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ALLELOPATHIC EFFECT OF SEVERAL PLANT SPECIES 1M COMTROLLIMG 

WEEDS lN JUTE (VAR. 0-4). 

M. Abdul Gaffer 

Department of Agronomy， 
Bangladesh Agricultural University， Mymensingh 

B.AN GLI¥D正法i

Key Words: Allelopathy， Plant material， weed control. 

ABSTRACT 

The study was conducted at the Agronomy Field Laboratory， 

Bangladesh Agricultural University， Mymensingh during April to 

August， 1990 with tosha jute var. 0-4 to evaluate the effect of 

plant material incorporated into soil on the weed intensity and 

consequent impact on yield and yield contributing character of 

jute. The experiment consisted of four plant species viz. 

Amaranthus spinosus， Cyperus rotundus， Echinochloa colonum and 
Imperata cylinarica whose fresh materials were incorporated into 

soil at the rate of 0.50， 0.75 and 1.00 kg/m2 including control 

plots. The experiment revealed that incorporation of plant biomass 

reduced weed infestation and consequently yield increased. Among 

the four plant species， Imperata cylindrica was much more effective 

‘in controlling the infesting weeds and had positive influence on 

yield and yield components of Jute. The relative efficiency of 

plant species in controlling weed population is 1. cylindrica > C. 

rotundus> E.colonum > A. spinosus. 



IHTRODUC'lIOR 

Allelochernicals released by different plants interact with 

surrounding plants (Rice， 1979). Hany plants are reported to 

release allelochemicals (Satoh， et al.， 1989) and weeds 

incorporated into the soil is also inferred to be of a potential 

role in rnodifying or controlling population densities explaining 

vegetation pattern (Whittaker， 1970). Rizvi and Rizvi (1984) 

reported that allelochemicals have essential features of herbicide 

alternative of synthetic chernicals. Allelochernicals released by 

weeds may reduce intensity of weed infestation. Research work 

pertinent in this line is scarcely available. Therefore， the 

experirnent was undertaken to investiqate the effect of plant 

rnaterials incorporated in soil on weed density and perforrnance of 

jute. 

HATERIALS AND HETHOD 

The experirnent was conducted at the Aqronorny Field Laboratory， 

Bangladesh Agricultural university， Hymensingh during the period 

from April to August， 1990. Two experirnents， one in field (Exp1) 

and another in pots (Exp2 )were conducted for confirrnation of 

finding in Exp1. The experirnental field was rnedium high land (Silty 

Loarn texture， pH 6.5 and organic rnatter content 1%) belongs to 

Agro-ecological zone of Old Brahrnaputra Flood Plain (BARC， 1989). 

The experiment consisted of (i) four plant species viz. Amaranthus 
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Imperata and colonum Echinochloa rotundus， Cyperus splnosus， 

each of biomass chopped fresh of doses three (ii) and cylindrica) 

The inc1uding contro1 p10ts. and 1.00 kg/m2 0.75 0.50， Z
 

・1v
 

s
 

e
 

.、占c
 

e
 

p
 

s
 design randomized b10ck 1n a assigned combinations were treatment 

as were combinations treatment The replications. three wi七h

contro1 (no p1ant materia1s app1ied) 内

A. spinosus at the rate of 0.50 kg/m!. 
A. spinosus at the rate of 0.75 kg/m'A' 
A. spinosus at the rate of 1.00 kg/m' 
C. rotundus at the rate of 0.50 kg/m!. 
C. rotundus at the rate of 0.75 kg/m~. 
C. rotundus at the rate of 1.00 kglm‘. 
E. colonum at the rate of 0.50 kgfm!. 
E. colonum at the rate of 0.75 kg/m:. 
E. colonum at the rate of 1.00 kg/m'・ぬ

1. cylindrica at the rate of 0.50 kg/~' 
1. cylindrica at the rate of 0.75 kg/mト
1. cylindrica at the rate of 1~00 kg/m'. 

follows: 

.••••....•••••.... 

.•...••• 

T1 
T~ 
T3 
Tl 

:i 
T7 

i! 
!io 
411 
12 

T13 

were spec1es scheduled the of materials plant Fresh 

per as soil the into incorporated and chopped collected， 

land The m
 

1 was s1ze plot unit The specifications. experimental 

kg/ha 20k20 P20S 10 N， 45 with ferti1ized and prepared finely was 

Seeds potash. of muriate and phosphate super triple urea， through 

done Two weedings were rows. apart cm 15 1n continuously sown were 

During weeding data (DAS) • sow1ng after 45 days and 20 at manually 

pertinent to p1ant materials app1ied were recorded. Weed species at 

at dried oven and uprooted were harvest at including weeding each 

The recorded. was samp1e each of and dry weight hours 24 1050C for 

following 

No. of weed stands/uni t area 
formula. Intensi ty of weed infestation=一ーーーーーーーーーーーーーーーーーーーー一一ーーーーー

No. of crop p1ants/uni t area 

the with recorded infestation was weed of intensity 

recorded. a1so were jute of 

円。

components yie1d and yield on Data 



Exp2. A pot experiment was conducted as per specification of expl， 

taking the same soil as media. Data on weeds intensity and dry 

matter， yield and yield component of jute were also recorded. 

All the collected data were subjected to statistical analysis 

and means were compared by DMRT. 

RESULTS AND DISCUSSION 

The name of weed species and their density of infestation have 

been presented in Table 1a and lb. About 12 species of weeds 

representing 6 families were found to grow and to infest the crop 

both in field and pot experiments. The infesting species of weeds 

were shama (Echinochloa crus-galli)， Mutha (Cyperus rotundus). 

Joina (Fimbristylis littoralis)， Durba (Cynodon dactylon)， Gaicha 

(Paspalam commersonii)， Halud saillaya (Setaria glauea)， Keshuti 

(Eclipta alba) ， Kakpaya (Dactyloctenium aegyptium)， Kanainala 

(Cyanotis axillaris) ， Chapra (Eleusine indica)， Katanotey 

(Amaranthus spinosus)， and Foskabegur (Physalis heterophyl1a). Thus 

the monocot weed species represented the major share of the 

infesting weeds. It was revealed that shama， mutha， joina， durba 

and gaicha constituted the major bulk of the total weed population. 

These five weeds dominated in field as well as in pot culture. The 

weeds offered much more competition to the jute plants and caused 

serious damage to the crop. It was revealed from table 2 that among 

the four plant rnaterials incorporated to the jute field， 1mperata 

cylindrica was much more effective in controlling the infesting 
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weeds and produced lowest absolute density both in field and pot 

culture than those of others. The weed infestation was the highest 

in control plots than the plots incorporated with weed materials. 

Among the plant materials incorporated plots weed bulk was more in 

A. spinosus treated plots. Wi th the increase in dose of weed 

material application， the weed infestation reduced. This indicated 

that weed biomass released allelochemicals which showed herbicidal 

activity and suppressed the weed population. 

Incorporated weed biomass significantlY influenced yield and 

yield components. Plant height， stem diameter， bark area， stick and 

fibre yields were significantly influenced with incorporation of 

weeds (Table 4). Imperata cylindrica was much more effective 

against weeds and had significant positive influence on yield and 

yield components. Most of the plots treated -wi th weed biomass 

produced significantly higher yield over control. At higher dose of 

weed biomass incorporation， the yield and yield components were 

higher. 

The result indicated that Imperata cylindrica produced more 

toxic chemicals or herbicidal chemicals reducing weed infestation 

and conseqnently favours the crop growth. The relative efficiency 

of four weeds in controlling weed population is 1. cylindrica > 

C. rotundus > E. colonum > A. spinosus. 
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Table 1a. Absolute density of infesting weed species as affected by different 

treatments in jute (0-4) at field experiment. 

Density 01 infesting mds per .2 at diff.emt treatmts. 

hfntiag Iftds scieatific u鵬

12 13 1. 15 10 17 18 19 110 111 112 113 

Shm Echinochfo; crvs-g;lJi 12.0 11.3 11.3 10.0 11.3 11.0 10.3 10.0 9.0 9.0 10.3 10.3 u 

Kutha CyptrUs rotvndvs 11.0 11.0 10.3 9.1 10.0 9.0 9.0 9.1 u 9.0 10.0 9.1 9.0 

Joina FilbristyIis JittmJis 9.1 9.0 9.0 8.3 u 9.0 8.3 9.0 8.1 8.1 9.0 8.3 8.3 

Ovrba Cynodon d;ctyJon 8.3 8.0 8.3 1.1 8.0 8.0 1.3 8.0 1.3 7.0 7.3 1.3 6.1 

Ga i cha P;spd!.， cOllusonii 7.7 6.7 6.3 5.7 1.3 1.0 6.1 1.7 1.0 6.7 1.0 7.0 6.7 

Halud Sbailleja Setui; gJaUC; 6.0 6.0 u 5.0 u 6.0 5.3 u 6.0 5.7 6.0 u u 

Keshuti EcJipta alTa 4.7 4.0 4.0 3.1 5.3 u 5.0 5.7 5.0 4.0 5.3 5.0 u 

Kakpaya DactyJDcteniuI ugyptiul 4.0 u 3.1 u 5.3 5.0 4.0 5.3 5.0 u 5.3 5.0 u 

Kanainala Cymtis 3XIlJ.，is 3.7 3.0 1.1 2.1 u u 3.7 u 4.0 3.3 3.3 3.0 1.3 

Chapra f/eusine indica u 3.0 u 2.0 3.1 u u u 1.1 2.0 2.1 u u 

Katanotey Al3rantnvs spinosus 1.7 1.7 1.0 0.3 1.3 1.3 1.3 0.7 0.7 0.3 0.1 0.3 0.3 

Foskabegun PhysaJis heterophyl/a 1.0 0.3 0.3 0.0 0.3 0.7 0.3 0.3 0.3 0.3 0.3 0.0 0.0 
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Oensity 01 inlesting mds per .2at dillerent treatmts. 

1Iles ti'9 mds Scielti f ic me 
12 13 14 15 16 17 18 19 110 111 112 T 13 

Shm Echinoc!JJ 03 crus -g3l J i 12 .3 11.0 9.0 8.3 10.0 9.3 9.0 10.7 10.0 9.3 9.0 8.3 6.7 

Hutha Cypuus rotundus lU 10.1 u 8.0 10‘3 u 8.0 1l.3 10.7 9.0 u 9.3 9.0 

Joina Filbristylis littordlis 11.0 10.7 10.7 u 8.3 8.0 8.0 9.7 8.1 6.3 u 7.7 7.3 

。urba Cynodon dactyJon 1.1 u 6.3 6.0 8.3 1.3 7.0 8.1 1.3 6.7 8.3 1.3 6.0 

Gaicha hspJi 3. comrsoni j 5.3 5.0 4.3 u 6.3 6.0 5.0 8.0 1.3 6.3 1.0 6.7 u 

salud Shailleja Setuia gl3uci 5.0 4.1 4.3 4.0 5.1 u 5.0 1.3 6.7 6.0 6.1 u 5.0 

Keshuti Echipti aJba 4.1 4.3 4.3 4.0 5.0 u u 6.3 5.1 4.1 6.3 5.1 5.0 

Kakpaya Oactylocteniu. oegyptiYl 4.1 4.3 3.0 3.0 u u u 5.3 4.1 u u u to 

Kanainala Cyanoti s dX i Jl ar is u 3.1 u 3.0 4.7 4.0 3.0 u u 4.0 u 4.0 u 

Chapra Eleusine indici 3.7 3.1 3.0 1.0 4.0 4.0 3.0 u 4.0 3.0 u 3.6 u 

Foskabegun Phys31is heterophyJ1i u 1.0 2.0 1.1 3.0 2.1 2.3 2.7 2.1 2.0 2.0 1.1 

Katanotey A.mnthus spinosus 1.0 2.0 1.0 0.1 1.3 1.0 0.1 1.3 1.0 0.3 1.0 0.7 
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1. cylindrica 368.7 a 3l3.3a 1.39a 1.10a 1566.98a 1083.07a 1874.42a 2354.56a 577.l2a 787.56a 

Dose of reed 

applintio・

(kg!・司

0.00 341.7b 298.1c 1.13c 1.06b 1313.61c m.2lb 1414.71c 1390.l3bc 560.31c m.21bc 

0.50 308.5bc 30Uab 1.09d 1.03bc 1056.95d 966.82b 1361.28bc l4lUOb 540.21cd 483.57bc 

0.75 m.9ab 306.6ab 1.3Sab 1.08ab 1578.01b 1040. Hab 1748.20b 1418.65b 590.l1b 502.30b 

1.00 375.1a 31Ua l.40a 1.09a 1650.73a 1076.82a 1861.70a 1603.46a 63O.70a 515.8la 
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Table 4. Effect of iateractioft of weed laterials aad dose of tbeir application 01 t.e yield and ，ield COlpO骨量目tsof jote(0-4). 

Plaat beight at 。imterof stel 8ark area of Stick yield Fibre ，ield (gl内
karvest (CI) (CI) plant (c・司 (g/l奇

1m加It
Exp-l Exp・2 Exp-l Exp-2 Exp-l Exp・2 fxp-l Exp-2 Exp-l Exp-2 

361且26 286.89 1.21 1.08 1313.80 913.11 1053.330 1861.34b 360.174 146.4lb 

12 358.61 306.57 1.19 1.06 1341.18 1021.30 1283.33ef 1893.28ab 430.17d 186.57b 

T3 368.23 296.83 1.20 1.09 1388.73 101&.84 1558. 33cd 1651.14c m.l1c 701.32bc 

T. 312.11 311.08 1.27 1.11 1485.22 1085.21 1800.00b 1930.56ab 590.00b 830. 56ab 

'5 364.20 311.12 1.23 1.05 1407.幻 1026.&8 181U7ab 1740. 41bc 568.40b 141.50b 

'6 364.11 317 .26 1.24 1.09 1418.96 1086.82 1825.00ab 1877.9bb 558.50b 193.00b 

T7 366.81 311.20 1.26 1.06 145U4 1086.64 1983.33a 1899.11ab 5&0.40む 820.06ab 

T8 367.65 288.11 1.17 1.06 1351.88 959.80 1703.33bc 1791.S7bc 563.40b 722. 59bc 

T9 361.27 303.79 1.26 1.97 1430.60 926.11 1195.00b 1n1.08ab 548. 53bc 863.54ab 

'10 311.90 331.57 1.32 0.98 1542.83 1042.総 1890.00ab 2030. 55ab 631. 93ab 891.66ab 

T 11 361.64 273.31 1.18 1.08 1363.39 909.21 1841.68b l167.62bc 5U.60b 721.01bc 

T12 360.63 323.88 1.21 0.19 1311.40 987.35 1858.33ab 1881.0U 51事.00b 803.54ab 

T13 370.08 326.09 1.24 0.92 1442.23 942.85 1986.671 2083.59a 638.40a 899.9la 
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Environmental Weeds -the next Global Invasion 

J T Swarbrick* 
Weed Science Consu1tancy 

Toowoomba， Queens1and， Austra1ia 

Abstract. Environmenta1 weeds are p1ants which invade areas set 
aside foど the conserva七ion of native vegetation and its 
associated fauna and cu1七uralheritage. Usua11y introduced into 
the area (often as ornamenta1s)， successfu1 environmen七a1weeds 
thrive in suitab1e environments when freed from their co-evo1ved 
bio1ogica1 contro1s. They often dominate the loca1 vege七ation
and dest工oythe processes necessary for its surviva1， 1eading to 
exotic vegeta七iona1 comp1exes and 10ss of 10ca1 fauna and 
cu1tural va1ue. Environmen七a1 weed invasion is happening 
throughout the wor1d， bu七 ison1y noticed when communi七iesp1ace 
a value on their natura1 vegetation and its associated fauna and 
cu1tural heritage. A study of environmental weeds throughout 
Australia shows七hatover a thousand species have invaded near1y 
every disturbed and undisturbed habitat. Conc1usions are drawn 
on the implications of this global invasion for otheど Asian-
Pacific countries. 

Key words: natural environmen七， weed， invasion， global. 

Introduction 

Environmenta1 weeds are plants which invade and become a nuisance 
in areas se七 aside for the conservation of the natural 
environment， eg National Parks and other nationa1， state and 
10cal reserves. Environmenta1 weeds are usually not 1oca1 to the 
area， but have been introduced into it either from other 
countries or from 0七herparts of七hesame coun七ry. They may have 
been deliberate1y introduced as ornamentals， crops， pastures or 
forest tどees，or accidenta11y introduced either thどough human 
error or care1essness. 

There are three possib1e fates for an introduced plant - it may 
fail to natura1ise， i七 may naturalise but remain local and in 
sma11 numbers， or it may natura1ise， multiply， and spread 
outwards from the poin七 ofintroduction. It is the latter group 
which tend to become environmental weeds. 

The exten七 towhich an introduced plant naturalises and spreads 
depends on the suitability of the new physical， chemica1 and 
bio1ogical environment in which it finds itself. If the 
physical， chemical or biological environment is unsuitable the 
plant is unlikely to become established or to become a weed. If 
some aspect of the environment is unsui table 七he plant may 
persist until there is an environmental shift in its favour or 
perhaps until it evolves to meet the adverse condition. There 
are several good examples of weeds undergoing such a 1ag phase 
after introduction， later becoming significant environmental 
weeds. 

A third requirement for establishment and spread of an introduced 
plant may be a suitable disturbance regime， which creates 
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appropriate open niches for its establishment. However， most 
natura1 and seminatural environments are at least somewhat 
disturbed by natuどal causes and are likely to offer suitab1e 
niches fo工 invasionof a prev工ouslywell-adapted plant. 

Once established in a new area， a well-adapted exotic plant may 
invade local na七ural or seminatura1 ecosystems. As weed 
scientists we are all familiar with the invasion of c工opping
lands by exotic weeds. Many of us， however， will be 1ess aware 
of七heinvasion of natural ecosystems by exotic plants， and this 
often only comes to public attention when we begin to call these 
areas National Parks or to 0七herwisevalue them for七heiど na七ural
vege七ation. Weeds which invade and estab1ish in natural 
environments such as native grasslands， woodlands and forests， 
seashores， riverbanks， marshes and mountains are generally called 
environmental weeds. 

Since they lack effective biological control the populations of 
environmental weeds often increase until they dominate the local 
f lora， at which stage they may have very ser ious ecological 
effects. These include well known effects includ工ngcompetition 
for light， water and nutrients and allelopathy. 0七her effec七s
may be more subtle， such as エncreasing or decreasing fire 
frequency or severity， denying movement to or irritating human 
visi tors， excluding food resources to essential local pollinators 
or seed dispersers， increasing or decreasing mulch or soil 
nutrient levels until they are unsuitable for the germination or 
growth of native plants， interfering with some essential activity 
of local fauna， or degrading 七he her i tage value of the area. 
Although 七hese effec七s may be independent of each other， they 
often seem to be cumulative or syneどgisticand may eventually be 
catastrophic to the native vege七ation.

Natural ecosystems are of七en ignored and undervalued by weed 
scientists， who are more interested in weeds of agricultural or 
other systems. Env工ronmental weed invasion and impact may 
therefore go unnoticed for many years， either until it is 
unavoidably obvious or until the area becomes valued foど its
natural vegetation， perhaps as a National Park or 0七her
conservation area promoted to interna七ional tourists. The 
extensive invasions of pond apple (Annona glabra L.) in the 
freshwater and saline mangrove swamps of northern Queensland went 
almos七 unnoticed for decades until they became part of a World 
Heritage Area， since when their ability to shade out local herbs 
and shrubs and seriously reduce natural fire regimes and the 
regeneration of native trees has led to research and expensive 
efforts at control (Swarbrick 1993). 

There are many good examples of serious degradation of native 
ecosystems throughout the world caused by the invasion and 
unchecked proliferation of environmental weeds. Such impac七sand 
invasions are particularly well documented in Australia， which 
is fortunate in being a single continental country and in having 
a high level of research and publication on environmental weeds 
and their effects. Humphries et al (1991) have surveyed the 
extent and impact of environmental weeds on Aus七ralian
ecosystems， whilst Swarbrick and Skarratt (1994) have produced 
what is perhaps the only national or continental database of 
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environmenta1 weeds. 

The Austra1ian experience 

Humphries et a1. (1991) conducted a review of the introduced 
terrestria1 and aquatic p1ants which have invaded Austra1ian 
natura1 ecosystems， inc1uding those that have been transposed 
from one area of Austra1ia to another. They found that 
broadsca1e infestations of sing1e species appear to be 
characteristic of the re1ative1y undisturbed ecosystems of 
noど七hernAustra1ia， whi1st mu1tispecies invasions are more common 
in the re1ative1y fragmented ecosystems in the southern ha1f of 
the continent. Riparian ecosystems are at particu1ar risk 
throughout the continent. 

Eighteen species of invasi ve weeds are considered by these 
authors to be capab1e of tota11y and permanent1y modifying the 
natura1 ecosystems which they invade. Six of these are trees or 
shrubs， 6 are perennia1 grasses， 3 are herbaceous or woody vines， 
2 are f10ating freshwater herbs and 1 is amarine a1ga. A11 are 
exotic to Austra1ia. 

Humphries et a1. considered that the regeneration of native 
vegetation is serious1y threatened by competition from exotic 
plants， that new introductions and current 1and management 
practices are continuous1y increasing the prob1em， that contro1 
of most exotic species is only partially or locally successfu1， 
and tha七 the conservation impact of environmental weeds is 
insufficient1y appreciated by the Australian public and decision 
makers. 

In 1994 Swarbrick and Skarratt produced the second edition of a 
nationa1 database on Austどalian environmenta1 weeds and their 
contro1. It lists over 1000 species of plants which are 
considered to be invasive of a very wide range of natural 
ecosystems， including deserts， grasslands， shrublands~ woodlands 
and forests， rocky areas and ripar工anand littoral situations. 
Information is given on thei工， areas of origin， probable reasons 
for human dispersal， biology， geographic distribution as 
environmental weeds， the ecosystems that they have invaded， and 
the methods known to be available for their control in natura1 
and seminatural environments. All ent工ies are referenced to a 
1is七 ofover 400 entri9s. 

Regiona1 imp1ications 

It is工'easonableto assume that the processes which are at work 
in Aus七ra1ia are also at work in most other countries of the 
region， though with nationa1 variations. 

The two factors which do most to promote environmenta1 weed 
invasion are the importation and widespread growth of exotic 
p1ants and se工ioushuman disturbance of natura1 ecosystems. The 
first of these provides p1ants which are 1ess 1ike1y to be 
con七どolledby existing native biocontrol agents， and the second 
provides niches for their invasion and naturalisa七ion.
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Throughout our history there has been a significant importation 
of 0どnamental，pasture， crop and other potentially useful plants 
into Australia， as well as a significan七 but largely acciden七al
importation of known weeds and invasive plants. Significant but 
probably lower levels of importation must have existed in七omost 
of the other countries of the Asian-Pacific region. How many of 
these plants have become naturalised? How widespread are they 
now? Which natuどaland seminatural ecosystems have they invaded， 
to what extent， and with what consequences? 

Rising human populations throughout our region are putting 
increasing pressures on the remaining native vegetation for 
timber， pasture， cropland， fuel wood， living space， domestic and 
oveどseastouどismand transport corridors. These ptessures bo七h
cause dis七uどbance of the natural ecosystem and provide 
opportunities for weed seeds to invade previously inaccessible 
and undisturbed ecosystems. 1 suspect that significant invasion 
of these areas is already underway in many if no七 mostcountries 
throughout the region， even if it is not yet recognised. 
Preliminary surveys of mainly agricultural and horticul七ural
weeds for the South Pacific Commission (Swarbrick 1998， 1989) 
suggest that七hisis so. 

The future implications of environmental weed invasion will vary 
throughout the Asian-Pacific region， but will only become obvious 
as countries begin the recognise and develop the values of their 
remaining areas of native vege七ation. The most likely of these 
values to be recognised is international ecotour工sm，curren七ly
of significant po七ential value to a number of southeast Asian 
coun七ries. To what extent will the value of this indus七rybe 
degraded by environmental weeds? 

The au七hor would be pleased to know of and co-operate in any 
national or regional research into the invasion and impact of 
environmental weeds within the Asian-Pacific region， and 
paどticularlyin Southeast Asia. 
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NOXIOUS WEEDS AND THEIR CONTROL IN BRAZIL 

Edivaldo Domingues VELINI1 
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Abstract: In Brazil， the most important annual and perennial crops are soybean， 
sugarcane， rice， com， past旧 民 cof島e，forestry and citrus (mainly orange). In 
soybean， besides Brachiaria plantaginea and Bidens pilosa that are important weeds 
spread all over production regions， some other species like Euphorbiαheterophylla， 
Desrnodiurn tortuosurn， Senna obtusifolia and Hyptis suaveolens have been selected 
by continuous use of herbicides. In sugarcane， Digitaria horizontalis used to be the 
only species with great importance. As a result of herbicide selection， introduction of 
the crop into traditional pastures and characteristics of production systems， 
Brachiaria decurnbens， Panicurn rnaxirnurn， Cynodon ぬのlonand Cyperus rotundus 
have become important weeds with very difficult control. In almost all rice fields， 
weedy types of rice (0りlZαsativawith red pericarp and normal or black glumes) are 
a constant problem contaminating and reducing the value of the harvested grains， 
whereas yield decrease is mainly due to Echinochloa colonurn， Echinochloα 
crussgalli and Aeschynornene spp. Although herbicide utilization is a normal practice 
in modem corn fields， the most of the Br犯 ilianproduction comes from small farms 
where generally the weeds are controlled by hand or machine cultivation. Although 
many weeds can be important in com fields， Brachiariαplantaginea is considered 
the main one. In perennial crops， there are various control systems such as hand， 
mechanical， chemical and integrated ones， which lead to a great diversity of weed 
flora. In pastures and citrus orchards， Vernonia spp and Brachiaria spp can be 
pointed out as m司orweeds， respectively. The most important herbicides for the 
mentioned crops are listed as follows. Soybean: bentazon， chlorimuron-ethyl， 
fomesafen， imazaquin， metolachlor， metribuzin， sethoxydim and trifluralin. 
Sugarc佃 e: 畑出yn，2，4-D， diuron， hexazinone and tebutiuron. Rice: 2，4-D， 
molinate， oxadiazon and propanil. Com: atrazine， metolachlor and simazine. 
Pastures: 2，4・D+ picloran. Forestry: glyphosate and oxyfluorfen. 

Key words: Brazil， weeds， weed control. 

INTRODUCTION 

The total area of Brazil is more than 8，5 million km2， covering a wide range of 
latitudes. As a result， several crops can be cultivated and different production systems are 
used in different regions. 
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Some crops like soybean， cassava， beans， forestry， pastures and corn are cultivated 
almost all over the country. Rice is produced mainly in the south. The most of sugarcane 
(for sugar and alcohol) and orange is produced in Sao Paulo State. High yielding coffee 
orchards are restricted to areas were high altitudes can promote stable temperatures 
around 220C， with no risk offrost. Cocoa is produced mostly in northeast States. 

As a result of crop and climate diversity， there is a large number of weed species. 
The main weeds of brazil have been listed and described by Lorenzi(1991)， Kissman 
(1991)， Kissman & Groth (1992)， Lorenzi et al. (1994)， Kissman & Groth (1995). These 
authors point a total of about 500 important species and， in general， Cyperus rotundus (L.) 
and Brachiaria plantaginea (Link) Hitchc. are considered the most important perennial 
and annual ones， respectively. 

Different weed control practices are used in different regions and crops. 
Herbicides are used in almost 100% of soybean and sugarcane訂 ea.Hand weeding is yet 
an important practice in forestry. Mechanical and hand control are common is small corn 
fields. 

Not only crops but also industrial and urban areas， roads and railways are infested 
by weeds. In Brazil， aquatic weeds are becoming more important every year， as they can 
spread and grow vigorously in dumps made for electricity generation， causing several 
problems. 

In Brazil， precise statistics about costs of weed control and herbicide consumption， 
for each crop and compound， are not available. Publications about the importance of 
major weeds in each crop and region are not available either. So， the most of the 
informations presented in this paper are personal experiences. 

CONSUMPTION OF HERBICIDES 

Data about total consumption of pesticides and herbicides (for main crops) are 
presented in Figures 1 and 2. In decreasing order， soybean， sugarcane， corn and rice are 
the most important herbicide markets. At present time， herbicides are responsible for over 
50% of total pesticide sales in Brazil. Statistics about hand and mechanical weeding are 
not available. 

Glyphosate is sold in highest total volume， but imazaquin is the first in sales value. 
Also trifluralin， the first widespread herbicide in Brazilラ isstill very important as the less 
expensive option for the control of grass-weeds in broadleaf crops. 

The prices of glyphosate drooped from US$ 25 to US$ 7 in ten years. Now， weed 
control systems based on this herbicide became very inexpensive and are under use or 
development for several markets， like fores仕y，citrus and coffee orchards， non-crop areas 
and aquatic weeds. This herbicide has high efficiency against grass weeds， but， at normal 
rates it fails to control some broadleaf weeds like Ipomoea spp and Commelina 
benghalensis L.， promoting fast weed shift if continuously used. 

MAJOR WEEDS IN SOYBEAN AND THEIR CONTROL 

Brachiaria plantaginωand Bidens pilosa L. are important weeds spread over all 
production regions in Brazil， but some other weeds can be important depending on the 
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Figure 1・Distributionand values (US$) of pesticide sales in Brazil in 1994 
(From SINDAG田 Sindicatodas Industrias de Defensivos Agricolas). 
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Figure 2・Distributionand values of herbicide sales in Brazil in 1994 (From 
SINDAG -Sindicato das IndustrIas de Defensivos Agricolas). 
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location. In the center of the country，砂ptissuaveolens (L.) Poit. is an important 
broadleaf weed. In the south， mainly in Parana State， Euphorbia heterophylla (L.) was 
selected by the continuous use of herbicides like metribuzin and bentazon， ineffective on 
its control; for several years， these two herbicides were the only two options for the 
control of broadleaf weeds in soybean. Senna obtusifolia (L.) Irwin & Barneby， 

Acantho宅permum australe(Loefl.) Kuntze， Acanthospermum hispidum DC. and 
Desmodium tortuosum (Sw.) DC. are other major weeds with quite difficult control in 
soybeans. Sedges have limited importance in this crop. The total area infested with 
Commelina benghalensis is increasing. 

In the case of D. tortuosum， high populations are correlated to the use of some 
herbicides， but also to low seeding rates， a normal practice in some regions. 
Melhoranca (1994) has shown thほ normalseeding rates can decrease the growth of this 
species in more than 65% when compared to low seeding rates. 

None of the herbicides registered for use in soybean fields can give good control 
of all mentioned species. If any compound is continuously used， for sure weed shi宜will
happen. For example， imazaquin has high efficiency against E. heterophylla， the main 
lack of several other herbicides， but has poor control of D. tortuosum， S. obtusifolia and 
A. hi伊 idum; Metribuzin can control D. tortuosum but has low efficiency for 
S. obtusifolia， E. heterophylla， A.αustrale and A. hispidum. 

There are several options to control grass weeds in soybeans. Trifluralin (several 
trade names) and sethoxydim are the most important pre and post-emergence grass 
herbicides， respectively. Metolachlor and fluazifop十 butylare also major compounds for 
grass control. 

Imazaquin is the main herbicide for the control of broadleaf weeds. It is selective 
to soybean in any type of soil and， as mentioned， effective to control Euphorbia 
heterophylla， a lack of almost all other compounds. For the same purpose， bentazon， 

chlorimuron-ethyl， fomesafen and metribuzin are also important herbicides. In the case of 
no tillage-areas， glyphosate and paraquat are used as total action herbicides. 

Precise informations are not available， but probably harvesting machines are the 
most efficient and important vehic1es for spreading weed seeds within the same soybean 
field and to other farms or even regions. Renting harvesters 

MAJOR WEEDS IN SUGARCANE AND THEIR CONTROL 

In sugarcane， Digitariαhorizontalis Willd. used to be the only species with great 
importance. As a result of herbicide selection and absence of care in cleaning machines 
used for soil preparation， Cyperus rotundus and Cynodon dac砂lon(L.) Pers. are 
widespread in sugarcane fields now. Both species can promote severe reductions in 
sugarcane tillering and yield. In the case of C. rotundus， the effects have been attributed to 

allelopathic compounds. 
The control of C. rotundus is generally done by spraying 2，4・Dor glyphosate 

(directed to the sedges). Imazapyr have been also used in low dosages. Two new 
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compounds， sulfentrazone and halosulfuron， can control C. rotundus selectively to 
sugarcane， but both compounds are yet under development. 

The total sugarcane area highly infested with C. rotundus is over 700，000 ha. In 
the case of high populations (more than 1，000 sprouts / m2

)， yield reduction is over 30%. 
In total， yield decrease due to purple nutsedge， in absence of controlラ wouldbe similar to 
sugarcane production in Australia. 

In the last 20 years， the total area cultivated with sugarcane increased a 10t to 
support alcohol consumption by cars. The crop was introduced in traditional pasture 
areas. As a result， Brachiaria decumbens Stapf and Panicum maximum Jacq. became 
major weeds in sugarcane. 

The most important herbicides for sugarcane are ametryn， 2，4-Dラ diuron，
hexazinone， tebuthiuron. Ametryn and diuron are considered major compounds due to 
high selectivity and efficiency， low prices and combined pre and post-emergence action. 

MAJOR WEEDS IN CORN AND THEIR CONTROL 

Brachiaria plantaginea is considered the main weed in corn fields in Brazil. This 
species is a annual grass with vigorous growth and high production of seeds. In some 

areas the populations are over 2，000 plants / m2 and yield reductions can be observed even 
in fields treated with very effective herbicides. 

Other important species are Sida spp， Impomoeαspp， Bidens pilosa， Cyperus 
rotundus and Commelina benghalensis. In the case of Ipomoea spp， and also other 
convolvulaceae， besides competitive effects， they can reduce the efficiency of harvesting 
machines. 

Although herbicide utilization is a normal practice in modern corn fields， an 
important part of Brazilian production comes企omsmall farms where generally weeds are 
controlled by hand or mechanical cultivation. In some areas， inexpensive herbicides are 
combined with other practices. 

Atrazine， metolachlor and simazine are major herbicides in corn. The most of the 
fields are treated with the mixtures atrazine+metolachlor and atrazine+simazine. Atrazine 
is a key compound because it is selective， has low price and combines actions in pre and 
ear1y post-emergence. EPTC is also an important herbicide as it can control purple 
nutsedge; selectivity to corn is due to the safener 2，2，5-trimethyl-3-( dichloroacethyl)-l ，3-
oxazolidine. 

MAJOR WEEDS IN RICE AND THEIR CONTROL 

In Brazil， wet seeded and dry seeded are the prevalent paddy-field rice production 
systems. As a result， weedy types of rice (Oryza sativa L.， with red perica中 andnormal or 
black glumes) are a constant problem， contaminating and reducing the quality of 
harvested grains， whereas yield decrease is mainly due to Echinochloa colonum (L.) Link， 
Echinochloαcrussgalli (L.) Beauv. and Aeschynomene spp. 

The control of weedy types of rice in rice fields is a great challenge for Brazilian 
weed scientists. Up to now， crop rotation and glyphosate based systems have been the 
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most successful， but used by a few farmers， only. In the case of glyphosate system， after 
preparation， soil is wetted and its surface is slightly compacted promoting the germination 
ofweedy rice; some days later， glyphosate is applied and cultivated rice is seeded. 

The main herbicides for rice are 2，4-D， molinateラ oxadiazonand propanil. Two 
other important compounds are clomazone and pirazosulfuron-ethyl. Clomazone can 
promote good control of grasses， and at rice rates (~0.5 kg i.a./ha) it is one of the most 
inexpensive herbicides registered for this crop. Pirazosulfuron-ethyl can promote good 
control of sedges. 

MAJOR WEEDS IN PERENNIAL CROPS AND THEIR CONTROL 

Citrus， coffee， pastures and forestry are the main perennial crops. In citrus and 
coffee orchards there are several weed control systems such as hand， mechanical， 
chemical and integrated ones， which leads to a great diversity of weed flora and makes 
difficult to point out major weeds for both crops. Anyway， in coffee orchards， 
Amaranthus spp， Commelina benghalensis， Portulacαolerαcea L.， Digitaria horizontalis， 
Bidens pilosαand Brachiaria plantagineαcan be considered major weeds and glyphosate， 

oxyfluorfen and paraquat are the most important herbicides. In citrus orchards Brachiaria 
spp are prevalent species and diuron， glyphosate and paraquat are the three widest used 
herbicides. 

In pastures， Vernonia spp are the main species. Hand and mechanical are 
prevalent weed control methods. The mixture 2，4-D+piclo.ran is the most important 
herbicide; it is applied by knapsack sprayers， tractor mounted boom sprayers or airplanes. 

The consumption of herbicides in forestry is very small when compared to 
soybean or sugarcane， but this does not mean weeds are not important at all. In many 
fields， weeds are controlled by hand or machines. Eucaかptusspp and Pinus spp are 
cultivated in almost 100% of total forestry area. Eucalyptus spp grows vigorously in early 
stages and the control of weeds is necessary only in the first year after planting. Pinus spp 
has very slow early growth and weed control practices most last up to three years after 
planting. Hand weed control can cost up to US$ 360 / ha and US$ 900 / ha in Eucalyptus 
and Pinus， respectively. The m司orweeds are Melinis minutiflora Beauv.， Brachiaria 
decumbens and Imperata brasiliensis Trin. Strong allelopahic effects of B. decumbens on 
Eucalyptus grandis， the most important Eucalyptus species in Brazil， have been reported 
by Souza et al. (1993)， Souza (1994) and Souza et al. (1995). 

The main herbicides for forestry are glyphosate and oxyfluorfen. Glyphosate most 
be applied on a selective way as it can damage Eucalyptus and Pinus species. Oxyfluorfen 
is selective to Pinus and to Eucαlyptus species with non hairy leaves. Now， the most of 
the farmers are changing from traditional production system with soil preparation at each 
crop cycle (~7 and ~20 years for Eucalyptus and Pinus， respectively) towards no-tillage 
system. 

In this new system， planting is done by hand. Weeds are controlled prior to crop 
planting by glyphosate application. A thick layer of plant materials will remain on soil 
surface making almost impossible to use oxyfluorfen. In this system， glyphosate has been 
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the only option for chemical weed control， but it is very difficu1t to apply it safety in early 
stages of the crops; many times weeds in the rows have to be controlled by hand. Weed 
shift can also occur and is common in Pinus areasラ whereapplications most be done 
continuously for three years. 

Up to now， there is a lack of selective and effective herbicides for no-tillage 
production system in forestry， making necessary the use of expensive hand weeding 
practices. 

MAJOR WEEDS IN NON-CROP AREAS AND THEIR CONTROL 

In urban and industrial areas， Eleusine indica (L.) Gaertn.， Digit，αriα 
horizontalis， Brachiaria decumbens， Cynodon dacty!on， Panicum maximum and Cyperus 
rotundus are major species. Generally the control is very expensive and done by hand 
weeding. In some cases， mainly in industrial areas， herbicides like glyphosate， imazapyr， 
diuron or bromacil+diuron are used. 

In roads and railways， the most important species are Panicum maximum， 
Brachiaria p!antaginea， Melinis minutiflora， Digitaria horizont，αlis， Digitaria insularis 
(L.) Mez ex Ekman， Rynchelytrum repens (willd.) Hubbart and Bacharis spp. In roads 
weed control is generally done by hand. In railways， chemical control is predominant; 
because of low price and environmental safetyラ glyphosateis the widest used herbicide. 

In the more developed regions of Brazil， almost 100% of electricity is produced by 
water turbines. This requires the building ofbig dumps; over 30，000 ha ofwater surface is 
a normal size. As a resu1t， aquatic weeds became an important problem in several regions 
ofthe country. 

Them司orspecies are Eichornia crassipes (Mart.) Solms， Pontederiαcordata L.， 
Pistia stratiotis L.， Th.・yphaangustipholia L. and Egeria densαPlanch. They can cause 
great problems to navigation， water use for irrigation and human consumption， 
amusement activities， and electricity generation. Control practices efficient against 
aquatic weeds and safe to environment are not available up to now， and must be 
developed in a very near future. 

THE MOST IMPORTANT CHALLENGES TO WEED SCIENTISTS IN BRAZIL 

• Control of weedy types of rice in rice fields 
• Control of Cyperus rotundus and Cynodon dactylon in sugarcane 
・Toavoid weed shift in fields continuously cultivated with soybean 
• Development of efficient and selective herbicides for no-ti11age production system 
in forestry 

• Development of control systems effective against aquatic weeds and safe to 
envlfonment 

• Evaluation and prevention of herbicide accumulation in soil and environment 
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τl1e si伊ifi叩n民'Ofwl田dsin rurヨllands伺pes

JJv位tchleyand M. Nem'Ot'O 

Environment S配 tion， Wye Coll巴ge，University oflρndon， Ashf'Ord， Kent TN25 5AH， UK and National Institute 'Of 

AgrcトEnvironmentalScien∞ s， Kann'Ondai， Tsukuba， Ibar泊d305， Japan. 

Abstract.百ledefiniti'On 'Of a w田dis very su切∞tiveand depen也'On出eindivid凶 1viewpoint and 'On va1ue judgements; 
'One person's w田dis an'O出er'swildliた勾 蹴ies'Or unit 'Ofbiodiversity. We define a w田 dvery broadlyぉ anyn'On αop 

plant in the agrl∞∞勾rstem.We distinguish betw田 nw白血血atare actually 'Or potentially danlaging ωhuman welfare 

and term th問、no巴sirabl巴湾問ies". H'Owever， many田-called“W民也，"have va1ue fr'Om叩ldli免∞nservationor 

m則。rviewpoints and曲目ewe term “desirable可:>eciぽ.Traditi'Ona1 rural lan也問問企叫uently harも'Oura rich 

diversity 'Of desir油le甲田i白(ぉ well出回desirable'Onω!) maintained by l'Ow i凶.ensityagri叩 Iωralpractiω. 

Unf'Oぬmately，白血tensiveagriculωral systems which have devel'OI凶 inthe mid-late 20tll印刷1)'have郎 ulted卸

reducti'On 'Ofbi吋 iversityin the agr∞∞勾rstemand白.erurallan也伺pe.Loss岱'Ofhabitat，巧:>eci白血dame凶匂rhavebeen

釘 vereandth凶'Opportunitiesf'Or reintroducing desirable s戸ciest'O tl1e rurallan也伺pem回tn'Owbeen∞uraged白r'Ough
appr'Opriate， targeted agr'O圃envir'Onmentalpolicies. Even q凶teαudepolicy instruments such as the set -aside scheme 

(血esubsidised ro匂ti'Ona1or semi-permanent abandonment 'Of arable land)α江rentlyoperating furough'Out fue Euro戸an

Uni'On田 nrl回叫tin biodiversity enhan∞ ment and回 megeneral techniques and f'Or biodiversity enhan∞ ment in rural 

lands伺 peare pr'Oposed. 

Introducti'On 

百leplants白at∞ curin rural lands伺pesincIude native wild plants as welI as ex'Otic introducti'Ons， a1iens and 
mωralised専 問問.Hurnans tend t'O apply value judgements t'O出問符:>ecies，some are labelIed as n'Oxi'O凶 W田dswhile 

o血.ersare 紅白suredf'Or fueir aesfuetic， rarity 'Or even配'On'Omicva1ue. A broad definiti'On 'Of a w民dis any n'On-cr'Op 

plant in fue agr'∞∞sy:託em，白'Oughit may be argued出atw∞ ds incIude 'Only fu'Ose plants which are actually 'Or 

potentially harmful t'O crop yiel也 or田meother氏。n'Omicmeasure. As attention is incr団 singlypaidωenvironmenta1 
protl配 ti'On， which must include biodiversity∞ nservati'On， we believe it is m'Ore fuan ever important t'O distinguish fu'Ose 
plants which are actually or potentially harmfu1 t'O human welfare fr'Om fu'Ose山atare neutral (harmless) 'Or even 

beneficial (desirable). By first CIぉs均ingn'On-crop plants in出isway， eff'Ort回nbe dirl回 tedm'Ore efficientIy t'Owards 

erac羽田ti'On'Of fue undesirable t'Oge出erwith conservati'On 'Of fue desirable. T'O highlight some 'Of出ek可 issues 

surr'Ounding n'On-cr'Op plants in白erurallan也 叩pe血ispaper devel'Ops f'Oぽ inter-relatedpoints: 

• Defining w白 dsin fueru凶 lan出国pe

• Clぉs出回ti'On'Ofw白ds:desirable and undesirable勾:>ecies

・ Status 'Of desirable可:>eciesin fue rurallan也回pe

• TechniqUes for reintroducing desirable species int'O fue rurallan心開pe

Defining w民 dsin the rurallandscape: a question ofvi.ewpoint 

Usually， 'Our definiti'On ofweeds and 'Our蹴 ssmentof fueirimpact depends 'On a series 'Of value judgements relating t'O 

O町伊rti叩 larpreoccupati'Ons， which may be agriαlltural，民'Ol'Ogical，conservati'On 'Or amenity.百leagriα加 ralistis 

m'Ost企句uently∞ n田m吋 wi出 fueimpact 'Of w田也'Onαopyield and his attenti'On is fi配used'On eradi伺 ti'On'Of 

undesirableヰ即i民 H'Oweverw出dsalω ∞ mpetewifu 'Ofuer w民dsand 出epr'田en田'Of白 rtainw∞ ds may result in 

'Overall benefits in terms 'Of crop yield and氏。l'Ogi叩1∞ ntr'Ol'Of fue more pemici'Ous w田也(Nem'Ot'O& Mi.tchley 1995). 
The ∞'Ol'Ogist is 'Often∞ ncemed wifu ω凶 biodiversityin白elandscape and may s田kt'O 剖 m ∞ biodiversity'Of fue 

agr'∞∞勾rstemtllr'Ough practi田swhich白v'Ourtlle desirable叩民ieswhile at fue Sallle time∞ ntr'Ol1ing白eundesirable 

on田(Burchet al 1995). The ∞ nservati'Onist， 'On fue 'Ofuer hand， may be primarily∞ ncemed wi出 fuei.mpact of 
"environmen凶 w配ds"in natura1 and semi.-naωrale∞systems and prot倒 edareas. Fina11y， in anle向 horticulturea 

wide range of desirable司政ies(、叫dfl'Owers") are often empl'O)吋 innaturalistic landscape planting (Asai et al. 1995; 
Burch et al. 1995; Kond'O 199 S). 

Classificati'On 'Ofw田ds:desirable and undesirable species 

As we have n'Oted， tlle definiti'On of w∞ds in the lanむ伺pedcpends as much 'On our仰出cularvalues and pe可抗tiveas 

on fue actual nature and impact 'Of the plant s戸cies∞ ncemed.Putting aside f'Or the m'Oment the problem 'Of defining 
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exactly what is m回ntby the term w田d， we can田rtainIyidentifY a number of plant characteristics which may 

deteIDUne whether a plant is likely to be a noxious w田d(undesirable) or a beneficial甲ecies(d倒的le;蹴 Table1). 

F明ture・...……・………・…・…………................……--EndpFir的性~p..照ics ・……・…………… D慢な号!?!~..~p.~!停…・・
ωmpetitive ability High Low 

Growthrate High Low 

Growthform Tall-growing Short -growing 

Phenotypic pl制 icity 目的 1ρw 

Flowering Earか Late 

Germination Easy Diffiωt 

S民dproduction Prolific Sparse 

Dispersal (:勾刻印andtime) Wide Limited 

Origin Alienlintrodu∞d Native 

Lands回 :pestaωs Cornmon Uncornmonlrare 

Utilitarian status Harm白1 Valuaele 

Table 1. Characteri託icsof non-crop plants (“W民 ds")in the agrほおosystem

While we may be able to re∞gnise suites of desirable and undesirable司政iesby their戸出ωlar∞mbinationof 

characteri姐岱，血esituation is伽企'Om白羽ightforward. For example， al出oughhigh∞ mpetitive abilityぉ oftena 

f同国eof釦∞出 品uw田也(ぉ wellぉ successfulcropsり， there are回 seswhen such a characteristic is also a feature of 

desirable零>ecIes.An  example here is th巴凶eofthe tall・growing，rhizomatous grass WI白 dImperata cylindric，αfor the 

stabilisation of river embankment slo戸s(Asami et al. 1995). Nemoto and恥位tchl可 (1995)argue出atplant growth 

form provides an ecolo~悶1 basis for classi今ingw自由 intodesirable and undesirable可x:cies.官leiranalysis of鈎11・

growing and short-growing w∞ds in the agrlα~system concludes由民 whiletall-growing "官邸 willvery often 

provide serious obstruction toαop yield or amenity， short-growing w民 dsmay actually ∞mpete wi出 thetall-growing 

W民dsand provide act凶 I田 onomicbenefits or at least∞n凶buteto agr'α~system biodiversity and∞nservation or 
ame凶tyvalue.

Desirable plant s戸ciesin白erurallan也伺pe

百leagr'∞∞sytem is a dynamic system comprising crop-producing areas within a matrix of marginal， buffer and 

∞ m白 血gar伺 s(e.g. ditches， hedgerows， banks， tracks and adja∞ nt natural and bl∞ ks of semi-natural habitat). In the 

latter half of血is田ntury，intensive agriClUture has reSlUted in often qui匂 severedegradation of出回e∞mponents，e.g. 
water pollution and loss ofbiodiversity and amenity (Green 1990). In山 UKthe majority of wildlife habitat is semi-

natura1， i.e. derived from and maintained by human interference; cropping， grazing， mowing etc. Changl白 in

agriculωral practi偲 S白is田n飢ry，notably incr，伺鈴dfield size and incrl回 seduse of chemi叩1fertilisers， herbicides and 
pe姐cid岱， have reSlUted in signifi回 ntlosses of加thhabitat andヰx:cies叩血inth白esemi-naω凶紅白s.For example， 

in southern England， the chalk白白rpmentofthe North Downs around Wye College in Kent， is designated an “Areaof 
ou回andingNaωralBeauty" and includes habitats rich in native plant and animal等間ies.The伊錦町田 which∞C町

on the stl田:pslopes of th白 eescarpments， 1∞ally termed chalk grassland，∞mprise a勾X羽田-richbioto戸 ofhigh 
wildli免 andamenity value (Hillier et al. 1990). These chalk grasslands have been maintained through centuri白 of

grazing management by dom田tic曲目:pand叩凶eand wild rabbits. The maintenan田 ofhigh speci田 richn田sdepen也

upon∞ ntinued grョzingmanagement and maintenan∞'Of low substrate fe凶lity，both 'Of which favour short-growing 

broad 1回 V吋 he伽 C閉山司蹴i田 overtaller， m'Ore∞ mpetitive grasses. B'Oth removal of grazing and applicati'On 'Of 

fe出1isersr出 ultsin rapid growth of grasses and redu田ddiversity. At least 80% of these grasslands have民間llostor 

signifi伺 ntlydamaged sin∞ the 1940s and wildlife∞ nservati'On e島市 in山eUK currently aim to rl田t'Oreappropriate 

management interventi'On， for example by reintroducing grazing animals t'O derelict sites. 

An'Other option for redr田singhabitat loss is through natural regeneration of chalk grasslands 'On ex-arable land 'On 

suitable soils. R，∞ently such oppo巾凶tieshave arisen as a∞ ns句uen∞'Ofthe so-cal1ed“set-aside" scheme. Set-aside 
is one of many agr'O・environmentalpolicy measures introduced as part of出eC'Omm'On Agriωltural P'Olicy of the 

Eur'Opean Union (Clarke 1992). The sct-aside scheme was introduced int'O Britain in 1988 as戸口 ofan EU initiativeω 
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redu田 largesurplus田 ofarableαo戸 and伊lySぬnnersωtake15-18% of their arable land out of production on a 
rotational (1 Y閣のorsemi-permanentσ-20 y'回r)basis.百1erearea number of ruIes which must be followed by the 
fanner， for examμehemust釧 tblisha green∞;yer on血.eland by natural regeneration or by回wingagt部 S∞;verand 
the vegetation must be ∞tatIeぉtOfli田 ayearto∞ntrol戸rnicio凶 W白出.Set"，ぉideis a ∞ntfo;versia1 policy， not least 
k回蹴a∞nunonper，α判onof白escheme is伽 tfarmers are paid for doing nothing訓ththeir加叫.None血eless，
set-出idenow represents a major land use in Europe. In fact， land abandonment， whether go;yernment subsidi鉛dor not， 
is an ifliα明白19feature in a wide range of∞m凶白 throughoutthe world， inc1uding ， for example ， Ja戸n(Ohkuro et 
al. 1995). Muchof血isabandoned arable land ∞u1d pro;vide suitable areas for re-establishment of semi-naωralwi凶k
habitat and therefore seb却de，and related policies， pro;vides the potentia1 for bi吋i;versityenhan偲 mentin the rural 
lan出国pewhich represents a major en;vironmenta1 benefit of the scheme. 

T田h註qu回 forreintroducing d田irables戸ci白 intothe rurallan也伺pe

Vegetation wi11可制1taneouslydevelop on ex-ar油leland血roughthe pro民総白 ofse∞n白rysu∞田sion， but it is often 
possible and even d回irableto dif田t血erate and diI1配tionofsu∞回sion白roughappropriate management practic田.At 
Wye we ha;ve回rriedout large-s伺 lefield e.将>erimentson set -aside land to in;y，白tigatethe回tablishmentand 
management of司>ecies-richgrassland biotopes on郎 咽 ヨtblelandσ'able 2). 

NorthSidclands 1 (1988) No凶hSidclands 2 (1993ヨ Br，ωkwωd(1994) 

• Sha1low 伺 1伺 reous rendzina Rendzina soil， pre;vio国 crop Clay soil， pre;vio凶 α'opfield 
釦il，p陀;viouscrop oiI seed rape barley beans 

・印刷1∞mmercia1wild flower ・Sown Lolium pe何 nne grass ・Sown Lolium perenne grass 
seedmi沼田志(30ヰぽi田) ∞，;yer ∞;yer 

. Sown Lolium pe陀 nne grass ・SownFestuca rubra grass∞'ver ・Sown amenity grass s白 d
cover 

• Natural regeneration after 
ploughlng (oil seed ra戸)

・+1-nitrogen fertiliser 

・+1・armua1ω凶ng

• Sown Cynosurus cristatus grass 
cover 

• Natural regeneration after 
ploughing 

• NaturaI regeneration 針。m
stubble (barl可)

・+/-additional w出 ds回出回wn

• +/- sown desirable gtヨssland

史認les

Intx1ure 

• Natural regeneration from 
stubble (beans) 

• +1・annualωtting

Table 2.τnerangeofむ回佃1entsstudied in e:¥:periments on vegetation establishment on set-aside land at Wye Col1ege 

百lelong回trunning閃:>erimentw出 setup in 1988， the first y'回 rof set-aside in the UK. Our e;.，:periment inc1uded 
thr田郡明rdtr回 tments，加，10ω凶ng紅白tmentsand two fe出lisertreatments. The甲田ies∞mpositionofthe plots was 
ほ沿rdedin detail in 1991 and again in 1995. Table 3 provides some r，白ultsseven years after the start ofthe experiment 
andillus回 t白血eimportan∞ofcutting management and of low substrate fe凶lityfor biodivcrsity enhancement. 

Sward trcatment Nocut Cut NoCut Cut 

一一一一一一一一一一一一一一一 N旦型町旦g~.~.“““““““““雪f旦~!!!:~g~~.“一…ー型.~!.~~g~!!.....日目的‘““~~~E~g~!!......一一
Wildflower mix 

Natural 問 gencration

取E限 ss

7.2 

5.2 

4.7 

11.5 

9.l 

9.5 

4.5 

3.4 

2.8 

9.4 

5.1 

5.3 

Table 3. M叩 1number of 取ぉiesrecordcd per 20 x 20 cm quadrat in the North Sidelands set-aside experiment in 
summer 1995 (m悶 n;yalues derived合omfour rep!i回 teb!ocks each with twenly q回 dralsper trealmcnt). 
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Aぬ此herexj:記rimentw部∞mmen民din 1993 to investigate establishment methαls in more detail，白iswasmo凶tored
in 1994 and 1995但urchet al 1995). Most re悶 ItIyan experiment was set up in 1994 to widen the range of bioto戸お
蜘 diedωincludedevelopment ofwα刈landand damp lowland grassland. 

百leres叫tsfrom自白eexpe.血nentsωdate回邸側thefol1owing broad guidelines for bi叫iversityenhancement on set-
aside land We believe白紙 th回eprincipl白 mayfind general validity for bi叫iversityenhan田 menton abandoned 
agriculturalland over a wide gl∞伊phicalat四 inthe world. 

・百leproxi凶tyof副・.aside加ldωexistingsemi-natural habitats is of vi凶 si伊泊回n∞indetermining the 
∞，loni田tionbyd信 irableand undesirable叩郎防

. Where白 tablishmentof 的 irable甲幻自 ispr.ぬlematical，e.g. due to di翻 nt田町錨 ofpro伊gul民 desirable
甲副首maybeintr吋u叫 bysowing関edmi刈 町田 orplanting ma制replants

・百le回匂blishmentmethod uぉdto initiate vegetation development determines∞10凶sationby desirable待問i白 and
血.edegr田 ぱ∞ntrolof undesirable可>eci田但ぼ'chet a/1995) 

• cu凶ngmanagement ir悶悶S白血.ericlm邸 of俗 irable可>eei回 andreduα諮 問desirable符町ies

. Soilた凶iけhasthe reverse effc倒， i.e. high fertility r吋ucesrichness of desirable司X羽田 andinα回邸 undesirable
湾問自

・百leabove∞nsiderations匂kenωge白erstrongly釦邸側白紙 targetingof set-:ぉideland in terms of 10切 tion，
ωtablishment method and management will maximise the potential for biodiversity enhan白 mentand control of 
undesirable等院ies.
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THECO即IPETITIONEFFECT OF RICE AND BARNYARDGRASS AT VARIOUS 
DENSITIES UNDER TWO FERTILIZER RATES 

Chaiyot Supatanakul and Paitoon Kittipong 
Botany and Weed Sci. Div.， Dept. of Agricu1ture， Bangkok 10900， Thailand 

主並立主旦Thefield trial was conducted at Weed Science Sub Division， Chatuchak， Bangkok to study on 
the competitive effect between bamyardgrass (Echinochloαcrusgalli (L.) Beauv.) and rice但D.23).They
were planted at various population under two rates of one basal application fertilizer(l6-20・0).The 
studied indicated that the density of bamyardgrass increased; the transpiration rate， chlorophyll content， 
ti11er number of rice and bamyardgrass， and rice panicle were decreased; whereas the mortality of rice 
and bamyardgrass was increased. Increased application of fertilizer from 187.5 to 375.0 kglha resu1ted 
that transpiration rate of rice and bamyardgrass increased at 30 days after planted but decreased it at 50 
and 60 days after planted. Increased of rice population from 80 to 160 plants/m2 had a tendency to reduce 
chlorophyll content and tiller number of both plants. Rice grain yields at 80 plants/m2 were reduced 
27.33， 50.08，67.28 and 75.88 percent when bamyardgrass population was 20，40， 80 and 160 plants/m2， 
respectively; at rice population of 160 plants/m2， yield was reduced 22.28，40.73， 57.55 and 78.43 percent 
ラrespectively.Rice grain yield was increased 10.61， 2.96， 2.45， 5.87 and 6.42 percent with increase in 
fertilizer. Rice grain yield rose 33.16， 40.32， 60.55， 73.42 and 26.71 percent with increasing rice 
popu1ation and the bamyardgrass population 0，20，40，80 and 160 plants/m2， resp田:tively.

Keywords. bamyardgrass， rice， weed density， weed competition， transpilation. 

Introduction 

Bamyard grass (Echinochloαcrusgalli L. Beauv.) is the serious weed in wet-seeded rice or pre-
germinated rice. Its infestation were 54.44% of the paddy weeds in Thailand.(Anon， 1984). It was 
reported to be one ofthe 10 worst weeds in the wor1d (Holm et al.， 1977). It has strong competitive ability 
to absorb light and nutrients区leiningand Noble， 1963); in paddy field it grows much quickly than rice. 
Bamyardgrass might have allelopathic effects on other plants， and inhibit the growth of crops (Li et al.， 
1992). These might be the reasons for the decreasing production of rice. Heavy infestation of 
bamyardgrass reduce rice yield by 50%，組dalso redu印 thenumber of panicle， plant height， weight of 
grains and nu 
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Results 

Transpiration rate of rice. At 30 days a食erplanted (Table 1) there were not significant difference 
(P=0.05) in transpiration rate of rice between fertilizer and between rice density treatments. However， 

fertilization at 375.0 kg/ha increased transpiration rate of rice by about 52.85% (on mean). The 
transpiration rate of rice were observed between barnyardgrass density， there were not sign出cant
difference (P=0.05) when fertilization at 182.5 kg/ha where as significant di百erence(P=0.05) when 
fertilization at 350.0 kg/ha， increasing barnyardgrass density reduced transpiration rate of rice.(Table 2). 

工生註上Effectof barnyardgrass density and fertilizer levels on transpiration rate (トtg/cm2/s)of rice at 30 

恒三唾空白些d
barnyardgrass fertilizer 187.5kg/ha fertilizer 375.0 kg/ha 

rice(plants/m2 ) rice(plants/.m2 ) 

(plants/m2 ) 
80 160 means 80 160 means 

O 19.66a1 14.81a1 17.23a 1 31.24a1 30.27a 29.90a 

20 15.87a1 14.94a1 15.40a 22.69 b1 23.97 b1 23.33 b 

40 15.31a 14.07a 14.69a 19.51 b 22.93 b 21.22 b 

80 12.27a 13.61a 12.94a 16.37 b 22.42 b 19.39 b 

160 12.44a 14.39a 13.42a 17.50 b 18.80 b 18.15b 

means 15.11 14.36 14.74 21.19 23.87 22.53 

Remark 
1. In a column under each ferti1izer means follow by a common letter are not significantly 

di宜erentat the 5% level by D恥ffiT.

工生担2ーEffectofbarnyardgrass density and fertilizer levels on transpiration rate (μg/cm
2
/s) of rice at 60 

days after planted 

barnyardgrass fertilizer 187. 5kg!ha fertilizer 375.0kg/ha 

rice(pl~ts/m2 ) rice(plants/m2 ) 

(plants/m2 ) 
80 160 means 80 160 means 

O 36.98a1 36.14a 1 34.19a1 34.98a 35.29a 35.78a 

20 25.11b1 29.63ab1 27.37b 26.67ab1 33.70a1 30.18a 

40 19.92b 22.12bc 21.02bc 17.59b 23.52b 20.56b 

80 22.01b 16.70c 19.35c 21.16b 18.87b 20.02b 

160 14.70b 14.90c 14.80c 17.50b 17.71b 17.61b 

means 23.41 24.07 23.74 23.74 25.60 24.67 

Remark 
1. In a column under each ferti1izer means follow by a common letter are not significantly 

di宜erentat the 5% level by DMRT. 

At 60 days after planted.(Table 2) the transpiration rate of rice between fertilizer and rice 
density did not significant difference (P=0.05). The transpiration rate of rice between barnyardgrass 
density were significant di宜erence(P=0.05).Incre邸 ingbarnyardgrass density from 0，20，40，80 and 100 
plants/m2 reduced transpiration of rice by about 0， 24.27， 41.84， 46.40 and 59.05% respectively when 
ferti1ization at 187.5 kg/ha， by about 0， 13.72，41.22，42.75 and 49.66% respectively when fertilization at 
350.0 kg/ha. 

Transpiration rate of barnyardgrass. There were not sign出cant，difference (P=O.05) in transpiration 
rate of barnyardgrass between fertilizer， rice density and barnyardgrass density (Table 3組 d4). In this 
experiments， the tr加 spirationrate of barnyardgrass lower白銅 rice.
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工連k.ユー Effectof barnyardgrass density and fertilizer levels on transpiration rate (μglcm2/s) of 
barnyardgrass at 30 days after pl佃 ted

barnyardgrass fertilizer 187.5kg/ha fertilizer 375.0kg/ha 
rice(凶ants/m2) rice包Lants/m2)

(plants/m2 ) 
80 160 means 80 160 means 

20 7.98 12.75 10.36 13.83 12.91 13.37 

40 8.66 8.96 8.81 13.54 15.68 14.61 

80 8.28 8.43 8.36 13.40 13.77 13.59 

160 7.59 7.69 7.64 12.14 12.97 12.55 

means 8.13 9.46 8.79 13.23 13.83 一一13.53

工盆k...LE宜ectof barnyardgrass density and fertilizer levels on transpiration rate (μglcm2/s) of 
barnyardgrass at 60 days after planted 

barnyardgrass fertilizer 187.5kdha fertilizer 375.0kgIha 
rice(plants/m2) rice(plants/m2 ) 

(plants/m2 ) 
80 160 means 80 160 means 

20 15.89 16.73 16.31 15.77 15.42 15.60 

40 17.17 16.19 16.68 15.85 14.39 15.12 

80 16.11 17.23 16.67 16.78 15.42 16.10 

160 16.97 16.68 16.83 17.20 16.34 16.77 

means 16.54 16.71 16.62 16.40 15.39 15.90 

Chlorophyll content of rIce. There were not significant differences (P=0.05) in chlorophyll content of 
rice between fertilizer and ricedensity， but significant differences (P=0.05) in chlorophyll content were 
observed between barnyardgrass densiけ(Table5); increasing barnyardgrass density from 0， 20， 40， 80 
and 160 plants/m2， reduced chlorophyll content ofrice at 30 days after planted by about 0，3.77，6.60組 d
6.92% respectively when fertilization at 187.5 kglha， by about 0，3.66，6.71，9.15 and 9.76% respectively 
when fertilization at 350 kglha. Chlorophyll content of bamyardgrass， there were not significant 
di動向nce♂=0.05)in chlorophylI contents of barnyardgrass between fertilizer， rice density， and 
barnyardgrass density.(Table 6). 

Z生昆2..Effect of bamyardgrass densi勿andfertilizer levels on chlorophyll content (mgl100cm2) of rice 
30 days after planted 

bamyardgrass fertilizer 187.5kg/ha 

rice(plants/m2 ) 

(plants/m2 ) 
80 160 means 80 160 means 

O 3.25a 3.11a1 3.18a 3.36a 3.19a1 3.28a 

20 3.lOab 3.02a1 3.06ab 3. 19ab1 3.l1ab1 3.15ab 

40 3.12ab 3.01a 3.06ab 3.10b 3.02ab 3.06bc 

80 2.98b 2.95a 2.97b 3.03b 2.93b 2.98c 

160 2.98b 2.91a 2.95b 2.98b 2.95b 2.96c 

means 3.08 3.00 3.04 3.13 3.04 3.09 

Remark 
1. In a column under each fertiliz町 meansfollow by a ∞mmon letter are not signi:ficantly 

d旺erentat the 5% level by DMRT. 
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工盈le6 E:ffect of bamyardgrass density and fertilizer levels on chlorophyll content (mgl100cm2) of 
tamyardgrass at 30 days唾主~型吋

bamyardgr.出 S fertilizer 187.5kg/ha fertilizer 375.0kg/ha 

rice印lants/m2) rice(plants/m2 
) 

(plants/m2 
) 

80 160 means 80 160 means 

20 3.93 3.76 3.85 3.95 3.75 3.85 

40 3.83 3.67 3.75 4.01 3.78 3.89 

80 3.75 3.67 3.71 3.81 3.63 3.72 

160 3.75 3.58 3.66 3.94 3.56 3.75 

means 3.811 
3.6i 3.74 3.931 3.681 3.81 

Remark 

1. Two means at each fertilizer rates had LSD(5%) = 0.1727 

Tiller number. There were not significant必:fference(P=0.05) in ti11er number of rice and bamyardgrass 
between fertilizer， but significant di島 rence伊=0.05)in tiller number of rice and bamyardgrass were 
observed betw田 nrice density and bamyardgrass density (Table 7 and 8). 1ncre錨 ingrice density合om80
plants/m2 to 160 plantlm2 reduced tiller number of rice by about 16.58% and tiller number of 
bamyardgrass by about 18.78% when fertilization at 350.0 kglha， increasing rice densi勿企om80 
plants/m2 reduced tiller number of rice by about 21.72% and ti11er number of bamyardgrass about 
12.65%. 1ncreasing bamyardgrass density from 0， 20， 40， 80， and 160 plants/m2 reduced tiller number of 
rice by about 0， 14.10，21.44，26.87 and 31.57% respectively， when fertilization at 187.5 kglha， byabout 
0， 10.29， 21.98， 21.98 and 28.79% re叩ectively.

工誕生ヱE島 ctof bamyardgrass densi句，and fertilizer levels on tiller number of rice (tiller/hill) of rice at 
30 dり's些.erplanted

bamyardgrass fertilizer間叩ha fertilizer 375.0kglha 

rice(plants/m" ) rice(plants/m2 
) 

(plants/m2 
) 80 160 means 80 160 means 。 7.60a1，3 6.02a1，3 6.81a 8.53a1，3 5.85a1，3 7.19a 

20 5.lOa1 5.85 b 5.58a1 6.45ab 6.60ab 7.33ab 
40 5.85 bc 4.85a 5.35 bc 6.18 bc 5.04a 5.61 bc 
80 5.31 bc 4.66a 4.98 bc 5.53 c 4.79a 5.16 c 
160 4.79 c 4.54a 4.66 c 5.56 c 4.68a 5.12 c 

2 2 5.53 2 2 5.91 
means 6.03 5.03 6.63 5.19 

Remark 
1. 1n a column under each fertilizer means follow by a common letter are not significantly 

di:fferent at the 5% level by DMRT. 
2. Two means at each fertilizer rates had LSD(5%) = 1.770 
3. Two average values at each barnyardgrass density来 fertilizerrates had LSD (l %) = 2.3626ラ

LSD (5%) = 1.6707. 

Mortality of rice. Rice's mortality were not significantlyσ=0.05) between fertilizers. These di能 rences
were significantly di宜erent(P=0.05) between rice density and bamyardgrass density (Table 9)， 

Increasing plants population increased mortality of plants. 
Number of rice panicles. There were not significant di:fferences (P=0.05) in number of rice panicles 
between fertilizers. These di能 renceswere signific組 tlydi:fferent伊'==0.05)between rice density and 
bamyardgrass density (Table 10). Fertilization at 187.5 kglha， increasing rice density from 80 to 160 
plants/m2 increased panicles by about 64.57%; and 60.09% when fertilization at 350.0 kglha. Increasing 
bamyardgrass density from 0， 20， 40， 80 and 160 plants/m2 reduced rice panicles by about 0， 20.4， 35.37， 
54.84 and 72.87% respectively when fertilization at 87.5 kglha and 0， 18.55， 41.55， 54.59 and 74.88% 
when fertilization at 350.0 kglha. 
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工連le主_Effect of bamyardgrass densi旬andfertilizer levels on tiller number of bamyardgrass (tiller/hill) at 30 
days a食erplanted 

bamyardgrass f~rtilizer 187.5kglha fertilizer 375.0kglha 

rice(plants/m2 
) rice(plants/m2 

) 

(pla凶s/m2) 80 160 means 80 160 means 

20 1，3 1，3 6.17a 1.3 1，3 6.21a 6.66a 5.68a 6.78a 5.63a 

40 4.49 b1 5.09 b 5.12a1 5.44 b 5.68ab 5.75ab 

80 5.37 b 4.23 b 4.80b 5.74ab 4.93a 5.34 b 

160 5.30 b 4.28 b 4.79b 5.17 b 4.79b 4.98 b 

means 2 2 5.21 2 2 5.49 5.75 4.67 5.86 5.12 

Remark 
1. In a column under each fertilizer means follow by a common letter are not significantly 

different at the 5% level by DMRT. 
2. Two means at each fertilizer rates had LSD(I%) = 0.5097， LSD(5%) = 0.3364. 
3. Two average values at each bamyardgrass density※fertilizer rates had LSD(5%) = 0.9385. 

工辿le9 Effect ofbarnyardgrass density and fertilizer levels on mortality of rice(%). 

barnyardgrass fertilizer 187.5kg/ha fertilizer 375.0kglha 

rice(plants/m2 
) rice(plants/m2 

) 

(pl組ts/m2) 80 160 means 80 160 means 

O 1，2 12.49d1，2 6.87e 1，2 14.06d 1，2 7.34e 1.25c 0.62c 
20 28.43c1 20.78d 9.06c1 25.46cd1 17.26d 13.12c 
40 35.94b 35.46c 35.70c 34.06b 37.65c 35.86c 
80 56.56a 54.22b 55.39b 56.87a 52.50b 54.69b 
160 68.12a 75.62a 71.87a 64.06a 75.45a 69.76a 

means 35.00 41.25 38.12 32.94 41.03 36.98 

Remark 
1. In a column under each fertilizer means follow by a common letter are not significantly 

different at the 5% level by DMRT. 
2. Two average values at each bamyardgrass density米 fertilizerrates had LSD(l%) = 0.5097， 

LSD(5%) = 0.3364. 
工生註lQ...Effect of bamyardgrass densi匂rand fertilizer levels on number of panicles of rice (panicle/m2) 

30 days after planted 

bamyardgrass fertilizer 187.5kglha fertilizer 375.他:gIha
rice(plants/m2 

) rice_(plants/m2 
) 

(plants/m2 
) 80 160 means 80 160 means 

O 299.25a1，3 439.75a1，3 369.50a 327.50a1，3 468.50a1，3 398.00a 

20 235.75a1 352.50 b1 294.12 b 266.75a1 382.00 b1 324.37 b 

40 158.75 b 317.25 b 238.80 c 169.75 b 295.50 c 232.62 c 

80 109.00bc 224.75 c 166.87 d 107.75 bc 253.75 c 180.75 c 

160 80.75 c 119.75 d 100.25 e 78.50 c 121.50 d 100.00 d 

means 2 2 233.75 2 2 
247.152 176.70 290.80 190.05 304.25 

Remark 
1. In a column under each fertilizer means follow by a common letter are not significantly 

different at the 5% level by DMRT. 
2. Two means at each fertilizer rates had LSD(I%) = 33.472， LSD(5%) = 22.093. 
3. Two average values at each bamyardgrass density米 fertilizerrates had LSD(l %) = 93.873， 

LSD(5%) = 69.575. 
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Rice yields. There were not significant di民 rences(P==0.05) in rice yields between fertilizers. These 
difference were significant (P==0.05) between rice density and barnyardgrass densi勿 (Table11). 
Fertilization at 187.5 kglhaラ increasingrice density from 80 to 160 plants/m2 increased rice yields by 
about 44.96% ; and 42.80 when fertilization瓜 350.0kglha. Increasing barnyardgrass density from 0、20，
40， 80 and 160 plants/m" reduced rice yields by about 0， 24.43， 44.51， 61.68， and 77.34% respectively 
when fertilization at 187.5 kglha ; and 0， 29.66， 48.44ラ 67.39and 80.83% respectively when fertilization 
at 350.0 kg/ha. 

工些註lLEffect of barnyardgrass densi句rand fertilizer levels on yield of rice (g1m2
). 

barnyardgrass fertilizer 187.5kglha fertilizer 375此g1ha

rice(plants/m2) rice(plants/m2 
) 

(plants/m2 
) 80 160 means 80 160 means 。 1，3 1，3 480.87a 458.76al，3 

1，3 531.89a 409.97a 551.76a 605.01a 
20 1 428.83 bl 363.38 b 432.45 bl 374.16b 297.93 b 315.87 b 
40 204.64 c 327.06 c 265.85 c 209.95 c 338.54 c 274.23 c 
80 134.34 cd 234.20 d 184.27 d 127.33 cd 219.59 d 173.46 d 
160 98.87 d 119.04 e 108.96 e 87.20 d 116.73 e 101.97 e 

2 2 280.67 2 2 291.14 229.15 332.18 239.82 342.47 

Remark 
1. In a colurnn under each fertilizer means follow by a common letter are not significantly 

di宜erentat the 5% level by DMRT. 
2. Two means at each fertilizer rates had LSD(l %) == 39.609， LSD(5%) == 26.144 
3. Two average values at each barnyardgrass density※ fertilizer rates had LSD(l%) = 116.183， 

LSD(5%) == 86.169. 

Discussion 
In this experiment， increasing barnyardgrass density reduced transpiration rate of rice because 

the proportion of transpiration water was clearly correlated with plant dens~ty (Leopald and Kriedemann， 
1975). Transpiration were reduced by shading of plants依ramer，1983). So that higher plant density or 
higher plant competition decreased transpiration. Plant growth were e島 ctedby transpiration， higher 
transpiration increased plant growth (Lang et al， 1976; Leopald and Kriedemann， 1975). Transpiration of 
rice reduced with high density of barnyardgrass ; resulted on the reduction of rice growth. Chlorophyll 
content， rice growth and rice were reduced by barnyardgrass density; High densi砂 moree能 ctedthan 
lower density， because of competition for nutrients; Weeds usually absorb fertilizer faster and in 
relatively larger amounts than crops. (Zimd剥， 1980); So that in high densiザofbarnyardgrass柏 dhigh 
fertilizer rate， rice yield more decreased than rice yield in low fertilizer rate. 
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Exotic Weeds in Seeds and Crop Products Imported into Taiwan 

T. Y. Ku1 祖 d M. Y. chiani 

1・Dir切 tor，F∞dandAgri叫加reD叩artment， Counci1 of Agricu1ture， EXI悶 ltiveYuan 
37， Nanhai Road， Taipei， Taiwan， Republic ofChina 

2・TaiwanAgricu1tural Chemicals and Toxic Sulぉtanc回 ResearchInstitute 
11 Kung Ming &伺d， Wufeng， Taichung， Taiwan， Republic of China 

Abs型主主 Intr，叫ucedpests have伺田副紅'emendo国 damagesto agric凶.tura1produ叫on組 d

environmenta1 qua1ity in Taiw:組. To叩.pportquarantine regulation of exotic pe.錨， related research 
proj田tswere initiated by the Council of AgriωI加rein 1991. In也is蜘 dy，a tota1 of 538 samples of 
imported s制 s-and pro∞鉛d・田叫 pl組 tprod即 tsoriginating from 16∞四位ieswere examined for 

weed s∞d contamination. Six町y-fiveper'∞nt of the回mpl，白∞ntainedw田ds国也. Identification of 
w剖 taxonw錨 b描 edon morphological characteristics of propagules by using photographs， dra'前 ngs，
keys， document吋 descriptionsand measurements. One hundred and one weeds were identified to 
sp切迫cleve1. Noxious weeds such槌 Agropyronrepens仏)B鵠 uv.，Amaranthus retroflexus L. ， 
Brassica Kaber (DC.) L.C. wh田:ler，Cardaria drabaι) Desv.， Conium masculatum L.， Convolvulus 
arvensis L.， Plantago lanceolata L.組 dThlaspil arvense L. were among the 48可児ciesnot previously 
recorded in Taiwan. 
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Introduction 

Taiwan has a high1y developed sma11品rmagricu1ture. With very limited arable land， 
agricu1tura1 production had not on1y met domestic requirement but a1so produced va1uable productsおr
e却ort.This ∞ifitributed tremendously to the economic transformation and development of Taiwan in 
血.e60・70s.With incr，回singpopu1ation and changing おodconsumption patterns， Taiwan h出

increasing1y relied on import，叫 agri叫加a1pr叫uctsin也e1部 ttwo decadesσig 1) (8). In 1993， crop 

products imported into Taiwan exceeded nine million tons (Table 1)(8). 

Imported crop products pose some problems in plant quarantine in Taiwan. In quantity， most of 
the imported agricu1tura1 products are grains and other crop seeds (Table 2); these products are good 
伺町ierof w田 ds白 ds.Previously introduced a1ien司郎iessuch as water hyacinth (Eichornia cr，ω'Slpe 
。匂rt.)Sohns)， johnsongrass (Sorghum halepense (L.) Persよguineagr.加 s(Panicum maximum Ja叫)

組 d∞mmonragweed (Amhrosia artemisiifolia L.) have spread widely in Taiwan and have had notable 
negative impacts on environment and crop pr'叫uction.Since a significant portion of the island is 
mountainous， plants originating企omtemperate regions or the tropics∞，u1d establish readily in Taiwan. 

Many∞untries have establish吋 quarantineregulations on exotic weeds (6). The U.S. and 

Austra1ia are two ∞iuntries with the most鈍ringentregulations against introduction and expansion of 

noxious weeds (10，13). In the Asia-Pacific region， some ∞untries a1so have a1so initiated some measures 

to regulate the invadion of noxio国 W白血 (1，17). In Taiwan， q田 rantineregu1ation of imported plant 
materia1 focuses main1y on preventing entry of di田asesand in鈴ctpe鰯. W，田dsand other anima1 pe蜘
of plants are to a lesser extent being considered in the Comm叫ityInspection regu1ation， last revised in 
1976. The legis1ative加dyof the government isωrrent1y reviewing the draft of a newly proposed law 
on plant and anima1 quar組伽.e.The new law， has a ba1anced∞iVerage of all aspec岱 ofq国 r初出e，is 

e河>ectedto be P踊seds∞n.

P
D
 

qa 



Since 1991， the Council of Agriculture has initiated programs to evaluate exotic weeds， diseases， 
and insect pests wi也 potentialto invade and establish in Taiwan. One of the major objectives of the 
program is to identifY and document pests associated with imported agricultural products. Experts from 
different disciplines worked for various projects of this program. This paper reports the progress and 
findings of a three-year study on weed seeds associated wi血importedcommodities. 

Materials and Methods 

A11 samples used in出isstudy were collected f加 nimported cereals and other crop seeds by 
q回 rantineofficer of the Bureau of Commodity Inspection and Quarantine但CIQ). Local quarantine 
offices also provided information on product name， quantity， sour∞∞untry， importing company and 
回mplingdate of the original cargo. The original quantity of imported cargo ranged f旨om100 kg or less 
for flower seeds to 50，000 tons plus of bulk shipment for grains. Sample size was 50 g for imported 
seeds used for planting p町 posesand 500 g for cereals and oil seeds used for food， animalたedor 
processing; for the la伽 rgroup of products， contaminants sieved from 5・10kg cargo from each shipment 
were凶 edas siunples in some cases. 

Samples obtained企omquarantine offices were cleaned and sorted fOl visual and microscopic 
examination to determine size， shape， color and other morphological characteristics of weed propagules. 
Identification was done by comparing these characteristics with photographs， drawings， keys， 

documented descriptions and measurements. Publications by Brouwer(5)， Delorit(9)， Gunn (11)， 

Hmd12)，K出油ara(15) and Stucky(18) were used as m司orreferences. Identification to species level 

W槌 donein cases where most characteristics match those in the literature dωumentation; If there was 
some inconsistency， identification was made up to the generic level. Weed seeds with the same 
morphological characteristics from a sample were designated as one weed seed unit;白isterm was used 
to express the ratio of weed seeds between examined and identified s出品.

Weed list and other relevant publications (2，3，4，14，15， 19) were凶 edto rnatch weeds to specific 

∞，untries. The "Flora of Taiwan" (16) was used to determine exotic species for Taiwan; this 
comprehensive volume d∞uments all endemic species in Taiwan reported till血e70s.

A食erexarnination， all w∞d seeds were properly stored under cool and dry ∞nditions for白如re
evaluation of viability and taxon∞nfirmation. 

Results and Discussion 

W低 ds舵 dsfrom samples of different origio 

Ninety per田ntofthe闘 mplesoriginated from USA， Australia and Japan; the rest came 合om
New Zealand， Ne白.erlanl也， Thailand， cana由， mai叫andC悩na，Denmark， Egypt， India， N. Kor，伺， S. 
Korea， Pakistan， Philippines， and Singapore (Table 2). 

Samples 合omU.S. products were associated with 39 crop species; of the total 323鈍mples，69% 
∞ntained weed seeds. Ninety-six di宜erentweeds were identified 合omthese samples. Weeds血atwere 
identified企ombarley and oats from Canada were all found in US prlωucts. Inspected samples of 
Japan origin consisted of 44 pl組 tspecies; most of these叩ecieswere seeds of vegetables， omamentals， 
and grasses田 edfor planting purposes. Weed seeds were found in 47% ofthe 110錨mples;24 different 
weeds were identified. Most of the 52 samples 企'omAustralia were seeds of grasses and legumes; weed 
seeds were found in two-thirds of the samples and 34 weeds were identified. Only six weeds were 
identified企'omsamples from two Euro戸m ∞'untries-theNetherlands and Denmark， Crop products 
企'omthe鴎 twocoun凶eswere vegetables， grasses and flowers. Eleven WI∞ds were identified from 
products 金omtwo south Asian ∞untries-India and Pakistan. While six WI田dswere identified企om
随 mplesfrom Thailand and other Southeast Asian ∞'untries. 

In this study， we collected a sizable number of samples for the evaluation of weed seeds 
部鉛ciatedwi白 products企omUSA， Japan and A凶位alia.S組 lplesfrom∞'un仕iesin other gl∞graphic 
regions such部Africa，South Asia， Southeast Asia and South America were either insu血cientor 
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completely lacking. A considerable amount of imported cereals and other crop seeds came from 

countries in these regions (8). In future s旬dies，more emphasis should be put on products from these 
sources. 

Weed seeds associated with different types of crops 

Corn， wheat， barley， sorghum， oats， soybean， mungbean， alfalfa， pea and sunflower were 
imported for use出おodand animal feed direct1y or through processing. They were the largest group in 
q凶 ntityand represented more than 99% of tonnage of in all imported seeds (Table 1). We inspected 
131 samples and identified 103 di島 rentweeds from this group of products (Table 3). There were at 
least 51 ki時 ofweed seeds鰯∞iatedwith corn伽 toriginated from USA (data not shown). 

Crop seeds imported for planting p凹 poseswere very litt1e-some 3000 tons in 1993， they 
represented very diverse species. our samples consisted of 78 di島 rentplants. We inspected 263， 100 
and 44回mplesof product group 2a， 2b and 2c， respectively (Table 3). The most frequent1y sampled 
grasses were bermuda grass (Cynodon dactylon (L.) Pers.)， Bahiagrass (Paspalum nota似mFluegge)， 
ryegr出 s(Lolium spp.) tall fe民間 (Festucaarundinacea Schrぬよ centipedegrass (Eremochloa 
ophiuroides (Munro) Hackよ加d切取tgr.栂 s(Axonopus affinis Chase). In all， 200 samples were 
ins伊ctedfor白e民自vegrass甲ecies.Spinach (，争inaciaoleracea L.)， radish (Raphanus sativus L.)， 
Chinese mustard ( Br，ω:sica juncea (L.) Czerniak. et Cossよcommoncabbage (Brassica oleracea var. 
capitata L.) and Chinese cabbage (Br.ω'sica campestris L. ssp. pekinensis (Lour.) 0lsson) were the 
frequent1y sampled vegetable seeds. Seventy-six weeds were identified企omcrop seeds of group 2a. 
We叫sidentified were 22 and 18 for group 2b組 d2c， respectively. 

For group 1 products， 67% ofthe 1528 seed units examined were identified. The ratio was much 
lower for group 2 of which less than 30% of the seed units examined were identified. The ratio of 
a血rmativeidentification for all 2326 weed鈴edunits w;部 55%.This indicated that weeds associated 
wi血importedcrop products shou1d be much higher由加the130 species identified. 

Taxonomic presentation of weeds 

More than 60% of all identified WI田dsbelong to Gramineae， Compositae， Cruciferae， 
Polygonaceae and Leguminosae (Table 4). A1124伽 nilies錨 S∞iatedwith weed seeds are indigenous to 
Taiwan. W関白 ofCypera∞ae， Euphorbiaceae， Scruphu1ariaceae， Verbenaceae and Commeliaceae are 

common in Taiwan (7，16); however， weeds ofthese families were not found in our samples. Many ofthe 
exotic species found were企omCruciferae， Compositae， Amarantha∞ae， Gramineae and Polygonac間 e.

On1y 19 native甲田iesof Cruciferae were previously d∞umented in Taiwan (16); the abundance of 
exotic WI田dsof Cruciferae in the回mplesis worth 1∞，king into. 

Many sp民iesfound in our samples are serious WI白血 wi血 widespreaddistribution. Of the 10 1 

W節也白atwe identified， 32 sp<羽田町curredin more白an30 countries according to Holm et al. (14). Six 
of the identified species-Ambrosia artemisiifolia， Argemone mexicana， Capsella bursa-pastoris， Rumex 
acetasella， Rumex crispus and Stellaria media appear on the ASEAN A1/ A2 list for noxious terrestrial 

w∞ds (17). Noxious weeds such asAgropyron repens， Amaranthus retrojlexus， Brω'sica kaber， Cardaria 
draba， Conium mas，ωlatum， Convolvulus arvensis， Plantago lanceolata and Thlωl]Ji arvense were 
among the 48 species not previously re∞rded in Taiwan. Table 5 1ists 50 weeds frequent1y found in our 
回mples.
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Table 1. Quantity and value of major imported cereals and other crop 
鈴吋sof Taiwan in 1993. 

Comm叫ity Quantity (1000 tons) value $ (Million) 

Cer，倒Is 6707 905.8 
Corn 5466 685.5 
Wheat 908 173.6 
Barley 236 33.1 
Sorghum 86 10.4 
Others 11 3.2 

Oils民ds 2478 634.8 
so向組 2436 618.7 
Sesame 30 12.9 
Others 12 3.2 

S∞ds forpl組 :ting 3 16.6 

sum 9188 1557.2 

1 Data回世白:AgricultQral Trade Statistics ofROC 1993 (8). 

Table 2. Cereals and other crop s自由回mpledfor weed鈴吋sinspe叫onduring 1991・1993，
回mplesorganized by originating countries. 

Crop勾蹴iesof No of samples W国dstaxon 

Sample origin 間mple Tota1 W/wl田ds Ratio(%) identified 

USA 39 323 223 69.0 96 
Japan 44 111 52 46.8 24 
Australia 16 52 34 65.4 34 
NewZealand 4 10 9 90.0 13 
Netherl組出 8 10 6 60.0 5 
Thailand 6 9 5 55.6 9 
Cana伽 2 4 4 100.0 10 

0血ers
1 15 19 17 85.0 10 

Tota1 88 538 350 65.1 130 

1 Other countries: China (PR)， Denmark， Egypt， India， Korea， Pakistan， Philippine， Singapore. 
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Table 3. Import吋 cropproducts of Taiwan sampled for weed seeds inspection during 
1991・1993，路mplesorganized by usage and types of products. 

Noof悶mple Weed seed unit 1 

Productgroup Total W/w∞ds Examined Identified 

l. Seeds凶 edforぬod，島edand 131(10)2 117 1528 1038 
pr，ωessmg 

2. Seeds田:edfor planting 

2a. Grasses and legumes for 263(28) 162 621 179 

lawn， p部旬re，green mulch 

2b. Vegetables 100(22) 51 110 33 

2c. Flowers and ornaments 44(28) 20 66 23 

T'otal 538(88) 350 23261273 

1 Weed s∞ds of same morphological characteristics of a sample were designated as one 
weedw白 dunit. 

2 Figure in parenthesis indicates number ofαop s戸ciesof samples. 

Table 4. Taxonomic presentation ofweeds seeds sampled and identified企om
imported cereals and other crop鈴edsin Taiwan during 1991・1993.

F細目ly

Amaranthaαme 

Bor砲inaceae

Capparida∞ae 

CaIyophyllace 
Cheno伊diac伺 e

Compositae 
Convolvt由民鎚

Cruciferae 

Cuαuuitaα潟e

Gerania∞ae 

Grar凶n伺 S

Juncaceae 

Labiatae 

Le伊m血0飽e

Malval∞ae 

Molluginaωe 

Onagaceae 

pap:町 era関節

目卸tagina∞ae

Polygona∞ae 

Ranunα白白ae

Rubia∞ae 

801創悶悶ae

Taxon identified 

Generic Sp郎副c

6 5 

1 I 

1 1 

5 3 

7 5 

17 12 

6 4 

15 12 

I O 

1 1 

22 21 

1 1 

2 2 

13 10 

6 5 

2 1 

1 O 

1 1 

2 1 

13 10 

1 1 

3 2 

2 1 

Noof 

exotic叩即時sl

4 

1 

1 

2 

4 

7 

2 

9 

O 

1 

4 

1 

1 

3 

I 

O 

O 

O 

1 

4 

1 

O 

O 

Umbelliferae 1 1 1 

Sum 130 101 48 

1 With referen切 ω"FloraofTaiwan" (16). 
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Table 5. Weed seeds commonly found in cereals and other crop se叫simported 
into Taiwan during 1991-1993. 

W伺dsp∞ies Family sampled Exotic ・s2l specIe 
frequency 

Abutilon theophrasti Ma1vaceae 44 (44) 

Acnidiαaltissima Amaran白a∞ae 7 (5) E 

Agropyron repens Gramineae 19 (12) E 

Amaranthus albus Amaranthaceae 28 (26) E 

Amaranthus graecizans Amaran出aceae 20 (20) E 

Amaranthus re向flexus Amaran出ac回 e 39 (36) E 

Amaranthus sp. Amar組曲ac伺 e 9 (0) 

Amaranthus spinosus Amar組曲ac沼ae 16 (15) 

Ambrosia artemisi扮lia Compositae 36 (36) 

Ambrosia triflda Compositae 8 (8) E 

Avenafatua Gramineae 23 (19) 

Br，ω'sica kaber Cruciferae 37 (34) E 

Bromus tectorum Gramin伺 e 9 (9) E 

Cω'sia ob仰げolia Legurninosae 14 (13) 

Chenopodium album Chenopodiaceae 45 (41) 

Chenopodium hybridium Chenopodiaceae 43 (42) E 。'Clolomaatriplic扮lium Chenopodiaceae 12 (11) E 

Datura sb・'amonium Solar泌C伺 e 9 (9) 

D~宮itariasanguinalis Grar凶n伺 C 15 (9) 

Echinochloa cru.司galli Gramin回 S 9 (9) 

Echinochloa spp. Gramin回 e 52 (45) 

Helianthus annuus Compositae 39 (39) 

Hibiscus b・'ionum 地 lva∞ae 6 (6) 

Ipomoea hederacea Convolvulaceae 16 (15) 

Ipomoea lacunosa Convolvulaceae 6 (6) E 

Ivaxanth扮lia Compositae 7σ) E 

Kochia scoparia Cheno卯dia∞ae 13 (13) 

( be continued) 
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Table5. W白ds民ds∞mmonlyfound in∞reals and other crop鈴吋simported 
into Taiwan during 1991・1993. (continued) 

W関d可蹴ies Family 蜘 pled Exotic specieg2 
ftequencyl 

Lithospermum arvense BoragiI脇田ae 11 (8) E 

Panicum capiJIare Gramin伺 e 13 (13) E 

Panicum dichotomij1orum Grat凶n回 e 20 (20) 

Polygonum aviculare Polygona∞ae 30 (20) 

Polygonum convolvulus Polygona∞ae 42 (32) 

Polygonum 1，αrpathifolium Polygonaceae 19 (18) 

Polygonum pensylvanicum Polygonaceae 29 (29) E 

Polygonum persicaria Polygonaceae 14 (13) 

Polygonum spp. Polygona'α~e 16 (8) 

Rumex obtusifolius Polygona田ae 7 (6) E 

Salsola加li Cheno卯dia∞ae 8 (8) E 

Salvia reflexa Labiatae 8 (8) E 

Saponaria vaccaria Caryophyl1a，田 15 (13) 

Sesbania exaltata Leguminosae 15 (15) E 

Setaria faberi Grat凶n回 e 30 (30) 

Setaria glauca Gramineae 7 (6) 

Setaria lutescens Gramin伺 e 40 (37) 

Setaria verticillat，α Gramin回 e 28 (25) 

Setaria viridis Gr;創出n伺 e 43 (39) 

Sida spinosa Ma1va∞ae 36 (33) E 

Sorghum halepense Gramineae 43 (42) 

Thlaspi arvense Crucifeme 33 (26) E 

Tfψ/ium repens Leguminosae 8 (4) 

1 Out of the tota1538随mples，figures in parenthesis indicates samples originating ftom 
USA 

2 "E" indicating exotic甲邸iesbasedon甲10mofTaiwan" (16). 
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Fig 1. Grain imports of T aiwan during 1970~ 1994， data for "total" inc1udes 
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DISTRIBUTION AND PROPAGATION OF THE INTRODUCED JEEDS， BAHBAHEA 
VULGAHIS R. BR. AND ANTHEHIS COTULA L. IN THE TOHOKU AREA OF JAPAN 

M. Tachibana*， K. Itoh and T. Sumiyoshi 
Tohoku Natl. Agric.Expt.Stn.， Omagari， Akita 014-01 Japan 

Abstract The actual state of Barbarea yulgaris and Anthemis cotula 
in the Tohoku area were investigated. The distribution of B. yulgaris 
is not uniform in the Senboku area of Akita Prefecture. The greater 
part of th i s weed co I on i zed on I evees near cana I s. B. YU I gar i s i s pr-
opagated by seeds in a wheat field，曹hi I e on the I evees， many i nd i v-
iduals are propagated by vegetative organs， stocks and roots. Emerg-
ence of A. cotula is in the spring and the autumn. Flowering time 
of the weed is the same as heading time of winter wheat. When there 
is no rotary ti II ing of soi 1， after harvest the stubbles regrow， fl-
ower and produce many seeds in late July. 

Key word~: Barbarea yulgaris， Anthemis cotula， introduced weed， 

distribution， propagation 

I ntroduction 
Barbarea yulgaris R. Br.， Yellow rocket， is an important weed of 

small-seeded grain， hay crops in Ontario， legume-grass meadows in 
NewYork State， and spring wheat in Russia1

) • 

Anthemis cotula L.， Mayweed chamomile， is a Compositae winter ann-
ual and is troublesome in several crops grown in the Pacific Northw-
est， including wheat(TJソticumaestiyum L.)， pea(Pisum satiyum L.)， 

and lentil(Lens culinaris L.)2・3)

B. yulgaris and A. cotula are probably of Europe origin. The form-
er is a serious weed of levees， bands and pastures in northern Japan. 
The latter has become troublesome for wheat， causing crop yield red-
uction， a stench and harm to human health in Aomori Prefecture. 
This study revealed the actual state of B. yulgaris and A. cotula 

in the Tohoku area. 

Materials and Methods 
The distribution of B. yulgaris was surveyed in the Senboku area of 

Akita Prefecture in June 1993 and in May 1994. Plant population per 
1 km was classified 5 levels and then mapped onto the Senboku area. 
Ilevel indicate 0 per square meter， simi larly II， m， N and V indi-
cate approximately 0.1，1，10 and 30 plants per square meter， respect-
ively. 
Seeds of B. yulgaris were collected from mature plants at expriment 

station's field on July 4， 1994 and stored at room temperature. The 
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seeds were stored 50 cm deep in the reservoir on October 19， 1994 
and then recovered on November 22， 1994 and July 5，1995. Germination 
tests were conducted as follows. In 1994， 50 seeds were placed on 
two layers of wet filter paper in petri dishes， and were incubated 
at 15， 20， 25， 30， 35， 15/25， 20/30'C， under 1 ight(12hr) or dark co-
ndition. 200 Seeds were used per plot. Germination percentages were 
measured after 14 days. In 1995， 100 seeds were incubated at 15/250C 
under 1 i gh t (12hr) cond i t i on. 300 seeds were used， germ i na t i on perce-
ntages were measured after 7 days. 
Plants of B. vulgaris and Erigeron phi ladelphicus L. were collected 

in Omagari city on December 6， and 22， 1994， respectively. The roots 
of these species were cut to 5 cm fragments on December 22. Root fr-
agments were placed on the soil surface and incubated at alternating 
temperature 20/30oC in 12-h 1 ight. Performance of root bud sprouting 
was evaluated after 15days. Root fragments of丘vulgarisin various 
diameter were also evaluated for performance of root bud sprouting 
at 20 days. 
In 1993 and 1994， propagation of B. vulgaris was observed at wheat 

field and levees in Omagari city. 
On Apri 1 4， 1994， the soi 1 was sampled from wheat field in Aj igas-

awa town of Aomori Prefecture. Sampled soil was put in the concrete 
pots at experiment station on April 11 and emergences of A. cotula 
were observed seasonaly. 
In November 1993， and in April， July 1994， emergences of A. cotula 

were observed at Ajigasawa town. 

Results and Discussion 
B. vulgaris has occured in 73 out of 143 surveyed points in the Se-

nboku area. The number of V level were 24 points， similarly N， m， II 
were 11， 9， 29 points. In this survey， almost all B. vulgaris occured 
on levees near canals and bands， and only two occured in meadows and 
one occured in orchard. Like this， the distribution of B. vulgaris is 
not uniform in the Senboku area of Akita Prefecture(Fig.l). 

The seeds of B. vulgaris were treated submergence in a depth of 50 
.cm for 34 days were still viable， germination percentage was more 
than 50 % in 12-h light at 15/25C， in spite of fungi contamination 
was occured during incubation periods. Further these seeds that were 
treated for 259 days germinated 60 %(Fig. 2). 
These results show that B. vulgaris may spread by water and maintena-
nce of irrigation channel. 
Root bud grow.th of B. vulgaris was as vigorous as E. philadelphicus 

and even root fragments was less than 1 mm in diameter were able to 
sprout(Table 1，2). 
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Table 1. Sprouting ability of root fragments *機

Sprouting Number of* Number of * Leaf * 
Weed species rate sprouting leaves length(Iongest) 

(%) buds (cm) 

Barbarea vulgaris R. Br. 95 5.5 13. 1 3.2 

Erigeron phi ladelphicus L. 100 2.4 5.2 1.0 

*:Per fragment 料 :20/30.C.light(12hr). 15days after incubated. 

Table 2. Sproutinp; abi lyty of Barbarea vulgaris roots in various diameter料

Sproutinp; Number of市 Number of市 Leaf * 
Root diameter rate sprouting leaves length(Jongest) 

(%) buds (cm) 

註3.0mm 100 7.3 34.0 7. 7 
3. 0~2. 0 100 7.2 31. 6 10.4 
2.0~ 1. 0 100 7.5 24.6 8.2 
1. O~O. 5 80 3.8 9.4 4.0 
<0.5mm 50 1.6 2.4 0.8 
Dwarf stem 100 3.0 10. 7 4.7 

*:Per fragment **:20/30.C. light(12hr).20days after incubated. 

On the 1 evees i n Omagar i， B. vu I gar i s f lowered v i gorous 1 y i n m i d-
May. In case that the flowering stalks were cut with brush cutter， 

those plants bolted new stalks and flowered again. And we confirmed 
that plant which flowered last year regenerated and developed new 
rosettes， thus B. vulgaris is considered to be perennial. It is typi-
cal that many individuals were vegetative propagation of stocks and 
roots on the levees， whi le almost al1 B. vulgaris reproduced by seeds 
in a wheat field. It is guessed that this difference is caused by 
mowing without plowing on the levees(Table 3). 

Table 3. Proportion of seed and vegetative propagation of B. vulgaris 

Site Seedl ing Vegetative propagation 

Plants/m' Rate(首) Plantslぱ Rate(%) 
Levee 

A 。 0.0 8 100.0 
B 4 28.6 10 71. 4 
C 1 33.3 2 66. 7 
D 19 43.2 25 56.8 
E O 0.0 5 100.0 
F 7 63.6 4 36.4 
G 3 25.0 9 75.0 

Wheat field 
H 29 96. 7 l 3.3 
I 76 100.0 O 0.0 

150 96.8 5 3.2 
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A. cotula infested the upland crop area at ajigasawa town in Aomo-
ri Prefecture severely. There was a watermelon field that was given 
up the harvest. Emerging time of A. cotula is in the spring and the 
autumn(Fig.3). Flowering time of the weed is the same as heading 
time of winter wheat. But Emergence and flowering time were varied 
by field husbandry. In july 1994， the stubble of A. cotula had rege-
nerated， flowered and produced many seeds in the fields without rot-
ary tilling of soil after harvest. Therefore the tillege of soil af-
ter harvest is very important for reducing A. cotula density and the 
intertillge may also be important， especially after end of emerging 
time in autumn. 
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Fig. 3. Seasonal variation in emergence of A. cotula 
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The Influence of Row Spacing， Intra Row Spacing 
and Weeding on Growth and Yield of 

Cowpea (Vigna anguiculata L.) in Sri Lanka. 

B. Meylemans'， R.o. Thattil， U.R. Sanga品-araand P. Van Damme(J) 

W弱dSci四∞Project，Dept. of Crop Sci，阻∞，Facultyof Agriculture， University ofPeradeniya， Peradeniya， Sri 
Lanka 
(1 Laboratory伽 Tr叩ica1姐dSub紅叩ica1Cr，叩H帥組向姐dEthnobotany， Fac叫tyofA伊.culωralSciences， 

University Gent， Coupure Links 653， Gent， Belgium 

Abs但o. In the tropics， small farmers' ab出.tyto purch蹴 herbicidesis oft，佃 limited.Adaptation of 
G曲 凶practi∞sto minimize w.∞dinciden∞is the most feasible sol凶onfor their weed proMαns. Higher pl姐t
densities and close spatia1 arrangements are a key tool ωr吋u∞w∞:d-cropcompetition， and should be組

血 駒 市ntpartof飾 gratedw∞d倒 的1systems. A range of spacings were蜘 dtopl組 t∞'wpeawi也d出erent
W倒 lingre伊田sas姐 0也erfactor in組 experi即 ntwith a specia1をymodified 2-way systematic desi伊・ Based
up価値路間耐，fo町響曲a1arr紐 gem四tswere selected岨dt.錨飴dduring two seasons in a ∞nventional factorial 
randomized block design againstthe spacing田ωmmendedby the Depar回姐tof Agriculture (30x15 cm)， 
weeding f回quencybeing the seωnd factor. Clo鴎 rsp齢 ingsgive remarkably highぽ yおlds.Out ofthe broad 
E血 geof spacings脳同，thatbe何回n17.5 x 12 cm and 10x12 cm appearedω炉re姐 optima1yield. Over two 
seasons of ∞nventiona1 testing， a spacing of 15xl0 cm gave the best yield Yield increase of close spacing 
G償却制tothe recommen制 spacingvaried :from 2 to 242 %. Yield increase was highest in町民制p胤
G岬 arabl内側ew.出 掛pl.傭 (farmers'抑制attherec咽 m佃 dedspacing. Unw回 dedplots had a higher 
number of established pl岨.ts也岨 se栂 on・1岨gcle組 weededplots ， probably due to damage of crop pl組1s
御叩ghw儲 lingin tl路島Wぽ血g蜘 ge.Row spacings were more important than pl姐 tdensities within the rows. 
Close spatia1 arrangements reduced也enumber of pods per pl組t，thenumbぽofbr組chesper pl組t，姐d也e
number of plants that fina1ly established， but had less influen∞on鎚 eds国.

盆比盟u盆 Integrated W田dM組agem個.t，Systematic Desi伊， Cultural Practices ， Plant Densities 

Introduction 

In Sri Lanka，ω.wpea is姐 importantle伊血no闘はop，cultivated on 25000ω30000 ha annually (Dept. of 
Census and Statistics， 1992)， bo也邸側bsist四∞ andasc鎚 hcrop， and a m勾orsource of proぬmsm血ediet. 
Weedinfl制 組 組sinsmallfl個師s'fields都 geI即物田:vere，ce.由血lyin upl組dcrops. Ahnost no small farmer 
U鎚 sherbicides in up land crops， because of fmancia1 cons釘aintsand a lack ofknowledge (V岨 Dammeet a1.， 
1994). Cu蜘a1prac'釦儲他国:tlyaft削除ext個，tto which weeds c岨 petewith a crop. This is∞ 巾inly回 .efor
rowspacing湾andplant densities wr也ina row (Stoller et a1.， 1987). Information岨也.ee島 ctofthese叩 W田 d-
cr叩 蹴rfer即 eis政期制伽釦ve.均時臨gratedw偶 dm甜 ag姐 entsyst，佃S仰.cWhorter阻 dShaw， 1982). 
Plant de邸ities岨dspacing pa恥:msinflu個∞ morphologica1charact，ぽisticsof the crop，邸也ec組opy
伽 e均mlent，plant height， fO(覚句也(Mayakiet a1.， 1976 for釦'yabe姐)姐dr'∞tdistribution pa役ern(Mitchell 
and Russell， 1974 for soya be岨.).This morphologica1 developments in turn influ担 ceωagreat extent 
germination岨dαnerg四回ofw.目白幽well踊 theα四戸:titiv組側of也ecropwi血W儒 ds，幽shownbyWax
and Pendleton (1968) for narrow-row sp釦 ingin回.ybe姐.

No伽tawere found岨也einfh聞協of∞'wpeaspacings on w白 ds，but a lot of research w:卸∞nducted佃ぽher
le伊mino闘 は 叩s，mainly on soya be組 inthe U.S.A. Narrow-row spacings in soya bean help to reduce w，副

帥 rn悶悶.A yield increa鑓姐dweedb必massd邸，rea蝿 werefound with mixed weed populations組 d也iswas
鋤 ibutedto姐earliぽαm聯 創 価ofthecrop wi也thew，回d血rougha bett，ぽrωt必甜ibutionand more shading 
ofthe回盆似草加，ide阻dColv温.e，1964 ;Fe肱m，1976; Legere姐dSchreiber， 1989; WaIker et a1.， 1984 ; W組

制 PendIe蜘， 1968;Williams et a1.， 1973). In釦，mestudies， w儲 dbi，叩assreduction was re抑制o助金om
the beginning of働時附恥伽e鈍時国但:oweand Oliver， 1987; Mc Wor血ぽ組dSciumbato， 1988 ; M町 dωk
et a1.， 1986). With weed remova1 at vario闇 討 蹴s，也oゆ，nosi伊fic佃 t雌 :er，組側werefound be抑制38-
and76・cmrowsin回~abe岨(Burnsi，お姐dColville， 1 %4). Narrow rows i早these叫>erim阻twere genera11y 
betw伺 n0.25 and 0.5 m， wide rows betw偶 nO.5四 1m.Similar res叫.tswere obtained for 回~abe紐 d個.sities
intra-row spacings wi血 yellowfo羽白1(Pennisetum glaucum)組 dPennsylvania sm紅tw∞d(Polygonum 

penゆ 'ani，ωm)(Weber腿 dS凶伽臥 1957)姐 d伽∞'mmoncocklebur (Xanthium strumarum) (Mc Whorter 
組dBarren出e，1975). Typica1 va1ues for high de邸itieswere 30ω50 P加飴1m岨d10 plants/m for low 
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加蜘s.An<旭町甜吻byMa1孟etal. (1993) states伽 tincrea鈴ds制 ingd，叩sitiesintra-r.ow (企'.om25ω37.5
1m2) did n.ot red蹴 W民 dbi.omass姐dw，曲dd蹴 ityf.orw副総be姐s(Phaseolus vulgarus). 
Obj回 tive.of也is蜘 dywas in the first pla∞ t.o叩加ize∞'wpeaspacing pa伐erns姐dplantd四 sitiesunder 
必ffer四Itw偶ding叩創価伽smallfarmers， and鈴∞n拘Tt.o副島dytheefti仰.ofsp即時制W偶仙g.onyield
α叫側聞，ts副 plant阿 ameters.Thirdly， we wanted t.o test a m叫踊叫2・waysystema出融制caldesi伊 f.or
use in spacing e:専問ime臨 with必fferentw伺 ding∞，nditi.o邸.

Materials組 dMeth，吋s

All expt泊m姐~werec岨duct，吋 atthe University Farm， Dodang.olla， si陶 tedin the Intermediate Mid，・C.o四位y
h鵬.ofSriLa雄久明白阻averageyear町yrainfa11 .of 1675 mm in tw.o seasons in atr叩icalclimate. The ω'wpea 
(防'gnaunguicula，ωL. subsp. unguiculata) varle守山edwas MI-35，組ぽ邸t，det，αminate， sh.ort d鵬首.on，high 
yielding var均 Fora11c曲凶prac住職侃吻Itw脳同組dspacing， the recommen制 ons.of the Depar加 ent
.of Agriculture (1990) were f.oll.owed. Land pr'叩aratione:滋sted.of.one必scpl.ou偵ingand .one harr.owing . 
h蹴臨凶ewas sprayed if邸側aIY• F，倒1包erapplicati，雌were: 30 kg NI ha， 65 kg P zO/ha 岨d45kg~O/ha
栂 basalapplication and 25 kg N!ha踊at.op dressing at血.onset.of fl.oWl悶ng.
E毒剤加蹴蜘were畑伽c同蜘ingthr，偶ω脳部utiveseωons，Maha '921"93， Ya/a'労組dMaha'93/94，Maha 

being也el.ong rainy seas.on姐dYala也，esh.ort岨 e.
In也efirst e有>eriment， a large range of spacings w拙 scr伺 nedund釘必fferentw田必ngωnditi.onsin an 
e湾問imentw油 aspecia町Tmod温ed2・，waysy蜘 maticstatistical d田ign.B錨 edup岨也er，伺叫ts，f.our spacings 
W俄 sel∞同制。償却鉱吋t.o也，ereconn臨 ndedspac時の.O.A.，SriLanka) under difIぽ姐tw剖 ingconditi.ons 
ina ωnventi.onal fact.orial e司>erlmentin the tw.o f.oll.owing se蹄 O邸.

The sta邸tica1desi伊 usedin也，efirst鈎御蔵， w踊 ba鎚d.ona2・waysyst，畑山cparallel desi伊 giv姐 as組

example f.or intercropping往ia1sby Mead and Stem (1980). In也isdesi伊，b.oth r.ow spacing組dintra-r.ow 
spacing are gradual鞍increasedt.o create a large range .of spacing patterns. The出alis也，endivided in subpl.ots 
w油 aminimum number.of plants， in wbich the spacing is aver略00.τ'hem吋働組.onw註ichw酪凶州∞dhere
t.o make it p.ossible t.o 1，∞，katw田dsa1s.ow，脳t.orepeat the smaller spacings， both r.ow spacings姐dintra-r.ow
spacings， to inCF伺se勘 area.of each subplot，拘each叩bpl.othas oot .onそya minimum number .of pl阻，tsbuta1s.o 
minimum area. This was d.one b制限測bpl.otswi也 V句 cl.osespacings， will be very sma11 if the.onぢ
G佃制.onwas a minimum number 'Of plants. This poses n.o problem in analysing cr.ops in cle姐W∞dedfields，
but it w.ou1d cause t∞ much variation in unw∞dedtrea回，ents，伽也e.othぽh阻d，if也esubpl.ots have a bigger 
area， the range .of spacings which h拙 ωbeaveraged will be too large， theref.ore the smaller spacings were 
repeated. T.o bring in w∞dingtrea回，ents，a sp溢tpl.ote湾問mentwi血4replicates WI酪田tup， with the main 
fact.or being w偶伽g，組dthe subfact.or spacing， organized in也，em，岨fied2・，waysystema恥 desi伊鎚infig.
1. R.ow spacings v紅ied企.om10 t.o 45 cm， intra-r.ow spacings金'Om3 t.o 30 cm. W鵠dingtrea加，entswere n.o 
weeding， .one wi槌 ding伽槌 W関 ksa食erpl紐也g(farmers' prac依X})and clean weeding. In the second 
e河期加担t，ar組d.omizedωmpletebl<ωk必si伊 W総出吋withspacings lOx4， lOx7， 15x4， 15x7姐 selωt吋
a伽勧白紙出a1，姐dD.O.A.re∞'mmend吋 sp齢 ing3OxI5αnasaco蜘 o

R伺 ults組 dDiscussion 

Systema1枇 desIgne布 erlment N.o interacti.ons were f.ound betw白血W民 ding組dspacing加a凶，entsin 
也ise却eriment，也脳血，eeffects will be d郎町sed抑制的.Yields were ra也，erl.ow、maximum529 kgゐa.
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Table 1 Effects of∞'wpea spacing in 2・waysystematic design spacing e湾 問im姐 t，Maha 1992/1993 

40x24 217 c 26.7x24 319bc 26.7x12 420ab 

争acing Yield 
(kgl先々 J

91 ab 3.18 a 95 a 2.71ab 87 abc 2.11 bcd 

Establish Pods/ 
ment(%) plant 6.30 a 6.38a 

6.29 a 24x12 322bc 17.5x12 529 a 
lOOSeed 

Wt.ω 
4Ox11.3 304 bc 51 ef 2.51ab 75cd 2.25 bcd 

5.86 ab 6.28a 

66de 2.48 abc 24xl0.3 324 bc 12xlO.3 492a 

5.86 ab 66de 1.93 bcde 66de 1.35 def 

6.36a 6.32 a 

42.5x4 257 c 32.5x4 424 ab 22.5x4 402 ab 12x4 427 ab 

48f 1.49 def 49f 1.60 cdef 49f 1.04 ef 47f 0.81 f 

5.18 b 5.84 ab 6.11 a 5.92 ab 

Spαcing Re四ltsaveraged over勘 W白血gtrea回 entsare given in Table 1. Table 1 is actually a field 
map offue spacing subplots， wi也smallersubplots for fue higher plant densities，姐dlarger plots for the lower 
pI.姐td，佃sities，each ptぽhavinga minimum number of pl担 1sand a minimum紅 eaas explained above. Average 
spacings in a subplot are indicated in the upper le食comer.There is a cIear gradient in yields， both in row 
spacings姐dintra-row spacings， the biggest spacings having the lowest yields. The cIosest spacing， however， 
seems to be suboptimal， optimal spacings were 12xl0 cm姐 d17x12 cm. Yields in白is田 a加 entsare 135 % 
higherfu組問血a40x24 cm spacing， indicating也eimportance of optimal spacings in field crops. The D.O.A. 
spacing of 30x 15 cm can clearly be improved for small farmers who don't practi∞mechanical weeding. Pl姐 t
国 tablishm姐:tis悶 io田 lyd，∞reasingat cIoser spacings， particularly with the closest intra-row spacings (4 cm)‘ 

where more th組 5明令offuepl組 :tsdie 0:宜dueωintr押 部 組.ccompetition. In也巳sameway， yield per pl組 1(data 
not given) and numbぽ ofp吋spぽ pl姐 tdecrease when the spacings become cIoser. The effect of a lower pl組 t
establishment姐 d less pods per plant are compensated by the higher plant densities to a certain extent， 
explaining an op也numat a cIose spacing， but not at t∞close spacings， where in仕aspecificcompetition becomes 
ωo strong. Differences in 100 seed weight measurements were sometimes si伊illcant，but didn't show a very 
consistent pa恥 m.
Weeding R!回ultsaverag吋 0'"'ぽ fuespacing齢制lCIltsare giv個血Table2. Yield and pod number were 
highest at也.eunweeded仕eatments.This surprising result was caused by a higher pl紐 testablishment . In our 
group，也istrend was found in several experi皿姐1sω，nductedby different pω'ple and maintained by必fferent
groupsofla加urers.In a re∞nt釘ial，we showed fuat weeding with the traditionall紅gebladedh侃 ("mammoty")
asprac制 byfarmers也magesthepl蹴岨dca蹴 s10 to 20 % reduction in harve制 pl.紐:ts.Hundred seed 
weight was si伊illcantlyreduced by weed ∞mpetition. Weed biomass measurements (data not given) did not 
show a very consistent pa枇 :m.
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Table 2 Effects ofW回必ngon Cowpea parameters， Maha 1992/1993 

We吋ing % Yield (kglha) P吋s/m2 Pods/pl紐 t 100 Seed 

Treatment Establishment Weight (g) 

Noweeding 77 a 429a 61 a 2.01 5.94 b 

1 weeding 58b 279b 41 b 1.76 5.88b 

Clean 64b 338b 44b 2.11 6.32 a 

w∞ding 

R2 0.66 0.65 0.64 n.s. 0.49 

C.Y. 25.8 40.9 35.1 14.1 

ab Dunc岨 classificationfor me岨 separation(pr>O.05) 

FoUow-up experiments The second season had a drought period during the vegetative grow也 ph儲 e，
m寵 imumyields where 762 and 1084 kg/ha in the s∞ond組 dthird season respectively. Data are given in table 
3a凶 4.W，倒Jing-spacingintera抱)ßSW俄卵細到~thus血eyw迦 notbedis榔sed sep釘atelyhere. Ifth間 were
noII配:，racti咽 s，data were averaged ov'釘 allw儲 dingtrea加担.tsand over all sp齢 ing加 a回 .entswhenever they 
were si伊雌.cant.
There∞mmended spacing has almost a1ways 働 lowestyield， though not always si伊i員.cant，indica加 gthat託

畑 出 時'C姐 beimproved by clo!町spacing.In both se鎚 ons，也.eeffi田 tof closer spacings w路島clearestin the 
unweeded trea加 ents，no si伊泊。組.teffi剖 tsWere found in the 0邸:eWet討dedtrea凶 .ents.The closest intra-row 
spacings (4 cm) appear吋 tobe suboptima1 in w儲 dedtre刷 tents，indica出gthat a 7 cm intra-row spacing is 
cl側側ugh.UnWl倒Iedc恥 sp悶ngsyiel制闘le制拙muchason∞orcleanw制 edwider s抑制gs.Pl阻 t
回旬bJisbm四tsintbe 1紙鎚総onw悶 verylow at the closer spacings. Theωstofex悦 S回 dsfor close spacings 
hastobek，叩tin mind， making ag組 thevery close spacings， sp∞Ially close intra-row spacings， less at悦 G伽e.
Yield perpl組 t阻 din a similar way number of pods per pl腿 twere reduced by closer spacings，制 inthe first 
e湾 問団 咽t甜 四 炉tby close intra-row spacings. This is similar ω也efindings ofMalik et a1. (1993). Buttl町
(1969) also sta知也atthe number of pods per pl姐 tis也efir冒tyield parameter afi倒吋bys加 ssin釦 'yabe姐.

Th制御ssisin the伺 seofcゐ骨espacings intr蹄P郎副Gα>mpe出岨.Anothぽ泊.dicati，佃for也isis the incr'伺 sed
plant height at close spacings， poin伽.gto light∞>Dlpeti.加盟.L.A.l.w制 hiゆer，mostly si伊温cant，at all close 
spacings c咽 par叫 to也ere∞'mmendedspacing， reflec也gthee釘liぽ andbetter canopy closure of the clo鈎-

spacing crops. The number ofbranches per pI阻，tWi錨 0吻a.ffiω，tedat very cl<倒espacings in one se創価.Like
m也.ef凶鈴ason，hundred s鎚 dweights did not show a∞郎副:entpattern in relati，佃tospacing， th叩 gh叩，me
differences were si伊温G阻1.Malik et al. (1993) did report that in soya be岨， hundreds∞d weight was not 
affi師 同byclo鑓 spacings.It was a宜的tedbywl伺 d∞>Dlpetitionduringtheseω副総錨on鎚 inthefir宮t.w，白d
肱m蹴 m国罰駒田四tsw臨時ainnotcle釘'lya官邸tedbythedi蜘咽.tspacings in也el総 t鎚随on.Probably也IS

occurred because all the crop c組 opiesclosed伺 rly也is鎚制>ndue to high rainfall in the vegeta位vephωe.

Conclusions 

Underthec叫 I胸 sinSril掴ka，∞時儲spacingsclo間 也 皿theJ.1∞ωm四 dedspacing (3Ox15岨)are better 
m阻 msofyield in unw偶晶dfields， and m倒 tofthe time in WI田 dedfields. Unw鎚 dedfields with close sp齢 ings
yiel制 atl制 thesame鉛 侃 臨W倒Iedfields at the r郎 ommendspacing， wbich∞幽msthat adapted spacings 
鵬 ag似>db蹴伽integratedw儒 dmanag'αnentsystems. D邸 iding個阻 op他 alspacing forω'wpea MI-35， 
m∞加邸alpr曲lemsin very narrow rows and low pl阻，te蜘 bli品m姐 :tat very clo舘平，acings(high loss of側 a
鈎噛:)havetobe拙幅的α蜘取組閣.15x7姐or15xl0 cm spacings are reω'mm姐 .dable.Using very close 
spacings甜四助訓鵬首ぉnumberof pods争加t，1eafar闘争，Iantand incre，路樹plantheight and pl阻.tm側 ali.ty.
However，也必effectis ω>Dlpensated by the highぽ tota1numbぽ ofplants pre蜘 t，岨dfm拘 closerspacings 
deve!<叩 a悩gherL.A.I. • Branches争l組 :tare叩 lyr鍋泌ed8t very clo鈴 spacings，the effi∞:ton 1∞蹴dweight
is less clear. Furhetr， a modified 2・.waysyst，佃lIlticdesign is a useful tl∞1 for SCJ.1白血ng加 geranges of plant 
spacings， w地 or前伽uw留品g臨 a加姐ts.Almost all the trends found in也e出a1wereω凶nnedduring two 
糊飯沼sofα泡V個伽na1te甜ngaftぽwards.The finally r，ωomm四 dedspacings are clo鎚 tothe b儲 tspacings of 
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THE DEVELOPMENT OF ALANG-ALANG 
CONTROL IN INDONESIA 

Soepadiyo Mangoensoekarjo・

Indonesian Planters Association for Research and Development 

(IPARD) 

B 0 G 0 R 16151 Indon回 ia

Abstract 

Alang-alang (lmperata cylindrica (L) Raeuschel) is one of the most troublesome weeds in plantation 

crops， upland food crops and deforested areas.. Alang-alang control in 1960 was done by the use of 

dalapon 8，0 kg a.i.lha followed four weeks later by another equal application， early in 1970 

glyphosate was applied at 2，0 kg a.i./ha， followed four weeks later by another similar application， 

and from 1980 up to now glyphosate alone or glyphosate mixed with ur伺 orimazapyr at a dose of 

16.8 kglha， or 1.0 kg a.e.lha respectively， has been used. Although the conventional kanpsack 

sprayer continues to be th巴mainequipment for weed control， there has been more extensive use of 

altemative techniques such as a power sprayer and controlled droplet application (CDA) during the 

last decade. Water carrier rate is from 800・ 1000l/ha to 100・ 200l/ha， by this latter m巴thod.

Key Words : lmperata cylindrica. Alang-alang， Origen and extent， chemical control aromatic oil， 

dalapon， glyphosate， imazapyr， metsulfuron. 
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町 TRODUCTION

Alang-alang (lmperara cylindrica (L.) Raeuschel is widely recognized as one of the most 

troublesome perennial grass weeds in the tropics. Holm (1969) listed alang-alang among the world's 

t巴nworst weeds in major agricultural areas in warmer regions. The grass is found in arable land， 

deforested and reforested areas， in shifting cultivation， upland food crops and plantations esp民 ially

in rubber， oil palms， coconut， coffee， tea， and cocoa. 

The climax vegetation of much of equatorial South East Asia is tropical rain forest， large 

areas of which are now under continuous sheet alang-alang. It colonises areas cleared of forest by 

commercial enterprises or for new settlements before cultivation takes place (Anwar and Bacon， 

1986)， or by shifting cultivators who abandon the land after fertility decilines to the point where 

crops do not give adequete retums for labour expanded. Alang-alang is well adapted for 

colonisation by means of airbome seeds or by rhizomes if there are plants nearby. Sheet alang-alang 

is a fire climex community， its rhizomes rapidly sprouting after buming， maintaining its 

dominen如 何 inthe ecosystem. 

百legrass appeas of particular importance in $outheast Asia， and in parts of Africa. In 

Southeast Asia it is known as lalang in Malaysia， cogon in the Philippines， ilIuk in Ceylon， contranh 

in Vietnam， sbauv in Khmer， Ya-ka in Laos and Thailand， and alang-alang in Indonesia. In 

Indonesia it has been regarded as a weed since 1930. In the first half of the 20th century biological 

and ecological studies were carried out or observations on alang-alang were made in connection 

with agriculture. Intensive and experimental ecological studies however only started about 1960. In 

that time it was realized that in the process of managing areas infested with weeds one has to know 

about many different aspects of the weed concemed. During the last few years increasing attention 

has been paid to alang-alang because of serious and steadily increasing economical problems it 

represents in large areas in Indonesia and in all of tropical countries. In Indonesia the ar，伺 covered

with this grass is estimated at 15・20mi1ion ha， with an annua! increase of 150..0∞ha (Soetj佃 i，

1970).百leseareas constitute an economical problem in lndonesia as they have to be used for 

agricultural pu中oses，especially in transmigration projects. 

CROPS LOSSES DUE TO ALANG・ALANG

In perenial estate crops， weeds are particu!arJy troublesome during the白rstthree y伺 m

planting， before the young trees shade out the established vegetation. In young estate crops the 

magnitude of the weed problems is closely connected with planting distances， crop varieties and 

type of maintenance. 
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Because of its high growth rate alang-alang forms a strong competitor with other plants for 

common resources such as water and nutrients. 1t decreases soil nutrient status. Alang-alang causes 

retardation or complet stagnation of crop growth. 1n an extreme situation yeIlowing of the foliage 

wiIl occur， and retardation of stem developm巴ntwill prolong the immature period. A severe 

retarding effect on growth of young mature rubber， and as much as a 40・50% retardation in growth 

in immature trees has been recorded over a 5 years period， such a retardation would mean a delay 

of 3 years in opening tapping. 

In oil palm plantations， alang-alang decreases yield， and improverishes fertile soils of tea 

plantation， sometimes causing dieback of the bushes. ln coffee plantations alang-alang has a 

definitely bad effect， and is a dangerous weed in cinchona nurseries. Alang-alang caused retardation 

of coconut growth， almost a11 palms showing ye110wing of the fronds， the productions of surface 

feeding roots was reduced， whish tends to limit the nitrogen uptake. These phenomena indicate the 

effect of competition for nutrients and water or of the aIlelopathic effect of alang-alang upon other 

crops. The possible existence of an aIlelopathic mechanism in the harmfuIl effect of alang-alang 

upon coconut. 

METHOD OF CONTROL 

Considering the great regreneration capacity of alang-alang by way of rhizomes it is 

essential in the control of this grass to eradicate all viable buds or at least prevent them from 

forming new aerial shoots. Hand we巴dingis which all plants parts are removed from the field， may 

therefore be an effective control method however is very costly. 

Chemical control of alang~alang is mostly practised by estates which have a paid labour 

force that c姐 beassigned to the task， and genera11y it is impractical for sma11holder farmers with 

limited incomes. The advantages of chemical over mechancial control are that it is often cheaper， 

quicker and involves less soil disturbance. There is less risk of erosion than if the land is cleared by 

cu1tivation， especially on sloping land. Disadvantages of chemical control are that large volumes of 

water and skilled labour may be n鵠 ded，it may be prohibitively expensive and there is the 

possibility of toxicity to non-target plants. 

The first herbicides used to control alang~alang were Na arsenite and aromatic oils， in the 

1930s (Mangoensoekatjo， 1980). Both required numerous applications， and Na arsenite is very 

toxic. Organic herbicides were developed later， including the halogenated aliphatic acids in the 1960 

(e.g. dalapon， tetrapion)， substituted phenols (e.g. PCP)， bipyridyls (paraquat)， and others in the 

1970 (e.g. glyphosate， imazapyr). 
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Aromatic Oil 

Aromatic oils such as Sovacide and SheIl alang-alang oil (mineral oil + PCP) are 

commonly used as contact herbicides. They can be used only for interrow crop areas or 

non-agriculturalland. Rates of 1，000 to 1，200 l/ha pure oil are required followed by a further three 

or four lesser applications with a 3 to 4・weekinterval (Simanjuntak 1963， Mangoensoekaljo and 

Kadnan 1972， Anon 1974). 

Sodium Arsenite 

Sodium arsenite has been used for alang-alang in Indonesia. The everage dose used 

successfully is 15.0 kg/ha， followed by either the same dose or 8.0 kg/ha， four times or more部

needed， with an interval of 8 to 30 days between applications.百leoral LDso is 10・50mglkg， and 

Riepma (1968) reported that skin contact causes dermatitis; therefore there is an appr民 iabledanger 

of toxicity to man and animals， which forced the Indonesia Gevernment to ban the chemical 

completely as of September 1974. 

Dalapon 

DaJapon (2，2・dichloropropionicacid). This herbicide was first introduced in the later 

1940s. UsuaJly formulated as the Na or Mg salt in a 74% in 85% solution， it is a slow acting 

systemic herbicide which is absorbed by both leaves and roots. It is translocated to the meristems 

where it percipitates proteins afld disrupts enzyme production; therefore is most effective when 

applied to rapidly growing shoots. It takes 6・20weeks for maximum effect to be achieved.τbe best 

solution concentration appears to be 1.0・1.5%. Higher concentrations ki1l leaf tissues on contact， 

preventing translocation. 

Dos巴 requireddepends on the stage of growth， found that 10.0 kg a.i./ha applied to 

vigirously growing shoots that had been cut a month回 rliergave more than 90 % control for longer 

than 4 montbs， with little subsequent regrowth. On older， 1 m long shoots which were still growing， 

15.0 kg a.i./ha was necessary for a similar level of control. On mature shoots in dry conditions， 

only temporary control was achieved. Treatment early in the rainy season gave better control than 

later， hut it was ineffective if applied too soon after slashing when shoots were smalJ. 
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Recommended doses and number of applications vary， but total quantity is usually in the 

region of 8.0-15.0 kg a.i.lha (Mangoensoekatjo， 1980). Low doses have some effect (Soedarsan et 

al. 1978) found that 5.0 or 10.0 kg/ha reduced numbers and weights of shoots and rhizomes. 

However， the most effective rates are between the 15.0 and 20.0 kg a.i.lha. Most workers 

recommend れ~o applications a month apart， the second usuaIly being about 60・70% of the first 

dose. Some recommend a third low dose， and even spot wiping ther伺 fter.Wetting agents are 

sometimes recommended . 

Other adjuncts ti dalapon tested incIude tetrapion， aminotriazole (Mangoensoekatjo， 1980)， 

如 dur'回 (Mangoensoekarjoand Nurdin 1978)， to a great improvement if 8.0 kg a.i.lha dalapon 

with 8.0 kglha urea is used (Mangoensoekatjo and Nurdin 1978). 

Paraquat 

Paraquat has been investigated for use a second spray after dalapon (Mangoensoekatjo， 

1980). Application of dalapon is reduced to 5.0-8.0 kg a.i./ha， and is followed between 1 and 4 

weeks later by paraquat at 0.3・1.0kg a.i./ha. This procedure is estimated to be as effective as 

dalapon applied at the standard rate of if 20.0 kg a.i./ha， giving control for up to 4 months. 

Glyphosate 

Glyphosate (N(phosphono-methyl) glycine). This translocated herbicide was first 

introduced in the earIy 1910a， and has proved to be a most effective agent for controIIing 

alang-alang. The manufacturers cIaimed that. at 1.44 kg a.e/ha it would kiII shoots and suppress 

rhizomes of alang-alang for 10 weeks after treatment (Monsanto， 1971)， maximum destruction 

occuring 40・50days after treatment. Efficacy is not depend巴ntupon volume of carrier， thus it can 

be applied using weed wipers or in low volume as weIl as high volume sprays. However， it does 

suffer from a number of disadvantages. It is very expensive and not rain fast so， if rain fal1s within 

6 hours of treatment， it may need to be repeated. 

Glyphosate is more effective under shade， requiring approximately half the dose needed for 

open field conditions for the sam巴 levelof control. Also， effective dose may need tobe doubled if 

soil moisture content is high， maintained that shade had a greater influence upon efficacy than wet 

or dry season applications. 

Some workers have recommended split applications， usuaIly with one or 2 months between 

them at the rate of 1.50・2.88kg a.elha on each occasion (Mangoensoekatjo， 1979). 

Tests upon the volume of carri巴rseem to give contradictory results， but these may be due 

to differing conditions at time of application， the application of glyphosate through very low volume 
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nozzles in a volume of 200・2501itreslha.Arif et al. (1986) found that 1.8 kg a.elha applied using a 

Micron Herbi spinning disc applicator (CDA) gave as good control as glyphosate appli吋 witha 

conventional knapsack spray肌 However，there have been a number of reports that glyphosate at 

1. 8 kg a.elha 20 litres waterlha has not given as good control of alang-alang as a knapsack sprayer. 

Bacon and Kusnanto (1964) tested two models of weed wiper for c1earance of alang-alang 

stands. Glyphosate was applied diluted 1 : 2 with water， and one model used 3 litreslha whilst the 

other. of local manufacture， used 15 litres/ha. A Moderate level of control was obtained， and foIlow 

up application was necessary. Treatment of swards which had been slashed first and allowed to 

regrowth to 50 cm was more successful than treatment of fuIl height swards. 

A number of fertilizer leave been tested to determine if they would improve the efficacy of 

glyphosate， i.e. that addition of 16，8 kglha ur伺 to2，2 kg a.e.lha glyphosate was effective against 

alang-alang (Mangoensoekarjo and Kadnan， 1979) 

Imazapyr 

Imazapyr (RS)・2・(4・isopropyl-4・methyl-5・oxo・2・imidazolin・2・yl)nicotine acid). This new 

herbicide is very effective against alang-alang. It is translocated， but the period to tota1 sward 

necrosis is often 3-4 months (Boonsirat et al.， 1985). The dose required for comp1ete control of 

a1ang-a1ang appears to be from 0.5 to 1.0 kg a.elha， the higher figure giving more ∞nsistent action. 

Complete destruction did not occur unti1 ten weeks after treatment. Ki1l was sustained for up to 250 

days after treatment， and no secondary weed infestation occurred up to 270 days after treatment. 

Boonsirat et al. (1985) observed 1ess than 10% regrowth 305 days after treatment with a dose rate 

0.75 kg a.e./ha in Thailand. Initia1 work by Bacon (1985) suggested that imazapyr was equalIy 

effective whether applied by conventional knapsack sprayer or spinning disc applicator， although 

becaus巴 ofits viscosity the latter did have to be calibrated carefully. As imazapyr is so slow in 

action against alang-alang， combination with glufosinate ammonium has been tested to dete口凶neif 

response can be quickened， that addition of 1.2 kg aふ Ihaglufosinate ammonium to 1.0 kg a.elha 

imazapyr was effective， necrosis occurring within a week of application. 
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EFFECTS OF GLYPHOSATE， TRICLOPYR， FLUROXYPYR ON 
FEVER VINE (PAEDERlA SP.) CONTROL IN UPLAND FIELD 

T. Sangtong and S. Ka~anajirawongs 
Botany and Weed Science Division， Departll1ent of Agl'icultul'e 

Bangkok 10900， ThaiIand. 

Abs主主主主 Twoyeωof repeated use of glyphosate 1350，1800， 2250 g.(ai)lha.， tric10pyr 200， 300， 400 g 
(む)lha.，flurox叩 yr200， 300， 400 g.(ai)lha.， for controlling fever羽田 (pederiasp.) were undertaken in 
C己n仕alThailand. Herbicid己swere sprayed on young fever vine stems in January of 1991，1992. Fluroxypyr 
and tric10pyr at all rates gave very good con柱。1on weeds "rith higher r似 providingb己ttercontr01也知

lower; fluroxpyr was more active thanむic10pyrand prolonged ef五cacyup to 16 weeks a丘ertrea町lent.Gly
phosate pro¥tided satisfactory con仕01of w出 ds although weeds w邑renot completely ki11邑dbyせle

herbicide，吐leyremained severely stunted more也組 16weeks， Statis世caldi能 re即時金om叩回tedfie1ds 

were obtained in weed dry weights and weed number per unit area by吐1eherbicide treatments目

In廿oduction

Fever叩1e(Paederia sp.) a broadleaf， perennial herbaceous plant belongs to Rubiac告aefami1y has been 
found to be a veηr serious '.veed in up1afld crop宣告lds，wastep1aces and roadsides (Noda，1985). In crop 
fields抗canbe problems since land preparation un乱1crop harv師団gand血edifficul出sto con柱。1this 

weed neither by manual or mechcむllCaldue to its capabi1ities of repreducing of new shoots after cutting 
or ploughing as well as the propragation either by vegetative or reproductive means冒 Fur仕1ermore "ri吐1社1e
long d己己proot， fever vine can nomally grow or reproduce even in the dry season under severe drought 
conditio11. To con柱。l白lS sp剖 i宣c w己記d speci己， 同iO years repeatedly use of herbicides 

glyphosat己，tric1opyrラ andfluroxypyr were investigated in fanners upland fie1ds. 

Materials and Methods 

百1eexpe出nentswer己conductedin farmer' s upland fie1ds in Lopburi Provinc久 田 由alp釘tof百1ailand
where farnlers usually grow soybea.l1 corn or tobacco during也巴 rainys己aso11. Usually after crop 
hmves也19(J鉱山ぽy)farmers would plough the land to kill and incorporate社leeX1S也19weeds in to the soi1 
叩 d社lentallowせ1己landun凶 r叩1)'season for cropping period(May-November).官民 expenmentswere 
stafted in J anuary 1991 ~並立巴r land p10ughing and the new shoots of fever羽neswere about 50・70cm.10ng， 
g1yphosate at 1350， 1500.2250 g a.i.lha.‘出c10pyrat 200， 300， 400 g a目i.lha.and fluroxypyr at 200， 300 g 
a.i./ha. vvas sprayed on weeds by knapsack sprayer wi出 thevolume spray about 375 l/ha.官官 expe出nent
was repeat己din血己 sameexperi.ti1ental p10t in January 1992. Assesments ofphyτotoxicity， we邑dcontr01， 
W出 dcover、weeddry weights as well as weed numberiarea were done to investigate the efficacy of 
h己rbicid己廿伺加1己ntscomparmg "rith the untreated仕組tment.百1eexperiments were dεsigned in RCB ~.也
4r・己p1icatioils百1eplot side measured 7x8 square meters 

Results and Dicussion 

Fever ¥セlesshowedせleSむnerepo11se to each of rate of h古1・bicidesofせle相.'0year repeated app1ication 
σab1e 1，2).F1uroxyp戸叩d出c10pyrprovided自 民llentcontr01 of weeds with吐1ehigher rね show邑d
faster and more e旺ectson weedせ1an10wer rate and fluroxypyr were more， ofthe s紅nera旬、己ffectivethan 
tric10pyr官官京reedsshowed社lesymptoms of yellowing and v'liJ也19ofth己wh01eplaJlt within 1・2weeks 
and turned black， tvvistεd st叩'1and iliying comp1ete1y about 4ろ weeksafter herbicide applications叩 d
prolonged efficacy up to more th組 16weeks. A.B. Baba et a1.1985 repo配 d血atgen己rally立uroxypyr
was more active也m出c10pyrat all treated we巴dspecies and C.O.Love 1993 introduced出atfl町 oxypyr

was a readi1y凶 ns10catedherbicide and exl>ibited a high clegree 01' acti¥rity閉山 post己m号弔問cefoliar 
app1ication of broad-leaved we己d.官官 rapidlyaflcl effective control of flurOXypyT and国c10p戸 causecl
lower in we己darea cover and were statistical difier己ncein weed dry w己ightfrom un仕eatedtreatm己ntof 

both years of herbicide application.百lew出 d合yweights collectecl at 16 weeks from tr己atrnentstreatecl 

"rith flurox)φ円 ortric10pyr were from fever ¥rin己swhich emerged late after herbicide application and very 

円

4PO
 



few from recov巳ringof treated we己ds‘Glyphosatecaused slowly efTect on fever v祖国.官1βabnonna1
grow仕10fw話出g担 ds加n防19of也巴weedswere VIsible about 10圃 15days after herbicide trea加1ent.百le
peakof抽出factorycon柱。，1by glyphosate， especially the highest rate ，were about 8-16 weeks alぜlOUghthe 
weeds were not恒lledby the herbicide世1ey自由也nedwilted stun出gfor moreせ1an16 weeks and the 
we己ddry weights were also significant di宜erent企orn投leun出 at己d出 a肱lent.After吐1es己condy己ar
application the weeds were more a能ctedby glyphosate especially at the higher rate in which the tr，号nted
weeds were rnuch stunted創ldsorne w田 dscould not ernerge to the soil surface causing lower weed area 
cover and dry weed weights也anmせ1efirst year application.官1er吉sultsa1so indicat己d，at 24 weeks after 
herbicid己 往 時 位tent組 daft己rone plough before cropping in rainy 自己ason，the plant nurnbcr per area of 
fever vine in every herbicide trea町Jentw邸 hi悼lysi伊lIficantc位協rentfrornせleuntreated control (tabl巴
3)‘ After the first year application and because of the rapid ，higher and longer effective control the 
nurnber per area of fever vine悦 atedwith fluroxyp戸 were1ess血antr組出1enttreated .VI也出clopyror 
glyphosate ，but at the same duration after恥卸condyear herbicide application and because of白e
severe S'加ntedand unemerged of the weeds caused the number of weedy plant treated with glyphosat邑
were much 1ess than trea加lentstr回 tedwiせ1fluroxypyr or回clopyr.
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Table 1 EfIects ofherbicide on fever vine contro1 at Ta・Luang，Lopburi dIY s号ason1991. 

rate phytotoxicity (0・10)1 control (%) weed cover (%) drv鴨if.

Tl'eatment g. WAA
2 WAA WAA gl28m

2 

ailha. 

4 8 16 4 8 16 。 16 16WAA 

1. hiclopyr 200 6目5 7.0 6.7 83 83 63 80 22 252 b 

2. hiclopyr 300 6.8 7.3 7.1 88 93 70 70 16 572 b 

3.国clopyr 400 7.2 7.5 7.1 95 97 85 71 9 315 b 

4. t1uroxypyr 200 8.5 9.2 8.1 97 97 84 84 7 354b 
5. t1uroxyp戸、 300 8.8 9目5 8.2 98 98 87 6 271 b 

6目t1uroxypyr 400 9.8 9目8 9.3 100 100 90 78 5 262 b 

7. glyphosate 1350 3.2 5.2 5.3 15 20 40 63 至。 1827 b 

8. glyphosate 1800 3.6 5.6 5.7 17 31 43 70 51 1231 b 

9. gly下hosat己 2250 4.0 5.8 5.9 18 32 47 74 50 1589 b 

10.check O O O O O O 75 98 3789 a 

N.S *，悼

cv 13.7 89.0 

1.(0-10) : 0 = no e賓館t10= complete kill 

2.WAA: week 端 erherbicide application 

Table 2 Effects ofherbicide on fever叫necon柱。1at Ta-Luang， Lopburi dIY season 1992目

rate ph戸otoxicity(0・lol control (%) weed cover (%) drywt. 

Tre唱，tment g. WAA
2 WAA WAA gl28m

2 

ai./ha 4 8 16 4 8 16 。16 16WAA 

1. hiclopyr 200 8.1 8.5 7.2 95 95 81 88 26 512 b 

2. tric10pyr 300 8.2 8.5 7.8 96 95 88 56 12 364 b 

3.出clop戸 400 9.2 8.8 8.3 100 94 92 51 10 266 b 

4. t1urOXypyT 200 9.5 9.2 8.8 98 95 90 43 16 248 b 
5. t1uroxypyr・ 300 9.8 9.5 8.9 100 97 96 21 ，3 、 144 b 

6. t1uroxypyr 400 9.9 9.6 9.1 100 97 94 43 8 133 b 
7. glyphosate 1350 4.8 5.6 5.8 37 73 78 65 31 1248b 

8. glyphosate 1800 5.0 6.0 5.9 50 82 81 75 25 517 b 

9. g1yphosate 2250 5.1 6.2 6.3 50 85 82 63 26 577 b 

10.check O O 。 O 。。 88 98 3105 a 

N.S. ** 
cv 24.7 38.9 

1.(0-10) : 0 = no effl倒 10=ωmpl仰 kill

2.W AA: week after herbicide appli回 ltion
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Table J Effects of herbicides on plant number and dry weights oftev巴rvine during rainy season in 
1991 and 1992. 

Plallt numbel'/28m2 

Treatmellt rate July 1991 July 1992 

(24Wl生A) (24WAA) 

2・(~i)/J~ Ilumber % Ilumber % 

l出c10pyr 200 15 bc 43 37b 46 
2.出c10pyr 300 10 bc 29 20 bc 25 
3出c10p戸 400 oc 17 24 bc 30 
4. fluroxypyr 200 oc 17 15 c 19 
5. t1uroxypyr 300 7c 20 13c 16 
6. fluroxypyr 400 ラc 14 7c 9 

7. glyphosat邑 1350 18 b 51 8c 10 
8. gl刀)hosate 1800 18 b 51 。c 7 
9. glyphosate 2250 10 bc 28 7c 9 

10.check 3ラa 100 81a 100 

** ** 
cv 89.0 38.4 

W AA:week after herbicide application 
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CONSERVATION TILLAGE IN SUGARCANE 

K. Tanphiphat 1) and P. Prammanee 2) 

ABSTRACI A conservation tillage program has been proposed as an alternativ百 practiceto reduce 

loss of soil productivity in the Thailand sugarcane industry. Ploughing was replaced by Roundup at 2.16 

kg ae/ha sprayed to destroy an old sugarcane crop and natural vegetation. The herbicide was sprayed 

with a knapsack sprayer on regrowing ratoon cane， after harvestinεa final crop when average height 

was 0.5・1.0m. New sugarcane was planted between old rows using combination of either fertilizer 

applicator or trash shredder and regular sugarcane planter. Early sprouting of sugarcane in no-till plots 

was better than that in conventional plots. Growth and tillering of stalks/hill at 3 and 6 months after 

planting did not differ between no-till and conventional till practice. Soil analysis results indicated that 

no-till plots contained higher organic matter and total nitrogen than conventional till plots， while 

available P， exchangeable K， electro・conductivityand pH remained the same. 

五位草壁dsNotillage， glyphosate， sugarcane， no-till planter 

INTRODUCTION 

Sugarcane is an important economic crop ofThailand which comprises the total planted area of 1 M 

hectares. Sugarcane field in Thailand has long suffered from the excessive mechanical cultivation. The 

process for land preparation including leveling and cultivation in preparation for planting have all been 

done using heavy mechanical equipment. The effect ofthese repeated working on soil characteristics 

has been serious. The soillosts its structure， becomes compact. The hard pan which occurs under the top 

soil retards growth and development of cane roots. In addition， the soil decreases its water holding 

capacity and causes run off and erosion. 

Fundamental reasons for ploughing is to control weeds and preparing seedbed for establishing a new 

crop. It was not until 1970's when new concept on conservation tillage was developed. The benefits of 

the new system are so obvious that more than one million hectares of crop in the U.S.A. are now planted 

annually with little or no land preparation. In sugarcane， it was not until the advent ofthe herbicide 

glyphosate that minimum and notillage farming became feasible. In South Africa， Iggo and Moberly 

1976 developed a technique in which， at planting， old， regenerating sugarcane was killed using 

glyphosate at 2.8・3.5kg/ha and then new cane setts were planted between old rows. 

Results of notillage in sugarcane are rather controversy. It has been demonstrated on the lighter soils of 

South Africa that the minimum tillage technique gave yield advantage often percent in the plant crop 

and five percent in the first ratoon crop compared with normal cultivation (Moberly and Tumer 1978). 

This fact， together with other advantages， has led to rapid commercial acceptance of the system， and the 

method is now becoming standard practice in South Africa. On the contrary， McMahon and Teske 1989 

found that notillage never produced significantly higher yields than the conventional tillage. Three out 

of their six trials were subject to yield loss from notillage treatment which corresponded to a financial 

loss of approximately $ 325 per hectare. 

1.) Monsanto Thailand Limited， Bangkok， Thailand 

2.) Supanburi Field Crops Research Center， Supanburi， Thailand 
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The inforτnation on noti1lage in Thailand sugar industry is limited. The objectives ofthis study were to 

evaluate the possibility of notillage practice in sugarcane in Thailand and to develop planting 

equipment for planting new cane under the heavy trash， unbumt field situation. 

MATERIALS AND METHODS 

Rate and timing of glyphosate for old ratoon control 

Rate and application timing of glyphosate were evaluate for ratoon cane control. After second ratoon 

crop was harvested， the field was irrigated to stimulate regrowth ofthe old ratoon. Glyphosate at 1.08， 

1.62 and 2.16 kg ae/ha was applied， to regrowing ratoon cane when the average height was 0.5 and 1.0 

m. Equipment use was knapsack sprayer which delivered spray volume of 200 L1ha. Sugarcane control 

was visually evaluated at 7， 15 days and monthly after application. Shoot dryweight was measured at 90 

days after application. Experimental design was split plot with three replications. 

Effect of different land preparation practices on sugarcane establishment and yield 

Experiment was conducted in Supanburi province in unburnt field. Soil type was hydromorphic， 

non-calcic brown soil (Kampangsaen series). Experimental design was five replicates strip trial with the 

following treatments: 

1.) Conventional planting treatment. The old ratoon was removed by cultivation consisting of one 

round of disk plough and two rounds of harrow plough. 

2.) No-till planting treatment using fertilizer applicator to manage residue prior to planting. After the 

third ratoon was harvested， glyphosate at 2.16 kg ae/ha was sprayed by using knapsack sprayer， at the 

spray volume of 200 L1ha on regrowing ratoon cane when average shoot height was 1.0 m. Ten days 

after application new cane was planted between the old rows. Because of a heavily trashed situation. A 

fertilizer applicator， equipped with coulter was used to cut leaf residue prior to planting by regular 

sugarcane planter. 

3.) No-ti1l planting treatment using trash shredder to manage residue prior to planting. Methods were 

similar to that oftreatment 2 except that trash shredder was used instead offertilizer applicator， for 

residue management prior to planting. 

Sugarcane in all treatments was planted on May 6， 1994. Three and six months after planting， sugarcane 

growth such as plant height and number of stalks/hill were recorded. Soil analysis was done at 6 months 

after planting 

RESULTS AND DISCUSSION 

Rate and timing of glyphosate for old ratoon control 

Glyphosate at 1.62 -2.16 kg ae/ha demonstrated good efficacy for ratoon cane control (Figure 1，2). At 

lower rate the herbicide was less effective. Application of glyphosate on 1m tall cane provided better 

control than that did on 0.5m tal1. Dryweight of treated shoot was significantly reduced when 

glyphosate at 2.16 kg ae/ha was applied to sugarcane when average shoot height was 1 m (Table 1). 

Little regrowth occured at 90 days after application. The regrowing shoots exhibited a witches boom 

symptom and was not able to survive. 

Effect of land preparation on sugarcane establishment and yield 

Fertilizer applicator used as residue managing equipment performed better than trash shredder. Coulter 
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on fertilizer applicator cut trash effectively and enable planter to plant into the cut tract more precisely 

than that did by trash shredder. 

Notillage demonstrated good potential as an altemative practice to mechanical cultivation in sugarcane. 

Growth of sugarcane in no-till treatments was not significantly different from that in conventional 

planting treatment. Shoot height and number of stalks/hill at 3 and 6 months after planting remained the 

same among different treatments (Table 2，3). It was observed that early sprouting of sugarcane in 

no-till plots was better than that in the conventional plot. Large amount of leaf residue in no-till plots 

might help conserve soil moisture and resulted in better initial growth. Soil analysis results showed that 

percent organic matter and total soil nitrogen， expressed as percent of dryweight， from no-till plots were 

significantly higher than those in conventional plot. A vailable phosphorus and exchangeable potassium 

also showed increasing trend although it was not statistically different. Other soil characteristics such as 

electrical conductivity and pH remained unchanged. Sugarcane yield， collected as bulk sample offive 

replications， Was higher in no-till than that in conventional till plot. 

Use of glyphosate in combination with no-till planter could be an altemative for farmers to improve soil 

productivity in sugarcane industry in Thailand. It was clearly demonstrated that notillage practice 

increased soil organic matter and soil nutrients especially nitrogen. Leaf residue that covered soil 

surface might help conserve soil moisture. Al1 of these factors might have contribute to higher yield in 

no-till practice. 

A planter equipped with coulter was designed and tested by Department of Farm Mechanics， Kasetsart 

University. When tested under heavy trashed conditions， the planter worked effectively with working 

sp∞d of 0.42 halh with operating cost of7 USD/ha. When compared with traditionallabor planting and 

conventional planter， no-till practice helped farmer save 92 USD/ha and 61.5 USD/ha， respectively. 

Although notil1age practice demonstrated good potential for success in plant cane， farmers have raised 

concems on the reduction in yield ofratoon cane. Growth and yield ofratoon cane needed to be further 

monitored. 
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Fig. 2. Effect of glyphosate on ratoon cane control. 

Application was made when shoot height was 1m. 
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工直註i

Table 2 

Treatment 

8hoot dryweight of sugarcanc at 90 days afier application of glyphosate. 

The herbicide was sprayed when average shoot hcight was 0.5 and 1.0 m. 

Treatment shoot dryweight (gm) 

(Kg ae/ha) 0.5 m 1.0 m 1 

Control 3483" 1811
8 

glyphosate 1.08 470
b 

298
b 

glyphosate 1.62 166
b 

240
b 

glyphosate 2.16 126
b 

6S
C 

8hoot height， Number of stalks/hill and yie¥d of plant cane from different 

plant methods 

8hoot height (m) Number of stalks/hill Yield 3) 

3 months 6 months 3 months 6 months Tons/ha 

1) Convcntional Tillage 0.35 1.62 4.9 4 50 

2) Notillage Il 0.34 1.69 5.4 4.2 75 

3) Noti11age 2) 0.33 1.63 5.1 4.5 62.5 

F-test N8 N8 N8 N8 . 

LSD 0.03 0.13 0.5 0.6 . 

CV 6.1 5.3 6.1 0.9 . 

1) No-till planting using fertilizer applicalor to ll1anagc Icaf rcsidue prior to planting by regular 

planter 

2) No-till planting using trash shredder to ll1anage leaf residue prior to planting by regular planter 

3) Bulk sall1ple of five replications 
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工!lble3 Soil chcmical properties undcr 3 diffcrent tillage systcms in thc farmer's field in 

Supanhuri. Organic matlcr (OM) and tolal nitrogcn (Total N) arc cxprcsscd as pcrccnt 

。rdry wcight.八vailablcPhosphonJs， cxchangcahlc polassium and clcctricaJ conductivity 

arc cxprcsscd in ppm and m mho， rcspcctivcJy. 

Trealmcnls OM  Tota! N avai P cxch K EC pII 

(% OD wt) (% OD wt) (ppm) (ppm) (m mho) 

1. Conventional Tillagc 1.83 0.081 74 167 0.8 6 

2. NotiI1age 
11 

2.14 0.09 79 145 1.2 4.6 

3. Notillagc 
2) 

2.07 0.094 102 192 1.2 5.7 

F-test ** *ホ NS NS NS NS 

LSD 0.5 0.17 0.006 47.6 88 0.37 1.6 

CV 5.6 4.6000 38.3 36.2 23.6 19.8 

1) NotiI1age planting using fcrtilizcr applicator to managc lcaf rcsiduc prior to planting by rcgular 

planter 

2) NotiI1age planting using trash shreddcr to managc leaf residuc prior to planting by rcgular plantcr 
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工連恒生 Cost comparison betwccn convcntional and no-till planting 

Operation Cost (USD/ha) 

Conventional 

Labor Planter Notill 

Land Preparation 

Primary til1age 37.5 37.5 . 

Secondary tillage 50.0 50.0 . 

PlmtingCost 

Herbicide 1) . . 51 

Seedbed 25 25 -
Labor cost 2) . 37.5 . 

Operation cost 3) 7 . 7 

TOTAL 119.5 150 58 

1) Herbicide十 spraycost 

2) Twenty persons/halday 

3) USD/ha 
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Effect Of MON 12000 On The Germination Of Turfgrasses 

よD.Raベiit& G. E. Coats 
Agronomy Division， Khumaltar， Nepal &恥1ississippiState Uni.， USA 

Abstract: Two separate experiments were initiated at Mississippi State University in the greenhouse on 
4/5/1994 and 5/24/1994 to detennine the effect of MON 12000 on the germination of common 
bermudagrass， perennial ryegrass， annual bluegrass， roughstalk bluegrass， dallisgrass， centipedegrass， tall 
fescue and creeping bentgrass. The design of the experiment was a split plot replicated four times wi由
plot size 0.30 by 0.46 m. The herbicide MON 12000 was applied as pre emergence at the rate of 0.018， 

0.035，0.070，0.140，0.280， & 0.56 kg ai/ha. The highest rate， 0.56 kg ai/ha， ofMON 12000 significantly 
suppressed germination of bermudagrass， roughstalk bluegrass， tall fescue， and creeping bentgrass by 40 
to 80% but not perennial ryegrass， annual bluegrass， dallisgrass， or centipedegrass. Germination response 
to MON 12000 was mainly a quadratic type in all turfgrasses， except in creeping bentgrass. The percent 
fresh and dry weight of turfgrasses differed significantly with check by 10 to 80 percent except in 
centipedegrass with a quadratic and cubic trend， respectively. 

Key word: MON 12000， Fresh wt.， Dry wt.， Stand count， Turf匡rass

INTRODUCTION 
Many herbicides have been tested for use in warm and cool season turfgrasses. Bermudagrass 

tolerates dichlofop {(#)・2・[4・(2，4-dichloropheno巧，)pheno巧')propanoicacid } veη， well (7). However， 

rate response was evident with higher rates resulting in increased phytotoxicity. But the turf recovered 
within 3・14days after application. Ac 263，222 {(土)・2-[4，5-dihydro-4・methyl-4・(l・methylethyl)・5・oxo・
lH・imidazol・2・yl)・5・methyl-3・pyridinecarbo勾'licacid} at 0.06 kg ai/ha， alone or in combination with 
imazaquin {2・[4，5-dihydro-4・methyl-4・0・methylethyl)・5・oxo・lH-imid但 01・2ヴ1)-3・quinoline-carbo巧'lic
acid} (0.21 kg ai/ha) significantly e能 ctedheight of bermudagrass more than imazaquin (0.42 kg ai/ha) 
applied alone (4). However， metribuzin [4・amino-6・(1，1dimethyl-ethyl)・3・(methylthio)・1，2，4・triazin・
5(4町-one)applied alone or in combination with dichlofop damaged the turf at unacceptable levels (7). 
Red fescue (Festuca rubra L.)， tall fescue was injured with dichlofop， but dry weight and color of 
bentgrass was not changed by dichlofop rates of 0.6・1.1kg ai/ha (8， 3). Sulfometuron {2[[[[(4，6・
dimethyl-2・pyrimidinyl)amino)carbonyl)amino)sulfonyl)benzoic acid} at 105 g ai/ha killed bahiagrass 
(Paペpalumnota似mFluege) seedling in newly planted centipedegrass and Ti伽raybermudagrass (Cynodon 
dactylon (L) Pers. x仁 transvaalensisBurtt-Davy)turf. However， mefluidide {N-[2，4・dimethyl・5・
[[(trifluoromethyl) sul伽 yl)amino)phenyl) acetamide}， the activity of MON 4620 N-{[(acitylamino)-
methyl)-2・chloro-N・2，5・(diethylthenyl)acetamide} plus paclobutrazol [(2RS，3RD)・1・(-4・chloro-phenyl)・
4，4-dimethyl-2・(lH・1ム4・triazol・1・yl)pentan・3・ol}，paclobutrazol plus mefluidide and flurprimidol [a-(-
methylethyll)-ar-( 4・trifluorometho巧，)phenylふ pyrimidinemethanol)plus mefluidide was minimal on 
bahiagrass (5， 6). Fenoxaprop併)-2・[4・[(6・chloro-2・benzaxazolyl)o可}phenoxy)propanoicacid} applied 
between late-winter and mid-spring selectively controlled roughstalk bluegrass in perennial ryegrass 
grown for seed (11). 

MON 12000 is a new sulfonylurea herbicide of Monsanto Company which selectively controls 
yellow nutsedge (Cyperus esculentus L.) and pu叩lenudsedge (Cyperus rotundus L.) in most turfgrasses 
including Kentucky bluegrass σoa pratensis L)， perennial ryegrass， creeping bentgrass， tall fescue， 

bermu 
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MATERIALS AND METHODS 
Two separate experiments were initiated at Mississippi State University in the greenhouse on 

4/5/1994加 d5124/1994. The design ofthe experiment was a split plot replicated four times with plot size 
0.30 by 0.46 m. The soi1 used for this experiment was鈍 ndyloam : sand， 2: 1 by volume， with pH of 8.2. 
The加rfgrassesused for this experiment were common bermudagrass， perennial ryegrass， annual 
bluegrass， roughstalk bluegrass， dal1isgrass， creeping bentgrass， centipedegrass， and tall fescue. Seed of 
each turfgrass were mixed with the soil and then put in 10 by 12.7 cm cups， separately. There were seven 
treatments including the check. The herbicide MON 12000 50 WP was applied as a preemergence 
treatment wIth the increasing rates企om0.018 to 0.56 kg ailha. The heぬicidewas appiied with spray 
chamber. The nozzle type加 dsize was a flat fan & 8002E， r回pectively，with one nozzle. The boom 
height was 30 cm with 3.21 km/h at 2341/ha. Moisture was maintained at the field capacity. Weeds were 
removed by hand. 

Stand count was done 2 and 4 weeks after treatment (WAT). counts were converted to percent of 
the untreated. Shoot fresh and dry weight were taken 4 W AT and were also converted to percent of the 
untreated fresh weight (pERFRSWT) and dry weight (pERDRYWT)， respectively. 

RESULT AND DISCUSSION 
With all the variables， there was a significant interaction between treatments and species. Hence 

the analysis of variance and trend analysis with general linear model was done for a11 the individual 
turfgrasses. 

Turfgrasses responded differently to MON 12000. Perennial ryegrass， taU fescue， and annual 
bluegrass turned yellowish brown in color following treatment. However， there was no drastic change in 
the plant height up to 0.070 kg ai/ha. But plant height was slightly reduced at the higher rates. 
Roughstalk bluegrass and creeping bentgrass was highly retarded and the color of the plants changed into 
dark pu叩lishbrown. A slight reduction in plant height was noted without drastic color change when 
dal1isgrass was treated with MON 12000. 

a) Effect of herbicide rates on stand count on 2 and 4 W AT 

Germination on 2 and 4 WAT was significantly reduced (quadratic trend) at 2 and 4 WAT. At 
both times， germination decreased with the higher rates ofMON 12000 (0.24 to 0.56 kg ai/ha). Although 
there was no significant differences among the rates 0.14・0.56kg ailha， germination of perennial 
ryegrass was reduced compared to lower rates. A11 rates reduced annual bluegrass and dallisgrass 
germination compared to the untreated but no difference due to MON rates ofO.018 to 0.56 kg ailha at 2 
WAT， with a cubic and quadratic trend， respectively (Table 1). However， there were significant 
differences at 4 W AT with a quadratic trend in annual bluegrass. The trend analysis in roughstalk 
bluegrass showed a cubic response due to herbicide rates. The highest rate 0.56 kg ai/ha significantly 
decreased the germination compared to other rates， except 0.14 kg ailha at 2 WAT. At 4 WAT， 

germination decreased at rates of 0.070 to 0.56 kg ai/ha however， no difference were observed within this 
rate range. In centipedegrass， there was a rate response from 0.14・ 0.56kg ai/ha， but were not 
significantly di貸eramong those rates. The rate response was quadratic and linear trend at 2 W A T & 4 
WAT， respectively. The response ofta11 fescue was a quadratic at 2 and 4 WAT. At higher rates ofO.28 
-0.56 kg ai/ha， response was obvious in ta11 fescue at 2 and 4 WAT but were not significantly different 
with each other. 

With creeping bentgrass tlle rate (0.14・0.56kg ai/ha) response was noted in 2 and 4 WAT 
showed a linear trend (Tables 1 & 2). The tolerance ofturfgrasses to MON 12000 at 2 WAT was annual， 
bluegrass & tall fescue less than 0.018 kg ailha; bermudagrass， dallisgrass， & roughstalk bluegrass 0.018 
kg ai/ha; centipedegrass 0.035 kg ai/ha; and perennial ryegrass & creeping bentgrass 0.070 kg ailha 
(Table 1). 

b) Effect of herbicide rates on fresh and dry shoot weight 

There were no significant differences in percent fresh weight of bermudagrass among rates 
however， there was a significant difference in percent dry weight at 0.28 kg ai/ha. For perennial ryegrass 
there was a significant difference among the herbicide rates on both percent fresh and dry weight. A 
significant decrease in percellt fresh and dry weight was noted in 0.14 -0.56 kg ailha with a cubic and 
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quadratic trends， respectively. There was no significant di民 renceamong the herbicide rates on percent 

fresh and dry weight of annual bluegrass， except on 0.28 kg ai/ha which differd sign出cantlyfrom 0.018・

0.070 kg aiJha. The trend of percent f同shand dry wc;!ight was a quadratic and cubic， respectively. The 

trend on percent fresh and dry weight was a linear and quadratic respectively， for dallisgrass. However， 
there was no significant difference among the herbicide rates in both percent fresh and dry weight. 

Roughstalk bluegrass showed a highest rate (0.56 kg aiJha) response in percellt fresh weight but 

not in percent dry weight with a cubic trend. With centipedegrass， 0.14 and 0.28 kg!ha showed a 
significant difference th却 inthe rest rates with a q凶 dratictrend in bo血 percentfresh and dry weight. 
Although there were no significant differences among rates， a prominent rate response w部 observedin 
fresh and dry weight wi白 acubic trend for tall fescue. The percent fresh and dry weight was not 

significantly different among the heぬiciderates with cubic trend in creeping bentgrass (Table-3 & 4). 
From the above result， it c加 beconcluded that the response of all turfgrasses except creeping 

bentgrass to MON 12000 was a q凶 draticat 2 & 4 WAT. At 0.56 kg aiJha， MON 12000significantly 
suppressed the germination of bermudagrass， roughstalk bluegrass， tall fescue，加dereepingbentgrass by 

40 to 80 percent. Germination of perennial ryegrass， annual bluegrass， dallisgrass， and c~ntipedegrass 
was not significantly reduced. 

The percent fresh and dry weight of turfgrasses differed significantly with check.by 10 to 80 

percent， except centipedegrass with a quadratic and cubic trend， respectively. 
The results from this study are different with other findings reported by other reseatchers under 

field conditions with perennial ryegrass， tall fescue， bermudagrass， centipedegrass and S1. Augustinegrass 
(9， 14). The tolerance ofturfgrasses varied 2 WAT in the greenhouse. Hence，白isresearch work needs ω 
berepeated under field conditions. 
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A民主銭1.

Oevelopment of Samurai COA for General Weed Control 
in Plantation and Orchard Crops 

Y.T. Teng and T.J. Chang 
Monsanto Malaysia Sendirian Berhad， 

Kuala Lumpur， Malaysia. 

The hand operated knapsack sprayer is the most commonly used spray equipment for 
application of herbicide to control weeds in plantation and orchard crops in Malaysia. Such 
knapsack sprayers are fitted with various hydraulic nozzles but this method of applying 
herbicides has been recognised to be highly inefficient. A wide range of droplets produced， 
small ones being prone to drift while large droplets are likely to run 0仔leafsurfaces. This 
results in considerable wastage of chemicals and has potentially harmful environmental impact. 
This method of applying herbicides is also labour demanding. Malaysia is rapidly progressing 
towards its 0同ectivesof achieving an industrialised national status. This has further aggravated 
the actual shortage and rising cost of labour in the agricultural sector because of competition 
for labour from the industrial， manufacturing and construction sectors. Monsanto， being a 
leading herbicide company， embarked on a massive development program in 1990 to develop 
new spray techniques with glyphosate aimed at improving labour and spraying efficiency， and 
applying more cost-effective weed control in plantation and orchard crops. Evaluations were 
made on several controlled droplet applicator (CDA) models for weed control with glyphosate. 
By further modifying the COA to suit local conditions， the Samurai COA was developed. This 
technique of weed control has reduced the dependency on a large volume of water and size 
of the workforce. Moreover， it has resulted in greater efficiency of the workers and reduced 
weeding costs. 

Key words: Samurai COA， Glyphosate， Plantation crops， Orchard crops， Weed control. 
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INTRODUCTION 

The hand operated knapsack sprayer is the most commonly used spray equipment for 
application of herbicide to control weeds in plantation and orchard crops in Malaysia. Such 
knapsack sprayer are fitted with various hydraulic nozzles but this method of applying herbicides 
has been recognised to be highly inefficient. Malaysia is rapidly progressing towards its 
objectives of achieving an industrialised nation status. This has further aggravated the acute 
shortage and rising cost of labour in the agricultural sector. There is clearly a need to change 
traditional labour intensive application techniques to methods that are labour saving， more 
efficient and most cost-effective in weed control. 

OBJECTIVE 

Monsanto， being a leading herbicide company， embarked on a massive development program 
in 1990 to develop new spray techniques with glyphosate aimed at improving labour and 
spraying efficiency， and applying more cost-effective weed control in plantation and orchard 
crops. 

MATERIALS AND METHODS 

Evaluations were made on several controlled droplet applicator (CDA) models for weed control 
with glyphosate. Further modifications and improvement of the selected CDA model to suit the 
local conditions was carried out in the development. The selected CDA model was further 
evaluated in users reliabiJity trials in plantation and orchard corps to determine its reJiability， 
ease-of-operation， efficiency， cost-effectiveness and suitability for local conditions. 

1) Evaluation of Samurai CDA using Roundup for General Weed Control in Mature Rubber 
and Oil Palm. 

Ten trials were carried out in mature rubber and oil palm plantations to evaluate the performance 
of Samurai CDA using 8% Roundup solution for general weed control. The spray volume was 
25 liters for hectare. The main weeds in the trial areas were Ottochloa nodosa， Paspalum 
conjugatum， Axonopus compressus， Eleusine indica， Digitaria adscendens， Asystasia 
Gangetica， Borreria latifolia， Cyperus spp.， and legume cover crops. Comparison was made 
with the conventional knapsack sprayer (CKS) fitted with floodjet fan nozzle 2.0 mm orifice 
diameter using Roundup at 2.0 liters per hectare and (Paraquat+ Diuron) at 2.8 Jiters per hectare. 
A spray volume of 450 Iiters per hectare was used. 

For rubber， only the planting strips were sprayed. For oil palm， both the harvesting paths and 
the palm circles were sprayed. For each treatment， the plot size was 0.1 hectare and there was 
no replication. General weed control based on we凶 desiccationwas evaluated at 7， 15， 30， 
60 and 90 days after treatment (DAT). 

2) Evaluation of Samurai CDA Using Spark for General Weed Control in Orchard CropS. 

Three trials each were established in mature orchard crops of guava， starfruit， mango， durian， 
and jackfruit respectively where the main weeds were Eleusine indica， Digitaria adscendens， 
Paspalum conjugatum， Cleome rutidosperma， Cyperus spp.， Borreria latifolia， Asystasia 
Gangetica， Ageratum con戸oides，and Erigeron sumatrensis. There were three treatments in 
each trials. 

24.0% Spark solution was used with Samurai CDA for spraying the weeds at a spray volume of 

25 liters per hectare. As a comparison， Spark and paraquat was used to treat weeds at a rate 
of 6.0 Iiters and 2.8 Iiters per hectare respectively and using the CKS fitted with the floodjet fan 
nozzle 2.00 mm orifice diameter. 
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For orchard crops， the whole trial area was treated (b/anket spraying). For all these tr泊Is，the 
p/ot size for each treatment was 0.05 hectare and there was no replication. General weed 
control was evaluated based on the method used in the p/antation crops tria/s. 

RESULTS 

The Samurai CDA when used for application of g/yphosate for weed control offers signifi回 nt
advantages and benefits over conventional knapsack systems. 

The advantages and benefits inc/ude: 

1) Water required for spraying very much reduced. Reduced water needs and cost by 
94%σab/e 1). 

2) Extremely labour efficient. One worker covered three times the area sprayed when 
compared with knapsack system (Table 2). 

3) Reduced application costs by 60% over knapsack system (Table 3). 

4) More effective and broader spectrum of weed control because of its uniform droplet 
size， even drop/et distribution and retention of spray drop/ets (Tables 4 and 5). 
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Table 1. Comparison on water requirement using knapsack and Samurai CDA for treating one 
hectare of weeds. 

Spray technique 
Spray volume 
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Blanket hectare 

450 Iiters 
25 Iiters 

425liters 
(94%) 

Spray hectare 

126 Iiters 
7liters 

1191比ers

似%)

Table 2. Comparison of labour efficiency between knapsack system and Samurai CDA for 
spraying weeds. 

Area sp悶yed(hectaresjday) 
Spray technique 

Mature Mature Orchard 
oil palm rubber crops 

Knapsack 1.3 1.7 0.5 
Samurai CDA 3.8 5.0 1.5 

Labour efficiency of 3:1 3:1 3:1 
Samurai CDA : Knapsack 

Table 3. Comparison of application cost between knapsack vs Samurai CDA 

Cost per field hectarejround (US$) 

Labour Equipment Ba社e吋

Total cost 
(hajround) Spray technique 

Knapsack 
Samurai CDA 0.13*安 0.06 

US$2.80 
US$1.12 

US$l.68 

2.80 
0.93 

* 

Samurai CDA saves (60%) 

* Assumes zero cost for CKS equipment. 
“Cost of Samurai CDA equipment + One Spare Motor is US$160.00 and can last 1，200 spray 
hours minimum. 
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Table 4. General weed control in plantation crops 

Percent control (DAT) 
Treatment Ratejha Equipment 

7 15 30 60 90 

Roundup 2.0L Samurai CDA 65 85 95 90 85 

Roundup 2.0L CKS 50 75 90 85 80 

Paraquat + 2.8L CKS 90 80 65 50 35 

diuron 

(Average of ten trials) 

Table 5. General weed control in orchard crops 

Percent control (DAT) 

Treatment Ratejha Equipment 
7 15 30 60 90 

Spark 6.0L Samurai CDA 80 90 98 85 70 

Spark 6.0L CKS 70 80 95 75 50 

Paraquat 2.8L CKS 95 70 50 30 10 

(Average of 15 trials) 

CONCLUSION 

This technique of using the Samurai CDA with glyphosate for weed control in plantation and 

orchard crops had reduced the dependency on a large volume of water and size of the labour 

force. Moreover， it has resulted in greater efficiency of the workers and reduced weeding costs. 

Acknowledgement: The authors wish to thank the management of Monsanto Company for 
permission to publish this paper; and all those that were involved in one way or another to make 

this project a success. 
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RESIDUE OF FLUROXYPYR IN SOIL AFTER APPLICATION FOR 

KNOCKDOWN OF PINEAPPLE PLANTS 

O. Wongkasem¥P. Krasaesindhu and U. Suwunnamek 

Department of Agriculture， Kasertsart University， Bangkok 10900， Thailand 

Ab旦血旦. A study on the residue of fluroxypyr in Phangnga soil series at varying depths 

and times after its application was carried out in a greenhouse of the NWSRI project and in 

pineapple fields in Rayong Province， Thailand. The amounts of fluroxypyr were analyzed by 

GC with叩 ECDdetector. The results in the greenhouse showed that fluroxypyr in soil 

decreased with depth and time after application. At normal rate， the greatest fluroxypyr 

residue of 400 ppb was found at 0-5 cm depth at 0 time after application. At 10-20 cm depth 

and6・12weeks after application less than 10 ppb residue was found. Under field conditions 

fluroxypyr residue also decreased with time and depth. In a bioassay test， tomato plants 

grown for 12 weeks in soil treated with fluroxypyr in which about 5 ppb residue was found had 

a dry weight just 77% that of untreated control， whereas cucumber plan回 grownsimilarly 

showed no effects on growth and dry weight. 

Key words: soil residue， fluroxypyr， pineapple 

In trod uction 

According to the previous repo巾， it was found that fluroxypyr can be used for killing old 

pineapple plants before the new planting will be made. (Lertwatanakiat and Suwunnamek， 

1988) By this method， new crop can be planted at least 2 to 3 months earlier than the normal 

practice. In order to avoid the harmful effects of fluroxypyr on new pineapple crops， it is 

necess釘Yto deternime the residue of fluroxypyr in soil at varying depths and times after 

application. The experimen回 werecarrried out in the greenhouse and the field. The soil 

samples were taken at 0-12 week after application with 0-5， 5-10， 10・15and 15・20cm depths. 

官1eamounts of fluroxypyr were analysed by Gas Chromatography with ECD detector. 
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Materials and Methods 

1.古1eresidue of fluroxypyr in Phangnga soil series in the greenhouse.官1eexperiment was 

designed部 4x 5 factoria1 in CRD with 4 replications. Fluroxypyr w部 appliedat the rate of 

2.25 kg a.i./ha.百1esoil samples were taken at 0，4， 6， 8， and 12 weeks after application with 

4 depths : 0-5， 5-10， 10・15and 15-20 cm. The amounts of fluroxypyr in soil were ana1ysed by 

Gas Chromatography. 

2.甘1eresidue of fluroxypyr in soil after application for knockdown of pineapple plants. The 

experiment was designed邸 3x 4 factoria1 in CRD with 4 rep1ications. Fluroxypyr w部 applied

to the old pineapple plants at the rate of 2.25 kg a.i./ha and the soil samples were taken at 

0， 6 and 12 weeks after application with 4 depths. 

3. For bioassay test， tomato and cucumber plants grown in soil treated with fluroxypyr for 

0-12 weeks compared with untreated. The dry weight of shoots was determined for 2 weeks 

after planting 

Results and discussion 

1. The amounts of fluroxypyr at varying depths and times after application were significant 

(Table 1). Fluroxypyr residue was found the most 113.49 ppb at 0 week and the le部 t0.74 ppb 

at 12 weeks. The amount of fluroxypyr decreased after application and depth. At 0-5 cm 

depth the residue was 118.32 ppb. It was found that there was no fluroxypyr residue at 12 

weeks with 5-20 cm. Lehmann et.a1. (1990) reported that fluroxypyr was found to degrade 

readily in soil before it moved to soil profile、

2. Fluroxypyr residue in soil under field condition was significant. (Table 2). The amount 

of fluroxypyr decreased at various depth and time after application. It was found that fluroxypyr 

residue at 0-5 cm depth with 0 week was 27.70 ppb. There was fluroxypyr residue at 

the depth of 15・20cm because the pineapple plants treated fluroxypyr were ploughed into 

the soil. 

3. For bioassay test， the dry weight of shoot of cucumber and tomato plants were 

determined for 2 weeks after planting. (Table 3). It was found that fluroxypyr caused injury 

to tomato in soil treated with fluroxypyr for 12 weeks. The dry weight of shoot was 0.450 9 or 
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77.28% of control. The dry weight of cucumber shoot in soil treated with fluroxypyr 0 and 6 

weeks were 0.754 叩 d 1.166 g or 52.12 釦 d88.33% of control respectively. However， 

cucumber plant was not injury in soil treated with fluroxypyr for 12 weeks in which about 5 ppb 

residue was found. 

Conclusion 

官1e fluroxypyr residue decreased at various depth and tiineafter application. 

Cucumber plant was not injury in soil treated with fluroxypyr for 12 weeks. .It might be 

conc!uded that fluroxypyr was not harmful for the new pineapple plant.s. 
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Lehmann， R.G.， J.R. Miller and D.A. Laskowski. 1990. Fate of flutoxypyr iIi soil : II Desorption 

国 afunction of incubation time. Weed Res. 30: 383-388 

Lertwatanakiat， S. and U. Suwunnamek. 1988. AppUcation of ce託ainpyridinyl herbicides for 

intercycle knockdown of pineapple. Proc. Trop. Weed Sci. Conf. 2 (1) : 73・80

-87-



Table 1Residue of fluroxypyr itl Phangnga soil series in the greenhouse 

depths (cm) 

times Ave. 

(weeks) 0-5 5・10 10-15 15-20 

(after app!ication) ppb (加e)

O 427.79 18.80 7.37 O 113.49 

4 110.60 18.47 4.18 O 33.31 

6 37.90 18.98 0.73 O 14.40 

8 12.34 0.88 0.59 0.80 3.65 

12 2.97 O O O 0.74 

Ave. (depth) 118.32 11.43 2.57 0.16 

LSD (0.05) time = 13.04， depth = 11.66， tirne x depth = 26.07 

Table 2 Residue of fluroxypyr in soil after application for knockdown of pineapple plants 

depths (cm) 

times Ave. 

. (weeks) 0-5 5・10 10-15 15・20

(after application) ppb (time) 

。 27.70 14.23 9.96 。 12.97 

6 18.50 10.70 6.63 5.14 10.24 

12 10.19 5.79 2.79 1.86 5.16 

Ave. (depth) 18.79 10.24 6.46 2.33 

LSD (0:05) time = 5.36; depth = 6.19， time x depth = 10.72 
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l'abl金~ Dry weight of tomato and cucumber plants from soil treated with fluroxypyr 

tomato cucumber 

Treatments 

dry weight % of control dry weight % of control 

一一-g一一一 一一-g一一一

control 0.590 100 1.320 100 

OWAA* 0.142 26.06 0.754 52.12 

6WAA* 0.346 58.64 1.166 88.33 

12 WAA合 0.456 77.26 1.376 104.24 

LSD (0.05) 0.138 0.295 

* W AA = Weeks after application 
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ωeed Control Efficiencγof New Herbicides in Direct 
Seeded and Transplanted Riec 

B.C.Ghosh and B.N.門it七ra
Depar.tment 0千 Agricultural and Food Engineering， 

IIT，ド::har'agpur，India 

《bstrac1: Metsul千ur.on methγ1 (Allγ) at 3g and 4 9 
a.i./ha and Chlorimuron ethγ1 (Classic) at 3g and 4 9 
a. i • / h a wer' e t e空気ted along wi七h butac-hlor' and ani lopho宮s
at sub-optiomal doses in direct seeded and transplanted 
rice during khari干 (war'm，we七) season. Butachlor aセ 1500
9 a.i./ha and anilophos at 400 9 a.i./ha were used as 
standard herbicides along with hand weeded and unweきをきded
contr'ol 千01'" compari努on.γhe predominant weeds were 
Digitaria sanguinali s (年よ さ主主Eム pa穏palum conjugatum 
E位 足 以 Echinochloa c川崎galli 斗ふと Be全日と しudwigia
per'ennis Lムindirect seeded rice and that 0千 Cyper'lま~ sp. 
Fimbri吉五七y1is mi 1 i acea (し) Vahl and L..udwi g1 a per'E岳nnig し.

in transplan七ed rice. Crop weed compe七i七ion was much 
higher in direct を;;eeded than tr'ansp 1 anted paddγand 
r'educed thをき gr'ain γi el d by 88% and 22% r'especti velγ 
under' we告書dyche苦ck 七r俗atment. In tr'an吉;;planted paddγ 千ield
di千千侵r'ent her'bicid綬 tr'eatments kep七 the plot weed 千r'ee
till harvest. In direc七宮;;eeded rice combined application 
o干 ally and clas5ic each 0千 4 g/ha was e千千ective in 
controlling the grassγweedき:; and ther'ebγi ncreased gr.ai n 
γield (1370 kg/ha) mor.e 5igni千icantlγthan their 
individual applications. 泌を警告:1d contr'ol e千千 iciency wa祭

千urther increasEョd when butachlor or anil ωphos wa吉5
combined with all γand clas箆 ic at sub-optimal doses. 。千
七he to七al N removed the weeds in dir拒否C七 seeded and 
t.r'anspl ant起きd r. i ce account 千口r 80% and 18%， r'espectivelγ. 

Key words: Herbicides， Direct seeded rice，τransplanted 
rice， Nutrient uptake，ωeed density 

Introduction 

Ri ce i s 七he most i mpor'七an七 ceきr.綬al crop in India 
occupying about 40 million hectare認。千 areawith a total 
pr'oduction 0千ア2 million tonnes (FAI， 1992). In the 
tr・"adi七ional r'i c俗 belt 0千 east総rn India， this crop i宮5
grown either by dire苦ct 包伎をヨding or transplar百七ing
dependir・19 upon 1 and siセ¥.li!.¥tion and rain千all distribution 
pa七七段r.n. Di r'ect 宮:;eeded r'i c鈴 子ace官五 sever.e we告書d pr'oblem 
than 七ransplanted rice and t.he average losse5 0千 γield
in case 0千 千or.mer. i s を告さ五七imated as 10-50% (Manna， 1983) ， 
whileき i n 1 a七七er' as 11-20% (DをきDa七ta， 1981;門し.lkhopadhyaγ，
1983) • Thをき low wee告d in千estation in tr'anぉplanted 千i段ld
was mainly due七o manipula七ionω千 soil 干01'" pudd 1 i ng and 
古5ubmerged condition prevailed in the 千ield Under 
intensive cropping with ric鈴 sαmeweed 干lor'athat h ê.~'v'Ë~ 
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(L) Scop.，_udwi Qi a per'enni s し.

For' las七 千ewγear's，a number' 0千 her'bicide告さ:i have 
been used to control weed包 in paddy 千ield with di千千er'ent
degr.ee 0千 succes気. Butachlor and anilophos have been 七he奇

mωst e千千ective and widelγ accepted rice herbicides. In 
七his inves七igation two new herbicides wereセes七ed alone 

or in combination with standard herbicides at 吉sub-
op七imal doses 七o 千indout their nature and extent 0千 weed
control and their e千千ect on growth and yield 0千 both 
tr'an宮:iplan七ed and direct seeded rice. 

Materials and Methads 

γwo 千ield experimen1こs we署re conducted at 
Agrciultural and Food Engineering Depar七ment Far'm， 
Indian Insti七ute 0干 Technologγ，~(har'agpur ， ωest Bengal， 
India on direct s使ede.d and 七ransplan七ed r'i ce号 dur'ing
khar'i千 {ω告書七種洲口r'ffi) season苦:; 0千 1994. The ar'ea i宮:i situated 

0 ・-，..0
22-19'N and 87-19'E at an altitude 0千 48 m above mean 
sea level in a 認し~-humid climate with an average 

rain千all 0千 1200-1500 mm， most 0千 whicli i宮:; r'ecei ved 
during June to Sep七怨mber. The 50il 0千 the e書Hp侵r'imen七al
sit俗 i5 laterite， light textこしIr'ed ~":\nd aci di c i n natur'e 
(pH 5.2). 

The experiments were carried out in Randomi之ed
Block Design with 1ゐ treatments (Table 1 and 2 
replica七ed thr'e侵 七im拒否宮:;. The rice cultivar wa5 IR 36. The 

new her'bicid侵s metsしtl千しlr'on IT間 thyl (Ally) chlorimuron 
億七hyl (Cl assi c) and 宝:itandard herbicid包きる butachlor' 
(Mach俗七若宮 50% EC) anilophos (Ar・02in 30 EC) were 七銭苦:ited

~":\1 one a宮i well as in their conbination at di千千er'ent doseョ
(sub-optimal dos♂ in case 0千 butachlor and anilophos). A 

tr'eatment 0千 weed 千ree and unweeded check wer侵 include語d
千or comparison. Allγand claを5si<: are available as 20% 
and 25% W.P. respectiv怨lγ. γhe her'bicide書官;; were dis宮;;01ved 
in wa七拒否r，mixed with sand and appl~ed evenly over each 
plot. In case 0千 combined application， theγwer'e mi xed 
in de笥 ir.傍d proportion and appli告書d in th侵 千 i~1d i n 苦;amをき

waγButachlor' <I刻、d anilophoき:; were applied at 2 daγs 
a千七倍r・ sowing (DAS) in direct seeded rice and 3 daγ宝5

a干ter transplanting (DAT) in transplanted rice while 

al1 γand cla5sic at ア DAS/DAT in both the experimen七s. A 

common dα霊;e 0子 80 Kg N，ゐ1)Kg F・205 and 40 Kg K20 /ha wa告;
applied in al1 the tr を~atment きる. A water' r'egime ω千 5 土 2 
cm s五ubmer'genc段 wa銘 main七.;:uned i n tr'an吉五plan七拒否d r'ice， 
While a moist 50il condition 千ield capacitγto 
satur・atiω1'1) m。をstly prevailed in caさ:;e 0千 dir'ect 宮:ieE守d

rlce. 
Ob5er'vaticms w臼r'e teU:傍1'1 on weed densi七γand dr'γ 

WE守igh町t 0千 weedぉ 40 daγs a干ter' her'b i cl d総 appli(:a七ion and 

é~t har'.ve書官五七 and gr'ai n γi証書ld/ha and N- uptake bγ crops <.:¥flc1 

wef~d 宝:;.
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Results and Discussion 

ωeed Flora The weed 千1CJr~'a i n th伎 をさ:-:pをさr"i.men七ぷl 千ieヲld
C:Of1ぉi滋七e d o千 gri.-¥ss告書官;;， 企sedges and broad lea千 ~oIJeeds. γh(:¥， 
c:ommon It-JE空侵d specj を否認 。子 both th<:? t7.:':PをきY'.imenセs wer~'t'0 

P..i.9i. to!¥Y" i.a 間江弘lin斗以 ( L.. ) Sc op.， P主主回ユ土.lm 弘主主お必um し，
L自民is;ü.~_ E;!e.r:却なlIぷ1..... c..l:瓦忠仁込ゑ!コ主主日旦d止を叩飼 料ow促ver・9 む:)'th E~ Y" 

d WE号制 叩松c:i (~s E::chinoc:hloa 公正~.i~lJ斗 (L.. )B(~aL.lV 鶴 品制肌n可叫
t f包~~立qω2封j(切;主主説1 弘恕込与半乙μ芝恐1 しい.) P臼r誌払 w附怨1'"怨 tω::lbコ)銭刊問州(;ω制〈守引?叶1'"れ凸川吹、-刊γ哨、〉判ザ刈tωω苦叫d in dir'-'品吋、1叩t段飢告引iじイt七

I匂叩〉岬傍正鰐制ω予円刊川A吋叱寸h刊児d飢ω ant1 日:了嗣i忠旦控投-包包切閑fμ刷f
tr"、a剖 11可ぉP1 "-"I"l t f'::，d Y" i c: E虫干 iE?1 d. 

E千千ects on 凶eeds: In di.t"'ec:七 銭eeded ric:e， di.千千をさr'ent
herbic:i.de treatmentさ;; con七r・011怨d th .. ~ WE是正否定js and Y"educ:ωd 

th侵 ir dehsity as wel1 as dry matter (γable 1 ). Ally and 
c:la包忽ic: both wer.e 千ound e千千ectiVE号 in c:onセr.oliing
gr' ，，~おおγ W保健ds. Th怨 wr;幸俊d c:clntl"'ol <:幸子千cienc:γ waお 干ul".the守r.

i nC I"'ea俗世~d wh告書n th("!se tWt) hをさI"'bic:ide昔宮5 weきr宣告 combi ned al tmg 
with butachlor or anilophos at sub-op七imal dose怒. A七 40
DAS m，，~:o( i mum dl'"γmatter' 0干 weeds 0干 4ア30 kg/ha obtained 

in しlf1制使edeきd contr'ol 七reatment and it wa5 recorded le55 
b γ 27..5 to アア.:3% under' di千千el"'e号nt hをきrbicide treatmen七5.

《七 in i t i a 1 9 1'" ow七h 5七age 0千 rice though the grぷ55γweed5

paspal Llin c:IJ 5t:Lc.:t1L.lf!l ， Digiセe':l.l"'ia ぉanguinaliモ:; weきrをき
一 -control1ed but sub間 quen七lγ 」日5:t~..:Ì giゑ par'enn15， mu民三思

と主peY"s and_end傍Y"nia 乏巴ム were emerged and compe七をきd
wi1こh t.h鰐 C:I向。p. Thi 5 I".e可おし11七告書d high奇書1'" dY"γmat七er. 0干 weed窓L

at harvest producing ゐ200 kg/ha under unweedeョd control 
t 1'"ea七ment.

In transplanted rice 千ield as eHpをi!cted， the weed 
d絞nsity was sparse in al1 treきatment包{了able 2) 

particularly under combined herbicidal tr・'ea七mf;!nts 0千

a11 γ cla浴室sic and butachlor or all γc la笥sic: and 
~":\ni 1 ophos・ γh告書 dY"γmatteY" 0千 ~'o/eeds at 40 DAγ wa5 810 

kg/ha and i t w"五s r'educe苦d bγ ゐ2% to 91% under di千千eY"en七
十leY"bi c: i dをき treatment5.The weed population at harves七 wa包

千urther declined due to 10おお o千 annual WE書拒否ds. すh告書 dat<:.1 
on dY"γ matter of weeds at havest i5 thr制 吋 百for'e not 
子俗pCJI".t拒否d. No phytotOHici七γ wa苦iobserved at. any growth 

stage 0千 ric:e plant with al1γor' c:l as窃it:.

Grain Yield: In direcセ seeded I"'ice all 千OUI'" her'b i c i d拒否15
alone and in combination re慾し11七ed in signi干icant
increase in grain γi告書ld a箆 compar'f;き to 七h告書 unweed告書d
check (Table 1). The increase in yield was 111% and 

1ア2% under' al1 γ and cla寝室:;ic tr'eatments r.拒否spectively as 

compared to unweeded check. The new herbicides at low 
dむをieきithU5 proved to be e君子千 icient in achieving e千千ectiv傍

weed control in rice. The grainγield 0千Y"ice was 
干urther increased by 347% to 533% when al1 γand classic 

was combined with butachlor or anilophos at suboptimal 
doお告書官5. However'， theを:;e herbicidal treatment cロmbina七ion宮5

WEョre at par with butachlor or anilophos at their 
r'ecommond傍ddo宝ie 0千 applica七ion.
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1 n tr-an包planted rice， the differ・-E~H-l c: 1:';1 i. n c.W.:u /'''1γiω1d 
bei:".w伎役n di..f干ωr-ent br- 匂占1 ・tmen i:".告 i~; nCJ!"1'-・ ぉigni千ica_nt.. Thi怒L

W，，;_ぉ due ta adequate cantral a千 W自宅~ds b γ u紫綬 t)千
h校 i寸)it:idEれで 了he inc:rease in gr・-ain γI!;?l d undE~I' ・ di .H臼r-ent
wef~d cωntr-ol tr-ωat目meヨn1二百五 wer'・t":! Eヨ告:;timated to be as high a5 
2ゐ% 品部 compar-臼d to しmweeded c口ntr-01 (2ア20 kg/h，，3. ).  

N-uptake by Crops and 凶eeds: 1¥li tr-ロgE'守n uptake by crap吉5
and wをきeds a1so di千千侵r・ed between two me七hodき;; 0千 r-i.ce 
cu1七ivation. Weed shared 88% し.lp七ak・E?0干 N in dir-告書c:t
宝寺在;)eded as .::¥ga_i n吉;t 22 % i n tr・-anspl占mt俗d r-i c関 i n unWEヨed段d
contr-01 tr-ea七ment. In the 千or-melr- method 0千 r-icω 
むし11tivation， the N uptake bγ WE~E~d ぉ wa治 r-educed bγ 26匁
七o ゐ8%wh校n di-f干er-也nt h授r-bicide 七Ir-eat.m告書n1こ宮 wet--告さ し.lS告書d. 11'1 

C::ë.~se 0千 transplated rice the large shareω干 N'--upt.akt":! was 
enjc:>y監査d bγ rice c::rap as is apparent 干r・c:>m Fig.1. 

すheヨ 千inl.ナj咽 ng宮;; indica七6.¥ 七トlat pr-ωb 1. t~m c:>千 WE'昔日d
in千段宮:;ta七ion i吉:; more ac::ute in dir段ct 認を~ed をきd t.he.-Hl 

transp1anted ric::奇書 干 i 正~1 d帽すhenew herbicide a11 γ and 
c1a認宝寺ic applied e.UCH1捺 wau1d be bene千icia1 in contro11ing 
weed宝;; in transp1anted paddy 千iをき1d舗 But in dir-ect 宮五倍傍ded
r-ice wher-臼 crop weed compe七iti on i誌を:;ever-e and 
continuous throughou七 七十1拒否 crap growth period u忽e a子

宮5ub-ap七ima1 do!:長esα干 butach1ωr' (0.5 1.:C) 0“ア5 t;・9 ai/ha) 
and ani1aphos (0.1 to 0.3 kg ai/ha ) a10ng with al1 γ 
~'\nd c1 aきる袋ic wαLlld be a 千eaぉible pr-opoぉiticm. Sしuばぱt仁む:ニ:h
pr-占ぷ:¥c七ic仁仁怒綬 wω しuld .::¥1 苦箆5ω be adv 石a王n 七ag 総ω しu古~; i n r-苦役昔d しLl“ぱばぽc仁cニ:ing セhe殴苦 N--
l α宮銭3宝銭;; b γ WE段書E段吉d告笥5.
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Table 1 : E子千ect 0子 herbicides on weed count，dry weight 0千

weeds and grain yield of direct seeded rice 

Treatments ωeed number/m 
2 

Dry weight 0千 weeds
(kg/ha) 

40DAS At harvest 40 DAS At harvest 

C4 62 2包4 3430 4570 

A4 80 222 2990 3400 

A4C4 70 234 1860 2840 

A~3BO.5 48 164 1750 2070 

A~3BO.75 30 144 1070 1620 

A4C4BO.5 48 194 2380 2240 

A4C4BO.75 46 114 1170 1790 

A~~PO.l 52 214 2040 2390 

A~~PO.2 32 120 1190 1810 

A~3APO.3 52 174 1130 1640 

A4C4APO.l 54 164 1070 2030 

A4C4APO.2 38 83 1200 1460 

B1.5 52 112 1560 2ア80

APO.4 38 82 1170 1690 

ωeed 千ree check 
Unweeded check 156 364 4730 6200 

CD at 5完

A - Ally， C- Classic， B- Butachlor， AP - Anilophos 

DAS-Daγs a千ter sowing 
Subscripts 0干 A and C indicate herbicide doses in 

9 ai/ha and that 0千 B and AP in Kg ai/ha. 
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Grain 
γield 
(kg/ha) 

980 
760 

1370 
1660 
1820 

1610 
1900 
1ア90

1900 
2280 
1800 
2260 
1730 

2230 
3040 
360 

311 



Table 2:  E千千ect 0千 herbicides on weed count，dry weight 0千 weeds 

and grainγield 0干 transplanted rice 

Treatments ωeed number /m2 

at 40 DAT 

Dry weight 0千 weeds Grain 
(kg/ha)at 40 DAT yield 

(kg/ha) 

C4 27 161 2550 

A4 49 301 2320 

A4C4 38 210 2210 

A3C3BO.5 25 156 2240 

A~3BO. 75 19 125 2570 

合4C4BO.5 16 86 2090 

A4C4BO.75 10 54 2210 

A~3APO.1 21 141 2500 

A~~PO.2 19 135 2530 

A3C~PO.3 15 105 2190 

A4C4APO.1 26 161 2280 

A4C4APO.2 15 91 2480 

B1.5 12 75 2520 

合PO.4 10 70 2800 
ωeed 千ree check 95 610 2530 
Unωeeded check 100 810 2220 

CD at 5~ NS 

A - Ally， C - Classic， B - Butachlor ， AP - Anilophos 
DAT - Days a干ter transplanting 

Subscripts 0千 A and C indicate herbicide doses in 
9 ai/ha and that 0干 B and AP in Kg ai/ha. 
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N-uptake In dlrect seeded rlce (1句/ha)
80r 

50/-"'・・

40 t-山

20 

O A4 C4 A4C4 
BO'75 

Treatments 

• weed 幽 cropand weed 

N-uptake In transplanted rloe (kg/ha) 
801 

50/-"'… 

40 

20 

O 

• weed 悶 cropand weed 

Flg. 11 N軸 uptak・TY ，cropl and w・・doln dlr・ct..““ and 
tra!，~pl~l'\ted rlce as~lnjlu;në凶 by herblcidω 
appllcatlon. 
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EFFECTS OF MOISTURE STRESS AND TEMPERATURE ON GERMINATION STUDIES 

OF BOERHAAVIA VERTICILLATA POIR. 

Aradhana Bajpa1*， D.S. Tripath1. Anamika Tripath1 and H.R. Sant 

Labora七orybf Terrestrial Ecology. Centre of Advanced Study 1n 

Botany， Banaras Hindu Un1vers1七.y，Varanas1 221005. Ind1a. 

The 1nves七igationconcerned the influences of simulated drought 

cond1tions and te時 eratureon germinabi11ty and early seedl1ng 

growth of Boerhaav1a ver七1c111at~ (weed). a widely used herbal med1-

cine for renal and ur1nary tract diseases. polythene g1yc01 

4000 and sucrose were used as osmot1c subs七ra七esto prepare aqueous 

solu七ionshaving 0 to 15 atn喝 spheresof osmel>七icpressure (O.P.). 

corresponding to d1fferent moisture stress conditions. Seed germi岨

nation and subsequen七 seed11nggrowth progressive1y decreased with 

increasing O.p. 1eve1s. Trends were no七edindicating more adverse 

effects of high osmo七1cpressure on shoo七 thanon root growth. On 

the other hand 10w and high temperature adversely affected the 

germina七10npercen~age. Optimum temperature for seed germ1na七ion

was 250C. Average time taken in radic1e emergence increased on 

eitherside of七hisva1ue. 

INTRODUCTION 

Studies concerning the inf1uences of drough七 and七emperatureon seed 

germina七10nand early seed1ing grow七hhave been commonly restricted 

七ofield conditions七ha七 lackedprecise experimental contr01. Because 

of difficu1ties in maintaining satisfactory control of s011 mois七ure，

the use of osmotic substrates to provide contr011ed water po七entia1

around the roots offer oppertunities of bypassing many uncer七ain七ies

in field studies (Wiggans and Gardener 1959). 
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Effects of water stress on seed ge~ination bave been stua1ed 

by sever叫 workers (Harr1s飢 dP1t切回 19191Lagerwerff主主主主・ 1961;

Taylor 19651 Parmar and Moore 1968; Varshney and Baljal 19771 Stuart 

and William 1990). Pa~ar and抽コ。re (1966) reported tbat most 

su1table O.p. level for evaluation of seea vi gour # will be a 

主unct10nof many variables. sucb as. type ana age of seea. na乞ure

of solute used. te問perature， ligbt intensity and bumidity. 

Studies coneerning the effect 0ま七hermalvariations 08 seed 

germinat10n sbowed tbat germ1nation and dormancy of seeds vary 

w1th ter司peratureand 1謝花 reg1鵬 {胞Intyre1990， W1111s主主主主・

1991). lCUDlar (1984) documented that seed germinatioD decreased on 

e1ther side of tbe opttmum va1ue. 

由主eobjective of the current study vas to eva1uate the potentlal 

usefulness of po1ytheae glycol and sucrose for s1mulating the 

inf1uenee ofdrougbt eonditions and effect of tbermal var1ations 

upon germination and early seed1ln; growth of B。erbaavlavertici1late 

MATERIALS AND METHODS 

鈍ature seeds of Boerhaavia vertic111at~ vere col1ected from ~

vedlc Garden. Banaras Hindu t加iversity. 悦leywere dry stored e詑

a!泌総帥 1abora七orytemperature. Polythene glycol 4000 and sucrose 

10 aqueous form were used to 1n4uce 眼。isturestress of varying 

osmotic potentials (O.P.) i.e. fro. 3 at.. to lS a念館. AqUeoU8 solu-

tiODS of Po1ythene glycol 4000 and sucrose were prepared b7 tl糟

methods of Parmar and MOore (1968). 

The exper却lentwas set up 10 triplicate parallel of SO seeds at 

2S・Cte腐Iperature. Seeds were allowed to imbibe 1n the respect1ve 
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s01utions for a period of 24 hrs f0110wed ~ ra聡 'vingtl'槍 excess

s01ution. The fil七erpapers were kept mo1s乞 US1D雪七herespective 

so1ution over乞heentlre per10d of experlmentat10n. Doub1e d1st111ed 

water was used for contro1. Temperature treatments were conducted 

1n seed germlnator where the temperature varied between 10・Ct。
400C. Protrusion of radicle through the seed coa乞 wascons1dered 

as criter10n of germlnat10n. other characters. viz.. shoot 1ength 

and ro。乞 1engtbwere est!ma七edwhen the see411ngs were 10 days 014. 

RESULTS A鼠D DISCUSSION 

Tbe effect of factors v1z. lnduced molsture stress and temperature 

on germlnation ar詞 early seed11ng growtb was stud1ed and resu1ts 

are su悶nar1zed in Table 1. 2. 3 and 4. 

reflected different bebav10ur 1n various 

ased O.P. levels progressively delayed 

Germ1nation of aeeds 

osm。乞1csubstrates. Incre-

and reduced germination. 

Germinatlon was more retarded by Polytb側 eglycol than by sucrose. 

At simi1ar O.P. levels germ1nation percentaqe vary w1th osmotic 

subtrate used. presumably mainly due七ospecific effects of s溜bstrate

。tberthan七he 08齢，t1c effects (parmar 組 d蹄)ore1968). Average 

time taken 1n rad1c1e a鳩 rgenee a1so !ncreased w1tb 1ncreasinq O.P. 

1eve1s. At blgher O.p. 1evels germination showed a stat1stically 

slgnlflcant (p< 0.001) decrease aa compared to the control (Tab1e 1). 

The 1nhlbltoxy effec:t on germlnation probal:>ly was due to a hlgher 

osmotle effect than calculated byま。Z悶 1a whleh eauses a marked 

departure from an 1deal solution witb tb1s partieu1ar s01ute s01可rent

c。蜘ination(Wlg9ans and Gardener 1959). 

Values of early seed1ng deve10p四.ent (root aod shoot gr01ftb) and 
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shoot/root rat10 follow a s1m11ar pattern of response as for 

germ1nat1on (Table 2). Increas1ng O.p. levels 

decreased the seed11ng growth s1gn1f1cantly (P <:: 0.001) wh1ch was 

11kew1se D'栂reev1dent 00 shoot 乞hanon root growth. Also the 

seedl1ng growth was more retarded by poly-theoe glycol than br 

sucrose as osmo'七10 substrate. Decreasing shoot to roo七 rat10w1th 

increasing O.P. levels emphas1zes this d1ffer儲 lt1alresponse of 

plan乞。rgans to ex七ernalconditions. Less adverse effects 1n case 

of roo七 than1n shoot are expla1ned on the bas1s of the greater 

dependence of root on乞heseed reserve food and less dependenee 

on water uptake dur1ng the early non-photosynthet1c stage of seed11ng 

growth (parmar and MOore 1968). 

Effects of thermal var1ations 00 ger圃ioat10nwere studied and 

observa'七10ns 1nd1cate that low and high t細 peraturess1gn1f1cantly 

affected germ1nat10n percentage (Table 3). Analys1s of var1ance 

showed s1gn1f1cant effect of temperatureon percentage seed 

germ1nat1on (Table 4). The most su1table temperature was 25・c.
Act1v1ty of enzyme appears to be at 1ts max1mum at a certa1n opttmum 

temperature {地yer主主主主・ 1960). H1gher the germination percentage 

shorter exposure became sufficient to render the seeds to germ1nate. 

An increase 1n germinat10n with an increase 10 temperature between 

10・-25・C was noticed. Th1s may be due to 1ncrease 10 metabo11c 

process 1nvolved 1n seed germ1nation (Kumaど 1984)• Subsequent 

decrease 1s 1nd1cat1ve of h1gh temperature 1njury to the 11ving 

cells and enzyme aet1v1ty. H1gher and lower values other than the 

su1table range. the enzymes are 1nact1vated (Dev11n 1966). 

It can be eoncluded tha七 fordeter震'101n9drough七 res1stanceby 
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uslng osmot1e solutlons vary1D9 1n O.P. levels on germlnat1ng 

seeds and seedllngs 18 武 best a test of pbyslo1og1cal drougbt 

reslstanee and perhaps then only 1n the seed11ng stage. 

The authors are thankful to Head. Department of Botany. Banaras 

H1ndu Unlversity. for providing laboratory and other faeilitles. 
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TABLE 1. Effect of osmotic substra乞e8of different O.P. concentrat-

tions on germination percentage of豆・ verticillata.

O.p. Levels Germination (%) Average time taken 1n 

radic1e emergence 

Sucrose e
 

n
 

e
 

h
H
曹

4

t
0
 

・
勾
戸

p
g
 

Sucrose POlythene 
g1ycol 

o 91.61 91.80 3.67 3.70 

+0.66 +0.59 +0.29 土0.26
ー .嗣・

3 * 82.11* 4.69 4.84 85.32 

+0.87 $0.99 +0.53 +0.38 

合脅 ** 6 75.59 64.42 5.34 5.63 

+1.20 +1.44 +0.42 土0.50

*会 46.31合* 6.00 7.16 9 53.12 

+1.50 +0.95 土0.61 +0.48 

** *合

L2 36.11 24.58 8.32 8.66 

+0.91 主0.57 +0.50 ま0.71

l5 17.19** 
*会

11.23 8.76 8.94 

ま0.78 +0.28 主0.53 +0.69 

Jt s stazzaaxd ezxoztF * sign1ficant at 0.5 % P 1eve1， 

**significantat 0.1誕 P1eve1. 
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TABLE 3. Germination percentage at different temperatures. 

'l'emperature (OC) Percentage Average tirAe taken 
Germlna:七10n 1n radic1e emergence 

10 6.56 8.50 

+0.05 +0.15 

15 15.50 8.33 

+0.44 +0.28 

20 63.33 5.66 

+1.03 主0.38

25 91.81 3.55 

主0.58 +0.27 

30 79.32 4.60 

主1.02 +0.21 

35 60.00 6.02 

+1.15 +0.50 

48 11.16 6.83 

+0.25 +0.59 

+ • standard error. 

-]05-



TABLE 4. Ana1ysis of vari翻 ceof seed germinatlon of B. Verticl11a七a

under different temperatures. 

Bources of 

Variations 
m
ω
-

C
M

史
M

D.F. 

e
 

閣

抑

制

町

史

w

F Ratio Probabl11ty 

Temperature 21894.86 6 3649.14 1366.72 <0.001 

Rep11cates 5.6.& 2 2.82 1.06 ，/0.05合

Error 31.91 12 2.66 

Tota1 21932.41 20 

DF • Degree of FreedOlll; *Non-signifiC組 t.
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STUDIES ON COMPET工TION BETWEEN WHEAT ANDjOR BARLEY 
CULTIVARS W1TH W1LD OATS 1N POT EXPER1MENTS UNDER 

NATURAL COND1T10NS 

A. Farahbakhsh and K.J. Murphy 
Fars Agricul七ural Research Center， Shiraz， 1ran and 
Depar七rnen七 ofBo七any， University of Glasgow， Glasgow，UK. 

AbstractPo七 experirnents were conduc七ed under field 
condi七ions by ernbedding pots in soil to cornpare a) 七he
cornpe七ition of 主主皇旦主主室主旦主 L. wi th spring whea七 andjor 
barley cul七ivars (Serni-dwarf and conven七ionalheigh七); 

b) 七he cornpetition of 主主皇旦呈 S七erillis subsp. 1udoviciana 
(Dur.) Nyrnan with winter wheat cul七ivars ( erect and 
horizontal leaf pos七ure)・ A spli七 plot experirnent in 
randornized cornplete block design wi七h four replications 
was used for bo七h crops. The grain yield of weed-free 
po七s of ei七her cul七ivar (spring wheat and spring barley 
or win七er whea七 cultivars) was not very different frorn 
七he ou七pu七 of 七hese cereals under norrnal field 
condi七ions. The grain yield of both taller cul ti vars 
(spring whea七 and spring barley) was rnore than the 
shor七ercul七ivars. There was no yield difference be七ween
七he two win七erwhea七 cultivars， although it tended to be 
larger 七han spring cul ti vars. Bo七h 七aller spring whea七
and spring barley cul七ivars seerned 七o be sligh七lyrnore 
cornpe七i七ive wi七h A・ 主主主且生七han serni --dwarf ones a七七he
lower weed densi七Y (4 plan七sjpot) 七han七hehigher one (8 
plan七sjpo七)・ However，七herewas no significan七 difference
between grain yield losses of cereal cul七ivars a七七he
high weed densi七Y (8 palntsjpo七). 

亙金y~旦主盈呈ム Cornpe七l七エon， pot experirnents， barley， wheat， 

wild oats (Av皇旦主主金主旦呈; 主主皇旦呈 ludovician~) . 

Introduction 

Al七houghpo七 experirnents under con七rolledconditions are 
vital for weed research s七udies， relying七00 rnuch on七he
resul七s could be rnisleading. Roo七 ternperatureis one of 
七hernain factors con七rollingyield (Davidson， 1978). By 
using pots on benches under glasshouse condi七ions，a soil 
七ernpera七ure problern does exis七 This problern rnay have 
li七七le or no effec七 on yield when po七s are used for a 
shor七-tirneexperirnen七 butwhen plan七srernain for a longer 
period the general validi七Y of the resul七swould be less. 
However， rnanaging large field experirnents， especially 
when several factors are involved， is very difficult and 
sorne七irnes irnpractical. A七七ernpts have been rnade 七o
overcorne roo七七ernpera七ure problern by inser七ing pots in 
七he ground (Hanson and Juska， 1961)・ previous work 
however， have no七 ernployed a systernatic weed-crop 
cornpetition s七udyin po七sunder natural conditions. 
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This s七udy involves a cornparison of 七he effect of 主主皇旦呈
主主主旦主 or A. .1udovicianfL cornpe七i七ion on the grow七h and 
yield of cereal cul七ivars (wheat and barley) wi七h
differen七 heigh七 and leaf arrangernen七 Da七a are also 
presented on the poten七ial yield of 七wo Iranian cereal 
cultivars in po七sunder field condi七ions.

Materials and Methods 

Additive experirnen七s were carried out at Glasgow 
University (Garscube esta七e) by ernbedding 25 crn diarneter 
plastic po七s alrnos七 a七 2 crn above soil level under 
natural conditions. A sandy-loarn soil:peat rnoss (80:20) 
rnixture was used in all experirnents. A spli七 plo七
experirnen七 inrandornized block design with 4 replica七ions
was ernployed for each trial. Three uniforrnly pre-
gerrninated seeds of 七he crop or weed were sown in each 
posi七ion， in pre-set regular pa七tern， in the po七s.
Seedlings were 七hinned七o required nurnber one week af七er
ernergence. A cons七ant densi七Y of 8 crop plants per po七
was used in all pots. Pots were ernbedded in the soil as 
described above a七七wo weeks af七er ernergence. S七andard
fer七iltzerswere applied a七 ra七esequivalent七o 80 and 60 
kg.ha-i phosphorus and po七assiurnone week before sowing. 
Ni七rog♀n was applied at ra七es equivalent 七o 150 and 180 
kg.ha-i respec七ivelyfor spring and win七ercereals. 

An additional pot experirnent was conducted under Iranian 
conditions in Shiraz (Zarghan estate) 七o cornpare 七he
perforrnance of rnonocultures of 七wo cereal cultivars 
(wheat and barley) under field condi七ions. The pots were 
ernbedded in soil or lef七 onthe soil surface. 

Plants were harvested as 七hey reached rna七urity. Plan七
height f nurnber of ear f dry weights of ears and shoots 
were deterrnined. The ears were七hreshed: nurnber of grain 
per ear and dry weigh七sof chaff and grain were recorded. 
Data were subjec七edto analysis of variance. The details 
of experirnen七sare given below: 

Expt. 1. Competition of 主~í室生旦呈 with spring wheat. A 
spli七 plotexperirnent (2 X 3) wi七hwheat cul七ivaras rnain 
fac七or (a，= cv. Wernbley= serni-dwarf; aフ= cv. CSW= 
conventional height) and weed density as sub-factor (b，= 
0; ~2=.4? ~3= 8 ~~~nts per po七) was used. Nitrogen was 
applied in七wospli七s (75も oneweek before sowing and 25毛
a七七he end of March. Plants were七ransferredoutdoors 
in early April and harvested late Sep七ernber.

Expt. 2. Competition of 主~f.室生盟主 with spring barley. A 
spli七 plot experirnen七 (2 x 3) with barley cul七ivaras 
rnain fac七or .(a;t=. cv. Corgi= serni-dwarf; ~2=: cv. CSB= 
conven七ional height) and weed densi七y as sub=factor (b1= 
0; b2= 4; b3= 8 plants per po七 was used. Ni七rogen
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app1ica七ionsand harves七七imewere as in Experiment 1. 

Expt. 3. Competition of主.!..1udoviciang with winter wheat. 
A sp1i七 p10七 experimen七 (2 x 6) with whea七 cu1tivaras 
main factor (a1= cv. Horne七= erec七 1eafpos七ure; aフ= cv. 
Rendezvous= horizonta1 1eaf posture) and weed densI七y as 
sub-factor (b~~ 0; b2= 1; ~~~ 2; b4= 4; ~5.=. 61 b6= 8 
p1an七s per po七) was used. Ni七rogenwas app1ied in七:hree
sp1its (25老 one week before sowing， 50老 in ear1y Apri1 
and 25老 a七七he end of March. P1an七s were transferred 
outdoors in October and harvested 1ate Sep七ember.

Expt. 4. Performance of cereal monocultures in pots. A 
sp1i七 p10七 experiment ( 2 x 2) in 8 rep1ica七ions wi七h
growing condi七ions of po七s as main factor (a1= embedded 
in soi1; a2= non-embedded in soi1) and cerea1 cu1七ivaras 
sub-factor (b1= win七erwheat cv. Fa1a七; b2= winter bar1ey 
cv. Wa1fajr) was used. Ni七rogen was app1ied in two 
sp1i七s (75毛 one week before sowing and 25老 a七七he end 
February). P1an七s were transferred outdoors in ear1y 
November and harves七edear1y Ju1y. 

Results 

The effects of increasing densi七Y of wi1d oa七 specieson 
wheat grain yie1d and its componen七s of spring whea七，
spring bar1ey and win七er whea七 cu1七ivars are shown in 
七ab1es 1 and 2. Da七a on the performance of two Iranian 
cerea1 cu1七ivarsare a1so presen七edin七ab1e3. 

The poten七ia1 yie1d of a11 8 cerea1 cu1 ti vars (Bri七ish
and Iranian) in weed-free pots in 七erms of 七onneper ha 
was not very different from their recorded yie1d under 
fie1d condi七ions. When the pots were no七 embeddedin 
soi1，七hegrain yie1d and number of ear per p1an七 ofbo七h
whea七 (cv. Fa1a七 and bar1ey (cv. Wa1fajr) decreased 
significan七1ycompared七0 七heembedded pots (七ab1e3). 

Grain yie1d and biomass produc七ion of either crop 
cu1 ti var was reduced by increasing weed densi七y.
However， no significan七 differencewas observed in七o七a1
biomass production ( crop + weed) as the densi ty of主・
主主主且呈 or 主. 1udoviciana increased (data no七 shown). The 
10ss of grain yie1d was main1y due 七o a reduc七ion in 
ferti1e ti11er number. Number of grain per ear and 
kerne1 weight were a1so reduced by七hepresence of weeds， 
a1though 七he effect was 1ess pronounced. Bo七h 七a11
spring whea七 (cv. CSW) and ta11 spring bar1ey (cv. CSB) 
cu1 ti vars produced more grain yie1d in weed-free po七s
when compared七0 七here1evan七 semi-dwarfcu1tivar (spring 
whea七 cv. Wemb1ey and spring bar1ey: cv. Corgi)・ There
was no difference be七ween compe七itiveness of ei七her
spring whea七 of bar1ey cu1tivars with ;A. 主主主且主 a七七he
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highes七 weeddensity (8 p1an七s per po七). However， at the 
10wer weed density both七a11cu1七ivars (cv. CSW and cv. 
CSB) appeared to be slight1y more competitive七han七he
semi-dwarf ones (cv. Wemb1ey and cv. Corgi)・

There was no difference be七weengrain yie1d of both weed-
free winter wheat cu1七ivarswith different 1eaf pos七ure
(cv. Horne七 andcv. Rendezvous). There was no 
significant difference be七weengrain yie1d of weed-free 
pots and:b:.. 1udoviciang infested pots a七七he 10wes七 weed
densi七Y (1 p1an七 perpo七). No difference was de七ectedin 
compe七i七ivenessof winter wheat cu1七ivarswi七h:b:.. 
ludoviciang at the highest weed densi七Y (8 p1ants per 
po七). However， a七七he10wer weed densi七iescv.Rendezvous 
seemed七o be sligh七1ymore compe七l七lve七hancv. Horne七.

Table 1. Effec七 of主主皇旦呈主金主旦呈 compe七l七ionon spring 
wheat and spring bar1ey cu1七ivarswith different heigh七s，
p1ants grown in 25 cm diame七erpots (mean of 4 rep1s.)・
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g/po七

。，
-0 

yie1d 
10ss 

Number Yie1d in 
of ear terms of 
per p1an七七onne.ha-1

WHEAT: 
Wemb1ey O 44.3b* 3.35a 9.03b 

4 26.8d 39.5 2.08bc 5.46d 
8 21. 3e 51.9 1.52d 4.34e 

CSW O 53.1a 3.33a 10.82a 
4 35.5c 33.1 2.35b 7.24c 
8 26.1de 50.8 1. 58cd 5.31de 

.SED 2.209 0.232 0.450 

BARLEY: 
Corgi O 34.6b 3.33a 7.06b 

4 24.6d 28.9 2.45b 5.01d 
8 19.0e 45.1 1. 55c 3.88e 

CSB O 40.3a 3.35a 8.20a 
4 29.8c 26.0 2.32b 6.07c 
8 21. 8de 49.9 1.48c 4.45de 

-町周.司-----圃・・・・・・・・・・・・・・・・・・・・・咽開---咽聞.-固--------圃圃.-咽圃・圃・・・圃.-------------司開・・・・・司・・・・--岡圃・・・・・・・・・・・・・・・・・圃圃・・・・・・・・・・・・・・・・・・・・・・・・・・・・・圃酬.-

SED 1. 661 0.203 0.338 

Wemb1ey and Corgi = semi-dwarf 
CSW and CSB = conven七ionalheigh七
* Va1ues fo11owed by the same 1e七七erswi七hin七hesame 
co1umn are not significant according七oDMR七es七 (p=0.05)
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Table 2. Effec七 of 主主皇旦豆 ludoviciang compe七itionon 
winter wheat cu1七ivarswith differen七 1eafpos七ures，
p1ants grown in 25 cm diame七erpo七s (mean of 4 rep1s.). 

Crop Weed Grain 毛 Number Yie1d in 
cu1tivar densi七y yie1d yie1d of ear 七entlsot 

per pot gjpo七 10ss per p1an七七onne.ha-.t

Hornet 0 52.8a古 ーー 3.07bc 10.80a 
1 48.1ab 9.0 2.72a 9.79ab 
2 44.0bc 16.7 2.51ef 8.96bc 
4 39.9c 24.5 2.22g 8.13c 
6 29.2d 43.4 1.58i 5.95d 
8 21.0e 60.2 1.19j 4.2ge 
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Rendezvous 

same 
(p=0.05) 

Table 3. The performance of two Iranian 
grown in po七s (embedded and non-embedded 
fie1d condi七ions (mean of 8 rep1s.)・

Growing Ceどea1 Grain Number Yie1d in 
condi七ions cu1tivar yie1d of ear terms of~ 

gjpot per p1an七 tonne.ha-.t

Embedded Fa1a七 28.15a官 3.51b 5.74a 
Wa1fajr 20.34b 3.80a 4.15b 

SED 2.509 0.114 0.511 

Horne七=erec七 1eafpos七ure
Rendezvous horizon七a1 1eaf posture 
* Va1ues fo11owed by 七hesame 1e七七erswi七hin七he
co1umn are no七 significan七 according七oDMR tes七

cerea1 cu1七ivars
in soi1) under 

Fa1a七 15.69c 2.47d 3.20c 
Wa1fajr ~3.38d 2.78c 2.73d 

SED 0.740 0.085 0.151 

Fa1a七 Conven七iona1heigh七 springwhea七
Wa1fajr= Conventiona1 heigh七 springbar1ey 
* Va1ues fo1.1owed by 七hesame 1e七七erswi七hin七he
co1umn are not significan七 according七oDMR七es七

same 
(p=0.05) 

-111一

Non-embedded 



Discussion 

Since the grain yield of each cereal cul七ivarused in七he
po七 experimen七swas no七 verydifferen七 fromi七sac七ual
yield recorded elsewhere， the evalua七ionof weed-crop 
compe七i七ions七udiesin pots under field conditions found 
to be quite realistic. 工nprevious work (Farahbakhsh旦主・
呈よ.， 1987)， the maximum grain yield we gained for winter 
wheat cv. Norman in 25 cm diame七erweed-tree po七sunder 
glasshouse conditions was 2.18 七onne.ha-~ which is almos七
1/4七hof七herecorded yield under field condi七ions. 1n 
七hepresen七 S七udyi七 appears七ha七 embeddingpo七sin soil 
is a means by which七headverse effec七 ofpossibly high 
roo七七empera七urewould be minimized and七hisallows 
be七七erin七erpre七ationof data. While bo七hwild oats 
species are七roublesomein spring and win七ercereals， the 
results suggest七ha七七heymay cause grea七ercrop yield 
reductions in semi-dwarf cultivars七hanconven七ional
height cul七ivars. 工七 may be more likely 七hatwild oats 
popula七ion七o increase in densi七y and dis七ribu七ionmore 
in semi-dwarf and erec七 leafposture cul七ivarscompared 
七o conventional heigh七 andhorizon七alleaf pos七ure
cul七ivars. Barnes主主・ 呈よ. (1990) and Cudney呈主・呈1.
(1991) s七ated七ha七七heability of a plan七七oplace 
foliage in the upper， be七七erlit portions of， or above， 
七hecanopy is an impor七an七 S七ruc七ural七rai七 in
determining the plan七 performanceand compe七ition
outcome. 
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CrltIcal Perlod ofW偶 dCompe錨tionIn Soyb伺 n(Glydne max (L.川{errll町.

K. POlUmswamy， R. Jagannathan ，O.S. Kandasamyand N.Ba1回ubramaniam，Depar出lentof Agronomy，Tamil Nadu 
Agricul佃ralU凶versity，Coim batore-641 003，India. 

金量豆担昼 Fieldexperiments were conducted during summer and rabi， 1992 at Tamil Nadu Agricu1tural University， 
Coimbatore to田 sess仕lecritica1 period of weed competition in soybean.百lecrop was maintained weed-free and 
weed infested for the first 15，30，45，60 days and凶 harvest.Though the soybean crop maintained in a weed-free 
condi世on悩1harvest recorded the m蹴 imumyield (1479 kg ha.1

)， the compe出 onoffered by weeds 45 days 8伽
sowing did not significantly reduce the yield. Similarly， the weed加festedcondition upto 15 days after so叫ngdid 
not reduceせleyield significantly. Weed index w部 lower(3司 wherethe weed企eecondi世onw出 m必ntainedfor 
仕le缶st60 days of sowing. Hence the金st15 to 60 days of crop growth w留めundto be也ecriticalperiod ofweed 
competition for soybean. 

Keywords: Critica1 period， weed competition， weed-free， weed-infested condition. 

Introduction 
Among the pulses， soybean is known for high oil and protein content. Since the crop growih is slow in白einitia1 
s泊ge，severe weed infestation reduces the yield drastica1ly. 官官 critical period of crop-weed competition is the 
period企om伽伽eof sowing upto which the crop is to be maintained in a weed-企eeenvironment to get the highest 
possible yield.百leweed competition in a crop is invariably severe in early stages世lanat later stages. Genera1ly in a 
crop of 100 days duration， the first 35 days after sowing should be maintained in a weed-free condition. There is no 
need to 柑 emptfor a weed-企eecondition throughout tlle日eperiod of the crop，出 itw迎 m凶 unn町 ess釘y
additional expenditure wi血outproportionate return in yield. . So an attempt was made to出 sessthe crucial period of 
weed competition in soybean， during rabi and summer seasons at Coimbatore 

Mat~rials and Mefhods 
Field出a1swere carried 0凶 d町時 summerand rabi seasons of 1992 at Tam世NaduAgric叫加ra1University， 
Coimbatore to assess仕lecrucia1 period ofweed competition in soybean. Weed丘eesitiuations were maintained for 
the first 15，30，45 and 60白ysofぽopgrow泣1and till harvest. Likewise weed infested conditions were a1so 
maintained for various periods. Weed index was ca1culated for various trea加lents.In soybean， number of pods per 
plant and grin yield were recorded. 

Results and Discussion 
Assessment of cr悩ca1period of crop-weed competition is very討lportantto decide the suitable weed management 
practices.百leresults showed白紙 keepingthe soybean crop under weed ・freecondition凶1harvest recorded the 
maximum yield of 1479 kg ha-1

.百lecompe出 onoffered by weed after 45 days of sowing did n 
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Tahle. E町ectof different periods of weed interference on w巴edindex and grain yield of soybean 

Smnmer 1992 Rabi 1992 

Treatments Weed Gr泊n vie1d Weed Grain yield 

index (%) (kg ha.1
) index似) (kg ha-1

) 

WF for 15 DAS 40.8 876 48.4 600 

WFfor 15 DAS 20.3 1179 23.6 889 

WF for 15 DAS 3.4 1428 6.4 1089 

WF for 15DAS 2.2 1446 4.5 1111 

WF for 15 DAS 5.1 1403 7.1 1081 

WF for 15 DAS 44.9 815 52.9 548 

WF for 15 DAS 51.3 721 63.0 430 

WF for 15 DAS 57.9 623 73.3 311 
明rFH 0.0 1479 0.0 1163 
UV.lC 60.5 584 76.4 274 

SEd 39 42 

CD(ド0.05) ' 81 . 89 
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Biosuppression of Salvinia (Salvinia molesta) in Kerala， India 

P.J. Joy， D. Joseph， N.V. Satheesan and K.R. Lyla 
Kerala Agricultural U凶versity

Vellani肱ara680 654， Trichur， India 

Abstract: Salvinia molesωMitchell， the haunting凶gh回 areof farmers of Kuttanad 
and kole lands in Kerala， has fmally succumbed ωa  tiny beetle， Cyrto初:gous
salviniae Calder & Sands， introduced from. Australia. This phenomenal biological 
suppression has been accomplished over a wide area of 1α)() km2 in也ecomp紅 a・

tively short period of two years. Fortunately， the weevil has remained s佐icdyh<佃t-
specificω 血etarget plant.百eweed suppression obtained is above ninety p町田nt
in Kutta凶 d.Occasionally weed regrowth has been noticed; but it has perished in 8 
to 12 months. The farmers of Kuttanad姐 dkole lands have benefited immensely by 
the w田 d-kill. 島om也e29，0∞hectares of paddy fields in Kuttanad alone， the 
reduction of weed damage has saved Rs 6.8 million per year. The once chocked 
navigation canals have been cleared for位制lSportation.An hourly cut of about 25 per 
cent in time and one litre in di田 elis now experienced by motorboats in the weed-free 
canals.官lUS，Kuttanad and kole lands， the granaries of Kerala， have been cured of 
a graveωncer gnawing into th巴巴conomyof the State. 

Key words: Bi∞ontrol， Salvinia molesta， Cyrωbagous salviniae， impact. 

Introduction 

Salvinia molesωMitchell (Fam. Salviniaceae)， the haunting nightmare of the farmers of 
Kuttanad in Kerala has白mllysuccumbedωa tiny beetle，のrωbagoω salviniaeCalder & S姐 ds
(Curαuio凶dae:Coleoptβra)， a foreign巴rin佐oducedfrom Australia. The lion's share of也ismenacing 
weed泊 Kuttanadand other parts of Kerala has already disappeared and the farmers did have a sigh 
of relief at the throttling of this giant foe which seemed really formidable. The fact白 紙 ぬis
phenomenal biological suppression has been accomplished over a very wide紅 eaofmore白an10∞km2 

ina ∞mparatively short duration of two years adds one more feath巴rto the glorious victory. Joy et 
al. (1984 & 1985) reported the establishment of C. salviniae岨 d也e凶tialfield level success of 
biosuppression of salvinia at selected spots也 Kerala.Alm田 tten years have already p部 sedafter也is
legendary suc沼田s.It is time for a critical evaluation of血巴 wholeprogramme both from血eecological 
and from the economic angles. 

Materials and Methods 

Following the initial success and with the bright pr田:pectof vicωry， a large scale distribution 
of the weevil along wi也ahectic propaganda白roughmass media like newspapers， radio， television， 
住加泊.gcIass四， public meetings， exhibitions and extension 1印 刷 白 W邸組組ged. M佃 tof血ese
programmes were arranged in collaboration with the Department of Agriculture， Kerala. 

In the meantime， periodical surveys have been conducted in the area for白血1a'血g也eextent 
of weed control， the rate of regrowth， the profit gain of the farmers， the cut-down in fuelloss in motor 
boats， changes泊 theaql国 ticfloral pattems etc. The weevil population has also been monitored with 
the help of light traps and Berlese{fulgren fl凶即ls.

Results and Discussion 

The frrst and foremost question is whether the biocontrol agent has remained strictly h佃 t
s1脱出cto血etarget plant -salvinia. Fo武田1atelythe answer is 、Yes'.So f:民 thereis no record of C. 
salviniae attacking any other plant in Kerala under field conditions. Jay抽出姐dNagarkatti (1986) 
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reported minor feeding of C. salviniae on 抑制 potato姐 dPistia sp. under s住ess∞ndiuons. Even 
血ωeplants remained fr田 ofweevil under field condiuons. 

The extent of weed suppression was above ninety per切 ntinm佃 tareas of Kerala， paIUcularly 
泊 Kut伽 ad，eXI田 pt田 rtainwater pockets泊 Shertallai凶uk. The weed population fast deαeased to 
negligible leveIs in rivers， lakes and main canals， though in paddy fields and isolated pools of stagnant 
water， the suppression was not so quick In the former 1ωations， almost 99 per印 nt∞illtrolw但

achieved at start. But after an intβrvaI of one to two years， reinfestaUon of the weed took pIace， the 
extent of regrowth varying between one to two hectares depending on the fefUlity status and climatic 
∞illditions. However， these fr四:hmats perished again with the slow but s総adyregrowth of the weevil 
populauon within eight to twelve months.τ1国usin Kuttanad having 57632 hectares of paddy lan也，也e
cycle of regrowth and destruction of saIvinia has become a regular feature. 

百levanishing of the aquatic floating fern， saIvinia， left a vacuum泊 theecosystem of KeraIa， 
offering ample scope for othぽ aq田 ticw回 dsto push in. 祖国， a ∞nspicuous increase of Eichhornia 
crassipes had occurred. But its populauon has not yet acquired aIarining propofUons to p佃 ea伽 eat
to farming. In saIvinia fr，田 lωaliues，water lilly， 10旬s，Hydri・lla，Urticularia，陥 llisneria，Pis陶 ，Lemna
etc. are now coming up， bringing the aquauc flora of Kuttanad back ωpre-鴎 lviniadays. 

百lefaIDlers of Kuttanad have benefitted immensely by the weed kill. During the 25 years of 
salvinia infestation from 1960 to 1985，血eyhad been spending an average of Rs 236 per hectare for 
removing the weed. Solely from the 290∞ha of Kuttanad facing saIvinia menace， the weed kill could 
save Rs.6.8 million per y伺 r，virtuaIly也rowninto water for weed removal formerly. The once 
chocked navigauon canaIs were smoothed out for transporta uon，白山 savingtime組 denergy， especially 
for the natives using can侃 sand motor boats. About 25 per∞nt of ume ωt and about one litre of 
diesel cut per hour could be experienced in the weed free canals whereas血巴 canoeswhich had to be 
pulled through by four or five workers in the mat-thick canals are enjoying a smooth ride at present. 

Fishermen and fish fauna also benefited by the weed clearing. Fishing was Ufesome in weed 
inf白 tedspots and flSh growth was unsausfactory due ωpoor availability of light and oxygen for 
phytoplankton and z，∞plankton. Lime-shell collection， a major occupation泊由ear儲 W価 graveIy
obstructed by the血ickblankets of saIvinia. The weed suppression has turned out to be a real blessing 
to the lime-shell collectors. 

The risk of a biocon位。1agent turning toαop plants in the absence of preferred host plants is 
a cause for anxiety not only for faIDlers but scientists as well. But shifting host plants is not common 
among insects and particularly so for a highly host specific泊sectlike C. salviniae. If at all an al犯rnate
h田 tplant is ch佃 en，it will us回 llybe of the same family or genus. As for salvinia the only close 
relative is azolla， which need not cause a headache. 

The total eradication of either the weevil or the weed is a quesuon unlikely in a biocon住01
programme. All that can be expected is a balance between the h侶 tand the pest. Once the weed gets 
eradicated totally， the h佃 tspecific weevil will also be extinct aIong with. So far as the weed is there， 
the weevil is sure 加出riveaIong. For a sturdy weevillike Cyrtobagous， the totaI elimination企omthe
ec部 ystemis a chance far remote. Besides， KeraIa climate offers optimum conditions for the survival 
of both the weed and the insect. Supposing the weevil gets eliminated and the w田 dreappears， we can 
just see to the reintroducUon of the weevils. 

百lelevel of saIvinia suppression obtain巴din Kuttanad is beyond也巴 expectauonof many. 
UsuaIly a successful biocontrol project wins 70ω90 per cent control. But the saIvinia control project 
grabbed even 99 per cent control in some plac回.百世sr回ultsin the scarcity of food for the weevils 
組 ddrastically reduces the weevil populaUon. Once the weevil density sinks very low， the fast growing 
saIvinia quickIy makes its resurgence. The slow-breeding insect takes its own也neto ga血eradeq凶 te
strength to suppr邸 sthe weed again. This appears to account for血ereap戸ar組 問 ofsalv血iain some 
pockets at intervals. 
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We can't be definite why the weevil could achieve only a partial suppression泊 Shertallai.Most 
of th巴isolatedponds (nurnbering more也an75，α幻)泊 Shertallaiare subjectωperiodical泊filtration

of brackish water and也ismay have adversely affected the establishment and multiplication of C. 
salviniae. 

The ponds frequently田 edfor washing and bathing as well脳 paddyfields receiving仕equent
d佃 esof fertilizers， are relatively rich in nutrients. Quick regrowth of salvinia can be anticipated in 
these places leading to large scale invasion of a very large ar巴abefore the weevil gains the upper hand 
and achieves a suppression. However， the p副 ialregrowth of salvinia at various location serves to 
maintain a reserve of Cyrtobagous weevils. 

Future prospects: C. salνiniae has proved to be a friend in need， curing Kuttanad， the rice bowl of 
Kerala and other places， of a grave cancer gnawing into the economy of the state. At出isjuncture， it 
seems wo巾 ponderingover the fuωre pr田 pec飽 ofthe equilibriurn now visible in most of the areas 
where C. salviniae has well established. Will this equilibriurn be permanent? None can be sure. The 
present check is obtained by a single species of insect and if something goes wrong with the insect， the 
weed is sure to make its reappear組問 under出eextremely favourable climate and th巴 ecosystem
obtai凶nghere. What are the chances of something fatal coming up? One p偲 sibilityis也e
development of a pathogen 00 the weevi1. But we can hope that the weevil may develop resistance ω 
the pathogen because it is a sexually reproducing organism possessing built in genetic variab出tyfor 
the development of disease resistance. 

Predation too appears a p部 sibility，也ough必stant，sinc怠 thebeetles remain safely concealed 
組lOngleaf buds， Ieafaxils， Ieaf laminae and r∞，t masses. Another也ngerlies in the weed developing 
a resistance to the weevil. But in a vegetatively propagating organism， owning a uniform genetic build-
up， the potential for resistance development is little， if not凶1.

Conclusion: Our studies on C. salviniae are still going on.官leinsect population泊 Kuttanadis being 
monitored using light住apsand samples of salvinia are drawn from the field and the population 
extract吋 withBerlese/Tulgren funnels. It has been found that也eweevil population in the fields of 
Kuttanad rang四 from1 to 29 lakhs per hectare. This residual population of the weevil can and will 
keep under check the occasional resurgence of the weed in one or the other pocket. We may hope that 

the weed and the weevil will coexist in natural harmony hereafter as an inevitable part of the flora and 
fauna of Kerala. 
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Int1ucnce of ftcld crops on Growth and f10wcring of Porthenium hysterophoTUs 

S.Sankaran， O.S. Kandasamy， C. Loganatllan and N. Balasubramaniam， Schcme on Bioconlrol of weedsラ

Depar加ICntof Agronomy，うTamilNadu agricultural University， Coimbatore陶 Ml003. India . 

• ð.Þ同;m.~~t Experiments were conductcdin Tarnll Nadu agricultural University expcrill1t-'11tal fann to evalua1:e suitable 
rain.fcd crops for 1:hc rnanagcmcnt of parthcnium， to .findoutlhc sll10thcring effect of fic1d crops on thc grOwtll and 

f10wering ofthe weed and to estimatc thc yield loss due to the infcst.ation of partheninm in various fic1d crops. On 
肝 crage，maize， sorghum and snn沼加nf叫1吋{臼依10刑weぽrsi申g伊ni】i泊白c似凶釧11均i紗ys飢叩叫u叫lp】甲pr'民esscdthc pa釘.rt出.he伐叩nmmpop仰凶〉丸m刈u叫ua凶tion(ひ10.引.11mう， dry weight 

σ20 g/m~ and nnmber offlower heads (12321 parthenium weed) cOll1pared to control (31 wceds 1 m2 with 1483 g 
dry wdght and 3237 f10wcr hcads 1 parthcninm). Bccause of car1y vigor and smothering ef1:ect of these crops， 
parthenium could not able to compete much. 1he less competitive αops like pear1 mil1et， sesamnm， groundnnt and 
pulses werc greatly a1fected due to the I!tfestation of partht-'Jlitl1l1 resulting in an avcrage yield loss of more than 20 
per cent while 1:11e yield ¥055 in the above mentioned competitive field crOp5 w，出 only13.7 pcr cent. 

Key_v"-QrQ~. Pield crops， f10wer hea(i." Parthenium J:ザ'si，~"ophorus， smothering effcct， yie1d loss. 

111仕oduction

Parthlmium hysi~"中horns is an obnoxious， aggressive wecd of distmbed habitats I!l many new and old world 

<10untrics， cspeciallyin thc tropics. Despite， a plcthora of information availablc on variow邸 仰 向 oftheparthenium 
problcms， over thc last tl10re t11an thrce decades Hs rnenace has only intensillcd and not reduced ぐfripa1hiet 
al.，l卯 1).Vcry littlc attcnl.'Ion has be(.'Jl paid for systcmatic large scale eradication of1his weed by any oftlle known 
methods. 'Ihe problems associated with this weed ref1ect day by day a gloomy pictu.re. In India， long tcrm exposure 
to parthcnium wa.， observcd to cause a sevcre dermat1tis， particularly， a1though not exclusively， in adu1t males 

(Lonkar et al.， 1974). 'Ihere is a1so an incrcasing incidence ofrespiratory allergies， with seven per ccnt of a sample of 
Bangalorc residenl:s 5凶fcringfrom aIlcrgiu rhinitis due to parthcnium pollen， and 42% of su汀erer.百貨om
nasobronchial aU償問，in Bangalore scnsitive to parthenium pollenぐI'owersand Snbba Rao， 1992). 

P3r血eniumproduces enormous quantity of pollen (011 an average 624 million 1 p1a11t) which :is ca国edawayatle部 t

to short d.is泊nccin clustcr of 600-800 grains and setttes on仕1evegetative and 110ml parts， including stigmatic snrface. 
τ11e pol1en grains are reported ωi凶 i凶伽itset in crops like tomato， bril1jal， beans， capsicnm and maize (Sin仇
1993). Agricultu.rallosses can al'io be seV~'fe. In India， partheninm can ca1L'ie a yield dec1ine of up加 40% in 

昭riculturalcrops (Khos¥a and Sab1i， 1981) and u雪印PQrtedto redncc forage production in grasslands by upto 90% 

(Nath， 1988). In the Caribbean， wherc crop 10sses due to weeds average about 20% and parthenium is the fourth 
mos1: seri01L'i crop weedヲ largelybeca1L.，e ofits resi.，tance to 1he wide1y 1L.，cd herbicide paraquat (Hammerton， 1981). 
Mechanical removal of parthcnIll1l1 has v釘ylimited scope a'i i1: is not safe 1:0 come in freqnent contact同th

parth倒 um. Usil1g a harm1ess plant to displace a harmfull 1'1組 t1s c0115idered a noval approach. With血i'i

background an attcmpt wa'i made to findout the in11uence of fie1d crops on growtlt and 110wering of parthcnium 
weed. 

Ma1:eria1s and Me1hods 

Field experiments were conducted during 1991¥ -95 at Tamil Nadn Agricultural University， Co加batore. 111e 

tTe油 nentcrops included werc cercal (m枕 .e)，millcts (sorghnm and pearl mi1tet)， oilseeds (sesamum， ground.nut and 
sunf}owe江)and p曲 es(urd bcan. moong bean，soybean cowpca and pigeonp叫.The seeds were sown jn a dryland 

fie1d where仕lerewa'i natural shedding ofparthenium sccds. Rccommended agronomic practices werc adopted for 

tlte respective t.'fOpS except weed control. Separate p10t.， werc maintained to have a weed合ceand a paτthenium 
infested en由 onmentwith a relative density of more仕lan70% 10 total weed popula1ion. Parthenium population w出

rccorded using a 0.50 x 0.50 m quadratc.百1eexperiment was .laid out in a randomjz.cd block design witlt tltree 

rep1ications of 5 x 4 m plot sizc. Parthcruum population and dry maUer production was rccorded on 25 d， 50 d and 

at harvest wherea." fue flower connt wa'l recorded at harvest stage of the crop. Yield components and yield of the 

respectivc erops were recorded with adcquate caτe from tlle treatrnent plot'i. 
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Results and discusslon 

Results of 1l1e experiments are ptesented in Tables 1 and 11. 'Ihe research clearly indicated白血tgrowing of mai7-c， 
sorghum an【is1.lnf1ower句nificantlysupprcsscd the popu1alion as well as biomass production of parUleniurnσablc 
1) compared to oll1er I:rcalmen15. Intercslingly， rcduced f10wcr heads of part.heniumぐrablc1 ) was al.so observcd 
with ll1ese crops. Such a growth suppressing efJ出tof thesc crops might bc due to l.hcir smot:hcring ctTect and 
competitive superiority over parUlenulm st.md. Because of tlleir early vigor， parUlcnium cotud not: abl.e to compctc 

much for its growili and dcvclopment which resulted in rcduced t10wer heads production. However， pulc;cs (urd 
bean.， tnoong bcan， soybcan， cowpea and pigconpea) and oil sccds (scsammtl and grotmd nuりhadonly marginal 
inf1uence on parthenium， as白cyare slow growing and short statured in nature. 1'0 combat par仕lenIllmmenace， 
growing of competitive crops like fodder sorghmfl or maIzc has been recommendcd from lhe earlier research (Singh， 
1991). 

百leyield reduction due to parthenium in rnaize， sorghmtl and sunflower w田 12.3%， 14.7% and 14.1% respcclively 
ぐfable11)， which proves the cornpelitive superiority of the field crops over parthenium where回 sesamum，
groundnut and other pulses were greatly a服、ctedby ilie infcstation of p紅白enimnwced as sccn from U1C yield loss 
ofmore than 20%. Hence in dry landc;， where wceding could not be done 郎氏quired，growing of maize or sorghum 
or sunf]ower will scrve on biologica1 means of parthenium con1.rol. 

Acknowledgment Thanks are due to Depa由ncntof Biotechnolo助r，('J()vemment of India for白e街lMlciat
assis凶 ICCin conducting thc research under t:he projcct on biological con1:rol ofweeds 
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Table 1. Effect offield crops on popu1ation and biomass production of Parthenium hysterophofUs 

Parthe泊umpop凶ation(mう Parthenium DMP (gIm2
) Par血enium

Crops ーーーー--・ーー・・ー・圃』串ーー・・ーー司---・・ーー骨骨咽圃咽圃・・・・ーー骨骨圃帽幅司ーー-_.同ー・・ーーーーー咽ーー世・・ーーー -・・・・・咽・・・-司・・・・・圃・・・・・・圃・ー・・・・・・・・・・咽同------------- flower 

25 50 Atharvest 25 50 Atharvest heads I plant 

Sorghum 10.3 (1.014) 11.3(1.054) 10.6 (1.028) 0.4 127 336 1256 

Pearl millet 11.6 (1.066) 15.0 (1.17め 12.0 (1.079) 0.9 195 399 1410 

M出ze 10.0 (0.966) 10.3 (1.014) 08、6(0.93η 0.3 127 261 1058 

Sesarnum 14.6 (1.16め 21.0 (1.322) 18.6 (1.271) 1.3 315 705 2043 

Groundnut 22.6 (1.354) 25.0 (1.39乃 24.3 (1.386) 3.2 425 1074 2216 

Sunflower 10.6 (1.028) 12.3 (1.091) 11.0 (1.041) 0.7 155 363 1383 

Urdb巴m 20.3 (1.308) 24.0 (1.380) 22.6 (1.355) 3.3 416 1288 2402 

Moongbean 14.6 (1.164) 21.3 (1.329) 20.0 (1.301) 1.4 300 810 2531 

Soybean 14.3 (1.156) 18.6 (1.271) 16.0 (1.204) 1.2 261 572 2466 

Cowpea 17.0 (1.230) 22.3 (1.348) I 20.0 (1.301) 1.7 364 843 2382 

Pigeonpea 23.0 (1.361) 却 0(1.4同 |26604均 3.9 494 1234 2690 

Conせ01 23.0 (1.361) 28.0 (1.44 η31.0 (1的 1) 3.9 999 1483 3237 

(P紅白eniurnoruy) 

S.ED. 0.154 0.075 0.075 0.9 77 144 50.9 

C.D. (at 5% level) N.S 0.155 0.156 1.9 160 299 105.5 

Figures in parenthesis are Iog仕組sforrnedvalues; N.S. = Non-significance 

Table II. Estimat色dyield l05s in field crops due to Parthenium hysterophorus 

Yield (kglha) 
Crops _.両国ー-ー・・圃骨帽圃ーーーーーーーー両・・ー---ーーーー軸d圃喧困問ーーー・・ー圃骨困層 Loss in yield Percent yield l05s 

1νeed free P紅白吉凶urn 。宅命的

environment unweeded 

Sorghurn 3021 2576 445 14.7 
Pearl millet 1693 1299 394 23.3 
Mむze 3390 2974 416 12.3 
Sesamurn 300 225 75 25.0 
Groun命mt 1249 907 342 27.4 
Sunflower 1114 957 157 14.1 
Urdb包an 807 615 192 23.8 
Moongbean 884 697 187 21.2 
Soybean 1086 855 231 21.3 
Cowpea 1116 892 224 20.1 
Pigeonpea 1010 804 206 20.4 
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Studtes 08 tbe I~ffect of Competttlve plants， Euca砂p知書 1，伺:vesand 011 08 
Porthenium hysterophoTUS 

S.Sankaran， O.S.Kand出amy，C.Loganathan and N.Balasubramaniam， Schcme on Biocontrol ofweeds， D巴pa巾nent
of Agronorny， Tamil Nadu Agricultural University， Coimbatore -641 003， India. 

企Q!?単 位 Fieldexp回m州 WBSconducted to 5加dy仕1eeffect of Abutilon indicum， Cassia sericea， Cassia tom， 
Cassia oCcidelltalis， Croton sparsiflorus， Tephrosia pu中urea，巴ucalypfusfTesh and dried leaves and oi1 on the 
growth ofparfhcnium weed. Results revealed that Cassia sericea andAbutilon indicum signi.ficant1y suppressed the 

partbenium in tenns ofpopulation (l8.3/mう，dry matter production (5.8 gI plant)， leaf dry weight (3.1 glplant)， root 
volumc (3.1 m1 water displacement)， tap root lt，'ng血(11.0L'tt1) and root dry weight (0.8 glplant). EtIect of Tephrosia 
purpurea and Cassta oCcidentalis W邸 a1sosatisfactory. Euca1yptu<; lcaves and oil did not substantiaUy affect the 
g側 ninationand growth characters of parfhenium. 

Kcy.!'¥惇立命.Abuti・/onindicum，Cassia sericea， competitive plants， euca1yptus leaves，Parthenium hysterophorus. 

Inlroduction 

Parthenium， an annual he:rb w船賃rstdescribed in lndia from Pune (Rao， 1956) and now occurs in a1most all世間

states of India回 anaturalized terrorist. Native to Mexico， the p紅位1enium，wi自治 the1邸 t100 years， h出foundits 
way to AfTlca， Austra1ia and A<;ia， and now enjoys worldwide di弛ibution(H出e1e:r， 1976) ， but is not r叩orted丘om
1bauand or 0白ercountries of South -East Asia. Parthenium does not compete with established percnnial grasses 
回 itrequires bare soil to germinate. A large plant can produce more than 15，000 seed<; but do not exlubit donnancy 
(Wjl1iams and Groves， 1980). Most of the seeds germinate within two years， if condilions are suitable， although 
upto 12% ofburied seed may be viable after two years (But1er， 1984). However， the weed remained in obscurity for 
about a decade after iL" discovぽyand rose to prominence only after it<; hazardous elfecL<; on the 1ives of people 
reached intolerable leveL" 

η1ere is a growing awareness today tha1: parthcnium is a bazardous weed 1:0 crops， buman and animal heatth. 
Al白oughseverat methods have been proposed for位1esuppression of thi.s weed ， each has its own disadvantages. 
For instance， mowinglhc parthe:rlIum出 soon出 it:Ilow釘ち， though preventing seed production ， results in 
regeneration of new shoo除 leads1:0 repeated operations (Gupta and Sharmκ197η. Mechanical uprooting is 

constrained by the devclopment of derrnatitis in workcrs engaged in the opemtion (Krishnamoor仕1yet al.， 197η-
Chemica1 controL though e1fective， is temporary and needs repeated application， besides having problems of 
residucs， selectivity and cost of app1ication. Moreover， it is rathぽ impossible1:0 adopt these methods in vast 
sf:retches of wasteland. 1bese disadvantages prompt us to include competitive plantl唱 andothe:r programs as a 
component of parthenium control. 

Mal.eria1s and Method<; 

Fie1d experiment was conducted during 1994 10 study the effect of di町erentcompetitive planL<;ぐrable1)， eucalyptus 
leaves and oil 011 the growth ofparthenium hysterophorus at Tami1 Nadu Agricultura1 University experimenta1ぬm
Fresh seeds of alt the plants wcre coUected and sown in a fietd wherc partheniurn plant<; had naturat seeding with a 
spacmg of 50 x 50 cm. Treatmenf1雪 werereplicated thricc in a randomized block desi伊. Required quantity of 
eucalyptus fresh and dried teaves was unif(下mltyspreaded ovcr t:he ptot. Eucatyptu<; oil w出 貸 出.edwith equat 
volume of soap solution and sprayed as pre司 en1ergencewith a spray volume of 500 lIha. Obsぽvationswere recorded 
a1: 30，60 and 90 days after imposing t11e treafmcnt". Two bandwcedings on 30白 and60め daywere given for the 

establishment of competitive plant<;. 

Rcsult<; and discussion 

Tbc summarized results of任1eexperiment of the e1fect of competitive plants， eucalyptus leavcs and oil on 
Parthenium hysterophorus are prcsented in Tables 1 and II. Rcs叫tsof this research indicated fhat Cassia sericea 

andA何 tilonindicum 51伊 ificant1ysuppre5sed the growth and development of parthenium weed by reducing tllC 
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pop叫ationto a tune of.59.3%飢 d.52% respcclivcly， comparcd to control on 90 days aftcr sowing. Partbcnium lcaf， 
root and 1ota1命ywe恰hlヲ rootlcngl.h a<; wcll as root volume wa<; al<;o reduced considerably in a<;socialion with the 
abovc competilive plants. EfTcct of ]'，ψhrosia pu中 ureaand Cassia occidentali.v was also sa1:IsIIlctoザ・ Both 
euca1Y.I>t1!s s'cstl an<1 (lr1e(l lcaves and 011 <11(1 not Influcncc much ln rcduclng pantJ.cnlurn popUlatlon and all ottler 
growtn chamcters. 

Phenolic leachates emanating primarily from thc gemlinaling sccds of Cassia sericea (Syama'l1ll1dar Joshi， 1991) 
andAlJutilon indicum significant1y inhibit thc gemlInation of pa叶leniurnseeds. Evcn though few parthenium sccds 

still rnarlage 10 genninale， secd1ing vigor l'l significant.1y rcduccd and lhus 1.be compe1i1:Ive plants ctTcctivcly 
supprcsses partheniurn at the most vulncrable seedling stage. Allelopa111ic cffect ()f合eshlcaf lcachatcs of Abutilon 
indicum on parthcnium sccd genrunation and sccd1ing grow仕1was prcviously reported by Loganathan et 01.， 1994. 
111e yotmg seed1ing of Cassia sericea and Abuti1，οn indicum are larger than those of par仕leniurn，相自 well

developed root and sboo1. systems. 111おadvanlageenables thern to suppress the vegetative growth of p釘出enium，
dclaying l10wering and reducing 111e mm1ber of capil.lUa出 wella<; seeds (Syamasillldar Josh~ 1991). Once 
estabHshed competitive plants follows a centrifugal rnode of expansion， driving away part.henium to the periphery of 
the colony， causing its di'lappcarance from thc area in 3-.5 years. 

Successful biocontrol of partheniurn by Cassia sericea and Ahutilon indicum reduces l.he expenditure of the 
fanner in conlrol1ing pa:rtl1cniurn and avoids allergic problems in scnsi也edh1ll11釘I.Sand catt1e. In addilion they 
provides valuable firewood，仕lUSreducing thc demand of forest trees. For larger area'l， 11】esep1anb号a10nedoes not 
seem to be capable of complete wced control. An inleh-'fated weed man.agement system should thぽeforebc 
developed， giving due considcration to t1le classic manllalラ mccharucal，chemica1 arld other biocon仕01methods fi)f 

maxirnizingせl.ee臼ectofthc replacement me血od.

Acknowledgrnent: 1b.anks are due to Departrnent of Bio1.echnology， Government of India for the financial 
a'lsistance in conducting tllC research 1ll1dcr t1le schcrne on biologica1 confrol ofwceds. 
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Table 1. Summru.y ofthe resu1ts ofthe芭xpe白田nton the efIect ofvarious仕切出entsonParthenium hysterophorus. 

Partheni町npopulation(m2
) P紅白出umDMP (，gIp凶1t) Leaf dry weight (g!plant) 

Treatments 且』ー冒・ーーーーー--圃----ーーーーーーーーーーーーー----司圃ー------ーーーーー・・・ーーー・ーーーーー圃園田F -----ー・ーー圃---_.._-・圃ー----ーー園司ーーーーー，ー ーーーーーー--開園ーー圃ー--ーーーーー'ー-ーーーーー--

30 60 90 30 60 90 30 60 90 

Abutilon indicum 13.6 (1.135) 20.6 (1.315) 21.6(1.335) 0.14 6.5 6.9 0.10 3.1 3.5 

Cassia sericea 13.0 (1.113) 17.0 (1.230) 18.3 (1.263) 0.12 5.9 5.8 0.09 2.8 3.1 
Cassia tora 21.3 (1.329) 25.0 (1.39η 26町6(1.425) 0.16 15.2 14.9 0.17 5.5 5.9 

Cassia occidentalis 18.3 (1.263) 24.3 (1.386) 25.3 (1.403) 0.15 11.8 12.5 0.14 5.5 5.9 

Croton司parsiflorus 21.6 (1.335) 27.0 (1.431) 27.6 (1.441) 0.16 16.7 17.2 0.18 7.4 7.5 

Tephrosiapurpurea 16.6 (1.221) 23.0 (1.361) 24.6 (1.392) 0.15 11.4 11.9 0.11 3.2 3.7 

Euca1yptus合eshleaves 24.0 (1.380) 31.3 (1.496) 35.3 (1.548) 0.19 19.3 21.5 0.19 9.6 10.7 

@ lOtlha 

Eucalyptus dried leaves 24.0 (1.38の 33.0 (1.518) 33.6 (152η 0.21 18.7 20.8 0.19 9.1 10.6 

@2t1ha 
Pre-emergence eucalyptus 26.6 (1.42カ 34.6 (1.539) 35.3 (1.548) 0.22 22.2 22.5 0.23 9.8 11.5 
oi1 @ 4litres / ha 

Parせleniumon1y 37.6 (1.575) 39.6 (1.598) 45.0 (1.645) 0.27 23.4 25.7 0.24 11.0 12.8 

S.ED. 0.10 0.09 0.09 0.03 0.15 0.70 0.05 0.20 0.30 

C.D. (at 5% lev色。 0.20 0.18 0.18 0.07 0.30 1.40 0.09 0.40 0.70 

一一一一一」一ー 一←一一一一一一一'-

Figures in parenthesis眠 log回 nsfonnedvalues 

Table II. Slilllm釘yofthe results ofthe experinlent on位leefIect of various trea加lentson Parthenium hysteropho17.ls 

Rootvolum巴(mLwater Root length ( cm ) Root dry weight (的lant)

Treatments displacement) ーーーーー国帽ー'・ー--ーーーーー・回世ーーー・"・・ーーーーーーー ーーー-----帽ーー圃・・ー--圃，ーー圃----・ーーーー-圃帽開

ー・・胃ー・._-圃ーーーーー・・骨四ーーーー・・ーーー---ーーー--骨同，帽ーー--圃司・・ーー圃ー 30 60 90 30 60 90 

30 60 90 

Abutilon indicum 0.17 3.5 3.7 4.3 11.4 125 0.02 0.8 0.9 

Cassia sericea 0.18 3.0 3.1 3.5 11.0 11.0 0.02 0.6 0.8 

Cassia tora 0.16 4.7 4.8 4.2 18.5 19.2 0.02 1.9 1.9 

Cassia occidentalis 0.18 4.2 4.7 4.2 17.4 19.2 0.02 1.5 1.5 
Croton sparsグ017.lS 0.20 4.7 4.9 4.5 18.3 20.5 0.02 2.1 2.2 

Tephrosia purpurea 0.17 3.6 4.2 3.8 12.8 18.5 0.02 。.9 1.0 

Euca1yptus企'eshleaves 0.17 5.7 6.1 6.2 19.1 20.8 0.02 3.5 3.8 

@ 10 t!ha 
Euca1yptus dried leaves 0.18 5.5 6.0 5.7 19.3 20.5 0.02 3.1 3.6 

@2t1ha 
Pre匂 nergenceeuca1yptus 0.17 6.3 6.4 5.8 20.5 22.8 0.02 3.7 3.9 

判附
Parせ1官niumon1y 0.20 9.8 11.6 6.3 22.6 25.6 0.02 3.8 4.5 

S.ED. 0.03 0.30 0.30 0.90 1.20 0.70 0.007 0.03 0.2 

C.D. (at 5% leve1) N.S 0.70 0.70 1.90 2.50 1.60 N.S. 0.05 0.4 

」一一

N.S. = Non-sigr岨cance
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Integrated Weed "anageaent ln Pulse crops: Indlan experlence 

G. C. DE 

Institute of Agriculture， Visva-Dharati 
Sriniketan - 731 236，ωest Dengal， India 

Abstract Pulses are groωn in different soils， syste.s， 
sequences， seasons and situations resulting in a vari・d
nature and extent of infestation of different weed species 
and causing a more than 35 per cent loss of crop yield. 
Field experiments were conducted with pre-em herbicides 
(fluchloralin， alachlor and pendimethalin) alone， physical 
ωeeding (hand weeding and/of噌凶heel hoeing) alone and their 
combinations on blackgram (cv. B 76) and chickpea (cv. 
門ahamaya 1) at the Agricultural Farm， Inst. of Agriculture. 
Integration of herbicides and physicalωeeding is the most 
effective weed management， resulting in higher root 
nodulation， crop grロwth and yield but the cost is higher and 
net return is less. 

Key words Fluchloralin ， Alachlor， Pendimethalin， 
Integrated weed management， Pulses. 

Introduction 
Pulses are considered as ・sotden SX"α記九S・ for vegetable 
proteinand biological nitrogen. In India pulses are grown 
in 23.6 M ha under different types of soils， syst・AtS，
笥 equence笥 andsituations save extreme 50il reaction and ω・t
soil， producing 13‘5 M t ωith the productivity of only 556 
kg/ha (FAI， 1994)ωhile productivity of blackgram i‘412 
kg/haωhich is far less than pigeonpea (678 kgノha) a.nd 
chickpea (ゐ23kg/ha) (lal， 1989). Poor productivity 01 
pulses is aョsociated with low coverage under ・od・rn
varieties， scanty use of Rhizobium culture， use of hardly 
10% of recommended fertiliser level， only 9.8 % area under 
irrigation and very low plant protection against 
insect-pests， disease and weeds resulting in yield 
fluctuation from 50 to 75%. Under the possibility of 
improved level of management pulses are often replaced by 
apparently more remunerative crops. To achieve national 
production target of 17 M t by 1996-97 yield 伺ust be 
improved horizontal1y， vertical1y and temporally at the sa.e 
time reduction of potential yield must be minimised. 向mang
the constraintsωeeds pose a great problem and reduce yield 
to the extent of 48.3 to 8アy. in chickpea (Singh et αt. 
1985). If the weeds are controlled from the very day of 
germination for a period of three to SiKωeek笥 the crop i‘ 
able to utilize the available inputs in a betterωa.y. 
Though pre-em herbicides are available but because of 
periodicity of weed seed germination， variable soil moisture 
and difficulty in uniform application of herbicides 
ωeed-free crop field is not always achieved. All the 
herbicides are also not equally effective against all the 
weed species thus shifting of dominance of weed flora 
occurs. Herbicides pol1ute the environment， affect 
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non-target organisms and very often provides a false notion 
that intercultural operations can be dispensed with 
resulting into poor aeration of rhizosphere and reduction of 
root growth and activity. 1ntegration of chemical and 
physical methods ensures betterωeed management， crop growth 
and yield but the cost becomes higher. Present 
investigations have been designed to find out the best and 
profitable weed management techniques for 5Ummer (blackgram) 
and winter (chickpea) pulses under lndian conditions. 

"aterials and "ethods 
Field e:<periments were conducted on blackgram <Phaseol.'U.s 
'((~un.qoc v. B アゐ) during 5ummar 1991 and on chickpea (Cicer 
ar'iet印帆 cv. Hahamaya 1) during winter 1989-90 a! ~he 
Agricultural Farm"In5t. of Agriculture (located at 23~39 N 
latitude and 27"'42 E longitudeωith the altitude of 58.9 ・
above MSL)， Sriniketan， ωes七 Bengal， lndia， h&ving 
sandy-loam lateritic soil with 0.44% organic C， 305， 40 and 
112 kg/ha available N， P_O_and K_O respectively and with pH 

2 5 2 

6.0. The experiments were laid out in randomised block 
design with three replications of 12 treatme.、ts. Se・ds of 
blackgram (30 kg/ha) and chickpea (50 kg/ha) were 50ωn in 
five cm deep roωs 30 cm apart in 4.5 m X 4 m plots on A専

門ar~h and 27 November after the basal dose of 20:40:20 kgノha
of N : P 0 : K O. Herbicidesωere applied as .pray on 

5 2 

soil. Blackgram received 183 mm and chickpea experienced 
259 mm rainfall during theirア5 and 146 day field duration. 
lrrigationsωere scheduled at 15， 35 andゐoDAS in blackgram 
while at 35，60 and 80 DAS in chickpea by border strip 
method. 門alathion 0.05% was applied against insect 
infestation. 

Results and Discussion 
Nature of weed infestation 
1n blackgram broad-leaves， grasses and sedges constituted 
48，43 and 9% respectively. The predominant flora were 
Ech己凡ocれtoα cotonα Diqitαriα sαnquinatis αnd Trtαnthema. 
portu~αcαstr~. The chickpea fieldωas infested by 63% 
broad-leaves， 30% grasses and 7% sedges. The predominant 
species were Gna〆ほti~ indic~. 5.ρerq'U.tααrve九sis and 
Diqitαri αsα九q'U.inαtis. Species common to both cropsωere 
Di..qi..tαri αsαnqul九αtis. Echi九ochl.oα col.ona. Cynodon dactνl.on. 
Ec t i. ptααl. bα • 5o l. α.n~ niqr~. Phyl.l.α.n t hus n i r'l.tI' lαnd Cyperus 
rotund'U.S.刷eedpopulation in chickpeaωas about seven times 
that of in blackgram due to favourable soil moisture during 
early stage. 
ωeed population and bio・ass : 
All the herbicides were good gras$ killers. lntegration 01 
pre-em herbicides with one hand weeding (Hωwas the most 
effective in reducing weed population and biomass in both 
the crops. ln blackgram the maximum reduction 01 population 
(79%) and that of biomass (80%) of weeds were in 
pendimethalin 1.0 kg + one Hω. ln chickpea one Hωωas the 
best with 77% reduction of weed biomass. 

125 



Hodule production 
Herbicides were safe to the production of root nodules and 
produced more nodules than in unweeded control. Increased 
aeration of rhizosphere in physical 刷 eeding produced .ore 
effective nodules in both the crops. 
Yield 
ωeed management increased 38% (in tωo Hω) and 54.7% <in 
fluchloralin 0.5 kg + one Hω) seed yields in blackgram and 
chickpea respectively. Integration of chemical with 
physical method produced more pods/plant， seed and stover 
yields. However， the maximum number of pods/plant (28.7) of 
blacJどgramwas in weed-free check and in chikpea alachlor 1.0 
Ic:g + one Hωproduced maximum pods/plant (30.3) and ・ore
pods/plant were produced in physical weeding than in 
herbicides alone. ln chickpea except fluchloralin O.~ kg + 
one Hωall the physical， chemical and integra主ed 銅ethods
ωere equivalent and superior to unωeeded control in ・・・d
yield production while in blackgram one H刷 and fluchlaralin 
1.0 kg produced above 15% and al1 other treatments produc・d
more than 20% seed yield and pendimethalin 1.0 kg + one 刷

ωas the best integrated treatment in se・d yield productian. 
Econo.ics 
ωeeds incurred a loss of Rs. 2431/ha in blackgra価 and Rs. 
3187/ha in chickpea. Integrated methods were costlier thus 
net returns were less since yield increments ω・F・not
proportional to cost of treatments except in fluchloralin 
0.5 kg + one Hωin chickpea and returns per rupee invest..nt 
were meagre in hand weeding with or without herbicides.τh・
most profitable weed manage飢 ent treatmentsωere hand we・ding
twice followed by pre-em alachlor 1.0 and 0.5 kg in 
blackgram and integration of pre-em fluchloralin O.~ kQ + 
one Hω， fluchloralin 0.5 and 1.0 kg in chickpea.τh・F・fare，
it is imperative to consider economics in deciding suit&ble 
weed management technique and yield of individual crops and 
crops 1n sequence. 

Reference 
Fertiliser Association of India. (1994). 

Statistics， 1993-94， New Delhi. 
Fertiliser 

Lal， S. (1989). Pulses Production 1.n India : Perspective and 
possibilities for 2000 AD. Nat. Sympo. onNew Frontiers 
in Pulses. R & D.DPR.Kanpur・

Singh， R. C.，門.Sigh and D.R. Dahiya. (1985). Comparative 
studies of herbicides in relation to agrono側ic
practices in chickpea (Gaurav). Abs. Annual Canf. 
Indian Soc.ωeed Sci. pp. 56-57. 
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W偶 dSuce開 sl価。fLoDg酢 termAppliea伽 IDofHerbldde ln LowIand Rke System 

O.S.Kand邸 amyand S.Sankaran. Tamil. Nadu Agricultural University， Coimbatore 641 003， India. 

A~技量笠.t. Field experitnents were conducted to s加dy血.eeffect of continuous application of herbicide on weed 
grow也飢dyield of rice-rice-pulse cropping sequence over nine cropping seasons. The dominant weed species were 
MarseJia伊 adrifolia，EchinochJoa crus-gaOi， Cyperus difformis and Monochoria vaginalis. In hand w附 ee吋de吋dpμ10拘匂
Mq伊u岬a必drφI仰i臼aand anm町mua泊a1gr伊泡5SE. crt問喧匂18圃哲.gaOiwere d伽omi凶lIna捌l冶削a創nt飢由臨ee悶a包rl砂yc佼1'0叩ps.but E. crus-gaJJi with a shift to M. 
vaginalis in dicot. Continuo田 app1icationofherbicides caused a population副会食omdicot.s加monocotsp釘ticularly
grasses. Among gr部 ses，again， LeptochJoa chinensis， a di1五.cultweed to control replaced dicots and reduced E. cr抑制

gaOi. Integrated weed control and manua1 method of weeding maintained恥 yieldof rice也roughout伽 periodof 
s加dy.

~.Y.史9!Q塁・ Con'住1UOU.o;app1ication， herbicide， weed grow仕1，poptustion shift， integrated method. 

Introduction 

Herbicide u.<;e for the con往01of weedo;， espec凶lyin intensive rice based cropping system Lo; increasing becau.<;e of 
increasing cost of manual weeding. Unfortunately， due to the i:油.erent田lectivityof herbicides used in回 nsplanted
rice， a shift in the weed f10ra from armua1s to perennia1s which are often difficu1t to control is likely to occur (Kim， 
1983). In Korea， repeated application of butachlor，血iobencarband 2，4心 haveresu1ted in the predominance of 
perennial sedge， C:匂yp仰喧旬ISser仰併erotin刷usR，恥O投働:b.and EJe伽e仰ochar即制.ぜis/a耐4げIroga仰wiOhwi (仏Ahiet al.， 19i明. In J apan， a shift to 
perennial weeds after long岨 termherbicide applica柱。nhas been observed (Ueki， 1983). 1n the Philippines， annual 
applications of herbicides have resulted in E. crus-gaJJi. (L.). P.Beauv. and M vaginalis becoming minor weeds and 
Scil抑 smaritimus L.， a perennial se屯e，becoming increasingly dominant (De Dat民 197η.

11us exp釘耐lentwas conducted加 determinethe e偽 ctof corr加.uousapplication of herbicides in a rice駒rke-pu1，>c
cropping sequence on weed f10ra and its e能 cton the yield. 

Materials and Methods 

The experiment wa.o; conducted from October， 91 to 1994 at T，鉱閉1Nadu Agricultu凶 University，Experimen飽lFぽm，

Coimbatore in 1arger plot of 300 m久百lC悦 a加lento;VIZ.， butach10r 1.25 app1ied on 3 day after仕組lsplan也19(DA1) 
めllowedby 2，4 -D Na Salt 1.0 at 20 DAT (chetnical method， Tl)， butach10r 1.25 followed by hand weeding once at 35 
DAT (integrated me仕100，1'2) and harld weeding twice at 20 an.d 3.5 ])AT (rnanua1 methoo， 1'3) were s加diedin both社le
rice crops， while no weed contro1 wa.<; done in rice faUow pu1<;e crop.官lepre emergence butachlor wa.<; applied by 
broadcast mixed wiせ1SU血cientqu剖 tityof sand on 3 DAT， maintaining a thin film of water in the field. 1he post 
ernergence 2，4・ D wa.o; sprayed using a knapsack sprayer which delivered a spray volurne of 500 L ha-1

• 

Recommended packages of crop management practic出 werefollowed to出eαopsin仕le関 quence.

At the start ofthe experim聞 t.， thewhole釘caw出 uniforrntyprepared and plots of300 m2 w釘eseparated. Thereafter， 

individua1 plots were prepared to prevent weed movement between plot<;. Weeds were sampled at 50 DAT u，<;ing eight 
50 x 50 cm quadrats in each plot (replicates). 百leywere sorted by species， COluttC止命icdand wcゆted. 百lC
summed dorninance t富士io(SDR) ofthe weed species we町 computedusing the f<)llowi噌 equations:

SDR ロ Re1ativedensity (RD) 
+ 

Re1ative dry weight (RDW) 

2 

Density of a given species 

RD 
Tota1 density 

x 100 

一]29
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Grain yield was detennined企om4 m2 hruvest area 'Of8 repli()ates in the net pl'Ot area. yield were converted t'O kg / ha at 

14 per cent moisture. 

Res吋ts肌 dDiscussion 

'I1t.e 'Over.ill data 'On weed :tlora 'Ofthe experimental field recorded at the start ofthe cxperiment and after the凶inthcrop 
in. the sequence clearly indicate 1he shift in wecd tlora企omdic'Ots t'O m'Onowt..，. 111e dio'Ots whid1 were two創出irdof註1C

tota1 weed at the start 'Ofthe experiment were reduced加 onefOUIせ1during ninth crop. There were signi益C飢 tv低iali'Ons

in the change 'Ofweed fl'Ora due t'O di宜erentweedm飢 agementprac臨むsin transp1anted rice. In hand weeded pl'Ots M 
quadトゆliaand位協 ammalgrass E. crus-gaUi were dominant (44.8組 d15.5 per cent respectively) in祉関側lycrops， 
but E. ctus-gaUi constituted役1em亀jorweedof血.efield with 32.2 per cent. lhere was also a shift to M. vaginaJis (25.4 
per cent ih削 9.3per cent) fr'Om M quadrifolia. which wa.'l reduced t'O 11.3 per cent伽 m44.8 per cent. 

In the con也m'Ouslyherbicide 噌 treated pl'Ots， (chemical meth'Od 'Of contr'Ol)， caused a populati'On shill 企omdic正由。llnualweeds) in the early croppings t'O mon'Ocots. particularly gra...，ses. Am'Ong厚錨ses.the min'Or weed L. chinensis 
dominated with 67.5 SDR values. wlrich is di血.cu1tweedωcontrol.百1ecorresponding SDR va1ues f()r tl出 weedwith 
hand weeding tr，他出1entw錨 16.1.H'Owever，由ecrop ass'Ociated weed E. crus-gaUi increased t'O 32.3企om15.5 SDR 

with herbicidetreatrnent. In the later crops.血.eherbicide trea匝1entpl'Ot was irueri'Or t'O hand weeding in c'Ontrolling 

weeds. In inte仰，tedweed contr'Ol practice (herbicide十handweeding) ag純白eweed sh泊 W邸 t'Owardsmon'Oc'Ots， 
especially L. chine附 'is.though with less int叩 sitycompared to herbicide al'One位eatedploぬ

百1egrain yield were a1most equal in the earlier cropsぐrable1). Continu'Ously herbicide al'One applied pl'Ots did not 

c'Ooo'Ol thβweeds cfi:ective1y創tdcaused an weed shl食t'Operem1ial weeds. wluch resu1ted in reduced grain yie1d in the 

later crops. 官官ough'Outせteperiod 'Of study. hand weeding twi∞'Or herbicide wiせ1a f'Ollow up 1削 dweeding 

c'Ontrolled the weeds and maintained the gr叩lyie1d.
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Table 1. Effect of仕ea町lentson weeds (surnmed dorrrina.l1ce ratio)組 dcrop yield 

First crop Ninth crop 
Weed species -・ーーーーーーーー-_.・ーー・圃ー・・・--司ーーー圃ーー・・ーーーーー，岬恒聞岬・ーーー-ーー ー・・・・・・・・・・・・・・・・・・・・・・‘_.旬胆司固・_.同也-_.崎・・司・・・‘・・・・・・固・・・・_.・---・・岨・・・・・・・・・・・・・--

T1 T2 T3 'Tl _~_~~~ ___T~L~__~____T3 

Echinoch1oa crus-gallt 14.0 20.3 9.1 13.4 
Leptoch1oa chinensis 5.2 3.7 67.5 54.1 16:1 
Cyperus dUformis 7.8 5.6 16.5 23.9 12.9 
l.，{arsilea伊 adrifolia 37.4 37.9 4.2 6.7 11.3 
λlonochoria vagenalis 13.7 18.1 2.8 1.6 25.4 
Lu伽 igiaparvtflora 1.9 1.3 2.4 
。位lers 11.8 4.9 

Grain yield kg ha-1 5025 5125 5210 5820 
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Weed Successlon by Conttnuous Herblcide appll四 ttonIn Sorghum-Cotton Cropplng Sequen僻.

K.Ponnuswamy.，O.S.Kandasamy and N.Ba1asubramaruam， AICRP on Weed Con位。1Scheme， Department of 
Agronomy， Tami1 Nadu Agricu1tura1 University， Coimbatore-641003， India. 

Ab設空盛 To study出einfluenc芭 ofmanagement practices inc1uding con也1UOUSherbicide application on weed 
dynamics in a sorghum-cotton crop sequence， field experiments were conducted during kharif and rabi seasons of 
1993. 百1eherbicides a仕組neand a1ach1or were inc1uded for the first crop of sorghum， and pendimethalin and 
f1uch1oralin for the second crop of cotton in the cropping seque:nce a1o:ng with inter，はopping，handweeding and 
unweeded check. 百1efindings c1early ind.icated仕1ata仕切ne(0.25 kg) -pend.imethalin (1.0 kg) applied to the 
sorghmn-cotton cropping seque:nce eliminated the popu1ation ofbroad-leaved weeds completely but the dominance 
of Cynodon dactylon w槌 noticed. Alach10r also provided better control of weeds but w倍 phytoto泊cto sorghum 
crop. Manua1 weeding or raising intercrops had li仕leeffect on世間 con仕olofweeds. 百1eyields ofboth crops were 
increased by herbicide rotation which kept the weeds under threshold level. 
互主主笠笠ds. Crop sequence， herbicide rotation， kapas， weed dynarnics. 

Introduction 
Sorghwll・Cottonαoppingsequence is widely adopted in the North-Westem Zone ofTamil Nadu， in which weed 
con仕01challenges the farmers. Weed management in a cropping sequence Is a continuous process. Successive 
application ofherbicides have de白註teimpact on the nature ofweed species occuring in both the crops in a sequence. 
Sometimes co:ntinuous application ofherbicides in a sequence may lead to shift in weed f10ra and a pむ姐c叫arweed 
may become difficult to con仕01dlle to the deve10pment of resIstance. Vega et al.，(1971) obseIVed也at仕le
continuous application of herbicides in仕ansplantedrice con仕olIedannual weeds such as Echinoch/oa crus-galli， 
Monochoria vaginalis and 匂perusdifJormis but led to a b凶ldup of Scirpus maritimus. To know such shift in 
the sorghum-cotton crop sequence experiments were conducted under irrigated cond.ition. 

Materfals and Methods 
Fied experime:nts were conducted dl出ngkharif and rabi seasons of 1993 at Tamil Nadu Agricu1tural University， 
Coimbatore in a crop sequence of sorghwll (Co 2のandcotton (MCU 5)加山dy.the inf1uence of management 
practices 011 weed dynamics. Weed management practices such as herbicides， intercropping and handweeding were 
included for bo出thecrops. For the first crop of sorghum， herbicides吋Z.，a仕組問(A加taf50%WP) @ 0.25 kg I ha 
(Mt)，心部h10r(L邸so50%) @ 1.25 kg / ha (M2) were included along with intercropping of cO¥vpea (M3)， 
handweeding (同)and unweeded check (Ms)部 other仕eatmentsin the main plots. Unifonn handweedig was done 
in all the treatments on 20血 dayexcept in unweeded check. These plots were sub divided and悦 a加問ts吋Z.，
pend.imethalin (Stomp 30%) @ 1.0 kg I ha (St)， f1uchloralin (Basalin 50%) @ 1.0 kg I ha (S2)， intercropping with 
onio:n (S3)， ha:ndweed.ing + earthing up (S4) were inlposed to the second crop of cotton with unweeded check (Ss). 
Specieswise weed f10ra were recorded and their relative de:nsity worked out. Fodder yield for出efirst crop of 
sorghmll and kapas yield for the second crop of cott011 were recorded. 

Results and Dlscusslon 
Sorghum weed sp町 trum
111 sor封印11field， Trianthema portulacastrum and Parthenium hysterophorus in broad leaved， Cynodon dactylon 
and Echinochloa c%num in grasses were observed. 
Effect ofweed control methods on weed dynamics 
We巴dcontrol methods :influ巴ncedthe weed popu1ation. Response to weed control metho也 differed企omspecies to 
species.官leweeds like Trianthema portulacastrum and Parthenium hysterophorus were effectively controlIed by 
herbicides a仕切neand alach1or. Cynodon dac~)Jlon cou1d not be effectively controlIed by 甜 azinebut alach10r 
restricted the density considerably. Manual weeding and inter cropping trea加lentspennitted the emergence of 

broad-leaved weeds， might be due to de1ayed effect on weeds which resulted in increased dominance of Trianthema 
portuJacastrum andPat幼eniumhysterophorusぐfable1). Simil訂fi:ndingswere a1so reported by Srinivasan et al.， 
(1992) in rice based cropping system. 
E宵舵toftr回 tment露。ncrop yield 
百lefodder yie1d of sorghunl was moe and comparable under herbicide treated plots and manuaUy weeded plots due 
to conducive environment for世lecrop to grow better because of less weed popu1ation compared to unweeded 
checkぐTable1). Lacsina and De Datta (1975) reported that herbicide仕eatedplots recorded more grain yield in rice 
tllan位le1m仕eatedplots du邑tolow weed cOlmt and weed weights. 
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Cofton weedsp何 trum

In the second crop of cotton， it was seen that there w出 abωldup of Chloris barbata under all trea'加 entsbut heavy 
infestation was noticed under intercropping， hand weeded and unweeded plo包 Suchshi金inweed f10ra in rice was 
noticed for different weed control meth吋sby Vega et 01.， (1971)， de Datta (197ηand Janiya and Moody (1987). 
官lepopu1ation of Trianthema portlllacastrom and Cynodon dactylon were also not reduced to greater extend飢

these仕eatmentsbut the continuously herbicide applied treatments reduced the popu1ation of these weeds to a 
greater extendぐrable2 and 3). A shift in weed f10ra after long term herbicide application in Japan was noticed by 
Ueki (1983) and in philippines by Moody and Drost (1981) in rice crop. 
E符Uォ。ftr伺 .tmentson cofton yleld 

M出血lUmkapas yield were recorded under continuous herbicide applied situations compared to other weed con柱。l
practices such酪 intercropping and manual weeding. maximum kapas yield of 1497 kg / ha was recorded under 

alachlor -pedimethalin herbicide rotation which was on par with the rotation of a出血le・pendime仕lalin
ぐrableの.
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Trea位nents 15DAS* 30DAS* Fodder 

Tp Cd Ph Ec Tp Cd Ph Ec 
y(kiezld Aa) 

A仕azine 0.25 kg / ha 

+handweeding (20 DAS) 4.0(2.2) 25.3(4η 0.0(1.4) 120(3.0) 4.0(2.2) 26.7(4.η 0.0(1.4) 13.3(3.2) 10，100 

Alach10r 1.25 kg / ha 
+handweeding (20 DAS) 31.3(4.8) 5.3(2.3) 5.3(2.6) 2.7(2.0) 33.3(5.0) 6.0(2.5) 6.7(2.8) 3.7(2.2) 8，602 

Intercropping cowpea 

+handweeding (20 DAS) 42.7(6.6) 5.3(2.3) 2.7(2.0) 10.7(3.3) 46.3(6.9) 6.7(2.5) 5.3σ5) 6.3(2.5) 9刈7

Hand weeding加ice(20and 

40DAS) 36.0(4.1) 25.3(5.1) 13.3(2.η 6.7(2.8) 1.3(1.8) 1.7(1.6) 0.7(1.6) 6.0(1.4) 9，648 

Unweeded check 45.3(6め 24.0(5.0) 5.3(2.3) 34.0(5.9) 56.7(7固め 31.0(5.η 7.3σ.η 39.3(6.4) 5，068 

CD. (5%) 1.62 NS NS NS 1.67 2.70 NS 2.65 600 

Figures in Parenthesis areJxτ2transfomled values; DAS*・DaysAfter Sowing.Tp-Trianthema portulacas飢un;Cd-Cynodon dactylon ; 

Ph =Parlhenium hysterophorus; Ec = Echinochloa colonum. 

Table 2. Weed popu1ation (no/m") as influenced by treaむnentsin cotton 15DA型

Trea伽lents Tトianthemaportulacωtrum Cynodon dactylon 

SI S2 S3 S4 S5 SJ S2 S] S~ S5 

M1 6.0(2η 4.0(2.3) 20.7(4.4) 39.3(6.3) 45.0(6.9) 7.3(2.8) 8.0(2.9) 22.0(4.9) 30.7(5.乃 34.3(6.0) 

M2 6.0σm 6.0(2.8) 28.7(5.5ヲ 14.0(6.め 56.0(7.の 8.0(3.1) 5.3(2.5) 20.0(4.η 29.3(5目の 42.7(6の

M3 5.3(2.η 4.7(2.5) 25.0(5.1) 38.0(6.3) 58.7(7.8) 5.3(2.7) 4.7(2.4) 32.0(5.め 31.3(5.め 35.3σ.9) 

~ 3.3(2.3) 5.7(2.η 20.7(4.η 44.0(6.8) 64.0(8.1) 6.7(2.9) 5.0(2.5) 28.7(5.4) 34.0σ.9) 44.0(6.8) 

M5 6.0(2.8) 6.7(2.8) 28.0(5.4) 42.0(6.6) gQ{?OL 10.7(3""~ ~.3(~5) 23]{?0) 3旦Q(与の 31.3σ.η 

Trea加 問ts Chloris harhala Parthenium hysterophorus 

SJ S2 S3 S4 S5 S S2 S3 S4 邑

M1 6.0(2.6) 8.0(3.0) 24.6(4.8) 27.3(5.3) 36.3(6の 3.0(2.2) 0.7(1.め 20.0(4.の 24.0σ.0) 32.7(5.9) 

M2 3.3σ.1) 7.3(3.0) 16.7(4吟 27.3(5.4) 32.7(5.め 1.3(1.8) 5.3(2.5) 18.7(4.6) 16.7(4.3) 28.3σ.5) 

M3 6.7(2.9) 4.7(2.5) 20.7(4.η 32.0σ.6) 35.0σ9) 1.7(1.8) 4.7(2.5) 19.7(4.の 31.3ση 31.0σ.η 

~ 1.3(1.8) 4‘0(2‘4) 14.0(3.め 24.3(5.1) 36.7(6.1) 4内2の 3沢2.2) 18.0(4.4) 24.7(5.1) 52.7(7.4) 

M5 ~.7(2 .l) 4.0(2.3) 24.7(5.0) 34.7(6.0) 43.0(6.の 12.7(3~6) 1l.~3.0) 20.0(4.η 23.7(5，0) 31.3(5.η 

Figures in parenthesis areWすtransformed叫 ues，
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Trea伽1ents Trianthema portulacastnlm Cynodondacり，lon

SI S2 S3 S4 S雪 SI S2 S3 S4 

Mj 8.0σ.1) 5.7(2η 29.0(5.5) 42.0(6.6) 48.7(7.0) 9.0(3司2) 8. 7(3.1) 25.0(5.2) 33.3(6.2) 

M2 7.3(2.9) 7.3(3.1) 29.7(5め 44.0(6.8) 59.0(7.8) 10.0(3.5) 7.0σ.8) 22.7(4.9) 31.3(5.8) 

MJ 7.3(3.0) 5.7(2.η 26.7(5.3) 41. 7(6.6) 62.0(7.9) 6.3(2.8) 6.3(2.8) 35.7(6.1) 37.0(6.2) 

~ 5.3(2η 7.7(3.1) 22.0(4.8) 47.0(6.9) 67.0(8.3) 8.3(3、2) 7.0ο.9) 33.0(5.8) 38穴.6.3)

Ms !U(~.2) 8.3(3.2) 33.3(5.9) 45.0(6.8) 63.7(8.1) 12.3(3.η 7.7(2.9) 27.0(5.4) 32.3(5.8) 

Trea伽1ents Chloris barbata Parthenium hysterophoros 

SI S2 S3 S4 S5 SI S2 SJ S4 

M1 7.7(3.0) 9.3(3.2) 18.7(4.4) 31.0(5η 37.0(6.1) 4.7(2.5) 2穴2.1) 22.0(4.8) 27.3(5.3) 

M2 5.3(2.の 9.3(3.3) 26.0(5.2) 32.3(5.8) 43.0(6.の 4.0(2の 8.0(3.1) 23.0(5.0) 23.0(4.の

M3 7.0σ.9) 6.7(2.9) 28.0(5.4) 36.0(6.0) 42.3(6.5) 3.7(2.2) 6.3(2.η 22.3(6.9) 37.0(6.2) 

M4 2.0(1.9) 7.0(2.9) 36.0(6.0) 26.3(5.3) .39.7(6.3) 6.7(2.9) 5.3(2.η 20.0(4.の 27.7(5の

Ms 4.3(2.5) 6.7(2.9) 27.3σ.3) 38.0(6.3) ~8.0G.0) 14.0(3.8) 13.0(3.8) 2~1(5)) 31.7(5.η 

Figures加parenthesisarev~す位間的nnedva1ues; 

一ー ーー・ーーーー一'ー一一

Yield ofka戸s(kg/ha)ぬ S5 I Trea位nents

::)1 S2 S3 

M1 

M2 

M3 

M4 

lvIs 

M 

S 

MxS 

SxM 

1482 

1497 

1395 

1202 

1405 

1185 1509 

1260 1413 

1252 1233 

1192 1280 

1323 930 

SED CD(5%) 

51.4 

47.3 

105.9 

107.7 

118..5 

95.7 

213.9 

224 

一 135-

865 608 

898 527 

1040 645 

877 567 

723 443 

S5 

37.0(6.2) 

45.3(6.8) 

31.0(5.η 

41.3(6.5) 

34.7(6.Q) 

S5 

35.3(6.1) 

32.7(5.8) 

38.7(6.3) 

54.7(7め

35.0(6.g} 



Evaluat蜘 oflIerblcldes for Phy卸加IxIclty細 dWI偶 dcontl叫Inw>停S舵 dedI..owland Rla 

O.S.Kand邸側y，R.Chandrababu and S.Sankaran. Tami1 Nadu Agricul加ralUniversity， Coimbatore 641003， India. 

企恒国m，lne e臨 c1:of herbicide， herbicide m依畑町飢dtheir也neon weed control and yield of wet-seeded rice 
(α戸asativa L.)were studied inめreeexperiments in Coimbatore. 日町bicidesapplied 4 or 8 days after seeding 
(DAS) caused significant reduction in rice st:and. Herbicide mixtures redu何 d役1eplant s伽 dsubs加 tially(14 per 
cent) especially ani1ofos + 2，4 -D EE (33.4 per cent). Application ofpretilachlor (+ safen釘)目白iobencarbeither at 
4 days before seeding (DsS ) or 8 DAS gave bettぽ weed∞ntrol and higt】eryields and economics in wet-seeded 
nce. 
区室主史QJ.!l星.Herbicide， herbicide mix加re，rice s加nd，saゐner，wet.・seededrice. 

lntroduction 

In tropical Asia， rice (町)'7JlS柑vaL.) is usua1ly tr飢 spl加 Ited. 'Ihe traditional cultural prac1ices associa1:ed with 
transplan伽g釘 eex回 nely伽1e・consuming，laborious and costly. In the paucity of labour食在住ansp1anting，even 
Wld釘 adequateirrigation wat釘 avallabilitysituation， rice is being direct seeded ~命y or wet) and maintained描

irrigated lowland rice. 

Am勾orproblem encountered in the wet -seeding of rice is weed control. H飢 dwee必ngin a transplanted crop is 
relatively easy， because the seedlings are planted in rows between which血eweeder can walk (Heinrichs et aJ. 
198η. Herbicides will remain a vi凶 toolfor weed confrol in wet -seeded rice because 0血erm儲 nssuch as hand 
weeding and cultivation are impractical⑪Iavarez加 dMoody， 1979). However， herbicide selectivity is often marginal 
because of sint辺釦tiesin morphological characteristics between rice and grass seedlings of the same age (Moody 

and Cordova， 1985). 

Herbicide toxicity can be reduced by applying reduced rat:es， but白ismay be accompanied by loss of weed control 
(Mt.lrcado， 198の Varyingthe也neof herl加 dea1司plicationmay at<;oreduce herbicide伽mageto rice seedling 
(M姐Ibbayadand Moody， 198巧.官邸 s加dyw槌 conductedto detennine世1eetrect ofherbicide， herbicide tnIxtures 
and their討meof application on crop growth， weed control and yield in wet -seeded rice. 

Mat，ぽialsand methods 

Three experiments were conducted at仕lewetland of T:釘凶1Nadu Agricultural University， Coimbatore during 
summer， 1992， Kharif and rabi， 1993. A split plot d田i伊 withthree replicates w部 used. 111e住neof herbicide 
appli.cation食)nnedthe maln plot treatment.s and herbicides in the sub-plot.s. 1're-germmated rice seeds were 
broadc部 1・seededat 100 kglha onto puddled and levelled soi1. 111e field w出 irrigated4 DAS and 2-5 crn water was 
main凶ned伽 theduration ofthe crop. Fer出zerw:酪 appliedat the rate of 100 .kg N， 50 kg 1'205 and 50 kg K20lha. 

The herbicides used and their time of app1ica1ion in the expe:riments are giv叩 inthe respective table. 'Ihe calculated 
quan1ity of herbicides were mixed with sand and broadcasted on the field ei世1erbefore or after seeding白 戸e
treatrnent. ln a11 the experimentJ号 rices加ldCOWlt， weed COWlt and weed dry weights were taken from two 0.25 m-2 

quadrats per plot at 50 DAS. Rice grain yields are reported in tlha at 14% moisture content and are based on a 
harvest area of 6 m-2 

Results and discussion 

官1em句orweed sp切 iesoccurred in the exp切men飴1field were Echinochloa c1'Us-galli， Marselia quadrifolia， 
q炉問difformisand Eclipta alha. Compared to other仕ea加 ents，herbicide and ht.'Tbicide mixture app1ied 6 DAS 
caused 蜘 ndreductionσ'ables). Stand、reductiondue to herbicide app1ication at 6 DAS in wet seeded rice has been 
repo巾 dby Imperial (1980). 

Among the herbicides， a:凶Jofoseither singly or in combination with 2，4 -D EE caused subs加 11ialstand reduc1ion at 
higher and lower doses. Moody (1984) warned about the like1ihood ofherbicide toxicity to wet“ seeded rice when 
2，4咽 Disadded to residual soil applied herbicides such部 thiobencarb.Use ofgranular formulation of2，4・DEEor 
readymix formulation of anlloあsplus (aniloあs+ 2バ“ D)dld not appreciably improved the selectivity (IめleII and 
IlI) 
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Var折時 effect'lhave been recorded with weed dry weight under different倫neof application of herbicides. lbi'l 
mゆItbe due to variations in the weed flora and density observed in different se幽 onsofe:却ぽUsentation.Compared
胎批o白.erherbicide5， pre幽 .chlor(5a伽 .er)significant1y reduced weed weight over seasor凶伺hles).Weed we単出

were genera11y lower with single herbicide application at medium mtes compared to herbicid告m政岡部 atlower rates. 
This might be due to reduc吋 plants凶 dcaused by increased crop phytotoxicity w拙1herbicide mixtures and 
conseqUetlt resources availability for weed grow仕1.

官1eyiel，也ref1ectせ1eintemction between the d唱reeofw問 dcontrol achieved with a partiou1ar herbicide trea加 ent
and the d噌reeofぽop也m昭e註caused. Less effective weed control combined with crop白m昭ecaused by 
釦姐o伽+2，4 -D EE resulted high yield reduction cornpared加せ1ehighest yiel，伽gherbicide trea加lents(see weed 
index). Yields were best in the plo包treatedwith a single herbicide appH叫 oneither at 4 DBS or 8 DAS. Diop and 
M目泊Y(1989) observedめ'atherbicides applied 3 DBS reduced rice stand and yield and recornmended application 
dぽ 6DAS. Application of pretilachlor (safener)自 治iobencarbat 4 DBS or 8 DBS resulted加 betterweed control 
and yields. 

百1eeαm倒凶cana防sis(B:C 酬の ofthe世間tgof herbicide application revea1ed the advantage of herbicide 
application at 4 DBSぽ 8DAS如 wet・seededrice. The econornic returns were a1ways h単1estwith pretilachlor 
(safc叩 er)application.百1enext best hertiicide would be曲iobencarb.官悶'efore，be抗erweed control and yield with 
higher selectivity in wet seeded ri.ce could be ob匂inedby application of pretilachl，ぽ (S8命ner)at 0.30 kg/ha or 
刷obenc助成1.25均ゐaat 4 DBS or 8 DAS with a follow up hand weeding. 
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Table 1. Effect ofu:eatrnents on stand count， weed weigl札yieldandeconomics ofwet 民自dedJice IR.50， summer 1992 

Trea町lentdetむ1s

1ime ofherbicide application 
4 days before sowing (4 DBS) 
4days a食ersowing (4 DAS) 
8 days a金ersowing (8 DAS) 

SED 
CD5% 

日銭出強

0.07 
NS 

4.3 7.8 
11.9 21.7 

TIuob則的1.25kg ha'l tb HW  53.5 (1.73) 230 359 
Pretilachlor 0.45 39.9 (1.60) 254 376 

(sa免閣の | 
Anilofos 0.40 54.7 (1.74) 191 2間
百iobencarb0.75十 M 心EEOωkgha，ltbHW! 62.2(1.79) 211 303 
Pretilachlor 0却十 2，4-DEE 0.40 kg 11a，1ぬHW 55.9 (1.7の 213 342 
必世Of050.30 + 2，4心 EE0.40 kg ha'l tb HW  72.0 (1.86) 143 222 

SED 0.03 5.6 10.3 

C D5%L  . .. 0.07__--.l' 11.5 21.0 
Figures in parenthesis町 logtransformed values; tb -fuIlowed by; HW・H釦.ldwe己ding

0.08 
0.23 

4.70 
4.97 

3.72 
3.93 
4.34 
2.75 

0.11 
0.23 

Table 1I. Effect of出制le陥 ons回 dcount， weed weight， yield and ecoIlomics ofwet seeded rice ADT 36 ，Kharif， 1993 

Weed I B:C ratio 
index (% 

0.02 2.29 

16.2 1.95 
2.30 

0.05 2.43 
2.56 

25.1 2.03 
20.9 2.16 
127 2.34 
44.6 1.56 

Treaむnentdetむ1s We己md2&(5y0wDsA18Sh)t i | PaliicleUH12Gram yielduread index ! 

.E I m< (50 DAS) J 1m" i~ DAS) L t i ha (%) 

Time ofherbicide application 
2 days before sowing (2 DBS) 
6 days after sowing (6 DAS) 7.0 (0.72) 187 562 5.64 0.2 
8 days after sowing (8 DAS) 14.0 (1.02) 

SED 
CD5% 0.14 NS 60.5 0.60 一|

HerbicideE 
百世obencarb1.25 kgha'l tb HW  5.4 (0.5の 214 571 5.92 ・ 2.91
Pretilacluor 0.30 " 3.8 (0.44) 251 649 5.85 1.1 2.90 
(safener) 
A瓜lofos(2G) 0.40 11 9.0 (0.03) 249 605 5.65 4.5 2.83 
TIuobencarb 0.75 + 2，4 -DEE (4 G) 0.40 kg 11a，1 7.7 (0.80) 225 557 4.83 18.4 2.35 
tbHW 
Pre曲 chlor(safener) 0.20 + 2，4・DEE(4G) 0.40 
kgha・ltbHW
Anilofos plus 0.32 + 0.24 kg ha'l tb HW  23.5 (1.31) 187 483 5.31 10.3 2.57 。eadymixAnilofos + 2，4・ D)

SED 0.08 42.0 47.2 0.32 . -
CD5% 0.17 85.7 96.4 0.65 . 

1コ'iguresin parenthesis are log transformed values; tb -foIlowed by; HW・Handweeding 
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Table III. Effect oftrealm己nts01¥ stand cOlmt， weed weight，刊号ld回 deconomics ofwel see山drice ADT 36，Rabi， 1993 

Time ofherbicide aoplication 
4 days hefore sowin喜(4DBS)
6 days after sowing (6DAS) 
8 days after sowing (8DAS) 

SED 
CD5% 

塩単単主主
百世obenc訂'h1.25 kg ha-1 fb HW 
Pretilachlor 0.30 
(safener) 
Anilofos (2 G) 0.40 
百社obenc釘'h0.75 + 2，4 -DEE(4G) 0.40 kg ha-1 fb 
HW 
Pretilachlor (safener.) 0.20 + 2，4 -DEE (40) 0.40 
kgha-1 fbHW 
Anilofos p!us 0.32 + 0.24 kg ha-1 tb HW 
(read戸nixAnilofos + 2，4 -D) 

SED 
CD5% 
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2.66 
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Effect Of Trifluralin On Rhizoctonia solani AG4， 
Causal Agent Of Soybean Damping off 

M. Montazeri and A. Hamdollah-Zadeh 
Agricultural Research Center，Gorgan 49165-363，Iran 

Abstract Effect of trifluralin on development and virulence 
of Rhizoctonia solani AG4 ， and reaction of soybean to the 
fungus was investigated. The growth rate of R solani AG4 on 
malt agar had negative relationship with increasing rate of 
trifluralin.The herbicide had no effect on virulence of the 
pathogen against soybean.ln the soil treated by triflurali~ 
incidence of soybean damping off caused by R. solani AG4 was 
significantly more than in untreated soil. Results showed 
that trifluralin increases the susceptibility of soybean to 
the fungus. 
Key words:Trifluralin， Rhizoctonia solani AG4， Damping off， 
Soybean， Fungus 

Introduction 
In the soybean fields of the Gorgan area ， in north part of 
Iran ， trifluralin is applied more than other herbicides.ln 
the other hand ，incidence of soybean damping off caused by 
Rhizoctonia solani Kuehn anastomosis group 4 1 is a common 
disease in the fields(2). 
Trifluralin is strongly absorbed on soil and shows negligi-
ble leaching(3). Major effects of dinitroanilin herbicides 
(including trifluralin) are on root growth which they stop 
by interfering with mitosis and preventing normal cell wall 
formation(4).An increased incidence of R. solani on cotton 
in soil treated with trifluralin has been reported(l). 
Based on our observation， the application of trifluralin in 
the soybean fields of this area， resulted to increasing the 
occurrence of the disease. This report shows the results of 
investigation on the effect of trifluralin on growth and 
virulence of R. solani AG4 and changes in resistance of the 
host to the pathogen. 

Materials and Methods 
Effect of the trifluralin (Treflan EC 48亀 ai)on growth of 
Rhizoctonia solani Kuehn AG4 was tested on malt agar to 

which the herbicide was added at 0， 50， 100 and 200 ppm (by 
six replicates)，after an autoclaving of the medium.The dia-
meter of the fungal colonies was measured after four days 
incubation at 24 C. 
Effect of trifluralin on the virulence of R solani was 
investigated by sowing the soybean cv Wil1iams in the soil 
inoculated by the fungal colonies which were grown on malt 
agar treated with the herbicide at 0-200 ppm.The experiment 
was conducted by six replicates.The pots were kept in a 
temperature-controlled (25-27 C day， 20-22 C night) green-
house.Disease incidence was determined by assessment of the 
percentage of plants affected by pre-emergence and post-
emergence damping off up to 14 days after planting. 
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To test the hypothesis that trif1ura1in increases the 
susceptibi1ity of soybean to R solani ，seed1ings were grown 
in steri1ized soi1 either treated with trif1ura1in ( at 0 ， 
0.5 ， 1 and 2μ9 ai/g soi1) or 1eft untreated. After seven 
days ， the see~lings were removed ， washed and rep1anted in 
steri1ized soi1 free of the herbicides but infested with R 
solani AG4.The percentage of the p1ants affected by damping 
off was determined up to 21 days. Then the pathogen was re-
iso1ated from diseased p1ants. 

Resu1ts and Discussion 
The app1ication of trif1ura1in to the ma1t agar， associated 
with reducing growth of R solani AG4.The growth rate of the 
fungus had negative re1ationship with increasing of the 
herbicide (Fig.1). 
Data presented in fig.2，shows that trif1ura1in did not have 
significant effect on the viru1ence of the pathogen toward 
soybean cv Wi11iams. 
The seed1ing of soybean grown in the soi1 treated with 
trif1ura1in were more susceptib1e to the pathogen than 
those grown in untreated soi1 (fig 3). 
The resu1ts of this investigation revea1ed that ， a1though 
trif1ura1in suppressed deve10pment of R solani Ag4 ， but 
increases the susceptibi1ity of the host to the pathogen 
in soi1.rt may be re1ated to the effect of the herbicide 
on prevention of ce11 wa11 formation (4).Whi1e， trif1ura1in 
had no effect on viru1ence of the fungus. 
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Fig.1. Effect of trif1ura1in on growth of 
Rhizoctonia solani AG4 on ma1t agar after 
four days at 24 C. Va1ues are average for 
six rep1icates. Contro1 ( no herbicide )， 
average diam=7.1 cm，significant1y differ-
rent from trif1ura1in treatments (p=0.05) 
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Fig.2.Percentage of infected seedlings 
in soil inoculated by fungal colonies 
which were grown on malt agar treated 
by trifluralin，after 14 days.There was 
no significant difference between the 
fungal colonies ( P=O.05 ). Values are 
average for six replicates ， each con-
taining five seedlings. 
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Fig. 3. Effect on susceptibility to 
Rhizoctonia solani AG4 of soybean cv 
Williams pretreated with trifluralin 
and then inoculated with the pathogen. 
Values are averages for six replicates， 
each containing five seedlings. 
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