss in rice. With the wide
spread adoption of broadcasting rice in areas where rice was previously
transplanted, weedy rice may emerge rapidly. This may occur in areas where
neither wild rice grows nor weedy rice has previously been reported. Cultural
practices to prevent weedy rice emerging, such as elimination of dropped rice
seeds and use of a reliable seed sources for planting, will be necessary in all
broadcast rice areas and particularly where water control and supply are
problematic.

References

Ho, N.K. 1991. Comparative ecological studies of the weed flora in irrigated rice
fields in the MUDA area. MADA monograph no.44. pp.97.

Williams,J.G.K., M.K.Hanafey, J.A.Rafalski and S.V.Tingey. 1993. Genetic
analysis using randomly amplified polymorphic DNA markers. Methods in
Enzymology 218:704-740 '

Suh, H.S., S.Z.Park, and M.H.Hue. 1992. Collection and evaluation of Korean
red rice 1. Regional distribution and seed characteristics. Korean J. Crop. Sci.
37(5)425-430.

Wahab, A.H. and O. Suhaimi. 1991. Padi angin - characteristics, adverse effects
and methods of its eradication (in Malay with English abstract). Teknol. Padi.
7:27-31

Watanabe, H., M. Azmi and I.Md.Zuki. 1994. Morphological and ecological

variation of weedy rice in the MUDA area. Paper at the 1st quarterly meeting
under the MADA/MARDI/JIRCAS Joint Research Programme. 26 July 1994.

— 464 —



Fig.1 (a) West Malaysia'’s main rice growing areas of MUDA and
Tanjung Karang

(b) Sample(e) and monitoring field(k) location in MUDA
(c) sample(e) location in Tanjung Karang

l) MUDA irrigation scheme
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Fig.2. Dendrograms showing cluster analysis of DNA banding patterns

revealed by RAPD analysis of: )
(a) wild (), weedy (¥X) and cultivated () rice;

(b) weedy rice from MUDA ]
(c) weedy (¥X) and cultivated () rice from Tanjung Karang
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Occurrence of Weedy Rice (0ryza sativa ssp spontanea) in Horea

Soon Chul Kim and Yun Jin Oh
National Yeongnam Agricultural Experiment Station
1085 Naidong, Milyang (627-130), Korea

Abstract. Weedy rice (a collective term for red rice and off-type
rice) has rapidly increased in recent years and thus is widely distr-
ibutedthroughout the nation. The major reasons for this phenomenon
were postulated to be reduced tillage operation and poor water manag-
ement as a result of reduced input to realize for low production cost.
Even though the correct origin of weedy rice is not yet fully confir-
med several possibilities are :

- shattered grains the previous year
- outcross between cultivated rices : between current year rice
grains and shattered grains during harvest the previous year
- outcross between cultivated rice and red rice (dormant seeds)
- outcross between wild type rice and weedy rice (red rice)
-outcross between red rices
- dormant red rice or wild type rice itself
Numerous variations were harvested in farmers fields.
The typical conspicuous traits of weedy rice are heading date, culm
length, pericarp color, awn lengh, awn color, grain shattering, grain
shape(length/width ratio), spikelet fertility, etc. However, the va-
riations are continuing and diverse intermediates are being harvested.
The occurrence of weedy rice is closely related with tillage
operation, water management, cultivation method, and sowing date.

Key words. Rice, Weedy rice, Red rice, Distribution, Ecology

Introduction

Infestation of rice fields with weedy rice (including red rice)
results in severe economic losses due to reduced quality and lower yi-
elds. It is, however, difficult to precisely describe the extent and
severity of weedy rice(red rice) problem because of the confusion that
exists in the literature as to the proper taxonomic classification of
various weedy rices. Author use the term weedy rice to refer a coll-
ective term of red rice and hybrid progeny between red rice and culti-
vated rice or between cultivated species.

The weediness of weedy rice is attributed to its competitiveness with
cultivated rice and to its ability to cross-polinate. In Korea, red
rice is traditionally called as "Beongmi" and collected 42 species

at Chonnam province and 48 species at Kyonggi, Kyongbuk and Pyongnam
provinces in 1941(Kim,1989). This red rice was no longer troublesome
weed since 1970s.  For maximum output, maximum input was practiced
during this period in cultural practices such as heavy fertilization,
good water management, good tillage operation, good weed control, etc.
In recent, however, weedy rice(including red rice) has widely been
infested and rapidly increased with adoption of labor-saving type cul-
tivation technologies. The paper surveyed the current distribution
status of weedy rice (red rice) and its taxonomic traits, agronomic
traits and occurrence ecology.
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Materials and Methods

Taxonomic Traits of Grains

Field observation was made from rice heading stage to maturity at
the Yeongnam area (Kyongbuk and Kyongnam provinces) in 1994. Two hun-
dred sixtytwo samples were collected from 22 City or Gun (county), 12
for Kyongbuk province and 10 for Kyongnam province, respectively.
Sampling was done by visiting farm field when weedy rice(red rice) was
conspicuously observed in a relatively large plain area. From the sam-
ples, grain shape, awn character and color, apiculus color, pericarp
color, and endosperm type were observed.

Agronomic Traits

Agronomic traits of weedy rice(red rice)was measured in 1994 using
samples collected from farm fields near Milyang area where Yeongnam
Agricultural Experiment Station is located. For agronomic traits, hea-
ding date, culm length, panicle number and length, floret number, spik-
elet fertility, grain shape, lodging index with related characteristics
grain shattering and awn length were measured.

Occurrence Ecology

For study on occurrence ecology of weedy rice(red rice) the effect
of cultivation methods,seeding date,tillage, double cropping and water
management were evaluated from 1990 to 1994 at the experimental farm of
the National Yeongnam Agricultural Experiment Station (NYAES) except
water management which was done at the farmer’s fields.
For cultivation methods,manual transplanting,mechanical transplanting,
water seeding, wet seeding and dry seeding methods were included. Exc-
ept when stated otherwise the cultural practices and sampling methods
for all experiments followed the standard rice cultivation method(YCES,
1994 : RDA, 1983). This trial was conducted for four years since 1991.
The fourth year provided thorough tillage(Autumn plow + 2 rotavations)
and good water management(3~10cm water depth) while first 3 years rec-
eived minimum tillage(one rotavation) and ordinary water management(0~
ocm water depth). Direct seeding methods were sown on May 5~10 while
transplanting methods were transplanted on June 5~10.
Rice seeds werg also sown every one month or 10 day intervals from
February 10 to June 20 in 1991 with dry drill seeding method for dete-
rmining the effect of seeding date. To understand the effect of till-
age operation three different tillage regimes were subjected : conve-
ntional tillage (Rutumn plow + rotavation), reduced tillage(rotavation
only) and zero tillage. This trial was carried out in 1991 with dry
seeding method that was sown on May 10.
Barley, rye and itarian ryegrass were used as the related crops for
rice based direct seeding technology. Rice was dry seeded on 10 June,
1990 after harvesting of related crops. For understanding the effect
of water management, 94 farmer’'s fields were selected and categorized
into 3 water regimes : good management(continuous flood), intermediate
management(intermittend flood) and poor management(soil surface expos-
ed, saturated). This was observed during rice growing season in 1994.
Finally, postulated schematic diagram of the development of weedy rice
suggested based on taxonomic and agronomic traits.
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Results and Discussion

Taxonomic Traits of Grains

In farmer’s fields most of weedy rices were came from nurserybed
implying contaminated seeds were the important source of farm weedy
rice. Only 147 of them was arised from shattered seeds in previous
years (Table 1). The degree of contamination by weedy rice in weedy
rice observed field was highly variable ranging from 0.5% to 27.0% for
Kyongbuk province and from 1.0% to 35.2% for Kyongnam province, respe-
ctively (Table 1). It was difficult to estimate the degree of contam-
ination and distribution pattern of all farmer’s fields. This was due
to the fact that field observation and sampling was done to only the
field that had conspicuous rice plants which had greatly different
from cultivated rice in heading date and plant height. Sometimes, hy-
brid swarms of many intergrades are existed in the same place and thus
impossible to collect all the variations. 1In grain shape, both types
of long grain and short grain, were collected even though long grain
type was slightly higher than short grain type (Table 1).

Table 1. Origin, degree of contamination by weedy rice (red rice) and
its taxonomic traits

Origin Transplanted seedling 867, Shattered seed 14%
Contamination Kyongbuk 0.5~27.0%, Kyongnam 1.0~35.2%
range province province

Grain shape Long grain 577, Short grain 43%
(width/length) (> 2.0) ( < 2.0)

Awn length > 3cm 11%, 1~3cm 13%, < lcm 19%, Ocm 57%

Awn color Purple 38%, Brown 197, Yellow 43%

Apiculus color Purple 32%, Brown 21%, Yellow 47%

Pericarp color Red 62%, White 387

Endosperm type Waxy 20%, Non-waxy 80%

Suh et al(1990) also reported similar result. Awn length of weedy rice
(red rice) was also greatly variable from longer than J3cm to Ocm. How-
ever, more than 507 of weedy rice(red rice) had no awn(Table 1). Among
colored awn, purple awn was the majority having as high as ordinary ye-
1low awn(Table 1). Brown awn was also observed. Apiculus color was
also similar to the awn color : purple was the majority followed by br-
own(Table 1). Weedy rice(red rice) dominantly possessed red pericarp
(62%) over non-colored pericarp (38%) (Table 1). Interestingly, 20%
of weedy rice(red rice) was belonged to waxy grain endosperm type
(Table 1).
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Agronomic Traits , ,

The most conspicuous agronomic traits for visiting field to collect

weedy rice (red rice) was maturity with plant height. It is not diffi-
cult to find the situation that weedy rice (red rice) flowering later
than cultivated rice. The difference between them was sometimes longer
than one month. However, careful look can recognize that the difference
was not discrete character. Due to introgression, collecting all the
variables was not possible. Due to this fact, author arbitrary classi-
fied into three groups : early type(b days later than cultivated rice),
intermediate type(10 days late) and late type(30 days late). Some of
the important agronomic traits of these 3 types were summarized in
Table 2.
The plant height of three types of weedy rice (red rice) were not sign-
ificantly different among them but significantly taller than cultivated
rice., Late type of weedy rice (red rice) had the greatest number of
floret number per panicle(255) even though the spikelet fertility was
the least recording only 0.4%.

Table 2. Agronomic traits of weedy rice collected in the same field

Trait Cultivated Weedy rice

rice Early Intermediate Late
Heading date Aug2bd Augl30c Sep.5b Sep.26a
Culm length(cm) 66b 94a 91a 89a
Spikelet fertility(%) 97.3a 56.1b 9.6¢ 0.4d
Panicle number/hill 11.8b 21.6a 20.6a 18.1a
Panicle length{(cm) 15.6b 25.5a 27.5a 26.7a
Floret number/panicle 84c 206b 215b 255a
Grain length/width 2.11b 2.26ab 2.16ab 2.39%a
Lodging index(3rd internode) 286a 141b 149b 162b
Culm diameter(mm) 3.47¢ 5.80b 6.2% 6.31a
Culm wall thickness(mm) 0.43c 0.90b 1.38a 1.09b
Grain shattering(%) 10.3c 47.8a 42.5a 25.6b
Germinability(7%) 97a 86b 73c 424
Awn length(cm) Oc 1.3b 4.5a 4.0a

Spikelet fertility was rapidly increased when the heading date became
close to cultivated rice. Panicle number per hill and panicle length
of weedy rice (red rice) were significantly greater and longer than
cultivated rice. Late type had slightly long grain compared to culti-
vated rice based on grain length to width ratio. Great lodging toler-
ance of weedy rice (red rice) was exhibited due to advancement of rel-
ated characters, culm diameter and culm wall thickness. However, no
difference was found among weedy rice 3 types. Ease of shattering was
another important charater of weedy rice (red rice). Low shattering
value of late type compared to early and intermediate type might be due
to low absolute spikelet fertility. Germinability was also greatly
differed between cultivated rice and weedy rice (red rice) and among
maturity types of weedy rices. Cultivated rice had the greatest germ-
inability while late type of weedy rice had the least. The late type
of weedy rice, however, had the longest awn length.
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Occurrence Ecology

Transplanted rice field with thorough tillage and good water mana-
gement hardly grow red rice while direct seeded rice field was easily
infested by red rice (Table 3). Particularly, dry seeded rice field
had drastically enhanced the population of weedy rice with year(Table
3). Water seeding method and wet seeding method hardly provide the
opportunity to grow red rice. However, reduced tillage and insuffic-
ient water management caused the infestation of red rice at the trans-
planted, water seeded and wet seeded rices even though the degree of
infestation and first appearance time were variable depending upon the
cultivation method(Table 3). This result imply that heavily infested
dry seeded rice field with red rice must be shifted either transplan-
ting or water (or wet) seeding method with thorough tillage and good
water management. For dry seeded rice, early seeding enhanced the
growth of red rice (Table 3). Double cropped dry seeded rice with ba-
rley, rye or itarian ryegrass had significantly reduced the growth of
red rice by 337 ~66% (Table 3).

Based on field observation and agronomic traits of weedy rice (red
rice) schematic diagram for developing diversed weedy rices postulated
as follow. The first appearance of weedy rice in a given field might
be originated by cross-pollination between cultivated rice and wild
type rice or red rice which arised from dormant seeds in the soil,

Wild type rice and red rice usually have strong dormancy and are able
to survive in the soil for years (Wirjahardja et al.1983 : Baker and
Sonnier, 1983 : Kim, 1989 : Cohn and Hughes, 1981). Thorough tillage
operation and water management also strongly suppress the growth of
weedy rice (red rice) (Baker and Sonnier, 1933 : LSUAC, 1987 : Seaman,
1983 : Smith, 1981 : TAES, 1988 : UA, 1988 : UC, 1983) and thus use as
control method. Recent trends of reduced tillage and poor water man-
agement provided more opportunity to grow weedy rice (red rice). Even
though the seeds of F1 hybrid between cultivated rice and wild type
rice or red rice had very low spikelet fertility (less than 5%) as sh-
own in Table 2. Few seeds develop into F2 generation in the following
year. For the 2nd year, some of F2 seeds can also produce another F1
seeds by cross-pollination(backcross) with cultivated rice. Similarly,
new F1 hybrid could be produced same reason as the first year. For the
3rd year, in the same manner, several types of F1, F2 and F3 generation
will be existed together in the same field. In these evolutionary li-
nes, the wild and domesticated types exist in the same field(sympatric)
and produce hybrid swarms of many integrades particularly,in maturity
and spikelet fertility. Therefore, the variables of these characters
are continual not discrete.Even though the correct origin of weedy rice
(red rice) was not yet fully confirmed several possibilities could be
summarized as follow based on the research results discussed in this
paper.

- shattered grains the previous year

- putcross between cultivated rices : between current year rice grains

and shattered grains during harvest the previous year
-outcross between cultivated rice and red rice that was arised from
the dormant seeds in the soil

-outcross between wild type rice and red rice (weedy rice)

- outcross between red rices

- dormant red rice or wild type rice itself
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Table 3. Some occurrence ecology of weedy rice (red rice) as affected

by cultural practices

Tillage Plowtrotavation 1007, Rotavation 2767, No tillage 628%
Water Continuous flood 0.8%, Intermittend flood 297,
management Soil surface exposed 1007

Cultivation Manwal transplanting 0, Mechanical transplanting 13,
method Water seeded 14, Wet seeded 37, Dry seeded 3,960

(no/1000 i at 3rd year) ,
Seeding date Feb.10(100%), Mar.10(86%), Apr.10(81%), May 10(56%),

May 20(317%), May 30(22%), Jun.10(14%), Jun.20(11%)

Double Rice single crop 100%, Rice-Barley 4457%,
cropping Rice-Rye 67%, Rice-Itarian ryegrass 347%

11.
12.

13.
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Occurrence of endogenous dsRNAs in wild rice and cultivated rice

Moriyama H.1, Fukuhara T.1, Hyakutake H.2 and Nitta T.1

1 Laboratory of Molecular Cell Biology, Faculty of Agriculture, Tokyo University of Agriculture and
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Abstract A linear, 14 kb, double-stranded RNA (dsRNA) was found in both cultivated rice (Oryza
sativa L.) and wild rice (O. rufipogon). Host plants with the dsRNA were apparently symptomless. The
dsRNA was detectable in temperate (Japan) (8/8) and tropical (the Philippines) (6/6) cultivars of
Japonica rice. No cultivars of indica rice (0/6) harbored the dsRNA. Of wild rice, a 14 kb dsRNA was
detected in O. rufipogon, W-1714, weedy type (Brazil) (1/17). Northern analyses showed that the
dsRNAs of W-1714 and tropical japonica are not identical but homologous to that of temperate japonica.
These dsRNAs of rice plants are likely to have evolved independently from a common ancestor.

Key words: Double-stranded RNA, Oryza rufipogon, Oryza sativa L., RNA plasmid, Vertical
transmission

Introduction

Endogenous double-stranded RNAs (dsRNAs) are distributed extensively in the plant kingdom, from
algae to higher plants (Ishihara et al. 1992; for reviews, see Dodds et al. 1984, 1988; Brown and
Finnegan 1989; Milne and Natsuaki 1994). These dsRNAs appear to replicate independently of the
cellular DNAs. Host plants with these plasmid-like dsRNAs are apparently asymptomatic. The dsRNAs
have no obvious effect on the phenotype of their host plants. Although horizontal transmission of the
dsRNAs from plant to plant has not been proved, dsRNAs arc known to be transmitted to progeny cells
during cell division, thus, their life cycles are plasmid-like rather than virus-like (for review, see Brown
and Finnegan 1989). .

A linear, high-molecular-weight dsRNA have been found in temperate japonica rice (Oryza sativa
L.) (Fukuhara ef al. 1993). It seems that it is not associated with distinct virus-like particles. The
dsRNA occurs in every tissue and every developmental stage. It localizes in the cytoplasm, and is
present at a constant concentration in most tissues (about 100 copies per cell). The dsRNA transmits
vertically from generation to generation via seeds. The rice dsSRNA {13,952 nucleotides (nt) in length}
has one extremely long open reading frame (ORF) of 13,716 nt. The ORF appears to encode a large
polyprotein which includes an RNA helicase-like domain and an RNA-dependent RNA polymerase-like
domain (Moriyama et al. 1995). Here, we discuss the origin and evolution of these dsSRNAs on the basis
of results of hybridization and sequencing experiments.

Materials and Methods
Plant materials
Plants of temperate and tropical japonica rice (Oryza sativa L)) and wild rice were grown in a
greenhouse at 28°C. Rice cultivars and species of wild rice are listed in Table 1. Seedlings of Hordeum
vulgare L. (cv. Kashima ) and Secale cereale L. (cv. Hatsuharu) were also grown in a greenhouse at
250C.

Extraction and fractionation of dsRNA

Ten grams of seedlings or plant tissue were pulverized in a mortar after freezing in liquid nitrogen. The
dsRNA was extracted by the SDS-phenol method and fractionated by column chromatography on CF-11
cellulose (Whatman, Maidstone, UK) as described by Morris and Dodds (1979). The dsRNA fraction
was further purified by treatment with DNase 1.
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Cloning of cDNA

Complementary DNAs were synthesized from the dsRNA of japonica rice (cv. Nipponbare) by standard
protocol (McCrae 1985) with the exception that a random hexanucleotide primer (Takara, Kyoto, Japan)
was used instead of oligo-dT. Several oligonucleotide primers were synthesized on the basis of
sequencing data obtained from the above cDNA clones, and then cDNA clones were obtained further by
the method of Gubler and Hoffman (1983).

Northern hybridization

Purified dsSRNAs were subjected to electrophoresis in a 0.8% agarose gel and then the dsRNAs were
transferred to a nylon membrane (Zeta-probe, Bio-Rad). Northern hybridization was carried out
according to the manufacture's protocol. Probes for hybridization were synthesized from the cDNA
fragments of recombinant plasmids by use of a BcaBESTTM Labeling Kit (Takara, Kyoto, Japan) and
[o- P]dCTP (Amersham Co., Arlington Height, IL, USA).

DNA sequencing and homology searches

DNA sequencing was carried out by the dideoxynucleotide chain-terminating method using a 7-deaza
Sequenase Ver. 2.0 DNA sequencing kit (United States Biochemical Corporation, Cleveland, OH, USA).
Analyses of nucleotide and amino acid sequences and homology searches were performed with genetic
information-processing programs (SDC-GENETYX; Software Development Co., Ltd., Tokyo, Japan).

Results
Occurrence of the dsRNAs in cultivated rice and wild rice

We examined whether the seedlings and tissues from many strains of cultivated rice (O. sativa L.)
contained dsRNA or not (see Table 1, left column). The dsRNA of about 14 kb was detected in many
strains of japonica rice by agarose gel clectrophoresis. From a comparison of the amount of dsRNA
with that of rice DNA [2.5 x 108 bp per haploid (Sorenson 1984)] in the total nucleic acids, the copy
number of dsRNA in rice was roughly estimated to be 100 per cell. Thus dsRNA was detected not only
in japonica rice from a temperate region (collected in Japan) (Fig. 1A) but also in tropical japonica rice
(collected in the Philippines) (Fig. 2A). It was also detected in the Akamai strain (red-kerneled rice)
(Fig. 1A, lane 5), which is considered to be the oldest cultivar among all extant strains of japonica rice.
No dsRNA was found in cultivars of indica rice. We also examined eight species of wild rice and
another species of African cultivated rice (Oryza glaberrima) (see Table 1, right column). Double-
stranded RNAs were detected in only two strains of O. rufipogon, which is generally considered to be an
ancestor of O. sativa (Second 1982). W-1714, which was collected in Brazil, contained 14kb dsRNA.
W-0120, which was collected in India, contained 2.7 kb dsRNA.

Relationships of the dsSRNAs among three groups of rice plants

All cloned cDNAs, which were derived from the dsRNA of japonica rice (cv. Nipponbare), hybridized to
the dsRNA derived from all strains of temperate japonica rice we examined. For example, in the case of
pRD39 (which contained a cDNA of about 1.6 kb), the intensities of all the hybridization signals were
similar (Fig. 1B). This result indicated that the dsRNA 1in each strain had a very similar sequence.

We analyzed the extent of homology of the dsSRNAs between tropical japonica rice, wild rice and
temperate japonica rice by Northern hybridization. Fig. 2B shows the results obtained with pRD39 as
the probe. The amount of dsRNA in each lane was the same in Figure 2A, but the intensity of the
hybridization signals in lanes 2-7 (tropical japonicas) and lane 8 (W-1714) was lower than that of
temperate japonica (lane 1). The signals of tropical japonica rice were stronger than that of W-1714.
No hybridization signal was detected in 2.7 kb dsRNA from W-0120. The sequence of the dsRNAs of
tropical and temperate japonica rice and W-1714 were not identical but homologous to each other.
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Table 1. Occurrence of dsRNA in cultivated and wild rice

Cultivar of O.sativa Presence of  Species of wild rice  Presence of
dsRNA dsRNA
Temperate japonica Nipponbare + O. rufipogon  W-1714 +
(Japan) Aichiasahi + Ww-0120 +a
Tsukinohikari + W-0106 -
Musashikogane + W-0592 -
Aikoku + W-0081 -
Kusabue + O. meridionalis W-1692 -
Koshihikari + O. australiensis W-0008 -
Akihikari + O. officinalis ~ W-0002 -
Tropical japonica Gendjah Gempel BHB 721 + W-0034 -
(Philippines) Ketan Lumbok  BHB 738 + O. minuta W-0051 -
Ketan lumbu BHB 768 + O. punctata W-1577 -
K. Rondo Marong BHB 783 + W-1564 -
Pare bongor BHB 740 + W-0020 -
Pring BHB 773 + O. latifolia W-0019 -
Javanica Arborio + O. grandiglumis W-1194 -
Bluebonnet - O. tisseranti W-1345 -
Indica IR-26 -
IR-58 - O. glaberrimab® W-0025 -
LMW -
Morak Sepilai -
Qing-Er-ai -
RD-10 -

a: 2.7 kb. b: Another species of African cultivated rice.

19.3-

Fig. 1. A. Agarose gel electrophoresis of the dsSRNA from several strains of cultivated rice (O. sativa
L.). B. Northern hybridization analysis of the dsRNA using cDNA transcribed from the dsRNA of the
Jjaponica rice, cv. Nipponbare, (pRD39) as a probe. Lane M, size markers. Lanes 1-5, temperate
Japonica, lane 1, Nipponbare; lane 2, Aichiasahi; lane 3, Tukinohikari; lane 4, Musashikogane; lane 5

Akamai. Lane 6, jawanica, Arborio, Lane 7, Indica, IR-26.
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19.3
17

kb

Fig. 2. A. Agarose gel electrophoresis of the dsSRNA from several strains of tropical japonica rice and wild
rice. B. Northern hybridization analysis of the dsRNAs using pRD39 as a probe. Lane M, size markers.
Lane 1, temperate japonica, cv. Nipponbare (positive control). Lanes 2-6, tropical japonica; lane 2, Gendiah
Gempel BHB 721; lane 3, Ketan Lumbok BHB 738; lane 4, Ketan lumbu BHB 768; lane 5, K. Rondo
Marong BHB 738; lane 6, Pring BHB 773. Lane 7, O. rufipogon, W-1714. To show the partial
hybridization with O. rufipogon dsRNA (lane 7), exposure time was prolonged.

Relationships between the dsRNA of rice and A B
dsRNAs of the other gramineous plants M

We also examined the extent of homology between
the rice dsRNA and dsRNA of barley (Hordeum 19.3-
vulgare L.) or rye (Secale cereale L.). Some of 77
the properties of the rice dsRNA reported here are  6.2-
very similar to those of dsRNA from barley 45
(Zabalgogeazcoa and Gildow 1992;

Zabalgogeazcoa ef al. 1993). For example, the

host plants with dsRNA are apparently kb
symptomless, and dsRNA~free strains exist. The
molecular weights and concentrations within host
plants are similar. The largest among several

;:irSoRnl:IrI?csefr::(li rr?c: ;;;gﬁﬁ;:g;:ég;%;ﬁ;i&gg hybridization analysis of the dsSRNAs using pRD39 as
i a probe. Lane 1, Oryza sativa (japonica rtice, cv.

possessed no  symptoms. However, N0 Nipponbare). Lane 2, Hordeum vulgare (barley).

hybridization signals were detected between rice | ane 3. Secale cereale (rye).

and these two gramineous plants, showing that

these dsRNAs are quite different to each other in

sequence (Fig. 3).

Fig. 3. A. Agarose gel electrophoresis of dsRNAs
from other gramineous plants. B. Northen

Discussion
Endogenous dsRNAs were detectable in many cultivars of japonica rice and two strains of Oryza
rufipogon (W-0120 and W-1714). Except for the dsRNA of W-0120 (2.7 kb), these rice plants
contained the dsRNAs of uniform size (14 kb) (Table 1 Figs. 1 and 2). Regardless of the strain, the
observed level of the dsRNA relative to the total amount of the DNA was almost constant [0.3% (w/w);
100 copies/cell]. However, the sequences of the dsRNAswere not identical between three types of rice
plants (temperate japornica, tropical japonica and O. rufipogon) (Fig. 2B). Northern analyses indicated
that the rice dsRNAs were classified into at least three groups; one group was detected in temperate
Japonica rice collected in Japan, the second group was detected in tropical japonica rice collected in the
Philippines, and the last group was detected in W-1714 collected in Brazil (Fig. 2B). This classification
agrees with their geographical distributions. Since O. sativa is believed to have originated from O.
rufipogon several thousand years ago (Second 1982), the dsRNAs of japonica rice and W-1714 are
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likely to have evolved independently from a common ancestor. Then japornica rice plants might be
divided into two groups geographically, and the dsRNAs of each rice plant have evolved independently.
The differences indicate that the dsRNA of temperate japonica rice was not transmitied recently from
tropical japonica rice or W-1714 or vice versa as a result of natural crossing.

Considerable base-substitution was found in the dsRNA of japonica rice, cv. Nipponbare. The
entire sequence of 13, 952 nucleotides of the rice dSRNA was determined from a series of independent
and overlapping cDNA clones (Moriyama ef al. 1995). We sequenced more than 50 independent cDNA
and RT-PCR (Reverse Transcriptase-PCR) clones to determine the entire nucleotide sequence of the rice
dsRNA. Unexpectedly, many base-differences among independent ¢cDNA clones were found within the
entire sequence of the dsSRNA. Six base-substitutions were found among four independent cDNA clones
in a region of 500 nucleotides between nt 3,100 and 3,600. Five out of six substitutions lead to changes
of amino acids in an open reading frame (ORF) (Fig. 4). The observed rate of base-substitution seems
rather high, even if one takes into account possible errors during the synthesis of cDNA by reverse
transcriptase. This suggests that the dsSRNA is somewhat heterogeneous in cv. Nipponbare. Since the
dsRNAs are not infectious and they are transmitted vertically from generation to generation via seeds,
the dsRNAs might have been kept in autogamous rice plants. The base-substitutions in the dsRNA
appear to have rapidly accumulated in each species of rice, and the sequence of japonica rice dsSRNA has
already diverged from that of wild-rice dsRNA. The high-molecular-weight dsRNAs in barley and rye
did not hybridized to the cDNA derived from cv.

Nipponbare (Fig. 3). These dsRNA in the three

gramineous plants might be evolutionarily related F§ ——C-T-T—G G T—
to one another apd many base-substitutions might F16 —A-A-G—G C C—
have occurred within these dsRNAs. Because of a

lack in proof-reading ability of the RNA- . EI —A C T—
dependent RNA polymerase, the endogenous B C c—

dsRNAs in the plant kingdom will evolved more
rapidly than the host DNAs as seen in the other
RNA replicons. These dsRNAs might have been

evolved from a common ancestor. The origin of Fig. 4. An example of heterogeneity (base substitutions).
the high-molecular-weight dsRNA should be gix base-substitution among four cDNA clones (F5, F46,
further investigated using many species of wild E73 and E41) were found in a region of 500 nucleotides
rice which are collected from all over the world.  (from nucleotide position 3,100 to 3, 600).
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Anaerobic Seed Germinability and ADH Zymograms
of Echinochloa Weeds from the Asian-Pacific Region

Y. Yamasue, Y. Minamiyama, S. Komatsu and T. Kusanagi
Weed Science Laboratory, Faculty of Agriculture, Kyoto University, Kyoto 606, Japan

Abstract. Anaerobic seed germinability of rice paddy Echinochloa weeds, a key physiological character
for their adaptation to flooded conditions, was studied with a reference to the zymograms of alcohol
dehydrogenase (ADH), using strains from the Asian-Pacific region. Seeds of all twenty-two tested strains
of E. oryzicola Vasing. (= E. phyllopogon Koss.) , an obligate weed in flooded rice, germinated well
under nitrogen, and 20 of these had a specific ADH zymogram (A1A2A3 ). In E. crus-galli Beauv. var.
Jormosensis Ohwi (= E. glabrescens Munro ex Hook. ), a weed in flooded rice, all of eight tested
strains had anaerobic germination, six of these were A1A2A3A4AS, one was A1A3AS5, and one was
A3A4AS. However, E. colonum Link. which is distributed in wetland rice and upland field crops,
exhibited marked anacrobic seed germination in all of the seven strains used, and had the A3 zymogram
pattern identical to that of £. c¢. var. praticola Ohwi, which is confined to be distributed in habitats with
dry soil conditions such as paddy levees and open lands in Japan and requires oxygen for seed
germination. Adaptive significance of anaerobic seed germinability and ADH zymogram will be
discussed in Echinochloa weeds.

Key words. Echinochloa weeds, anaerobic germinability, ADH zymograms, physiological adaptation of
weeds.

Introduction -

Adaptive mechanisms of a weed at its habitat with human's disturbance are of our interest and we
believe that an understanding of the mechanisms provides us with better weed management options in
future than the present status of sole dependence on herbicides.

Echinochloa weeds of Japan have been well studied regarding various characters adaptive to their
habitats 3> 8, 11, 12) g oryzicola Vasing. (=E. phyllopogon Koss.) and E. crus-galli var. formosensis
Ohwi (= E. glabrescens Munro ex Hook. f.) (hereafter oryzicola and formosensis, respectively) are
obligate weeds in flooded rice, and have mimicry in morphology to rice (Oryza sativa L.) as well as
anacrobic seed (spikelet) germinability. On the other hand, E. crus-galli Beauv. var. praticola Ohwi
(hereafter praticola) is a weed at upland habitats such as paddy levees, roadsides and open lands in
Japan, and has larger tolerance to drought conditions, but no anaerobic germinability. Our previous
studies showed that alcohol fermentation is the main pathway from which the paddy weeds yicld energy
for anaerobic seed germination 9>10), and that accessions of each species and variety of FEchinochloa
weeds collected in Kyoto Prefecture and its environs had specific zymograms of alcohol dehydrogenase
(ADH): oryzicola; A1A2A3: formosensis, A1A2A3A4A5; and praticola, A3 14)

The objectives of the present study are to extend our findings of differences in oxygen requirement for
seed germination and ADH zymograms obtained from Echinochloa weeds in the region immediately
surrounding Kyoto Prefecture to those originating from various countries in the Asian-Pacific region,
and to determine these characters for Echinochloa colonum Link. (hereafter colonum), which is an
important weed in wetland rice and upland field crop in the tropicsz), but which is not distributed in
Japan.

Materials and Method
Plant materials.
Using seeds of various strains of oryzicola, formosensis, praticola and colonum from our Echinochloa
weed collection, most of which were cytotaxonomically studied 8) and supplied by Dr. T. Yabuno,
plants were grown at our experimental farm and the seeds inbred with application of paper bags were
harvested in 1994. Seeds used for experiments were stored under room conditions for a year to release
them from dormancy.
Anaerobic seed germinability.
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Sceds of each strain were placed in 24-wells multidish (Nucleon, Denmark) at 25 seeds per well with
500 wl degassed distilled water and tested for anaerobic germinability at 20-30 °C (12/12 hrs) in the
light under an N, atmosphere (99.99 % purity) in an anaerobic chamber. Anaerobic conditions inside
were insured by flushing with Ny gas for 10 min per hr. For comparison, aerobic germination was also
determined with the multidishes placed outside of the anaerobic chamber. The experiment was
conducted with three replications.

ADH zymograms.

Caryopses were obtained by removing floral lemma from spikelets and incubated at 20-30 °C in the light
forlil))out 12 hrs, and their ADH zymograms were determined as previously described by Yamasue ef
al %)

Results and Discussion

Twenty-two strains of oryzicola from ten countries used for the experiments. Aerobic germination of
all these strains was 58 to 100 %, sufficiently higher to consider them well released from dormancy, and
to evaluate anaerobic germinability (Table 1). Percent germination under nitrogen was not essentially
different from that under aerobic conditions, and all strains were defined to have anaerobic seed
germinability. Isozymatic bands of ADH detected with a seed were designated Al, A2, A3, A4 and AS,
with the band specified by Al showing the most rapid migration rate to anode, and with the band
specified by A5 the slowest (Figure 1). Twenty of 21 oryzicola strains tested had an identical ADH
zymogram having three isozymatic bands of A1, A2 and A3 (Table 1).

A1A2A3A4A5 A1A2A3 A3A4AS A3 A1A3A5

Figure 1. ADH zymograms observed in seeds of Echinochloa weeds. The bands were designated Al,
A2, A3, A4 and A5, with the band specified by Al showing the most rapid migration rate to anode,
and the one specified by A5 the slowest.

Although formosensis strains studied were limited to eight from three countries, they all exhibited
anaerobic seed germinability (Table 2). Seeds of six of these were A1A2A3A4AS5 , one from Ishigaki of
Japan, A3A4AS, and one from Okayama, A1A3AS. All of five praticola strains were from Japan and
their seeds showed nearly perfect germination under aerobic conditions (Table 3). However, seeds of this
upland weed showed little germination under the anaerobic conditions of nitrogen and thus were
considered to have no anaerobic germinability. Moreover, A3 was the only isozymatic band in their
ADH zymograms. Eight strains of colonum from four countries were evaluated for anaerobic seed
germinability and ADH zymogram. Of these, seven strains showed about 90 % germination both under
aerobic and anaerobic conditions, while one from Sri Lanka was 16% under anaerobic conditions (Table
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4). However, all of eight strains had an identical ADH seed zymogram composed of a single A3 band ,
which was the same as that of praticola (Table 3).

Table 1. Anaerobic seed germinability and ADH zymograms of various strains of Echinochloa
oryzicola  Vasing., an obligate weed in flooded rice, from the Asian-Pacific region.

Site of % Germination ' ADH

No. Country collection Air N2 zymogram
1 Bangladesh Dacca 100 77 Al1A2A3
2 China Jinghong 99 96 A1A2A3
3 China Beijing A 95 88 Al1A2A3
4 China Chanshan - - A1A2A3
5 France Camergue 67 40 A1A2A3
6 Indonesia Bogor 100 85 A1A2A3
7 Korea Fuyou 92 89 A1A2A3
8 Korea Fuyou(73-75) 80 65 -

9 Korea Daejeon 87 47 AlA2A3
10 Malaysia Alor Setar 91 89 A1A2A3
11 Sri Lanka Gampola 89 92 A1A2A3
12 Sri Lanka Angunawala 73 79 A1A2A3
13 Taiwan Tauyuen 85 80 A1A2A3
14 Taiwan Taipei 84 80 A3A4A5
15 USA Sacramento 81 64 A1A2A3
16 Japan Asahikawa 91 99 A1A2A3
17 Japan Kyoto 85 87 A1A2A3
18 Japan Okayama 83 88 A1A2A3
19 Japan Moriocka 87 100 A1A2A3
20 Japan Mito 60 80 A1A2A3
21 Japan Kagoshima 96 81 A1A2ZA3
22 Japan Matsuyama 58 73 A1A2A3

Table 2. Anaecrobic seed germinability and ADH zymograms of various strains of Echinochloa crus-
galli var. formosensis Ohwi, an obligate weed in flooded rice, from the Asian-Pacific region.

Site of % Germination ADH
No. Country collection Air N2 Zymogram
1 Korea Cheju 100 36 ATA2A3A4A5
2 Philippines Cebu 100 96 ATA2A3A4AS
3 Philippines IRRI 100 64 A1A2A3A4A5
4 Japan Ishigaki 99 96 A3A4A5
5 Japan kyoto 97 96 A1A2A3A4AS
6 Japan Okayama 97 96 A1A3AS
7 Japan Kagawa 100 96 A1A2A3A4A5
8 Japan Amakusa 99 99 AVA2A3A4AS
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We previously studied anacrobic seed germinability and ADH zymograms of Echinochloa weeds using
about 200 accessions collected in the region immediately surrounding Kyoto Prefecture, Japanl4), and
found that all strains of oryzicola and formosensis, obligate weeds in flooded rice, had anaerobic
germinability, whereas most strains of praticola, an upland weed, required oxygen for seed germination
and thereby were defined to have no anacrobic germinability. Alcohol fermentation catatyzed by ADH
has been suggested to be the respiratory pathway on which oryzicola seeds depend at an early stage of
seed germinationga 10), Thus, the physiological character of anaerobic germinability of oryzicola as well
as its larger sced size appears to be adaptively significant since this rice paddy weed is confined to
germinate under flooded conditions and the fermentation is a lower energy yielding respiratory pathway.
Though a few exceptions were present, each species and variety of Echinochloa weeds had a specific
ADH zymogram: oryzicola, A1A2A3; formosensis, A1A2A3A4AS; praticola; A3; and colonum; A3.

Table 3. Anaerobic seed germinability and ADH zymograms of various strains of Echinochloa crus-
galli var. praticola Ohwi, an upland weed, from the Asian-Pacific region.

Site of % Germination ADH
No. Country collection Air N2 zymogram
1 Japan Kanazawa 95 0 A3
2 Japan Kyoto 93 11 A3
3 Japan Okinawa 97 0 A3
4 Japan Osaka 100 0 A3
5 Japan Tokyo 88 8 A3

Table 3. Anacrobic seed germinability and ADH zymograms of various strains of Echinochloa colonum
Link., a weed at wetland rice and upland crops, from the Asian-Pacific region.

Site of % Germination ADH
No. Country collection Air N2 zymogram
1 China Guang zhou 100 84 A3
2 Myanmar - 70 78 A3
3 Philippines IRRI(81) 95 92 A3
4 Sri Lanka - 100 98 A3
5 Sri Lanka Sitiria 100 100 A3
6 Sri Lanka Kandy(77-6) 100 92 A3
7 Sri Lanka Kandy(77-3) 95 16 A3
8 Sri Lanka Batticaloa 100 88 A3

In the present study, the differences in anaerobic seed germinability and ADH zymogram between
species and varicties of Echinochloa weeds we previously observed in a limited region were found to be
also applicable to strains from various countries in the Asian-Pacific region. Three of the four weeds
studied here , oryzicola, formosensis and colonum, are those found in flooded or wetland rice, and all
strains of them apparently had anaerobic germinability of seeds (Table 1, 2 and 4). While the other
weed, praticola, is a weed at upland habitats such as paddy levees and open lands, and had little
anaerobic germinability in all five strains presently used (Table 3) and the accessions used in our
previous experiment14). Thus, we confirmed that this physiological character at seed germination is a
key character for the paddy weeds to infest the habitats with oxygen deficient conditions. Although
isozymes are usually considered to be neutral against selective pressures and used as a genetic maker of
analyses of plant or animal populations, adaptive significance of ADH zymogram to sced germination
and growth under flooding was suggested in maize ( Zea may L. ) 6. 7) and soft bromegrass (Bromus
mollis L)1).  We have studied inheritance of anaerobic germinability and ADH Zymogram using
reciprocally crossed hybrids between formosensis and praticola, but no evidence was, however, found to
directly relate anaerobic germinability to ADH zymogramsl3). Kennedy et al.% ) also found no
correlation of the number of ADH isozymes to flooding or anoxia tolerance in Echinochloa weeds in

— 482 ~



North America. Present finding in the two Echinochloa weeds, praticola and colonum, with an identical
zymogram (A3), but with distinct difference in anaerobic germinability (Table 3, and 4) may also
support this although these weeds are suggested to phylogenically differ each other 8),

Acknowledgment: we sincerely appreciate Dr. T. Yabuno, a Professor Emeritus of The Osaka
Prefectural University for his providing us with original seeds of Echinochloa weeds used in experiments.
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Thermal Control of Purple Nutsedge (Cyperus rotundus ) Bud Break and Shoot Elongation
R. K. Nishimoto, J. E. Miles, and W. H. Sun
Department of Horticulture, University of Hawaii, Honolulu, Hawaii, 96822-2279 U.S.A.

Abstract. We conducted studies and reviewed our previous research to determine the effect of fluctuating
temperature on bud sprouting of purple nutsedge (Cyperus rotundus L.) tubers. Bud break and subsequent
elongation of the bud were strongly regulated by warm temperature. At relatively constant laboratory
temperatures of 22 to 24 C, 84% of the tubers had bud break (at least one bud with a visible shoot > 1
mm and < 1 cm in length). However, only 10% of the tubers had at least one bud that elongated > 1 cm
in length at 21 days, when both the percent of tubers with bud break and shoots elongated > 1 cm leveled
off. With daily alternating temperatures of 22.5 / 27.5 C for 12 h each, 98% of the tubers had bud break
and 85 % elongated. If the tubers were incubated for 2 wk at 20 C, about 30% of them remain
unsprouted. Nearly all of those tubers could be induced to the bud break stage by a single 35 C shift
ranging from 30 min to 12 h duration (Sun and Nishimoto, 1995). Once bud break occurs, a single shift
of 35 C for 30 min caused only 56% of the tubers to produce shoots > 1 cm in length, while multiple
warm temperature shifts caused nearly 100% of the tubers to produce shoots > 1 cm in length (Miles et
al, 1994). These observations suggest that the sprouting of purple nutsedge tubers may involve two steps
- the first is bud break, and the second is elongation of the emerged bud, and that both steps are regulated
by warm temperature pulses.

Key words. Bud break, Dormancy, Tuber sprouting.

Introduction

Dormancy of weed propagules in the soil is one of the most difficult problems in weed
management. Various degrees of dormancy cause irregular emergence of weeds and greatly contribute
toward persistence of a species. While dormancy of purple nutsedge tubers occurs, the mechanism
controlling dormancy is not understood. Apical dominance occurs within a tuber and in a chain of tubers
(Muzik and Cruzado, 1953). Apical dominance in a tuber chain appears weak as it can be overcome by
inversion of the chain (Muzik and Cruzado, 1953). Parker (1985) observed that the apical bud of a tuber
in a growing chain remains dormant while the lateral buds sprout and produce rhizomes to extend the
chain, and suggested that apical dominance is weak.

In contrast to using intact chains of tubers, single tubers have been used in studies to
elucidate sprouting response to temperature. Soil temperature is perhaps the major factor affecting purple
nutsedge tuber sprouting, provided moisture is adequate. The minimum temperature for purple nutsedge
tuber sprouting was found to be 10 C, and the maximum temperature was 44 C (Tripathi 1967; Ueki
1969; Orcutt and Holt, 1990). Most studies used constant temperature regimes, but Tripathi (1967)
observed that an alternating temperature regime caused more sprouting.

In this paper, we will review our recent work that shows fluctuating temperature to be more
effective in stimulating tuber sprouting than constant temperature regimes (Miles et al, 1994), and that
short duration warm pulses are most important in the sprouting stimulation process (Miles et al, 1994;
Sun and Nishimoto, 1995). In addition, tuber sprouting appears to be.a two stage process and evidence
will be presented to show that warm temperature pulses appear to control the initial bud break process, as
well as the subsequent shoot elongation.

Materials and Methods

Tubers were collected from the University of Hawaii's Waimanalo Research Farm; they were
separated from the chains, and trimmed of roots and rhizomes in the laboratory. Tubers were sprouted on
two layers of filter paper moistened with deionized water, in 15 cm Petri dishes. There were five
replicates of 50 tubers each.

To quantify the difference between growth initiation or bud break and elongation, two
experiments were conducted in which both the number of tubers with both bud break and elongation were
counted. A tuber was considered to have initiated growth if at least one bud had produced a visible shoot
at least 1 mm in length, and as elongated if at least one shoot was at least 1 cm in length. Temperatures
in these experiments were alternating 22.5 / 27.5 C and a relatively constant ambient laboratory
temperature of 22 to 24 C. The number of tubers which had bud break and the number elongated were
counted daily. The experiment continued for 21 d, at which time both the number of tubers with bud
break and with elongated shoots had leveled off; cumulative data at 21 d are presented.

Percent tuber sprouting was calculated based on the number of viable tubers in each Petri dish, as
determined by the triphenyl tetrazolium chloride (TTC) test on unsprouted tubers. Tubers were split
longitudinally and soaked in 0.1 % TTC at 30 C for 1 to 3 h, until a pink color response was observed in
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known viable tubers. The TTC test was preceded by subjecting tubers to alternating 20 /30 C for 1 to 2
wk, a temperature regime known to stimulate sprouting.

The experiment was repeated with tubers collected from the same location 5 d after tuber
collection for the first experiment. Because of similar results, data from the two experiments were
combined, and the percent of tubers which had initiated growth and the percent which had sprouted were
compared.

Potential complication of warm temperatures in the field during the tuber collection process
mandated that all of the subsequent experiments were conducted with tubers grown in the glasshouse, and
tubers were collected and separated from purple nutsedge plants in a constant 20 C environment. The
number of tubers with bud break while incubated at 20 C over a 15 to 18 d period are presented in this
paper. Most subsequent experiments were conducted with tubers that did not sprout after at least 14 d at
20 C. The results from these experiments were presented at the 1994 and 1995 Weed Science Society of
America Meetings, and will be discussed in this paper to describe how warm temperature regulates the bud
break and elongation process.

Results and Discussion

Purple nutsedge sprouted much better under an alternating temperature regime (25 / 35 C) than a
constant temperature regime (30 C) when both regimes had the same mean temperature (Miles et al,
1994). The alternating temperature regime with a mean temperature of 30 C caused 100 % sprouting; the
30 C constant temperature regime resulted in 77 % sprouting, and even the highest constant temperature
regime of 35 C caused only 93 % sprouting. In addition, small temperature fluctuations from 2 Cto 6 C
of the alternating temperature cycle caused more tuber sprouting as the amount of temperature fluctuation
increased (Miles et al, 1994). These results clearly demonsirate that purple nutsedge sprouted much better
under fluctuating temperature regimes than a constant temperature regime set at the same mean
temperature. In these initial experiments, a tuber was defined as sprouted if at least one bud on a tuber
elongated more than 1.0 cm. It appeared that temperature controlled bud break and the subsequent
elongation of the emerged bud, thus subsequent studics considered these stages.

At the 22.5 / 27.5 C alternating temperature regime, 98 % of the tubers had bud break, and 85 %
of the tubers had shoots that elongated to at least 1 cm in length. However, at the temperature regime
with near constant temperature (22 to 24 C), 84% of the tubers had bud break, but only 10% of the tubers
had shoots that elongated to at least 1 ¢cm in length (Table 1). There was an interaction between
temperature and treatment effects, so comparisons were made separately for the different temperatures. At
both temperature regimes the difference between the number of tubers with bud break and those that
elongated was highly significant (Table 1). With both regimes, not all of the tubers that had bud break
would elongate more than 1 cm (Table 2). Thus under certain conditions, tuber buds may initiate growth
without continuing to grow. Moreover, there is a pronounced difference in this phenomenon for tubers
exposed at these two different regimes, suggesting that the bud break and subsequent elongation process
may involve two Steps.

Table 1. Comparison of percent of tubers with buds initiating growth to more than 1 mm in length (bud
break) and percent of tubers with shoots at least 1.0 cm in length (elongate) under two temperature
regimes.

Regime? Buds Mean Standard. Error T Value Probability > T
(%) (%)
22 10 24 Bud break 84.1 2.1 232 <0.0001
Elongate 10.1 24
2257275 Bud break 98.3 0.8 48 0.0001
Elongate 85.4 2.6

4Minimum and maximum temperature in diurnal temperature alternation (degrees C)
When temperature is carefully controlled from the time that tubers are physically separated from

the mother plants, only about 70 % of these tubers will have bud break when these tubers are incubated
at 20 C for 2 wk (Figure 1). If those tubers without bud break (dormant tubers) were given only a single
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35 C pulse ranging from 30 min to 12 h, more than 90% of the tubers had bud break (Sun and
Nishimoto, 1995). We also showed that when tuber temperature reached 35 C in 3 min, and immediately
returned to a 20 C environment, 62% of these tubers had bud break (Sun and Nishimoto, 1995). Bud
break was only caused by warm temperature shifts; equivalent cold temperature shifts were ineffective in
causing bud break (Sun and Nishimoto, 1995). Thus, it appears that a single short duration warm pulse
can cause bud break to occur in dormant tubers.

Table 2. Comparison of percent of tubers with bud break but not continuing to elongate under two
temperature regimes.

Regime? Mean Standard Error T Value Probability > T
(%) (%)

221024 87.5 1.9 30.2 0.0001

225 /215 13.2 1.5

aMinimum and maximum temperature in diurnal temperature alternation (degrees C).
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Figure 1. Time course development of tubers with bud break when incubated at 20 C.

In other experiments, we exposed tubers that had bud break, but without further elongation, to a
single pulse of various temperature regimes for 30 min. Following a single pulse at 30 min for 35 C, 56
% of the tubers had shoots that elongated more than 1 cm (Miles et al, 1994). There was no shoot
elongation if the tubers were maintained at 20 C. However, daily warm temperature shifts of 35 C from
0.5, 1, 6, 12 or 18 h caused nearly 100 % of the tubers to produce shoots that elongated more than 1 cm
(Miles et al, 1994). Thus, once bud break occurs, a single warm pulse causes about one-half of the
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tubers to produce elongated shoots, and multiple daily pulses causes nearly all of the tubers to produce
elongated shoots.

Our rescarch shows that temperature strongly controls bud break and the shoot elongation process
of purple nutsedge tubers. It appears that a single warm pulse can cause bud break of dormant tubers, and
that subsequent warm pulses are required for further elongation of the emerged bud.

The marked stimulation in bud break and shoot elongation of tubers in response to pulses of
elevated temperatures may be key physiological responses to environmental signals related to emergence
of tropical weed propagules. With a canopy over the soil surface or for positions deep in the soil profile,
diurnal temperature alternations are relatively constant (Miles, 1991; Rubin and Benjamin, 1984).
Diurnal temperature fluctuation would increase markedly and much greater sprouting would occur if a
canopy is removed, or if tubers are located close to the soil surface. Thus, fluctuating temperature may be
an important stimulatory signal for emergence of purple nutsedge.
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NUTRIENT CONTENTS IN SOME WEED SPECIES

P. Lekkong and P. Wanichanantakul
Department of Agriculture, Chatuchak, Bangkok 10900, Thailand

Abstract. Weed are severe, widespread in all fields and difficult to control. Control is possible, however, by
making a weed useful, such as in a green manure. We sought to determine the macro and micro essential
clements in 26 weed species: 12 grasses, 9 broad leaves and 5 sedges; there were upland, lowland and
aquatic weeds. Plant samples were collected from fields at the flowering stage then dried and ground.
Analysis of the nutrient contents in the shoots showed that N, P, K, Ca, Mg, S, Mn, Cu and Zn were low in
the grassy weeds and high in both broad leaves and sedges. The N, P and K of the 12 grassy weeds varied
from 0.80-1.7, 0.05-0.30 and 0.64-2.68%, respectively, Rottboellia cochinchinensis, Imperata cylindrica,
and Pennisetum setosum had N contents below 1%, whereas most broad leaves and sedges had N, P and K
of more than 1%, Pistia stratiotes, Sphenoclea zeylanica, Jussiaea repens and Eupatorium odoratum had N
contents of 2.91, 2.96, 3.02 and 3.39%, respectively. Most sedges showed significantly higher K. The
percentage of Ca, Mg and S contents of broad leaf weeds was comparable to the sedges. The amounts of
Mn, Zn and S in broad leaves and sedges were similar, and were significantly greater than some grassy
weed species.

Key words. Nutrient elements, weed species, green manure, sedges, broad leaves
Introduction

Weed problems are severe, especially in the tropical countries where wet and moist conditions favor weed
growth. Crop competition with weed from the time they emerge, after planting the first job is weeding.
Weed control can be done by chemical or mechanical control. However, control is possible, by making a
weed useful, such as in a green manure or incorporate into the soil as a fertilizer and or source of livestock
feed. In addition, study the nutrient content in weed specie should be helpful in estimating the amount of
nutrient was removed or returned to soil. This work was conducted to determine the macro and micro
essential elements in some weed species and legume cover crops as the comparison plants.

Materials and Methods

Sampling and sample preparation.

Twelve grasses: Acrachne racemosa Linn, Dactyloctenium aegyptium (L) P.B., Digitaria adscendens (H.B.
K)., Echinochloa crus-galli (L.) Beauv., Eleusine indica (L.) Gaertn., Imperata cylindrica Racuschel.,(L.)
Leptochlor chinensis (L.) Nees., Panicum repens Linn., Pennisetum polystachyon (L.) Schult., Pennisetum
setosum (Swz.) L.C.Rich., Paspalum conjugatum Berxg., Rottboellia cochinchinensis L.F., nine broad leaves:
Stachytarpheta indica Vahl., Eichhornia crassipes (Mart.) Solms., Eupatorium odoratum Lion., Euphorbia
geniculata Ort., Jussiaea linifolia Vahl., Jussiaea repens Linn., Sphenoclea zeylanica Gaertn., Pistia
stratiotes Linn., Marsilea crenata Presl., five sedges: Cyperus difformis Linn,, Cyperus rotundus Linn.,
Eleocharis dulcis (Burm.f.) Henschel., Fimbristylis miliacea (L.) Vahl., Fuirena ciliaris (L.) Roxb., and
three kinds of legume cover crops, Centrosema pubescens , Calopogonium mucunoides and Pueraria
phaseoloides. The upland weeds and legume cover crops were collected from the Surat Thani Horticultural
Research Centre and low land weeds collected from the Bangkhen Rice Station, in the late rainy season in
1994. Plant samples of weeds and cover crops were taken at the flowering stage and dried in the oven at 70°
C for 48 hours. The samples were cut into small pieces and ground, and passed through a 40 mesh sieve
and stored in the desiccator for the chemical analysis.

Total nitrogen determination

Digestion. Weigh 1 g of leaf samples into 500 kjeldahl digestion flasks, add the catalyst mixture of 10 g
K504 +0.5 g CuSO4 and 30 ml of conc. HySOy. Place the Kjeldahl flasks on the heating mantle blocks
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to digest under the fume hood, until the samples are clear, cool and transfer solution into 250 ml volumetric
flasks with distilled water.

Distillation . Transfer 10 ml of the digested solution into a micro-kjeldah! distillation apparatus, then with
quick delivery pipette, add 5 ml of 40% NaOH and rinse with a minimum of distilled water. Place the 125
ml Erlenmeyer flasks containing 20 ml of 0.3% boric acid and three drops of mixed indicator under the
distillation apparatus, then distill the samples for 10 minutes.

Titration. Titrate the solution of boric acid and mixed indicator containing the "distilled off" ammonium
with the standardized HCL.

Phosphorus, sulfur, potassium, calcium, magnesium, manganese, zinc and copper determination.
Wet digestion. Place 2 g of samples into 250 ml Erlenmeyer flasks. Add 20 ml of nitric acid and 7 ml
perchloric acid and allow to predigest overnight under fume hood. Then moderately heat at least 2-3 hours,
gradually increase the temperature until the mixtures become clear and remain about 5 ml solution in the
flasks. Cool and fill the flasks with 50 ml deionized water. Filter the digested samples through an acid-
washed filter paper (Whatman No-1) and make up to 100 ml with deionized water for a sample analysis.

Sample analysis : Phosphorus

Transfer 5 ml of aliquot into 50 - ml volumetric flasks, prepare also a standard P and blank samples.
Add 5 ml of the molybdate-vanadate solution and then make up to volume with distilled water, shake and
allow to stand for 30 minutes. Measure absorbance at 420 mp and compare with the absorbance of the
phosphorus standard.

Sample analysis : Sulfur

Transfer 5-10 ml of the aliquot into 50 ml volumetric flasks, Add 10 ml of 2N ammonium acetate to
bring thepHto 5, add 1 gof 30-60 mesh barium chloride then shake 1 minute before adding 2 ml gum
acacia solution (0.25%) bring to the volume then mix and read absorbance at 410 mp within 30 minutes
and compare with the absorbance of the sulfur standard.

Sample analysis : Potassium, calcinm and magnesium by atomic absorption spectrophotometer.

Pipette 5-10 ml of the aliquot into 50 m! volumetric flasks. Add 5 ml strontium chloride (5%) solution,
make up to the volume with deionized water and prepare each of the K, Ca and Mg standards. Measure the
nutrient elements by the atomic absorption spectrophotometer.

Sample analysis: Manganese, zinc and copper by the atomic absorption spectrophotometer.

Use aliquots from wet digestion to measure the amount of element contents with atomic absorption
spectrophotometer and compare with the individual standard. If the concentration of each aliquot is too
high, the dilution may be necessary.

The nutrient analysis methods were base on the methods of Chapman, 1961, Yoshida efal., 1972 and
Official method of analysis of association of official analytical chemist, 1970.

Results and Discussion

Analysis of nutrient contents in the shoots of 26 weed species and three legume cover crops showed that
macro and micro nutrient elements in the grassy weeds were relatively low as compared to broad leaves and
sedges. Analysis of grassy weeds found that L. chinensis, A. racemosa, E. indica, D. adscendens and D.
aegyptium had N contents of 2.28, 1.70, 1.58, 1.38 and 1.26 % respectively, whereas 1. cylindrica, P.
repens, P. conjugatum, P. sefosum and R. cochinchinensis had N content of 0.6-1.0 %. L. chinensis had
the highest and . cplindrica had the lowest N contents. P. polystachyon and R. cochinchinensis had P
contents (>0.29 % ) greater than other species (<0.20 % ). Most of grassy weeds had K contents greater than
1.2% and a few species had K lower than 1%. Among the tested plants, P. polystachyon had the highest K
(2.68 %) and I cylindrica had the lowest K contents (0.65 %). Most grasses had Ca contents below 1%,
Mg and S below 0.5 % except E. indica, had the highest Ca, Mg and S contents of 1.13, 0.35 and 0.54 %
respectively. I cylindrica and P. setosum had relatively low in Ca, Mg and S as compared with other
species. The amount of Mn in grassy weeds had high variation, such as, A. racemosa and
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R. cochinchinensis had Mn contents of 343 and 25 ppm respectively. Zn was found at the range of 20-40
ppm, except R. cochinchinensis and E. indica had high Zn contents of 76 and 57 ppm respectively, and
had Cu between 5-10 ppm

Analysis of nutrient content in broad leaves showed that N and P were higher than grasses and sedges but
the percentage of K was comparable to sedges. E. oderatum, J. repens, S. zeylanica and P. stratiotes had
high N content of 3.39, 3.02, 2.96 and 2.91% respectively. Most sedges had N contents below 2%, except
C. difformis had high N content (2.42%). E. crassipes and P. stratiotes showed high content of P (> 0.7%)
whereas other broad leaves species had P at the range of 0.2-0.4 %. Most sedges had low P content (0.1-
0.4%) but they were higher in K (> 2%). Broad leaves and sedges which had high K content were E.
crassipes (3.34 %), J. repens (3.17%) and C. difformis (3.03%). The amount of Ca in broad leaves (0.5-
2.5%) was significantly greater than sedges (< 0.5%) except E. duicis (2.2%). The Mg and S in broad leaves
and sedges were not significantly different. Sedge; E. dulcis and broad leaf, P. stratiotes showed
significantly higher in Ca of 2.2 and 2.5 % respectively, Mg of 0.33 and 0.95% respectively and S of
0.63 and 0.62% respectively. The amount of micro nutrient in grasses, broad leaves and sedges were not
significantly different, except E. dulcis, P. stratiotes and E. crassipes had significantly higher in Mn and
Zn. Cu contents in three types of weeds were 5-10 ppm except, E. odoratum (17 ppm) were significantly
higher than other weed species.

Analysis of legume cover crops found that C. pubescens, C. mucunoides and P. phaseoloides had
significantly higher in N content (3.7-4.2%) as compared with weeds particularly grasses species, most
had N less than 1.5% . The amount of P in cover crops was comparable to broad leaves, but was higher
than grasses and sedges. K in cover crops tended to be lower than broad leaves and sedges. The amounts of
Mg and S in cover crops were similar to broad leaves and sedge but were higher than grassy weeds. Most
legume cover crops showed significantly higher in Zn ( >59 ppm) and Cu (> 13ppm) but were lower in Mn
as compared with weed species.

The results of analysis show that various weed species have quite high nutrient content, particularly broad-
leaf weeds. This result indicates that weed has high ability in nutrient uptake so that weed completes crop
for nutrient is important factor contributing to the stunted plants and reduce yields. It could be drawn that
making weed useful is the efficient method of weed control.
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Table 1 Showing the macro nutrient contents in weeds and legume cover crops. (mean + s.¢€.)

Weed species

% of macro nutrient elements

N P K Ca Mg S
Grasses
1 Acrachne racemosa 1.70+.10 0.14+.01 2.01+.16 0.81+.08 0.28+.04 0.35+.03
2 Dactyloctenium aegyptium 1.26+.41 0.08+.01 1.50+.20 0.58+.02 0.16+.01 0.18+.04
3 Digitaria adscendens 1.38+.11 0.17+.03 2.13+£.23 0.34+.02 0.21+.01 0.16+.01
4 Echinochloa crusgalli 0.98+.04  0.18+.01 1.144+.06 0.35%.01 0.33+.02 0.22+.01
5 Eleusine indica 1.58+.01 0.23+.07 1.934+.06 1.13£.03 0.35+.01 0.54+.08
6 Imperata cylindrica 0.69+.02 0.06+£.01 0.65+.10 0.25+.06 0.09+.00 0.06+.00
7 Leptochloa chinensis 2.28+57  0.27£.07 1.874.00 0.35+.03 0.27+.00 0.41+.09
8 Panicum repens 1.10+.06 0.08+.01 1.94+.09 0.40+.02 0.19+.00 0.25+.02
9 Pennisetum polystachyon 1.01+.04 0.29+.00 2.69+.06 0.43+.04 0.15+.00 0.17+.01
10 Pennisetum sefosum 0.80£.03 0.05+.01 1.69+.10 0.11+.01 0.07+.01 0.08+.00
11 Paspalum conjugatum 1.01£.18 0.07+.02 1.26+.29 0.43+.02 0.24+.01 0.27+.04
12 Rottboellia cochinchinensis  0.87+.15 0.29+.08 0.91+.07 0.34£.05 0.19+.01 0.28+.01
Broad leaves '
13 Stachytarpheta indica 1.03£.04  0.08+.00 1.24+.01 1.00+.04 0.17+.01 0.13£.01
14 Eichhornia crassipes 23002  0.71+£.02 3.34+.05 1.37+.02 0.54+.01 0.38+.01
15 Eupatorium odoratum 3.39+£.16 0.23+.01 2.49+.09 1.49+.06 0.52+.01 0.22+.04
16 Euphorbia geniculata 1.72+.14  0.27+.05 1.81+£.27 1.15%.11 0.25+.02 0.22+.03
V7 Jussiaea linifolia 1.68+.12 0.39+.03 1.34+.19 1.18+.04 0.38+.01 0.16+.03
18 Jussiaea repens 3.02+.09  0.42+.01 3.17+.14 0.62+.04 0.431.03 0.45+.02
19 Sphenoclea zeylanica 2.96+.10 0 44+.01 2.06+.04 0.48+.02 0.30£.02 0.57+.07
20 Pistia stratiotes 2.91+.02  0.71+01 2.85+.00 2.55+.04 0.95+.01 0.64+.07
21 Marsilea crenata 2.20%.20 0.39+.02 2.21+.20 0.55+.05 0.32+.04 0.44%.01
Sedges
22 Cyperus difformis 2.42+.06 0.43+£.01 3.03+.12 0.42+.02 0.34+.01 0.41£.06
23 Cyperus rotundus 1.84+.01 0.23+.00 2.38+.06 0.431+.01 0.19+.01 0.28+.03
24 Eleocharis dulcis 1.15£04  0.10+.01 2.10+.09 2.20+.61 0.33+.03 0.63+.04
25 Fimbristylis miliacea 1.29£.04  0.20+.01 2.58+.11 0.43+.02 0.40+.05 0.43+.01
26 Fuirena ciliaris 1.82+.07  0.30+.00 2.55+.06 0.38+.01 0.32+.02  0.44+.03
Legume cover crops

27 Centrosema pubescens 3.78+.15  0.31+.00 1.76+.04 1.53+.08 0.27+.01 0.45£.03
28 Calopogonium mucunoides 4.35+.30 0.33+£.01 1.73+.09 1.46+.12 0.36x.01 0.30+.05
29 Pueraria phaseoloides 4.21+.14  0.35+.01 1.95+.02 1.47£.03 0.35+.02  0.38+.03
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Table 2 Showing the micro-nutrient contents in weeds and legume cover crops. (mean *s.e.)

Weed species ppm of micro nutrient elements
Mn Zn Cu
Grasses

1 Acrachne racemosa 343+72.1 3344.30 740.001
2 Dactyloctenium aegyptium 316124.8 39+1.10 540.000
3 Digitaria adscendens 53 £14.2 30+1.80 740.001
4 Echinochloa crusgalli 178+21.5 3418.90 7+0.001
5 Eleusine indica 89 1+8.70 5742.30 1040.000
6 Imperata cylindrica 34 £6.50 11£1.40 540.000
7 Leptochloa chinensis 128121.5 40+6.80 1040.002
8 Panicum repens 1331212 - 1941.20 540.000
9 Paspalum conjugatum 94+21.7 3224.60 520.000
10 Pennisetum polystachyon 17£1.2 2240.40 5+0.000
11 Pennisetum setosum 82+10.9 1242.80 5+0.000
12 Rottboellia cochinchinensis 25 $£4.50 76+1.40 540.000
‘ Broad leaves

13 Stachytarpheta indica 10148.00 30+1.00 10+0.000
14 Eichhornia crassipes 446136.7 50+1.60 540.000
15 Eupatorium odoratum 68 £7.10 35£1.20 1710.001
16 Euphorbia geniculata 112+11.3 19+1.80 7+0.001
17 Jussiaea linifolia 372+13.6 484+2.20 10+0.000
18 Jussiaea repens 402436.6 53+1.20 10+0.000
19 Sphenoclea zeylanica 222+10.8 3542.40 520.000
20 Pistia stratiotes 270040.00 8610.60 10+0.000
21 Marsilea crenata 467+0.00 4745.50 8+0.001

Sedges
22 Cyperus difformis 172413.8 4610.00 10+0.000
23 Cyperus rotundus 12612 .4 41+3.80 1240.001
24 Eleocharis dulsis 13544225.0 77+15.60 540.000
25 Fimbristylis miliacea 352465.8 4011.60 10+0.000
26 Fuirena ciliaris 218+8.8 5042.80 7+0.001
Legume cover crops

27 Centrosema pubescens 92+11.6 59+2.20 1840.001
28 Calopogonium mucunoides 105421.2 67+4.30 1340.001
29 Pueraria phaseoloides 77%7.5 5942.20 15+0.000
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GROWTH HABIT OF AN AQUATIC WEED, APONOGETON UNDULATUS ROXB.,
AND ITS PHYSIOLOGICAL CHARACTERISTICS

T. Furuya, T. Mochizukiand Q. R. Islam*

Faculty of Agriculture, Kyushu University, Fukuoka 812, Japan
* Canadian International Development Agency, Dhaka 1212, Bangladesh

Abstract The rootstock of the plant(Aponogeton undulatus Roxb.) is an important food source for the
poor who live in the lowlands of Bangladesh which are often flooded. As a consequence of deep flooding,
this plant has developed the ability to elongate and a tolerance to being submerged. In 1994, plants were
potted and grown under 20 cm of water to study growth and submergence tolerance. At 3 rd leaf stage,
the potted plants were submerged in water at a rate of 0, 2, 4, 6 and 8 cm per day. The plant have many
submerged and floating leaves, reproductive organs(tubers) and flowering spikes. Tubers developed on
the tip of the floating stem just under the water level. The plant elongation system involves either the
petiole and the floating leaf or a separate floating stem, both of which rise with the water level ; dueto
the limitation of the floating stem, elongation of petiole was more important. Plants grown in water
rising at a rate of 8 cm / day werestill not completely submerged after 16 days. At this time, the
longest petiole length was about 140 cm and the plant height was about 1.6 m. From the results, we
find that elongation of this plant depends on the depth and rising rate of water.
Introduction

Deep water or floating rice is the main crop grown in the Northeast Region of Bangladesh. The crop
is often damaged by floods, as virtually all of this area is flooded to a depth of more than three meters
annually. This flooding restricts crop production during the wet season.

Aponogeton undulatus Roxb. (Mammun 1989) grows in abundance throughout the deeply flooded
land in Bangladesh. This plant is an aquatic perennial weed and its the rootstock is edible. The nutrient
composition of rootstock consists of a large quantity of carbohydrates, proteins and some minerals.
Therefore, the rootstock is an important food source for the poor who live in the lowlands. The demand
for the rootstock increases when there is poor rice harvest. Thus, the rootstock provides some security
during the times of food shortages in these low-lying areas.

The plant has developed the ability to elongate under deep flooding conditions. While little research
has been made on the growth habit and its physiological characteristics of this plant, the present study
examined its growth under water and its ability to elongate in increasing water depth.

Key Words : Floating leaf, Petiole elongation, Submergence tolerance, Rootstock, Aponogeton
undulatus Roxb.

MaterialsandMethods

The following experiments were conductedin the summerof 1994 at Kyushu University in
Fukuoka, Japan. Aponogeton undulatus Roxb. rootstock(tubers) collected in 1993 from lowland fields
in Bangladesh were used. The tubers used were selected for size uniformity.

In this experiment, size a/5,000 pots were used. Each pot contained about 3.5 kg of air-dried paddy
soil which had been fertilized with 2 g compound fertilizer(N-P-K:8-8-8%). One acquired germinated
tuber was planted separately in either the beginning of April or at the end of August. Just after
planting, the pot was submerged in a water tank at a depth of about 20 cm. When the plants had reached
the third leaf stage, each pot containing one plant was gradually submerged at increasing depths by being
suspended by string in a water tank and lowered at different rates; O(control), 2, 4, 6 or 8 cm per day.
This submergence tolerance experiment was terminated when the highest leaf was totally under the water
surface. Average air-temperature during the experiment ranged from 20 to 30 °C and the amount of
sunlight per day ranged from 12 hours 50 minutes to 14 hours 23 minutes.

Results

Fig.1 shows a diagram of an Aponogeton undulatus plant which was grown for 2 months after the

tuber was planted and submerged under 20 cm of water. The plant produced submerged leaves (Fig.1-A),
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floating leaves (Fig.1-B), flowering spike (Fig.1-C), tubers for reproduction(young plant, Fig.1-D) and
the rootstock (Fig.1-E) which is the originally planted tuber that has grown larger In the lot where
tubers were planted under water at a depth of 20 cm in April, plants produced at first from two to five
slender submerged leaves, followed by more than two spoon shaped floating leaves. Most of the floating
Ieaves had petioles longer than 20 cm.

Seven weeks after plantation, the first floating stem was produced and a new tuber was formed on the
tip of the floating stem just under the water surface. The new tuber was round shaped, and was covered
with flimsy roots. The new tubers located on the tip of floating stems subsequently produced two or
three leaves and developed into a young, miniature version of the parent plant complete with one or two
elongated short floating stems and even secondary tubers. However a tertiary tuber was almost never
formed. About ten weeks after being planted, the plant produced one flowering spike. The spike was
flowered loosely.

Fig. 1 Aponogeton undulatus Roxb. : A, Submerged leaf; B, Floating
leaf; C, Flowering spike; D, Tuber(young plant); E, Rootstock;
(water depth: 20 cm )

In nature the young plants are dispersed from floating stem presumably by wave action or other
vibration. They then floaton top of the water surface for a period of time and then established
themselves as independent plants. Thus starting a new growing cycle. By the end of this study, the plant
potted in April formed about 20 submerged leaves, 20 floating leaves, one flowering spike and 40 tubers
with 17 floating stems.

Plant growth involves the elongation of the petiole, floating stem and leaf blade with the gradual rise
of water. In this species, the floating leaf's petiole elongated faster than the submerged leaf's petiole,
thus, petiole elongation is the most important because of the limitations of leaf elongation.

Table 1 shows the effect of different rates per day of rising water on each submerged potted plant in
September 1994. The number of total living leaves was almost the same in all cases. However, the
number of floating leaves on the water surface decreased with the depth of each plant. The plant
submerged in water at 8 cm / day had only one floating leaf. In this case, the plant produced only one
tuber and one long floating stem.
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Table 1 Effect of different rates of rising water on each submerged potted plant in September, 1994

Rate of rising Days after Submerged  Total number of Number of floating
water Treatment depth living leaves leaves on the water surface
(cm / day) (cm)
0 30 20 11 11
2 30 80 12 5
4 30 140 11 3
6 19 134 9 2%
8 17 156 9 1*

* the number indicated was taken one day before the treatment day shown.

Furthermore, the plant submerged in water at 8 cm / day was not submerged completely 16 days after
the beginning of the experiment. At this time, the longest petiole length was about 140 cm and the
plant height was about 1.6 m. Plants grown in water rising at 6 cm / day were submerged completely
after 19 days, but, plants grown in waterrising at 2 cm/ dayand 4 cm / day were not submerged
completely by the end of experiment (after 30 days).

Discussion

About one-third of total area in Bangladesh including 26,800 square kilometers of cultivated land is
deeply flooded between May and October (MPO 1987). Several specialized characters that enable
Aponogeton undulatus Roxb. to adapt to deep flooding and to have a submergence tolerance are
researched in the study.

In many deep water areas, plants having poor elongation ability may be partially or completely
damaged when submerged suddenly. Generally, plants are less tolerant to submergence at the early
growth stages and the ability to elongate apparently increases with age. In this experiment, the potted
plants submerged in water at the early growth(the third leaf stage) did not submerge completely during
longer periods (Table 1). As the elongation speed of petiole of this plant was fast, this speed enables the
plant to survive by providing better tolerance for being submerged. This capacity of the petiole to
elongate at an early stage of growth is an important character for a plant what is submerged early in its
growth.

As the plants grown in water rising at a rate of 8 cm / day did not submerge completely 16 days after
the beginning of the experiment (Table 1), this plant has the inherent property to elongate with the rise
of water. This plant may be useful in areas where the water level rises abruptly and where the water
depthis more than 1.5 m. Thus, this plant is considered to have a high submergence tolerance.
Submergence tolerance is related to the duration of submergence, water temperature, water turbidity,
light intensity, water depth, and nitrogen content of soil. It seems that, like the deep water or floating
rice(Mazaredo et al., 1981), the Aponogeton undulatus plant maintains a high level of carbohydrates,
high photosynthesis and respiration rates, has green and active leaves, and nitrate reductase activity after
submergence. These are matters of considerable interest.

The dominant nutritional problem for the rice-eating population of Bangladesh is an in adequate food
supply, which includes issues like the supply of rice, the price of rice and low consumer purchasing
power Rice provides 69% of the calories and 51% of the protein to the people (Salam et al., 1991).

When considering the nutritional value of the rootstock, the Aponogeton undulatus plant can play
an important role in enhancing the food supplies in Bangladesh. The rootstock is sold in the market and
the price is a little below that of rice. The rootstock's principal component is starch (soluble
carbohydrate) and about 8.5 % is protein, which is higher than rice. The rootstock can also be an
important source of calcium, potassium, iron and zinc. One hundred grams of rootstock has been
reported to contain 33.7 mg of phytic acid (inositol hexaphosphoric acid), which impedes mineral
absorption by forming insoluble compounds with the minerals (Jesmin 1994). The rootstock of
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Aponogeton undulatus Roxb. exceeds this protein-to-calorie concentration.

Therefore, increased utilization of the rootstock will directly enhance protein supplies. Moreover, the
ideal combination of protein quality can be achieved if rice-based diets are supplemented with the protein
from the rootstock. Thus, the rootstock of Aponogeton undulatus can become the dominant calorie and
protein source in the diets of many low- income people. Propagation of the plant in this flooded area
would be especially beneficial to low-income people and to those living in low-lying areas where market
foods are limited.

In addition, the vegetative reproduction capacity of this plant highlighting the development of young
plants(uew tubers), is the most important morphological feature of this plant. The rootstock yield
appears to depend on the number of young plants(new tubers) developed by each plant. Studies on
developing a greater number of young plants(new tubers) will contribute to increasing the plant density
andresult in a greater rootstock yield.

Further study of Aponogefon undulatus will be most important in elucidating factors controlling
plant growth, especially tuber formation, for weed control or food production.
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Abstract. Vulpia spp. are undesirable annual grasses of temperate pastures in Australia and are responsible
for reduced livestock productivity through interference with more desirable forage species and production
of lower quality feed. Pastures consisting of pure subterranean clover (Trifolium subterraneum) and a
mixture of subterranean clover and annual ryegrass (Lolium rigidum), both infested with- vulpia (Vulpia
bromoides), were treated with simazine in 1992 and compared with an unsprayed control over a two year
period. Regeneration of vulpia was measured until 1994. After one year, the pure stand of clover treated
with simazine had a vulpia density of 138 vulpia plants/m* which produced 551,195 seeds/m*, compared
with 3390 plants/m® producing 609,400 vulpia seeds/m’ on the unsprayed control. In contrast, the pasture
mixture of subterranean clover and annual ryegrass treated with simazine produced only 5,860 vulpia
seeds/m” which was slightly fewer than that on the unsprayed control treatment of subterranean clover
annual ryegrass (9,400 seeds/m”). However, one year later in 1994, any differences due to simazine
application in terms of plant density and seed production had largely disappeared, and only the inclusion
of the ryegrass in the pasture mixture allowed for a sustainable reduction in the vulpia composition of the
sward.

Key words: vulpia, competition, annual ryegrass, seed production, regeneration

Introduction
Vulpia is a small, fine-leaved annual grass which occurs as a naturalised volunteer in most Australian
temperate pastures (8). It is most abundant in improved pastures in all regions of southern and central
New South Wales, and is a major problem on the northern tablelands and the south coast of New South
Wales, and in much of Victoria, South Australia, and Western Australia. There are at least five species
belonging to the genus vulpia, but V.bromoides (L.) S F.Gray and V.myuros (L.) C.C. Gmel. are the two
most common species and usually grow in mixed populations over most of its geographical range (7).

Vulpia competes with more highly regarded species (e.g. introduced perennial grasses and annual ryegrass
(Lolium rigidum Gaud.)), and produces lower quality forage. As such, it is widely recognised as an
undesirable component of temperate pastures in Australia and is responsible for substantial reductions in
livestock productivity. Estimates of the total cost of vulpia to Australian woolgrowers are in excess of $22
million annually (9). Woolgrowing and cropping are integrated enterprises on many farms, and in these
situations vulpia dominant pastures cause additional losses to crop yields due to reduced nitrogen fixation
by clover, carryover of root diseases such as take-all, and by direct competitive and allelopathic effects
on both crops and sown pasture species.

Control of vulpia in pastures has revolved around the application of herbicides, either 'winter-cleaning'
with simazine in May-July (5) or 'spraytopping’ with glyphosate or paraquat in September-November (2),
both of which can significantly reduce vulpia plant numbers over the short-term. Reduction of vulpia plant
numbers over the longer-term however, has proved difficult, and is possibly due to carry-over of dormant
seed and high seed production of vulpia. Clearly, additional management inputs which apply continuous
pressure to vulpia during the growing season should complement the initial control provided by a
herbicide, and this was confirmed in an earlier phase of the current experiment (6). The rapid rate at which
pastures can be reinfested with vulpia and the influence of annual ryegrass presence on speed of
regeneration is reported here.

Materials and Methods

The experiment was conducted on a medium textured red-brown earth at the Agricultural Research
Institute, Wagga Wagga, New South Wales, Australia (Lat. 35°3'S; Long. 147°21' E; Alt. 219 m; Annual
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average rainfall (AAR) 555 mm), and constituted the second phase of an experiment commenced in June
1990 (6).

Treatments

The basic structure of the experiment remained the same as in the first phase ie four pasture
densities/composition (three densities of subterranean clover - S (Trifolium subterraneum L.), and a
mixture of annual ryegrass (Lolium rigidum Gaud.) plus subterranean clover - C) x two fertility levels (low
and high soil phosphorus) x two vulpia densities (fow and high). In this phase, the initial vulpia densities
were nil and high, resulting from application of simazine (0.63 kg a.i./ha - Flowable Gesatop 50% a.i.)
to half the plots (-H, +H); and the density/composition treatment number was the same but the densities
of the subterranean clover were similar. The effect of fertility level is not discussed here. Layout was a
split-plot design (two fertility levels as the main plots, with the four pastures x two vulpia densities fully
randomised within each fertility level) replicated four times.

Plant measurements

Plant densities were determined by counting all plants in 20 cores (4.5 ¢m diam.) taken at random from
each plot in winter 1992, 1993 and 1994. Panicle densities were determined by counting all panicles in
10 quadrats (7.5 x 7.5 c¢m) harvested at maturity each year. Seed production was estimated from 50
panicles randomly selected from those harvested for panicle measurements. All spikelets on each of the
50 selected panicles were counted and the average number of spikelets calculated for each plot. A sub-
sample of 10 panicles were randomly selected for estimating seeds per spikelet. Seeds were counted in
three randomly selected spikelets on each of the 10 panicles, and the average number of seeds per spikelet
calculated for each plot. Seed production/m? for each plot was then calculated by multiplying panicles/m’
x spikelets/panicle x seeds/spikelet.

Experimental design and analysis

For this phase of the experiment, the three subterranean clover densities were similar and were combined
i.e. four pasture types were reduced to two. Data were analysed by the REML (Residual Maximum
Likelthood) procedure (3), while the Wald test was used to test for significance between means.

Results and Discussion
In 1992, one month after application of simazine to the +H treatments, the population of vulpia was
effectively reduced to zero from a mean of 2,990 plants/m” on the -H treatments (Fig. 1). There were
fewer (P<0.01) vulpia plants present on the C-H treatments (1,600 plants/m®) compared with the S-H
treatments (4,390 plants/m?). Seed production was negligible on the +H treatments, being reduced from
a mean of 181,470 seeds/m? to 1,050 seeds/m”. Presence of annual ryegrass in the sward (C-H) reduced
seed production (P<0.01) from 296,780 seeds/m’ to 66,160 seeds/m>.

In 1993, vulpia plant numbers on the +H treatments were still lower (P<0.01) than the -H treatments.
Respective numbers were 1,850/m® and 79/m*. Presence of annual ryegrass (C) had no significant effect
on plant numbers, but reduced seed production from a mean of 580,300 seeds/m* to 7634 seeds/m°. The
efféct of simazine on seed production was not significant, indicating that in the time between plants and
seeds being counted (July to November - four months), there was compensatory seed production on the
+H plots.

In 1994, application of simazine (+H) had no significant effect on either vulpia plant numbers or seed
production, though values for both parameters were now marginally higher where simazine had been
applied. Presence of annual ryegrass in the sward (C) again reduced vulpia plant (P<0.01) and seed
numbers (P<0.05). Values for both seed production and plant numbers were lower than in the previous
years because of the dry seasonal conditions in 1994,

Vulpia plants/m? declined with time where simazine was not applied and where ryegrass was originally
sown. The percentage decrease in plants/m” between 1991-92 and 1992-93 for the S-H treatment was 23%
and 82%, while the decrease for the C-H treatment was 81% and 99%. For the C+H treatment, the
respective decreases were 66%, 55%. For both +/- herbicide treatments, presence of ryegrass resulted in
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Figure 1. Effect of simazine application and pasture type on a) regeneration (plants/m?) and
b) seed production (seeds/m?) of vulpia. Pasture type: S, pure subterranean clover; C,
combination of subterranean clover and annual ryegrass. Simazine application: +H, simazine
applied in 1992; -H, no herbicide applied in 1992.

greater decreases in vulpia plants/m*® compared with where ryegrass was absent. Alternatively, where
simazine was applied and ryegrass was absent, vulpia plants/m’ increased dramatically but from a lower
base. Seed production/plant rematned low (<300 seeds/plant) on all treatments in all years except where
simazine had been applied and ryegrass was absent in 1993 (4,000 seeds/plant), and in the absence of
simazine where ryegrass was present in 1994 (527 seeds/plant). An estimate of the minimum seed
production per plant required to at least maintain the vulpia population in the following season
{equilibrium value) is 770 seeds/plant (2). Seed production of 4,000 seeds/plant is five times the estimated
equilibrium value and the plant population would be expected to increase in the following year (Fig. 1).
Therefore, vulpia populations should decline on the remaining treatments. All treatments followed this
expected trend.

Vulpia is an extremely difficult species to control in pastures, largely because of its high seed production
and resistance of its reproductive structures to removal by grazing. The short-term nature of chemical
control demonstrated in this experiment shows that within two years of the herbicide being applied, vulpia
plant populations can equal or exceed untreated populations. This rapid increase is attributed to the ability
of vulpia, in the absence of competition, to produce high seed numbers from a low plant population. In
addition, there is the likelihood of carryover of a small proportion of the seed produced in any one year
beyond the following year, helping to ensure continuity of the species presence in pastures. The size of
the dormant fraction of V. myuros/bromoides has not been clearly defined but estimates of 1-7% are
common (4; G. Code; P. Dowling, unpublished data), and a dependence on year (1) and grazing pattern
(4) is apparent. Longer term control to augment the lower vulpia plant numbers achieved from application
of simazine clearly requires the inclusion of an additional grass, such as ryegrass, to compete with the
residual vulpia plants. This is necessary if the rapid reinfestation of vulpia in a herbicide treated pasture
sward is to be prevented, and vulpia populations are to be retained at low levels.

Acknowledgment: We gratefully acknowledge Ms H. Nicol for data analysis; Mr D. 1. Pickering for
producing the figure, and the International Wool Secretariat for funding the research.
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Strategic Use of Grazing Sheep For Long-Term Management of Vulpia (Vulpia spp.) in Pastures,
P.M. Dowling” and D. L. Pickering
NSW Agriculture, Agricultural Research & Veterinary Centre, Forest Road, Orange NSW 2800, Australia

Abstract. Vulpia is an undesirable annual grass of temperate pastures in Australia and is responsible for reduced
livestock productivity through interference with more desirable forage species and production of lower quality
feed. Severity of infestation in any one year is largely dependent on seed production in the previous year (e.g.
a 25% infestation can produce approx. 500,000 seeds/m?). Low cost herbicides can reduce vulpia presence in
pastures but their effect is short-term. The aim of this project is to evaluate the effectiveness of grazing a vulpia
infested perennial grass pasture with sheep, at key phases of vulpia development, so as to remove the apex of
each elongating tiller, thus reducing seed production and reinfestation of the pasture in the following autumn.
For this approach to be effective at practical grazing pressures however, the feed quality of the vulpia needs to
remain sufficiently high so that sheep will readily graze the vulpia forage. In addition, the base of the tiller apex
needs to be elevated sufficiently above ground level that grazing removes the tiller apex, resulting in death of
that tiller and reduced seed production from any later developing tillers. This approach offers potential for the
long-term management of vulpia in pastures without recourse to use of herbicides.

Key words: vulpia, annual grass management, strategic grazing, phenological development, growing-point
elevation

Introduction

Vulpia (mostly V.bromoides ((L..) S.F. Gray) and V.myuros ((L.) C.C.Gmel))) is a naturalised annual grass of
Australian temperate pastures (11). In New South Wales, it appears to have increased in abundance over the
last 1S years and this is attributed largely to the drought of the early 1980's and reduced fertiliser application
depleting other more productive pasture components, thereby reducing competition for vulpia; together with the
extensive use of selective grass herbicides (eg. aryloxyphenoxypropionates, cyclohexanediones) to which vulpia
1s resistant (8). Vulpia is not a weed in the classical sense in that it does not result in death when ingested by
livestock, nor does it deter grazing of neighbouring species. However, it competes with more highly regarded
species and produces lower quality forage. As such, it is widely recognised as an undesirable component of
temperate pastures in Australia and is responsible for substantial reductions in livestock productivity.

Management of vulpia in pastures has centred around the application of non-selective herbicides (paraquat (0.1
kg a.i./ha - Gramoxone 20% a.1.; glyphosate (0.16 kg a.i./ha - Roundup 36% a.i.,) at head emergence in spring,
and more recently, simazine (0.63 kg a.i./ha - Flowable Gesatop 50% a.1.) applied over the winter period. These
procedures are referred to as spraytopping (4) and winter-cleaning (9). Spraytopping lowers populations of vulpta
by reducing viability of developing seed, whereas winter-cleaning selectively removes vulpia from a mixed
pasture. The aim with both approaches is to reduce seed-set since vulpia density in any given year is primarily
dependent on seed production in the previous year. Chemical costs are low ($6/ha) but the treatments are
relatively short-lived in effectiveness in the absence of additional management inputs. In pastures grazed by
sheep, longer-term management of vulpia may be possible if the time(s) of grazing coincided with a critical
phase of vulpia development such that its seed production potential was substantially reduced. Previous studies
(5) have indicated that seedling regeneration of another annual grass commonly found in temperate pastures,
barley grass (Hordeum leporinum L.}, can be substantially reduced by resting from grazing in the previous winter
followed by a heavy grazing with sheep in early spring. This paper outlines the experimental procedures adopted
in determining whether lower populations of vulpia in pastures can be achieved by strategic use of grazing sheep.

Materials and Methods

Five experiments were commenced on an improved pasture at Gumble, 60 km north west of Orange in central
New South Wales (Lat. 33° 06' S; Long. 148° 37" E). Soil is a red/yellow solodic derived from rhyolite. Surface
texture is a fine sandy loam. Annual average rainfall (AAR) is 650-700 mm; elevation is 595 m. Rainfall
received in 1994 was approx. 60% of AAR. The pasture is based on the perennial grass phalaris (Phalaris
aquatica L.) - 60%, with vulpia (V. bromoides, V. myuros) as the next most dominant component (30%).
Subterranean clover (Trifolium subterraneum L.) was present but was seldom greater than 10% of the pasture
on a DM basis.

Treatments evaluated in the experiments were commercially accepted procedures commonly used to reduce the
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incidence of vulpia in pastures (herbicide application - spraytopping, winter-cleaning; hay and silage making),
together with grazing and fertiliser inputs (deferral of grazing over winter; litter presence over summer-autumn;
grazing at different phenological stages in spring; fertiliser application - nitrogen, phosphorus). Not all treatments
are discussed here.

The timing of the spring grazings were based on the phenological development of vulpia and approximated: 25%,
50% and 90% elongation (% of total number of tillers where internode elongation had clearly commenced); and
50% peeping (50% of total number of tillers where seedheads had commenced to emerge through the leaf sheath
and were visible). This was in addition to the stages at which glyphosate and paraquat were applied in
spraytopping treatments (75% and 85% peeping, respectively). Assessments were made at weekly intervals. For
each stage, the grazing period was for seven days and the stocking pressure was 50 dry sheep equivalents
(DSE)/ha. The general stocking pressure on the remainder of the paddock was 7.5 DSE/ha.

Median and maximum height of tiller apex bases above ground level, together with maximum plant height, was
estimated from six pasture cores collected from the field at regular intervals during spring. Success of the
treatments in reducing vulpia seed production will be assessed from soil cores taken in the following autumn.

Results and Discussion

For grazing management to have a role in reducing and maintaining the lower incidence of vulpia in pastures,
its annual seed production needs to be reduced, since the presence of vulpia in a sward is largely dependent on
seed produced In the previous year. Heavy grazing during the vegetative stage appears to increase rather than
decrease the proportion of vulpia in the sward. This appears to be due to grazing encouraging greater tillering
in the vulpia, in addition to selective grazing of the other more desirable species (e.g. subterranean clover) in
the sward and consequently being more affected by the grazing than vulpia. Further, the chances of causing any
comparative damage to the vulpia (and reducing seed-set) by grazing at this time is remote because of the
prostrate nature of vulpia under grazing (14) and likely location of the tiller apices close to the ground.
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Figure 1. Maximum tiller height of wvulpia above ground level in relation to
maximum and median heights of the base of the tiller apex (TA) above ground level.
Plant material was collected from the ungrazed control treatment.

Grazing after the reproductive stage has been initiated, and particularly during early spring, offers a better
chance of reducing seed production, providing that the tiller apex is sufficiently elevated for removal by
the grazing sheep, and if removed, death of that tiller. Depending on when the tiller apex is grazed in
relation to the season, the vulpia plant may initiate a new tiller, but the potential seed production would
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be markedly reduced because of later development of that tiller(s). The difficuity with this approach is that
as pasture plants mature, structural carbohydrates increase in concentration resulting in a decline in
digestibility and feeding value (13).

Maximum tiller heights on the dates the grazings were imposed (10%, 50%, 90% tiller elongation, 50%
peeping) were 36, 63, 95, 110 mm, respectively. Median heights of the apex base above ground level were
5, 15, 32, 39 mm, for each of the four grazing times (Fig. 1). In vegetative pasture, sheep can graze very
close to ground level, so with the possible exception of the 10% elongation stage, in at least 50% of the
tillers, apices were sufficiently elevated to be prehended and removed by the grazing sheep. However, in
denser and more productive pastures, the effective grazing height is suggested to be roughly half the
maximum height of the feed on offer (3). In the current experiments, median heights in proportion to the
maximum tiller height are: 14, 24, 34, 35% for the four grazing times respectively, and indicate that less
than half the tillers would be grazed down sufficiently low to remove the apices at all four grazing times.

Ideally, the compromise between elevation of the tiller apex and feeding value in governing the success
of tiller removal, would not result in the production of new tillers, resulting in the effective reduction of
further seed production. The plant growth stage at which the probability of new tiller development is likely
to occur after a grazing, may need to be considered and determined more precisely in relation to typical
seasonal conditions.

For this approach to be of practical use to landholders in implementing grazing management to reduce
seed production, easily recognisable stages of phenological development need to be determined and
monitored. Figure 2 shows the progress with time of some measurable development stages during the
reproductive phase of the vulpia population in the experimental plots in spring 1994, Ideally, development
would be monitored using individual plants (e.g. 16), but in grazed pastures, vulpia plant populations are
usually sufficiently high and many-tillered to cause difficulty in discerning single plants. For a faster and
more practical estimate of development, progress is based on tillers rather than individual plants.
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Figure 2. Progressive development stages of vulpia (tiller elongation, peeping of
seedhead, plant senescence, seedhead emergence) during spring of 1994, and daily
rainfall. Vertical arrows indicate time of grazing commencement; horizontal arrows
indicate the grazing period. Rainfall (mm) is indicated by histograms.

For vulpia, the elongation and peeping stages provide a suitable measurement of progress in development
over a three month period toward the latter stages of its growth cycle (Fig. 2). In addition, for most of
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that period, the slope of the development curves increased sharply, providing more accurate assessment
of rate of plant development. Alternatively, emergence (complete emergence of the seedhead through the
sheath of the flag leaf) is not a good indicator of development, primarily because the seedhead of V.
myuros seldom emerges fully from the leaf sheath as distinct from V. bromoides which fully emerges (15),
and consequently emergence is more a reflection of the proportion of ¥. myuros in the vulpia population
present rather than progress in development. Variation in the lines of best fit, particularly for senescence,
appear to be influenced by the occurrence of rainfall at regular intervals during November and December
when rainfall is not expected. The rainfall encouraged new tillers to grow, resuiting in fluctuating rates
of senescence.

The vulpia component of the sward maintained a high proportion of green material during the grazing
periods, as indicated by the low vulpia senescence values (Fig. 2). Over that same period (10 September -
10 October), the proportion of leaf to stem declined from 78% (10% tiller elongation) to 43% (50%
peeping). The likelihood of sheep grazing specific plant material depends on i) the rate at which it can
be eaten, ii) its accessibility and iii) its relative acceptability (7). For vulpia to be preferentially eaten in
a mixed pasture sward, there is probably little that can be done in practice to enhance ingestion rate.
However, accessibility in a vegetative pasture can be modified in the field since a tiller is more likely to
be defoliated if the grazed material is shorter and bulky (2). Spatial arrangement of the forage is clearly
an important consideration (6, 3). Acceptability may also be manipulated in a vegetative pasture since
sheep prefer to eat green rather than dry material, and leaf rather than stem (1), but the situation where
the respective components of the pasture are at different stages of accessibility and acceptability is less
clear. Significantly, it will be more difficult to enforce preferential or at least equal removal of plant
material from the target species in a mixed sward when the target species has a lower ingestion rate and
a lower level of acceptability than the other pasture components.

In these experiments, differential application rates of nitrogen and phosphorus (10), and low rates of
glyphosate herbicide (12) would be expected to modify ingestion rate and to a lesser extent, acceptability.
Accessibility in spring is being enhanced by resting the sward from grazing over the winter period. Under
this grazing regime, there should be less tillering by the vulpia, tillers should be more erect and the tiller
apex should be more elevated. Further, the chances of tiller removal can always be increased by raising
the stocking rate (1). Stocking rates of 50 DSE/ha imposed in these experiments in 1994, a year of below

average rainfall and pasture production, will need to be increased to at least 100 DSE/ha to cope with the
greater pasture productivity expected in more normal years.

Effectiveness of the grazing treatments imposed in reducing seed production is presently being determined.
Treatments may need to be modified in accordance with the results obtained and evaluated in relation to
a drought year. If vulpia seed production can be significantly reduced by grazing, then there is the
possibility that vulpia populations in a pasture can be continuously managed by strategic grazings rather
than the current approach of using herbicides every 3-4 years for short-term control.
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Abstract:

Echinochloa crus-galli complex is rated as the most troublesome weed in direct seeded rice
(DSR) fields in Malaysia. Echinochloa crus-gallicomplex consists of E. crus-gallivar. formosensis
and E. crus-galli var crus-galli. Variety crus-galli produces panicles at 45-55 days after
emergence (DAE); 5-10 days earlier than var. formensis. Both varieties complete their life cycles
within 85-95 DAE compared to 115 to 120 DAE of DSR. They produce an abundance seeds, as
high as 48,000/plant. Studies on seed longevity indicated that of var. formensensis is longer in
the soil than var. crus-galli. This was reflected by drastic reduction in germination percentages
of var. crus-galli in the rice field beginning with 2.94% in the 1st season to 0.02% in the 6th
season. Variety formosensis exhibited a similar trend in germination percentages from 7.33% (1st
season to 0.08% (6 season). Survival test showed that after six seasons, none of the var. crus-
galli seeds were viable while 7% of buried seeds of variety formosensis still survived.

Keywords: direct seeded rice, Echinochloa crus-galli, life-cycle, seed longevity, seed dormancy

INTRODUCTION

There are five species of Echinochloa found in rice granary areas in Peninsular Malaysia; namely
E. crus-galli complex (6x, 2n=54), E. oryzicola (2n=36), E. stagnina (2n=54), E. picta (2n=126)
and E. colona (2n=54). Most of them are annuals except Echinochloa stagnina and E. picta
which are perennial species. Echinochloa crus-galli complex (barnyard grass) is the most
dominant weed in direct seeded rice (1} and all of them are locally known as rumput sambau.

The most significant difference between the two varieties of E. crus-galli complex based on the
morphological characteristics are short awn or awnless with open panicles and shiny spikelets
(E. crus-galli var. formosensis) and long awn with closed or compact panicles (E. crus-galli var.
crus-galli) (1). The morphology of E. oryzicola is relatively similar to the plant type of E. crus-galli
var. formosensis (except structure of spikelet). In addition, the species could be differentiated by
the shape of the lower empty glume and the size of lower emplty glume which is more than 1/3
the size of spikelet (2). On the other hand, lower empty glume of var. formosensis is less than
1/3 of its spikelet size.

Echinochloa crus-galli complex has more intraspecific morphological variations than most other
species (2). The species are erect to decumbent and from 1 to 1.5 meters tall at maturity.
Varieties of E. crus-galli which infest rice fields reproduce mainly by seeds. Both varieties
produce abundant tillers and seeds. '

The objectives of this study were to determine the life cycle of E. crus-galli complex and their
seed longevity buried in the soils.
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a)

b)

MATERIALS AND METHODS
Experiment 1. Study on life cycle

Seeds from both varieties E. crus-galli were sown in pots in four replicates. In this study,
seeds of these weeds were first soaked in distilled water for 12 hours and incubated for
another 18 hours until pregerminated. Five pregerminated seeds were sown in each pot.
Only one plant/pot was allowed to grow until maturity. Growth measurements (i.e. plant
height, number of tillers), days to heading, 1000-seed weight were recorded.

Experiment 2: Study on seed longevity of E. crus-galli complex

The experiment was carried out in MARDI Rice Research Centre, Bertam, Seberang Perai,
from main season 1990 to off season 1992. Soils from an experimental rice field which were
free from Echinochloa crus-galli seeds was collected and placed in stainless steel containers
(50 x 50 x 50cm). The seeds of E. crus-galli var. crus-galli and var. formosensis were
collected from two different rice fields in Muda area in December 1989. Ten thousand seeds
of each variety were mixed thoroughly into the soil to a depth of 10 cm. Three treatments
based on water regimes were tested i.e. 1) terrestrial condition, 2) rice field condition, 3)
wateriogged/flooded condition. After puddling, pregerminated rice seeds (MR 84) were sown
at a spacing of 25 cm x 25 cm in each container. Germinated Echinochloa crus-galli seeds
were counted within 25 cm x 25 cm at the centre of containers every week. Normal fertilizer
applications were used. This experiment was carried out for three years (6 seasons) until the
main season 1992/93. When completed, three litres of soil were taken out from each
container. The weed seeds in the soil were separated by washing with running water.

The seeds were put in petri dishes lined with filter paper. One hundred seeds were used for
germination test. Germination test was conducted for one week under room temperature
(30°C). Water was added to keep the filter paper moist during germination test. Number of
germinated seeds were counted, and ungerminated seeds were used for viability test. The
seeds were cut into half and put in 1% soluble of 2, 3, 5-triphenyltetrazolium chioride (TTC)
under 30°C in the dark for 24 hours. The embryo of viable seed changed colour to red
whereas the embryo of dead seed remained colouress.

RESULTS AND DISCUSSION
Life cyles of E. crus-galli complex

Both varieties of E. crus-galli slightly differ in time to maturity, height, tillering habit and size
of stems, panicles and seeds. The first three leaves were produced three to four days after
sowing. They started producing tillers at 14-16 days after emergence (DAE) (Figure 1). Their
active tillering to maximum tillering stages were from 20 to 40 DAE. Echinochloa crus-galli
var. crus-galliheaded a few days earlier than E. crus-gallivar. formosensis at 44-55 DAE and
55-65 DAE respectively. The former variety has the ability to produce more panicles than the
latter counterpart from the side tillers. Echinochloa crus-galli var. formosensis could produce
seeds up to 37331 seeds/plant and E. crus-gallivar. crus-galli up to 47850 seeds/plant (Table
1). Azmi and ltoh (1) reported E. crus-galli produced less seeds in the fields due to impact
of competition with direct seeded crop. Variety formosensis was found to produce seeds as
high as 12,129 and 10,776 for var. crus-galli. One thousand seed weights of E. crus-galli var.
formosensis were heavier than E. crus-galli var. crus-galli at 2.65 and 1.64 g respectively.
The former variety has 2.99 mm long spikelet and the latter at 2.85 mm. Azmi and Itoh (1)
reported that seed size and weight of E. oryzicola were bigger and heavier than E. crus-galli
complex.
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b)

1)

2)

Seed longevity of E. crus-galli complex

Majority of E. crus-galli seeds of both varieties germinated during the first season (off season
1990) of trial irrespective of the treatments (Table 2). Both varieties of E. crus-galli seeds
showed higher germination percentages in the first season under terrestrial condition at 25%
for var. crus-galli and 12.6% for var. formosensis. The trend in reduction of germinated seeds
for both varieties in the first season to the sixth season whereby var. formosensis seeds
showed higher percentages of germinated seeds than var. crus-galli under all studied
conditions. Therefore, var. formosensis has a better seed longevity than var. crus-galli. It
should be noted that most seeds germinated during the first three weeks of sowing of rice.
Viability test was carried out when the trial was completed indicated that var. formosensis
seeds recorded higher no. of viable seeds in terrestrial condition (18.6%) followed by rice field
condition (7.0%) and flooded condition (3.7%). None of the var. crus-galii seeds found viable
after the study period. The experiment showed that .var. formosensis has longer seed
longevity than var. crus-galli. Therefore, E. crus-galli var. formosensis could be more
threatening than var. crus-galli in direct seeded rice.

In conclusion, E. crus-galli complex seeds in the soil showed different states of dormancy and
germinated at early crop growth stages and thus could be fairly ditficult in weed control and
management. This is probably due to the fact that the species belong to annual weed which
has high seed production ability and longer seed dormancy periods. These factors can
generally result in many seeds that can survive for several planting seasons. This
phenomenon will increase the size of seed bank in the rice fields. Therefore, long term weed
control strategy is required for an effective control on E. crus-galli complex.

Acknowledgements: The authors are grateful to Mr. Sobri Hassan for his technical help and
Puan Mahani Maulud for typing the manuscript.
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Table 1. Comparison in growth stages of two varieties of E. crus-galli complex

Variety

E. crus-galli var.
formosensis

E. crus-galli var.
crus-galli

Days after Growth stage

sowing (DAS)

0 Sowing of
seeds

- Germination

4-7 2-3 leaves

14 - 16 Early tillering

17 - 18 Tillering .

> 20 Active tillering

44 - 65 Heading

66 - 95 Maturation

1000 seed

weight

Seed size

length

‘width

Other

characteristics

Germinate after 5 DAS
Long and narrow leaf

Second tiller at 15-16
DAS

Third tiller

Compact tillering

First panicle at 48 DAS
and 50% heading at 55-
64 DAS

90-95 DAS

2.65¢g

2.99 mm
1.70 mm

Usually erect and seldom
producing panicles from
side tillers

Germinate after 4 DAS
Broad leaf

Second tiller at 14-15
DAS

Third tiller

Open tillering

First panicle at 44 DAS
and 50% heading at 46-
55 DAS

85-90 DAS

164 g

2.85 mm
1.44 mm

Able to produce panicles
from side tillersbeside
from normal tillers

DAS = Days after sowing
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Figure 1. Life cycle of Echinochloa crus-galli var. formensensis {A = seed, B = 3 leaf-stage (4-7
days after sowing, DAS), C = First tiller stage (14 - 16 DAS), D = Active tillering stage (20-25

- DAS), E = Maximum tillering/booting stage (35-40 DAS), F = Heading stage (48-50 DAS); G =

Flowering/maturation stage (50-95 DAS)
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Table 2. Seed germination and viability test of E. crus-galli complex after buried in the
soil for a certain period

E. crus-galli var. crus-galli E. crus-galli var. formensensis

Season Terrestrial ~ Rice field  Flooded Terrestrial Rice field  Flooded

condition condition  condition condition condition  condition

%

Oft 25.00 2.94 6.72 12.55 7.33 7.43
season 1990 (9999) (1174) (2688) (5018) (2933) (2970)
Main 0.60 6.44 477 1.94 3.29 2.79
season 1990/81  ( 240) (2576) (1909) (774) (1317) (1115)
Off 1.76 1.36 0.56 2.12 1.83 1.71
season 1991 (704) (543) ( 224) (847) (730) (683)
Main 005 0.6 0.05 0.55 0.78 0.52
season 1991/92 ( 21) ( 25) (21) (219) (310 { 209)
Oft 0.02 0.05 0.01 0.27 0.31 0.02
season 1992 (8 ( 20) (4 (109) (123) (N
Main 0.01 0.02 0.003 0.16 0.08 0.003
season 199293 ( 5) (7 (N ( 62) ( 32) ()]
Total 27.44 10.86 12.12 17.58 13.58 12.48

(10976) {4345) (4847) (7033) (5432) (4990)
Germination* 0 0 0 15.6 3.7 3.3
Viable seed™* 0 0 0 3.0 33 0.7
Viable seed 27.44 10.86 12.12 36.18 20.58 16.48
Death seed 72.56 89.14 87.88 63.82 79.42 83.52

* Germination test after 6 seasons
** Tetrazolium test after 6 seasons

Figure in parenthesis shows no. of seeds germinated/m?
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- SEED GERMINATION, SEEDLING ESTABLISHMENT AND GROWTH PATTERNS OF
WRINKLEGRASS (ISCHAEMUM RUGOSUM SALISB.), A NOXIOUS WEED OF
RICE FIELDS IN MALAYSIA

L.A.N. Nabi and B.B. Baki
Botany Dept., University of Malaya, 59100 Kuala Lumpur, Malaysia

Abstract. Studies were conducted in 1993 - 1994 in an insect-proof house and laboratory to evaluate
seed germination, seedling establishment and growth patterns of wrinklegrass (Ischaemum rugosum
Salisb.) under different regimes of light, temperature, moisture, depths of inundation and
experimental media. Seeds of . rugosum exhibited induced and enforced dormancy. Seed germination
was light-dependent (positively photoblastic) while the rate of germination was temperature-
dependent. In the light, the seeds exhibited quasi-simultaneous germination pattern with most seeds
germinated within six day after sowing. The optimum temperature for germination ranges between 25
and 35°C. Nitric acid at a concentration of 0.01N inflicted damage and cause death to the emerged
seedlings. Ischaemum rugosum seeds failed to germinate when they were sown in soil at 0.5 cm depth
and inundated at 2 - 14 cm. Seeds sown in moist soils without inundation had a germination
percentage of about 15%. Seeds floated freely on water surface had a germination percentage of about
98%. Seedling establishment and survival were inversely proportional to the depths of inundation.
Being a C, plant. I. rugosum is well adapted to hot, arid and high light intensity. Under favourable
environmental conditions, /. rugosum has a highly branched habit and growth form. The genet can
reach 2m in height. Each genet produced ca 22 culms bearing 106 rachis. Floral initiation began ca
12 weeks after sowing. It has a highly prolonged reproductive phase producing > 6000 ripened
seeds/genet within 12 weeks after the emergence of the first spike.

Keywords: Ischaemum rugosum, "ISCRU, germination, seedling growth, growth patterns, germination
media, photoblastic.

INTRODUCTION

Wrinklegrass (Jschaemum rugosum Salisb.) is a member of Poaceae. It is a noxious and vigorous
perennial weed. Ranked as the 44th world’s worst weeds by Holm et al. (1977), wrinklegrass is
reported as a serious weed in 26 countries. The species is a true indigene of the Asian, American and
African tropics. Wrinklegrass inflicted an estimated annual loss of 46 million tons of rice worldwide
(Moody, 1991). Wrinklegrass is well adapted to a variety of habitats, viz. wet, inundated and non-
irrigated rice fields up to 2400 m in aititude (Baki, 1992). In Malaysia, wrinklegrass is considered a
serious weed in major rice fields in the states of Selangor, Perak. Penang and Kedah.

In spite of the rapid spread of wrinklegras in rice and sugarcane fields, there is a paucity of
information pertaining to the ecology and control of the weed (Sudhakara, 1986; Chandrasena, 1988,
1989; Azmi, 1989; Colon, 1989; Lubigan, 1989; Bhatia, 1989; Singh, 1990; Taria, 1991).

An understanding of seed germination, seedling establishment and growth patterns are
necessary prequisites in arresting the growth potential and further infestations of new sites by the
weed aligned to efforts in developing the appropriate control measures. It is with the objective of
evaluating the effects of some environmental factors, viz. different regimes of light, temperature and
moisture, depths of inundation and experimental media on the germination and growth patterns of
L. rugosum that this paper attempts to address.

MATERIALS AND METHODS

General. Seeds of wrinklegrass (Ischaemum rugosum Salisb.) were collected from rice fields in
Penang, Malaysia in 1993. The seeds were then dried in the oven at 35°C for one week and stored in a
refrigerator at 5°C until they were used for experimentation. Four experiments were conducted on the
germination characteristics, seedling survivorship and general growth patterns of wrinklegrass.

* Composite list of weeds (1989), WSSA, Champaign, Illinois. USA.
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Seed germination. Germination experiments were conducted in the laboratories of the: Botany
Department, University of Malaya, Kuala Lumpur in 1993 - 1994. In evaluating germination, the
standard procedures for seed testing recommended by the International Seed Testing Association
(1966, 1985) and the methods used for overcoming the dormancy of IR64 rice by Nugrahu ef al.
(1991) were adopted. Ten treatment regimes inclusive of the control were used, viz; T, (untreated
seeds/H;0), T, (untreated seeds soaked in H,O for 24 hrs/H;0), T5 (untreated seeds soaked in H,O for
24 hrs/0.2N KNO,). Treatments T4 and Ts were similar to T; but 0.5% concentration of H,0, and
0.001N HNO; media were used, respectively while seeds were ovendried and then soaked in water.
Enough oven-dried seeds were soaked in H,O for 24 hrs and placed in petri-dishes with moistened
filter papers. Distilled water, 0.02N KNO,, 0.5% concentration of H,O; and 0.00IN HNO, and were
used as experimental media for T, Ts, Ts and T, respectively. The pH of the chemical media used,
i.e. H;O, KNO;, H,0, and HNO; were 7.0, 2.5, 2.8 and 2.5, respectively. All the treatments were
subjected to six temperature regimes, viz, 15, 20, 25, 30, 35 and 40°C. Each treatment has four
replications. Ten seeds were placed in a 9-cm diameter plastic petri dish previously lined with
Whatman filter papers. The filter papers were moistened with 6 ml of water or chemical solutions
where appropriate. For each treatment and each temperature regime, one set of petri dishes was
maintained in a growth chamber and was exposed to fluorescent light with an intensity of 630 E m™s'.
Another set of petri-dishes was wrapped in a double layer of aluminium foil and was maintained in
the same growth chamber to evaluate germination under dark conditions. Germination was recorded
every three days and the percent germination was determined twelve days after seeds were sown.
Seeds were considered to have germinated normally when the radical has emerged for 0.5 mm or
more. :

The following experiments were conducted in an insect-proof glasshouse. The daily mean
temperature of the glasshouse was ca 27°C while RH was ca 85% and the mean daily sunshine was
6.5 hours. Necessary precautions were taken against pests and diseases.

Seed germination in soil inundated at different levels. Twenty-five seeds were sown at a depth of
0.5 cm in each of 24 pots (30 cm in diameter x 30 cm in height). The pots were previously half-filled
with Java series soils. The pots were assorted randomly into 8 sets, each set represented one treatment
with three replications. Each set was randomly assigned to one of the 8 levels of inundation used in
the experiment (0 (control), 2, 4, 6, 8, 10, 12 and 14 cm). The water level in each pot was maintained
at constant depth with augmentation of water where appropriate. The number of emerged seedlings
was recorded every two days for a period of 30 days.

Germination and seedling survivorship of seeds floated freely in water. Each of 21 graduate
cylinder (60 cm height x 6 cm diameter) were filled with Java soils to 15 cm depth. They were then
assorted into 7 sets each representing one treatment with 3 replications. Each treatment was randomly
assigned to one of the seven water depths (2, 4, 6, 8, 10, 12 and 14 cm). Water was added to each
treatment in graduate cylinders to the required level. Twenty-five seeds were dropped on the water
surface in each graduate cylinder. Water was added to maintain required water level. The number of
germinated seeds was counted every two days for 12 days. The experiment was terminated after one
month and the survived plants of each treatment were counted. The lengths of the shoots were
measured.

Life cycle. Ten seeds were sown in each of 20 plastic pots (25 c¢m diameter x 20 cm height)
previously filled with moist silt loam padi soils of the Java series. The physio-chemical properties of
the soils were: pH (4.4); 0.M (1.98%); organic carbon (1.15); total N (0.12%); C/N (9%); Na (0.08
meq/100 g) and the available P (128 ppm) (Aris, J., pers. comms.). One week after sowing, the
seedlings were thinned leaving one seedling/pot. Two weeks after the seeds were sown, 10 uniform
plants were selected for the study. The pots were arranged in a completely randomized design and the
positions of the pots were changed every week to minimise edge effects. The plants were watered once
daily from above by using a fine spray. The plants were supplemented monthly with urea, muriate of
potash and triphosphates at a rate of 100 : 30 : 20 respectively. The growth parameters and their
recording schedules were: plant height, number of plant nodes and internodes at maturity, number of
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culms/plant/week, number of rachis/plant/week, spike length/plant, number of spikes/plants collected
simultaneously upon ripening and the time of spike emergence when appropriate.

The experiment commenced on 29 March 1993 and was terminated on 29 September 1994
upon the completion of the life cycle. The plants were harvested and dismembered into shoots and
roots and dried in the oven at 60°C for three days. Seeds were collected simultaneously as they
ripened and were dried in the oven at 40°C for one week.

Analysis of variance, regressions analysis, and comparisons of treatment means by using
Tukey’s test at 1% and 5% levels of significance were made whenever applicable to the data. The
polynomial equation, y = e, + e;x + e, x¥* was used for fitting the germination data (where y
represents the treatments T, - Ty, x represents temperature and ey, e; and e; are the coefficients).

RESULTS AND DISCUSSIONS

Germination tests. Wrinklegrass seeds of all treatments under all temperature regimes failed to
germinate when incubated under continuous darkness. The exception was for treatment Ts where 10%
of the seeds germinated at 30°C while T, registering the same rate of germination at 35°C.

In light, however, the seeds exhibited quasi-simultaneous germination pattern. The seeds of
all treatments (Figure 1) failed to germinate at 15°C. At the other temperature extreme of 40°C, 65%
and 85% seed germinated for T; and Tg treatments, respectively. Seeds of Ts and Ty, failed to
germinate at 40°C. At the other temperature regimes of 20, 25, 30 and 35°C, treatments Ts and T,
had high seed germination percentages recorded. Nitric acid at a concentration of 0.00N inflicted
damage and caused death to the emerged seediings. Treatments T, and Ts showed the low
germination percentages at all temperature regimes except at 25°C where 95% and 98% germination
were recorded respectively.

The optimum temperatures for germination were different between treatments. The optimum
temperatue for germination for T, and Ts was 20°C; in others these were between 25°C and 35°C.

When the means of treatments T} and Ts, T, and T, T3 and Tg, Ts and To and Ts and T
were tested, the null hypothesns of drying of seeds in the oven has no effect on germination was
accepted. Soaking of seeds for 24 hours, however, was found to have a significant effect on
germination as the means of treatments T, and T, were compared.

The dependence of wrinklegrass seeds on the light, as a prerequisite for germination, classify
this species as positively photoblastic (Berrie, 1987) exhibiting induced dormancy (sensu Harper,
1977). The failure of wrinklegrass seeds to germinate at low temperatures is an important attribute
which may help to explain its restricted spread within the tropical regions of Asia, Africa and
America. The ability of the seeds to germinate in media with low pH explains the ability of this
species to survive in acidic soils. Using chemicals as germination media appeared not only to enhance
germination, but also widened the optimum temperature range.

Treatments T, T; and Tg appeared to be the most favoumble ones in enhancing seed
germination provided that light is not a limiting factor.

Seed germination in soils inundated at different levels. Seeds of wrinklegrass failed to germinate in
all the treatments except for those sown in moist soil or in soils inundated with 2 cm of water, where
germination percentages were ca 15% and 1% respectively. Seed burial, arguably, inhibit seed
germination due to inaccessibility of light. Buried weed seeds at any depth induces enforced dormancy
(Hill, 1977). Seeds buried in soil inundated with water at any depth became totally dormant. Seeds
buried at a depth of 0.5 ¢cm in moist soil experienced enforced dormancy with ca 85% failing to
germinate, while those soils covered with 2 cm of water or more had all their seeds remaining
dormant.

Seed germination and seedling survivorship floated freely in water The results indicated that the
average germination percentage of wrinklegrass seeds floated freely on water surface was 98%.
Seedling survivorship was found to be inversely proportional to water depth in the graduate cylinders
(Fig. 2). Mean seedling survivorship at the respective depths of 2 to 14 cm were 100, 100, 80, 60, 40,
33 and 8%. On the contrary, seedling mortality was positively proportional to the depths of
inundation. The seedling height of the survivors was also inversely proportional to the water depth
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Fig. 1 : Fitted and observed effects of different temperature regimes and experimental
media (T, T ..... T19) on germination percentage of wrinklegrass vis-a-vis
the control (T¢) (refer to the text for detailed notations of the treatments).

(Fig. 3). At the water depth of 2 cm, the seedlings registered ca 60 cm in height vis a vis their
counterparts at 14 cm water depth and this was only ca 16 cm in height.
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Wrinklegrass is a C4 plant which is well adapted to hot, arid, and high light intensity
climates. Under favourable conditions it has a highly branched growing habit and growth form.
Wrinklegrass also produces a large number of seeds ripened over a period of 10 weeks. Except for
light, seeds of wrinklegrass have no special requirements for germination. These characteristics make
wrinklegrass an ideal weed (cf Baker, 1965). Seed could be dessiminated by water from one rice field
to another. While floating on water surface, it can establish itself and exert a severe biological
constraints to rice production in all flooded rice fields in Malaysia and elsewhere in the tropics.

Life cycle A schematic diagram of the life cycle of wrinklegrass is represented in Figure 4. The major -
growth characteristics of wrinklegrass recorded are listed in Table 1. The results, however, showed
significant intra-specific differences between the growth parameters of the ten genets used in the
study. The average height of wrinklegrass was ca 161 cm and showed strong linear correlation

Figure 4 : Schematic representation of the life cycle of lschaemum.rugosum
Salisb. a, b, dorsal and ventral views of the seed respectively;
C4, C,, 2 week-old seedlings; d, mature 12- weeks old plant.



Table 1:

Selected growth characteristics of Ischaemum rugosum Salisb.

No. Parameter

Value

Plant height

Number of nodes/plant

Length of internodes

Number of culms/plant

Number of rachis/plant

Spike length

Approximate time of spike emergence
Approximate time of spike ripening
Number of seeds/spike

10 Spikes dry weight/plant

11 Seed net weight/plant

12 Shoot dry weight/plant

13 Root dry weight/plant

14 Total dry weight/plant

15 Weight of 1000 seeds

16 ~ Number of seeds/plant

17 Reproductive effort (Re)

18  Vegetative effort (Ve)

[ IR B R R e A

\O

161 cm (range 141-182 cm)
8

6, 13, 16, 19, 19, 22
22

106

13 cm (range 3-16 cm)
12 weeks

14 weeks

57 (range 12-70 cm)
245g

241g

480¢g

50g

75¢g

40¢g

6116

0.32

0.68

of height increase with time (Figure 5). The increase in plant height of each genet ceased after
emergence of the first spike. The genets were highly branched with ca 22 culms/genet. The main
branch of each culm comprised of ca 8 nodes. The average length of the internode was ca 15 cm. The
average shoot dry weight was 48 g/genet. The number of rachis/genet was 106 each bearing one or
more spikes. The mean time for floral initiation was 12 weeks. Spikes ripened two weeks after

200
y = 13.484x - 12.56
n=13 .
r=0.9881
150 P<0.001
T
L
£ 100
Rol :
g .
Accumulative
= | Weekly increment
50 |-
F 0 1 g § 1 T e
0

2 3 4 5 6 7 8 3 10 11 - 12 13 14
Time (weeks)

FIGURE 5 : Average height of ten Ischaemum rugosum Salisb. plants from
seedling stage to maturity
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emergence. Spike length was 13 cm and each spike had ca 57 seeds. The net seed weight/genet was
24 g, while the mean number of seeds/genet was > 6000. Seed production continued for 10 weeks
after the ripening of the first spike. The vegetative and reproductive efforts of each genet were 0.68
and 0.32, respectively. .

The results indicated that wrinklegrass has a relatively rapid growth habit and allocated
approximately one third of its net primary productivity for seed production. It also has a highly
prolonged reproductive phase extended up to 10 weeks after the emergence of the first spike. This
arguably accounted for about one half of the plant longevity.
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Effect of Seeding Depth and Soil Moisture Regime on Emergence
of Ischaemum rugosum and Echinochloa glabrescens

A.N. Rao and K. Moody*
International Rice Research Institute
P.O. Box 933, Manila, Philippines

Abstract. Ischaemum rugosum Salisb. and Echinochloa glabrescens Munro ex Hook. f. are major weeds
of wet-seeded rice in the Philippines. The objectives of this study were to understand the adaptations of I.
rugosum and E. glabrescens to the irrigated rice ecosystem and to quantify the effect of seeding depth and
soil moisture regime on their emergence and establishment. The greatest number of I. rugosum and E.
glabrescens seedlings emerged and established on saturated soil and when the soil was kept saturated for 7
days after seeding followed by flooding to a depth of 2.5 cm. I rugosum and E. glabrescens germinated
even when seeding was done on the water surface. Under these conditions, establishment was greater at a
water depth of 2.5 cm and when flooding was alternated with saturated soil condition. The germination of
both weed species was reduced with increase in seeding depth and continuous flooding. Probably, due to
seed buoyancy, the ability to germinate on the water surface and establish from shallower water depths or
during intermittent periods of irrigation and saturation, I. rugosum has become a dominant weed in
irrigated wet-seeded rice in addition to the rainfed rice ecosystem.

Key words: Ischaemum rugosum, Echinochloa glabrescens, seeding depth, soil moisture, water depth,
seedling establishment, weed seedling emergence

Introduction
Knowledge on germination behavior of seeds, propagules and other aspects of weed biology help
to gain insight into the mechanisms of specialization and distribution of the species. Such studies will offer
an opportunity to locate vulnerable points in the life histories of weeds when they can be successfully
attacked for their control (Misra, 1969). 1. rugosum and E. glabrescens are the major weed problems in
direct-seeded rice ecosystems in the Philippines, Malaysia and Vietnam (Rao and Moody, 1994).

Flooding is an important factor in delaying seedling emergence and minimizing weed populations
in rice fields (Moody and De Datta, 1982). Smith and Fox (1973) reported that few or no seedlings of
Echinochloa crus-galli (L.) P. Beauv. emerged when the soil was flooded. Seeding depth and flooding
reduced germination, survival and growth of E. glabrescens (Diop and Moody, 1984).

The objectives of this study were to understand the adaptations of I. rugosum and E. glabrescens
to the irrigated rice ecosystem and to quantify the effect of seeding depth and soil moisture regimes on their
emergence and establishment.

Materials and Methods

Separate experiments were conducted for each species. Small pots containing 1.7 kg lowland soil,
which had 41% clay, 38% silt, 21% sand, pH of 6.9, 0.128% N, 38 mg/kg available P, 1.17 meq/100 g
exchangeable K, 17.8 meq/100 g exchangeable Ca and 12.0 meq/100 g exchangeable Mg, were used. A
split plot design with seeding methods assigned to the main plots and water regimes to the subplots was
used and there were three replications. Seeding methods were: a) on the soil surface or on the water surface
if water was present, b) on the soil surface, c) at 2 cm soil depth and d) 4 cm deep. Fifty weed seeds were
sown in each pot. The water regimes were: a) saturated soil, b) continuously flooded with 2.5 cm water c)
continuously flooded with 5 cm water, d) saturated soil for 7 days followed by flooding with 2.5 cm water,
e) continuously flooded with 10 cm water,  {) alternating regime of 2.5 cm water - saturated soil - 2.5 ¢cm
water, and g) alternating regime of 5 cm water - saturated soil - 5 cm water.
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The number of seedlings that emerged and became established were recorded at 10 and 20 days
after seeding (DAS), respectively. Seedling height and shoot dry weight (g/pot) were determined at 20
DAS. Data were analyzed using the methods described by Gomez and Gomez (1984).

Results and Discussion

Maximum emergence, seedling establishment, seedling height and dry weight of I. rugosum and E.
glabrescens were observed when seeded on the saturated soil surface (Figs. 1 and 2). Saturated soil
conditions for 7 DAS and later flooding with 2.5 cm water was equally conducive for the establishment and
growth of both species except when I. rugosum was seeded 4 cm deep and E. glabrescens was seeded on the
soil surface. Drost er al. (1982) observed greatest emergence of E. glabrescens when the soil moisture
content was between 70 and 100%. During a survey made in Central Luzon and Iloilo, Philippines (Rao
and Moody, unpublished), many farmers reported that they drain the fields during the first 3 to 10 DAS for
better rice establishment. This creates an environment conducive for the emergence and establishment of
both 1. rugosum and E. glabrescens. '

Emergence and establishment of seedlings of E. glabrescens and I. rugosum were observed even
when seeds were placed on the water surface. Establishment was greater when the water depth was 2.5 cm
and when flooding was alternated with saturated soil conditions. Seeds germinated (Figs. 1A, C) and
seedling growth occurred when seeds were sown on the surface of 10-cm deep water (Fig. 2) but the
seedlings did not become established (Figs. 1B, D) because they failed to anchor in the soil.

I. rugosum is a major weed of rainfed (Estorninos et al., 1982) and irrigated rice (Rao and
Moody, unpublished) in Central Luzon. Due to the buoyant nature of the seed and ability to germinate on
the water surface and establish from shallow water depths or during intermittent periods of flooding, 1.
rugosum has become a dominant weed in irrigated wet-seeded rice in this area.

More E. glabrescens seedlings emerged and established when seeded 2 and 4 cm deep and flooded
than I. rugosum seedlings. Echinochloa oryzicola (Vasing.) Vasing germinates under anoxic conditions
which contributes to its ability to grow and compete in flooded rice fields (VanderZee and Kennedy, 1981).
It appears that E. glabrescens also possesses the same feature. )

Emergence, establishment, seedling height and weight of both species (Figs. 1 and 2) was reduced
with increase in seeding depth and continuous flooding. Singh er al. (1991) observed that I. rugosum seeds
emerged from up to 5 cm soil depth but continuous submergence checked its germination. Diop and
Moody (1984) reported that deeper seeding and flooding reduced seedling emergence of E. glabrescens.
The results of this study emphasize the importance of early flooding for the suppression of E. glabrescens
and I rugosum in wet-seeded rice.
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The Response of Wild Oats to Climate Change: Future Application to a Generic Model for Annual Weeds

Chris C. O'Donnell & S.W.Adkins*
Department of Agriculture, The University of Queensland, Brisbane, Australia

Abstract. A changing climate could have negative consequences for Australia's agricultural sector if there is an
increase in the abundance and geographical distribution of annual weeds. The Co-operative Research Centre for
Tropical Pest Management is presently developing a generic pest model that will enable Australia's agricultural
and environmental managers to respond to changes in the incidence and abundance of pests as a consequence
of the enhanced greenhouse effect. Weeds and plant pathogens are included in this definition of pests. This study
is the first of a series of experiments designed to examine the sensitivity of Avena fatua L. to the interactive
effects of temperature and CO, fertilisation and provide validation data for the annual weeds component of the
model. Wild oat has been chosen for the case-study because of its economic importance in winter cereal growing
regions and the extensive literature published on its biology. Seeds from six near-isogenic lines of wild oat were
germinated and grown in controlled environment chambers under either ambient CO, (357 ppmv) or elevated
CO, (480 ppmv). Three soil moisture treatments were also imposed. Preliminary results indicate that
developmental times, as measured by time to anthesis and maturity, were reduced and that seed numbers, plant
dry weights, and heights were increased for the plants grown under elevated CO,. There was no significant
difference in dormancy between either CO, treatment. These results indicate that the CO, fertilisation will have
an important effect on the life-cycle processes and population dynamics of wild oat. By applying the data to the
generic pest model it will be possible to define the impacts of annual weeds under climate change.

Key words: annual weeds, climate change, wild oat, generic model, carbon dioxide

Introduction

The "Enhanced Greenhouse Effect" (EGE) refers to the radiative forcing of the Earth's climate through the
anthropogenic loading of the atmosphere with radiatively active gases. Chemical analyses of Antarctic ice-cores
have revealed that the pre-industrial atmospheric concentration of carbon dioxide (CO, ) was 280 parts-per-
million by volume; 77 ppmv less than current levels (Neftel ef al., 1985, Pearman et al., 1986). Direct
monitoring of atmospheric CO, concentrations at Mauna Loa, Hawaii, since 1958 has indicated that the annual
rate of increase has risen from 0.6 ppmv in 1958 to 1.8 ppmv at present (Keeling ef al., 1989). Combustion of
fossil fuels and deforestation are the prime causes of these increases. Climate modelling studies indicate that an
equilibrium doubling of CO, is likely to cause global mean surface temperatures to increase by 1.5° to 4.5°C
(Houghton ez al., 1990). These studies also indicate that there will be changes in precipitation patterns as well
as changes in the frequency and intensity of extreme rainfall events (Houghton et al., 1990). A changing climate
will have important consequences for Australia'a agricultural sector which already experiences high year-to-year
fluctuations in yields as a consequence of variable weather conditions. It is probable that there will be changes
in the incidence and abundance of pests, diseases and weeds as a consequence of changing climatic means.
Because weeds have a broad genotype it is possible that in a changed climate they will achieve greater
competitive fitness than the crops with which they compete. The balance between existing competitive
interactions may also be affected by differential physiological responses to the CO, "fertilisation effect” which
has been reported to enhance plant growth by as much as 30 to 40% for C, species at doubled current CQ

concentrations (Kimball 1983; Cure & Acock 1986; Idso ef al., 1987; Gifford 1988). The mechanism for this
growth enhancement appears to be stimulation of photosynthesis. Present CO, levels are sub-optimal for C,
photosynthesis because the key photosynthetic enzyme, ribulose bisphosphate carboxylase/oxygenase (RuBP),
has an affinity for oxygen as well as carbon dioxide. This results in losses to photorespiration at current ambient
CO,:0, levels. As the CO, concentration of the atmosphere increases, C, plants achieve higher rates of carbon
fixation because more carbon is available to enter the photo-reductive carbon cycle. Plants that use the C,
photosynthetic pathway have a CQO, concentrating mechanism located in the mesophyll cells. The CO, is then
pumped to the bundle sheath cells maintaining a high CO,:0, ratio and favouring the carboxylation of RuBP
thereby preventing photorespiration. Increasing the atmospheric CO, concentration does not confer as large an
advantage on C, species because the internal CQ, concentration is already near saturation (Wong, 1979).

The Co-Operative Research Centre for Tropical Pest Management, Brisbane, Australia, has undertaken a generic
approach that will strengthen Australia’s capacity to define and respond to the impacts of pests, diseases and -
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weeds under EGE conditions. The model GENSECT, which is presently under development, is a generic
population simulation model that will allow users to construct simulation models of a species phenology and
abundance based on its life-cycle stages and the processes that affect each of these.

For the annual weeds component of the model, wild oat has been chosen for the initial sensitivity study because
of its key pest status in Australia's winter cereal growing regions and the vast literature published on its biology
and ecology. The aims of this study were to examine the response of wild oat to CO, fertilisation at an initial
temperature thus providing a base data set to which future experiments could investigate the interactive effects
of higher temperatures and CO, fertilisation..

Materials and Methods

Caryopses from six Australian near-isogenic lines of wild oat spanning 12°of latitude (Table 1) were placed in
petri dishes on two No.1 Whatman filter papers. Each caryopsis was pierced and 5 mL of 10 uM gibberelic acid
(GA,) was added to promote germination (Adkins ef al., 1986). When germinated, seedlings were transplanted
into 20 cm diameter plastic pots containing University of California potting mix and then placed in two identical
controlled environment growth chambers (Conviron model PGW36, FSE Scientific Ltd, Brisbane, Australia;
internal dimensions 240x150x200 cm). Each chamber held 36 pots. Light intensity was adjusted to 506 umol
m* s~ at mean canopy height and temperature was set at 2021 °C day / 16+1 °C night with a 12 hour square-wave
photoperiod and relative humidity was 70-90%. One cabinet was enriched with FOG grade CO, (Air Liquide,
Brisbane, Australia) to 480 ppmv. Supply of CO, was monitored and controlled using an ADC 2000 CO
monitor (ANRI Instruments and Controls P/L, Victoria, Australia) in conjunction with a solenoid valve. When
the CQ, concentration fell below the set level the monitor opened the solenoid valve allowing CO, to effuse into
the chamber until the concentration rose again to the set level at which point the solenoid valve closed. On day
14 seedlines were thinned to three plants per pot. After day 20 the soil moisture deficit treatments were applied.
Using de-ionised water the potting mix in each pot was watered daily by weight to either field capacity, -0.1IMPa

, or -1.0 MPa. This provided two replicate pots per soil moisture treatment per line (2x3x6). Every 10 days
Aquasol (Hortico Industries Australia P/L) soluble liquid fertiliser at the rate of 0.8 gL' was applied as part of
the normal watering regime.

Water-use was measured on youngest fully-expanded leaves with a LI-1600 steady state porometer (Li-Cor,
Lincoln, Nebraska) and as each pot was weighed daily, volume of water added was also recorded. Time to
anthesis and maturity was recorded. Primary and secondary seeds were harvested from each plant as they
matured, air dried for ca. 3 days in the laboratory at 2242 °C and then placed in a deep freezer until required for
experimentation (ca. 60 days). At maturity plant height was measured from the soil surface to the top of the
tallest panicle. Plants were then separated into root, shoot and leaf fractions and placed in a drying oven at 80°C
for 72 hours to obtain dry weights. Germination trials were conducted on a sample of 30 primary caryopses from
each treatment. Caryopses were placed in 9cm-diameter petri dishes on two No,1 Whatman filter papers to
which 5ml of de-ionised water was added. The petri dishes were then placed in air-tight plastic containers and
incubated in dark incubators set at 20+1°C. Germination, defined as protrusion of the coleorhiza through testa
and pericarp, was recorded every 48 hours. Filter papers were replaced at regular intervals to reduce fungal
contamination.

Line Abbreviation Latitude
Springsure Sp 24°08'S
Toowoomba Tb 27°32'S
Narrabri Nb 30°19'S
Wellington Wt 32°35'S
Wickepin Wn 32°47'S
Rutherglen Rg 36°05'S

Table 1. Australian near-isogenic lines of wild oat used in this study.
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Results & Discussion
Phenology.
The vegetative, reproductive and maturation phases were initiated earlier in the elevated CO, plants than those
grown under ambient CO, with elevated CO, plants attaining physiological maturity approximately 7 days earlier
than the control plants (Fig. 1a). Water stress did not significantly reduce the time to maturity in any line for
either CO, treatment. Under a changed climate maturation times could be expected to be faster than those
indicated here because of the effects of increases in mean temperatures. Maturation times for wild oat are
shortened as temperature increases (Adkins et al., 1987). Results from crop simulation models for wheat, also
amember of the grass family that shares the same photosynthetic pathway as wild oat, indicate that whilst CO,
fertilisation alone increases above-ground biomass, the interactive effects of increases in temperaure of as little
as 3°C can reduce yield by 24% (Gifford 1988) or up fo 60% (Wang ez al., 1992) through faster maturation
times.
In modelling expected distribution and abundance of wild oat under climate change, the maturation rates of crops
with which wild oat competes, has to be considered. If maturation times for wild oat were significantly slower
than those of the crop then the abundance of wild oat could be expected to decline because seed would be
removed with the harvested crop and not deposited 1o the soil-seed bank.

Seed Characters.

Seed production averaged across all lines and soil moisture treatments was increased by 27% for the elevated
CO, plants compared to ambient CO, plants (Fig. 1b). Although -0.1 MPa and -1.0 MPa water stress reduced
seed production across both CO, treatments, elevated CO, plants suffered a relatively smaller reduction (32%
& 28%) compared to normal CO, plants that had a 50% & 58% reduction (Fig. 1¢). Caryopsis dry weights were
reduced in four out of the six elevated CO, lines (Fig. 1d) probably due to faster maturation times and subsequent
shorter grain filling times. Total seed biomass was 22% higher for the elevated CO, treatment as a result of
greater seed numbers per plant but seed weight as a ratio of total plant weight was higher for the ambient CO,
plants (0.38) than for the elevated CO, plants (0.33). Initial germination trials have not shown any significant
differences in the level of dormancy between CO, treatments. As the seed is the basic unit of the population,
greater seed numbers, assuming similar crop maturation rates, would indicate potential for increases in wild oat
populations.

Morphology.
There was no significant difference between CO, or soil moisture treatments in the number of fertile or

vegetative tillers produced (data not shown). Plant dry-weights were 45% higher for the elevated CO, plants (Fig
1¢) with water stress reducing the dry weights in both CO, treatments by the same relative amounts. The increase
in dry weights of the elevated CO, plants could be attributed to higher rates of photosynthesis and not just more
phoyosynthesising surface as a result of greater leaf area development. Although destructive harvests were not
made over the course of the experiment, leaf dry weights at maturity and leaf weight ratios can be used as an
indication of the leaf arca development of the plants and also as a comparison between the amount of
photosynthesising and respiring material present in the plant. A necessary assumption here is that leaf
senescence was similar across both treatments. Althoug elevated CO, plants had 39% more leaf dry weight than
ambient CO, plants, the leaf-weight-ratio of elevated CO, plants was 0.26 compared to 0.31 for ambient CO,
plants, suggesting that a factor other than greater leaf area or photosynthesising surface was responsible for the
increase in dry weights of the elevated CO, plants. It has been reported that stimulation of photosynthesis or
higher net assimilation rates occur for plants grown under high CO, (Gifford 1988, Conroy & Hocking 1993).
It is suggested that this factor is operating here.

One of the most striking differences between CO, treatments was in the amount of dry matter allocated to root
production. Root weight ratio for elevated CO, plants was 0.22 compared to 0.11 for ambient CO, plants. This
is best understood by considering water use (below). Elevated CO, plants also attained greater heights (Fig. 1f).

Water Use.

Although elevated CO, plants had lower transpiration rates per unit leaf area as a consequence of reduced
stomatal conductances, daily water use was higher across all three water treatments (Figs 2 a,b,c). This effect
is a consequence of greater leaf area development and has been documented previously (Gifford 1988) and
supported by Leuning et al., (1993) using a mechanistic simulation model. From approximately 70 days-after-
sowing (DAS) the water-use trend was reversed with high CO, plants reducing their water demand as they
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approached maturity. As CO, fertilisation causes wild oat will to have a higher water requirement, a condition
that will be magnified under warmer temperatures and subsequent higher evaporative demand, water availability
could become a major limiting factor controlling the distribution and abundance of wild oat in a changed climate.
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Ecological Distribution and Habitat Segregation in Two Closely Related
Ruderal Plantains, Plantago asiatica L. and P. major L.

K. Matsuo
National Institute of Agro-Environmental Sciences, Tsukuba, Ibaraki 305, Japan

Abstract. Plantago asiatica and P. major are very similar in microhabitat preference(both inhabiting
parking sites, gardens, lawns and roadsides), but they exhibit rather conspicuous habitat segregation.
With exception of small overlapping zones in urban areas, P. asiatica is predominant in rural areas, while
P. major monopolizes urban areas. A preliminary study on the environmental factors indicated that P.
major tends to become predominant in sparse and short plant communities that develop on bare ground,
while P. asiatica is a member of more closed communities.

Key Words: Habitat preference, Coexistence, Introduced species, Plantago

Introduction

In and around urban areas, size and composition of vegetation are influenced by the kind and intensity
of artificial management practices. Groups of species occur in disturbed habitats in cities such as
roadsides, parking lots, gardens and open spots. We called these species "ruderal species”". The habitats
of ruderal species are frequently disturbed by trampling, mowing and so on, thus native species are
frequently replaced by introduced species with similar life history traits. In Sapporo and its vicinity, the
population of P. major (introduced species) are expanding as rapidly as and, in some sites, even faster
than native plantain, P. asiatica (Ito, 1984).

In this preliminary study, I report on the ecological distribution and habitat segregation of Plantago
asiatica L. and P. major L. in relation to environmental factors and their habitat preferences.

Materials and Methods

Plantago major (greater plantain; broad-leaved plantain), a weed of European origin, has been spread
all over the world and now is well known as a cosmopolitan species, even in Asia which is dominated by
another native ruderal species, P. asiatica (asiatic plantain). P. major is expanding its distribution
especially in dairy regions and urban areas(Sager & Harper, 1975). In Japan, too, the occurrence of this
species has been confirmed in Sapporo, Hokkaido (Fujiwara, 1957), Yokohama and Fujisawa, Kanagawa
Prefecture (Asai after Osada, 1976) and Tokyo (Osada, 1976). Nevertheless, this species has been
considered minor compared with the native ruderal plantain species , P. asiatica, which is expanding its
distribution range even into subalpine zones ca. 2500m in altitude after extensive human disturbance (e.g.
road construction) in central Honshu (Kawano & Matsuo, 1983).

Table 1. Key to closely related plantain species, P. asiatica and P. major.
P. asiatica P. major
Number of seeds per capsule 4-6 8-12
Shape of seed elliptic in shape irregular in shape (round,
elliptic or triangular)
Size of seed 1.8 - 2.0mm in long 1.0 - 1.9mm in long
Features of seed coat irregularly net-like ornamen-  elevated striate ornamentation

tation, but no stripe on the
surface
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Fig. 1. Percentage of forest cover per 160m X160m (ca. 2.6ha) around the sampling stand and its
neighborhood, (A) ; in an area covered with buildings, (B). Occurrence frequency of P, asiatica (open
bars) and P. major (filled bars) along a road passing through Mt. Moiwa (C). In Fig. 2-D, figures
show the stand numbers. Thick lines, thin lines and dashed lines indicate more than 5.5m road width,
2.5-5.5m road width and less than 2.5m road width, respectively. And a ropeway links near the top of
Mt. Moiwa (Stands 16) and the foot of the moutain (Stand 28).
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P. asiatica and P. major can identified by the morphological differences in their seeds (Table 1; after
Matsuo, 1989), therefore surveys were conducted in the seed-maturing season (late August to early
November). In Sapporo and its vicinity, 143 sites were surveyed. About 30 Plantago individuals were
collected at each site and the morphological features of seeds in each individual were observed by
binocular.

In addition, the same sampling method was used for the survey at 28 sites situated along ca.7.5km
long road through Mt. Moiwa, along which the degree of human impact gradually increases from natural
woodlands to urban communities, forming a gradient. As a preliminary study on the elements controlling
the separate distribution of the two species, the following factors were measured at 103 1mx1m quadrats
randomly chosen in Sapporo and its vicinity: plant coverage and vegetation height, i.e,, the mean height
of dominant plant species; relative light intensity; and ground hardness (penetration resistance).

Results

Of 143 sites examined, 62 were dominated by P. major, 26 by P. asiatica and 55 shared by these two
plantain species. The urban areas and farmlands were predominantly covered by P. major, while the open
spaces of woodlands were monopolized by P. asiatica, both species inhabiting roadsides , parking sites,
gardens, turf, and other open spots. The stands shared by these two species were mainly on the border
between woodlands and housing lots. This patter of distribution was also observed along the 7.5km long
road (Fig.1), P. major predominantly growing in more developed areas and P. asiatica predominating in
woodland areas. Such recreation facilities as ski grounds and some amusement parks have been
constructed in woodlands areas of Mt. Moiwa (Stands 12 to 18).

The environmental conditions at 103 sites are shown in Fig.2. P. major is evidently a species of
sparser and shorter plant communities developed on harder ground than P. asiatica, which prefers relatively
closed communities. The stands shared by those two species showed intermediated values of vegetation

height, relative light intensity and ground hardness. And the coverage was the highest in the coexisting
stands.
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Discussion

The segregated distribution of P. major from its related native species P. rugelii was observed in
Canada (Hawthorn, 1974). Hawthorn and Cavers (1978, 1982) revealed that more resources are allocated
to reproductive organs such as scapes, capsules and seeds in P. major, but to the root system in P. rugelii,
suggesting that P. mgjor is more competitive in urban areas, because seed recruitment rate is critical for
population recovery when habitats are frequently disturbed by human activities. In P. major of England,
form with erect leaves is more competitive in wild grasslands than another form with prostrate leaves that
usually dominates garden and lawns (Warwick, 1980). However, P. major and P. asiatica do not show
sharply segregated distribution when they coexist within a small microsite. This fact suggest that
segregated distribution of these two species may not be due to direct competition through shading but be
due to more complicated mechanisms, probably including the seed recruitment rate and tolerance to
various other environmental factors.

In addition to Plantago species here reported, somewhat similar cases of habitat segregation between
closely related plant species have been known in Taraxacum (T. officinale and native species such as T.
Jjaponicum, T. platycarpum and T. hondoense: Naito ,1975; Hotta, 1978; Sawada et al., 1982; Ogawa &
Mototani, 1985) , Artemisia (A. rubripes and A. montana: Nakayama, 1985) and Cardamine (C. flexuosa
and C. hirsuta: Kudoh et al., 1992) in Japan. In particular, T. officinale has rapidly been expanding its
range all over the Japan, taking over all possible habitats (Hotta, 1978). Sawada et al. (1982)
demonstrated that 7. officinale extends its leaves more quickly than related native species, suggesting that
T. officinale is more competitive because it shades the natives. However, according to Ogawa and
Mototani (1985), such direct competition is unlikely, and 7. officinale outcompetes when they coexist
with related natives. The mechanisms by which the introduced plant species frequently can dominate the
related natives could be clarified by more detailed comprehensive studies on the physiological and
ecological aspects of these species.
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Effect of Rice Cultural Practices on Emergence of Echinochloa crus-galli and Monochoria vaginalis

J. S. Kim! and J. C. Chun?
1Depamnent of Life Resource Science, Woosuk University, Wanju 565-800, Korea
2Department of Agricultural Chemistry, Jeonbug National University, Jeonju 560-756, Korea

Abstract. Seed occurrence patterns of Echinochloa crus-galli (L..) P. Beauv. and Monochoria
vaginalis (Burm. f.) Presl. were investigated in irrigated and rainfed rice cultures. There was not much
difference in seed population of E. crus-galli between irrigated and rainfed ficlds, but M. vaginalis occurred
in about 1.6-fold greater number in rainfed fields. In seed distribution patterns under the two conditions,
about 50% and 30% of E. crus-galli and M. vaginalis, respectively, were found in the uppermost 5 cm
layer. Under both conditions M. vaginalis was distributed to a depth of 25 cm, but distribution of E. crus-
galli was only 15 cm deep. Early rice transplanting brought about greater emergence of the two weeds
than optimal or late transplanting. Emergence of the weeds was significantly greater in single cropping
system of rice than in double cropping systems of rice followed by barley and/or strawberry.

Key words: Seed population, Rice cultural practice, Echinochloa crus-galli, Monochoria vaginalis
INTRODUCTION

Rice cultural practice in Korea has been changed from hand-transplanting in 1970s to machine-
transplanting by the late 1980s and in turn to direct-seeding since the early 1990s. Moreover, double-
cropping system becomes more prevalent. This trend results from strong demand for establishing labor-
saving rice cultural practice and utilizing effectively the limited land. Consequently weed occurrence in
rice field has varied with the cultural practice accepted. Intensive use of annual herbicides has given rise to
heavy infestation of perennial weeds in machine-transplanting rice field!). The weed problem, however,
gradually returns again to annual weeds in direct-seeded riced).

The present study, therefore, was undertaken to determine difference in seed population of E.
crus-galli and M. vaginalis between irrigated and rainfed paddy soils and to investigate emergence pattern
of the weeds due to different transplanting dates and cropping systems.

MATERIALS AND METHODS

Seed Population.

Seed reserve and vertical distribution of E. crus-galli and M. vaginalis were determined in two
different paddy conditions. Soil types of irrigated and rainfed paddy fields were clay and sandy clay loam,
respectively, while such other soil characteristics as pH and organic matter content were not quite different
between the two soils. Water condition of the two fields has kept without change for more than 10 years.
In each condition § locations were randomly selected to determine seed population, and ten soil cores, 15-
cm diameter and 15-cm deep, were taken after harvest in 1993. The cores were bulked and the soil was
thoroughly mixed. Sub samples of 100 g were taken from each bulked sample. There were two sub
samples for each field. To investigate the vertical distribution of seeds, ten soil cores, 8-cm diameter and
30-cm deep, were taken and sectioned every S-cm. The same horizon from each sample were bulked to
give five replicates of the six horizons.

The sub samples were air-dried and thoroughly pulverized. Weed seeds were separated by placing
each sub sample in 60-mesh brass sieve and washing it under a running stream of tap water to remove all
silt, clay and fine sand. The remaining material was washed into 1-I. beaker filled with water. After
settling the floating matier was decanted into a 6- by 8-cm fine mesh nylon bag. This step was repeated
until no material floated. The samples were dried and seeds were counted with the aid of a binocular
microscope.

Seeds were first incubated for 30 days in a laboratory germinator operated at 12-h day/12-h night
temperature regimes of 30/25°C and the number of germinated seed was recorded. Viability of the
remaining seeds was then determined using 2,3,5-triphenyltetrazoliumchloride (TTC) according to the

method of Eagly and Chandler?). Total numbers of viable seed consisted of the sum of the germinated
seeds with the non-germinated seed stained pink to red with TTC.
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Emergence Pattern.

Effects of transplanting dates and cropping systems on emergence pattern of E. crus-galli and M.
vaginalis were investigated in the above irrigated rice field. Rice transplanting dates employed were May
12, May 26, and June 9 as early, optimal, and late transplanting timing, respectively. Cropping systems
used were rice only, rice followed by barley, and rice followed by strawberry. The cultural practices were
conducted in 1992 and 1993. Four fields were selected and a quadrate area of 0.5- by 0.5-m was established
in four locations from each field. During the rice growing period standing water was maintained at a depth
of 5-cm. Emerging weeds at the marked quadrate were counted at 2-week intervals. No herbicide was
applied and frequent hand weeding outside the marked quadrates was done during the experimental period.

RESULTS AND DISCUSSION

Seed Bank

Seed reserves of E. crus-galli and M. vaginalis varied with water management condition in rice
field. There was not much difference in seed population of E. crus-galli between irrigated and rainfed
fields, but M. vaginalis occurred in about 1.6-fold greater number in rainfed field than in irrigated field
(Fig. 1). In both conditions M. vaginalis was about 4- to 5-fold greater in number of seeds than E. crus-
galli. ’

12000 - Irrigated
B Rainfed

2

Number of seeds/m

8000 -

4000 -

Echinochloa crus-galli Monochoria vaginalis

Fig. 1. Weed seed population as affected by water condition in rice field.

Vertical distribution of the two weeds in soil was similar between irrigated and rainfed fields, but
the distribution pattern varied with the weed species involved (Fig. 2). About 50% and 30% seeds of E.
crus-galli and M. vaginalis, respectively, were found in the uppermost 5-cm layer. On the other hand,
seed occurrence of E. crus-galli was restricted at the depth of 15-cm, while M. vaginalis was found at 25-
cm deep. Most of E. crus-galli seeds were present in plowing layer. This finding suggests that E. crus-
galli emerges within a short period of cropping season, while occurrence of M. vaginalis may be erratic
during a relatively longer period.

Effect of Transplanting Date

Transplanting date of rice affected emergence pattern of E. crus-galli and M. vaginalis (Fig. 3).
E. crus-galli emerged for 4 weeks after transplanting (WA'T) was about 69% of the total emergence when
rice was transplanted at 2 weeks earlier than the optimal or conventional transplanting date. As the
transplanting date was delayed, however, the number of occurrence for 4 WAT increased to about 86% and
83% at the optimal and late transplanting, respectively. In M. vaginalis more than 85% emergence of the
total number was obtained for 10, 8, and 8 WAT at early, optimal, and late transplanting date,
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Fig. 3. Emergence pattern of Echinochloa crus-galli (A) and Monochoria vaginalis (B) as affected by
rice transplanting date.

respectively. This indicated that occurrence period of M. vaginalis after transplanting was longer than E.
crus-galli.

As the transplanting date was delayed, total number of emergence throughout the cropping
season decreased in both the weeds. E. crus-galli emerged at the optimal and late transplanting dates
decreased by about 16% and 20%, respectively, as compared with at early transplanting date. A similar
trend was also found in M. vaginalis, but decrease in emergence due to the delayed transplanting was
about 11% and 14%, respectively. Increase in emergence at early transplanting was attributed to increase
in the overall cropping period.

Effect of Cropping System

In the experimental field dominant weed species were mostly annual weeds. In 1992 community
dominance was 0.72 and the value did not greatly changed in the following year (Table 1). For the two
years importance value ranged from 40 to 41% on E. crus-galli and from 33 to 36% on M. vaginalis. The
minor weeds such as Eleocharis acicularis showed less than 8% of importance value. Dominant
occurrence of annual weeds in recent is considered to result from intensive use of sulfonylurea herbicides
which are effective to perennial sedges, but ineffective to grasses.

Emergence of E. crus-galli and M. vaginalis varied with cropping system employed. Both the
weeds emerged significantly greater number in rice monoculture than in double cropping systems (Fig.
4). However, emergence of E. crus-galli was about 2 4-fold greater than M. vaginalis, regardless of the
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Table 1. Community dominance and importance value of major weeds
in paddy rice field studied.

Community . Tmportance

Year dominance Major weed e (%)

1992 0.72 Echinochloa crus-galli 41
Monochoria vaginalis 33
Eleocharis acicularis 8
Aneilema japonica 4
Ludwigia prostrata 4
Cyperus difformis 3
Leersia japonica 2

1993 0.67 Echinochloa crus-galli 40
Monochoria vaginalis 36
Eleocharis acicularis 7
Aneilema japonica 5
Ludwigia prostrata 5
Sagittaria pygmaea 3
Rotala indica 3

cropping patterns employed. Decrease in emergence of the weeds in double cropping systems was due to
increased land disturbance by crop rotation. A similar trend was reported by Guh et al3)
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Fig. 4. Weed emergence in paddy ficld as affected by cropping system.
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Species Coexistence through Shoot Morphological Performances

H. Ikeda, T. Ohkuro and M. Nemoto
National Institute of Agro-Environmental Sciences, Tsukuba, Ibaraki 305, Japan

Abstract. Shoot morphological response to intra- and interspecific interactions between orchard grass
(Dactylis glomerata L.) and bird's-eye (Veronica persica Poir.) was examined in greenhouse experiments.
We measured the shoot growth and morphology of one target plant for each species, surrounded by six
conspecific (monoculture) or heterospecific (mixed culture) neighbours planted at different distances from
the target plant. There were no significant effects of either species of neighbour or distance between
plants on the above-ground dry mass of target plants, in both species. However, the mean stem length of
D. glomerata targets was significantly greater in monoculture than in mixed culture, resulting in taller
plants when they were set up with conspecific neighbours. V. persica targets showed a significant change
in the coefficient of variation for the angles between terminal internodes and the soil surface, indicating
the fact that this angle varied more in mixed culture than in monoculture. These findings suggest that the
plastic responses of plant form to the identity of neighbouring species allow plants to achieve comparable
biomass, playing an important role in coexistence between these species.

Key words. coexistence, morphological plasticity, plant form, shoot growth, species identity.

Introduction

Plant form can vary according to the growing environments (e.g. Waller 1986). Many workers have
reported morphological responses to environmental stress (e.g. Salzman & Parker 1985), disturbance such
as herbivory (e.g. Crawley 1983) and locally rich patches of resources (e.g. Hutchings & Slade 1988).
There are also several studies that explore adaptive interpretations of the plant form (e.g. Givnish 1982).

Species interactions are affected by the spatial distribution of individual plants and their plant form.
As Tremmel and Bazzaz (1993) pointed out, neighbour canopies show species-specific architecture.
However, little is known about plant morphological responses to spacing and identity of neighbouring
species. Thus we carried out experimental studies to compare the shoot growth patterns and morphology
of target plants, surrounded by conspecific and heterospecific neighbours planted at different distances
from the target plants. In this paper, we focus on two questions: (1) How plants respond
morphologically to the spacing and identity of neighbouring species; and (2) What an ecological
significance of their morphological performances is in response to conspecific and heterospecific
neighbours.

Materials and Methods

We used orchard grass (Dactylis glomerata L.) and bird's-eye (Veronica persica Poir.); these species
often co-occur in young meadows in Japan (Nemoto 1982). D. glomerata is a perennial tussocky pasture
grass, and V. persica is a winter annual, herbaceous weed in arable land, gardens and disturbed sites such
as roadsides. The latter species usually has a prostrate growth form (Boutin & Harper 1991). Both
species are very common in the temperate region of the world.

Seeds of each species were germinated in a greenhouse in late December 1990, in a plastic container
(47 cm long, 32 cm wide, 6 cm deep) filled with granulated loam. Seedlings of comparable size (S cm
long for D. glomerata and 1 cm long for V. persica) were transplanted to fresh plastic containers (47 cm x
32 cm x 6 cm deep) filled with an artificial soil composed of vermiculite and granulated loam (1:1 by
volume) on 23 January 1991. The initial artificial soil in each container contained about 1.4 gN, 1.7
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gP, 1.4 gK and 0.4 gMg. Each container was set up with six neighbouring plants of a single species
surrounding a central target plant. The neighbours were planted at a distance of either 5 cm or 10 cm
from the target plant. The plants were set up in both monoculture and two-species mixed culture with
three replicates of spacing between plants. All plants were kept well watered every two days but not
fertilized.

On 20-26 April 1991, we measured the three-dimensional position of nodes (for V. persica) and
stems (for D. glomerata) for the target plants. Since some plants of V. persica fruited at that time, we
harvested the aboveground parts of the target plants, separated them into leaves, stems and inflorescence,
and weighed them after drying at 85°C for more than 48 h. Then we calculated node (tiller for D,
glomerata) number, mean internode (stem for D. glomerata) length, coefficient of variation (C.V.) for the
internode lengths, the mean angle (radian) between terminal internodes (> 5 cm long) and the soil surface,
and the C.V. for the angles of terminal internodes (> 5 cm long) for the target plants.

Analysis of variance (ANOVA) tests were performed on the raw and log or square-root transformed
parameters as necessary to obtain the homogeneity of variances using Bartlett’s tests. When the
homogeneity of variances was still not obtained in these transformed parameters, we used the rank
transformation for ANOVA (Thompson 1991).

Results

There were no significant effects of either species of neighbour, or distance between plants, on the
total aboveground dry mass of target plants for D. glomérata and V. persica. Most target plants of V.
persica flowered, but only one tiller of a D. glomerata target plant flowered (it was in mixed culture, with
neighbours 5 cm distant) in this experimental period. For both target species, there were also no
significant effects of either species of neighbour, or distance, on the dry mass of leaves, stems and
inflorescences.

However, the mean number of tillers of D. glomerata was significantly lower when neighbours were
5 cm away, than when they were 10 cm distant (Fig. 1; P<0.05), but it did not matter which species of
neighbour was present (Fig. 1). There were no significant effects of species of neighbour, or distance
between plants, on the mean number of nodes of V. persica (Fig. 1).

25 T T

Dactylis Veronica
glomerata 80 persica ]
20 1
by '§ 60 .
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: 15 + Mix .. “
o .
8 o 40 - .
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<40k Mono ANOVAtest | | ANOVA test
Culture N.S. Mix Culture N.S,
Distance P<0.05 20 Distance N.S. ]
5 i ] ] i
S 10 5 10
Distance (cm) Distance (cm)

Fig. 1 Effects of culture and distance between plants on mean tiller and node numbers (plant-1) for
target plants of Dactylis glomerata and Veronica persica, respectively. Error bars indicate 1 SE (n = 3).
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Stems of D. glomerata were significantly longer in monoculture than in mixed culture (Fig. 2;
P<0.05) and there was also a significant interaction between species of neighbour and distance (Fig. 2,
P<0.05). There were no significant effects of species of neighbour, or distance, on the mean internode
length of V. persica (Fig. 2). In addition, for both species, there were no significant effects of species of
neighbour or distance on the coefficient of variation (C.V.) of internode (stem for D. glomerata) lengths
within a plant. However, the C.V. of V. persica was significantly greater than that of D. glomerata
(P<0.001).

25 .
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Distance N.S. £ 4 Distance N.S. 7
1 o 1 1 i [
5 10 5 10
Distance (cm) Distance (cm)

Fig. 2 Effects of culture and distance between plants on mean stem and internode lengths (cm) for target
plants of Dactylis glomerata and Veronica persica, respectively. Error bars indicate 1 SE (n = 3).

The mean angle between stems and the soil surface was significantly lower for D. glomerata when
neighbours were 5 cm away, than when 10 cm distant (Fig. 3; P<0.01), but there were no significant
effects of species of neighbour (Fig. 3). In V. persica, there were no significant effects of species of
neighbour or distance on the mean angle between terminal internodes (> 5 cm long) and the soil surface
(Fig. 3). However, this species showed a significant change in C.V. for angles between terminal
internodes (> 5 cm long) and the soil surface, with significantly greater variation evident in mixed culture
than in monoculture (Fig. 4; P<0.05). This effect was not seen in D. glomerata (Fig. 4).

Discussion

No significant differences in the shoot biomass of target plants for D. glomerata and V. persica
according to either species of neighbours or their distance from the targets indicate that the plants were
not sufficiently crowded to show diminished growth. However, the closer neighbours of either species
significantly decreased the number of tillers of D. glomerata targets (Fig. 1). This confirms previous
studies with the different plant spacing in regular square arrangement of 30.5 and 61.0 cm apart for three
years experiments (Lambert 1963), and of 3.3, 5.0 and 7.7 cm apart for 63 - 84 days experiments (Terai
& Kanda 1978), but few studies have examined the effects of spacing on tiller production when plants are
set up at an equal density. Our result suggests that the decrease in tiller number was simply caused by
the reduction in space available for target shoots to extend.
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Fig. 3 Effects of culture and distance between plants on mean angle (radian) between tillers of target
plants for Dactylis glomerata (or terminal internodes, >5 c¢m, for Veronica persica) and the soil surface.
Error bars indicate 1 SE (n = 3).
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Fig. 4 Effects of culture and distance between plants on mean coefficient of variation (%) of angles
between tillers of target plants for Dactylis glomerata (or terminal internodes, >5 c¢m, for Veronica
persica) and the soil surface. Error bars indicate 1 SE (n = 3).

‘When neighbours of both species were closer, there was a decrease in the angle between tillers of D.
glomerata targets and the soil surface (Fig. 3). Since the many shoots of neighbouring plants were
observed on the tillers of target plants, one interpretation of the reduced tiller angle ma)} be that the
neighbouring shoots leant on the target tillers and weighted them. Few studies have investigated the
angle between tillers and the soil surface, but a lower tiller angle (and therefore reduced plant height) may
indicate inferior competitive ability (e.g. Mitchley & Grubb 1986, Gaudet & Keddy 1988). Thus the
change in tiller angle may have ecological significance for competitive interactions.

Contrary to our results, many previous studies have described the species-specific effects of
neighbours on the biomass of target plants (Goldberg & Fleetwood 1987, Gurevitch et al. 1990,
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Tremmel & Bazzaz 1993). We found, however, some interesting morphological responses. D. glomerata
had longer stems when set up with conspecific neighbours than with heterospecific ones, resulting in a
taller plant (Fig. 2). Conspecific neighbours are usually stronger competitors than heterospecific ones
because of greater overlap in resource requirements, but the taller plants are favoured in competition for
light (Givnish 1982) and so could avoid the growth suppression. On the other hand, there were no
similar effects on internode length in V. persica, which has a prostrate growth form. In this latter
species, longer internodes do not result in a taller plant, but a more extensive one. Similarly, Lovett
Doust (1987) revealed that stolon internode lengths of Ranunclus repens L. were not significantly affected
by light (full or 66% relative intensity) and nutrient (twice or one-fifth full strength Long Ashton
Nutrient Solution, applied every two days) treatments.

Higher variation in the terminal shoot angle of target V. persica plants set up with D. glomerata
(Fig. 4) also indicate the influence of the identity of heterospecific neighbours on the shoot morphology.
Similarly, the quality of transmitted radiation resulting from contrasting canopies of pasture grasses
affected the growth and morphology of Trifolium repens L. (Thompson & Harper 1988), and Portulaca
oleracea L. seedlings avoided growing towards their neighbours by sensing the spectral composition
(red/far-red ratio) of light (Novoplansky et al. 1990). Although we have no data on either the light
quality or photon flux density in each neighbour canopy, it may be reasonable to infer that the higher
canopies of the tussocky grass (as opposed to the prostrate herb) may result in more patchy light
conditions. Thus the shoot behaviour of V. persica may reflect the patchy shading caused by
neighbouring canopies of D. glomerata.

It is generally suggested that taller tussocky plants will be favoured in conspecific competition
leading to an increase in competitive performance. This means that the conspecific individuals can
coexist through symmetric competition. In confrast, more variable directions of prostrate shoot growth
allowing avoidance of competition will be favoured under heterospecific canopies. These flexible
morphological behaviours may allow target plants to achieve similar shoot biomass irrespective of
neighbour species identity. It seems that morphological plasticity to avoid shoot competition will bring
about neutralism between neighbouring individuals; further studies of the nature of plasticity of plant
form will help us to understand mechanisms of competitive interactions and coexistence in plant
communities.

In conclusion, our findings suggest that the shoots of D. glomerata and V. persica respond in a
morphologically different way to conspecific and heterospecific neighbours, and their plasticity of plant
form may play an important role in coexistence between these species.

Acknowledgement: We thank Y. Yamagata, National Institute for Environmental Studies, for his
valuable advice, and the members of Research Institute of the Japan Association for Advancement of
Phyto-regulators, for giving us the seeds of V. persica. This study was supported by the Science and
Technology Agency of Japan.

References
Boutin, C. & J. L. Harper, 1991. A comparative study of the population dynamics of five species of

Veronica in natural habitats. Journal of Ecology, 79: 199-221.
Crawley, M. J., 1983. Herbivory. The dynamics of animal-plant interactions. Blackwell Scientific,

Oxford, London, 437 p.

— 544 —



Gaudet, C. L. & P. A, Keddy, 1988. A comparative approach to predicting competitive ability from plant
traits. Nature, 334: 242-243.

Givnish, T. J., 1982. On the adaptive significance of leaf height in forest herbs. American Naturalist,
120: 353-381.

Goldberg, D. E. & L. Fleetwood, 1987. Competitive effect and response in four annual plants. Journal of
Ecology, 75: 1131-1143,

Gurevitch, J., P. Wilson, J. L. Stone, P. Teese & R. J. Stoutenburgh, 1990. Competition among old-
field perennials at different levels of soil fertility and available space. Journal of Ecology, 718: 727-
744,

Hutchings, M. J. & A. J. Slade, 1988. Morphological plasticity, foraging and integration in clonal
perennial herbs. Pages 83-109 in A. J. Davy, M. J. Hutchings & A. R. Watkinson (eds.). Plant
population ecology. Blackwell Scientific, Oxford, UK.

Lambert, D. A., 1963. The influence of density and nitrogen in seed production stands of S 37 cocksfoot
(Dactylis glomerata L.). Journal of Agricultural Science, 61: 361-373.

Lovett Doust, L., 1987. Populétion dynamics and local specialization in a clonal perennial (Ranunculus
repens). I11. Responses to light and nutrient supply. Journal of Ecology, 75: 555-568.

Mitchley, J. & P. J. Grubb, 1986. Control of relative abundance of perennials in chalk grassland in
southern England: I. Constancy of rank order and results of pot- and field-experiments on the role
of interference. Journal of Ecology, 74: 1139-1166.

Nemoto, M., 1982. Dynamics of weed community in meadow in its early stage of establishment.
Bulletin of Institute for Agricultural Research, Tohoku University, 33: 81-91.

Novoplansky, A., D. Cohen & T. Sachs, 1990. How portulaca seedlings avoid their neighbours.
QOecologia (Berlin), 82: 490-493,

Salzman, A. G. & M. A. Parker, 1985. Neighbours ameliorate local salinity stress for a rhizomatous
plant in a heterogeneous environment. Oecologia (Berlin), 65: 273-277.

Terai, K. & M. Kanda, 1978. Mortal response and growth of individual plants in a population of orchard
grass (Dactylis glomerata 1..). I1. Aggression of weedy species and tiller mortality of orchard grass.
Journal of Japanese Society of Grassland Science, 4: 319-324,

Thompson, G.L. 1991. A note on the rank transform for interactions. Biometrica, 78: 697-701.
Thompson, L. & J. L. Harper, 1988. The effects of grasses on the quality of transmitted radiation and its
influence on the growth of white clover Trifolium repens. Oecologia (Berlin), 75: 343-347,
Tremmel, D. C. & F. A. Bazzaz, 1993. How neighbour canopy architecture affects target plant

performance. Ecology, 74: 2114-2124,

Waller, D. M., 1986. The dynamics of growth and form. Pages 291-320. in M. J. Crawley (ed.). Plant

ecology. Blackwell Scientific, Oxford, UK.

— 545 —



PATH ANALYSIS OF TWO SYMPATRIC GRAMINOIDS (ECHINOCHLOA
CRUS-GALLI SSP. CRUS-GALLI (L.) BEAUV. AND ISCHAEMUM RUGOSUM
SALISB.) IN COMPETITION WITH RICE (ORYZA SATIVA L. VAR. MR$4)

B. B. Baki, *', S. Suhaimi,” and J. Abdul Munir’
aBotax})y Department, University of Malaya 59100 Kuala Lumpur, Malaysia and
Statistical Unit, MARDI, GPO Box 12301, 50774 Kuala Lumpur.

Abstract. A series of pot experiments was conducted in an insect-proof house at the Institute of
Advanced Studies, University of Malaya, Kuala Lumpur in 1993-1995 to evaluate the differential
competitive ability of two sympatric graminoids (Echinochloa crus-galli ssp. crus-galli (L.) Beauv. and
Ischaemum rugosum Salisb.) with rice (Oryza sativa L. var. MR84) and the causal relationships between
grain yield components using path analysis. The analysis quantified direct effect of the graminoids and
MR84 rice densities on the yield components (grain weight, number of filled and unfilled grains, number
of grains/ panicle, number of panicles/ plant (=genet), number of reproductive and non-reproductive
tillers) of weedy graminoids and MR84. The path analysis mode! illustrated the direct and indirect effects
of yields components on fecundity and grain yield/plant. The direct effects of MR84 and weedy graminoid
densities on the number of panicles/plant and number of seeds/plant were always positive. Conversely,
the effects of density on the number of tillers/plant, grain weight/plant, percent filled panicles/plant
varied from positive to negative reflecting the unequal influence of density dependent factors on such
parameters. The analysis indicated that the number of tillers/plant and the number of panicle/plant were
the key yield components determining the response of fecundity and grain yield to crop-weed
competitions. Echinochloa crus-galli and Ischaemum rugosum in competition with rice var MR84 showed
significant differences in path coefficients for each yield component recorded, reflecting the differential
competitive ability of the two weedy graminoids against the rice crop.

Keywords: Oryza sativa L. var MR84, Echinochloa crusgalli (L.) Beauv., Ischaemum rugosum Salisb.,
correlation coefficient, partitioning, direct effects, indirect effects, interference, path coefficients, yield
components, regression analysis, weed competition, weed density.

INTRODUCTION

A number of empirical models and methods have been developed to study rice yield responses to weed
and crop density (Yoshida and Parao, 1976; Wells and Faw, 1978; Cousens, 1985; Cousens et al.,, 1978;
Spitters et al.,, 1989; Yamada, 1961; Counce, 1987; Jones & Snyder, 1987; Counce ef al., 1989; Kropff
et al., 1992; Weaver et al,, 1992). While additional studies have established that crop density can be
a critical factor influencing the rice yield losses to weeds (Dunand, 1988; Pantone and Baker, 1991a,b),
weed density alone, may not be a reliable predictor of crop yield due to variability in size and spatio-
temporal pattern of emergence. This is especially so when weeds emerge in discrete flushes (Kropff
et al., 1992). To alleviate these limitations (Kropff & Spitters, 1991; Spitters, 1983, 1984 and 1989)
among others, recently developed dynamic and mechanistic simulation models of crop- weed competition
which relate crop yield losses to duration and critical time of weed competition (Kropff et al.,, 1992;
Weaver et al., 1992).

The impact of weed and crop density in the yield components of rice are central to an
understanding of the way weed competition influences yield potential of rice (Smith, 1968, 1974,
Zimdahl, 1980; Kwon et al., 1991; Pantone et al., 1992; Azmi, 1994). There was a strong evidence on
the negative impact on rice grain weight (biomass/grain) with seeding rate (Jones and Snyder, 1987).
Azmi & Othman (1987) recorded reduced rice grain weight due to shading during flowering and ripening.
Studies by Reddy (1976), among others, failed to show any detrimental effect on grain weight due to
increased rice density. It was the studies by Kim (1986), Counse ef al., (1989), Hill et al, (1990), Nyarko
& De Datta (1991) and Pantone er al,,(1992), among others, which established the negative impact and
correlations between increased density and seeding rates on the yield components each as percentage
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of filled grains; the number of grains/panicle, the number of florets/panicle and the number of
panicles/plant.

There is strong tendency among researchers in their interpretation of grain yield data to focus
only on separate correlations between yield and each yield component (Abdullah, M.Z. pers. comms.).
Path analysis as being used only by breeders and geneticists on yield grain data facilitates analysis of a
hypothetical network of causal relationship between components and grain yield. In the analysis of
cereals, the consequence of observed correlations between yield components and assigns a relative
importance to yield component-yield relationships which can be direct against indirect. Further, additive
effect (which tend to reinforce each other) vis-a-vis substractive ones (which tend to annihilate each
other) may be identified. In addition, path analysis generate standardized partial regression coefficients;
these are referred as path coefficients (Li, 1975; Afifi and Clark, 1984; Loehlin, 1987). These coefficients
have the advantage of being independent of the original unit of measurements in which comparisons of
the relative importance of correlations associated with hypothesized causal relationships between different
yield components and grain yield may be made.

Path analysis, originally developed by Wright (1954) has been used intensively in agronomy,
horticulture, ecology and weed science (eg. Dewey and Lu, 1959; Duartye and Adams, 1972; Hamcoch,
1985; Jordan, 1985; van Brugger and Armeson, 1986; Farris and Lechowicz, 1990). Pantone et al,
(1989, 1992) developed path analysis models to study the crop-weed competition on yield components
of wheat and rice either in monoculture or in mixtures. With the exception of grain weight, weed
competition had a significant negative effect on the yield components of wheat. In rice, the path analysis
indicated that the number of panicle/plant and florets/panicle were the most important yield components
determining the responses of fecundity and grain yield to competition.

A path analysis model of rice in monocluture or in competition either with barnyardgrass
(Echinochloa crus-galli ssp. crus-galli (L.) P. Beauv.) or wrinklegrass ({schaemum rugosum Salisb.) in
presented in Figure 1.

Tillers poar piant . A
(TP) Grain per
plant (Gp)
Panicle per plant
PP

Grain weight /
=2 /X

Figure 1: Path analysis diagram for the relationship between planting densities (RD & WD) of rice var MR84 or
weeds (Echinochloa crus-galli ssp. crus-galli (L.) Beauv. and Ischaemum rugosum Salisb.) and yield components
(TP, PP, PS, FG and GW) and effect of yield components on grain and fecundity (GP & YP). U,, U,, U;, U,, Us,
Us & U are undetermined residuals.
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Both weed species were chosen for the study due to their economic importance as dominant species and
ability to inflict heavy losses to rice yields. The analysis helps to facilitate the partitioning of correlations
between the yield components (number of tiller/plant (=genet), panicles/plant, panicle size, filled
grains, unfilled grains, grain weight) and yield (grain yield/plant and grain/plant) into direct and indirect
effects. For example, there are five path, which is denoted by the path coefficient from panicles/plant
to grain yield/plant. The indirect effect through grain size which is equal to the product of simple
correlation between panicles/plant and panicle size and the path coefficient from panicle size to grain
yield/plant. The indirect effect via grain weight, which is equal to the product of simple correlations
between panicles/plant and grain weight and/or between number of tiller/plant and panicle/plant and/or
grain weight and path coefficients from grain weight to grain yield/plant. The sum of direct and indirect
effect represents the correlation between panicles/plant and grain yield/plant.

Arguably, if there is no correlation between independent variables, it follows that path
coefficient in equivalent to the correlation between the predictor (independent) and criterion (dependent)
variable. This appears to be the case for the path coefficients along the path from rice var MR84 density
and wrinklegrass or barnyardgrass densities to panicle/plant, panicle/plant, panicle size, filled grains and
grain weight.

This paper reports results of a series of study with two-fold objectives, viz: (i) to asses the effect
of crop-weed competition on yield components of rice var MR84 and wrinklegrass or barnyardgrass, and
(ii) to determine the relationships between yield and yield components.

MATERIALS AND METHODS

Pot experiments were conducted in an insect-proof house at the Institute of Advanced Studies, University
of Malaya (IASUM), Kuala Lumpur in 1993-1995. The JASUM area has a mean monthly rainfall of
ca. 200mm, daily mean temperature of 27° C, RH of ca. 85% and mean daily sunshine of 6.5 hours.

Pre-germinated seeds of wrinklegrass and barnyardgrass collected from Seberang Prai granary
in 1994 and a commercial rice variety MR84 from MARDI Research Station, Seberang Prai were sown
in pots previously filled with moist silt loam padi soils of the Java series. The physico-chemical
characteristics of the soils were as follows: pH (4.4); O.M (1.98%); organic carbon (1.15%); total N
(1.93%); C:N (11.5); Na (1.40meq/100g); K (0.5 meq/100g); Mg (3.50meq/100g); P (65.5ppm); CEC
(18.28) (Aris Junus, pers. comms).

Each pot was accorded with different density regime of wrinklegrass, barnyardgrass and rice
either in monoculture or in mixtures. The density regime of rice plants in monocultures were 1, 3, 6, 9
and 12 plants/pot denoted as C;, C,, C3, C,4 and C; respectively, while for barnyardgrass or wrinklegrass
these were 12, 9, 6, 3 and | plant(s)/pot with the following respective notations as Cg, Cy¢, C;y, Cy»
and Cj3. The density regime of the rice-barnyardgrass or rice-wrinklegrass mixtures was 12 plants/pot
with in the following notations and proportions, viz: Cg (3 rice plants + 9 weed plants); C5 (6 rice plants
+ 6 weed plants); Cg (9 rice plants + 3 weed plants). The details of sowing positions in relation to
densities and proportional representations of rice, wrinklegrass and barnyardgrass plants per pot is shown
in Figure 2. Each density regime has three replications and the pots were arranged in complete
randomised design (CRD) (Gomez & Gomez, 1985).

The seedlings were watered twice daily from above using a five rose and were kept inundated
2 to 3 cm until the onset of booting stage. At booting stage, excess water was drained; the soils
nevertheless were kept moist.

Compound fertilizers consisting of urea, muriate of potash and tripos were applied at the rate
of 100:30:20, respectively, as top dressings in two equal split doses i.e. at 30 and 60 days after
transplanting (DAT).

Adequate plant protection measures were taken against pests, diseases and weeds (other than
those accorded in the experiments).

Several growth parameters were recorded at appropriate time intervals. These were total number
of tillers/plant, number of productive tillers/plant, number of non-productive tillers/plant (at 10 days
interval from transplanting until harvest), number of panicles/plant, panicle weights, number of filled
grain/panicle, number of unfilled grain/panicle, number of grains/plant, weight of grains/plant, weight
of filled grains/panicle and weight of unfilled grains/panicle (at harvest).

Path analysis was used to study factors effecting plant yield by facilitating the partitioning of

— 548 —



Q
Opo O
O o]
0o00O0

O

C5

C9

C10 Cit c12 Ci3

Figure 2: Spatial arrangement of rice and weeds in a replacement series experiment O =rice; @ =weed

correlation between plants densities and yield gomponent, viz: MARDI rice var MR84 density ( ant/mz)
(RD); wrinklegrass planting density (plant/m ) (WD); barnyardgrass planting density (plant/m™) (WD);
number of tiller/plant (MR84) (TP), panicle/plant (PP), panicle size (grain/panicle) (PS), percent filled
grains (filled grain/panicle) (FG), grain weight (g/grain) (GW), grain yield/plant (YP) (g) and grain/plant
(GP) into direct and indirect effect. The direct effect between plants densities and grain yield will explain
the effect of plants densities to the yield component [tiller/plant (TP), panicle/plant (PP), Grain/panicle
(PS), filled panicle (FG) and grain weight (GW)] (Figure 1). The indirect effect between yield component
shows the interactions between one yield component to the other and the direct effect between yield
components and grain yield denote the value of the importance of yield components to the grains yields.

Multiple linear regressions adapted from Droper and Smith (1981) and SAS Institute (1985) were
used to calculate the path coefficients, simple correlation coefficients and the undetermined residuals (US)
of the regression /(1-R*) (Williams ef al., 1990) based on the hypothetical models of Figure 1.

RESULTS AND DISCUSSION
Direct effect of plant densities on yield components

The direct effect of rice (RD) and barnyardgrass (WD) densities on the number of tillers/plant
(TP) and number of panicle/plant (=genet) (PP) in weed and crop plants were always negative.
Conversely, the effect of RD and WD on number of grain/panicle (PS), weight of filled grain/panicle
(FG) and grain weight (GW) were not uniformly negative (Figure 3). It follows that the negative effects
of RD and WD on TP and PP would mean that increased RD or WD would reduce TP and PP. The high
value of path coefficient of direct effect of RD and WD on TP of rice indicated that rice density (RD)
and E. crus-galli density (WD) were important attributes in the reduction of tiller/plant (TP) of rice
(Figure 3).
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Figure 3: Path analysis diagram for the relationship between planting densities of rice var MR84 (RD) or
barnyardgrass (WD) on yield components (TP, PP, PS, FG and GW) (Path coefficient values in parentheses are for
barnyardgrass and outside parenthesis are for rice var MR84) (U,, U,, U;, U, & U are undetermined residuals)

The path coefficient value for direct effect of RD on PP was higher in rice vis-a-vis E. crus-
galli. 1t was apparent that rice or E. crus-galli when grown at high densities had lower number of
panicles/plant (PP). Increasing the density of rice in the rice-weed mixtures apparently may lead to
decreasing number of grains/panicle (PS) of E. crus-galli but can increase the number of grains/panicle
(PS) of rice.

The path coefficients for direct effect of RD on filled panicle (FGJ of rice and E. crus-galli were
positive (>0.50) indicating that the increase in-RD will bring paratlel increase in FG of rice and E. crus-
galli. Conversely, WD did not bririg about any meaningful effect FG of rice and E. crus-galli. The path
coefficient of direct effect on RD and WD were either positive or negative on the grain weight (GW) of
rice and E. crus-galli. Weed density (WD) appeared to have significant negative effect on GW of rice with
the path coefficient value > 0.50. Likewise in E.crus-galli, the direct effect of WD on GW was positive
with the path coefficient value ca. 0.25. The respective path coefficient values of direct effect of RD on
GW of rice and E. crus-galli were 0.01 and -0.08, indicating minimal effect.

The direct effect of rice and /. rugosum densities on TP, PP, PS and FG of rice and I rugosum
were always negative (Figure 4). The path coefficient value of direct effect RD on number of
panicle/plant of rice was higher vis-a-vis the values of other components signifying that PP of rice was
highly affected by rice density. For [. rugosum yield components, FG showed fairly high negative value
of path coefficient (-0.72) reflecting strong negative influence of RD on FG of I rugosum.

The path coefficient for direct effect of . rigosum density (WD) on rice yield components was
remarkably high (-0.83) on G# followed by PS (-0.73), FG (-0.72), PP (-0.52) and TP(-0.48).
Conversely, for I rugosum yield components, the order of influence in the path coefficient values was:
TP > PP > GW > PS. Increased density of [. rugosum inflicted subtantial reduction in 7P of the weed
and PS of rice. the density of /. rugosum (WD) had a positive direct effect on FG of the weed. Its path
coefficient value was ca. 0.25, indicating that increased density of /. rugosum may only lead to marginal
increase in FG. Residual values (U,, U,, U;, U, and U,) for all yield components either for rice,
Lrugosum and E. crus-galli were > 0.50 signifying that undetermined factors, viz: soil humidity,
temperature and internal plant physiology may have strong effect on yield components in these plants.
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Figure 4 : Path analysis diagram for the relationship between planting densities and the yield components of rice
var MR84 (RD) or wrinklegrass (WD) on yield components (TP, PP, PS, FG and GW) (Path coefficient valugs in
parentheses are for wrinklegrass and outside parenthesis are for rice) (U, U,, U;, Uy & Us are undetermined
residuals)

fh

Indirect effects among yield components

Path coefficient values of the indirect effect among yield components of rice and E. crus-galli
were always positive or neutral (Figure 5). Measures such as TP of rice did not have any bearing on PP
and vice- versa but only had minor influence in the increase in PS, FG and GW of rice. For E. crus-galli,
TP apparently did not have any bearing on PP and had a minor effect on FG. Conversely, the TP of E.
crus-galli have a strong bearing on PS and GW.

The PP for rice had a major effect on PS, FG and GW based on high path coefficient values
(Figure 6). This indicated that increase in PP will lead to parallel increase in PS, FG and GW. For E.
crus-galli, the number of PP only had a minor effect on weight of /G but have a fairly strong effect on
PS and GW.

The PS for rice and E. grus-galli did not appear to affect the weight of FG. Conversely, the
number of PS have a substantial bearing on GW (Figure 5). Increase in GW of rice and E. crus-galli will
bring parallel increase on FG.

In direct effect between yield components of rice and I rugosum were always positive. For
example, the TP of rice and /. rugosum greatly affected PP and PS of rice and I. rugosum with respective
path coefficient values ranging from 0.92 to 1.00 (Figure 7). It follows that increasing TP of rice or /.
rugosum will bring about parallel increase in PP and PS of both rice and I rugosum. The number of
tillers/plant (TP) also affected FG and GW, but in relatively smaller degree vis-a-vis PP and PS either
in rice or L rugosum. '

In rice, PP have a close relationship with PS and FG and GW where, increasing in quantum of
one component will lead to correspondent increase in the other. Likewise PS, FG and GW highly affected
each other (Figure 6). Conversely, in I rugosum, PP only had moderate effect on PS and GW. Path
coefficient values of indirect effect of I rugosum between PS, FG and GW were closely correlated with
one another and an increase in the value of one component can bring about parallel increase in other yield
components.

Direct effect of yield components on weight of grain/plant (GP) and number of grain/plant (YP)

Despite differences in their path coefficient values, TP and yield components, (PP PS and GW)
each had positive effect on GP of rice (Figure 7). The grain yield/plant (YP) of E. crus-galli was
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influenced by 7P, PS, FG and GW with path coefficient values ranging from -0.4 to 0.46. The number
of panicle (PP) had negative bearing on YP for E. crus-galli.

Direct effects of TP and PP on YP of rice were sporadically negative (Figure 7). For example,
TP had a bigger effect on GP, registering path coefficient value of 0.67 vis-a-vis GW (0.51), PP (0.45)
and PS (0.38) indicating differential influence of these yield components on GP. Similar trends of
influence, though of varying intensities of TP, PP, PS and GW on GP of barnyardgrass were also
observed.

. All yield components either of rice or 1. rugosum have positive effect on GP and YP except for
direct effect of FG on GP and TP on YP of rice (Figure 8). Among rice yield components, PP, showed
fairly high path coefficient value (0.93) on GP where increasing in PP will greatly increase VP. Likewise,
the increase in TP, will increase YP and GP. For I rugosum yield components, 7P and PP, each have
strong effect on GP and YP as shown by highly positive path coefficient values.

The residual values (Ug) on the weight of grains/plant (GP) for rice and I rugosum was very
low. Conversely, the residual value (U,) on number of grains/plant, was moderately high either for rice
or I rugosum. It follows that the undetermined factors (U;) did not effect the weight of grains/plant (GP)

but highly affect number of grain/plant (YP) for both graminoids (U,).

CONCLUSIONS

The density of rice, barnyardgrass and wrinklegrass plants either had positive or negative effect
on their respective yield components (Figure 3 & 4). Similar findings have been recorded by Pantone et
al. (1992). Rice density (RD) in the barnyardgrass-rice or wrinklegrass-rice mixtures had negative effect
on TP, PP and PS of bamnyardgrass and wrinklegrass. However, at low density, rice did not affect the
production of the weedy graminoids reproductive components (Figure 3 & 4). On the contrary,
wrinklegrass and barnyardgrass at high densities reduced the quantum of several yield components (Figure
3 & 4). Pantone et al (1992) indicated that the direct effect of yield components of Mars rice on its grain
yield/plant (YP) was exceptionally consistent. Conversely, this study indicated that the direct effect of
different yield components of rice on grain yield/plant (YP) was either positive or negative registering
different path coefficient values both for the crop and the two weed species (Figure 3 & 4). From the
study by Pantone et al. (1992), the relative importance of direct effect of grain per plant (GP) on grain
yield plant (YP) was in the order of PP > PS > FG and GW. However, this study indicated that the
hierarchial importance of direct effect of yield components on GP and YP in wrinklegrass were 7P >
PP > GW > PS (Figure 6), while in barnyardgrass this was PP > PS > TP > FG (Figure 5). The
parallel relative importance of direct effect of yield components in rice on GP and YP was in the order
of FG > TP > GW > PP > PS.
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Khalid for typing the manuscript.
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Figure 7 : Path analysis diagram for the direct effect of yield components of rice var MR84 and barnyardgrass (TP,
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Abstract. GIS(Geographical Information Systems) was applied to determine
a spatial analysis of weed community changes in lowland rice field in
Korea. Based on vegetative analysis such as absolute and relative
density, absolute and relative frequency, importance value, and summed
dominance ratio(SDR) with weed number and dry weight of weed survey in
lowland rice field, the most predominant weed species was £E/eocharis
kuroguwai, followed by Sagittaria trifolia, Echinochloa crusgalli,
Monochoria vaginalis, Sagittaria pygmaea, Cyperus serotinus over the

whole country in 1992, In particular, perennial weed species, EF.
kuroguwai was the most problem weed in this survey which was not so
serious weed species in 1981. Although this species was the most

predominent in the vegetative analysis over the whole rice field, there
was a great population change in regional distribution through GIS
analysis. The most predominant site of this weed species was at the
southern area of Gyeonggi province. Meanwhile, spatial analysis of
Echinochloa crusgalli through the GIS was resuited in highly different
distribution with province. These data was highly significant in
statistical analysis between cultural practices including different
regions and weed occurrence.

Key words: GIS, weed, lowland rice field, vegetative analysis, Eleocharis
kuroguwai
Introduction
Weed community has been highly shifted in lowland rice field due to

change in water and fertilizer management associated with planting method
like infant seedling and direct seeding and control method including

herbicide. In particular, most of farmers would be depended upon weed
control method with a major herbicide application. Thus, there was a
gradual build-up of perennial weeds rather than annual weeds. in 1971,

dominant weed species was annuals such as Ratala indica, Monochoria
vaginalis, Cyperus difformis, Echinochloa <crusgalli and Lindernia
procumbens except Eleocharis acicularis, perennial weed. However,
perennial weed species of Sagittaria pygmaea, Potamogeton distinctus,
Sagittaria trifolia and Cyperus serotinus in 1981 was predominant in
lowland rice field over the whole country. In 1992 E. kuroguwai and S.
trifolia, perennial weeds were most dominant species. In addition,
annual weed, E. crusgalli was the problem weed which was not involved in
10 major dominant weeds. Thus, weed control strategy would be introduced
with an integrated method rather then one control measure like herbicide
application. GIS may play a role in spatial analysis which would give an
idea with specific interpretation in control measure against problem weed
infestitation. :
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Materials and Methods

The weed data used was collected in 1992 with nationwide survey in
lowland rice field of Korea as shown in Table 1. Vegetative analysis was
done in terms of the summed dominance ratio(SDR) based on absolute and
relative density, absolute and relative fequency, and importance value.
The weed data was analyzed statistically in Genstat 5 (Release 3.1) in
order to determine a significant difference between cultural practices
and weed occurrence. A major weed species, FEl/eocharis Kkuroguwai was
mapping with different sampling sites using by GIS software, SPANS
(Spatial Analysis System, version 5.2, INTERATYDAC, 1991)}.

Results and Discussion
Vegetative Analysis. As a criteria of dominance in weed occurrence,
vegetative analysis has been mainly used in which summed dominance ratio
(SDR) would be calculated by absolute and relative density, absolute and

relative frequency, and importance value.

Its parameter was calculated in the following formulars:

Absolute density = Total number of each weed species

Total number of each weed species

Relative density x 100

Total weed number

Number of quadrat in each species
Absolute frequency x 100
Sum of sampling quadarat

Absolute frequency of each species

Relative frequency

x100
Sum of absolute frequency in all weed species

Importance valuce = Relative density + Relative frequency

Importance value
Summed dominance ratio (SDR) =

2

Based on the above formulars, dominance in weed population may represent
as a summed dominance ratio in this weed survey. In 1992 the most
predominant weed species was a perennial, sedges, El/eocharis kuroguwai in
lowland rice field of the Korea as shown in Figure 1.

This species in 1981 was not so important weed in terms of vegetative
analysis in the nationwide weed survey of lowland rice field. This weed
belonged to a problem weed due to perennial! and propagative organ of
tubers and thus it is difficult to control with hand, mechanical and
chemical control measures. Rice growing countries particularly in
temperate area such as Korea and Japan have been heavily used with a
specific herbicide in lowland rice field so as to control annual weeds in
which continuously used for the long time since these chemicals were
available in the market. Thus, weed population in 1981 and 1992 was
highly shifted from annuals to perennials in the weed survey of the
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lowland rice field in Korea. These changes were a serious problem in the
rice paddy because most perennials have a tuber and/or rhizome as a
propagative organ which is much more difficult to control with any
control measures so far.

Statistiacl Analysis. In a nationwide weed survey, it is difficult to
- analyze statistically a relationship between cultural practices and weed
occurrence because of a huge data structure. However, as long as

statistical analysis may be calculated, a specific parameter such as
region, planting time, soil texture, planting method, tillage time and
kinds of herbicide would be proven as a major factor in weed occurrence
and further it will be applied as a tool for integrated weed management.
In this statistical analysis, most parameters were statistically
significant as shown in Table 2 but some interactions were not
significant statistically. This means that a specific factor in cultural
practices would influence with a particular problem weed occurrence.
Based on this analysis, farmer can effectively introduce a control
measure against a problem target weed.

GIS Application. GIS may offer ~capability for monitoring the
successful weed management programs for cultural! paractices and herbicide
targetting with spatial-referenced data. In vegetative analysis of the

weed survey data in 1992, SDR was major parameter for the determination
of problem and dominant weed species. When SDR of each weed species may
report, most of farmers and researchers might be understood that the most
predominant and problem weed in 1992 was E. Kuroguwai in lowland rice
field over the whole country of the Korea. Thus, most of researchers may
suggest or recommend that farmer should apply a specific herbicide and/or
control measures against this particular weed species in rice growing
area. In addition, rice farmers in whold country would understand that E.
kuroguwai was the most problem weed in rice field and thus farmers may
introduce a control strategy against this target weed. However, in GIS
mapping, there was highly difference in regional distribution of E.
kuroguwai as shown in Figure 2. This weed was highly infested in the
southern region of Kyunggi province due to much higher number and biomass
of this weed per unit land area. Thus, farmers in this particular region
should introduce a specific control measure enable to control this target
weed not in other farmers’ fields. Thus, farmers make a strategy to
control this particular weed in individual field. In weed management, a
suitable control measure against a target weed should be operated in
terms of an effective weed control as well as

environment safe.
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Table 1. Description of cultural practices in weed survey in 1992

Parameters Description
Region 1. Plain 2. lntermediate 3. Mountainous 4. Others
Planting time 1. May 25 (early) 2. June 10 (optimum)
3. June 25 (late) 4. Others ’
Soil texture 1. Ordinary paddy 2. Water paddy 3. Sandy soil
4. Saline soil 5. Others

Cropping system 1. Single cropping (Rice only) 2. Double cropping

Planting method 1. Hand transplanting 2. Machine transplanting |
(35 days seedling)
3. Machine transplanting |l (8-10 days seedling)

4. Water seeding 5. Dry seeding
Tillage time 1. Autumn 2. Spring
Tillage method 1. Cow 2. Machine cultivator 3. Tractor

Herbicides

Table 2. Statistical analysis of weed dry weight in weed survey, 1992

Parameters d. f s.s m.s v.r.
Region 3 11.0116 3.6705 19.49xx
Planting time 3 49, 2881 16.4294 87.24x=
Soil texture 4 8.7075 2.1768 11.56%x
Croipping system 2 15.8863 7.9431 42,18%=
Planting method 5 17.6306 3.5261 18.72%x
Tillage time 2 5.4710 2,7355 14.53x=
Tillage method 3 7.1512 2.3837 12.66**
Herbicde 1 2.1127 2.1127 11.22%x%

% : Significantly different at the 1% level
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Control of Tuber Growth of Purple Nutsedge (Cyperus
rotundus): Effects of Drying and Depth of Burying

B. MARAMBE, U.R. SANGAKKARA and S.K. RATNAYAKA
Department of Crop Science, Faculty of Agriculture
University of Peradeniya, Sri Lanka.

Abstract: Purple nutsedge (Cyperus rotundus) is a problematic
weed in wupland crop production systems of Sri Lanka. Chemical
and biological techniques have failed to control this weed due
to vigorous tuber growth. Pot experiments were conducted to
test the effects of air- or sun-drying and depths of burying of
tubers of nutsedge on tuber germination and plant growth (leaf
area, and shoot, root and tuber dry weights). Burial at depths
less than 10 cm or air drying for 60 days did not affect
germination of tubers or plant growth. Poor growth was observed
when buried at 10-30 cm depths, and tubers did not germinate at a
depth of 40 cm. Sun—-drying for 7 days reduced the moisture content
and germination of tubers by 85-60% and plant growth by 65-75%
when compared to the non-dried control. Tubers were completely
dried and did not germinate when sun~dried for 14 days. The
results indicated that sun-drying for 14 days or burying at
depths greater than 40 c¢m would be effective 1in controlling
tuber growth of purple nutsedge.

Key words: Cyperus rotundus, sun—-drying, burying, tubers, moisture
content

Introduction

Purple nutsedge (Cyperus rotundus), which is considered the
world's worst weed (Holm et al. 1977) is found in many upland
cropping systems in the tropics. Grichar et al (1992) reported
that purple nutsedge continue to increase 1in severity under crop
cultivation mainly due to vast use of selective herbicides that
kill grasses and broadleaves. Apart from the chemical methods
(Brecke 1991; Wiley et al 1991), several non—-chemical methods
(Ray and Wilcox 1969) were also reported to be partly successful in
controlling purple nutsedge. The high vegetative ability of the
weed and the difficulties faced by farmers to kill the numerous
tubers have rendered the control of this weed more difficult.
Therefore, this research was conducted to investigate the effect
of different drying techniques and depth of burying on growth and
development of nutsedge tubers in order to develop a possible
mechanical technique for the effective control of this weed.

Materials and Methods
Selection of planting material:

Tubers of Cyperus rotundus were collected at flowering
stage of the plant from a uniformly grown natural vegetation at
the experimental station, University of Peradeniya, Sri Lanka.
Tubers were detached from the mother plant, washed in running
water, and dried on paper towels. Tubers of 50-60 mg fresh weight
(44-45% moisture) were selected for the experiment.

Treatments:
The harvested tubers were pooled and devided into two lots.
The first lot was air dried under 50% shade conditions and the
second lot was sun—-dried for 9-10 h/day for a period of 0 to 2
months. The tubers were then planted in tubular polyethelene bags
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at depths ranging from 0-60 cm, filled with 2.5 kg of a 1:1i
mixture of top soil:river sand. Each bag contained three tubers
and a treatment was represented by six bags in each replicate. All
the bags were watered once a week up to the field capacity and did
not receive any commercial fertilizer.

Measurements: :

Daily variation in the sun light intensity and temperature
were recorded. The tubers were protected from rains during the
drying period. The fresh and dry weights of tubers were measured
before and after treatments. The dry weight was measured after
oven— drying the tubers at 80°C for 48 h. Tuber moisture content
was estimated by the difference in fresh and dry weights. Sampling
was done at weekly intervals to measure tuber germination %, leaf
area, shoot and root dry weights.

The experiment was conducted as a three factor factorial in
a complete randmomize design with four replicates. The treatment
means were compared using Duncan's New Multiple Range Test (DNMRT)
or by "t" test at p=0.05.

Results and Discussion

Tuber moisture content

Sun drying tubers for 3 days resulted in a significant
reduction of tuber moisture (Table 1). The tubers lost 350-55%
moisture {(fresh weight basis) after the first 7 days.
Interestingly, tubers lost almost all its moisture after 14 days of
sun—-drying. Drying 1in shade did not produce any marked reductions
in tuber moisture (Table 1). The high temperature that prevailed
during the sun—-drying period (Fig. 1) may have caused the rapid
loss of moisture observed in these tubers when compared to the air-—
dried tubers.

Table 1. Tuber moisture content after drying treatments.

Duration of drying (days)

Treatments

0 3 7 14 28
Sun~drying 44.6 a 32.4 a 22.6 a 0.1 a 0.1 a
Air—-drying 44.4 a 43.8 b 42.0b 41.9 b 40.8 b

In each column data represented by the same letter are not
significantly different by the t test at p=0.05.

Tuber germination

All tubers in the non—-dried control showed 100% germination
when buried at depths less than 20 cm (Table 2). However, the rate
of emergence was delayed with increasing depth (data not shown).
Burial at depths greater than 40 cm completely inhibited tuber
germination in the non-dried control. The physical pressure
exterted on the tubers by deep burial in soil may have caused the
low tuber germination. Drying tubers under shaded conditions up to
60 days showed a similar pattern of germination to that of the
non-dried control at different depths of burying (data not shown).
These tubers also contained moisture similar to the levels found in
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non—-dried tubers. For sorghum seeds, Marambe et al (1991) reported
that germination would not take place unless there is an optimum
moisture level in the seeds. Similarly, the results of the present
experiment indicate that high moisture retention in tubers is
required subsequent germination and growth.

Table 2. Germination of tubers buried at different depths.

Duration of drying Depth of burial (cm)
(days)
5 10 20 30 40 50
Control 100 a 100 a 100 a 65 a 0 a 0 a
Sun—-drying
3 65 b 65 b 40 b 35 b 0 a 0 a
7 SO0 b 35 ¢ 20 c 20 ¢ 0 a 0 a
14 0 c 0 d 0d 0 d 0 a 0 a
28 0 c 0d 0 d 0 d 0 a 0 a
Shade-drying
95 a 100 a 100 a 70 a 0 a 0 a
7 100 a 90 a 100 a 65 a 0 a 0 a
14 85 a 95 a 95 a 70 a 0 a 0 a
28 100 a 85 a 85 a 70 a 0 a 0 a

In each column data represented by the same letter are not
significantly different by the DNMR Test at p=0.05.

Sun—-drying for 3 days reduced the tuber germination by 35%
when compared to the control (Table 2) when planted at 10 cm depth.
Germination was not observed at depths greater than 40 cm. Only 50%
of tubers germinated after 7 days of sun-drying and when buried at
S cm depth. All tubers lost viability after 14 days of sun-drying.
Complete loss of moisture observed in the tubers after drying may
have resulted in poor germinability. Germination of tubers dried
under shade followed a similar pattern to that of the non-dried
control although they took longer time to germinate and emerge
(data not shown). '

Shoot growth

Sun drying of tubers for 7 days resulted in poor growth (Table
3). The leaf area of these plants buried at 0 or 10 cm depth, were
62-65% less than the control after the first month and 68-70% less
after the second month. The results suggest that less vigorous
seedlings produced by the sun—dried tubers had poor growth.

Increasing the depth of burial of the non-dried or dried
tubers, reduced the growth potential of the nutsedge plants. The
shoot dry weight of these plants followed a similar pattern to that
of leaf area (Table 3). The results are in agreement with Squire
(1990) who reported that high leaf area produces high leaf dry
matter due to its photosynthetic capacity. A drastic reduction in
leaf area and shoot growth of plants from non-dried dried tubers
were observed when they were buried at depths greater than 20 cm.
The physical pressure exerted on the emerging seedlings from tubers
buried at deeper soil layers may be responsible for the less
vigorous seedlings. The shoot growth of the tubers sun-dried for 3
days also showed poor growth when compared to the control, but the
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growth of plants from shade—dried tubers were similar to that of
the control (data not shown).

Table 3. Leaf area and shoot dry weight of 1 and 2 month old
nutsedge plants following 7 days of sun-drying of tubers

Depth of Leaf area Shoot dry weight
planting (cm2/plant) (mg/plant)
(cm)
1 month 2 months i month 2 months

Fresh Dried Fresh Dried Fresh Dried Fresh Dried

0 71.3 27.1 136.5 43.7 294 132 1151 460
10 72.0 258.3 134.1 40.8 301 128 1109 448
20 69.1 18.2 126 .8 24.6 286 78 1024 126
30 44.2 6.6 79.6 8.6 149 28 470 43
40 NA NA NA NA NA NA NA NA
S0 NA NA NA NA NA NA NA NA
CvV% 8.1 5.3 10.1 9.8 14 11 13 11

NA - data not available due to no or very low germination %.

Root Growth:
The root dry weight also showed a similar pattern to that of
leaf area and shoot dry weight (data not shown).

Conclusions

The results of the present experiment indicate that sun-drying
for 14 days or burying at depths exceeding 40 cm could be effective
in suppressing growth and development of tubers of purple nutsedge.
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Intraspecific Variations in Tubers and Herbicide Susceptibility in
Arrowhead (Sagittaria trifolia ) in Southern Japan

H.Morita®
National Agriculture Research Center, Tsukuba 305,Japan

Abstract. Arrowhead ( Sagittaria trifolial.) is a noxious paddy weed in
southern Japan where its infestation has become serious because of difficulty
in its herbicidal control. To identify the factors affecting the fluctuation
in herbicidal efficacy, intraspecific variations in the tuber formation,
sprouting and susceptibility to several herbicides were investigated with 19
clones of arrowhead collected from paddy fields in Kyushu, Japan. By principal
component analysis with 12 characters, 19 clones were classified into four

groups (A,B,C and D) among which the composition of tuber sizes was
conspiciously different. Percentage sprouting at two weeks after placement in
tap water was higher in tubers of the B group than that of A. A significant
multiple regression formula with three factors, average dry weight per plant(
X, ), average fresh tuber weight(X. ) and percentage sprout of tuber (Xs ),
was obtained through the differences in susceptibility( Y ) to

bensul furon-methyl among nine clones from the A, B and C groups.

Key words. Arrowhead (Sagittaria trifolia L.), Intraspecific variation, Tuber
formation, Sprouting, Bensulfuron—methyl.

Introduction

Arrowhead (Sagittaria trifolia L.) is a perennial weed in paddy fields widely
distributing in Japan(Ito:1989 and Yamakawa:1991). Although the infestation is
not so serious than in the north-eastern districts, arrowhead has become a
noxious weed even in the southern Japan because effective herbicides are not
available to control it as well as Eleocharis kuroguwai Ohwi. It has been
reported that arrowhead has wide genetic variations in the traits and its
variations may cause the fluctuation in herbicidal efficacy(Yamakawa:1991). To
clarify the role of genetic variation on the herbicidal efficacy,
intraspecific variations in the tuber formation{(Morita et al.:1991), sprouting
and susceptibility to several herbicides were investigated with 19 clones
collected from paddy fields in Kyushu, Japan.

Materials and Methods
Samples of arrowhead were collected in paddy fields at 19 different locations
of six prefectures of Kyushu district, southern Japan as shown in Fig.l. They
wvere propagated vegitatively at Kyushu Natianl Agricultural Experiment
Station, Chikugo, Fukuoka and given clone No.l to 19.
Environmental variation in tuber formation
Sprouted tubers of clone No.3 were planted in a 1/2,000a Wagner pot filled
vith paddy soil. Following treatments were combined with two repetitions;
amount of fertilizer applied: 0,1 and 3g of N, P2 Os and K. O, plant
density: 1,3 and b plants per a pot and planting time: June 7, june 29 and
July 20,1989. Tubers were collected in November to classify with fresh weight
into SS:~79mg, S:80~199mg, M:200~-399mg, L:400~599mg and LL:600mg~,
Variations among clones
Three sprouted tubers were planted in a 1/2,000a Wagner pot filled with paddy
soll fertilized with g of N, P, Os and Kz O, on June 21,1990, with
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1.Sendai City, Kagosima Pref.
2.Ichinomiya Town, Kumamoto Pref.
d.Mitsuze Village, Saga Pref.
4.Tabira Townglg, Nagasaki Pref.
a.Tabira Town(2), Nagasaki Pref.
6.Moriyama Town, Nagasaki Pref.
7.kuju Town, Oita Pref.

8.Kokonoe Town, Oita Pref.

9.8aeki City, Oita Pref.
10.Sechibaru City, nagasaki Pref.
11.Kedouin Town, Kagoshima Pref.
12.1juin Town, Kagoshima Pref.
13.Tsuruta Town, Kagoshima Pref.
14 . Miyazaki Cityglg, Miyazaki Pref.
15.Miyazaki City(2), Miyazaki Pref.
16.Hinokage Town, Miyazaki Pref.
17.Hondo City 13, Kumamoto Pref.
18.Hondo City(2), Kumamoto Pref.
19.Ariake Town, Kumamoto Pref.
Fig.1 Locations where 19 clones of arrowhead were collected in Kyushu.

three repetitions for every 19 clones. Size of tenth sagittate leaf was
measured during July and August and formed tubers were collected in November
after the aerial part died off. Tubers were classified as mentioned above,
Variation in tuber sprouting

Tubers of 18 clones stored at 10°C since November,1990, were classified into 4
sizes, a:20~80mg, b:100~180mg, c:260~340mg and 450~550mg in fresh tuber
veight., 30 tubers were placed in 250ml of tap water in a plastic case with
three repetitions on January 31,1991. Sprouted tubers were counted every week
till 14 weeks after placement in the incubator controlled at 30 °C, 14 hours
illumination,

Fluctuation of herbicidal efficacy

Seedling of arrowhead was planted in 1/2,000a Wagner pot in June, 1991 to
produce tubers under submerged condition. Clones tested were 6,8,16 of the A,
1,2,10,15 of the B and 3,13 of the C group. Tubers emerged under Hcm depth of
flooding after the soil was paddled and fertilized with lg of N,P205 and K20 ,
May 18,1992, Bensulfuron-methyl(0.17% a.i. granule) and pyrazolate(10% a.i.
granule) were applied 14 days after paddling with the rate of 5.lg and
300g a.i./ha respectively. Herbicidal efficacy was measured 51 days after
application.

Results and Discussions
Environmental variation in tuber formation
Effects of amount of fertilizer applied, plant density and planting time on
the tuber formation in clone No.3 were shown in Table 1, as the results of
analysis of variance. Variations in the component of tuber size SS and S were
not or less significant through three treatments, while there were significant
differences in the number of tubers formed per pot or plant.
Component of tuber size is considered as a stable trait in arrowhead which is
hard to fluctuate through the environmental factors as reported the tuber
formation under the different fertilized nitrogen levels (Yamakawa et 2/,:1986).
Variations in tuber formation among clones
The result of principal component analysis is shown in TableZ and Fig. 2 based
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Table | Result of analysis of variance for environmental variation in tuber
formation of clone No.3 of arrowhead.

Trait & No.of tuber/pot No.of tuber/plant § of SS tubers ¥ of S tubers
Factor d.f. Mean square F Mean square F Mean square F. Mean square F
Repetition 1 32757.4  5.72* 6188.7 2.30 4,1 0.06 0.5 0.02
Planting time 2 55058.9 9.62%% 20541.2 7.63%x 264.5 4.21x 124.6 5.53%
Fertilizer 2 377743.6 65,99 120921,6 44,89+ 143.1 2.27 27,4 1.21
Density 2 8461.8 1.48 228404.6 84.87%x 82.7 1.31 71.9 3.18
PxF 4 68878.7 12.03%x 26077.5 9.69%* 33.1 0.52 31.2 1.38
PxD 4 18749.4  3.28« 10614,1 3.94 39.4 0.62 19.4 0.86
F%D 4 20916.8 3.65% 40765.6 15.15%* 10.7 0.17 3.0 0.13
PxFsD 8 15751.8 2.75% 24630.6 9.15%x 20.2 0.32 9.9 0.43
Error 26 5724.4 2601.3 62.8 22.5

*,%% means significance at b and 1% level, respectively.

Table 2 Eigenvalues and accumulated contributions ($) for principal
components based on 12 characters of arrowhead in Kyushu, -

_ Observed value
Character zZ1 Z2 73 Max. Min. Mean

Plant height X1 050 0.65 -0.40 43.2 25,8 36.5 cm
Upper lobe length X2 0.02 0,66 -0.4b 18.6 10.6 14.0 cm
Upper lobe width X3 0.76 -0.43 -0.07 5.1 1.2 2 cm
No. of tubers X4 -0.82 -0.19 88
Average tuber weight X5 0,96 -0.20
Total tuber weight X8 -0.20 0.58
Maximum tuber weight X7 0.92 0.04
SS size tubers (% X8 -0.95 -0.20
S size tubers X9 -0.08 0.56
M size tubers (% X10 0.71  0.50
. size tubers (% X11 0.95 -0.17
LL size tubers (% X12 0.95 -0.24

Eigenvalues 6.52 2,14
Accumulated contributions 54.5% 72.3%
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Fig.2 Results of principal component analysis based on 12 characters of
plant size and tuber formation on 19 clones of arrowhead in Kyushu.

on 12 characters including plant height (petiole length of tenth sagittate
leaf), size of leaf blade, total number and fresh weight of formed tubers,
percentages of tuber size for SS to LL to the total number. The first, second
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and third principal component were considered to mean average tuber weight and
percentage of tuber size except S and M, traits of aerial part and percentage
of S size tubers, respectively, with accumulated contribution of 82.5%. 19
clones were divided into four groups depending on the result. Composition of
tuber size is summarized as follows and Fig.3 for each group.

A:Ratio of SS size tuber is high, that decreases for L and LL sizes,

BtRatio of L and LL is high, those of smaller tubers are low

C:Ratio of SS is higher than A group, LL tubers are rare.

D:Ratio of LL is high
the D group was identified as cultivated arrowhead (Sagittaria trifolial..
var. sinensis Makino) escaped(Morita and Doi:1981).
Intraspecific variation in tuber size in arrowhead has been reported on the
clones of Hokkaido (Morita and Doi:1981) and Kinki(Yamakawa et al.:1983)
districts. It has been pointed out that clones which have small plant size and
occur in highland paddy field, produce a large number of small tubers while
those with large plant size distributing in Jlowland paddy fields produce few
number of large tubers(Yamakawa:1991). In this study, no clear relationship is
recognized between the number and size of tubers and habitat among 19 clones.

Variation in tuber sprouting 7 e n 1 8
Changes in percentage sprou- 50 126/165 66/108 110/1i8 104/144-
ting at two and 14 weeks after 25 ~1—1_1__ —1"1_L_

placement differed among the Oy BCDE ABCDE ABCDE ABCDE
A,B and C group as shown in 8 7 8

Fig.4.Variation in percentage 50 81/178 1007124 00 A group
sprouting after two wecks was 25_—L1_1__H _1—1_L_

less than 35% and that was 0 BCDE ABCDE ABCUDE

conspicuous 14 wecks after
for clones of the A group., As
for clones of the B group,
percentage sprouting after
two weeks ranged from 35§ to:

75 1 2 4 5
50 62/264 55/343 45/318 87/271
25

0

/

tion (%)

ABCDE ABCDE ABCDE ABCDTE
1o it 15

17
97%, and variation was incon- % ;g 59/369 34/389 62/236 29/370
spicuous 14 weeks after. Clo~ & 0
nes of the C group showed low S (B CDE ABCDE xpcDE ABCDE
percentage sprouting. Almost gg /40 B group
of large size tubers sprouted O:JZj:l:EJ
till 14 weeks through the ABCDE

groups, while variation among : 3 C group
the groups was observed in 50r~L"Ljfb®1 292/68
smaller size tubers as shown

in Fig.b.

Sprouting of tuber is affect-
ed by soil moisture condition
and rice cropping season(Ito T T e E
and Miyahara:1989) and amount
of nitrogen applied(Yamakawa

0y BCDE ABCDE
75,19 D group
50 9/713

Fig.3 Variation in distribution of tuber
size in 19 clones of arrowhead.

et al.:1986) in paddy field 1) Tuber size;A:~79mg,B:80~199mg,C:200~
in arrowhead. Large tuber has 399mg ,D:400~599mg ,and D:600mg~
deeper dormancy than small 2) Figure means (number of tuber per
size tuber formed in well plant/average fresh weigt, mg)

drained paddy field(Ito and Miyahara:1989). In this study, it is considered



that the type of dormancy breaking
the group which each clone belongs
to.

Fluctuation of herbicidal efficacy
Susceptibility to bensulfuron-
methyl and pyrazolate in nine clo-
nes of the A, B and C groups is
given in Fig.6. Fluctuation in
herbicidal efficacy among clones
was more conspicuous in bensul fur-
on-methyl than in pyrazolate. A
tendency that susceptibility to
bensul furon~methyl was high in the

in tubers except large size is related to

5

O e «® . oo o« o
e

o © x ®* g0 Q:A group
%ﬂ’é 80r @®:B group
- o x :C group
5=

£ 609 20 40 80 80 10

Percentage sprout 2 weeks after placement

Fig.4 Relationship between percentage ]
sprout at 2 and 14 weeks after placement in
water in tubers of 18 clones of arrowhead.
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Fig.5 Relationship between percentage sprout at 2 and 14 weeks after
placement in tuber sizes (a~d) in 18 clones of arrowhead.

clones of the B group,

and low in the clones

of the C group was rec-

ognized except clones

No.6 and 15 in which 8B
herbicidal efficacy was 3

not detected, -E xgz

A significant multiple § &
regression formula with ]

3 factors, average dry zz
weight per plant(X, ), & Cl
average fresh tuber T w0
veight( X, ) and per- § f;‘,’
centage sprout of tuber L w0

( X3 ), was obtained 2: R
through the differences Clone 3

in susceptibility(Y$%)
to bensul furon-methyl
among nine clones from

and grou
/hatleft

13

the A, B and C groups as shown in Fig.7.
These results suggest that the intraspecific variation in susceptibility to

herbicides can

0 :Dry weight per 1/ 2,000a pot
:Average dry weight per plant
:Plant height

Fig.6 Fluctuation in herbicidal efficacy among clones
s in arrowhead by bensulfrom—met,hy]_ (5.1g a.i.
and pyrazolate(300g a.i./bairight).

be explained by combination of the ecological traits in

arrowhead in southern Japan. Further studies are necessary to clarify the role
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of physiological variation such as herbicide tolerance which is another
significant factor for the fluctuation in herbicidal efficacy to arrowhead.

100, o o Y?—0.48X1 +0.32X2 +4,29%3 ~196.85
Y.Dry weight of survived plant per
wl }/Z,OOOa pot (% control).
< X1:Average dry weight per plant in
%) ., _control plot, mg.
5 60} X2:Average fresh tuber weight (mg)
2 R? =(.855 X3:Percentage sprout of tuber 14
5 ol . veeks aft.(%y
- ° .
ol Q:A group
®:8 group
ol e . ‘ . ) x :C group
] 20 40 60 g0 100 120
Estimated (%)

Fig.7 Goodness of fit of mmultiple regression formula for susceptibility t
bensul furon-methyl (5.1g a.i./ha) in clones and groups of arrowhead. v
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NEW APPLICATION METHODS OF WATER DISPERSIBLE GRANULE(WG) FOR PADDY
RICE HERBICIDES IN JAPAN

Kenji Wakayama *°, Masayuki Hamada”, Tsutomu Nawamaki®
Naoki Matsumoto®, Hirokazu Kamataniz), Toshiyuki Kokabu?
YHerbicide Group, Shiraoka Research Station of Biological Science,
Nissan Chemical Industries, Ltd., Saitama, Japan
“Division of Agrochemicals of the Research, Central Research Institute,
Nissan Chemical Industries, Ltd., Chiba, Japan

Abstract. NC-355(commercial name : DIEHARD, pyrazosulfuron-ethyl 3.5% a.i.+ CH-900 50% a.i.)
WG(water dispersible granule) and other WG are being developed as herbicides for paddy rice in Japan.
Greenhouse pot experiments checking WG efficacy and crop safety were comparable to those for granule
formulations. Selected field trials in paddy rice plots were also evaluated. In pot experiments, WG had
high levels of herbicidal activity and crop safety. These results were reflected in field trials. Drop
treatment of WG dissolved uniformly. Various application methods of WG, including drop treatment in
water entrance during irrigation and direct application, provided effective weed control and crop safety.
These methods could reduce farm labor and application time of herbicides.

Key words ; water dispersible granule, pyrazosunlfuron-ethyl, CH-900, application method, paddy field

INTRODUCTION

Herbicides with 30kg/ha granular formulations are generally used in Japan for paddy rice, and are
broadcasted by hand or machine onto the flood water. Recently, owing to a shortage of farm labor, aging
farmers and increase of large scale paddy field management, it is desirable that the application of
herbicides would be easy to handle, labor-saving and low input. NC-355(commercial name : DIEHARD,
pyrazosulfuron-ethyl 3.5% a.i. + CH-900 50% a.i.) WG(water dispersible granule 0.6kg/ha) and other
WG(0.42-2.5kg/ha) are being developed as herbicides for paddy rice fields by Nissan Chemical Industries,
Ltd.. The purpose of the present work is to WG for paddy fields using new application methods,
especially for NC-355 WG.

MATERIALS AND METHODS
Formulation studies. Dispersibility of conventional and enhanced formulation was measured for water
ranging in temperature from 10C° to 28C°. Each 12g of NC-355(commercial name : DIEHARD,
pyrazosulfuron-ethyl 3.5% a.i. + CH-900 50% a.i.) WG was put into a test tube with 100ml water at
desired temperature, and turned upside down 3 times. After that, each suspension was passed through 106
1 sieves, and the remains on the sieves were weighed The data of dispersibility was calculated as a

percentage of remains vs. initial weight.

Greenhouse studies. Pot studies were conducted to verify herbicidal activity and crop tolerance of
NC-355 WG and granule formulation under different conditions. Light clay soil(sand 28.2%, silt 43.5%,
clay 28.2%, total carbon 0.73%, pH 7.1) was paddled and leveled in plastic pot. Weed seeds and tubers
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were planted. Rice(Oryza sativa L. var. Nihonbare) seedlings at 2.5-3.0 leaf stage were transplanted, two
plants per pot. Diluted suspension of NC-355 WG and the same technical granular formulation
(pyrazosulfuron-ethyl 0.07% a.i. + CH-900 1.0%a.i.) were applied to flood water 2-4 days after
transplanting . Water levels were maintained at a depth of 4cm during tests. Under the same conditions,
activity of NC-355 WG on different leaf stages of E. crus-galli was checked. Visual assessment of
herbicide activity and crop tolerancé was made on 2-4 weeks after treatment. The assessment was based on
comparison of treated plants which were rated from O(no effect) to 9(complete kill). Two weeks after
treatment, fresh weight of E. crus-galli and rice were measured, and % of control was calculated. All pot
studies were replicated 3 times.

Field trials. From 1993 to 1995 seasons, field trials were carried out at the Shiraoka research station of
Biological Science of NISSAN CHEMICAL and Ibaraki University in Japan. Three to five days after
puddling, rice seedlings at 2.5 leaf stage were transplanted into the paddy field at a planting depth of
approximately 3cm by transplanter.

Field trials. - Paddy injection studies -. Trials with a plot size of 1.8m? were block randomized with 2
replications. 60g of NC-355 WG was diluted in 500ml water. Desired application rates were achieved by
injecting measured volumes of diluted NC-355 into the flood water. The granule formulation, used as

reference, was cast by hand onto the flood water. The flood water in the test plots was maintained at 4 to
5 cm depth during trial period. Visual assessment of herbicidal activity and crop tolerance were evaluated
in comparison with the untreated plots 1-4 weeks after application. 0.5cm of water depth loss a day was
observed.

Field trials. - Dispersibility studies -. Trials with a plot size of 6m?(0.4X15m) were block randomized
with 2 replications. NC-355 WG 60g was diluted in 500ml water, and the suspension was applied into
the flood water at the short side of rectangular plots under the same conditions as the above mentioned

field trial. At the check points, herbicidal activity and crop tolerance were evaluated in comparison with
the untreated plots 1-4 weeks after application. TH-913ST(imazosulfuron 1.7% a.i., pyributicarb 12.0%
a.j., daimuron 27.5% a.i.) SC(Suspension concentrate) were used as reference.

Ficld trials. - Drop treatment in water entrance during irrigation -. Trials with a plot size of
250m(6.25X40m) were block randomized NC-355 WG 60g was diluted in 500ml water, and the desired
dose suspension was drop into the water during irrigation. The flood water was raised to 5-6cm depth.

At the check points, herbicidal activity and crop tolerance were evaluated in comparison with the untreated
plots 1-4 weeks after application.

Field trials. - Direct application of WG -. Trials with a plot size of 18m?(0.8X22.5m) were block
randomized. Diluted NC-355 WG 60g in 500m! water and undissolved WG was applied at short side of
rectangular plots into the flood water under above mentioned field trial conditions. At the check points,
the soil was collected with a boller of 6.3cm diameter to 10cm depth. Collected soil was puddled and
leveled in plastic pots with weed seeds after 1-2 weeks. Herbicidal activity was evaluated in comparison

with the untreated plots and uniform application.
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RESULTS AND DISCUSSION
Formulation. Enhanced formulation of NC-355 WG had a good dispersibility even at 10C° also at
28C°. (Fig.1)

100 T

D N 0O ©
o © ©oo©

D
(=]

3]
o
Lo § o 831 s 4y 13130, 8,

W
o

——@— Enhanced formulation

*Dispersibility(%)
N
o

10 ==={]==+ Conventional formulation

I

(=]

1 T L]

10 15 20 25 30

o

Temperature
*:(1-weight of the remains on 106u sieves/initial weight) X 100%

Fig. 1 Spontenius dispersibility of NC-355WG

Greenhouse studies. NC-355 WG at the rates 150 to 600g/ha provided excellent control of annual and
perennial weeds and sedges, similar to granular formulation. Crop tolerance of WG was also good safe as

granular formulation. (Table. 1)

Table 1. Weed control spectrum and crop tolerance of NC-355 WG compared with
granular formulation
( Greenhouse studies 31DAT)

Formulation Dose  pyrozosulfuron- ECHCR SCPJU MOOVA ROTIN SAGPY CYPSE RICE
(g/a) ethyl +CH-900

Dose(g ai/ha)
NC-355 150 525+ 75 9.0 8.0 8.0 7.0 8.0 9.0 0.0
WG 300 10.5 + 150 9.0 8.0 8.5 7.0 8.0 9.0 0.0

600 21.0+300 - 9.0 8.5 8.5 8.0 8.0 9.0 0.0

NC-355 7500 525 +75 90 80 80 7.0 7.0 90 0.0
Granule 15000  10.5 + 150 9.0 8.0 8.0 8.0 8.0 9.0 0.0
30000  21.0 + 300 9.0 8.5 8.5 8.0 8.0 9.0 0.0

Visual assessment : no effect(0) - complete kill(9)

ECHCR : Echinochloa crus-galli SCPIU : Scrypus juncoides
MOOVA: Monochoria vaginalis ROTIN : Rotala indica
SAGPY : Sagitaria pygmaea CYPSE : Cyperus serotinus
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Activity of NC-355 WG on E. crus-galli. WG formulation of NC-355 gave excellent control of
2.5-3.0 leaf stage of E. crus-galli at 300 and 600 g/ha. WG formulation was superior to Granule
formulation.(Fig. 2)
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FIG. 2 Herbicidal activity of NC-355 WG(600g/ha)

against E. crus-galli

Field trials. - Paddy injection studies -. Spreadability of NC-355 WG was seen to attack E. crus-galli,

Scrypus juncoides, while maintaining an excellent crop safety. (Fig. 3)
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Field trials. - Drop treatment in water entrance during irrigation -. During irrigation, dissolved NC-355
WG was dropped in water entrance. NC-355 WG controlled weeds perfectly up to 30m from water
entrance, while maintaining crop tolerance.(Fig. 4)
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Fig. 3 Spread efficacy of NC-355 WG on E. crus-galli
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Fig. 4 Efficacy of NC-355 WG against E. crus-galli
at drop treatment in water during irrigation

Field trials. - Direct application of WG -. Efficacy of direct application of NC-355 WG was excellent
in controlling weeds up to 20m; as good as dissolved NC-355 WG. (Fig.5)
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Throw-in Type Formulation of Quinoclamine (ACN) Giant Foaming Tablet
and Its Algicidal Mode of Action
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Abstract. ACN, 2-amino-3-chloro-1,4-naphthoquinone, is a well-known chemical
which controls the growth of aquatic weeds and algae in paddy fields." ® The throw-in
type formulation of ACN giant foaming tablet (now commercially known as ACN
"Jumbo"-formulations | The Jumbo-formulation is massive formulation with spherical or
disk shape, according to The Japan Association for Advancement of Phyto-Regulators | )
is a new formulation to enhance weed control and to make the practices used in paddy
fields more convenient. In this presentation, the algicidal mode of action of the ACN
Jumbo-formulation will be introduced focusing on the following three items biologically
and biochemically ; (1) Diffusion of the active ingredient into paddy water, (2) Effect of
the Jumbo-formulations on algae and surface soil separation, (3) Algicidal mode of action
of quinoclamine (ACN).

Key words’  throw-in type formulation, ACN, giant foaming tablet, diffusion into
paddy water, algicidal mode of action

INTRODUCTION

The development of Jumbo-formulation of ACN was requested by Japanese farmers,
because of its simple application such as throwing it from the footpaths between paddy
fields. It was sometimes recognized that the effect of the pesticide decreased when algae
or soil surface exfoliation occurred at the time of application of the pesticide. So, it
makes more effective to apply ACN Jumbo-formulation before the application of the
pesticides. It becomes very much important to make clear the algicidal action of ACN
Jumbo-formulation biologically and biochemically, in order to use the formulation
environmentally safe. In this presentation, we will show also the developmental studies
of ACN Jumbo-formulation.

MATERIALS AND METHODS
Diffusion of the active ingredient of ACN into paddy water from the ACN Jumbo-
formulations
Paddy field experiments have been conduced since 1992 in Japan. These trials
contained four ( one time in 1992 and three times in 1993 ) replicates, with a plot size of
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50 m” cach. ACN Jumbo-formulations were applied from footpath between paddy fields
with throwing.” '

2. Effect of the ACN Jumbo-formulations on algae and surface soil separation

Effect were observed and determined at the same time as the diffusion experiments of
1.7

3. Algicidal mode of action of the active ingredient of the ACN Jumbo-formulations,

ACN

Experiments using green micro-algae, exactly Scenedesmus acutus, were performed
in order to confirm the real algicidal mode of action of ACN, and the active principle of
the ACN Jumbo-formulations.” Growth inhibition, chlorophyll decrease, accumulation
of protoporphyrin-IX and ethane formation in the presence of ACN were investigated,
comparing with those effects of ioxynil ( photosynthetic electron transport inhibitor ),
dinoseb ( uncoupler in photosynthetic ATP production ), paraquat ( superoxide producer
in PS-I system )® and chlorophthalim ( peroxidizing herbicides ). '>™ Growth inhibition
and chlorophyll decrease were checked also using heterotrophic Scenedesmus cells, in
order to determine the inhibition of chlorophyll biosynthesis. Algal culture and

measurements of effects were done according to the method of Watanabe ef al. >12)

RESULTS AND DISCUSSION

1. Diffusion of the active ingredient, ACN, into paddy water from the ACN Jumbo-

formulations

The under water diffusion of the active ingredient was very rapid so that ACN could
diffuse over 50 m® within 24 hr after application in paddy water. The ACN exudation
into the water from ACN Jumbo-formulations increased than the ACN guranule-
formulation and disappeared very rapidly. The foaming ingredients in the Jumbo-
formulation is considered to give an improvement for the underwater diffusion of ACN
and to contribute to efficacy of the Jumbo-formulation (see Fig. 1 and 2)

2. Effect of the ACN Jumbo-formulation on algae and surface soil separation

Application of the ACN Jumbo-formulation ( 2 pieces/are ) showed excellent algae
control as well as very rapid prevention of the surface soil separation indicating no injury
to transplanted rice plants. Its efficacy was stronger than that of the granule-formulation
when they were applied at the early or middle growing stage of algae, and lasted for
more than 3 weeks. From these results, it was confirmed that the ACN Jumbo-
formulation was efficient enough to control algae and surface soil Separation in paddy
fields.
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3. Algicidal mode of action of the active ingredient of the ACN Jumbo-formulations

ACN inhibited the Scenedesmus growth almost completely at the concentration of
10° M and the 50% inhibition was observed at 10° M both in autotrophic and
heterotrophic conditions. This result is very similar to the peroxidizing herbicides,
chlorophthalim ( Table 1 ). Although ACN slightly affected the chlorophyll contents in
Scenedesmus cells even at 10 M in the heterotrophic cultures, ACN greatly decreased
chlorophyll contents at 10° M in the autotrophic cultures ( Table 2'). This phenomenon
was quite different from phytotoxic symptoms exhibited by ioxynil, dinoseb and
paraquat, but similar to the chlorophyll decrease by chlorophthalim in autotrophic
Scenedesmus cultures. However, chlorophthalim decreased chlorophyll contents even in
the heterotrophic condition at I0° M. These findings indicated that ACN inhibited the
chlorophyll biosynthesis scarcely or very slowly.
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Table 1 Effect of ACN on Chlorophyll content in autotrophic Scenedesmus acutus cells
over 20hr of cultivation.

Compound Concentration Growth Chlorophyll

(M) (ml p.c.v./ml) (mg/ml p.c.v.)
At Start 2.2 5.95
Control 6.6 5.32
ACN 10™ 2.1 0.00
107 2.6 0.07
10° 4.2 ' 3.67
Dinoseb 10° 5.3 5.91
10°® 6.6 5.50
Toxynil 10° 5.7 5.82
10°¢ 6.5 571
Chlorophthalim 10° 2.4 0.17
10°° 2.8 0.25

Table 2 Incubation of heterophically grown Scenedesmus acutus cells with ACN :
Growth inhibition and Chlorophyll content after a 20-hr incubation period.

Compound Concentration Growth Chlorophyll

M) (ml p.c.v./ml) (mg/ml p.c.v.)
At Start 1.0 | 7.99
Control 1.5 6.52
ACN 10 1.1 4.76
10° 1.1 4.76
10° 1.3 5.22
Chlorophthalim 107 1.0 2.85
10° 1.1 4.90
107 1.3 6.65

Although ACN didn't accumulate protoporphyrin-1X in Scenedesmus cells at the
concentration of 10° M to 10* M. ACN evolved cthane, the useful indicator of
peroxidizing effect of herbicides, at 10° M. Ioxynil, dinoseb and paraquat didn’t affect
chlorophyll contents, protoporphyrin-IX accumulation nor ethane evolution in the cell.
Chlorophthalim greatly accumulated protoporphyrin-IX and evolved in ethane in
Scenedesmus cultures. These data indicated that the algicidal mode of action of ACN was
quite different from the photosynthetic electron inhibition, uncoupling mechanism of
dinoseb and photosynthetic inhibition of paraquat (Table 3 and 5 ).4) Algicidal mode of
action of ACN was a little different from the peroxidizing mechanism exhibited by
chlorophthalim, because ACN didn't accumulate protoporphyrin-I1X in the experiments in
this study. If ACN has a peroxidizing herbicidal action on algae, it may accumulate
another unidentified photosensitizer except protoporphyrin-IX or protoporphyrin-IX itself
in a very short period before the first detection time (Table 4 ). Finally, it was confirmed
that 5 x 10° M ( the lowest concentration for perfect control of Scenedesmus within 24
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hr) of ACN showed perfect inhibition after soaking for 3 hr. Therefore ACN Jumbo-
formulation was expected that it become an available algicide with immediate and enough
effect on algae and surface soil separations by low concentration (Table 6 ).

It has been known that ACN was easily metabolized to the water-soluble materials (the
half-life period : ca. 3 days ), and the major metabolite was also 1,4-dihydroxy-
naphthalene. The naphthalene was considered to conjugate with natural substances from
rice, rat and soil to form nontoxic conjugates against animals and plants. Therefore,
through the investigations mentioned above, the ACN throw-in type formulation (Jumbo-
formulation) become an efficient algicide to control algae and surface soil separations,
without any worse effects to environments.

Table 3 Effect of ACN on Protoporphyrin-IX accumulation and Ethane evolution in
autotrophic Scenedesmus acutus cells cultivation.

Compound Concentration Protoporphyrin-IX  Ethane evolution
M) (oM/ml p.c.v.) (aM/ml p.c.v.)

Control 2.0(1hr) 0.28(24hr)
ACN 0t 3.5 10.43
10” 2.0 7.51
10° 2.0 0.23
Dinoseb 107 2.0 0.34
10° 1.5 0.18
Toxynil 10° 2.0 0.30
10°° 2.5 0.22
Chlorophthalim 10° 23.5 8.77

Table 4 Several ply,-values obtained using Scenedesmus acutus cells.

plg,-values

Compound Growth Chlorophyll Ethane
ACN 6.08 5.82 4.09
Dinoseb 4.65 <4.00 <4.00
[oxynil < 4.00 <4.00 <4.00
Chlorophthalim 5.97 5.61 6.21

Table 5 Effect of ACN and Paraquat on Protoporphyrin-IX accumulation and Ethane
evolution in autotrophic Scenedesmus acutus cells cultivation.

Compound Concentration Growth Chlorophyll  Protoporphyrin-IX  Ethane evolution
M) (md p.c.v./ml) (mg/ml p.cv.)  (@mM/mli p.c.v.) (nM/ml p.c.v.)
Control 3.60 4.07 8.76(1hr) 0.13 ( 20hr)
Paraquat 10° 2.90 3.17 4.34 0.30
10°° 1.3 2.98 6.57 0.15
ACN 10° 1.35 0.12 8.91 5.47
10° 1.82 2.32 8.04 0.40
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Table 6 Effect of soaking time on Growth inhibition and Chlorophyll content in
autotrophic Scenedesmus acutus cells over 24-hr of cultivation.

Concentration Soaking time Growth Chlorophyll

M) (min. or hr.) (ml p.c.v./ml) (mg/ml p.c.v.)
At Start 2.2 8.54
Control 7.4 7.54
ACN S min 6.4 6.30
(5x10°) 10 min 5.8 5.78
20 min 5.5 5.18
30 min 5.3 4.06
1 hr 4.5 3.58
2 hr 4.2 2.38
3 hr 3.2 0.38
5 hr 2.3 0.00
24 hr 2.2 0.00
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(JAPR ), M. Kamoi (JAPR), Prof. Dr. K. Ishizuka ( Univ. of Tsukuba ), Prof. Dr. S.
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APPLICATION OF FLOWABLE HERBICIDE
ON IRRIGATION INLET OF LARGE PADDY FIELD

R.Tanaka* and H.Takahashi
Miyagi Pref. Agr. Res. Cent., Takadate Natori 981-12

and Furukawa Agr. Exp. St., Suwa Furukawa 989-61,Japan

Abstract:To reduce labor in weed control on large paddy fields, since
uniform application of granular formulations is difficult on fields
with short sides longer than 30m, we tested flowable herbicides poured
into irrgation inlets and carried by water to these large fields( 0.3~
1.4ha). The result was successfull and there was no illeffect on rice.

This is thus a more efficient technique than broadcasting granules.

AKey words:large paddy fields, flowable herbicides, irrigation inlets,

labor-saving application

Introduction

Recently in northeastern district of Japan, size of paddy fiels are
made more larger by the agricultural land reformation year by year. But
uniform application of granular fertilizes or chemichals on the large
fields with short sides longer than 30m is very difficult from ridges.*’
The Aapplication of the flowable though the spillway could be performed
more ready and in a shorter period than brordcasting of granules.?’

Then we tested flowable herbicides poured or dripped into irrigation
inlets and carried by water to these large fields for a labor-saiving

method.
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Materials and Methods

We tested some bottled flowable consisting combination of Pyributicarb,
Bromobutide and Benzofenap(TSM-612), combination of Imazosul-furon,
Pyributicarb and Dymron(TH-913ST), combination of Pyributicarb and
Bensulfuron methyl(TDS-888) and combination of Thenylchlor, Pyrazoxfen
and Bromobutide(SL-970). These herbicides are on the market as early
weed controlers at onece time using.

We selected some large paddy field(0.5~1.4ha) with short sides longer
than 30m and applicated flowable herbicides by pouring or dripping
into irrgation inlets and carried by water to these large fields. We
have known the irrgation rate of each fields before application and then
we controled dripp rate and stoped irrigation at just suitable water
level (3 5cm) and then We kept the level duaring 4 to 6 days after.

Dominant species on these fields are Early watergrass(Echinochloa

oryzicola Vasing), Kuroguwai(Eleocharis kuroguwai Ohwi), Japanese bul-

rushand(Scirpus juncoides Roxb.var.hotarui Ohwi) and annual weeds in-

cluding Common falsepimpernel (Lindernia procumbens(Krock.)Borbas), Indian

tootheup(Rotala indica(Wiid.)Koehne var. uliginosa(Miq.)Koehne) and Small-

flower umbrella sedge(Cyperus difformis L.) ete.

We investgated weed emergency and rice injury at 40days later from plant-

ing and rice growth and yield at hervest period.

Results and Discussion

Time of application of flowable herbicides poured or dripped into
irrigation inlets of large fields( 0.3Av1.4hé) was depend on the amount

of herbicide and number of inlets and yet less than fifteen minutes.
After dripping or pouring, irrigation was continuted some hours until the
water level was up to 4~5cm. But we don’t have to operate anything during

the irrigation time.
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And the flowable herbicides poured or dripped into the irrigation inlets
were smoothly carried and spreaded to the whole fields by the water.
Effects of weed control were successfuly completed and there were no
influence on growth and yeild of the rice. But, a little number of annual
weeds on the shallow plots emerged again aerlier than on the deep plots
of the same fields.
Then we guess this way is a more labor-saving technique than broadcasting
granules on the large paddy fields made plainly. The pouring way needs
no dripping tools and has same effects for weed control compared with the

dripping way on the condition with enough irrigation water.
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Furukawa,Watari,Nakanida,Hazama and Ishinomaki Agricultural Extension
Station for their assistance in the test. We also thank Mitubisiyuka Co.,
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Table 1. Distribution of weeds on the large paddy field poured flowable
herbicide into a water inlet{1993)

Plot E.watergrass Kuroguwai Annual weeds Iwadeyama-chou N
No (n) (dw) (n) (dw) (n) (dw) <« 120m — p
- -+
@ 0.1 t 0.0 0.0 0.1 t @ ® © 1
@ 0.1 t 0.0 0.0 0.1 t N ® ® ® 50m
® 0.5 ¢ 0.0 6.0 0.0 0.0 Y O @ @ ¥
@ 0.8 ¢t 0.2 t 0.0 0.0 ﬂ
® 0.6 t 0.1 t 6.0 0.0 -
® 0.5 t 0.3 0.1 0.0 0.0 = —>
@ 0.4 t 0.1 ¢t 0.0 0.0 Irrigation
® 0.2 t 0.1 t 0.6 0.0
® 1.0 0.1 0.0 0.0 6.0 0.0

Note:a) n stans for Number. dw stands

Table 2.

for g/nf of dry weight. t stans

for trace(<0.1). We Investigated at 4bdays later from planting.
b) WI stand for water inllet. Plot @ and @ are little upland.
¢) Fllowable herbicide is TSM-612.

Distribution of weeds on large paddy field dripped flowable
herbicide on water inlets(1992)

Plot E.watergrass J.bulrush Kuroguwai Nankou-chou
No (dw/nf ) (%) (dw/nf) (%) (dw/nf) (%) :
Irrigation — :
@ 0.0 O 0.0 0 0.0 0 - - '
® 0.0 0 0.0 0 0.0 0 4 Wl 0
® 0.0 0 0.0 0 0.0 0 ORONE)
@ 0.0 0 0.0 0 0.3 25
® t ot 0.0 0 0.1 8 @ ® ® |125n
® 0.0 0 t ot 0.1 8
@ t ot 0.0 0 0.2 17 @ ®9
® 0.0 0 0.0 0 0.1 8 ¥
©)] 0.0 0 0.0 0 t ot
<~ 80m —
Total t ot t t 0.8 87 + >N
No weeding 10.2 100 5.8 100 1.2 100
Note:a) t stans for trace(under0.04). % stads for Percentage of dw

against no weeding plots.

from planting.
b} Flliowable herbicide is TMS-612.

We Investigated at 45days later
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table 3.

inlets of large paddy fields(1992,1995)

Nangou
100a(125x80m)
TMS-6812

Result of tests of flowable herbicide dripped on water

Toyosato
60a(120x50m)
TDS-888(1995)

21 May(+11)
12¢(1.2¢)
4

Petbottle

38m /m

5.2h

3.5cm

A little good
No applicable
weeds

Yellow leaves

15 May(+7)
3¢,(0.5¢0)
2

Lonfriend

30ml /m

1.5h

bem

Good
No weeds

Nothing

Place Iwadeyama Monou
area 60a(120x50m) 482 (120x40m)
Flowable TMS-612 TMS-612
Period 17 May(+8) 9 May(+7)
Amount 60,(1¢) 5¢,(1¢)
Inlets 1 1
Drip device Lonfriend Lonfriend
rate 15m@ /minute 30md/m -
Time 6.bhours 2.5h
Irrigation 4cm water depth 4.5cm
Operation  Good Good
Weeds No weeds No weeds
Rice injury Nothing Almost
nothing

on near inlet

ing.

Parenthesis in period of application is number of day from plant-

b) Parenthesis in amount of Flowable is rate of application per 10a.
¢) Lonfiend is an autodriper on the market. Petbottle is a handmaking

driper with a exit tube.

,1993)

Ishinomaki
100a(125x80m)
SL-970

7 May (+5)
100 (1¢)

Result of tests of flowable herbicide poured into water

Nakanida
50a(125x40m)
TDS-888

19 May(+5)
2.50,(0.5¢)

table 4.
inlets of large paddy fields(1992

Place Monou Iwadeyama
area 48a(120x40m) 60a(120x50m)
Flowable TMS-612(1992)  TH-913ST
Period 12 May (+7) 11 May(+5)
Amount 50,(1¢0) 2.50,(0.5¢)
Inlets 2 1

Pouring time lbmimutes 5m

Irrigation 1.5hours 2.5h

Water depth 4cm 5cm

Field flatness A little good A little good

Good
2cm/day

Good

Good
2cm/day

Good
No weeds

Water reduction lcm/day 2cm/day
Operation  Good Good
Weeds A little weeds A little weeds

on upland spots
Nothing

on upland spots
Rice injury Nothing

No weeds

Nothing

Nothing
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fig.1 Dripping a bottle of flowable herbicide on a irrigation inlet

(1995, Toyosato, 60a field)

fig.2 Pouring flowable herbicides on a irrigation inlet

(1995, Natori, 30a field)
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CYHALOFOP BUTYL: FORMULATION TECHNOLOGY ON
CYHALOFOP BUTYL GRANULE

N. Kondo, T. Matsumoto, K. Matsuya, H. Katahashi, Y. Imai
DowElanco Division, Dow Chemical Japan Limited,
Tennoz Central Tower, 2-24, Higashi Shinagawa 2-chome, Shinagawa-ku, Tokyo 140, Japan

Abstract. Cyhalofop butyl, [R-(+)-n-butyl-2~(4-(2-fluoro-4-cyanophenoxy)phenoxy)propionate] is
a new selective rice graminicide, which can control up to 5-6 LF stage of Echinochloa crus-galli by
foliar application. Considering the Japanese market, the granule formulation development of
cyhalofop butyl was essential. However, the conventional type extruded granule of cyhalofop butyl
showed unacceptable bioefficacy. In order to improve bioefficacy of granule formulation on
cyhalofop butyl, different commercial ester products on KC{ core granule were evaluated in green
house trials and field trials in Japan. Among them, di-tridecyl phthalate enhanced the efficacy of
significantly over the efficacy of water treatment of cyhalofop butyl EC formulation. Employment of
di-tridecyl phthalate contributed to the high concentration of cyhalofop butyl on the water surface,
prolonged half life of cyhalofop butyl on hydrolysis and enhanced uptake of cyhalofop butyl into the
plants. These results suggested that cyhalofop butyl granule containing di-tridecyl phthalate would be
effective way to maximize bioefficacy of cyhalofop butyl.

Key words: cyhalofop butyl, Echinochloa crus-galli, granule, di-tridecyl phthalate, oil granule
technology.

Introduction

Cyhalofop butyl, Japanese code no. DEH-112, is being developed by DowElanco to control E. crus-
galli in rice paddy. The granule formulation development of cyhalofop butyl was essential considering
of the Japanese market. However, conventional type extruded granule of cyhalofop buty! showed poor
bioefficacy, contrary to our expectations. In order to improve bioefficacy of granule formulation on
cyhalofop butyl, "oil granule technology" was applied to cyhalofop butyl through considering mode of
action, such as foliar uptake. This report covers evaluations of oil granule formulations for increasing
the efficacy of cyhalofop butyl on rice.

Materials and Methods

Green house trial 1

1% conventional type extruded Gr of cyhalofop butyl was prepared and its bioefficacy was evaluated
in comparison with bioefficacy of water application of 30% EC formulation of cyhalofop butyl under
green house condition at Gotemba laboratory of DowElanco. The pot used for the trial was 1/5000 are
Wagner's pot and water level was maintained at 3 cm. E. crus-galli at 1.8 - 2 leaf stage was treated
with cyhalofop butyl Gr and EC. Visual assessment of herbicide activity and crop tolerance was made
4 weeks after application with 3 replications (0%: no effect - 100%: complete kill).

Green house trial 2

1% oil Gr of cyhalofop butyl was prepared employing 9% di-tridecyl phthalate and KC/ core Gr for
cyclosal insecticide developed by Nippon Kayaku and its bioefficacy was evaluated in comparison
with one of water application of 30% EC formulation of cyhalofop under green house condition at
Gotemba laboratory of DowElanco. 1/5000 are Wagnetr's pot was used for the trial and water level was
maintained at 3 cm. E. crus-galli at 1.5 - 2 leaf stage was treated cyhalofop butyl Gr and EC. Visual
assessment of herbicide activity and crop tolerance was made 4 weeks after application with 3
replications (0%: no effect - 100%: complete kill).

Abbreviations: EC, emulsifiable concentrate; Gr, granule; LF, leaf stage; a.e., acid equivalent; a.i.,
active ingredient; WA A, weeks after application; Conc., concentration; HAT, hours after treatment.
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Chemical assay

0.1 g each of 1% conventional type extruded Gr and 1% oil Gr were applied into 1 ¢ distilled water of
3 ¢ beakers. At 6, 24 and 48 hours after application, cyhalofop butyl concentration in water was
analyzed using HPLC method. In addition, 1 and 48 hours after application, cyhalofop butyl
concentration on surface of water was also analyzed using HPLC method.

Fate of cyhalofop butyl

Fate of cyhalofop butyl in a laboratory paddy rice: Explanatory studies were conducted using l4c.
labelled cyhalofop butyl EC formulation and oil solution for oil Gr formulation in the laboratory of
The Dow Chemical Company, U.S.A. Soil/water experiments and sand/water/E. crus-galli
experiments were conducted for half life of cyhalofop butyl on hydrolysis and uptake of cyhalofop
butyl by the plants, respectively. The E. crus-galli plants were used at the 2.5 - 3 leaf stage. The oil
solution simulated the field use of oil Gr impregnated with 9% di-tridecyl phthalate.

Field trial 1

0.6% oil Gr of cyhalofop butyl formulations containing 4 - 9% of di-tridecy! phthalate on KC¢ core Gr
were prepared. Field trials on those formulations were carried out at Fukuoka field station of
DowElanco. The plots were separated by corrugated plastic boards. The plot size of the trials was 2
m? and the water of the test plot was maintained at 3 cm depth during trial period. E. crus-galli at 3
leaf stage was treated cyhalofop butyl Gr formulations. Weed control efficacy and crop injury were
visually evaluated in comparison with the untreated plots at 2 weeks after application and 1 week after
application, respectively with 3 replications (0%: no effect - 100%: complete kill).

Results and Discussion

Green house trial 1: Bioefficacy of 1% cyhalofop butyl extruded Gr formulation

1% cyhalofop butyl conventional extruded Gr formulation showed poor bioefficacy to 1.8 - 2 LF stage
of E. crus-galli even at 480 g a.e./Ha, while water application of 30% cyhalofop butyl EC formulation
showed excellent - good bioefficacy to 1.8 - 2 LF stage of E. crus-galli at 480 - 240 g a.e./Ha (Table

1).

Table 1. Cyhalofop butyl formulation - efficacy on E. crus-gaili and injury on rice plant (green house
trial/Gotemba)

control/injury at AWAA
Rate % control of % injury of
Formulation gae/Ha E. crus-galli rice plant
Cyhalofop butyl 1% extruded Gr 480 35 0
240 7 0
(conventional) 120 0 0
60 0 0
Cyhalofop butyl 30% EC 480 99 0
240 88 0
(water application) 120 40 0
60 20 0
Leaf stage at the application 1.8-2.0LF 3.5LF

Green house trial 2: Bioefficacy of 1% cyhalofop butyl oil Gr

1% cyhalofop butyl oil Gr formula-tion exhibited excellent control on 1.5 - 2 LF stage of E. crus-galli
at 480 - 240 g a.e./Ha and it was superior to the bioefficacy of water application of 30% cyhalofop
butyl EC at 480 - 240 g a.e./Ha (Table 2).
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Table 2. Cyhalofop butyl formulation - efficacy on E. crus-galli and injury on rice plant (green house
trial/Gotemba)

control/injury at 4sWAA
Rate % control of % injury of
Formulation gae./Ha E. crus-galli rice plant
Cyhalofop butyl 1% oil Gr 480 99 0
240 94 0
120 83 0
60 75 0
Cyhalofop butyl 30% EC 480 90 0
240 77 0
(water application) 120 60 0
60 47 0
Leaf stage at the application 1.5-20LF 3.5LF

Chemical assay: Release performance of cyhalofop butyl Gr

1% cyhalofop butyl oil Gr showed extremely high concentration of cyhalofop butyl on the surface of
water even 1 hour after application while 1% cyhalofop butyl extruded Gr showed quite low
concentration of cyhalofop butyl on the surface of water at 1 hour after application (Table 3).

Table 3. Release performance of cyhalofop butyl on cyhalofop butyl Gr

Formulation Conc. in water (ppb) Conc. on water surface (ppb)
6 hrs. 24 hrs. 48 hrs. © 1hr 48 hrs.
Cyhalofop butyl 1% oil Gr 169 148 149 912 907
Cyhalofop butyl 1%
extruded Gr 168 386 493 60 469
(conventional)
Fate of cyhalofop butyl

The half life for hydrolysis of cyhalofop butyl in a soil/water mixture is about 1 hour or >2 days for
application as the EC formulation or the oil solution for oil Gr, respectively (Table 4). In the
sand/water/E. crus-galli experiments, uptake of 14¢ activity by the plants after water treatment with
EC - formulated [1 C] cyhalofop butyl is the 0.2% of the applied activity at 2 - 48 hours and on the
other hand, uptake of l4c activity by the plants after water treatment with the oil solution for oil Gr of
[l4c] cyhalofop butyl is 36% of the applied activity at 24 hours after treatment (Table 5).

Table 4. Time course of the fate of [14C] cyhalofop butyl (EC formulation and oil solution) in a soil/
water system?.

EC formulation Oil solution
HAT [14C] components in water phase HAT [14C] components in water phase
(% cyhalofop butyl) (% cyhalofop butyl)
0.5 67 0.5 99
2 14 3 95
4 13 5 94
9 <] 9 88
26 <1 26 75
51 N.D. 51 61

a. Application data: 290 g a.e./Ha for EC formulation
312 g a.e./Ha for oil solution
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Table 5. Time course of the fate of [14C] cyhalofop butyl (EC formulation and oil solution) in a
sand/water/E. crus-galli system?. '

Distribution of

HAT recovered activity of EC formulation

plant extract

Distribution of

HAT recovered activity of oil solution

plant extract

L%\ B

N

3
9

S

<0.1%
0.2%
0.4%
0.1%
0.3%

wn - O

24

30%
24%
36%

a. Application data:

Field trial 1 - oil optimization for cyhalofop butyl oil Gr

250 g a.e./Ha for EC and oil solution

All 0.6% cyhalofop butyl oil Gr formulations containing 4 - 9% of di-tridecyl phthalate as an oil on
KC/ core Gr exhibited excellent control on 3 LF stage of E. crus-galli and no injury on rice at 180 g

a.i./Ha (Table 6).

Table 6. Cyhalofop butyl 0.6% G (180 g a.i./Ha) - oil optimization study (field trials/Fukuoka)

Content of di-tridecyl Rate E. crus-galli control at Rice injury at

Formulation phthalate (%) g/Ha 2WAA (%) 1WAA (%)
4 1200 98 0
Cyhalofop butyl 5 1500 97 0
6 1800 98 0
0.6% Gr 7 2100 100 0
8 2400 97 0
9 2700 98 0

Leaf stage at the application 3LF 45-5LF
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Present status of herbicide use in Vietnam

Duong Van Chin
Cuulong Delta Rice Research Institute, Omon, Cantho province, Vietnam

Abstract. Rice is the most important crop in Vietnam. There are two major rice areas, i.e..
Mekong river and Red river deltas with 3.96 million hectares, which are 62% of all planted
areas in the country. The main crop seasons for rice are Winter-Spring, Summer-Autumn
and Autumn-Winter. Lowland rice accounts for 94% of all the rice area in Vietnam. The
traditional method of transplanting has shifted to direct seeded system due to the
availability of short duration varieties suitable for direct seeding, wide spectrum
herbicides with reasonable prices and the shortage of labor during the peak period of
transplanting. The shift is taking place faster in the Mekong River than in Red River
delta. In direct seeded systems, weeds emerge at the same time and compete seriously
with the rice crop. Weed infestation in transplanted and water seeded rice is lower than
that of other methods of crop establishment due to the suppressive effect of water. About
400 weed species of 73 families have been reported in rice fields in Vietnam. Two
important families are Poaceae and Cyperaceae having 42% of weed species with 21%
each. Yield loss due to weeds in the Mekong delta is about 46%. The hand weeding method
is still prevalent in Vietnam's rice fields. A few studies on weed control in rice by
mechanical, cultural, physical and biological means are reviewed. In recent years,
chemical method have increasingly been adopted. The popular herbicides with large scale
application in Vietnam are: butachlor, 2,4-D, fenoxaprop-ethyl, oxadiazon, pretilachlor,
pyrazosulfuron-ethyl, thiobencarb+propanil.

Key words. weed control, direct seedee rice, Mekong River Delta, crop season, herbicidal
activity

Introduction

Total land area of Vietnam is 33.169Mha in which the arable land and land under
permanent crops account for 6.697Mha. There are 4.211Mha for rice production sharing
76.5% of arable land in the whole country. Rice is the most important crop in Vietnam
with 6.475Mha planted area and the production of 21.59MT in 1992(3). Rice is grown in all
eight ecological zones of Vietnam but two main zones for rice production are the Mekong
River Delta and the Red River Delta. These two zones have 3.96Mha constituent 62% of
rice planted area of the whole country. The other zones are North mountain, Midland,
Central coast of northland, Central coast of southland, Central highland, North-east of
southland. The south has advantageous climatic condition as compared to the North but it
has some other constraints such as drought and flood. Three crops of rice can be grown in
the South.

With regard to the above background, this paper outlines rice production and weed control
system mainly in the Mekong River Delta in Vietnam.

Rice production in Vietnam
The Mekong delta is the most important rice area in Vietnam. There are three rice
cropping seasons in the region ; Winter-Spring season, Summer-Autumn season, Autumn-
Winter season. Winter-Spring rice is established at the end of rainy season(November,
December) or at the beginning of dry season and harvested in the middle of dry season.
Rice duration in Winter-Spring season prolongs only 3.5 to 4 months, and rice yield under
this season is highest as compared to others. Summer-Autumn rice is sown or transplanted
at the beginning of rainy season and harvested in the middle of the season mainly in the
South. The crop duration is about 3.5 to 4 months and yield is lower than that of Winter-
Spring season. Autumn-Winter rice is established when rainy season starts and harvested
at the end of wet season or early next year. Both modern high yielding and local
photosensive varieties are used. Planted areas under this season tend to decrease and
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yvield is lowest as compared to the other two seasons. The difference in yield is about 1 to
1.5T/ha due to some constraints such as low solar radiation, drought, flood and low yield
potential of local varieties(Table 1).

Rice cultivation type in Vietnam
The traditional method of transplanting has shifted to direct seeding system due to the
availability of short duration varieties suitable for direct seeding, wide spectrum
herbicides with reasonable prices and the shortage of labors during the peak period of
transplanting. The shifting is faster in Mekong River Delta as compared to other regions.
Both transplanting and direct seeding exist in Central coast of North and Southland. In
Red River Delta transplanting rice is popular. There are only 20,000ha of rice established
by direct seeding in four years during 1991-1994 in the delta. On the other hand, 94% of
planted area in Mekong Delta is direct seeded of which 54% is wet seeding(1). There are
four types of the wet seeding ; Traditional wet seeding: pregerminated seeds are sown on
well puddled saturated soil. Water seeding: pregerminated seeds are sown on puddled soil
under water. Minimum tillage wet seeding: land is plowed and harrowed in dry condition.
Fields are watered to reach saturation and pregerminated seeds are broadcasted on the
soil surface. Zero tillage wet seeding: rice straw of the previous rice crop is scattered
throughout the field and burnt. Fields are watered and pregerminated seeds are sown on
moist soil surface(Table 2).
Weed ecology

Weed infestation in transplanted and water seeded rice is lower than that of other rice
cultivation methods due to suppressive effect of water. Aquatic weeds are popular in
transplanted and water seeded rice. In wet seeded rice cultivation, weeds emerge at the
same time and compete seriously with rice crop and cause substantial yield loss. About 400
weed species of 73 families have been reported in lowland and upland rice fields in
Vietnam(Table 3)(6). Two most important families are Poaceae and Cyperaceae having
42% of weed species with 21% each. Other important families are: Asteraceae(26species),
Scrophulariaceae(18species), Fabaceae(14species), Lythraceae(10species) and
Lamiaceae(9species). Predominant weed species observed in lowland rice fields in Mekong
delta are: Echinochloa crus-galli, Echinochloa colonum, Leptochloa chinensis, Paspalum
distichum, Cyperus difformis, Cyperus Iria, Fimbristylis miliacea, Eleocharis dulcis,
Monochoria vaginalis, Marsilea minuta, Ludwigia octovalvis and Sphenoclea zeylanica(l).
Yield loss due to weeds in the Mekong delta reaches at about 46%. Some predominant
weed species observed in lowland rice fields in Red river delta are: Echinochloa crus-galli,
Echinochloa colonum, Cyperus rotundus, Panicum spp, Heleocharis equisetinea, Felipta
alba, Rotala indica, Marsilea quadrifolia, Monochoria vaginalis and Jussiaea repens(Table

H(4).

Weed control

Prevention method

One way of weed infestation in direct seeded rice in Vietnam is the contamination of weed
seeds into rice seeds. Farmers had the tradition of keeping part of their product to use as
seeds for the next season. Trading or exchange rice seeds among farmers cause spreading
of weeds though contaminated seeds. Certified seeds have not been produced with large
amount by companies to meet. the demand of farmers resulting in using low quality seeds
for rice production. Securing good quality seed is the first step to ensure the high yield.

Physical weed control

Water management is one successful method for weed control in transplanted rice. Most of
grasses can be suppressed with the depth of water about Sem or above but sedges and
broadleaf weeds need more water to be controlled(7). Weed infestation in water seeded rice
in Mekong Delta is lower than that of wet seeded rice due to low weed germination and
emergence caused by water. Weed density in Summer-Autumn season is higher than that
of Winer-Spring season due to the fluctuation in rainfall and the shortage of river water.
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On the other hand in Winter-Spring season, plenty of water in rivers after peak period of
flooding allows farmers to keep their field flooded to suppress.weeds. A pot experiment on
weed control by water management was conducted at the Cuulong Delta Rice Research
Institute(CLRRI). Water at the depth of Hbem or above can control weeds especially grasses
and it caused reduction in weed dry weight(Table 5).

Chemical weed control

A few studies of biological control have been conducted, no one, however, provides on
established means to control weeds in the paddy fields. As of today, chemical weed control
is the most reliable and economical tool, especially in large scale rice cultivation. In
Vietnam, the tendency of an increase in use of herbicides has been observed. Major
herbicides registered in Vietnam for weed control in rice is listed in Table 6. A main part of
weed control experiments has been conducted in rice in Mekong Delta. Few studies were
carried out in Red River Delta and other regions. In Mckong Delta, treatments of granular
thiobencarb gave high efficacy in controlling Echinochloa spp in Winter-Spring season,
whereas thiobencarb + propanil showed better efficacy in Summer-Autumn season in well
puddled and irrigated fields(5). Du et al reported that pyrazosulfuron-ethyl at 25gai/ha,
pretilachlor at 400gai/ha, butachlor at 1000gai/ha, thiobencarb at 1800-2000gai/ha resulted
in increasing yields as compared to weedy check. Yield under pyrazosulfuron-ethyl was
higher than that of hand weeding twice(2).The popular herbicides with large scale
application are butachlor, 24-D, fenoxaprop-ethyl, oxadiazon, pretilachlor,
pyrazosulfuron-ethyl, thiobencarb+propanil. CLRRI studied on these herbicides in four
experiments during Winter-Spring and Summer-Autumn season of 1993-1994. Results are
shown Table 7 and 8. All treatments resulted in increasing yields as compared to weedy
check. '

Discussion

The chemical method of weed control is one important parts of integrated weed
management. In Vietnam, the shifting from transplanted to direct-seeded rice system has
been taken place and the fast shifting is observed. Weed infestation under direct-seeded
rice 1s severer as compared to the transplanted rice cultivation. The amount of rice
herbicides is expected to increase in the future. The integrated weed management,
including cultural, physical, mechanical, biological and chemical methods, should be
studied. In three cropping types of rice in Vietnam, Summer-Autumn rice usually faces
high infestation of weeds due to lacking of water from rain and in the rivers. The effect of
herbicides and water management should be studies to minimize yield loss due to weeds in
this particular season. The effect of rice herbicides on non-target organisms in paddy
fields, which will have become a social concern, requires further studies in the future in
Vietnam,
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Table 1 Main crop season of irrigated direct seeded rice in Mekong Delta

Number of crops Crop season(month)
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4

2 crops/year ~ 8SA - « WS -
3 crops/year —~ SA - < AW -5 < WS —
3 crops/year «~ Soy - <« SA - — WS -

Remarks: SA: Summer-Autumn season rice, AW: Autumn-Winter season rice,
WS: Winter-Spring season rice, Soy: Soybean

Table 2 Cultivation types in irrigated direct seeded rice in Vietnam.

Type Land preparation Seed preparation Soil condition
at sowing
1. Traditional Puddled pregerminated saturated
2. Water seeding puddled pregerminated flooded
3. Minimum tillage =~ No puddled pregernﬁnated saturated
(plowed & harrowed)
4. Zero tillage No tillage pregerminated moist soil with ash of
previous rice's straw were straw

scattered and burnt

— 598 —



Table 3 Weeds reported to occur in rice in Vietnam(adapted from Moody, 1989)

Family Number of species Percentage
Poaceae 84 21.0
yperaceae 83 21.0
Asteraceae 26 6.5
Scrophulariaceae 18 4.5
Fabaceae 14 3.5
Lythraceae 10 2.5
Lamiaceae 9 2.3
Amaranthaceae 7 1.8
Onagraceae 7 1.8
Aizoaceae 7 1.8
Acanthaceae 6 1.5
Commelinaceae 6 1.5
Convolvulaceae 6 1.5
Hydrocharitaceae 6 1.5
Others 110 27.6
Total : 399 100.0

Table 4 Predominant rice weeds in Mekong and Red River Deltas.
(adapted from Chin and Sadohara 1994 and Khiem 1992)

Mekong River Delta Red River Delta
Echinochloa crus-galli Echinochloa crus-galli
Echinochloa colonum Echinochloa colonum
Leptochloa chinensis - Panicum spp.
Paspalum distichum Cyperus rotundus
Cyperus difformis Heleocharis equisetinea
Cyperus iria Eclipta alba
Fimbristylis miliacea Rotala indica
Eleocharis dulcis Marsilea quadrifolia
Monochoria vaginalis Monochoria vaginalis
Marsilea minuta Jussiaea repens

Ludwigia octovalvis
Sphenoclea zeylanica

Table 5 Effect of water depth on weed and rice yield.
(CLRRI, Vietnam, 1993-1994 Winter-Spring season)

Water depth Weed dry weight(g/m2)* at 556DAS Yield
Grasses Sedges Broadleaf weeds gipot
0 cm(till 6DAS) 3.2ab 59a 6.0 a 39.6 a
0 cmf(till 12DAS) 132 b 82a 10.8 ab 40.6 a
2.5cm 1.8a 112 a 11.1ab 40.0 a
5.0cm 0.7a 7.2a 12.7 ab 55.0 ¢
7.5cm 0.7a 49a 140 b 46.0 ab
10.0cm 0.7a 5.5 a 9.3 ab 42.6 ab
12.5em 1d4a 5.3a 8.9 ab 49.0 be

* Transformed data v X+0.5

In a column, means having a common letter are not significantly different at 5% level by
DMRT.
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Table 6 Major herbicides in wet seeded rice in Vietnam.

Name Dosage Time of application
(ga.i./ha)

Butachlor 960-1280 1-7DAS

2,4-D 920-1100 15-20DAS, 40DAS

Fenoxaprop-ethyl 37 20-30 DAS

Oxadiazon 250 2-3 DAS

Pretilachlor 300 1-3 DAS

Pyrazosulfuron-ethyl 20-30 3-7TDAS

Thiobencarb + Propanil 1200+600 - 1600+800 5-10 DAS

Remarks: DAS : days after sowing

Table 7 Effect of some pre-emergence herbicides on weeds and yield of wet-seeded rice in
Winter-Spring season in 1993-1994.

Treatment Dosage  Application timing Weeds dry weight(g/m2)* Yield
(ga.i./ha) (DAS) at b5 DAS (T/ha)
Oxadiazon 250 3 0.7 5.06
Pretilachlor 400 3 1.7 5.30
Butachlor 960 5 2.1 5.20
Pyrazosulfuron-ethyl 20 6 3.2 5.63
Thiobencarb 1500 6 4.7 4.86
Untreated control - 14.5 3.33
Hand weeding twice 20&30 2.8 5.06
(LSD 0.05) 2.4 0.45

* Transformed data v X+05
DAS :days after sowing

Table 8 Effect of some post-emergence herbicides on weeds and yield of wet-seeded rice in
Winter-Spring season in 1993-1994. '

Treatment Dosage Application timing Weeds dry weight yield
(ga.i./ha) (DAS) (g/m2)*at 55 DAS (T/ha)
Propanil 3000 15 4.74 4.31
Propanil + 2.4-D 1200+400 15 4.38 4.02
Butachlor + 2,4-D 560+400 15 4.69 4.65
Fenoxaprop-ethyl + 2,4-D 45+800 15 2.30 4.45
Thiobencarb + propanil 1200+600 15 4.98 4.80
Fenoxaprop-ethyl 45 20 4.50 4.31
2.4-D 800 20 3.69 2.24
Untreated control - - 8.91 2.98
Hand weeding twice 20&30 3.30 5.04

* Transformed data v X+05
DAS :days after sowing

— 600 —



PRESENT STATUS AND PROSPECT’S OF WEED CONTROL IN RICE JN VIETNAM

HA MINH TRUNG , N.T.TAN, H.A.CUNG
National Institute of Plant Protection,Chem ~ Tuliem - Hanoi

ABSTRACT:

During the last few years in the course of the country’s
economic renovation, agriculture production, patticularly rice
production has recorded very important progress, and has been able
to meet the demands of domestic consumption and export. Rice
production in 1993 was 21.9 million tons which is 38% more than
1985. The average yield per hectare was 3.43 tons, 26% more than
1985. .

Weeds are considered the major constraint in rice production and
weed control is an important factor in the progress of rice
production. About 50 weed species have been identified in Vietnam,
out of which Echinochloa crus- galli, Echinochloa colonum, Cyperus
difformis, Cyperus sp. Leptochloa sinensis, Fimbristylis diphylla,
Paspalum scrobiculatum, Marsilea quadrifolia,Heleachoris chactalia
considered economically important. The most common weed control
practises are chemical and manual. Chemical control is common "in
about 2.5 million ha where direct sowing is practiced. The most
common herbicides used are Sofit, Rifit, Butachlor, Ronstar, Saturn
and 2,4D. Manual weed control takes 40 - 50 mandays per ha. In
recent years due to changes in socio-economic structure the area
under direct sowing has been increased as a consequence, the
quantity of herbicide usage will also be increased. Effective
strategy for weed management under the framework of IPM are
discussed.

1. INTRODUCTION

Vietnam is an agricultural country with abundant agricultural
resources and over 70 million inhabitants , of whom 50 million are
in agricultural households. Stretching from 8 oN to 23 oN with a
variable topography and climatic conditions the country is devised
into seven agroecological regions : North mountain and Midland, Red
River Delta, North Central Coast, South Central Coast, Central
Highlands, East Cochinchine and Mekong River Delta (Please see
Figure 1 and Tab.1 ). There are 33 million ha of land, of which 7
million ha are used for agricultural purpose. Rice is grown on 6,3
million ha, maize 0.43 million ha, sweet potato 0.35 million ha,
cassava 0.27 million ha, peanut 0,2 million ha and sugarcane 0.15
million ha. There is a possible expansion of 1 - 2 million ha in
Red River Delta, Mekong River Delta and Central Highlands.

Abundant water resources and well developed irrigation systems
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make it possible to grow rice throughout the year. Four major types
of rice crops are grown : Winter - Spring ( November - May ),
Spring (February - May), Summer - Autumn ( April - August ) and
Monsoon or Summer ( June - October). Vegetable, pulses, o0oil seeds
and other cereal crops are usually grown in intercrops with rice.

The main cropping pattern in rice - based farming system are as
follows

+ Monsoon rice - Winter non rice crops - Spring rice

+ rice - Spring rice - Summer Autumn rice

+ Monsoon rice - Winter spring rice.

During the last few years in the course of country’s economic
renovation rice production has recorded very important progress and
has been able to meet the demands of domestic consumption and
export. Rice production in 1993 was 21.9 million tons which is 38%
more than 1985. The average yield per hectare was 3.43 tons, 26%
more than 1985 ( see Tab.2)

One of the important factor enhancing this progress in rice
production is the larger use of intensive farming, new high-
yvielding varieties, increase of number rice crops per year and
larger dose of fertilizers. However, the course of intensive
farming often break up the biological balance between rice crops
and their pests resulting in their emergence and damages in a
bigger way .Modern varieties erect leaves, therefore more light
penetrates the crop canopy and more weeds emerge and survive. The
high fertilizer rates applied to high-yielding varieties worsen
weed problems. Therefore weed control is a crucial measure,
contributing to sustainable rice production.

2. MAJOR WEEDS PESTS

Weeds were surveyed in Red River Delta, Mekong Delta and some
areas of upland rice in mountain and Midlands region of North
Vietnam. The results of field surveys showed that there are about
60 weed species in upland rice fields, 50 species in water seeded
rice, and 37 species in transplanting rice. The major weed pests
are given in Table 4. Their distribution is varied depending on
rice ecosystems and soil types. The dominant weed pests in
irrigated rice land are Echinochloa spp, Leptochloa sinensis,
Digitaria setigera and Cynodon dactylon. Upland rice fields are
dominated by Imperata cylindrica, Panicum repens, Cyperus rotundus,
Eleusine indica, Amaranthus spinosus and Mimosa pudica.

3. WEED DENSITY AND YIELD LOSS

The density of major weeds in rice fields is varied depending on
cropping seasons and cultivation practices ( please see Tab.4).

Seeded rices is common in Mekong River Delta. There are three
seeding method practiced :
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+ Sowing onto puddled soil. Pregerminated seeds are sown on the
well puddled soil with adequate water surface. '

+ Sowing with minimum land preparation. Seeds are broadcast on
the soil surface with out puddling.

+ Zero tillage wet seeding. No plowing, harrowing and puddling
is conducted before sowing. Weed density is usually higher in the
fields with the two last seeding methods. A survey on fields with
zero tillage wet seeding in spring 1993 revealed that the density
of Echinochloa, Leptochloa, Cyperus, Fimbristylis and Monochoria
were 16-384; 58- 291; 39- 1045 and 5 - 175 plants/m2 relatively.

During their growth the rice crops and weeds compete for water,
nutrients and light. Weeds usually grow faster than the rice crops,
therefore they absorb greater quantities of nutrients and water and
inhibit rice growth, resulting in considerable yield loss. Some
data of yield loss due to Echinochloa is given in Table 5. The
average yields loss due to major weeds is estimated about 5 - 15%
for transplanting and 19 - 30% for seeded rice.

WEED CONTROL.

The most common weed control practices are manual and chemical.
Manual weed control 1is dominant in North of Vietnam, where
transplanting rice is more practiced. Manual weeding is conducted
two time per season at 15 - 20 and 30 - 35 days after
transplanting. Beside of hand pulling of weeds farmers also use
some primitive implements for weed control such as hoes and rotary
weeders. Hand weeding usually takes 70 - 80 mandays per hectare.

In South of Vietnam where direct seeding is more practiced,
manual weed control is more time-con