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Foreword

F a rm e rs  e v e ry w h e re  se a rch  fo r w a y s  to  w id en  th e  n a rro w  m argin  o f  profit 
b e tw e e n  p ro d u ctio n  co s ts  an d  c ro p  re tu rn s . W e e d s  ca u se  m o re  yield  lo sses  in  
ricefield s than a n y  o th e r  p est. C o st-e ffe c tiv e  m e th o d s  fo r co n tro llin g  w e e d s  
co u ld  h elp  p re se rv e  p rofits  an d  in cre a se  yield s.

T h e  a u th o rs  h a v e  d e sig n ed  th is  b o o k  to  p ro v id e  p ra ctica l in fo rm a tio n  on 
co n tro llin g  w e e d s  in th e  m a n y  d iffe re n t rice  cu ltu ra l sy stem s, u sin g  a n  in te­
g ra te d  m a n a g e m e n t a p p ro a c h . It is e x ce p tio n a lly  co m p re h e n siv e , a n d  ca n  be 
used  a s  a tex tb ook , a s  a  field g u id e , a n d  as a  m a n u a l fo r m a k in g  d e c is io n s  in 
c ro p  m a n a g e m e n t.

T h e h an d b ook  h as b een  esp e cia lly  d esig n ed  to  facilita te  in e x p e n siv e  tra n s ­
lation  a n d  co p u b lica tio n . C o n ta c t  C o m m u n ica tio n  and P u b lica tio n s S c rv ic c s ,  
IRRI In fo rm atio n  C e n te r , for p e rm issio n  an d  assis ta n ce , a t  n o c h a r g c , in  an y  
a ctiv ities  to  e x te n d  its b enefits to  rice  w o rk e rs  w h o  read  la n g u a g e s  o th e r  th an  
English .

K la u s  L a m p e  
D ire c to r  G e n e ra l



Preface

W eed s a r c  an  im p o rta n t con stra in t to  in cre a sin g  y ie ld s  w h e re v e r  rico is g ro w n , 
an d  rice re se a rch e rs  h av e  c re a te d  a g re a t  a m o u n t o f  u sefu l scien tific  in fo rm a­
tion on  w e e d  co n tro l. T h at in fo rm atio n , h o w e v e r , is s ca tte re d  a m o n g  m an y  
jou rn als , b o o k s, an d  rep o rts  th at a re  n o t a lw a y s  a cce ssib le  in tropical 
co u n tries. T h e resu lt is n o  read ily -a v a ila b le  s o u rc e  o f  p ra ctica l in fo rm atio n  on  
w eed  con tro l for m a n y  n ational a g ricu ltu ra l d e v e lo p m e n t p ro g ra m  w orkers.

This h an d b o o k  s u m m a riz e s  im p o rta n t in fo rm atio n  on  w e e d  co n tro l in rice. 
O u r intent w a s  to  p ro v id e  essen tia l, p ra c tica l, u p -to -d a te  in form ation  for use  
b y  rice  re se a rch e rs , ex ten sio n  w o rk e rs , fa rm ers , te a ch e rs , an d  stu d e n ts .

P ub lication  o f  this h an d b ook  w o u ld  h a v e  b een  im p o ssib le  w ith o u t the  
a ssis ta n ce  an d  su sta in in g  in terest o f  s o  m a n y  p e o p le , it is im p ossib le  to 
m en tion  th em  all h ere . It is w ith  p ro fo u n d  g ra titu d e  th at w e  ack n o w le d g e  
th o se  w h o  h elped  u s co m p ile  the m a te ria l an d  th o se  w h o  co n trib u te d  to  
im p ro v in g  the p resen tation .

W e  sp ecifically  th an k  D r. Jam es I-. f lill, e x te n sio n  a g ro n o m ist, U n iv ersity  of  
C aliforn ia  at D avis, U S A ; D r. S h ooich i M a tsu n a k a , p ro fe sso r  of p esticid e  
scie n ce , K ob e U n iv ersity , Ja p a n ; Dr. M a rco s  R. V e g a , v is itin g  p ro fe sso r in 
w e e d  scien ce , U n iv ersity  of the P hilip pin es a t  L os B an o s (U P L B ); D r. A u rora  
M . B altazar, affiliate assis ta n t p ro fe sso r in w eed  sc ie n ce , U PLI3; and D r. D. H. 
D ren n an , D ep artm en t of A g ricu ltu ral B o ta n y , U n iv e rsity  of R e a d in g , U . K„ for 
e x te n siv e  re v ie w s of the m a n u scrip t a n d  for th eir v a lu a b le  s u g g e s tio n s  (or its 
im p ro v em en t.

W e  thank Dr. K eith M o o d y , M s. M a ria n  L la g a s , M r. P au l B ern aso , and  
M r. T co d o ro  M igo  o f  the In tern ation al R ice R e search  In stitu te  (IR RI) for their 
assis ta n ce  in co m p ilin g  the m aterial.

W e  a re  g re a tly  a p p re cia tiv e  of Bill B. F isch er, farm  a d v is o r, F resn o , C alifor­
nia, U SA , a u th o r of G r o n w  Weed Identification Ilandbook, an d  D r. 1 lill for their 
help  in se cu rin g  p h o to g ra p h s  o f  im p o rta n t w eed s.

O u r sin cere  a p p recia tio n  g o e s  to M r. W a lte r  R oc'kw ood for th e  final editing  
o f  th e  m a n u scrip t an d  for insightful s u g g e s tio n s  th a t m a d e  th e  h an d b ook  
m o re  read ab le.

W e  also  a ck n o w le d g e  th e  h elp  of G e m m a  Q . L u c e ro  fo r initial ed itin g  and  
p ro o fre a d in g ; C o ra /o n  B am b ase  an d  R osalin a G ab riel fo r carefu l typ in g  
th ro u g h  several d ra fts ; an d  R am on  Q u iz o n  fo r p re p a rin g  the illustrations.

Fin ally , o u r  th ank s to  the staff of th e  In fo rm atio n  C e n te r , IRRI, for 
p r o d u c i n g  t h i s  b o o k .

K w esi A m p o n g -N y a rk o
S. K. D e D atta  
IRRI Ju ly  1990



Chapter 1

Significance of weeds 
in rice farming

Table 1.1. Cultivated species o f ilc e  evolved from w eedy wild species (adapted from Chang 
197$).

South and Southeast Asia  Tropical Africa

Wild perennial 0. rufipogon Griff. 0. longistaminataA. Chev. & Rochr.
Wild annual 0. nivara S liarm a & Shastry 0. barthii A . Chev.
Cultivated annual 0. sativa 0. gtabcrrims

W e e d s  o r e  p lants  g r o w in g  w h ere  
th e v  a re  n ot  w a n te d .  A w eed  in on e  
p la ce  m a v  b e  a useful food, feed, or  
m e d ic in e  in an o th e r .  T h u s ,  a plant  
s p e c ie s  c a n n o t  bo classified as a w eed  
u n d e r  all con d itio n s .  M an y plants,  
h o w e v e r ,  a r e  classified as w e e d s  
e v e r y w h e r e  they o c c u r ,  b ecau se  they  
c o m m o n l y  g r o w  o n  regularly  tilled 
a r e a s  s u c h  a s  ricefields.

M a n y  w e e d s  c o -e v o lv e d  with  
c r o p s  a n d ,  in s o m e  cases , w e re  
a n c e s t o r s  of c u lt iv a te d  plant species.  
Tor e x a m p l e ,  th e  wild rices O ryzn  
/>m ih ii  a n d  ( ) .  lo n ^ iita iiiiiin lo  are  
a n c e s to r s  o f  cu lt iv a te d  O. ^Inbcrriinn  
in A frica .  T h e  wild rices  O. rufipogon  
a n d  ( ) .  i iiv n n i  a re  a n ce s to rs  of 
c u l t iv a te d  O .  sdf/;vi in Asia  
(T a b le  1.1).

The p r e v a l e n t  w e e d s  in ricefields  
a r e  o f te n  le g a c ie s  o f  p re vio u s  years '  
c r o p s — s e e d s ,  rhi/.um es, tubers,  an d  
b u lb s  s u r v i v i n g  in the soil. T h e  w e e d  
flora in a ricefield  is greatly  influ­
e n c e d  b y  th e  rice  cultu re  practiced .  
C o n t i n u o u s  r i c e  w ith  an  u n ch a n g e d  
c u l tu ra l  s y s t e m  e n co u ra g e s  the  
b u i l d u p  o f  w e e d s  a d ap ted  to that  
s y s t e m .  In c o n t r a s t ,  w h e re  c rop  
ro ta t io n  is p ra c t ic e d ,  a d iverse  w eed  
tlora  w ill  re s u lt .  Perennial w e e d s  
in c r e a s e  in n on lilled  ricefields.

Table 1.2 . Yield losses due to  uncontrolled 
weed grow th  In different types of rice  cu lture in 
the Philippines (sources: IR R I 1977 to  1988).

Yield Expori-
Type of rice culture loss merits

(mean %) (no.)

Irrigated
Transplanted 48 42
Water seeded 44 1
Direct seeded 55 28

Rainfed lowland
Direct seeded (dry seeds) 74 11
Direct seeded on 61 7

puddled soil
Transplanted in puddled 51 9

soil

Rainfed upland
Broadcast or drilled 96 16

Effects o f weeds
W eed infestations p rim a rily  con stra in  
rice p rod u ctio n  by  re d u cin g  grain  
vield. Yield re d u ctio n s  c a u s e d  by  
uncontro lled  w e e d  g r o w t h  th ro u g h ­
ou t  a c r o p  season h a v e  been  esti­
m ated  to be  from  4 4  to 9 6 7 r ,  d e p e n d ­
ing on  th e  rice cu l tu re  (Table 1 .2).  In 
practice ,  a lm o st  all fa rm e rs  control  
w e e d s  in their ricefields. W o r ld w id e ,  
s o m e  10(/< loss of rice yield can  be 
attributed  just to w e e d s  that g r o w

a fte r  w e e d  con trol .  T h ese  lo sse s  can  
a m o u n t  to 4 6  million t (based o n  1 9 8 7  
w o rld  rough  rice  p ro d u ct io n ) .  T h e re  
is considerable  v a r ia tion  in y ie ld  loss  
to  w e e d s  a m o n g  countries.

T h ere  is a n e e d  to im p r o v e  fa r m ­
ers '  w eed  con tro l  practices .  I m p r o v e d  
w e e d  m a n a g e m e n t  will co n tr ib u te  
significantly to fu tu re  g a in s  in  rice  
yield in m a n y  cou ntries.

Increase In rice p ro d u ctio n  c o s ts

T h e  cost  of rice w e e d  c o n tro l ,  i n c l u d ­
in g herbicides, cu l tu ra l  a n d  m e c h a n i ­
cal  practices, a n d  h a n d  w e e d i n g ,  is 
estim ated  to be a b o u t  5 ‘/< o f  w o r l d  
rice prod u ction  a n d  a m o u n t  to  
U S $ 3 .5  billion a n n u a lly .  W h e n  the  
1 0 ' I  loss of r o u g h  rice  g ra in  y ie ld  is 
a d d e d  to  this c o s t ,  th e  w o r l d 's  total  
estim ated  cost  for r ice  w e e d s  a n d  
their control a m o u n t s  to 1 5 ‘/< o f  total  
an n u al  p ro d u ctio n — v a lu e d  a t  
U S$10 .5  billion (b a s e d  on  1 9 8 7  
a v e r a g e  e xp ort  p r ic e s  at B a n g k o k ,  
T hailand, for 5'/< b ro k e n s  w h i l e  rice  
U S $ 2 3 0 /1 ,  IRRI 1988b).

Significance of weeds 1



Table 1.3. W eeds as secondary hosts for d iseases, insects, and nematodes of rice.

D isoasc/m soct Host weeds Reference

Rico dwarf d isease (virusj Echinochloa crus-galh Ou (1985)
Rico stripe d isease (virus) E. crus-galh 

Cynodon dactylon 
Setaria viridis 
Digitaria adsccndcns

Ou (1985)

Rice yellow dwarf (virus) Paspalum  distichum  
Lcptochloa chmensis 
Leersia hexandra 
//operate cylindrica

Ou (1985)

R icc hoja blonca (virus) Lcptochloa  spp. 
Digitaria spp.

On (1985)

Bacterial leaf blight L  chincnsis On (1985)
(Xantftom onas canipestns  pv. oryzae)
Brown spot C. dactylon
[Cochhoboius miyabcanus) L. hexandra 

Digitaria sangumahs
Ou (1985)

Wtnte tip S. viridis Ou (1985)
[Aphclcnchoicfcs orysac) Cypcrus ina 

I. cylindrica
M cloidogyno  (nem atodes) Fim bristylis miliacca 

Echinochloa colona
Ou (1985)

Rice grassy stunt virus L  hexandra tRRI (1988a)
(transm itted by brown C. dactylon
pianthoppor Nilaparvata logons) Cyperus rolundus 

E. colona
Monochoria vaginalis

Rice tungro associated viruses C. rolundus  
F. mihacea 
Oryza longistaminata 
Oryza barthii

IRRI (1988a)

Nym phula dopunctahs  (Avenee) L. chmensis IRRI (1986)
(ease worm) L. hexandra 

Iscliaem um  mgosuni

W e e d s  a s  se co n d a ry  
h o s ts  for p e s ts

W e e d s  in d ir e c t ly  limit p rod u ctio n  by  
s e r v i n g  a s  h o s ts  for o rg a n ism s  that  
a d v e r s e l y  a ffe ct  rice. W e e d s  provide  
fo od , s h e l te r ,  a n d  re p ro d u ct io n  sites 
for  in se c ts ,  n e m a to d e s ,  p athogen s,  
a n d  r o d e n t s .  T a b le  1.3 lists w eed s  
th at  s e r v e  a s  a l te rn a te  hosts  to rice  
p ests .  T h is  in d ica te s  th e  im p ortance  
ol r e c o g n i z i n g  w e e d s  as seco nd ary  
h o s ts  for  p e s ts  an d  of re m o v in g  
w e e d s  f r o m  th e  m a rg in s  of ricefields  
to  p r e v e n t  c o n t in u e d  infection of the 
rice  c ro p .

Effects on h a rve stin g  and 
grain  quality
W e e d s  h a m p e r  rice h a rv e s t in g  an d  
increase  h arvest  cos ts  th ro u g h  d ire c t  
interference  w ith  the h arvestin g  
op e ra tio n  an d  b v  c a u s in g  lod gin g.  
W e e d  seeds  c o n ta m in a te  ro u g h  rice,  
th u s  red u cin g  g ra in  quality  and  
m a r k e t  value.  F o r  e x a m p le ,  the w e e d  
red rice has a p ig m e n te d  la y e r  that  
sh atters  easily an d  readily  
c on ta m in a te s  r o u g h  rice. R e m o v in g  
all traces  of th e  p igm en ted  layer  
req u ires  intense milling an d  re su lts  in 
d e cre a se d  grain  quality  an d  l o w e r  
milling rates.

S o cia l co sts of w e e d  co ntrol
T h e  d ru d g e ry  of w e e d in g  an d  lab or  
sh o rta g e s  have m a d e  rice fa rm in g  
u nattractive .  In m o st  tropical  c o u n ­
tries, farmers s p e n d  m o re  t im e  on

w e e d in g ,  by hand  o r  w ith  sim ple  
tools, than on a n y  o th e r  fa rm in g  task.
1 land w e e d in g  1 ha of r ice  requires  
fro m  100  to 7 8 0  lab or-h ou rs  p e r  c rop ,  
d e p e n d in g  on th e  rice cultu re .

A q u a tic  w eed problem s
N u trie n t  availability an d  favorable  
te m p e ra tu re s  th ro u g h o u t  th e  year,  
e specia lly  in th e  tropics,  a l lo w  lu x u ri­
an t aq u atic  w eed  g r o w th  in flooded  
ricefields. N o x io u s  a q u a tic  w e e d s  
h a v e  increasingly infested  
i m p o u n d e d  w a te r  in th e  tropics.
1 le a v y  aquatic  w e e d  infestation  
c a u s e s  exce ss ive  w a te r  loss th ro u g h  
e v a p o ra tio n  an d  im p e d e s  w a t e r  flow  
in irrigation canals .  In s o m e  cases ,  
aq u atic  w e e d s  m a y  b e a health  
h azard  to p erson s  living n e a r  
im p o u n d e d  w ater .  Fo r  e x a m p l e ,  the  
association  of th e  w e e d  C crn top lu jlh in i 
ih’iih’i f i in i  w ith  the in te rm e d ia te  host  
snail of sch istosom iasis  (b i lh a r / ia )  
B u lin iis sp. is w ell d o c u m e n t e d .

Rice-weed com petition
W e e d s  interfere w ith  rice g r o w t h  b y  . 
c o m p e t in g  for o n e  o r  m o re  g r o w t h -  
l im iting re so u rce s ,  su ch  as light,  
nutrients,  and w a te r .  A lle lo p a th y  
(chem ical  p ro d u ctio n  by  livin g or  
d e ca y in g  w eed  plant t issu es)  m a y  
also  a d versely  affect  the g r o w t h  o f  a 
n eighboring rice plant.

Rice an d  rice w e e d s  h a v e  s im ilar  
re q u irem en ts  for  g r o w t h  a n d  d e v e l ­
o p m e n t.  C o m p e ti t io n  o c c u r s  w h e n  
on e  of the limiting re s o u rc e s  falls  
sh o rt  of the c o m b in e d  r e q u ire m e n ts  
of both . The d e g r e e  of r i c e -w e e d  
com p etit ion  d e p e n d s  on  rain fall ,  r ice  
variety ,  soil factors,  w e e d  d e n s i ty ,  
d u ration  of rice a n d  w e e d  g r o w t h ,  
c ro p  a g e  when w e e d s  s ta r te d  to  
c o m p e te ,  and n u tr ie n t  r e s o u r c e s ,  
a m o n g  oth er  variables .
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C u ltu ra l p ra c tice s  g re a tly  a lte r the  
co m p e titiv e  re la tio n sh ip  b etw een  rice  
am i w eed s. T h u s , d ifferen t cu ltu res  
(irrig a te d , rain fed  lo w la n d , u p lan d , 
an d  d e e p w a te r ) will b e subjected  to 
d ifferen t k in d s and d e g re e s  of w eed  
c o m p e titio n . T o  u n d e rs ta n d  this 
co m p e titio n , it is essen tial to  k now  
th e  g ro w th  re q u ire m e n ts  of rice and  
helpful to  k n o w  the g ro w th  req u ire­
m e n ts  o f  w e e d s.

Growth requirem ents 
o f rice
R ice g ro w th  v a ries  w ith  clim atic  and  
c u ltu ra l co n d itio n s . G ro w th  d u rin g  
th e  first 6  w k  is s lo w . D ep en d in g  on 
m o istu re  av aila b ility  an d  te m p e ra ­
tu re , a seed  m a y  ta k e  5 -2 0  d to 
g e rm in a te  a n d  14-22 a d d itio n a l d ay s  
to  re a ch  th e  4 -le a f  se e d lin g  stag e . The  
to tal leaf a re a  o f  a s ta n d in g  rice  cro p  
a t  f lo w e rin g  d e te rm in e s  its phulo- 
s v n th e tic  c a p a c ity  fo r sp ik cle t filling, 
an d  th u s  d e te rm in e s  th e  grain  yield . 
T illerin g  c a p a c ity  is a lso  im p ortan t 
b e ca u se  n u m b e r  of p an icles  is a 
p rin cip a l c o m p o n e n t in d eterm in in g  
g ra in  y ie ld .

Lig ht

T h e lig h t re q u ire m e n t of rice v a ries  
w ith  c r o p  g r o w th  s ta g e . Shad ing  
d u rin g  th e  s e e d lin g  s ta g e  greatly  
d e c r e a s e s  r ic e  g ro w th . L ow  light from  
10 d b e fo re  to  2 0  d a f te r  full bloom  
in d u ce s  h ig h  sp ik ele t s terility , resu lt­
ing in p o o r  g ra in  y ie ld . L ow  light 
a lte r  f lo w e rin g  re d u ce s  rice  d ry  
m a tte r  b e c a u s e  of d e cre a se d  p h o to ­
s y n th e s is - -73-80 '.<  o f  grain  ca rb o h y ­
d ra te  is p h o to s y n th e s iz e d  after  
flo w e rin g .

W a te r
T h e w a te r  re q u ire m e n t o f  rice  
d e p e n d s  o n  the soil, c lim a te , v a rie ty , 
g ro w th  stag e , an d  d u ra tio n  of p lant 
g ro w th . Plant s tre ss  from  w a te r  
s h o rta g e  at a n v  s ta g e  re d u ce s  yield , 
m o re  s o  if the w a te r  s h o rta g e  o c c u rs  
d u rin g  th e  re p ro d u c tiv e  p h a se . 
D ro u g h t stre ss  sy m p to m s in clu d e  leaf 
ro llin g , leaf sco rch in g , red u ced  
tillerin g, stu n ted  g ro w th , d elay ed  
flo w erin g , an d  spik elet sterility .

C 3 and C d p h o to syn th e tic  p a th w a ys
S ince its d isco v e ry  in the late 1 9 6 0 s , 
in terest in the C , p h o to sy n th ctic  
p a th w a y  h as b een  high. T h e C 4 
p h o to sy n th ctic  p a th w a y  is a m e c h a ­
n ism  for co n ce n tra tin g  a tm o sp h e ric  
C O , at the u ltim a te  site o f  fixation  
w ithin  the leaf b efo re  en te rin g  the C .  
p h o to sy n th e tic  p a th w a y  (P a tte rso n  
1985). S o m e  p lan ts a re  C , typ es, 
o th ers  C v R ice is a C ,  p lant, as  a re  the  
w e e d s  M onochorin vn g iu n lif, C v /w iis  
iHffonnis, E ichltom ia cram pes, Ipomocii 
sp p ., an d  A g cm tu in  con\/zoidcf. 
H xam ples o f  C , p lan ts  are  m a i /e ,  
s u g a rca n e , Sorghum  bicoior, 
A iiia m iiltn if  sp p ., Brnchinrin  sp p ., 
Cyiiodon  dnch/lon, Cx/fieriis rotundas, 
D ig ita rin  sp p ., Echiiiochloti sp p ., 
fifi'iisim’ intlicn, {.rjitodiliw diim'iisis, 
Rottboellin cochiiicimieii±i>, and  
hnpemtn c y lin d ria i.

It h as been su g g e ste d  th at th e C ,  
p h o to sy n th etic  p a th w a y  p ro v id e s  its 
g re a te st a d v a n ta g e  u n d e r h o t, arid , 
high light co n d itio n s . C 4 p lan ts h av e  
h ig h er w a te r-u se  efficien cy  th an  C , 
p lan ts, an d  th eir n itrog en  u se  effi­
cien cy  m a y  also  b e g re a te r.

C o m p e titio n  b e tw e e n  C  an d  C , 
w eed s has been e x a m in e d  in relatio n  
to soil m o istu re  re g im e  (M atsu n ak a  
1983). C  p lan ts w e re  d o m in a n t in 
su b m erg ed  soils; C  p lan ts w ere  
d o m in a n t in d rvln n d  soils. This

e x p la in s  w h y  su b m erg en ce  p ro tects  
rice  p lan ts  fro m  sev ere  com p etition  
w ith  C ,  w eed s. O n the o th e r hand, 
u p lan d  rice an d  rainfed low lan d  rice  
w ith  lim ited  p recip itation  face  severe  
co m p e titio n  w ith  C , w eed s.

N u trie n ts
N itro g e n  (N ) is the m o st im p o rtan t  
n u trie n t for rice , and N d eficien cy  
o c c u rs  a lm o st e v e ry w h e re . D eficien ­
cies of p h o sp h o ru s (P ) an d  p o ta ssiu m  
(K ) th at m a y  also  o c c u r  g re a tly  
re d u c e  rice p lan t tillering. In the  
tro p ic s , the h a rv e st of a ton o f  rice  
s tra w  an d  grain  re m o v e s  a n  a v e ra g e  
16 k g N , 3 k g P , a n d  17 kg K /h a .

Factors of weed 
com petition
T h e  availab ility  o f  ligh t, w a te r , and  
n u trien ts  affects th e  g ro w th  a n d  
co m p e titiv e n e ss  o f  p lan ts. In th e o ry ,  
th e  a m o u n t of th ese  re so u rce s  in a 
g iv e n  rice e n v iro n m e n t is fix e d —  
w h a te v e r  is used b y  o n e  p la n t sp e cie s  
is not av ailab le  for a n o th er. T h is  
m e a n s  th at re so u rce s  taken  b y  w e e d s  
a re  lost to  rice , an d  v ice  v e rsa . In 
g e n e ra l, rice d ry  m a tte r  y ield  w ill be 
re d u ce d  by 1 kg fo r e v e ry  k ilo g ra m  of  
w e e d s  p ro d u ce d  in  th e  s a m e  a re a .

Light
C o m p e titio n  for ligh t can  o c c u r  
th ro u g h o u t rice g ro w th . M o st w e e d s  
a n d  rice  h ave m a x im u m  p h o to s y n ­
th esis  and g ro w th  in full s u n lig h t. 
C o m p etitio n  for lig h t o c c u rs  w h e n  
o n e  leaf sh ad es a n o th e r. W e e d s  
c o m p e te  w ith  rice b y  g ro w in g  fa ste r  
an d  b y sh ad in g  rice  w ith  la rg e ,
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horizo ntal  leaves. Tall p lants  h a v e  
a n  a d v a n t a g e  o v e r  short  plants.
F o r  e x a m p le ,  w h e n  R o tt lw llia  
a n 'liin c h in o is is w a s  a llow ed  to g r o w  
w ith  rice, l i .  cocliiiich im ’iif if i w a s  150 
c m  tall a n d  rice  w a s  5 0  c m  tall a t  8  w k  
after se e d in g .  T h e  a m o u n t  o f  light 
received  a t  2 5  c m  w ithin  the rice  
c a n o p y  w a s  only 3'/< of th e  light at  
the lop  o f  th e  w e e d  ca n o p y .  In this 
situ ation ,  th e  w e e d  d e a r l v  h ad  an  
a d v a n ta g e .

W a te r

Rice yield  losses  from  w a te r  deficit  
d e p e n d  o n  th e  severity  and d u ration  
o f  the deficit ,  e n v iro n m e n ta l  c o n d i ­
t ions, c u l t iv a r ,  a n d  g r o w th  s ta g e  
w h e n  d r o u g h t  s tress  occurs.  D ro u g h t  
s tre ss  r e d u c e s  p h o tosyn th esis  b y  
r e d u c i n g  leaf  e x p a n s io n  an d  cau sin g  
loss o f  leaf  tu rg o r ,  w h ich  leads to 
s t o m a t a l  c losu re .  T ran spira tio n  and  
p h o to s y n th e s is  b y  leaves are  greatly  
r e d u c e d  w h e n  s to m a ta  close.  
R e s p o n s e s  to  d ro u g h t  s tress  include  
w ilt in g  a n d  in cre a se d  leaf m ortality .  
R ice  a n d  w e e d s  differ in their  
t o le r a n c e  for d r o u g h t  b e ca u se  of  
d if fe r e n c e s  in their  root distribution,  
r o o t  e l o n g a t i o n  rate ,  gen etic  to lerance  
fo r  lo w  w a t e r  availability  in plant  
t issu e ,  a n d  c o n tro l  of w a te r  loss  
th r o u g h  tra n sp ira tio n .  C ; w e e d s  have  
l o w e r  w a t e r  re q u ire m e n ts  than  those  
o f  C ,  r i c e  a n d  a r e  able to tolerate  
m o r e  d r o u g h t  s tress  than rice.

N utrients
T h e  th re e  m o st  c o m m o n  yield-  
l im iting  n utrients  a re  N ,  I’ , an d  K. 
C o m p e ti t io n ,  h o w e v e r ,  m a y  o c c u r  for 
a n y  n u tr ien t  req u ired  for plant  
g ro w th .  M a n y  w e e d  species  h a v e  a 
n u tr ien t  u p ta k e  s im ilar  to that o f  rice,  
b u t h a v e  h igh er m itr ient-u se  
efficiency than  rice. In ge n e ra l ,  factors  
that g iv e  a  p lant a  co m p e ti t iv e  
a d v a n t a g e  in w a te r  u p ta k e  a lso  g iv e  
the plant a c o m p e ti t iv e  a d v a n t a g e  in 
n utrient uptake.

C ritic a l period of w e e d  co m p e titio n
C o m p e ti t io n  b e tw e e n  w e e d  seedlin gs  
a n d  d ire c t  seeded  rice  seedlin gs  
u su a lly  b egins as co m p e ti t io n  for 
light. T h e  effect of s h a d in g  on  rice  
g r o w th  is m ost s e v e re  d u r in g  the  
seedlin g  stage ,  b u t  rice  c a n  re c o v e r  
from  w e e d  co m p e ti t io n  if w e e d s  a re  
elim in ated  early  in the season . W e e d s  
will n o t  further re d u c e  th e  g ra in  yield  
o f  n m a t u r e  rice c ro p  r e a d y  for  h a r ­
vesting.

T h e  so-called critical p eriod  lies 
b e tw e e n  the s e e d lin g  an d  h arvest  
s tages ,  the 3 0 -4 5  d w h e n  w e e d  
co m p e ti t io n  is m o st  d a m a g i n g  to rice. 
T o  a v o id  grain  yield losses, it is 
im p o r ta n t  to con tro l  w e e d s  th r o u g h ­
ou t this critical period . A t  4 5 -  to 
6 0 -d -o ld ,  w ell-established , w e e d -fre e  
rice p la n ts  are  able to s u p p r e s s  later  
g e rm in a tin g  w e e d  seedlings. W h e n  
h erb icid es  are  u sed , their  p ersisten ce  
should  b e  long e n o u g h  to c o v e r  the  
critical period of com p etition .

Characteristics of 
successfu l weeds
W'eeds an d  cro p s  m a y  have c o m m o n  
origin s,  an d  hence ,  m a y  h a v e  sim ilar  
characteris tics .  W e e d s  often have  
e v o lv e d  a d a p t iv e  traits that in crease  
their  p ers isten ce  o r  com p etit iven ess ,  
o r  b oth .  Traits  contributing to 
successfu l  w'eeds fall u n d e r  three  
categories :  I) w e e d  c o m p e tit iv e n e ss  
a n d  g r o w th ,  2) w e e d  re p ro du ction  
a n d  d ispersal ,  an d  3) similarities  
b e tw e e n  w e e d  an d  rice.

W e e d  co m p e titive n e ss and g ro w th
S o m e  w e e d s  h a v e  la rg e  s e e d s  w h ich  
al lo w  for rapid  seedling g ro w th .
S o m e  w e e d s  a r e  clim bers;  o th e rs  a r e  
tall. S o m e  w e e d s  h a v e  h ig h e r  ra te s  of  
p ho tosyn thesis ,  faster g r o w th ,  la rg e r  
leaves ,  and d e e p e r  ro ot  s y s te m s  th a n  
rice  an d  o th e r  c ro p s .  D eep  ro ot  
sy s te m s  enable a w e e d  to  exp loit  
n utrients  essential for c ro p  g r o w t h .

W e e d s  are  h igh ly  a d a p ta b le  to 
c h a n g in g  e n v iro n m e n ts  ( p h e n o ty p ic  
plasticity). U n d e r  favorable  c o n d i ­
tions, w e e d s  b e c o m e  large  an d  
p ro d u c e  m a n y  seed s .  U n d e r  u n f a v o r ­
a b le  c on ditions ,  w e e d s  re m a in  s m a ll  
an d  p ro d u ce  on ly  a few  seeds.

R eproductio n  and dispersal
M a n y  w e e d s  p r o d u c e  la rg e  q u a n t i t ie s  
o f  s e e d  i n  f a v o r a b l e  e n v i r o n m e n t s .

F o r  e x a m p le ,  Kchiuochlon colotia  m a y  
p ro d u c e  1 0 0 ,0 0 0  s e e d s / p l a n t ;  i ik u t im ’ 
iudica, 5 0 ,0 0 0  s e e d s /p l a n t ;  Coim ncHnu  
Iv iighalcn^is, 1 ,6 0 0  s e e d s / p l a n t ;  
T r itm llii’iiu i p o iiii la c a fln im ,  5 2 ,0 0 0  
s e e d s /p l a n t ;  a n d  Ainarm tthufi s p p . ,
1 9 6 ,0 0 0  s e e d s /p l a n t .  P ro d u c t io n  o f  a 
la rg e  n u m b e r  o f  s e e d s  e n s u r e  s p e c i e s
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su rvival  e v e n  in a d v e r s e  e n v iro n ­
m e n ts .  W e e d  seeds  ripen n o n s y n ­
ch ro no uslv-  - v i a b l e  s e e d s  are  
p r o d u c e d  a n d  s h a t te r  before llu* rice  
c r o p  m atu res .

S o m e  <iniui.il w e e d s  h a v e  short  life 
c y c le s  <u k 1 m a y  p r o d u c e  several  
g e n e ra t io n s  a y ear  w h e n  m o is tu re  is 
n o t  limiting, p articu larly  in the  
tropics.

Perennial  w e e d s  r e p ro d u c e  both  
se x u a l ly  a n d  vegetativclv .  V e g e ta tiv e  
re p ro d u c t io n  in clu des  rh i /o m e s ,  
tu b e rs ,  c o n n s ,  b ulbs,  and stolons.  
S u c h  n  e e d s  a re  h igh ly  ad ap tiv e .  
V e g e ta t iv e  o rg a n s  d e p e n d  on  the  
p a re n t  p lant for their  s u p p ly  of  
n u tr ie n ts  a n d  w a te r  d u r in g  d e v e l o p ­
m e n t  a n d  u s e  s tored  reserv es  to 
s u p p o r t  later establishm ent.  V e g e ta ­
t ive  s t ru c tu re s ,  w h ich  are  n o rm a lly  
la rg e r  an d  con tain  m o re  s tored  food  
th a n  s e e d s ,  g r o w  fast an d  e m e r g e  
fro m  g r e a t e r  soil d e p th s  than seeds.  
E x a m p l e s  o f  th ese  w e e d s  a re  C\/nodon 
dn cltjlon , Imperatti ci/cliiidricn, C\/jvni>  
ro tit in h tf, a n d  C oiw n ciin a  bcn^hnlciifif.

M a n y  v ia b le  w e e d  seeds  
re m a i n  d o r m a n t  e v e n  u n d e r  fa v o r­
a b le  c o n d it io n s ,  a n d  d o r m a n c v  p re ­
v e n t s  w e e d  s e e d s  from  g e rm in a tin g  
u n d e r  u n f a v o r a b le  conditions.  Seed  
d o r m a n c y  m a y  be gen etic  o r  arise  
f r o m  e n v iro n m e n ta l  conditions such  
a s  d e e p  b u ria l ,  u n favorab le  t e m p e ra ­
tu re s ,  lo w  o x y g o n  sup ply ,  o r  w a t e r ­
l o g g in g .  W e e d  se e d s  in the soil m a v  
be in d iffe re n t  s tates  of d o r m a n c v  
a n d  m a y  g e r m i n a t e  at different  
t im e s ,  m a k i n g  w e e d  erad ication  
t h r o u g h  w e e d  con tro l  practices  
d ifficult .  T h e  high  seed  p ro d u ctio n  
a b ility  a n d  lo n g  d o r m a n c y  p eriods  
re su lt  in l a r g e  reserv es  of viable w eed  
s e e d s  in th e  soil, including m a n v  
s e e d s  th at  c a n  s u r v iv e  for several  
ve.irs .

W e e d  seed d isp ersal  a ls o  c o n tr ib ­
utes to th e  su rvival  o f  w e e d  species.  
M a tu re  seeds  and fruits of w e e d s  arc- 
d isp e rse d  by w ind and w a te r ,  an d  by 
an im a ls  an d  m an . M o v in g  w a te r  is an  
im p o rta n t  p a th w a y  in th e  s p re a d  of  
w e e d  seeds,  p articu larly  in the  
in tercon nected  c a n a ls  of irrigated and  
rainfed low lan d  ricefields.

S im ilarities b e tw e e n  w e e d s  and rice
T h e  g r o w th  re q u ire m e n ts  an d  habits  
o f  m a n y  w e e d s  re se m b le  those  o f  rice. 
T h e se  a d a p ta t io n s  in c lu d e  similarities  
in seed size, seed m a tu ri ty ,  m o rp h o l ­
o g y ,  and phy sio logy .  W ild  rice  
species,  for e x a m p le ,  a re  v e r y  sim ilar  
to c u ltivated  rice species. A classic  
e x a m p le  is the r ice  m im ic  I'xhinochion  
o iyzo id tv  (A rd .)  I’ritsch ;  h u n d re d s  of 
y e a rs  of h and  w e e d in g  is th o u g h t  to 
b e the selective a g e n t  resp on sib le  for 
its ve g e ta tiv e  m im icry .  It is rarely  
foun d  ou tsid e  the rice  e n v iro n m e n t .
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Chapter 2

Rice weeds of worldwide 
importance

N a tio n a l a n d  reg ion al m e th o d s  o f  
cla ssify in g  rice  cu ltu re s  c a n  v a ry  
w id e ly , d e p e n d in g  011 rice -g ro w in g  
co n d itio n s  a n d  p u rp o se s  o f th e  c lassi­
fica tio n  s y s te m . A  classification  
s y s te m  m a y  b e b ased  on  g en eral  
s u rfa c e  h y d ro lo g y , s o u rc e  o f w ater, 
la n d fo rm  a n d  soil u n its , eco lo g ical  
fa c to rs , o r  c r o p  seaso n . F o r w ood  
c o n tro l, g e n e ra l s u rfa ce  h y d ro lo g y  
a n d  r ic e  s e e d in g  m e th o d  a re  m o re  
im p o rta n t th a n  o th e r fa c to rs  (D e D atta  
1 9 8 1 ).

A  c la ss ifica tio n  b ased  o n  su rface  
h y d ro lo g y  a n d  se ed in g  m eth o d  is 
u s e d  h e re  to  d iscu ss  w eed  p rob lem s  
a n d  th e  in te g ra te d  m e th o d s  availab le  
fo r w e e d  c o n tro l  in e ach  ty p e  o f rice  
c u ltu re . R ice  cu ltu re  is classified  on  
th e  b a s is  o f w a te r  m a n a g e m e n t as  
lo w la n d , u p la n d , o r  d e e p w a te r ; it m ay  
b e irr ig a te d  o r  ra in fe d .T h is is  fu rth er 
s u b d iv id e d  o n  th e  b asis o f  rice  estab ­
lis h m e n t m e th o d .

T h is  c h a p te r  c o v e rs  w e e d s  of 
w o r ld w id e  im p o rta n c e  in  low lan d , 
u p la n d , a n d  d e e p w a te r  ricefield s. T he  
w e e d s  in  e a c h  e co sy s te m  a re  a rran g ed  
a lp h a b e tic a lly  on  th e  b asis o f fam ily. 
P h o to g r a p h s  s h o w  s e e d , seed lin g , 
m a tu r e  p la n t , an d  flo w e r for each  
w e e d , a n d  e a c h  w e e d 's  ch aracteristics

a n d  a g ricu ltu ra l im p o rta n c e  a r c  
d e scrib e d . L o ca l n a m e s  o f  w e e d s  in 
th e  c o u n trie s  w h e re  th e y  a r c  o f  m a jo r  
c o n ce rn  a re  p ro v id e d  to  c o m p lim e n t  
th e  p h o to g ra p h s  for w e e d  id en tifica ­
tion . (W e  k n o w  the list o f lo cal n a m e s  
is n o t co m p lete , a n d  th e  sp ellin g  u sed  
for th e  local n a m e s  m a y  n o t b e th e  o n e  
p re fe rre d . R ead ers  a r e  in vited  to  send  
th e  a u th o rs  th e  c o rre c t  local n a m e s .)

W e e d s  in rice  a r c  c lassified  b y  th eir  
life cy c le , h ab itat, a n d  m o rp h o lo g ica l  
ch ara cte ris tics .

Life cycles
W e e d s  a re  classified  a s  a n n u a l o r  
p eren n ial, o r b oth . W h e re  m o istu re  o r  
te m p e ra tu re  is n o t lim itin g  a n d  life 
cy c le  is sh o rt, a n  a n n u a l w e e d  m a y  
co m p le te  m o re  th an  o n e life c y c le  in a 
ye a r. A n n u als  p ro d u ce  m a n y  seed s, 
so m e  of w h ich  rem a in  d o rm a n t and  
b u ffer a sp ecies a g a in s t w eed  con tro l  
m e a su re s .

P eren n ial w e e d s  p ro p a g a te  b y  
v e g e ta tiv e  s tru ctu re s  su ch  as b ulb s, 
c o n n s , rh izo m es, s to lo n s , a n d  tu b ers. 
A  b u lb  is a n  u n d e rg ro u n d  bud. 
R h iz o m e s  a re  u n d e rg ro u n d  sh o o ts  
w ith  sh o rt, thick  in tern o d es b u ried  in 
the soil. T h ey h a v e  sp e cia liz e d  bud s  
th at c a n  rem ain  d o rm a n t. T h ese  
sh o o ts  a re  rich  in s to re d  food  an d  
en ab le  p lan ts  to  s u rv iv e  fro m  y e a r  to  
y e a r . Imperata cy lin d rica  a n d  Cf/nodon 
dactylon  a re  rh iz o m a to u s  w eed s.

S to lon s a re  h o rizo n tally  g ro w in g  
s te m s  w ith  lon g sle n d e r in tern o d es; 
a d v e n titio u s  ro o ts  fo rm  at th e  n od es  
w h e n  in c o n ta c t  w ith  soil, Rnspnlimi 
distichum  is a  w eed  w ith  sto lon s.

A  tu b er is a  sp e cia liz e d  s tru ctu re  
th a t  resu lts  fro m  the s w e llin g  of the 
term in a l p o rtio n  o f a n  u n d e rg ro u n d  
s te m  o r  ro o t; it c o n ta in s  s to re d  food. 
Cyperus rotim dus  p ro d u ce s  tu b ers.

M orphology
W e e d s  a re  a lso  classified  a s  m o n o -  
c o ty le d o n o u s  o r d ico ty le d o n o u s .

M o n o co tyle d o n s
T h e  s e e d s  o f  m o n o co ty lc d o n o u s  
w e e d s  h av e  a  sin g le  c o ty le d o n  (seed  
le a f). A  m o n o co ty le d o n ’s m a tu re  
le a v e s  a re  lon g an d  n a rro w  w ith  
p aralle l vein s. T h e s te m  o r  c u lm  is 
cy lin d rica l and th e  g ro w in g  p o in t is 
p ro te c te d  b y a sh eath . T h e r o o t  
sy s te m s  arise  a d v e n titio u sly  a n d  a re  
u su a lly  fibrous. E x a m p le s  o f  fa m ilie s  
o f  m o n o co ty le d o n e a e  a re  
P o ta m o g c to n a ce a e , P o n te d e r ia c e a e ,  
C y p e ra ce a e , P o a ce a e , an d  
C o m m e lin a ce a e . S e d g e s  ( C y p e r a c e a e )  
re sem b le  g ra sse s  b u t d iffe r fro m  
g ra ss e s  in th at th eir s te m s  a r e  
u n jo in ted , solid , an d  o fte n  t r ia n g u la r  
in cro ss  section .
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Dicotyledons
T h e s e e d s  o f  d ico ty le d o n o u s  w eed s  
h a v e  tw o  c o ty le d o n s . M a tu re  leaves  
a r c  b ro a d  a n d  u su ally  n e t-v e in e d . T h e  
ro o t s y s te m s  h av e  ta p  ro o ts . T he  
d ico ty le d o n s  h av e  a b ra n ch e d  g ro w th  
fo rm . N ot all b ro a d le a f w e e d s  h o w ­
e v e r , a re  d ico ty le d o n o u s . Com ineliiin  
beitghaleusis, M onochorin vagiitn lis, an d  
Eichhorniu  crnssipcs h a v e  b ro a d  leav es  
b u t a r e  m o n o co ty le d o n o u s  w eed s.

Habitat
W e e d s  in rice  c a n  b e g ro u p e d  o n  the 
b a sis  of th e ir  a d a p ta tio n  to  su b m e rg e d  
c o n d itio n s  a s  low lan d  o r  u plan d  
w e e d s . L o w la n d  w e e d s  m a y  be 
s e m ia q u a tic  o r  a q u a tic ; u p lan d  w eed s  
a r c  a d a p te d  to  d ry  sites.

In fo rm a tio n  o n  y ield  loss from  
u n c o n tro lle d  w e e d s  fro m  d ifferen t 
e x p e rim e n ts  a ro u n d  th e  w o rld  is 
g iv e n  w h e n  a v a ila b le  to in d icate  the  
w e e d 's  p o te n tia l  co m p e titiv e  ability. 
T h e  lo sse s  w ill d iffer fro m  on e locality  
to  a n o th e r  b e c a u s e  th e y  a re  affected  
b y  e n v iro n m e n ta l  fa c to rs  su ch  a s  n u ­
trie n t, m o is tu re , te m p e ra tu re , tim e of 
w e e d  e m e rg e n c e , a n d  d en sity . T he  
y ie ld  lo ss  in fo rm a tio n  is n o t m e a n t to  
sh o w ' th e  re la tiv e  c o m p e titiv e n e ss  
a m o n g  th e  d iffe re n t w e e d s, a n d  the 
y ie ld  loss f ig u re s  sh o u ld  n o t be u sed  
to  ta rg e t  p a r tic u la r  w e e d s  fo r con tro l, 
le a v in g  o th e rs  to  c o m p e te  w ith  the  
cro p .

F o r fu rth e r in fo rm a tio n  o n  the  
b io lo g y  of the w e e d s  listed  in  this  
c h a p te r , an d  o n  o th e r  w e e d s  th a t m a y  
b e  o f in te re st, r e a d e rs  c a n  re fe r  to  the  
b ook  The w orld 's  w orst weeds -  d is tr ib u ­
tion  m id biolog}/ (1 9 7 7 ) b y  L .G . I lolrn  
a n d  co lle a g u e s . O th e r re fe re n ce s  
in clu d e  K ra n tz  e t a l (1 9 7 7 ) , M o o d y  
(1 9 8 1 ), an d  M o o d y  et a l <2984).

Approved com puter 
codes for weeds
C o m p u te r  c o d e s  for w e e d s  n o w  
a v ailab le  (B a y e r  A g ro ch e m ica ls  
D ivision  1 9 8 6 ) a re  u sefu l for u n iv e r ­
sa l id en tification  in b ib lio g rap h ies  
a n d  d a ta  b ases . A n  a p p ro v e d  c o m ­
p u te r c o d e  is a fiv e -le tte r a b b re v ia ­
tion  b ased  on  th e  scien tific  n a m e  of 
e a ch  p lan t. In g e n e ra l, th e  first th ree  
le tters  refer to th e  g e n u s  an d  th e  last 
tw o  d e n o te  the sp e cie s , the su b sp e ­
cies, o r  th e  v a rie ty . F o r  e x a m p le , the  
co d e  fo r Echinochloa colonn is H C H C O ; 
fo r Echinochioa cru s -ga lli, E C l ICG ; 
a n d  for Echinochioa cru s -ga lli P .B . v ar. 
kasaharae Ohvvi, E C H C K .
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Lowland rice weeds
ASTERACEAE (Compositae, sunflower family)

Seedling

Weed name: Eciipta prostrata (L.) L. 
Synonyms: Eciipta alba ( I.)  Hassk., 
Eciipta erecta L., Verbesina alba, 
Verbesina prostrata L.
Local names:
Country Common name
Argentina yerba de tago (Spanish)
Bangladesh keshuti (Bengali)
France cclipte blanche
India bhangra, kesadura, ghuzi
Indonesia urang-aring (Javanese)
Japan takasaburo
Malaysia aring-aring
Mexico hierba-prieta (Spanish)
Myanmar kyeik-hman
Pakistan daryai buti
Peru florcita (Spanish)
Philippines higis manok (Tagalog)
Sri Lanka sindu kirindi (Sinhalese)

kaikechi (Tamil)
Sudan tamar el ghanam
Thailand ka-meng(Thai)
USA eciipta
Vietnam co muc

Life cycle: An annual or perennial 
broadleaf weed that can grow as tall as 
90 cm. Propagates by seeds, which 
show no dormancy. In the tropics, the 
seed germinates throughout the year.

Habitat: Thrives in continuously wet 
soils but can grow at dry sites. Also 
found in poorly drained wet areas.

Weedy nature: An adaptable weed 
with fast vegetative growth.

Agricultural concern: Prevalent in 
lowland and upland ricefields. Rice 
yield losses of 25% have been 
recorded in the Philippines.

Flower

Mature plant

Seed, magnified
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Lowland rice weeds / CYPERACEAE (sedge family)

Weed name: Cyperus difformis L. 
Synonyms: None 
Local names:
Country Common name
Australia dirty dora
Franco souchet a petites fleurs
Japan tamagayatsuri
Korea albang dong sani
Malaysia rumputair
Nigeria imeremere (Yoruba)
Philippines baki-baki (llongo)

ballayang (Tagalog)
Sierra Leone a-kek-a-pot 
Thailand kok ka-narg
USA smallflower, umbrella

sedge

Life cycle: An annual sedge that can 
grow as tall as 75 cm. Normally propa­
gates by seeds.

Habitat: Adapted to moist lowland 
soils or flooded areas.

Weedy nature: A heavy seed 
producer. Can complete one life cycle 
in about 30 d. Through high seed 
production and short life cycle, can 
spread rapidly to become a dominant 
weed in a ricefield.

Agricultural concern: Produces a 
dense stand within a short time, thus 
competing with rice for moisture and 
nutrients. Has caused rice yield reduc­
tions of 12-50%.

Seed, magnified

Mature plant

Seedling Inflorescence
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Lowland rice weeds / CYPERACEAE (sedge family)

Weed name: Cypcrus iria L. 
Synonyms: None 
Local names:
Country
Bangladesh
Brazil

Cambodia
India
Indonesia
Japan
Korea
Pakistan
Philippines

Thailand
USA

Common name
barachucha (Bengali)
tiririca do-brejo
(Portuguese)
kak kangkep (Khmer)
morphula (Assamese)
djekeng (Javanese)
kogomegayatsuri
chambang-donsani
khana
alinang(Bicolano) 
paiung-paiung (Tagalog) 
kok huadaeng 
rice flatsedge

Life cycle: An annual sedge that 
grows as tall as 60 cm. Propagates by 
seeds, which may be dormant but can 
germinate about 75 d alter shedding.

Habitat: Grows well in moist to wet 
soil.

Weedy nature: A prolific seed 
producer and spreads quickly.

Agricultural concern: Can be very 
competitive for nutrients and reduce 
rice yields 40%.

Seedling

Mature plant

Seed, magnified

Inflorescence
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Lowland rice weeds / CYPERACEAE (sedge family)

Weed name: Fimbristylis miliacea[L.) 
Vahl
Synonym: Fimbristylis littoralis Gaud. 
Local names:
Country Common name
Bangladesh barajavani (Bengali)
Brazil cominho (Portuguese)
Cambodia kak phenk kdam (Khmer)
Indonesia adas-adawan (Javanese)
Japan hideriko
Korea barambanculgiji
Malaysia rumput tahiker bau
Myanmar monhnyin
Philippines ubod-ubod (Tagalog)
Thailand agor
USA globe fingerush

Life cycle: An annual sedge that 
grows as tall as 60 cm. Propagates by 
seeds. Large proportion of seeds have 
no dormancy and can germinate 
immediately after reaching maturity. 
Seed requires light for germination.

Habitat: Adapted to moist soils and 
areas of occasional flooding. Does not 
establish in submerged soils.

Weedy nature: Produces many 
seeds, which germinate throughout the 
year. Thus, some weeds escape the 
weed control measures. Can become a 
dominant weed within a short time.

Agricultural concern: Competition 
is mainly for nutrients and water. Can 
reduce ricc grain yields 50%.

Mature plant

Inflorescence

Seed, magnified

Seedling
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Lowland rice weeds / CYPERACEAE (sedge family)

Weed name: Scirpus maritimus L. 
Synonyms: None 
L oc a l n a m e s :
Country Common name
Fra n ce  s c irp e  m a ritim e
Peru  c o c o  g ra n d e  (S p a n is h )
P h ilip p in e s  ap u lid  (T a g a lo g )

Life cycle: A perennial sedge that 
spreads by tubers.

Habitat: Grows in wet and flooded 
soils.

Weedy nature: Tubers have 
dormancy. Stems grow rapidly during 
early rice growth and may severely 
shade semidwarf rice cultivars during 
the first 40 d. Difficult to control 
because of apical bud dormancy and 
capacity to produce numerous tubers. 
Establishes, spreads, and becomes a 
dominant weed within a short time.

Agricultural concern: Very competi­
tive in lowland rice. Rice yield losses of 
60-80% can occur. Difficult to eradi­
cate because of dormant tubers and 
buds.

Mature plant

Tubers and rhizomes

Vegetative shoot

Mature plants in the field
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Lowland rice weeds /MARSILEACEAE

Weed name: Marsilea minuta L. 
Synonym: Marsilea crenata Prcsl.
Local names:
Country Common name
France marsilea a quatre feuilles
Japan denjiso
Malaysia tapakitek (Malay)
Philippines kayakayapuan (Tagalog) 
Thailand phakwaen
USA airy pcpperwort

Life cycle: An aquatic fern that 
reproduces by rhizomes and spores.

Habitat: Grows well in lowland fields 
and along irrigation canals.

Agricultural concern: Persistent 
and very competitive in rice. Yield 
reduction of 70% has been recorded.

Mature

Seedling
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Lowland rice weeds / ONAGRACEAE (evening-primrose family)

Weed name: Ludwigia octovalvis 
(Jacq.) Raven
Synonym: Jussiaea suffruticosa L. 
Local names:
Country Common name
B ra z il c ru z -d e -m a lta  (P o rtu g u e s e )
M a la y s ia  jin a le h
P h ilip p in e s  b a la k b a k , m a la p a ko

(T a g a lo g )
T h a ila n d  p h a k p h a e n g  phuai
U S A  lo n g  fru ite d  p rim rose -

w illo w

Life cycle: An annual aquatic broad- 
leaf weed that can grow as tall as 
100 cm. Propagates by seeds, some 
of which will germinate immediately in 
wet or flooded soils.

Habitat: Adapted to wet and aquatic 
conditions.

Weedy nature: Very competitive 
with rice.

Agricultural concern: Can reduce 
rice yields 50-80%.

Mature plant

Flower

Seed, magnified

Seedling
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Lowland rice weeds /POACEAE (grass family)

Weed name: Echinochloa crus-galli (L.) 
Beauv. E. crus-galli species is consid­
ered to include two subspecies, each 
with two varieties (Michael 1983):

E. crus-galli ssp. crus-galli var. 
crus-galli,

E. crus-galli ssp. crus-galli var. 
praticola,

E. crus-galli ssp. hispidula var. 
hispidula, and

E. crus-galli sp. hispidula vat. 
aus tro-japonensis

E. crus-galli var. crus-galli is 
abundant in the more temperate rice- 
growing areas such as the Indian 
subcontinent, China, Japan, Southern 
Europe, North and South America, and 
Australia.

E. crus-galli var. praticola is an 
upland rice weed in eastern Asia.

E. crus-galli var. hispidula is an 
abundant rice weed throughout 
Southeast Asia, parts of the Indian 
subcontinent, and Sri Lanka.

E. crus-galli vat. austro-japonensis 
is essentially found in eastern Asia, 
extending south from Taiwan, China, 
and adjacent parts of mainland Asia to 
the high, cool areas of Southeast Asia. 
Synonyms: None 
Local names:
Country Common name
Bangladesh shama
Brazil capimp-da-colonia

(Portuguese)
France panic, pied-de-coq
India kauada, sawant

(Malayalam) 
Indonesia djawan (Javanese)
Korea pi
Malaysia sambau
Peru mijojapones
Philippines daua-daua (Tagalog)
Sri Lanka martu
Thailand yaplong
USA common barnyard grass

Life cycle: An annual grass that can 
grow as tall as 150 cm. Propagates by 
seeds, which may remain dormant 
3-4 mo.

Habitat: Adapted to wet soils.
Grows best at soil moisture of 80% 
water-holding capacity. Optimum 
germination occurs at 70-90% of water- 
holding capacity. Seeds can also 
germinate underwater. Growth 
becomes increasingly poor with 
increased depth of submergence.

Weedy nature: A prolific seed 
producer; one plant may produce 
40,000 seeds. Tillers profusely and 
germinates throughout the year. 
Ecologically similar to rice. During early 
vegetative phase, almost indistinguish­
able from rice plants.

Agricultural concern: Very competi­
tive with rice. Can reduce rice yields 
100%.

Seedling
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Seed, magnified
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Lowland rice weeds /  POACEAE (grass family)

Weed name: Echinochloa glabrescens 
Munro ex Hook.f.
Synonyms: None 
Local names:
Country Common name
Japan inubie
Philippines bayakibok, daua-daua 

(Tagalog)

Life cycle: An annual grass that 
grows 0.5-1.0 m tall. Propagates by 
seeds.

Habitat: Adapted to wet soils. 
Distribution extends from the Indian 
subcontinent through mainland 
Southeast Asia and China to Korea, 
southern Japan, and the Philippines 
(Michael 1983).

Weedy nature: Ecologically similar 
to rice.

Agricultural concern: Very competi­
tive with rice. When E. glabrescens 
seedlings were transplanted with rice, 
yield losses ranged from 7% when 5% 
of the rice hills were infested to 87% 
when 50% of the rice hills were 
infested (IRRI 1987).

Seedling

Mature plant

Inflorescence

Seed, magnified
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Lowland rice weeds / POACEAE (grass family)

Weed name: Ischaemum rugosum 
Salisb.
Synonyms: None 
Local names:
Country Common name
B a n g la d e s h  m o ra n  (B e n g a li)
B ra z il ca p in  m a ch o  (P o rtu g u e se )
C o lo m b ia  tr ig illo  (S p a n is h )
D o m in ic a n

R e p u b lic  ye rb a  d e  p a p o  (S p a n is h )
Fiji c o m u ra in a
In d ia  m a ra ro  (B e n g a li)
In d o n e s ia  b le m b e n  (Ja va n e se )
M a la y s ia  ru m p u te k o r ja w i (M a la y)
M y a n m a r k a -g y i-th e -m ye t
P e ru  m o zo rq u illa  (S p a n is h )
P h ilip p in e s  t in itr ig o  (T a g a lo g )
S ri L a n k a  k u d u k e d u  (S in h a le se )
T h a ila n d  y a h d a c n g
U S A  s a ra m o lla g ra s s

Life cycle: An annual grass that 
grows to 120 cm tall. Propagates by 
seeds, which may remain dormant.

Habitat: Prefers wet soils and Maturc planl
swampy areas.

Weedy nature: A vigorous, aggres­
sive weed. Seeds shatter easily, so 
that there is a constant source of 
infestation. During vegetative growth, 
resembles the rice plant, making it 
difficult to recognize as a weed.
/. rugosum, however, has deep red­
dish-brown to purple leaf sheaths, a 
color only weakly developed in rice.

Agricultural concern: Very competi­
tive; 5 plants/m2 reduced rice yields 
15% and 80 plants/m2 reduced yields 
82% in IRRI trials (IRRI 1987).

Inflorescence

Seed, magnified
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Lowland rice weeds / POACEAE (grass family)

Weed name: Leersia hexandra Sw. 
Synonyms: None 
Local names:
Country
Australia
Bangladesh
Brazil
Indonesia
Malaysia

Myanmar
Philippines
Surinam
Thailand
USA
Venezuela
Vietnam

Common name 
swamp ricegrass 
araila (Bengali) 
arrozbravo (Portuguese) 
kalamenta 
rumput lidah riman 

(Malay) 
thaman-myet 
barit (Tagalog) 
alesigrasie 
yah sai
southern cutgrass 
lamedora 
co bac

Life cycle: An aquatic perennial 
grass that can grow as tall as 100 cm. 
Propagates by seeds, rhizomes, and 
stolons.

Habitat: Grows in constantly 
flooded or marshy habitats.

Agricultural concern: In some 
habitats, resembles rice plants. 
Because it propagates by both seeds 
and vegetatively, has a tremendous 
ability to survive and proliferate. Can 
cause 60% rice yield losses.

Mature plant

Mature plants in the field

Inflorescence
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Lowland rice weeds / POACEAE (grass family)

Seed, magnified

Weed name: Leptochloa chinensis  ( L . )  

Nees
Synonyms: None 
Local names:
Country Common name
C o lo m b ia  p lu m illa  (S p a n is h )
E l S a lv a d o r  co la  de  b u e y  (S p a n is h )
In d o n e s ia  b e b o n te n ga n  (Ja va n e s e )
Ja p a n  azega ya
P h ilip p in e s  p a lay-m aya  (T a g a lo g )
T h a ila n d  yo a  yo n  hun
U S A  C h in e s e  s p ra n g le  to p
V ie tn a m  c o d u O ip h u n g

Life cycle: An annual or perennial 
grass that can grow as tall as 120 cm. 
Propagates by seeds.

Habitat: Grows well in marshy fields 
but will not survive continuous flood­
ing. Can also grow in upland fields.

Weedy nature: Propagates from 
cuttings of the culm or rootstocks, 
therefore establishes and spreads 
easily under tillage.

Agricultural concern: A serious 
weed in rice. Competes with rice for 
nutrients and light and can reduce 
yields more than 40%.

Mature plant

Inflorescence

Seedling
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Lowland rice weeds /  POACEAE (grass family)

Weed name: Paspalum distichum L. 
Synonym: Paspalum paspalodes 
(Michx.) Scribn.
Local names:
Country Com m on name
Australia water couch
Indonesia lamhani (Sundanese)
Japan kishusuzuuenchie
Malaysia rumputmasin
Philippines luya-luyang dagat,

pagetpet (Tagalog)
USA knotgrass

Life cycle: A perennial grass that 
can grow as tall as 30-60 cm. 
Propagates mainly by creeping stolons 
and, to some extent, by seeds (flowers 
but produces few viable seeds).

Habitat: Grows well in moist to wet 
soils.

Weedy nature: Spreads aggres­
sively by means of stolons. Difficult to 
control because detached stolon 
fragments regenerate easily. Tolerant 
of many herbicides.

Agricultural concern: Can be very 
competitive in rice, reducing yields up 
to 85%.

Mature plant

Inflorescence

' 5
M w m m

Mature plants in the field
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C o n te n ts
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E f f e c t s  o f  w e e d s  1

R i c o - w o o d  c o m p e t i t i o n  2  

G r o w t h  r e q u i r e m e n t s  o f  r i c o  3  

f a c t o r s  o f  w o o d  c o m p e t i t i o n  3  

C h a r a c t e r i s t i c s  o l  s u c c e s s t u l  w o o d s  4
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I n t e g r a t e d  w o o d  m a n a g e m e n t  4 6
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T y p o s  o f  h e r b i c i d e s  4 9

I l e v b i c i d o  s e l e c t i v i t y  4 9

I l e v b i c i d o  m o v e m e n t  i n  p l a n t s  5 0

T i m i n g  o f  h e r b i c i d e  a p p l i c a t i o n  5 0
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T r a n s p l a n t e d  i n  p u d d l e d  s o i l  8 3
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W e e d  c o n t r o l  b e f o r e  l l o o d i n g  9 5  
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Lowland rice weeds / PONTEDERIACEAE (pickerel-weed family)

Weed name: Monochoria vaginalis 
(Burm. f.) Presl 
Synonyms: None 
Local names:
Country Common name
Bangladesh panee kachu
Cambodia chrach (Khmer)
India neerthomarai (Tamil)
Indonesia etjengpadi
Korea mooldalgebi
Malaysia keladi agas (Malay)
Philippines biga-bigaan (Tagalog)
Thailand ninlabon
USA monochoria
Vietnam rau mac la thon

Life cycle: A perennial aquatic 
monocotyledonous plant. May behave 
like an annual in flooded ricefields, 
where it grows as tall as 50 cm. 
Propagates by seeds.

Habitat: A lowland weed that grows 
well in subaquatic to aquatic condi­
tions.

W eedy nature: In saturated soils, 
seeds germinate throughout the 
growing season, enabling seedlings to 
emerge and establish after early- 
season weed control. A very aggres­
sive weed in soils with high N levels.

Agricultural concern: Can reduce 
rice yields 85%.

Seedling

Mature plant

Inflorescence

Seed, magnified
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Lowland rice weeds /  SPHENOCLEACEAE (sphenoclea family)

Weed name: Sphenoclea zeylanica 
Gaertn.
Synonyms: None 
Local names:
Country Common name 
Indonesia gocnda
Malaysia cabaikera
Pakistan mirch booti
Philippines siiisilihan (Tagalog) 
Thailand phak-pot
USA gooseweed
Vietnam xa bong

Life cycle: An annual broadleaf that 
grows as tall as 150 cm. Propagates 
by seeds.

Habitat: Grows in wet soils; prefers 
stagnant water.

Weedy nature: Grows and flowers 
throughout the year.

Agricultural concern: In dense 
populations, competes with rice for 
light and nutrients and can cause 45% 
yield loss.

Mature plant

Seed, magnified

Seedling

Inflorescence
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Upland rice weeds
AIZOACEAE (carpet-weed family)

Weed name: Trianthema 
portulacastrum L.
Synonym: Trianthema monogyna L. 
Local names:
Country Common name
Australia giant pigweed
Cambodia pti thmar (Khmer)
France pourpiercourant
Ghana adwera-akoa (Twi)
India pasalikeera (Malayalam)

saranai (Tamil) 
verrugoligeru (Telegu) 

Mexico verdolaga do hoja ancha
Nigeria daaburin sa aniyaa

(Hausa)
Philippines toston (Tagalog)
Thailand phak bia hin
USA horse purslane

Life cycle: An annual broadleaf 
weed that can grow 40 cm tall. Propa­
gates by seeds, which may be dormant 
for as long as 4 mo.

Habitat: Grows well in dry to moist 
soils.

Weedy nature: A prolific seed pro­
ducer with a short life cycle.
Completes several life cycles within a 
year. Early vegetative growth is very 
rapid, especially in fertile soils.

Agricultural concern: If control in 
upland rice is delayed, can smother 
rice seedlings within 2-3 wk. Normally 
succumbs to insects after about 5 wk 
but can reduce rice yields 30%.

Seedling Inflorescence

Seed, magnified

Mature plants in the field
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Upland rice weed / AMARANTHACEAE (amaranth family)

Weed name: Amaranthus spinosus L. 
Synonyms: None 
Local names:
Country Common name
Argentina atato espinado
Australia needle burr
Bangladesh katanata (Bengali)
Brazil carurude-es pinho

(Portuguese)
Cambodia pti banla (Khmer)
El Salvador huisquilite
France amarante epi neuse, blette

epineuse
Ghana sraha nsoe (Twi)

India kataili chauli
(Gujrati)

kantaneutia (Orya)
Indonesia bajemduri (Javanese)
Mexico quelite ospinosa (Spanish)
Myanmar tsu-gyi
Nigeria teteelegun (Yoruba)
Philippines oray, kulitis (Tagalog)
USA spiny amaranth, spiny

pigweed
Zimbabwe imbowa

Life cyc le : An annual broadleaf with 
red stems and spiny leaves. Can grow 
as tall as 120 cm. Propagates by 
glossy, dark-brown seeds, which are 
dispersed by wind and water. Germina­
tion may occur from a few days after 
harvest to about 5 mo. Germinates 
throughout the year when moisture is 
available.

Habitat: Grows best in soils with no 
standing water.

Weedy nature: A prolific seed 
producer.

Agricultura l concern: Very competi­
tive in rice, can cause 80% yield loss.

InflorescenceSeedling

Seed, magnified

Mature plant
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Upland rice weeds / ASTERACEAE (sunflower family)

Weed name: Ageratum conyzoides L. 
Synonyms: None 
Local names:
Country Common name
A u s tra lia  b illyg o a t w e e d
B razil e rv a d e s a o -jo a o
C o lo m b ia  h ie rb a  d e  ch ivo
F ra n ce  a g e ra te  a fe u ille s

d e  co n yza  
G h a n a  e fo e  m o m o e  (Fa n ti)
In d ia  g u n d h u a b o n , m a h a ka u a
In d o n e s ia  b a n  d o  ta n
M a la y s ia  ru p ta h i-a ya m
N ig e r ia  im ie s u  (Y o ru b a )
P h ilip p in e s  b u la k -m a n o k  (T a g a lo g )
S ri L a n k a  h u la n ta la
T h a ila n d  ya -ta b s u a
U S A  tro p ic  agera tu m
Z a m b ia  k a b a la k ila  (C h ito n ga )

Life cycle: An annual broadleaf that 
can grow as tall as 120 cm at flower­
ing. Propagates by seeds. Seed germi­
nates throughout the year. In some 
areas, 50% of the seeds germinate 
within 2 wk after shedding; in other 
areas, the seed has a pronounced 
dormancy with about 1% of the seeds 
germinating after some months.

Habitat: Grows in dry to moist soils.
W eedy nature: Among the most 

common weeds found in rice. Rapidly 
colonizes cultivated areas. Has a short 
life cycle and completes several cycles 
in a year. Produces enormous amounts 
of seeds, which are dispersed by wind 
and water. Seeds germinate in a wide 
range of environments. As soon as the 
first stand is destroyed, another flush 
of seedlings grows.

Agricultural concern: Can achieve a 
dense growth and compete with rice 
for nutrients and moisture. Can reduce 
rice yields 40%.

Seedling

Inflorescence

Seed, magnified

Mature plant
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Upland rice weeds / COMMEUNACEAE (spiderwort family)

Infloresccnce

Seed, magnified

Weed name: Commelina 
benghalensis L. 
Synonyms: None 
Local names:
Country Common name
Angola ndakala
Bangladesh kanaibashi (Bengali)
Ghana nyame-bowu-an amewu

(Fanti)
India konasimolu (Assamese)

kena (Marathi) 
kanchara kankaua (Orya) 

Indonesia gewor
Mauritius herbe aux cochons
Myanmar myet-cho
Philippines alikbangon (Tagalog)
Samoa Mauutoga
Thailand phak plaap
USA tropical spiderwort
Zambia nkumbaile

Life cycle: A creeping annual or 
perennial broadleaf that grows as tall 
as 40 cm. Propagates by seeds and 
stolons.

Habitat: Grows best in wet soil.
Weedy nature: Able to grow rapidly 

from stem cuttings. Shows rapid 
vegetative growth under favorable 
conditions and forms dense pure 
stands, smothering low-growing rice 
crop. Difficult to control because 
vegetative fragments regenerate easily 
and because it is resistant to many 
soil-applied herbicides.

Agricultural concern: Can cause 
50%yield loss.

S e e d l i n g

Mature plant
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Upland rice weeds / CYPERACEAE (sedge family)

Weed name: Cyperus rotundus L. 
Synonyms: None 
Local names:
Country Common name
A rg e n tin a c e b o llita
B a n g la d e s h m o th a  (B e nga li)
B razil t ir ir ic a c o m u m

(P o rtu g u e s e )
C a m b o d ia s m a v  k ra va n h  ch ro u k

(K h m e r)
F ra n ce s o u c h e t rond
G h a n a h y ia -m e -n on u m  (Fanti)
In d ia n a g a r, m o th a  (O rya )

ko ra i (Ta m il)
d ila  (T e le g u )

In d o n e s ia teki
M a la y s ia ru m p u t h a liya h ita n

(M a la y)
M e x ic o co q u illo  (S p a n is h )
P a k is ta n d e e la (U rd u )
P h ilip p in e s m u th a  (T a g a lo g )
S e n e g a l n d id a n  (W o lo f)
S ri La nk a ka la n th i (S in h a le se )
T h a ila n d h a e w  m o o  (Th a i)
U S A p u rp le  n u ts e d g e

Life cycle: A perennial sedge that 
can grow as tall as 75 cm. Propagates 
mainly by tubers and produces few 
seeds.

Habitat: Grows well in moist soils.
Weedy nature: Persistent and 

difficult to control. Enormous amounts 
of tubers may be produced. Tubers, 
which have dormancy, can survive long 
periods of environmental stress. 
Difficult to control by cultivation 
because cultivation breaks the 
dormancy in the interconnected tuber 
leading to more vigorous sprouting.

Agricultural concern: Limits rice 
production by competing for water and 
nutrients. Can reduce rice yields 50%.

Mature plant

Rhizom es and tubers

Inflorescence

Seedling
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Upland rice weeds / EUPHORBIACEAE (spurge family)

Weed name: Euphorbia hirta L. 
Synonyms: Chamesyce hirta (L.) 
Millsp., Euphorbia pilulifera L. 
Local names:
Country Common name
Bangladesh baradudhia (Bengali)
Brazil erva-de-Santa-Luzia

(Portuguese)
Trance euphorbe poilue
Ghana ahinkogye (Twi)
India dudhi (Marathi)

baridhudhi (Orya)
amman paccharisi (Tamil)

Indonesia gendong anak (Javanese)
Malaysia ara tanah (Malay)
Mexico hierba del a golon drina

(Spanish)
Myanmar inajo
Nigeria buje (Yoruba)
Philippines gatas-gatas, botobotonis

(Tagalog)
Thailand namnoni raatchasee

(Thai)
USA garden spurge
Vietnam co sua long

Life cycle: An annual broadleaf that 
grows as tall as 30 cm. Propagates by 
seeds.

Habitat: Grows in dry or moist soils.
Weedy nature: A prolific seed 

producer with a life cycle of about 
1 mo. Flowers throughout the year. 
Dense stands develop easily within a 
short time.

Agricultural concern: Can reduce 
rice yields 30%.

InflorescenceSeedling

Seed, magnified

Mature plant
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Upland rice weeds / POACEAE (grass family)

Weed name: Cynoclon dactylon(L.) 
Pers.
Synonyms: None 
Local names:
Country Common name
A n g o la  us ila
A rg e n tin a  c h e p ic a  (S p a n is h )
B ra z il c a p im  d eb u rro

(P o rtu g u e s e ) 
C a m b o d ia  s m a v a n c h ie n  (K h m er)
C h ile  p a s to g a llin a  (S p a n is h )
F ra n c e  herbe  d e s  b e m u  das
In d ia  a ru g a m p u lu , d o o b  (T a m il)

g a r ik a (T e lu g u )
In d o n e s ia  g ig ir in tin g
M a u rit iu s  ch ie n d e n t
P a k is ta n  dub
P h ilip p in e s  k o ta ta i, kaw ad -kaw ad

(T a g a lo g )
S u d a n  nag il
U S A  b e rm u d a g ra s s
V ie tn a m  c o c h i
Z a m b ia  ka p in ga

Life cycle: A creeping perennial 
grass. Can grow as tall as 40 cm. 
Propagates almost exclusively by 
stolons and rhizomes and produces 
few seeds. Seeds are very small but 
can survive about 50 d submergence. 
As long as moisture is present, seeds 
can germinate throughout the year.

Habitat: Adapted to dry or moist 
well-drained soils.

W eedy nature: Rhizomes and 
stolons root easily at the nodes and 
reestablish immediately after cutting. 
Rhizomes grow deeply in the soil, 
enabling the weed to withstand 
extreme environments. A common and 
persistent weed, very competitive, with 
rapid shoot growth. Difficult to control 
because detached fragments regener­
ate easily.

Agricu ltura l concern: Can reduce 
rice yields by 55%.

Inflorescence

Mature p lant in the field

Seedling
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Upland rice weeds / POACEAE (grass family)

Weed name: Digitaria sanguinalis (L )  
Scop.
Synonyms: None 
Local names:
Country Common name
Brazil milha-de-pendao

(Portuguese)
Colombia conejo
France digitaire sun guine, panic

sanguin 
Indonesia suket djrempak
Myanmar myet-naya
Nicaragua manga larga (Spanish)
Peru digitaria (Spanish)
Philippines pagpagai (Bontoc)
Thailand yaateenka
USA large crabgrass
Venezuela pendejuelo (Spanish)

Life cycle: An annual grass that can 
grow as tall as 70 cm. Propagates by 
seeds, which have a short dormancy 
after shedding.

Habitat: Grows in moist to wet 
soils.

Weedy nature: A prolific seed 
producer with enormous tillering 
ability. A few plants can spread to 
occupy a large area. An elaborate root 
system gives it an advantage in below- 
ground competition. Regrowth after 
weeding is rapid.

Agricultural concern: Very competi­
tive in rice; can reduce yield 70%.

.

Seed, magnified

Mature plant

Seedling Inflorescence
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Upland rice weeds / POACEAE (grass family)

Weed name: Echinochloa colona (L.) 
Link
Synonyms: None 
Local names:
Country Common name
A rg e n tin a  g ra m a  p in ta d a  (S p a n is h )
A u s tra lia  a w n le s s  b a rn  ya rd g ra s s
E g y p t a b u -ro k b a  (A ra b ic)
F ra n c e  b le  d e  d e k k a n
In d ia  k a u a d a , sa w a n k

(M a la ya la m )
In d o n e s ia  ro e m p o e t b e b e k
Iraq  d a h n a n
M a la y s ia  pa d i b u ro n g , rum put

k u s a -k u s a  
P h ilip p in e s  p u la n g p u it  (T a g a lo g )
S ri L a n k a  g ir a ta r o  (S in h a le se )
S u d a n  d ife ra
T h a ila n d  ya -p lo n g
U S A  ju n g le r ic e
Z a m b ia  z ib a ila  (C h ito n ga )

Life cycle: An annual grass that can 
grow as tall as 90 cm. Propagates by 
oval, tan to brownish seeds. In the 
tropics, seed has little or no dormancy 
and germinates throughout the year 
when moisture is available.

Habitat: Normally grows under 
dryland conditions; does not thrive in 
continuously flooded soils.

W eedy nature: A prolific seed 
producer; has a short life cycle and can 
complete several life cycles in a year. 
Easily adapts to the environment— for 
example, grows erect when in competi­
tion with rice and prostrate when not in 
competition. Young plants resemble 
rice, which makes hand weeding 
difficult at early weed stages.

Agricultural concern: Competitive 
in rice; can reduce yields 85%.

Seedling

Inflorescence

Seed, magnified
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Upland rice weeds /  POACEAE (grass family)

Weed name: Eleusine indica(L.) 
Gaertn.
Synonyms: None 
Local names:
Country Common name
Australia crowsfootgrass
Brazil capim-pe-de-galinha
Cambodia smavchoeung kras

(Khmer)
France eleusine des indes
India kodai, mandla
Indonesia godongula (Javanese)
Malaysia rumputsambou (Malay) 
Mexico patadegallo (Spanish)
Myanmar sin-ngo-let-kya
Nigeria gbegi (Yoruba)
Philippines sabung-sabungan

(Tagalog)
Sri Lanka bela-tana (Singhala)
Thailand yah teenka
Uganda kasibanti
USA goosegrass
Zambia lukata (Chitonga)
Zimbabwe rapoko

Life cycle: An annual grass that 
grows as tall as 60 cm. Propagates by 
brownish-black seeds that germinate 
throughout the year when moisture is 
available.

Habitat: Grows best in moist to wet 
soils.

Weedy nature: Produces enormous 
amounts of seeds— 40,000 seeds per 
plant have been recorded. Flowers 
after 30 d and can complete several 
life cycles in a year, which leads to 
heavy population buildup. Develops an 
extensive root system.

Agricu ltura l concern: Competitive 
in rice; can reduce yields 80%.

Seedling

M ature plant

Seed.
magnified

Inflorescence
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Upland rice weeds / POACEAE (grass family)

Weed name: Imperata cylindrical.)
Raeuschel
Synonyms: None
Local names:
Country Common name
A rg e n tin a  c a rr izo  m a rc ie g o  (S p a n is h )
C a m b o d ia  s b a u v  (K h m e r)
C a m e ro o n  baya
Fiji pi
F ra n c e  im p e ra te
G h a n a  s e g o g ro  (T w i)
In d ia  dabh
In d o n e s ia  a la n g -a la n g
Ivo ry  C o a s t  n se
K e n ya  nyeki
M a d a g a s c a r te n a
M a u rit iu s  la la n g
N ig e ria  e k a n  (Y o ru b a )
P h ilip p in e s  k o g o n  (T a g a lo g )
T a n za n ia  m o to m o to
T h a ila n d  y o a  khaa
U S A  c o g o n g ra s s
Z im b a b w e  ib a m b a

Life cycle: A  perennial grass that 
grows as tall as 120 cm. Propagates 
by seeds and creeping rhizomes. 
Seeds have little or no dormancy.

Habitat: Adapted to dry and moist 
soils.

Weedy nature: Produces large 
amounts of seeds and a tremendous 
mass of rhizomes, which make weed 
control by any means difficult.

Agricultural concern: A serious 
weed in upland areas. Many infested 
ricefields are abandoned.

Rhizomes

Seed, magnified

Mature plant

Inflorescence
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Upland rice weeds /  POACEAE (grass family)

Weed name: Rottboellia cochinchinen- 
s/s(Lour.) W.D. Clayton 
Synonym: Rottboellia exaltata L.f.
Local names:
Country Common name
France herbe bettle-elise
Ghana nkyenkyemma (Twi)
Indonesia bandjangan
Philippines aguingay (Tagalog)
Spain caminadora
Thailand yaa prong khaai
USA itchgrass
Zambia mulungwe
Zimbabwe shamvagrass

Life cycle: An annual grass that can 
grow as tall as 3 m. Propagates by 
seeds, which have a dormancy of 
1-4 mo.

Habitat: Prefers well-drained soils.
Weedy nature: Produces many 

seeds, which shatter easily. Grows and 
flowers throughout the year. These 
characteristics, combined with rapid 
growth and sharp irritating hairs, make 
it very competitive.

Agricultural concern: Very aggres­
sive in upland areas, where it can 
completely shade out rice. Total yield 
loss is normal.

Mature plant

Inflorescence

Seed, magnified

Seedling
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Upland rice weeds / PORTULACACEAE (purslane family)

Weed name: Portulaca oleracea L. 
Synonyms: None 
Local names:
Country Common name
B ra z il b e ld ro e g a
C a m b o d ia  k b e tc h o u n  (K h m er)
Fran ce  co m u n  p o urp ie r
G h a n a  a d w e ra  (Tw i)
In d ia  b a ra lu n ia , ku fa  (O rya )

k a rie , k e e ra i (T a m il) 
In d o n e s ia  g e la n g
M a la y s ia  g e la n g  p a s ir
M a u rit iu s  p o u rp ie r
M e x ic o  ve rd o la g a  co m u n  (S p a n is h )
M ya n m a r m ya -b y it
N ig e ria  e s a n o m o d e  (Y o ru b a )
P a k is ta n  ku lfa , lunak
P h ilip p in e s  u la s im a n  (T a g a lo g )
T h a ila n d  p h a k b ia y a i
V ie tn a m  ra u sa m
Z a m b ia  y e le le  (C h ito n g a )

Life cycle: An annual broadleaf with 
succulent and fleshy stems that are 
sometimes reddish brown. Grows as 
tall as 50 cm. Propagates by seeds 
and stem cuttings. Produces 
numerous black seeds that normally 
are not dormant.

Habitat: Grows in upland fields.
Weedy nature: A prolific seed 

producer that grows quickly and 
flowers and produces seeds through­
out the year. Difficult to control by 
cultivation because plants with flower 
buds have enough water stored in the 
stems and leaves to complete seed 
production after they have been cut. 
Cut fleshy stems root easily upon 
contact with soil. Under drought 
stress, sheds its leaves and survives 
until water becomes available. Can 
complete its life cycle within 6 wk. 
Seeds can remain viable for a long 
time.

Agricu ltu ra l concern: Can cause 
30% yield loss.

Infloresccnce

Seed, magnified
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Deepwater rice weeds
PONTEDERIACEAE (pickerel-weed family)

Weed name: Eichhornia crassipes 
(Mart.) Solms 
Synonyms: None 
Local names:
Country Common name
Bangladesh kachuripana
Brazil aquape-de-flor-roxa
Cambodia kamphlok (Khmer)
France eichhornie, jacinthe d'eau
India jalkumbhi, kulauoli

(Malayalam) 
akasa-thamarai, neithama 

rai (Tamil)
Indonesia etjeng padi
Malaysia keladi bunting
Myanmar beda-bin
Thailand phaktopchawaa
USA water hyacinth
Vietnam luc-binh

Life cycle: A perennial, flowering, 
aquatic, monocotyledonous, broadleaf 
plant. It spreads by producing vegeta­
tive offshoots and seeds.

Habitat: Adapted to fresh water; 
found in rivers, canals, and reservoirs.
Moves into deepwater rice with water 
currents or strong winds.

Weedy nature: Grows quickly and 
crowds out rice through shading.
Impedes water flow in irrigation canals 
and causes large amount of water loss 
through evapotranspiration.

Agricultural concern: Can 
completely destroy deepwater rice by inflorescence
crowding the rice plants.

Mature plant
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Deepwater weeds / CONVOLVULACEAE (morning glory family)

Weed name: Ipomoea aquatica 
Forssk.
Synonym: Ipomoea reptans (L.) Poir.
Local names:
Country Common name
C a m b o d ia  tra k u o n  (K hm er)
In d ia  ve lla i k e e ra i, ka lad an a ,

n iik a la m i (Ta m il) 
to o ti k o o ra  (T e lu gu )

P e ru  c a m o tillo
P h ilip p in e s  k a n g k o n g  (T a g a lo g )
U S A  sw a m p  m o rn in g  g lo ry

Life cycle: A perennial broadleaf 
vine that propagate by seeds and 
stem cuttings.

Habitat: Requires aquatic or wet 
conditions.

Weedy nature: Fast-growing and 
wide-spreading. Roots at the nodes.
Also floats on water.

Agricultural concern: Can cause 
30% yield loss. Mature plant

Flower
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Chapter 3

Weed control

W o o d s  h a v e  a l w a y s  red u ced  rice  
yields. A s a result,  m a in '  different  
w e e d  c o n tro l  m e th o d s  h a v e  e vo lved .  
l:a rm o r s  c o n s i d e r  financial re so u rce s  
a n d  a v a ila b il i ty  of lab or in d ecid ing  
w h a t  w e e d  co n tro l  m e th o d  to use.  
P ro b le m s  o f  in p u t  availability , a v a il ­
ability of n e w  techn ologies ,  specific  
w e e d  p ro b le m s ,  farm size, and  
availab ili ty  o f  fam ily  labor a re  basic  
m a n a g e m e n t  fac tors  they take into 
a c c o u n t  in m a k i n g  w ood control  
d ecis ion s.

Planning effective 
control
P la n n in g  is im p o r t a n t  in m ak in g  
a p p r o p r i a t e  d e c is io n s  on  w eed  
co n tro l .  U n f o r tu n a te ly ,  w e e d  control  
often  is n ot  p la n n e d .  T h e  decision to 
co n tro l  is  n o t  m a d e  until the problem  
h as  b e c o m e  s e r io u s ,  w h e n  control  
m a y  b e  u n e c o n o m i c a l ,  ineffective, el­
e v e n  im p o s s ib le .

A d v a n c e  k n o w l e d g e  of w eed  
p r o b l e m s  c a n  b e  o b tain ed  bv s u r v e y ­
in g  a n d  r e c o r d i n g  the w e e d  species  in 
a ricefield  a f t e r  rice e m e r g e n ce ,  at 
m i d s e a s o n ,  a n t i  a t  h arvest .  This  
re co rd  is u s e f u l  in p lann ing w eed  
c o n tro l  a n d  c r o p  ro tation  p ro g ra m s.

Contro l m ethods
W eed c o n t r o l  m e t h o d s  can  he 
g r o u p e d  in to  c u l tu ra l ,  m an u al,  
m e c h a n i c a l ,  c h e m ic a l ,  an d  biological

techniques,  liach con tro l  m e th o d  has  
a d v a n ta g e s  and d isa d v a n ta g e s ,  an d  a 
single m e th od  is ra re ly  a d e q u a te  for 
effective an d  e c o n o m ic a l  control.

C u ltu ra l m ethods

A basic  principle  of cu ltu ra l  con tro l  is 
to in crease  the c o m p e t i t iv e  ability of 
rice a n d  enable it to s u p p r e s s  w eed  
g r o w th .  A  v ig o ro u s  rice  c ro p  c o m ­
petes  m o re  effectively w ith  w e e d s  
than d o c s  a less v ig o r o u s  crop.  
C u ltu ral  control  m e t h o d s  include  
p reven tion  of w e e d  in trod u ction ,  
land p re p a ra tio n ,  c r o p  rotation,  
cu lt iv a r  selection, t im e  of seeding,  
p lantin g  m e th o d ,  p la n t  population,  
fertilization, an d  w a t e r  m a n a g e m e n t .

Prevention o fu ve d  introduction. 
A lth o u g h  w e e d  se e d s  m a y  be in tro ­
d u ce d  in w a y s  b e y o n d  a fa rm er's  
con trol ,  m a n y  a s p e c ts  o f  w e e d  d is p e r ­
sal a r e  controllable. C o n tro l  involves  
p re v e n tin g  the in tro d u ctio n ,  e s ta b ­
lishm ent,  and s p re a d  o f  w e e d s ,  seeds,  
tubers, an d  rh iz o m e s  in a c ro p  or  
b e tw e e n  tw o  c rop s .  In rice, this is best  
ach ie v e d  b y  p lantin g  rice s e e d s  free  
of w e e d  seeds  in w e e d -fre e  seedb eds  
an d  b y  seeding rice o r  tran splan ting  
seedlin gs  in w e e d -fre e  fields. Held  
b o rd e rs  n ot c ro p p e d  o r  n ot kept clean  
a re  a con stan t  s o u rce  o f  w eed  seeds.  
L e v e e s  and irrigation c a n a ls  also  
m u st be  kept w e e d  free. W e e d  seeds  
can  be in trod u ced  into a c lean  a rea  bv  
m a ch in e ry  or tillage e q u ip m e n t  that  
a re  c a rry in g  w eed  s e e d -co n ta m in a te d  
soil.

Laud preparation. Land  p re p a ra tio n  
in clu des  p lo w in g ,  disking,  h a r r o w ­
ing,  soil p u d d lin g ,  an d  land leveling.  
A  w e ll-p re p a re d  field allow s th e  rice  
c ro p  o p tim al  early  gro w th .  C arefu l  
land p rep aration  p rim arily  p ro v id e s  
w e e d -fre e  con d itio n s  a t  p lanting.

In gen eral ,  tillage p rac tices  m o st  
affect plant g r o w th  d u r in g  g e r m i n a ­
tion, seedling e m e r g e n ce ,  a n d  stand  
establishm ent stages .  P lo w in g  buries  
w eed  seeds  to d e p th s  from  w h ic h  
they can n ot  e m e rg e ,  but it a ls o  b rin gs  
s o m e  w eed  se e d s  to the soil s u r fa ce  
w h e re  con ditio ns  fa v o r  g e rm in a tio n .  
Thus,  a n e w  flush of w e e d  se e d lin g s  
o ccu rs  after ea ch  cultivation.

T o d estroy  a s  m a n y  w e e d s  a s  
possible, the interval b e tw e e n  s u c c e s ­
sive cultivations sh o u ld  be l o n g  
e n o u g h  to a llow  m a n y  w e e d  s e e d s  to 
g e rm in a te  an d  be  killed by  la te r  
h a rro w in g s .  This can  r e d u c e  a  w e e d  
seed  pop ulation  a b o u t  5 0 ‘/<. T il lage  
d u rin g  the d rv  s e a so n  is a p ra c t ic a l  
m e th od  of controlling  p e re n n ia l  
grasses  such  as Pii<pa!inn d itfic ln tn t, 
Cifiiodon ilnch/loii, O n/za lo ii^ is h n u i- 
inttn, and hupernia cy lin d rica ; it 
desiccates  the p eren nial  s t r u c t u r e s .  In 
te m p e ra te  areas , tu b e rs  an d  r h i z o m e s  
brou gh t to the soil s u r fa ce  a r e  killed  
d u rin g  cold, d ry  p eriod s .

T h e  type of land  p r e p a r a t i o n  
n eed ed  for rice d e p e n d s  on  t h e  w a t e r  
m a n a g e m e n t  sy s te m . L and p r e p a r a ­
tion can  be classified b r o a d l y  a s  
w etland  tillage, d r y l a n d  t i l la g e ,  and  
limited tillage.

Weed control 41



W e lla n d  tillage is c o m m o n  in 
m o st  tropical  Asian cou n tr ies .  Tv.uli- 
lionallv, il in volves  p lo w in g  an d  p u d ­
dling  Hie soil. The p ro c e s se s  involved  
are
■  f lood ing th e  field for a b o u t  7  d.
■  p lo w in g  th e  soil to 10- to 2 0 -c m  

d e p th ,  to  b u rv  th e  w eed  s e e d s  and  
w e e d  a n d  rice stubble.

■  h a r r o w i n g  to b reak  up  big elods in 
tile soil. I w o  to three  h a rro w in g s  
a re  d o n e  a t  7-  lo 10-d intervals .

■  levelin g  th e  field.
P u d d lin g  h asten s  c rop  establish­

m e n t an d  tillering of tran splan ted  
rico s e e d lin g s .  This  results  in vigor-  
o u s  rice  g r o w t h  and in creases  the  
c r o p 's  c o m p e t i t iv e  ability again st  
w'eeds. D u r in g  tran splan ting ,  w eed  
se e d lin g s  a ls o  a re  tra m p le d  and  
in c o rp o ra te d  into th e  soil.

D rv la n d  tillage is the b asis  of 
m a n y  rice c u l t u r e  s y s te m s.  A lm o s t  all 
r ic e -g r o w in g  a r e a s  in the U nited  
S ta te s  an d  s o u th e r n  A ustralia ,  m ost  
of L a tin  A m e r i c a  a n d  W e st  Africa,  
a n d  p a r ts  o f  tro p ical  Asia an d  L u rop e  
u se  d r v l a n d  tillage. In d rylan d  p re p a ­
ra tio n ,  soil e lo d s  a re  b roken u p  so  
lliey d o  n o t  in terfere  with seeding  
a n d  s e e d l i n g  e m e r g e n c e .  T h e  seedbed  
is lei I r o u g h  b e c a u s e  g erm in ation  of 
w e e d  s e e d s ,  w h ic h  a re  usually  m u ch  
s m a l le r  th a n  rice ,  is e n co u ra g e d  by 
fine tilth. R ice  is seed ed  im m ediate ly  
fo l lo w in g  th e  last tillage op eratio n ,  to 
g iv e  r ic e  a n  e v e n  start  w ith  weeds.

L im ite d  t i llage  c o v e rs  a ra n g e  of  
land p r e p a r a t i o n  techniques,  from  
z e r o  U llage to e l im in ation  of one  
p r e s e o d i n g  cu lt iva tio n .  1 lerbicides  
r e p l a c e  th e  o m it te d  tillage operations.  
L im ite d  t i llage  has soil con servation  
a d v a  n ta g e s .

S m a l l h o l d e r s  w h o  u se  slash-and-  
b u r n  la n d  p r e p a ra t io n  a re  practicing  
l im ited  tillage .  Rice is p lanted  in a 
d e a d  m u l c h  w ith  only e n o u g h  soil 
d i s t u r b a n c e  to  c o v e r  the seed.  
M i n i m u m  a n d  z e ro  tillage techniques  
c a n  re s u l t  in t im e lv  land p rep aration  
a n d  s a v i n g s  in lab or ,  w ater ,  p ow er,  
a n d  ca p ita l .

U nd er limited tillage, perennial  
w e e d  p rob lem s in crease  o v e r  time.  
W h e re  perennial w e e d s  a re  c o n ­
trolled, limited tillage can  be  u se d  for 
both u p lan d  an d  low la n d  rice  cultu re .

I lerbicide u se  is an  in tegral  p art  of  
a limited tillage sy s te m . I lo w e v e r ,  it 
in app ro pria te  h erbicides  a re  u sed ,  
perennial b ro a d le a f  w e e d s  an d  
g r a sse s  c o m m o n  in fallow in the 
t ropics  a re  not con tro lled  an d  signifi­
cant yield losses can  o c c u r .  P lo w in g  
a n d  h a rro w in g  m o r e  often d o e s  not 
e lim in ate  the need for d ire c t  w e e d  
con trol .  1 'arm ers still m u s t  follow  
land p rep aration  w ith  o th e r  w e e d  
control  m e th o d s .  It is m o re  cos t-  
effective to re d u c e  p rep lan lin g  
harrow ings an d  c o m b in e  th o se  with  
d irect  w eed  con tro l  m e th o d s .

Cm/) w U iiio n . W e e d s  a d a p t  to  the 
g r o w in g  c o n d itio n s  of rice. A  ricefield  
that is tilled re g u la r ly  has m o re  
an n u al  w e e d s  than m a n y  u n d is ­
turbed habitats ,  w h ich  h a v e  m o re  
perennial w eed s.  C o n t in u o u s  c r o p ­
ping e n co u ra g e s  the b u ild u p  of  
difficult w eed s.

Lach  rice c u l tu re  is asso cia te d  with  
a  characteristic  w e e d  p rob lem ,  
influenced by the cultural  p ra c tice s  
used. L ow lan d  rice h as  p r e d o m i ­
nantly  w a te r- to le ra n t  w e e d s ,  u p lan d  
rice h as  m o stly  d ry la n d  w e e d s .  
Rotation of low la n d  rice w ith  an  
upland c ro p  r e d u c e s  infestation by  
w ater-to leran t  w e e d s  in the rice and  
b v upland w e e d s  in the u p lan d  crop .  
Cirowing a b ro a d le a f  c ro p  in ro tation  
with rice al low s th e  u se  of h erbicides  
effectiv e again st  g r a s s y  w e e d s ,  w h ich  
are  difficult to  c o n tro l  in rice.

Vtirieh il si’lcclio it. Im p ro v e d  rice  
cultivars  resistant to  d iseases  and  
insects a re  m o re  c o m p e ti t iv e  against  
w e e d s  than  a re  traditional rices.  
Traditional, tall varieties  w ith  d ro o p v  

leaves are  th ou gh t  to be m o r e  c o m ­
petitive against  w e e d s ,  but research  
h as  failed to m e a s u r e  c o m p e tit iv e  
differences  that a r e  d u e  to cultivar .  
The height a d v a n t a g e  of traditional  
varieties is offset b y  the high-tillering

c a p a c i ty  of m o d e rn  high-yielding  
cult ivars .  T rad ition al varieties also  
h a v e  o th e r  a ttrib utes ,  such  as s u s c e p ­
tibility to lodging, that m ak e them  
u ndesirable.

M o d e rn  rice c u lt iv a rs ,  a lth ou gh  
c o m p e ti t iv e  against  w e e d s  c a n  h a v e  
m o r e  w eed  p ro b le m s  than  traditional  
rice  cultivars.  T h e  erect leaves  and  
sh o rt  s ta tu re  of m o d e r n  rices a llow  
light to reach  th e  soil and s tim ulate  
w e e d  seed ge rm in a tio n .  W ithin  the  
c r o p  c a n o p v ,  small d ifferences  in 
c r o p  height affect the q uan tity  and  
quolitv of light received  by w e e d s .
T h e  high  nitrogen  ra tes  u sed  on  
m o d e r n  cultivars  a lso  a g g ra v a te  
w e e d  p rob lem s. This  m ak es  c o m p e t i ­
t iveness  with w e e d s  a b re e d in g  
objective for m o d e r n  rices. W h e n  
available ,  such  cu l t iv a rs  sho uld  be 
used.

7 'hue W h e n  soil m o i s t u r e
is not limiting, a l lo w in g  w e e d s  to 
g e rm in a te  before tilling and se e d in g  
rice red u ces  w e e d  p o p u la tio n s .  Kice  
se e d in g ,  h o w e v e r ,  sh o u ld  n ot  be 
d e la y e d  beyond th e  o p t i m u m  t im e  of  
planting.

In rain fed rice c ro p s ,  tim e of 
seed in g  is critical. Rice plants affected  
by d ro u g h t  b e c o m e  stu n ted  an d  
c a n n o t  c o m p e te  effectively  w ith  
w e e d s  that are  m o r e  tolerant of  
d ro u g h t .  D rv w e a t h e r  after s o w i n g  
c a n  red u ce  the n u m b e r  of w e e d s  th at  
g e rm in a te  near th e  soil su rfa ce ,  b u t  
rice seed  g e rm in a tio n  w ill a ls o  b e  
d e la v e d .  Perennial a n d  large  w e e d  
se e d s  from d e e p e r  soil  d e p th s  a r e  still 
able to g e rm in a te  a n d  c o m p e te  
s tron gly  with th e  rice  crop.

P lanting  liit'fliod. P lantin g  m e t h o d  
affects Ihe abilitv o f  rice to c o m p e t e  
w ith  w eed s.  Rice m a y  be t ra n s ­
planted or drill s e e d e d  in s tra ig h t  
ro w s,  o r  b ro a d c a s t  seeded . S tra ig h t -  
ro w  planting is n e c e s s a r y  tor h a n d  
w e e d in g  and for u s in g  m e c h a n ic a l  
w eed ers .  In a b r o a d c a s t  crop ,  
m ech anical  and h a n d  w e e d in g  
d a m a g e  the rice p lants .
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T r a n s p l a n t i n g  rice in a w eed-free  
field g i v e s  se e d lin g s  a head  start  
a g a in s t  w e e d s .  If w a t e r  m a n a g e m e n t  
is a d e q u a t e ,  th is  c o m p e tit iv e  a d v a n ­
ta g e  is m a i n t a i n e d  th ro u g h o u t  m ost  
of th e  t r a n s p l a n t e d  rice ’s g ro w th .  A ge  
of s e e d l in g s  a t  tran splan ting ,  h o w ­
e v e r ,  a l f e c t s  th e  c r o p ’s com p etitive  
ability. T h e  o l d e r  th e  seedlings, the  
m o r e  c o m p e t i t i v e  they are. With  
in a d e q u a t e  w e e d  c on tro l ,  o ld er  
s e e d lin g s  ( 2 0 -  to  3 0 -d -o ld )  are  m o re  
d e s ir a b le  th a n  y o u n g e r  seedlings.  
W ith  y o u n g  s e e d lin g s ,  flooding the 
c r o p  to  c o n t r o l  w e e d s  risks d ro w n in g  
the s e e d lin g s .

D e e p  d r i l l i n g  rice seed, which  
d e la y s  s e e d l i n g  e m e r g e n c e ,  enables  
w e e d  s e e d s  n e a r  the soil surface  to 
g e r m i n a t e  e a r l i e r  than the rice, 
m a k in g  th e  w e e d s  m o r e  com petitive.

Phtut popiih itio ii. Rice p lant sp ac in g  
is an  im p o rta n t  p ro d u ctio n  factor.  
D ensity p er  unit a re a  d e te rm in e s  the 
am o u n t  of s h a d e  created  to help  rice  
c o m p e te  with w e e d s .  L igh t p e n e tr a ­
tion into the rice c a n o p y  in creases  as  
ro w  sp ac in g  increases .  T h a t  s t im u ­
lates w e e d  g r o w th  an d  re d u ce s  rice  
grain  yields.

T h e  o p t im u m  s p a c in g  essential for 
p ro p e r  rice c ro p  d e v e lo p m e n t  and  
high g ra in  yields d e p e n d s  on  culti-  
var,  soil fertility, an d  season . In the  
Philippines, the m a x i m u m  return  
(a b o v e  variable  costs)  h as  been  
obtained w ith  m a n u a l  tran splan ting  
at 2 0 -  x  2 0 -cm  spacing .

In b ro a d c a s t  se e d e d  flooded rice,  
high s eed in g  ra te s  a re  usually  u se d  to 
help  con tro l  w e e d s ,  b u t  high seed in g  
rates  c a n n o t  s u b stitu te  for direct

3.1 Recommended tim es to  apply N 
fertilizer In different rice  cultures.
Fertilizer is applied basally and 
incorporated, or placed 10-cm  deep In the 
soil (deep placement) a t tra n sp la n tin g  or, 
for d irect seeded rice, before seeding. 
Fertilizer is topdressed 3-9 d before 
panicle initiation (48-57 d after so w in g  
[D AS] for 110- to  115-d duration varie ties, 
or 11-14 d before panicle In itiation  (56-64 
D AS) for 125- to  130-d duration va rie tie s ).

control  m ethods.  N o  w e e d  co n tro l  
benefit is obtained w h e n  s e e d i n g  ra le  
is increased b eyon d  th e  o p t i m u m  1 0 0  
k g / h a  that will g iv e  a d e q u a t e  c ro p  
stand  establishment.

h 'rtilizn tio n .  N i t ro g e n  (N ) ,  p h o s ­
p h o ru s  (P), p o ta ssiu m  (K), a n d  zinc  
(Z n )  a re  the n utrients  m o s t  c o m n i o l y  
applied  by rice fa rm e rs .  N i t r o g e n  
e n co u ra g e s  rapid v e g e ta t iv e  g r o w t h  
( increased  height, tiller n u m b e r ,  an d
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leal' size), w ith  the resulUmt shad e  
h elping to su p p re ss  late -germ in ating  
w e e d s .  P h o sp h o ru s  e n c o u r a g e s  rice 
ro ot  d e v e lo p m e n t  an d  increases  
tillering. V ig o ro u s  rice  root g ro w th  is 
a d v a n t a g e o u s  in b e lo w -g ro u n d  
c o m p e ti t io n  with w e e d s  for m oistu re  
an d  n utr ien ts .

W e e d s  lak e  up  n utrients  in large  
q uan tities ,  h o w e v e r ,  and som etim es  
a b so rb  fertilizer faster than rice.
W h e n  w e e d s  are  not controlled  
effectively ,  h o w e v e r ,  fertilization is of  
little s ign ifican ce .  There is little or no  
re s p o n se  to N  by rice in s h a d e ,  an d  P 
an d  N  left o n  the soil s u rfa ce  will 
s t im u la te  g r o w t h  of sh allo w  w eed  
seeds.  A t h ig h  fertilization lev els, it is 
n ot p o ss ib le  to  p r o d u c e  high  rice  
yield s  w i t h o u t  w eed in g .

ilarly- to  m id se a so n  N  applications  
a re  b eneficia l  to  rice,  b u t  w e e d s  m ust  
be c o n tro l le d  to m a x im iz e  the elfect  
o f  N o n  g r a i n  yield. F ig ure  3.1 sho w s  
th e  b est  t i m e  to a p p ly  N in various  
r ice  c u l tu re s .

W(?f<T nnuntgciiiciit. S ince  ancient  
tim es ,  w a t e r  h a s  b een  used  to m a n a g e  
w e e d s  in ricefields.  M a n y  non aqu atic  
w e e d s  d o  n o t  s u r v iv e  in su b m erged  
e n v i r o n m e n t s  an d  m a n y  aquatic  
w e e d s  d o  n ot  s u rv iv e  in upland  
e n v i r o n m e n t s .

W a t e r  c o n t r o l  d u r in g  the early rice 
g r o w t h  s t a g e s  has a m ajor  effect on  
w o o d  c o n t r o l .  A s  w e e d s  b e co m e  
e s ta b l is h e d ,  c o n tro ll in g  th e m  through  
w a t e r  m a n a g e m e n t  is m o r e  difficult. 
G r a s s y  w e e d s  can  be  larg ely  elimi­
n a te d  b v  c o n t i n u o u s  flood ing to 
1 5 -cm  d e p t h  m ain tain ed  th ro u g h o u t  
c r o p  g r o w t h .  T h e  re s p o n se  of b road-  
leaf  w e e d s  a n d  s e d g e s  to different  
w a t e r  d e p t h s  varies.  A fter  con tin u ou s  
f lo o d in g ,  C .  w e e d s  (see p a g e  3) will 
b e  d o m i n a n t .

W e e d  p rob lem s intensify in 
irr igated  and rainfed  low lan d  rice  
w h e n  w a te r  s u p p ly  is in adeq uate .  
In creased  w e e d  con tro l  benefits  a re  
o b ta in e d  w ith  i m p ro v e d  w a te r  
s u p p ly  a n d  con trol ,  high levels  of  
fertilizer, and im p ro v e d  cu ltivars  
used  in concert.

Increasing  w a te r  d epth  to con tro l  
w e e d s  a s  part of in tegrated  w e e d  
m a n a g e m e n t  is cost  effective. W h e n  
co m b in e d  w ith  o th e r  d irect  w e e d  
con tro l  m e th o d s ,  in creased  w a te r  
d e p th  can  g iv e  c on sid erab le  s a v in g s  
in p ro d u ctio n  costs.

T im e ly  and th o ro u g h  d r a i n a g e  of  
flooded fields re d u c e s  aq u atic  w e e d  
p rob lem s.

M a n u a l m ethods
M a n u a l  w eed con tro l  includes  
b urnin g , h and pulling,  an d  m e c h a n i ­
cal hand  w e e d in g .  T h ese  labor-  
in tensive m e th o d s  a re  the o ld e s t  an d,  
in m a n v  cases , the farm er's  only  
m e a n s  of controlling  w e e d s  in rice,  
an d  a re  h ighly effective.

Several  h and tools  a re  still the  
principal m e a n s  o f  rice w e e d  con tro l  
in m a n y  d e v e lo p in g  cou n tr ies .  But 
m a n u a l  m e th o d s  a re  slow,  
unattractive ,  an d  ted iou s,  an d  are  
often carried  o u t  a fte r  the rice cro p  
h as  been  severely  d a m a g e d  by  
w e e d s .  1 land w e e d in g  is often  
ineffective on w e e d s  with special  
s u rvival  m e c h a n is m s  such  as th e  rice  
m im ics  (e.g.,  I. ntgosttm ) an d  d e e p -  
rooted  perennial  w e e d s .  Rice m im ics  
are  difficult to  d istin gu ish  f ro m  rice 
at th e  early  g r o w t h  stage. R ep eated  
hand  w e e d in g s  a re  n ecessary  to 
effectively con tro l  all w eed s.

B u n tin g . B urning, c o m m o n  u n d e r  
th e  s la sh -a n d -b u rn  system  o f  land  
p re p a ra t io n ,  kills w eed  se e d s  and  
w e e d  seedlin gs ,  gets  rid of u n w a n te d  
v e g e ta t io n ,  an d  red u ces  the a m o u n t  
o f  w e e d  seeds retu rn ed  to  th e  soil. It 
also  e n c o u r a g e s  g e rm in ation  o f  w e e d  
s e e d s  n e a r  the soil surface. T h o r o u g h  
b u rn in g  can  keep  the ricefield free of  
w e e d s  for the first 2 -3  wk.

B u rn ing sa v e s  labor,  is lo w  cost,  
an d  a d d s  n eutra liz in g  ash  to  low -p i  I 
soils. O n  the o th e r  h an d ,  w id e sp re a d  
u n con tro lled  b u rn in g  leaves  the soil 
b are ,  in creasin g  soil erosion  an d  loss  
of N  an d  o th e r  nutrients.  Careful  
p la n n in g  an d  rational u se  can  
m in im iz e  the a d v e rs e  effects of  
b u rn in g .  Local reg u la tio n s  on  
b u rn in g  should  be followed.

I  Inin! p u llin g . H a n d  pulling  
co n tro ls  w e e d  seedlin gs  g r o w in g  
n e a r  an d  b e tw e e n  rice p lants  w h e r e  
im p le m e n ts  a re  difficult to u se .  1 la n d  
p u llin g  is not effective in d r y  soil,  
w h e re  w eed  seedlin gs  b re a k  an d  
re sp ro u t  easily. F re q u e n t  h a n d  
p ulling is n e ce ssa ry  for effective  
w e e d  control  b e c a u s e  ve ry  sm all  
w e e d  seedlings th at  a re  not r e m o v e d  
g r o w  quickly to reinfest the ricefield .  
T his  m e th o d  is th e  m o s t  la b o r  in te n ­
s ive  of all w e e d  co n tro l  m e a s u re s ,  
an d  is best suited to small farm s.

In s o m e  p laces ,  low lan d  rice  
fa rm e rs  tram p le  w e e d s  in ste a d  of  
h a n d  pulling.

M txhnuica l weeding. W e e d i n g  u s i n g  
h a n d  tools is c o m m o n  in a l m o s t  all  
tropical  r i c e -g ro w in g  areas .  B u t  th e  
d e g r e e  of w e e d in g  an d  th e  p r o b l e m s  
associated  with it la rg e ly  d e p e n d  o n  
th e  typ e  of rice c u l tu re .  In m a n y  
cou n tr ies ,  hand tools  su ch  a s  th e  h o e ,  
n a rro w  spade,  S w iss  hoe,  knife,  
m a ch e te ,  and p o in te d  sticks a re  
p rim a rily  u sed  to re m o v e  w e e d s  in  
u p la n d  rice. W e e d s  w ithin  r o w s  m u s t  
b e re m o v e d  by h a n d .  T h e  a m o u n t  of  
labor required to w e e d  1 ha r a n g e s  
f ro m  10 to 3 0  d.
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W o o d in g  by  m a c h in e  in volv es  the  
u.se o f  h a n d -p u s h e d  o r  p o w e re d  
w  cod e rs ,  a n d  is feasible o n ly  w h e re  
rice is p lan ted  in stra igh t  row s.  
C o n v e n tio n a l  s in g le -row  ro tary  
vveeders req u ire  8 0 - 9 0  labor h to 
w e e d  I ha, a n d  are  difficult to  use  
b e ca u se  th e y  m ust be  m o v e d  back  
an d  forth. T h e  IR R l-d evelop ed  co n o  
w e e d e r  u se s  a co n ica l-sh a p e d  ro to r  to  
u p r o o t  a n d  b u ry  w e e d s .  It s m o th e rs  
w e e d s  sa tisfactorily  in a single pass.  
T h e s in g le -r o w  c o n o  w e e d e r  is about
2  t im e s  faster  (4 0 -5 0  l a b o r - h o u r s /h a )  
an d  th e  t w o - r o w  c o n o  w e e d e r  3 -4  
tim es  faster  (2 5 -3 5  l a b o r - h /h a )  than  
th e  c o n v e n tio n a l  p u sh-p u ll  ro tary  
w e e d e r .

W e e d s  w ith in  the c ro p  ro w s  are  
difficult to  r e m o v e  w ith  a  co n o  
w e e d e r .  If th e  soil is too  d r y ,  the  
w e e d e r  ro lls  o v e r  th e  soil su rface  
w ith o u t  b u r y i n g  the w e e d s .  T h e  c o n o  
w e e d e r  is a ls o  ineffective in s ta n d in g  
w a te r .  T o  a c h i e v e  the best results  in 
t ra n s p la n te d  rice,  a w e e d e r  sh o u ld  be 
ru n  in t w o  d ire c tio n s ,  at  right angles  
to e a c h  o th e r .  M ech an ical  w e e d in g  
sh o u ld  be  s u p p le m e n te d  by  h and  
p u llin g  th e  w e e d s  th at  a re  c lose  to the  
rice  p la n ts .  T h e  t im e  req u ired  for 
w e e d i n g  b y  this  c o m b in a tio n  is less 
th a n  for  h a n d  pulling alone.

B io lo g ic a l m e th o d s
S e v e ra l  b io lo g ica l  age n ts ,  su ch  as  
in sects ,  m i te s ,  a n d  fungi,  h a v e  been  
u se d  s u c c e s s f u l l y  to control  rice  
w e e d s .  B io lo g ic a l  a g e n ts  are  selective  
in th e ir  c o n t r o l  ac tion  an d  their  
a c t iv i ty  m a y  b e  restricted  to  a  single  
w e e d .

B io lo g ic a l  c o n tro l  p r o g r a m s  m a y  
b e a p p l i c a b l e  to  an  in trod u ced  
p e re n n ia l  w e e d  g r o w in g  in a re a s  that  
a re  s e l d o m  d i s t u r b e d ,  s u ch  as

p a stu re s ,  forests, an d  w a te r  b od ies.  In 
a rice  c ro p p in g  s itu ation  w ith  a  
m ix e d  w e e d  flora, th e  selective  
co n tro l  of a s ingle  w e e d  will n ot  solve  
th e  w e e d  p rob lem . T h e  biological  
a g e n ts  also w o r k  s lo w ly  an d  m a y  
tak e  from  30 d to 10 v r  to  con tro l  the  
w e e d s .  Tor these  re a so n s ,  biological  
w e e d  control  u su a lly  is n ot used  by  
rice farm ers .

T h e  possibility of u sin g  ta d p o le  
s h r im p  (T r io p iif  ion g ia m d a h it,
T . g ra im rb , an d  cnncrifonu is) for
n on selective  w e e d  co n tro l  in tra n s ­
p lan ted  rice h a s  been  d e m o n s tra te d  
in Jap an .  T h e  sm all  c ru s ta c e a n s  feed  
on w e e d  seedlin gs  a n d  d istu rb  their  
ro ots  b y  m ech an ical  agitation  o f  the  
soil. L a b o r  for h a n d  w e e d in g  in f a r m ­
ers '  fields w as  r e d u c e d  70-80'/- in 
initial field trials w ith  tad p o le  
s h rim p .  U n fo rtu n a te ly ,  the s h r im p  is 
n on selective  a n d  b e c o m e s  a p est  in 
a re a s  w h e re  r ice  is d ire c t  seeded  
( M a tsu n a k a  1975).

T h e  ability o f  a th ick  A zolla  m a t  to 
su p p re ss  w eed  d e v e lo p m e n t  h as  long  
been o b s e rv e d .  In rice ,  a 79'7r r e d u c ­
tion in total w e e d  w e ig h t  at 5 0  d after  
tran splan ting  h a s  b e e n  m e a s u re d .  
G ro w th  o f  A zolla  r e d u c e d  the 
a m o u n t  of light an d  o x y g e n  c o n te n t  
of w a te r ;  this h as  b e e n  su g g e s te d  as  
an  exp lan atio n  o f  h o w  Azolla  
s u p p re ss e s  w e e d s  (IRRI 1987) .  S o m e  
w e e d s  can  p u sh  th ro u g h  an  A zolla  
m a t,  h o w e v e r ,  an d  w e e d s  g r o w in g  
a b o v e  the w a te r  s u rfa ce  are  not  
affected.

C h e m ica l m ethods

I lerb icid e  u se  is on e  o f  the m o st  
la b or-savin g in n o v a tio n s  that h a v e  
been in trod u ced  in rice  fa rm in g, hot- 
successful and e c o n o m ic a l  use, it is 
im p o r ta n t  to u n d e rs ta n d  how' these  
c h e m ica ls  w o rk  an d  their limitations.  
T h e se  asp ects  o f  h erb icid e  u se  are  
d iscussed  in detail  in later chap ters .

I lerbicides , like other  c o m p o n e n ts  
of a n  in tegrated  a p p r o a c h  to w eed  
co n tro l ,  h a v e  a d v a n ta g e s  an d  d is a d ­
v a n ta g e s .  H erbicides  applied  before  
r ice  g e rm in a te s  p ro v id e  g o o d  w eed  
co n tro l  d u r in g  the e a rly  rice g r o w th  
s ta g e s  w h e n  rice is m o st  susceptible  
to w e e d  com p etit ion .  H erb icid es  can  
also  b e applied o v e r  large  a r e a s  in a 
sh o rt  time, m ak in g  th e m  suitable  for 
la rg e  farm s. A p p ly in g  h erbicides  
a v o i d s  m u ch  of the d r u d g e r y  of  
w e e d in g  an d  m a k e s  farm in g  m o re  
attrac tive .  A p p ro p r ia te  h erb icid e  
ap p lica tion  to fallow  v e g e ta t io n  also  
c a n  re p la ce  the need to  p lo w  an d  
h a rro w .

In in dustrialized  c o u n tr ie s ,  herbi­
c id e s  are  often essential in p u ts  in rice  
farm in g . Their a d o p tio n  in cre a se s  
w ith  increases  in labor c o s t  a n d  
profits. Profits in cre a se  w h e n  farm ers  
a d o p t  im p ro v e d  techn olo gica l  
p ack ages.

O n  the o th e r  h a n d ,  h e rb ic id e s  h a v e  
several  d isa d v a n ta g e s .  First ,  m o st  
d e v e lo p in g  cou n tr ie s  im p o r t  
herbicides. W ith  m o u n tin g  d e b t  
p ro b le m s  an d  foreign e x c h a n g e  
sh o rtages ,  sufficient q u a n ti t ie s  of th e  
m o r e  effective h e rb ic id e s  o f te n  are  
n ot availab le  to m e e t  th e  g r o w i n g  
d e m a n d .  H erb icid e  a p p l ic a t io n  
requires  a p p r o p r ia te  e q u i p m e n t ,  s u c h  
as a  k nap sack  s p ra y e r .  T h e  initial  
capital e x p e n d itu re  m a y b e  b e y o n d  a 
small farm er's  f inancial re s o u rc e s .  
A n o th e r  d is a d v a n ta g e  is th a t  h e rb i­
c id e  use ,  unlike the u s e  of h o e s  and  
sticks, requires skill. C a r e l e s s  h e rb i­
c id e  application, s o m e t i m e s  d u e  to 
ign orance ,  m a v  re su lt  in i n a d e q u a t e  
w e e d  control an d  d a m a g e  o r  
c o m p le te ly  kill th e  c ro p ,  o r  m a y  
a d v e rs e ly  affect th e  e n v i r o n m e n t .  
Im p ro p e r  ap p lica tion  o f  h e rb ic id e s  
c a n  c re a te  health h a z a r d s  fo r  h u m a n s  
an d  animals.
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Econom ics of control
T h e e c o n o m i c  benefit o f  w e e d  control  
m ust e x ce e d  th e  cost.  T h e  p r im a ry  
dim o f  a rational fa rm e r  is to  op tim ize  
prolits .  O n e  w a v  to a ch ie v e  llidl is to 
re d u c e  w e e d  control  costs.  It is 
logical,  Iherefore, th at  w h e re  o n e  o r  a 
c o m b in a tio n  o f  m e th o d s  exists ,  and  
bolli a r e  e q u a lly  effective, the fan n er  
will c h o o s e  th e  least costlv .

W e e d  c o n tro l  cos ts  in clu d e  direct  
cos ts  (labor,  h erb icid es ,  s p ra v e rs ,  etc.) 
an d  h id d e n  costs.  M a n a g e m e n t  time  
w a s te d  d u r i n g  frequent visits to the 
field to take w e e d  in ven tories  to use  
in w e e d  c o n tro l  p lann ing is a hidden  
cost .  A  fa r m e r  w h o  cleans  w e e d  seeds  
from  c o n t a m i n a te d  rice  s e e d s  before  
p la n tin g  w ill  in cu r  h id d en  cos ts  but  
will a v o id  fu tu re  ad ditio nal  w eed  
co n tro l  costs .

S e le c t in g  th e  w e e d  control  
m e t h o d s  to  c o m b i n e  in an  integrated  
s y s te m  will d e p e n d  on  the effective­
ness  a n d  c o s t  of ea ch  m e th o d .  In 
s o m e  s i tu a t io n s ,  h and w e e d in g  is 
m o r e  e x p e n s i v e  than a p p ly in g  
he rb ic id e s ;  in o th e r  s itu ation s ,  hand  
w e e d i n g  c o s t s  less th a n  herbicide  
a p p lic a t io n .  S o m e t i m e s  a c o m b in a ­
tion o f  h e rb ic id e s ,  o r  herbicides  
s u p p l e m e n t e d  by  h a n d  w e e d in g ,  is 
m o r e  e c o n o m i c a l  than hand  w e e d in g  
o r  u se  o f  h e rb ic id e  a lo n e  (Tables 3.1 
a n d  3 .2 ).

In tegrated weed 
m anagem ent
The re s i l ie n c e  o f  w e e d  populations  

u n d e r  in t e n s i v e  herbicide  use,  
b u i l d u p  of w e e d  species  tolerant of  
the c o n t r o l  m e t h o d s  u sed , and  
in c r e a s in g  p u b l ic  c o n ce rn  ab ou t  
i n d i s c r i m i n a t e  p e stic id e  u se  an d  its 
e ffects  o n  th e  e n v ir o n m e n t  and  
h u m a n  h e a l th  h a v e  led to  w id esp read  
a p p r e c i a t i o n  o f  the in tegrated  w eed  
m a n a g e m e n t  c o n c e p t  (F ry e r  and  
M a t s u n a k a  l L>77, 1 ' rv er  1983).

Table 3.1. Econom ic acceptab ility  '  of d irect weed control m ethods In Irrigated transplanted rice 
in the Philippines (da ta  for analysis obtained from M oody e t al 1983). ____

Grain Total Total Return above Marginal
Control method yield variable return variable cost benefit-

(t/h<ij cost (USS) IUS$j (US$) cost ratio

No weeding 1.5 0 263 263
One hand weeding 3.6 50 630 580 6.3
Two hand weodings 3.7 90 648 558 3.3
Two rotary weodings 2.9 44 508 463 4.5
2.4-0 (0.8 Kg/ha) 3.1 10.3 543 532 26
Thiohencarb/2.4-D 3.3 19.0 578 559 16.0
(1.0 + 0 .5  kg/haj

Assumptions- Labor -  US$3 09 'd. n rtt hand wooding 2.1 ci/h,i: Sccond hard wording -  19 d/ha- f-i'«t rnrary 
wording = l l  d/ha, Sccond -ouiry weeding -  10 tl/no: Hortncmp -  2.4 0 :0  8 kg/'u iiUS$10.30. Thiobcncari)' 
2.4-D -  USS19.

Table 3.2. Econom ic a c ce p ta b ility ' of d irect w eed contro l methods in broadcast seeded flooded 
rice  (De D atta  and Am pong-N yarko 1988).

Weed 
biom ass 

(g/m )

Grain
yield

(t/ha)

{US$)
Marginal
benefit-

cost
ratio

Control method
Rate

(kg ai.;ha) Total
variable

cost

Total
return

Return
above

variable
cost

No weeding 287 2.1 0 350 350
Dutachior 1.0 238 2.7 18.4 473 455 i>.f
Butachior + 1. 
hand weeding

0.5 21 4.2 110 735 625 2.5

'Assumptions' Labor 
US$18.40.

= US$2.09/o. One hand weeding 48 d/ha. Herbicide - butachior 11.0 kR ai/'i<i; -•

Integrated w e e d  m a n a g e m e n t  is 
the rational use of d ire c t  and indirect  
con tro l  m e th o d s  to p ro v id e  cost-  
effective w eed  c on tro l .  A further  
refinem ent,  im plied in the te rm s  
i iit iy m tc t i u v a i  an d
in S ^ m tc ii ;»csf iiniua^enicut (ll ’ M ),  is 
that, w h e n e v e r  possible ,  w e e d  control  
should  be in tegrated  w ith  m e a s u re s  
that fu rth er  p ro te c t  c ro p s  from  
insects, diseases,  n e m a to d e s ,  and  
oth er injurious o r g a n ism s ,  and  
should  be  p racticed  w ith  an  u n d e r ­
stand ing of the in terrelationship s  
betw een  w eed  p o p u la t io n s  an d  those  
orga n ism s.  An illustrated g u id e  to 
in tegrated  pest m a n a g e m e n t  (Reissig  
et al 1985) is ava ila b le  from  IRRI.

Several  cu ltu ral  m e th o d s  h a v e  
been sug gested  to c o m p l e m e n t  d ire c t  
m e th o d s  in an  in te g ra te d  a p p r o a c h .
I lo w e v e r ,  re s e a rc h e rs  often d o  not  
p ro v id e  an e c o n o m i c  a s se s sm e n t  of  
th ese  indirect m e th o d s .  A s a resu lt ,  
farm ers  an d  their a g e n ts  freq u en tly  
m isju d g e  the e c o n o m i c  s ig n ifica n ce  of  
the n e w  m e th o d s  w h o s e  a d o p t io n  
thev a re  c o n sid e rin g .  A m o n g  the  
c o m m o n ly  s u g g e s te d  in d irect  m e t h ­
o d s  for rice are  la n d  p re p a ra t io n ,  
w a te r  m a n a g e m e n t ,  plant s p a c in g ,  
seed rate,  cu lt ivar  u se ,  and fer t i l izer  
application. D irect  m e th o d s  i n c l u d e  
h a n d  w eed ing a n d  u se  of h e rb ic id e s .
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T h e essen tial fac to r in any  
in tegrated  w eed  m a n a g e m e n t  
p ro g ra m  is th e  n n in h cr of indirect 
,in d  d ire c t m e th o d s  th at a m  be 
co m b in e d  e c o n o m ica lly  in .1 g iv en  
situ atio n - F o rm e rs  a re  in terested  in 
net b en elits  an d  in p ro te c tin g  th e m ­
selv es  a g a in s t risks. A critical a sse ss ­
m en t ot th e  in d irect w eed  con tro l  
m e th o d s  su g g e ste d  for u se  in 
in te g ra te d  w e e d  m a n a g e m e n t— th eir  
e o st-b e n e lit ra tio  an d  th eir relativ e  
co n trib u tio n  to  lo n g - a n d  sh o rt-te rm  
w eed  co n tro l -s h o u ld  b e  prov ided to  
p u t th e  in te g ra te d  w eed  m an ag em en t  
co n ce p t in p e rsp e c tiv e . Fo r exam p le , 
in cre a se d  fre q u e n cy  of p low in g and  
h a rro w in g s  d o e s  n o t e lim in ate  the  
n eed  lo r  d ire c t w eed  con tro l. F a n n e rs  
still h a v e  to fo llow  lan d  p rep aration  
w ith  d ire c t  w e e d  co n tro l. It is, th ere­
fo re , m o re  c o s t-e ffe c tiv e  to use (ew er  
p re -p la n tin g  h a rro w in g s  and  
c o m b in e  [h em  w ith  d ire c t w eed  
co n tro l  m e th o d s  th an  to  c a rry  ou t  
m o re  h a rro w in g s , w ith  o r  w ith o u t 
d ire c t  c o n tro l  m e a su re s . A high  
s e e d in g  ra te  c a n n o t su b stitu te  for 
d ire c t c o n tro l . N o b enefit is obtained  
w h e n  s e e d in g  rate  is increased  
b e y o n d  th e  o p tim u m  n eeded  lo give  
a d e q u a te  s ta n d  estab lish m en t. It is 
a ls o  n o t e c o n o m ic a l to p ro d u ce  high  
rice  y ie ld s  b y su b stitu tin g  high  
fe rtiliz a tio n  fo r w e e d in g . Fertilizer 
offvdertcy  is  m a x im iz e d  w h en  w e e d s  
a re  c o n tro lle d .

M a x im u m  r ic e  y ie ld s  at m in im u m  
c o s t  s h o u ld  d e te rm in e  th e  relativ e  
m ix tu re  o f  in d ire ct an d  direct 
m e a s u re s  in a n  in te g ra te d  w eed  
m a n a g e m e n t s y s te m . A g ro n o m ic  
p ra c tic e s  s u c h  a s  w a te r  m an ag em en t, 
w h ich  in d ire c tly  su p p re sse s  w eed s, 
an d  fe r tiliz e r  a p p lica tio n , w hich  
in cre a se s  th e  c o m p e titiv e  ability of  
rice , a r e  h ig h ly  eco n o m ical. 
C o m b in e d  w ith  a n v  of the d irect  
w eed  c o n tro l  m e th o d s , these  
p ra c tic e s  ca n  c o n stitu te  an eco n o m i­
ca lly  v ia b le  p ro d u c tio n  system .

In d irect w eed  co n tro l m e th o d s , if 
p rov en  lo b e b io lo g ically  feasible, 
should  be sub jected  to p artia l b u d g e t­
ing u sin g  re lev an t p rices  o f  m ajo r  
in p u ts, h arm -lev el re so u rce s ,  
c o n stra in ts , an d  o th e r lim ita tio n s  
should  a lso  be re co g n iz e d . C o st-  
effectiv e  in te g ra te d  w eed  m a n a g e ­
m e n t p ra c tice s  sh o u ld  b e co n sis te n t  
and co m p a tib le  w ith  o th e r  rice  
p ro d u ctio n  p ractices . T h a t can  be 
d e sig n ated  crop
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Chapter 4

Principles of herbicide use

1 Icrb icid es a r c  ch em ical su b stan ces o r  
cu ltu red  biologic.il o rg an ism s th at kill 
o r  su p p re ss  p lan t g ro w th  by affecting  
o n e o r  m o re  o f  th e  processes- cell 
d ivisio n , tissu e d ev elo p m en t, 
ch lo ro p h y ll fo rm atio n , p hotosyn thesis, 
resp iration , n itrogen  m etab olism , 
e n z y m e  a c tiv ity — that a re  vital to plant 
svn'vival. In g e n e ra l, h erb icid es applied  
at high ra tes  kill all plants. A t low  rates, 
so m e  h erb icid es  kill so m e  p lants  
w ith o u t d a m a g in g  o th e r plants.
I lerb icid es w ith  such  an  ability a re  said  
to  b e selectiv e . U se  o f selective  
h erb icid es fo r w eed  con trol has b e­
co m e  p o p u la r  a m o n g  rice  farm ers  
b ecau se  o f  in cre a sin g  labor c o s ts  for 
h and  o r  m ech a n ica l w eed ing.

Types o f herbicides
1 lerb icid es  a re  co m m o n ly  referred to as  
c o n ta ct o r  tra n slo ca te d .

C o n ta c t he rb icid e s

C o n ta ct h e rb ic id e s  con tro l w eed s by 
killing th e  tissu e s  in d ire ct con tact with  
th e  h erb icid e . T h e y  a re  n orm ally  
ap p lied  to  le a v e s  an d  stem s. Because  
th ey  affe ct o n ly  th e  p lant p arts  they  
c o m e  in to  c o n ta c t  w ith , they a re  less 
effective o n  p eren n ial w eed s than on  
a n n u al w e e d s . T h o ro u g h  co v e ra g e  of 
the p lan t is  esse n tia l for con tact herbi­
cid es  to  b e  e ffe ctiv e . A  con tact herbi­
c id e  m a y  b e  s e le c tiv e , such  as oxyflu or- 
fen an d  p ro p .m il , o r  nonselective, such  
as p a ra q u a t.

Translo cated herbicides
T ran slocated  (system ic) herbicides  
m o v e  from  the p oin t w h ere  the 
h erb icid e com es into co n ta ct w ith  the  
p lan t to o th er p lant p arls . System ic  
h erb icid es m ay  be ap p lied  to  stem s and  
leaves o r  to the soil (th o se  applied to 
soil a re  know n a s  resid u al herbicides). 
B u tach lor, 2 ,4 -D , an d  g ly p h osn te  a re  
e x a m p le s  o f  tran slocated  herbicides. 
C ly p h o sa te  isa  sy ste m ic  hcrbicide  
w h en  ap plied  to  s te m s an d  leaves, but 
it h as n o  activ ity  w hen ap plied  to the 
soil. T ran slocated  h erb icid es m a y  be 
eith er selective o r  n on selective,

Herbicide selectivity
I Ierbicide selectivity is v e ry  im p o rtan t  
in c ro p  p rod u ction . T h ro u g h  se lectiv ­
ity, it is possible to  u se  a h erb icid e to 
kill a g ra ssy  w eed , su ch  as lichiuochlon 
cnts-g iitli, in a g rassy  c ro p  such  as rice. 
In p ractice , to avoid  killing the rice  
p la n tsa n d  for go o d  w eed  control, 
selective herbicides sh o u ld  b e used at 
recom m en d ed  rates. R ed u ced  rates  
result in p o o rw e e d  con tro l. M onselec- 
tive herbicides, such  as p a ra q u a t, a re  
h arm ful to  rice ev en  at low  rates.

H erb icid e selectivity  can  also  be 
ach iev ed  d urin g  a p p lica tio n , by 
d irectin g  the sp ray  a w a y  from  the crop  
o r  b y  u sin g  p rotective  shields. C h em i­
cal an tid o tes m ay be u sed  to  p reven t  
the h erb icid e from  killing a suscep tib le  
plant. F o r  exam p le , p retilach lor can  
on ly  b e used in d ire ct seed ed  rice in 
con jun ction  w ith  an  a n tid o te  (e.g ., 
fenclorim ).

Physical factors of selectivity
T o b e effective, herbicides m u st com e  
into co n ta ct w ith  the targ e t p lan t and  
be retained on  its surfaces (ro o t o r  
sh oot) long en o u g h  and in a m o u n ts  
larg e  en ou gh  to kill the p lant. T h e  
physical factors o f selectivity  a re  those  
that affect co n ta ct b etw een  the h erb i­
cid e  applied an d  the p lant s u rfa ce s  and  
the retention  of the h erb icid es. P lan ts  
ab sorb  soil-applied  h erb icid es th ro u g h  
lo o ts  an d  sh oots o f seedlin gs p u sh in g  
u p w ard  th rou gh  the soil. S electiv ity  is 
affected b y herbicide d o sa g e , fo rm u la ­
tion, an d  p lacem en t an d  b y  th e  p lant 
g ro w th  stage.

i fi’i l’icidi’ ifowv’t'.T h e  a m o u n t o f  a 
herbicide absorbed b y rice  is c ritica l for 
selectivity. M ost h erb icid es are  
n onselective a t high ap p lica tio n  rates.

ilerbicitieform ulation. S c \ e c tiv h y  m ay  
be achieved  th rou gh  ap p lica tio n  of  
herbicides as g ra n u la r fo rm u la tio n s . 
The gran u les that w ou ld  b e h a rm fu l to  
rice if retained on  its leav es  b o u n c e  off 
and fall to the soil.

Herbicide placemen!. T o  b e e ffe ctiv e , 
herbicides m u st first e n te r th e  p la n t. 
Selectivity based on  p la ce m e n t is 
achieved  b y p reven tin g  h e rb icid e s  
from  com in g  into c o n ta ct w ith  s ite s  o f  
en try  into the rice p lant. T h is is
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achieved  b y ap p lyin g  h erb icid es to  the 
soil su rface , b y  band ap p lication , o r  by  
vising shields. Selectivity of soil- 
ap p lied  h erb icid es m a y  be lost if the 
h erb icid es leach  th rou gh  the soil and  
c o m e  into co n ta ct w ith  rice ro ots  and  
shoots.

I ’i tw l  ̂ n n i'llt  shift'. In gen eral, p lants  
a re  m o st su scep tib le  to  herbicides at 
the seed lin g  stage. A s  plants g ro w , 
th ey  b e co m e  less susceptible. In direct 
seed ed  rice, th ere is n o d ifference in 
g ro w th  s ta g e  b etw een rice an d  w'eeds, 
an d  selectiv ity  can n o t be achieved  
th ro u g h  p lan t g ro w th  stage. In tran s­
p lan ted  rice , h o w e v e r, d ifferences in 
g ro w th  sta g e  and position of g row in g  
p o in ts  o f r ice  an d  w eed s can  b e u sed  to  
a c h ie v e  selectiv ity . P lants g ro w in g  
u n d e r  d ro u g h t con d ition s a re  less  
affected  b y h erb icid es than plants  
g ro w in g  w ith  n orm al soil m oistu re.

Biological fa cto rs of selectivity
b iolog ical fa c to rs  of h erb icid e selectiv­
ity in clu d e  d ifferen ces in m o rp h o log y , 
p h y sio lo g y , a n d  m etabolism  am o n g  
p la n t sp ecies. 1 ,eaf su rfaces th at are  
w a x y , s m o o th , o r  d ensely  h airy  arc  
w e tte d  less re a d ily  b y  aq u eou s sp ray s  
th an  a re  s u rfa ce s  that a re  less w a x y  o r  
m o d e ra te ly  h airy . V ertical leav es  retain  
less s p ra y  th an  d o  h o ri/o n ta ! leaves. 
O n ce  ab so rb e d  b y a p lant cell, the  
h e rb icid e  m a y  b e im m obilized  w ithin  
the c e ll; th a t a lso  con trib utes to  h erbi­
c id e  se le ctiv ity . Selectivity a m o n g  
p la n t sp e cie s  m a y  be achieved  w hen  
s o m e  p la n t s p e c ie s  a re  able to d etoxify  
a p a rtic u la r  h erb icid e , w hile o th ers  are  
u n a b le  to  d o  s o  and a re  killed. Tor 
e x a m p le , rice  p lan ts a r e 4 0  tim es m ore  
to le ra n t of p ro p a n il than Ecliittochloo

cn is -ga lii. This is d u e  to  d ifferen ces in 
p lant e n z y m e  levels. R ice p lan ts h av e  a 
h igh  level of ary l a cy lan iid ase , an  
e n z y m e  th at h y d ro ly z e s  p rop an il to 
n on p h y to to xic  3 ,4 -d ich lo roan ilin e  and  
p rop ion ic ac id . !.. c ru s -ft ill i  h as a  low  
level of this e n zy m e an d  is u n ab le  to 
h yd ro ly ze  p rop an il; th erefo re  it is 
easily  killed. This d etoxification  
p rocess can  b e inhibited b y  o rg a n o -  
p h o sp h oru s and ca rb a m a te  in secti­
cides.

Herbicide movement 
in plants
H erb icid es m u st en ter the p lan t b efore  
their toxic effect can b e in du ced , 
i lerbicides ap plied  to  leaf su rfaces  and  
b ud s p en etrate  the p lan t b y  diffusion.
I ligher te m p e ra tu re s  in crease  th e  rate  
of p enetration . H erb icid e ab sorp tion  
takes p lace  in the g u a rd  cells o f the  
sto m ata  an d  th ro u g h  the cuticle.

In the soil, h erb icid es m o v e  in the 
soil solution to  the seed and ro o ts , or 
a re  in tercep ted  b y  the ro ot tips. H erbi­
cides m a y  p en etrate  the w alls  o f ro ot  
ep id erm al cells b y m ass  flow.

O n ce  in p lants, h erb icid es m o v e  via  
the p hloem  an d  the xy le m  sy ste m s to  
cells an d  tissues re m o te  fro m  the site of 
uptake. T he p h lo em  co n v e y s  su g a r  
from  the g reen  tissues of the plant 
(w h ere s u g a r is m a n u fa ctu re d ) to 
storag e  tissues. V crv  y o u n g  leav es  d o  
not e x p o rt su g ar, so  h erb icid es applied  
to  th em  rem ain  there. If the tran sp o rt of 
su g ar is restricted , a s  w h en  p lan ts a re  
u n d er low  light in tensity , red istrib u ­
tion of herbicides will not o ccu r. A s a  
result, the gen eral re co m m en d atio n  for 
m an y tran slocated  h erb icid es is that 
the w eed s should  b e in activ e  grow th . 
G lyphosate an d  M C P A  a re  e xam p les  
of herbicides tran slo cated  in the  
phloem .

T h e xylem  is the p lant system  
th ro u g h  w hich  w a te r  and dissolved  
m in eral n utrien ts p a ss  to the leaves. 
H erb icid es taken  u p  b y the ro ot m o v e  
a lo n g  this s tream . 1 lerbicide u p tak e  is 
th erefo re  affected  b y  factors affecting  
tran sp iratio n  rate , su ch  as light, tem ­
p e ra tu re , w ind sp e e d , h um idity , and  
soil m oistu re. T he triazin e  herbicides  
a re  g o o d  e xam p les  of herbicides tran s­
p orted  up  in the system .

F o r a m o re  d etailed  discussion  o f the  
p rin cip les o f h erb icid e action , refer to  
Weed science principles b y W .l’ . A n d e r­
son (1983).

Tim ing of herbicide 
application
W eed s should b e rem o v ed  from  rice a s  
e arly  as possible. T h u s, herbicides  
should  be ap plied  d u rin g  early  c ro p  
g ro w th  stages. T h e  tim e  to ap p ly  a 
herb icid e d ep en d s on  the p rop erties  o f  
the herbicide an d  th e  targ et w eed s, 
w e a th e r, and cu ltu ral practices. I le rb i- 
cid es  can  b e ap plied  at several p e rio d s  
b efore and d u rin g  th e  c ro p  g ro w in g  
p erio d . In g en eral, herbicides a re  
ap plied  at p rep lan tin g , p rce m e rg e n ce , 
o r  p ostem erg en ce .

Preplanting herbicide application
A  p rep lantin g  h erb icid e  ap p lication  is 
m a d e  before the r ice  c ro p  is s o w n . T h is  
ap plication  h elps in land p re p a ra tio n  
in a m in im u m  tillage crop p in g  s y s te m .  
T ran slocated  fo liar h erb icid es (su ch  as  
gly p h osate) kill p eren n ial b road loaf  
w e e d s  and g ra sse s  found in th e  fa llo w  
veg etation . W h e re  a n n u al w eed s  
p red om in ate , p a ra q u a t is a d eq u ate . 
W h ere  volatile p rep lan tin g  h e rb icid e s  
a re  u sed , they m u st b e in co rp orated  
into the soil b efore p lantin g, to  a v o id  
d a m a g e  to the rice  c ro p .
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Preem ergen ce herbicide application
I’v eem crg en ce  h erb icid es are ap plied  to  
the soil su rfa ce  after p lantin g but 
before rice  a n d  w eed s em e rg e  for d irect 
seeded  rice, an d  before w eed s em erge  
for tran sp lan ted  rice. T h ese  a re  also  
k now n  as resid ua) herbicides. S elective  
sy ste m ic  h erb icid es are n orm ally  vised 
this w a y . N on selective con tact herbi­
cid es , su ch  a s  p araq u at, can  b e used to 
kill g e rm in a te d  w eed s, but they m u st 
b e ap p lied  b e lo re  rice g erm in ates.

R esid u al h erb icid es form  n thin, 
p ro te c tiv e , co n tin u o u s  lay er 2  cm  ov so  
d e e p  o n  the soil su rface. R oots o f w eed  
seed lin g s o r  e m e rg in g  sh oots take up  
the h erb icid e  w h en  th ey  p ass th rou gh  
this la y e r a n d  a re  killed in the p rocess. 
M o istu re  is n ecessary  to carry  the 
h erb icid e  to  w e e d s  g erm in atin g  below  
the soil su rfa ce . G ood w eed  control 
ca n n o t b e  a ch iev ed  w h en  a residual 
h erb icid e  is ap p lied  to d ry  soil and the 
w e a th e r re m a in s  d ry . R esidual herbi­
cid es  fo r d ry  seed ed  rice cultu res  
sh o u ld , th e re fo re , b e ap plied  to  m oist 
soil o r  d u r in g  light rain , o r  irrigation  
sh o u ld  follow ' a  few  d a y s  a fter herbi­
c id e  s p ra y in g .

P o ste m e rg e n ce  herbicide application
P o ste m o rg e n co  h erb icid es a re  applied  
a fte r rice  an d  w e e d s  h a v e  germ inated  
o r  a fte r  r ice  h as been tran splan ted . T he  
h e rb icid e  m u s t, th erefore, be selective  
or rice  s e e d lin g s  will be killed. If the 
h e rb icid e  is se le ctiv e , it can  be applied  
o v e r th e  fo liage  to  kill th e  w eed s  
w ith o u t h a rm in g  the rice. E xam p les  
a re  2 ,4 -D , p ro p a n il, and b e n ta /o n . Se­
le c tiv ity  a ls o  ca n  b e achieved  b y d irect­
ing a p p lic a tio n  a w a y  fro m  the cro p  to 
p re v e n t th e  h erb icid es  from  com in g  
in to  c o n ta c t  w ith  th e  vice foliage.

Behavior o f herbicides 
in soil
T h e en viro n m en t of a flooded riceficld  
differs from  th at o f an  u p lan d  ricefield  
in p h ysical, ch em ical, an d  biological 
p rop erties of soil, as  w ell as  in p revail­
ing aq uatic con d itio n s an d  th e  k ind s  
an d  e co lo g y  o f an im als  an d  p lan ts  
foun d , in clu din g w eed s. Soils in 
flooded fields d iffer from  u p lan d  soils 
in a ero b ic and re d o x  con d itio n s and  
soil pi 1. b ecau se  o f th ese d ifferences, 
th e  d eg rad atio n  ra te  of h erb icid es  
differs b etw een u plan d  an d  flooded  
soils.

A  larg e  a m o u n t o f the h crbicides  
ap plied  to flo od w ater e n ters  th e  soil 
lay er w ith  the p erco la tin g  w a te r. M any  
h erb icid es a re  reta in ed  in the soil 
su rface  layer, w h e re  th ey  are  m ostly  
d eg rad ed  b y soil m icro o rg an ism s. T he  
d egrad ation  rate  d ep en d s on  the 
p rop erties of the soil and the herbicide.

M icro o rg an ism s in a su b m erg ed  soil 
d ep lete  o xy gen . T h e  soil is, th erefore, 
red u ced  (red ox) e x ce p t for the 0 .5-1 cm  
surface layer, w h ich  is kept in an  
oxid ized  state  b y o x y g e n  that diffuses  
from  the flo od w ater to  the soil surface. 
T h us, in flooded soils, e xcep t for the 
u p p erm o st lay er, ferric iron  is red u ced  
to ferrous iron, soil p H  reach es 6-7, 
aerobic o rgan ism s a re  in active, an d  
an aerob es a re  a b u n d an t. Those result 
in differences in h erb icid e d eg rad atio n  
b etw een th e o x id a tiv c a n d  red u ctiv e  
layers of the soil, an d  b etw een  u plan d  
and flooded soils.

Adsorption
W hen herbicides reach  the soil surface, 
som e herbicide is taken  up  an d  bonded  
to  th e  su rface  of soil colloid s (a d ­
sorb ed ) d u e  to electrical a ttraction  
b etw een the h erb icid e and the colloids. 
A d sorp tio n  o ccu rs  in the c la y  and  
organ ic m atter fraction  of the soil.

W eak ly  adsorbed herbicides rem ain  
activ e  ag ain st g erm in atin g  w eed seed ­
lings an d  b ud s p assing through the 
h erb icid e  layer. W eak adsorption  
p re v e n ts  the herbicide from  leaching  
into layers w h ere the g ro w in g  p oin t of 
rice is located . This is a n  exam p le  of 
selectivity  b y p hysical separation .

In p ractice , herbicides a re  applied at  
a h igh er rate  to  soils high in c lay  and  
o rg a n ic  m atter than to san d y  soils, 
b ecau se  m o re  h erbicide is ad sorb ed  in 
clay ey  than in san d y  soils.

Leaching
L e a ch in g  cau ses m o v em en t o f herbi­
cid es  th rou gh  soil w ith  the flow  o f  
w a te r. T h e exten t o f  leach in g varies  
w ith the w a te r solubility of the h erb i­
cid e  a n d  w ith  soil tex tu re . W h en  a 
resid u al herbicide is ap plied  to  th e  soil 
su rface , it m u st m o v e  even ly  2 -5  cm  
into th e  soil, to  the area  w h ere  m ost 
w eed seed s germ in ate . H en ce, soil 
m o istu re  after h erb icid e ap p lica tio n  is 
im p o rtan t. A s  w a s  p oin ted  out earlier, 
p reem erg en ce  resid ual h erb icid es  
ap p lied  to  d ry  soil will n o t b e effective. 
1 lo w e v e r, too m u ch  w a te r  o r  leach in g  
will c a rry  the h erb icid e too d e e p ly  in to  
the soil, below  the zo n e  w h e re  w eed  
se e d s  a re  found. T h is  a lso  re d u c e s  th e  
effectiveness o f the h erbicide.

I lerbicides in flood ed  ricefie ld s  a re  
con tin u ou sly  leached w ith  p e rco la tin g  
w ater. Fortu n ately , m a n y  rice  h crb i­
cid es  a re  readily a d so rb ed  to  th e  soil 
com p on en ts. Such  h erb icid es  a re  
retain ed  in the soil lon g e n o u g h  for  
resid ual activity to  con tro l w e e d s .
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Runoff

Runoff is o n e  of the m ain  p a th w a y s  of 
herbicide loss  from flooded ricefields.
I lerbicides o r e  usually transported  as  
solutes in soil wafer; their m o vem en t  
will d ep en d  o n  solubility and a d so rp ­
tive capacity .  In runoff w ater ,  how ever ,  
herbicides a r e  transported both as  
solutes  an d  o n  soil sedim ent particles.  
A n  irrigation  system  n eeds  to be well- 
regulated  to retain herbicides within  
the sy s te m . Irrigation d ra in a g e  and  
ov e rf low  sh o u ld  b e a vo ided , to reduce  
herbicide losses  and to p rotect  d o w n ­
stream  w a t e r  from pollution.

Volatilization
All h erb icid es  arc  volatile (h a v e  a 
te n d e n cy  to c h a n g e  from  a solid or  
liquid to  a g a s e o u s  state). Volatility, 
h o w e v e r ,  v a r ie s  a m o n g  herbicides and  
increases  w i th  h igher tem perature.  
Volatile  h erbicides  should be  m e ch a n i­
cally in co rp o ra te d  into the soil to avoid  
exce ss ive  ch e m ica l  loss.

V olatilization  from  the floodwater  
into th e  a tm o s p h e r e  is an  im portant  
ro u te  o f  h erb icid e  loss from  lowland  
ricefields. T h e  volatilization rate  
d e p e n d s  o n  w a t e r  e vap oration  rate, 
w a te r  d e p th ,  w a te r  solubility, and 
v a p o r  p r e s s u r e  of the herbicide.  
V olatilization  loss of herbicides from a 
sh a llo w , w a r m  w a te r  flooded field can  
be h igh ly  significant.  Volatilization  
from  th e  soil s u r fa ce  of u p lan d  rice 
m a y  b e m u c h  g re a te r  than that from  
the l l o o d w a t e r  of low land rice. 
T h io c a rb a n ia te  herbicides a re  volatile  

in f lo o d w a te r .

Photodegradation
Photochem ical  and biochem ical  
d e g ra d a tio n  of herbicides g o v e r n  their  
fate in a flooded en viro n m en t.  Fo r  
e x a m p le ,  the high  pi 1 of the w a te r  
in duces  hydrolysis  o f  carb oxylic  esters.  
S o m e  herbicides a d so rb  ultraviolet  
radiation. The p re se n ce  of luim ic  acids  
in floodw ater m a y  also in d u ce  p h o to ­
chem ical d egrad ation  of herbicides  
that d o  n ot a d so rb  ultraviolet radiation  
(Ynron  et al 1985).

Persistence
H erbicide  persistence is the length of 
t im e a herbicide re m a in s  active  in the  
soil. Persistence d e p e n d s  on  the 
a m o u n t  o f  herbicide applied ,  the ra te  at 
w h ich  it is broken d o w n ,  p roperties  of  
the particular herbicide, and leaching.
I lerbicides with long p ersistence keep  
a cro p  w eed-free  for a longer tim e than  
d o  herbicides with s h o rt  persistence.  
Persistence of a herbicide b eyon d  the  
rice-grow ing season , h o w e v e r ,  is 
undesirable b ecau se  oth er  crop s  
sensitive to that herbicide  c a n n o t  be  
g r o w n  on  the s a m e  land for s o m e  time.

Effect of environment on 
herbicidal activity
Several en vironm ental  factors affect  
the su ccess  of w e e d  control b y  soil o r  
foliar-applied herbicides. Temperature,  
relative hum idity , soil m oisture, and  
wind are  important.

Tem perature
A bsorption  and translocation of herbi­
cides  increase as tem p eratu re  
increases, and selectivity can be  
changed by differences in absorption  
and translocation. F o r  exam p le ,  if

propanil is applied to rice w h e n  the 
te m p e ra tu re  is ab ove  3 8 ' C ,  p h y to to x ic ­
ity m a y  occu r .  A t  high tem p eratu res ,  
s im etryn  will c a u se  injury, e v e n  in 
japonica rice, as  a result of h igher  
absorption  throu gh  the roots. In 
general,  the ra te  a t  w h ich  herbicide  
d e gra d e s  increases with increasing  
tem p eratu re .

Relative hum idity
A t high relative hum idity ,  leaf s tom ata  
a r c  open, w h ich  increases ab so rp tion  of  
herbicide into the leaf. E v a p o ra tio n  of  
herbicides from  leaf surfaces is slow ed  
at high relative h um idity . S low  e v a p o ­
ration lengthens the tim e the herbicide  
can  enter the plant.

Soil m oisture
Soil m oistu re  affects herbicide effec­
tiveness by  influencing the a m o u n t  of  
herbicide in the soil solution a n d  the  
d epth  of herbicide m o v e m e n t  in the  
soil profile. W h e n  a  residual herbicide  
is applied to a d ry  soil, it relies on  soil 
m oistu re  (from rain  o r  from  irrigation)  
to m o v e  it to the ro ot  zone. In a d e q u a te  
m o v e m e n t  is a c o m m o n  c a u s e  o f  the  
failure of herbicides in u plan d  fields.

W ind
W in d  a d versely  affects the a b so rp tio n  
of foliar-applied herbicides b y  in c r e a s ­
ing the evap oration  of s p ra y  d ro p le ts  
a n d  the volatilization of herbicide  
residue from the leaf surfaces.

Properties of herbicides
W'hen the probable b e h a v ior  o f  a 
herbicide can  be predicted  f r o m  its 
properties,  that inform ation  c a n  b e  
used to design safer an d  m o re  effective  
application. S o m e  p rop erties  o f  h e rb i ­
cides that affect their biological ac t iv i ty
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and b e h a v io r in the c ro p  e n viro n m en t 
in clu de p artition  coefficient, v a p o r  
pressu re , an d  w aler solubility. Parli- 
tion coefficien t d escribes the relative  
d istrib u tion  of a c o m p o u n d  b etw een a 
fatlike la y e r an d  w a te r w h en  shaken  
tog eth er. C o m p o u n d s  th at accu m u la te  
in the fatlike laver a re  likely to be 
stored  in th e  fat o f anim als.

V apor pressure
M ost o rg a n ic  ch em icals  tend to  ch a n g e  
to v a p o r. T h is  ten d en cy is m easu red  as 
v a p o r p re s su re  and is affected bv 
te m p e ra tu re . A s  tem p eratu re  in­
c re a se s , v a p o r  p ressu re a lso  increases. 
A liquid w ith  a  high v a p o r p ressu re  is 
reco g n ized  a s  a  volatile co m p o u n d , 
on e th a t e v a p o ra te s  rap id ly . In c o n ­
trast, h erb icid es  with high boiling  
p o in ts  h a v e  lo w e r v a p o r p ressu res, and  
th u s a re  less vo latile  (D avies c t  al 1988). 
T h io c a rb a m a tc  herbicides h av e  a  high  
v a p o r  p re ssu re .

W h e n  h erb icid es  w ith  high vap or  
p re s su re  a re  ap p lied  to  the soil surface, 
th ey  ca n  e v a p o ra te  so  rap id ly th ey  arc  
in effective . S u ch  herbicides should  be 
in co rp o ra te d  in the soil. It has been  
freq u en tly  o b serv ed  th at m o re  h erb i­
cid e  is lo s t fro m  a m oist soil than from  
a  d ry  soil.

W a te r so lubility

P ra ctica lly  all h erb icid es h av e  a m e a s­
u ra b le  so lu b ility  in w ater. W ater  
solu b ility  is  im p o rta n t in d eterm in ing  
le a ch in g , d e g re e  o f ad so rp tion , and  
m o b ility  in the en viro n m en t. H erbi­
cid es  th a t  a r e  w a te r  soluble leach  
re a d ily . W h o re  a  herbicide is less 
solu b le , s o rp tio n  on to  suspended  
m a tte r  in th e  w a te r  ten ds to take the 
c h e m ica l o u t  o f  m o st o f the w ater.

Herbicide form ulations
1 lerb icid e sa re  not sold as l(K)"r activ e  
in gred ien t. P ow d ers , solven ts, stickers, 
o r  w eltin g  agen ts u su ally  a re  a d d e d  to 
help d isp erse  the activ e  in gred ien t 
th ro u g h o u ta  carrier. T h e final p ro d u ct  
is a form ulated  h erb icid e that m a y  
h av e  a num ber of n am es and m av  
con tain  different p rop ortion s of activ e  
ingredient.

A sm all a m o u n t o f h erb icid e (ab ou t
2.(1 kg) m ixed w ith  ab ou t 2 0 0  liters of 
w a te r carrier is sufficient to co v e r a 
hectare. It is essential that the herbicide  
be u niform ly d istrib u ted  in the sp ray  
w ater.

Som e of the typ es o f form u lation s  
a re  exp lained  b elow .

W titcr-to liibh ' co iu ru tn itc  <S i. The  
activ e  in gred ien t in a w ater-so lu b le  
con cen tra te  d issolv es read ily  in w aler.

W cttiibli’ im ' ih r  (W P  o r  l-V). W h en  an 
activ e  in gred ien t d o es  n o t d issolve  
read ily  in stan d ard  solven ts, a w eltable  
p o w d e r is p rep ared . T he fo rm ulation  
con sists o f  the d ry  herbicide plus  
a n o th er inert solid , such  a s  clav, 
to g eth er with a g e n ts  th at a llow  d isp e r­
sal and suspen sion  of fine p a rlid e s  in 
liquid. W ettab le p o w d e rs  m ix readilv  
w ith w a te r, but tend to settle  al the  
b ottom  o f  the s p ra y  tank. W ettab le  
p ow d ers  are b ein g  replaced  b y tlow - 
ables an d  w ater-d isp ersib le gran u les  
that o v e rco m e  m an y  of th e  s to ra g e  and  
sp rayin g  p rob lem s th at h av e  o ccu rred  
in w ettab le  p ow d er.

Eiw tk ifinbh ' couccntrati’ (E C  or E). An 
em ulsifiable co n ce n tra te  is used for 
herb icid es that a re  not w a te r soluble  
but a re  soluble in o rg an ic  solven ts. An 
em u lsifier is a d d ed  to form  a stab le  oil- 
in -w ater em ulsion  w h en  the herbicide  
is m ixed  with w ater.

ilou 'iib lcs IE ). In (low able herbicides, 
the activ e  ingredient is not read ily  
soluble in w aler or an organ ic solvent. 
The f low able consists o f a finely 
grou n d  w ettable p ow d er su sp en d ed  in 
a sm all a m o u n t o f liquid and m ixed  
w ith em ulsifiers.

Crnmtlcfi (G  or$). G ranules a re  a 
read v-to -u se , d ry  form ulated p ro d u ct  
w ilh a carrier, usually clay. G ran u les, 
w hich  m av  contain  2-20%  activ e  
ingredient, can  be b road cast on  flood- 
w ater to control w eed s g ro w in g  in the 
w ater (su b m erged  w eed s). G ran u les  
a re  usually d esigned  to  im p ro v e  
handling and ap plication  p ro p e rtie s  
(e .g ., selectivity). A n a d v a n ta g e  of 
gran u les is that th ere is less d rift than  
w ith fine sp rays u n d e r w in d y  c o n d i­
tions. G ran u les, h o w e v e r, a re  b ulky  
and often h ave h igh er h a n d lin g  costs.

Adjuvant. A d ju van ts a re  m a te ria ls  
that facilitate the actio n  o f h erb icid es  o r  
m odify ch aracteristics  o f  the h erb icid e  
form ulation, K xam ples o f ad ju v a n ts  
a re  surfactan ts an d  w ettin g  a g e n ts , oils, 
stickers, thickening a g en ts , em u lsifiers , 
and stabilizing agen ts.

Surfactants a re  c o m m o n ly  u sed  to  
im p ro ve  the em u lsifyin g, d isp e rsin g , 
spreadin g, o r w ettin g  ability o f  the  
herbicide fo rm ulation  b y  m o d ify in g  its  
sm  face ch aracteristics . A  s u rfa c ta n t  
increases retention  of the h e rb icid e  on  
the l"af surface a fter s p ra y in g . It a lso  
helps en try  of the h erb icid e in to  leaves  
and stem s.
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S u rfactan ts a rc  often a d d ed  to  
liorbiciilo form u lation s b v the m a n u ­
factu rer, but ad ditional su rfactan ts  
m av bo n eed ed  tor so m e  p ostem er- 
genee h erb icid es  or in so m e  e n v iro n ­
m ental con d itio n s (e .g ., b entazon  
u n d er low  te m p eratu res). T he h erb i­
cid e label in dicates h ow  m uch  
su rfactan t to u se  w hen an  additional 
su rfactan t is req u ired . W hen su rfac­
tan ts a re  not reco m m e n d e d , their use 
w ith fo liage-ap p lied  h erb icid es can  
result in loss o f  selectivity.

Herbicide labels
T h e b est s o u rc e  o f in form ation  con ­
ce rn in g  safe  an d  effective herbicide use  
is the p ro d u ct label (Tig. 4 .1) printed  
on or a tta ch e d  to the herbicide c o n ­
tainer. It g iv e s  d irectio n s on  effective, 
safe  u se  o f th e  h erbicide. T he label 
should  be re a d  carefu lly  and u n d er­
stood  b efo re  a n y  h erb icid e is u sed . The 
h erb icid e  label is a legal d o cu m e n t that 
in m a n y  co u n trie s  h as go vern m en t  
a p p ro v a l, liv e ry  h erb icid e p ro d u ct  
label sh o u ld  co n ta in  the follow ing  
in form ation :

'i'ra<h'or brand nivnc. T h e trad e  or 
b ran d  n a m e  id entifies a herbicide of 
o n e  c o m p a n y  a n d  d ifferentiates it from  
th ose  o f  o th e r co m p an ies. 1 .ike co m ­
m on  w e e d  n a m e s , tra d e  n am es of 
h erb icid es  m a y  ch a n g e  from  cou n try  to 
c o u n try . T h u s , the tra d e  n a m e  is not 
a lw a y s  a d e q u a te  for idenlifving a 
h e rb icid e  o r  d e te rm in in g  co rrect rates 
o f  a p p lica tio n . W h en  an  application  
ra te  is re c o m m e n d e d  w ith  a trad e  
n a m e , file ra te  n o rm ally  refers to  the 
a m o u n t of fo rm u la te d  p ro d u ct, and 
not th e  ra te  o f  a c tiv e  in gred ien t o r  the 
acid  e q u iv a le n t.

C h i'in ica l and common inimc< .! lerbi- 
cid es  h a w  c o m p le x  ch em ical nam es. 
R ules lo r  se le ctin g  suitable chem ical 
n a m e s  a r e  g iv e n  b v  ap p rop riate  
c h e m ica l a s so cia tio n s  (e.g ., the Interna-
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tional U nion o f l’u re  and A pplied  
C h em istry  [lU P A C ]). T h e ch em ical 
n am e refers  to the activ e  in gred ien t. In 
addition  to  the ch em ical n a m e , each  
herbicide is given  a co m m o n  n a m e  
w hich also  applies to the a c tiv e  in gre­
dient. T he com m on  n am e is n o t the  
sam e a s  th e  trad e n am e o f the sa m e  
herbicide. C o m m o n  n am es for h erb i­
cides a re  a p p ro v ed  b y a p p ro p ria te  p ro ­
fessional bodies, such  as the In tern a­
tional S tan d ard ization  O rg an izatio n

4.1  A ll herbicide labels are required to  
provide Important Inform ation. Users should 
read and understand th e  label before open ing  
any herbicide container.
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Table 4.1. M eanings o f s igna l words found on herbicide form ulation labels, to  sta te  danger to  
humans,

Signal word

Donger/Poison 

Warning 

Caution 

No signal word

Acutc toxicity

Highly toxic

Moderately toxic

Low to relatively 
nontoxic
Relatively nontoxic

Approximate lethal 
oral close for an 

adult human

A taste to one 
teaspoonful (5 nil)
One teaspoonful to 2 
tablespoonfuls (30 ml. 
30-450 ml

Lethal oral dose 
(L D . ) f o r  rats 
(m g/kg body 

weight) (See p. 62 
for discussion on 

LD .)

5 50 

50-500 

500-5.000

(ISO ). A h erb icid e  in av  be p rod u ced  or  
fo rm u lated  b y  m o re  th an  o n e co m p an y  
an d  th u s  be sold  u n d e r several brand  
n am es, b u t th e  co m m o n  n am e or 
ch e m ica l n a m e  should  alw ays be the 
sa m e  o n  all p ro d u cts . l;o r  exam p le: 
T ra d e  o r  b ran d  n am es: M achete, 

B u la n e x , L am b ast  
C h e m ica l n am e: ,V -(b uth oxym eth yl)-2- 

ch lo ro-jV -(2 ,6d ieth vlp hen yl) 
a ccta n iid e  

C o m m o n  n a m e : b utachlor
A c  liv e  ingredient. liach label specifi­

ca lly  n a m e s  the ac tiv e  ingredient 
p re se n t in th e  h erbicide. T he a m o u n t of 
a c tiv e  in g re d ie n t m a y  be given  in 
p e rc e n ta g e  b y  w eigh t o r  in gram s per 
liter, a n d  m a y  b e listed b y its com m on  
n a m e  o r  b y its ch em ical nam e. The 
in ert in g re d ie n ts  need not bo n am ed , 
but th e  label should  specify  their p er­
ce n ta g e  o f  con ten t.

l-on n u la tio u . S om e labels spell out 
the fo rm u la tio n , o th ers use ab b revia­
tions, s u c h  a s  1:C or L for em ulsifiable  
c o n ce n tra te s ; W P  o r  VV for w ettablc  
p o w d e r ; lrVV, !•', o r  1. for flow ables; G 
for g ra n u le s ; a n d  S for solubles.

Con ten t, liach  label g iv es the total 
a m o u n t o f  h erb icid e  in the container 
(e .g ., in lite rs  11.1 o r  k ilogram s |kg|).

Signal words and symbol*. I lerbi- 
cid e  labels state  h ow  p oison ou s the  
p ro d u ct is, using specific signal w ord s  
and sym b ols, lixam p les a re  sh o w n  in 
T ab le4 .1 .

Labels o f all highly to xic  p ro d u cts  
h ave, in ad d ition  to the w ord  poison, 
the skull and cro ss-b o n es svm bol. 
P icto gram s— g rap h ically  definitive  
sym b ols— are a lso  reco m m en d ed  for 
inclusion on  agro ch em ical labels (Info  
Letter 1988). lixam p les o f p icto g ram s  
a re  d raw in gs o f  a p air o f p an ts in bools  
an d  a p a ir  of h an d s in g lo v es , to co n v e y  
the need to  w ear fo otw ear and gloves  
for safe h an d lin g  o f chem icals. T hese  
labels a lso  in clu de the s ta tem en t Keep 
out o f reach of children.

Directions for use. D irection s for u se  
p rov id e in stru ction s on h o w  to u se  the  
herbicide. This in cludes in form ation  on  
w eed s th at the h erb icid e con trols, 
crop s on  w hich ap p lication  of the 
herbicide is safe, ap plication  rates, 
ap plication  tim e, and ap plication  
m eth od . All d irections for use mast be 
follow ed.

Nome (), :thtiiuf(tciti>vr. T h e n a m e  and  
ad d ress  o f the m a n u factu rer o r  
d istrib u tor of the p ro d u ct often is 
required by law  to  be on  the label.

I hr-tirds lo  hitmans and domestic 
animals. T h e h azard s portion of a label 
in dicates h ow  the herbicide inav be 
h arm ful to m an  and d om estic anim als. 
It g iv es inform ation  on how  to avoid  
p oison ing o r  con tam in ation , su ch  as 
the ty p e  o f p rotective  cloth in g re­
quired.

Environm ental hamrds. T o help  
red u ce  u nd esirable effects on the 
e n v iro n m en t, the label a lso  p rovid es  
en viro n m en tal p recautions. It m ay  
in clu de w arn in gs that it is h arm ful to  
bird s, fish, and w ildlife, and a d v ice  on  
h ow  to avoid  con tam in atin g  w ater  
bodies.

I larvesting statement. A  h arvestin g  
sta tem en t is printed on labels w hen  
there is a ch an ce  that the treated  crop  
m a y  be fed to an im als or h an d led  by 
h u m an s. B ecause resid ues of a herbi­
cid e  req u ire  a m in im u m  n u m b er of 
d ay s to d eg rad e , a harv estin g  sta te ­
m en t specifies the n u m b er o f d a v s  
betw een the last herbicide ap p lication  
an d  the tim e w hen the cro p  c a n  be 
salely  cu t, th resh ed , o r  eaten.

Herbicide applicators
A  herbicide ap p lica to r is a n y  d ev ice  
used to ap p lv  h erb icid es on  p lan t and  
soil surfaces. A p p lica to rs d is trib u te a n  
exact q u an tity  o f a h erb icid e u n ifo rm ly  
o v e r a given  area. T h ey  can b e c lassi- 
lied as n on p v essu ri/ed  o r  p re ssu riz e d .

\ o n p re ssu riz e d  ap p lica to rs  in clu d e  
the w ater can, g ra n u la r  a p p lica to r, 
con trolled -drop let ap p lica to r, an d  
d irect-con tact a p p lica to rs  su ch  a s  ro p e  
w icks an d  w ipers.

I lydraulic (p ressu rized ) a p p lic a to rs  
usually need w a te r lo w ork . A  p re s su r­
ized ap p licator m a y  b e m a n u a lly  
op erated  (such as th e  lev e r-o p e ra te d  
k n a p sa ck sp ra v e r), m o to riz e d , o r  
g roim d -d riven  (Pig 4 .2).
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Controlled-droplet applicator
A con tro lled -d ro p let ap p lica to r (Cl 3 A) 
p ro d u ces  u n ifo rm -si/e d  d rop lets  of 
sp ray . W e e d s  m a y  be effectively  
control led w ith  as little as 18 liters 
w a te r /h a . I )ro p le t s i /e  is controlled  
w illiin n a rro w  lim its b v spinning discs  
inside the ap p lica to r. C ontrolled - 
d rop let a p p lica to rs  nre lightw eight. 
T h ev h av e  a p lastic  sp rav  b ead , a sm all 
m o to r th at driv es the rotating d isc, a 
liquid re se rv o ir, a handle, and .1 p ow er  
su p p ly  (e .g ., o n e  to e igh t 1.5-volt d ry- 
cell b atteries). M od els that u se  a 
m an u ally  o p e ra te d  air p u m p  (Tig. 4.3) 
(e .g ., Birkv s p ra y e r)  h av e  been in tro ­
d u ce d . T h is elim in ates  the cost of 
b atteries for th e  first-generation  C D A .

Granular applicator
I le rb ic id e sso ld  as g ran u les  a re  applied  
lining g ra n u la r  ap p licators. W h atever  
its s i /e ,  a g ra n u la r  ap p licator con sists  
ol a h o p p e r to  co n tain  the gran u les , a 
m e te rin g  d e v ic e  to con trol How rate, 
and a d is trib u tio n  m ech an ism . Ciranu- 
lar h erb icid es  th at a re  soluble in w ater  
m a y  n o t re q u ire  the sam e u niform ity  of 
d istrib u tion  a s  th ose  that a re  not 
solu ble in w a te r .

G ra n u le s  a r e  often applied bv hand, 
esp ecia lly  in th e  tropics. Because  
b ro a d ca stin g  g ra n u le s  bv hand is not 
p recise , the q u a n tity  o f h erbicide used  
will be h ig h e r th a n  w ith  other 
ap p lica tio n  te ch n iq u es. M ore uniform  
a p p lica tio n  ca n  b e achieved  on  sm all 
a re a s  b y  s h a k in g  the gran u les from  a 
c o n ta in e r  w ith  a  p erforated  lid.

H yd ra u lic  a p p lica to r (pressurized)
I ly d ra u lic  a p p lic a to rs  com m on ly  
con sist o t a ta n k , p u m p , and nozzle. 
O th e r c o m p o n e n ts  include an  agitator, 
p re s su re  g a u g e , p ressu re  regu lator, 
hose, a n d  b o o m . T he tank that holds  
the s p r a y  s o lu tio n  is m ad e o f a

corrosion -resistan t m aterial, su ch  as  
stainless steel, p olvvinvl m aterial, o r  
fiber g lass. The tank has a special lid 
th ro u g h  w hich it is filled. T he lid 
con tain s a strainer to  re m o v e  debris  
that m ight clog the nozzle. The p u m p  
driv es the solution th ro u g h  the p res­
su re ch am b er to the n o /./le . T h e m o st  
w id ely  used sm all h yd rau lic  ap p lica to r  
is the lever-op erated  k nap sack  s p ra y e r  
( l ’ig. 4 .4 ). I'or a d etailed  d iscussion , see  
Pt'^n ’itlc 1 ippthvlion niclhoii< (M atth ew s
1979).

Operation of the 
knapsack sprayer
1 lerbicide and w a te r  a re  p ou red  in to  
the sp ra y e r tank. T h e lev er is m o v e d  
u p  and d o w n , c a u sin g  the p u m p  to  
d raw  sp ray  liquid fro m  the tan k  in to  a  
special ch am b er inside th e  tan k  ca lle d  
the pressu re ch am b er. A ir tra p p e d  in
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4.3  Contro lled -d roplet applicators that 
use a m anually operated a ir pump are 
available.

I  i
Carrying

straps

Lid

Basket strainer 

Tank

Contents gauge

n
Lever

Base and 
pum p assem bly

Hose and 
fasteners

4 .4  S im plified  d raw in g  of a lever-operated 
knapsack sp rayer.

a =

T rig g e r handle 
and cutoff va lve

Nozzle

* 1

Lance or wand

th e  p re s su re  c h a m b e r is co m p re sscd  os 
th e  liquid  is fo rce d  in. O n on e side o f  
the p re s su re  c h a m b e r  is the hose, 
w h ich  is c o n n e c te d  to  the trigger  
h an d le , a n d  th e  o n -a n d -o ff sw itch  
k n o w n  a s  th e  c u to ff  valve. C o m p ressed  
a ir  fo rce s  th e  liq u id  from  th e  p ressu re  
c h a m b e r th ro u g h  the h ose to  the  
n ozzle. T h e  n o z z le  tu rn s the liquid into 
d ro p le ts , w h ich  a id  in u niform  c o v e r­
a g e  o f  th e  w e e d  o r  soil.

The faster the le v e r is m o v e d , thu 
h ig h er the p ressu re b eco m es. H igh  
p re ssu re  m akes the h erb icid e  d rop lets  
sm aller an d  increases th e  speed  w ith  
w h ich  the solution c o m e s  o u t of the  
n ozzle (flow  rate). F o r herbicide  
sp ra y in g , w h ere c o a rse  s p ra y  d rop lets  
a re  d esired , 5-6 lev er strok es p er 
m in u te  a re  adequate.

S e le ctin g  the nozzle
T h e flow  rate  th rou gh  a  n o z z le  d e ­
pends on  the size o f  the n o z z le  o p e n in g  
an d  the sp ray  p ressu re . In c re a s in g  the  
n ozzle size (d iam eter o f o p e n in g ) and  
in creasin g the p re ssu re  w ill in cre a se  
the flow  rate. A  p re ssu re  o f 7 0 - 2 7 5  kPa  
(sec A p p en d ix  A) is  re c o m m e n d e d  for 
herbicide ap plication . T h e b est w a y  to  
regulate the flow  ra te  is to  c h a n g e  
n ozzle tips and to in cre a se  o r  d e c r e a s e  
w alk in g speed.
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It is im p o rtan t to  select the p ro p e r  
typ e o f  n ozzle  for each  activ ity  
(Fig. 4 .5 ). F o r  resid u al h erb icid es  
applied to  the soil, im p act n o zzles  (e.g ., 
Polijet) should  b e u sed  b ecau se  they  
cau se  less drift p rob lem s. F o r system ic, 
tran slo cated h erb icid es, w h ere  th o r­
ou gh  w ettin g  of stem s and leaves is 
n o t req u ired , a n  im p act n o zzle  o r  fan  
nozzle is re co m m e n d e d . F o r co n ta ct  
herbicides, use a  h ollow  co n e  n ozzle , 
an  im p act n ozzle, o r  a tan n o zzle  
op erated  at 275  kPa.

Sprayer calibration
S p ray er calib ration  d eterm in es the  
v o lu m e o f w a te r that will b e ap p lied  on  
a  given a re a  b y a  given  ap p lica to r  
u n d er g iv en  con d itio n s. The v o lu m e  of 
w ater applied b y a sp ra y e r d e p e n d s  on 
w alk in g sp eed , sp ray er p re ssu re , and  
n ozzle size.

W alking sfk'i'ii. A n  in crease  in w alk ­
ing speed  results in less s p ra y  m ixtu re  
applied to  a given  area . C o n v e rse ly , a 
d ecrease  in w alk in g speed resu lts  in 
ap plication  o f a g re a te r v o lu m e applied  

p e ru n it area.
Spnn/er/w ssw v . In creasin g sp ra y e r  

p ressu re resu lts in a g re a te r v o lu m e  of 
sp ray  m ixtu re  ap plied  to a g iv e n  area. 
C o n v ersely , a low er sp ray  p re ssu re  
results in less s p ra y  m ixtu re  ap plied . 
The s p ra y e r should  be o p e ra te d  to  g ive  
as s tead y  a  p ressu re  a s  possible. A  
p ressu re g a u g e  m a y  b e fitted to  the  
sprayer.

N ozzle size. T h e u se  o f a larg e  n ozzle  
op en ing in creases the v o lu m e o f  sp ray  
m ixtu re  ap plied  to  a given  area . 
Sm aller o p en in g s d eliver a sm aller 
spray volum e.

T h e re  a re  s everal w a y s  to find out 
h o w  m u ch  sp ray  is ap plied  to a given  
a re a  for a given  tim e. A w ell-tested  
tech n iq u e for calib ratin g  a sp rayer  
(F ra se r  and burrill 1979) is as follow s:

Step 1. M ake su re  the sp rayer is in 
go od  w ork in g co n d itio n  (no leaks, n o  
blocked  n ozzles, etc.). C alibration  
sh o u ld  b e d on e o n  a surface sim ilar to  
the field to  be s p ra y e d . M easu re and  
m a rk  o u t an  a re a  o f  TOO m 2 (10 m  x
10 m ). T ra ce  w ith  a  stick  the ro w s  on  
w h ich  rice n orm ally  w ou ld  be so w n  in 
the field. T he ro w  w id th  should  b e the  
o n e  yo u  will use in p lanting rice.

Step 2. Place the sp ray er on level 
gro u n d  an d  put in 10 liters of clean  
w a te r. M ark  the o u tlin e  of the s p ra y e r  
on  th e  g rou n d  so  the sam e sp ot c a n  b e  
found later. P u t the sp ray er on y o u r  
b ack . Position the n ozzle  ab ove the first 
seed ro w  m ark. P u m p  the s p ray er to  
d e v e lo p  p ressu re. B egin  sp rayin g  the  
p lot y o u  h ave m a rk e d , adjusting the  
h eigh t of the n o zzle  to  c over w h a te v e r  
sw a th  w idth  yo u  d esire . M aintain  a 
co n sta n t n ozzle h eigh t. W alk a t  a 
com fortab le  p ace , w h ich  you m u st  
m ain tain  th ro u g h o u t th e  calib ratio n , 
an d  la te r in a ctu ally  sp rayin g th e  field . 
S p ra y  the 10 0 -n v  p lo t o n ce. W h en  y o u  
h av e  com p leted  sp ra y in g  the plot, 
p lace  the sp ra y e r b ack  on  the g ro u n d  in 
its outlined  p osition  an d  m e a su re  th e  
w a te r level.

Step 3 . D eterm in e the ap p lication  
ra te  b y  su b tractin g  the vo lu m e o f  w a te r  
rem ain in g in the s p ra y e r  from  the  
a m o u n t you started  w ith . For e x a m p le , 
if the a m o u n t o f w a te r  in the tan k  
before sp rayin g w a s  10 liters an d  th e

4.5 S e lecting  the appropriate nozzle for 
each spraying ta sk  Is im portant. Types 
include top , hydraulic nozzle (shown In 
the nozzle body, left, and in parts, righ t) 
and, bottom , a fan nozzle, left, and 
im pact nozzle, right.



a m o u n t a fte r sp rayin g  is 8  liters, then  
the a m o u n t of w ater used w a s  2  liters. 
T h e s p ra y e r  ou tp ut p er h ectarc  
(1 0 ,0 0 0  n r )  is then calcu la ted  as

L i t e r s  o f  w a t e r  u s e d  x  1 0 , 0 0 0
-  l i t c r s / h nin: of area sprayed

i-'or the 2 liters used in the exam p le ,

2 liters x 10,000
100

=  2 0 0 1 i h . ' r s / h f l

A  sim p ler calcu lation  is to m u ltiply  the 
n u m b e r o f  liters you sp ray ed  on the  
10-m  x  1 0 -m  p lot b y  100 , to  g et ap p lica­
tion ra te  in liters p er h ectare .

S/t’ji *£. M ak e su re y o u r  w alk in g pace  
is u n ifo rm  b y rep eatin g  Step 2  a few  
tim es, until y o u  are  p u ttin g  exactly
2 liters o f  w a te r  on th e  calib ration  p lot 
e v e ry  lim e  y o u  sp ra y  it. If y ou  use  
m o re  th an  2  liters, yo u  should  in crease  
y o u r  w a lk in g  p a ce  w h ile sp rayin g. If 
yo u  u se  less th an  2 liters, y o u  should  
w alk  m o r e  s lo w ly . If the rate  rem ains  
o n  the 2 -lite r  m ark , y o u r w alk in g p ace  
is u n ifo rm . R em em b er: sp ra y e r ou tp u t  
f o r a  g iv e n  a re a  m a y  b e  adjusted b y  
c h a n g in g  w a lk in g  p a ce  o r  nozzle size, 
o r  p re s su re , o r  an y  com b in ation  of 
those.

A m o u n t o f w a te r to  use
M ixin g  a  h erb icid e  w ith  w afer enables  
s p re a d in g  the h erb icid e  even ly  o v e r a 
larg e  a re a . T h e  a m o u n t o f w a te r used  
affects  th e  h e rb icid e 's  effectiveness and  
the e a s e  o f  ap p lica tio n . U su ally  a 
m e d iu m  v o lu m e  of w a te r— 200-300  
l i te r s /h a — is a d e q u a te  for b are soil o r  
sm all w e e d s . M o re  w a te r is n eeded  for

con tact herbicide ap p lication  b ecau se  
the w eed s m u st b e w etted  th oro u g h ly  
for effective treatm en t. W h a te v e r  
v o lu m e o f  w ater is u sed , th e  a m o u n t of 
activ e  in gred ien t <ai) p er h ectare  
should  alw ays b e the sa m e  (i.e., 2 .0  kg 
of b u ta c h lo r/h a  can  be ap p lied  in 
2 0 0  liters o r  300  liters w a te r /h a ,  
d ep en d in g  on the sp ra y e r calib ration ).

C o n tro lled -d rop let a p p lica to rs  and  
certain  v e ry  lo w -v o lu m e n ozzles fitted  
to  the knapsack  sp ra y e rs  c a n  u se  as 
lo w  as 1 0 -4 0  liters w a te r /h a . W h e n  in 
d ou b t, check  the h erb icid e label. M ost 
m an u factu rers in d icate  th e  v o lu m e  
rate  to b e used u n d e r certa in  c o n d i­
tions.

Herbicide dosage calculation
B efore calcu latin g  h erb icid e d o sa g e , a 
herbicide o r  h erb icid e com b in ation  
should  b e chosen  for the b est results  
u n d er the p articu lar set o f  con ditions. 
T o  calcu late  the a m o u n t o f  h erb icid e  to  
be ap plied  to  a  g iv e n  a re a , the fo llow ­
ing inform ation  is  n eeded :
■  R ecom m en d ed  d o sa g e  o f  the 

herbicide to b e used.
■  A m o u n t of h crb icid e  (ai) in a given  

q u an tity  of th e  com m ercia l p ro d u ct  
(form ulation) to  b e u sed.
The p ro d u ct label sh o w s the 

a m o u n t, in ai, p resen t in the fo rm u la­
tion • T h e  p e rce n ta g e  ai fo r liquid  
form u lation s m a v  be g iv en  in w eigh t 
p er vo lu m e (e.g ., g / l i t e r ) ,o r  a s  a 
w eigh t:w eigh t ra tio  (p ercen tag e). 
C o n v ersio n  factors  can  b e u sed  to  
calcu late  the c o rre ct p ercen t ai in a 
liquid herbicide fo rm u lation  fro m  the 
w eigh t p er vo lu m e con cen tra tio n , as  
follows:

D ivid e a con cen tration  given in 
g ra m s  per liter (g /l i te r )  by 10. 
E xam p le : 600  g ra m s  o f 100% bu- 
tach lo r p er liter

ai = ^  = 60 '-;,li/litcr
10

■  M ultiply a con cen tration  g iv en  in 
im p erial p ou n d s (lb) p er im perial 
gallon  b y 10.
E xam p le : 2  lb /im p e ria l gallon  

c/, ai = 10 x21b  = 20% ai/im perial gallon.

■  M ultiply a con cen tra tion  g iv en  in 
p o u n d s (lb) p er U S g al b y 12. 
F.xam plc. 2  lb /U S  gallon

:k ai = 12 x 2 lb = 24% ai/U S  gal.

T h e follow ing g en eral fo rm u la  m a y  
b e used to  calcu late  m o st herbicide  
d o sa g e  d eterm in ation s:

Quantity of Recommended  
formulated am ount of ai
product ~ Percent ai in 
required form ulated
per hectare product

x 100

E xam p le : A pply 2 .0  k g a i /h a  o f  M a­
chete, w h ich  h as 6 0 %  ai as  b u tach lo r.

2 . 0  k g  x  1 0 0  

6 0

U n d e r m any c o n d itio n s, th e  a re a  to  
b e sp ray ed  will n o t bo e x a c tly  1 ha. 
A lso , the sp rayer tan k  m a y  n o t b e b ig  
en ou gh  to  hold all th e  h erb icid c  and  
w a te r required for 1 h a. This m a k e s  it 
n ecessary  to calcu late  th e  a m o u n t o f  
herbicide and w a te r  req u ired  fo r  an
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area  less th an  1 ha o r  for a  tankful. T he  
a m o u n t of w a te r  n eeded to s p ra y  a 
giv en  a re a  c a n  b e calcu lated  as

Amount of 
w ater required  

(liters)

Aren to be sprayed  
(nv) x  sprayer output 

in liters/ha  
10,000

If the a re a  to  b e s p ra y e d  is 1 ,0 0 0  m 3 and  
the s p ra y e r  o u tp u t is 2 0 0  l ite rs /h a  
(from  th e  ca lib ratio n  d escrib ed  earlier), 
then th e  a m o u n t o f w a te r  req u ired  to 
sp ray  th is  a re a  is

A m ount of _  1,000 x  200 _ 2 0  liters 
w ater required 10,000

W h en  th e  a re a  to  b e sp ray ed  is d e ­
term in ed  o n  th e  b asis o f sp ray er  
ca p a city , a re a  ca n  b e calcu lated  as

Sprayer capacity 
Area covered  (]jtcrs)

by one tank -  c  . , *  10,000
’  S p r a y e r  o u t p u t

(litcrs/ha)

If a k n a p s a c k  s p ra y e r has a cap acity  
of 15 liters  a n d  th e  sp ra y e r o u tp u t is 
2 00  l i t c r s /h a ,  th en  th e  area  c o v e re d  by 
on e full tan k  (1 5  liters) is

1 5 x 1 0 ,0 0 0
200 = 750 m :

T h e total a m o u n t o f  form ulated  
p ro d u c t to  b e  u sed  in the exam p les  
a b o v e  c a n  b e  ca lcu la te d  as

Total w ater  
required  

(in liters) 
Calibrated  
lite rs /h a

Quantity of 
formulated product 

required/ha

Thus,

20
200

3 .3 3 3  kg = 0.333 kg or 333 g

T o su m m arize , the s te p s  req u ired  to  
arrive  at th e  am o u n t o f h erb icid e  and  
w ater to  b e sp rayed  o n  a  giv en  a re a  a re
1. D eterm ine s p ray er o u tp u t p er 
h ecta re  (calib rate  the sp ray er).
2 . D eterm in e the q u an tity  o f fo rm u ­
lated p ro d u ct req u ired  p er h ectare  
(from  label or o th er re co m m en d atio n s).
3 . U se  the size o f  th e  a re a  to  be 
sp ray ed  o r  the sp ra y e r c a p a city  
(w h ich ev er is sm aller) to  d e te rm in e  the  
a m o u n t o f w ater n eeded .
4. C alcu la te  the fo rm u lated  p ro d u ct  
needed  for the q u an tity  o f w ater.

A p p en d ix  13 g iv es calcu lated  d o sa g e  
ra tes  p e r  h e cta re  fo r d ifferen t fo rm u la ­
tions, s o  th at yo u  can  cro ss  ch e ck  y o u r  
ow n  calcu lation s.

Calculation of dosage in acid 
equivalents of salts and esters

H erb icid e d osage  re co m m en d atio n s  
co m p u te d  in k ilogram s o f activ e  
in gred ien t p er h ectare  refer to  the  
u n altered  chem ical m olecu le. B ut in 
herb icid e m olecu les th a t a re  acid s , the  
acidic p ortion  is n o rm ally  tran sfo rm ed  
to  a salt o r  ester, to im p ro v e  such  
ch aracteristics  a s  solubility in w a te r  o r
oil an d  foliar p en etration . In g en eral, 
th e  p aren t acid  p ortio n  o f the herbicide  
m olecu le rem ain s a s  th e  h erbicidally  
activ e  p ortion, w h ile  th e  e s te r  o r  salt 
attach ed  to  the p aren t acid  satisfies the  
functions for in creased  solubility o r  
in creased  p en etration . T h e acid  e q u iv a ­
lent o f  a salt o r  ester fo rm  o f a herbi­
cide, therefore, is th at p o rtio n  o f the  
m olecu le rep resen tin g the o rigin al acid  
form  o f  the m olecu le. T h e d o sa g e  re c­
om m en d atio n  for such  h erb icid es is 
given  a s  k ilogram s o f acid  eq uivalent 
of the activ e  in gred ien t p er hectare.
T he reco m m en d ed  d o sa g e  of h erb i­
cides applied as salts o r  esters  is often  
b ased  on  the h erb icid al p ortio n  of the  
salt o r  ester m olecu le, a n d  e xclu d e s  the 
herbicidally in active  p ortion  
(A n d erson  1983).

T h e p ro d u ct labels of m ost c o m m e r­
cial herbicide form ulation s con tain in g  
salts an d  esters specify  the a m o u n t of 
acid  eq uivalent p resent in the fo rm u la­
tion . T h e acid  eq u ivalen t is eq ual to the  
difference in w eig h t, exp ressed  a s  p er­
ce n t, b etw een  th e  p aren t acid  m o lecu le  
(m in u s a v alu e o f 1, rep resen tin g  the  
loss o f th e  H ')  an d  th at o f the salt o r  
e ster m olecule. It is a lw ays less than  
100% , an d  is calcu lated  b y  the 
follow ing form ula:

M olecu lar w eigh t (m o l/w t)  o f  
acid

M olecular weight 
(m o l/w t) of acid 

Acid equi- _ form (minus 1) ^ ^
valent (%) M olecular weight 

(m o l/w t) of salt 
or ester form

E xam p le: T h e m o lecu lar w e ig h t of
2 .4 -D  is 221 . T h e m o le cu la r w e ig h t of 
its  isop rop yl e ster is 2 63 . T he acid  
equivalent uf th e  isop rop yl e s te r  of
2 .4-D  is d eterm in ed  as

721-1
Acid equivalent = x  100 = 83.6%

Field techniques for 
using herbicides
P ro p er field tech n iq u es a re  im p o rta n t  
to  get g o od  w eed  co n tro l fro m  h e rb i­
cides. Read all labels b efore u sin g  a 
herbicide, and fo llow  the d ire ctio n s . T o  
kill the w eed s an d  n o t the rice, u sin g  
the correct d o sa g e  is essen tial. C o n ta c t  
herbicides w ork  b est w h e n  th e y  a re  
ap plied  in a high v o lu m e  o f w a te r .
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The d ecision  to  s p ra y  should  be 
m a d e  after con sid erin g
■  the d e g re e  o f w eed  species and  

w eed  g ro w th ,
■  the reco m m e n d a tio n  for w eed  

con trol,
■  the co n tro l m easu res  available,
■  th e  c o rre ct tim ing o f  h erb icid e ap pli­

cation ,

■  the p re v io u s  e x p erien ce  in sp rayin g,
■  the p rob ab le  cost-benefit o f a p p ly ­

ing the h erb icid e , and
■  safety .

A lw a y s  fo llow  the chem ical 
m a n u fa c tu re r’s  in stru ction s o n  safety  
p recau tio n s.

A  few  d a y s  b efore sp rayin g , en su re  
that

■  ch e m ica l su p p lies  on  the farm  are  
a d e q u a te  fo r the job a t h and,

■  a re a d ily  accessib le  w a te r su p p ly  for 
filling th e  s p ra y e r  is available, and

■  the s p ra y e r  is clean  an d  in g o od  
w o rk in g  con d itio n .
O n th e  d a y  o f  sp ra y in g , check  to  sec  

th at

■  a p p ro p ria te  p ro te ctiv e  cloth in g is 
w o rn ,

■  the ca lib ra tio n  u sed  is correct,
■  w e e d s  a r c  in suitab le con dition  for 

tre a tm e n t,
■  g ro u n d  co n d itio n s  a re  satisfactory,
■  w e a th e r  c o n d itio n s  an d  fo recasts are  

s a tis fa c to ry , a n d
■  the p e rs o n  to  d o  the sp rayin g  is 

h e a lth y  a n d  fit.

M ix in g

T h e  c o n c e n tra te d  activ e  in gred ien t o f a 
h e rb icid e  m u s t  b e  m ixed  th oroughly  
w ith  w a te r  (th e  c a rrie r). W hen u sin g a 
w e tta b le  p o w d e r , ag ita te  the solution  
to  p re v e n t th e  h erb icid e  from  settling  
o u t. T h a t w o u ld  p lu g  n ozzles an d  give  
n o n -u n ifo rm  a p p lica tio n  rates. The  
w a te r  u s e d  s h o u ld  be clean and free  
fro m  c la y , m u d , o rg an ic  m atter, an d  
d iss o lv e d  sa lts .

D o n o t guess the a m o u n t o f h erb i­
c id e  to  u se. A lw ays m e a su re  o r w eigh  
the e x a c t calcu lated  a m o u n t. I:ill the 
s p ra y e r  tank ab ou t half-full w ith  w ater. 
A d d  the m easu red  h erb icid e to the 
tank, th en  fill the tan k  c o m p lete ly  w ith  
w a te r. B e su re b oth  h erb icid e and  
w a te r p a ss  th rou gh  the s tra in er in the 
tank. M ix  the con ten ts  o f a k nap sack  
sp ra y e r tank b y sh ak in g  it.

Herbicide selection

M ost h erb icid es a re  suitab le for use  
on ly  in selected  crop s; th e y  w ou ld  kill 
oth er c ro p s . T o a ssu re  th e  safety  o f the 
rice  c ro p , use on ly  h crb icid es  re co m ­
m en d ed  for rice. S om e herbicide  
g ro u p s  tend to  con tro l certa in  fam ilies  
of w eed s b etter than o th ers . C o n sid er  
th e  w e e d s  on y o u r farm  an d  select the 
h erb icid e that w ill con tro l th ose  w eed s.

Nozzles
S elect th e  m ost suitab le n o zzle  size  and  
type. In  gen eral, use
■  a co n e  nozzle fo r ap p lication s w h ere  

it is im p o rtan t to  c o v e r the cro p  
fo liage (e.g ., for foliar h erb icid es), 
and

■  a lo w -p ressu re  fan  n o z z le  for 
resid u al herbicides.

Spraying

D o not sp ray  w h en  the w in d  is too  
stron g . If you m u st s p ra y  w h en  it is 
w in d y , hold  the n o zzle  elose to  the 
g ro u n d  to  p reven t th e  d ro p le ts  from  
being blow n a w a y  d u rin g  calibration  
o f the s p ray er an d  d u rin g  actu a l field 
sp rayin g . A lw ays w alk  d o w n w in d , so  
th at a n y  sp ray  b low n  off the c ro p  is 
carried  a w a y  from  you.

A lw a y s  carry  a  sp a re  n ozzle . C heck  
the s p ra y e r n ozzle  often  for possible  
b lockage (this w o u ld  b e in dicated  b y  a 
p o o r s p ra y  p attern ) an d  d e a n  it w hen  
n ecessary . A  faulty n o zzle  d elivers the 
w ro n g  d osag e . If a fau lty  nozzle  
d e v elo p s, attend to it a t th e  end of the  
field. U se  a soft m ateria l to  clean  
blocked n ozzles. N e v e r c lean  a n ozzle  
w ith  a w ire  or pin.

M aintain  a con stan t n ozzle  height 
ab o v e  the ta rg e t w eed s in the field. A  
n ozzle h eigh t o f ab ou t 50  cm  from  the 
targ et to the g rou n d  is ideal.

A void  m issin g  s trip s o r  o v erlap p in g  
sp ra y  sw aths.
■  U se rice ro w s  as a m e a su re  (sp acin g  

from  25 to 3 0  cm ). W alk  o v e r every  
third o r  fou rth  ro w  to  g ive a 1 -m  
sp ra y  w idth.

■  Place sticks o r  sigh tin g p oles  a t  
sw ath  w id th  in tervals  before  
starting to  spray.
W hile sp ra y in g , m ain tain  a  con stan t  

w alking speed . W h en  you slo w  y o u r  
p ace , the a m o u n t o f  h erb icid e ap p lied  
increases. W h en  y o u  w alk  faster, the  
a m o u n t d ecreases . U n d erap p lication  
results in u n satisfacto ry  w e e d  con tro l; 
ap p lyin g m o re  th an  the re co m m e n d e d  
a m o u n t m a y  resu lt in injury o r  d e a th  to 
the rice  cro p . O verap p lica tio n  also  
w astes a costly  in pu t.

Cleaning the sprayer
D o n ot leave h erb icid e  so lu tio n s in the  
sp rayer ov ern igh t. W h e th e r s p ra y in g  
research  p lots o r  la rg e  a reas , it is 
im p ortant to  th o ro u g h ly  c lean  the  
sp rayer b efore u sin g  a  d ifferen t h erb i­
cide. H erbicides reta in ed  in th e  p u m p ,  
hose, b oom , o r  s p ra y e r  tan k , if s p ra y e d  
later on sensitive p lan ts , will c a u s e  
cro p  injury. T o c lean  the s p ra y e r ,
1. Rinse the s p ra y e r  w ith  d e a n  w a te r  
to rem ov e m ost o f  th e  c h e m ica l. A  
household d e te rg e n t can  b e a d d e d  to  
w a te r used for clean in g . P o u r  th is  o u t  
and ad d  clean  w a te r  again .
2. O p erate  the p u m p  for a t  le a s t 10  
strokes and p o u r o u t the re m a in in g  
w ater.
3. R epeat these p ro c e d u re s  tw o  m o re  
times.
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Granular herbicide application

M ost farm ers ap p ly  g ra n u la r  herbicides  
by b ro ad castin g . W h atev er the m eth od  
u sed , safety  a n d  u niform ity  of a p p lica ­
tion are  im p o rta n t. U nlike liquid fo rm u ­
lations, w h e re  th e  a m o u n t o f w a te r used  
is not critical a s  long as the sp ra y e r has  
been calib rated  to d eliver a certa in  rate, 
g ra n u la r  fo rm u lation s a re  not further  
d iluted  w ith  a  carrier. T h u s the form u ­
lated p ro d u ct is con stan t and the  
am o u n t a p p lied  isd e te rm m e d  b y the 
re co m m e n d e d  ap plication  rate  per 
hectare. It is im p o rta n t to follow  this 
calib ratio n  m eth od :
1. D eterm in e th e  a m o u n t o f form ulated  
p ro d u ct p er h e cta re  u sin g  the form ula  
on p ag e  59 .

F x a m p le : T o  a p p ly  2 .0  kg a i /h a  of 
M ach ete  w ith  5%  ai, m u ltiply 2  k g by
1 00 , th en  d iv id e  bv 5 ■; 4 0  k g /h a .
2. M e a su re  a n d  m ark  o u t a 5 -m  x  5 -m  
a re a  an d  d e te rm in e  the a m o u n t of 
g ra n u le s  req u ired  for the area . The 
a m o u n t o f  b u ta ch io r required  for
25  n r  is

25 x  40 kg -  0.1 kg -  100 c
1 0 , 0 0 0  b  h  b

3. W alk  a t  a co m fo rta b le  p ace and  
p ra ctice  a p p ly in g  the h erb icid e several 
tim es, u n til y o u  a ch ie v e  a 100  g / 2 5  n r  
a p p lica tio n  rate .

W h e n  the g ra n u le s  a re  to be m ixed  in 
a c a rr ie r  su ch  a s  san d , use a different 
ca lib ra tio n  m e th o d , as  follow s:
1. M e a s u re  a n d  m a rk  o u t a length  of 100 
m.
2. W e ig h  e n o u g h  h erb icid e to c o v e r  this 
a re a . W a lk  a t  a com fortab le  p a ce  and  
p ra ctice  a p p ly in g  herbicide u niform ly  
o v e r th is  a re a .
3. R e w e ig h  th e  h erb icid e  rem aining. 
T h e  d iffe re n ce  w ill g iv e  the a m o u n t of 
h e rb ic id c a p p lie d .
4 . M easvire  th e  sw a th  w idth.

T o calcu late  th e  ap plication  ra te , use  
the follow ing form ula:

Granules applied 
Application rate _  in g per 100 in 

in k g /h a  Swath width
in cm

lixam p le: If the w eigh t of g ran u les  
used  o v e r a 100-m  length  w ith  a sw a th  
d ia m e te r o f 40  cm  is 120 g, then the  
a p p lication  rate is

120 x 10
40 = 30 k g /h a

G ran u lar h erbicides, a lth o u g h  ab ou t 
tw ice  a s  costly  a s  n o n g ran u lar on es, 
ca n  be ap plied  o n ce  b y  h an d , in a s so ­
ciation  w ith  fertilizer. T h ey  c a n  a lso  be 
ap plied  u sin g a n v  on e o f a n u m b e r of 
m ech an ical sp read ers. In sm all plots, 
g ra n u le s  can  be ap p lied  by sh ak in g  
th em  from  a  b ottle w ith  p erfo rated  lid 
(IRR1, unpublished  circu lar).

Safe use of herbicides
Im p ro p er herbicide u se  can  h arm  
cro p s , h u m an s, w ildlife, d o m estic  
an im als, and the en viro n m en t. T h e re  
a re  tw o  typ es o f h erb icid c toxicity : 
a cu te  (a  single oral d ose) an d  ch ro n ic  
(a  sublethal d ose rep eated  o v e r tim e).

L D M and L C M
LLX , is the exp ressio n  for a s in g le  d ose  
th at, w h en  taken orally , kills 5 0 ‘/c of a 
g ro u p  o f test an im al. It is u su ally  
exp ressed  in m illigram s o f h erb icid e  
p er k ilogram  o f b od y  w eigh t o f test 
anim al. T h e h igh er the h erb icid e to x i­
city , th e  low er th eL D .,,. Fo r e x a m p le , 
th e  LD-, of p a ra q u a t is 150 m g /  k g ; that 
of b utachior is 2 ,0 0 0  m g /k g .

W e e m p h asize  th at the l .D ,n is N O T  
the safe d o se  level— 5 0 c/< of tost ani- 
m a ls d ie a t  that dose.

L C Vl is the co n cen tra tio n  req u ired  to  
kill 509f of the test o rg an ism s in an  
en v iro n m en t (u su ally  w a te r). T h e l .C ,n 
1%  hi for ca rp  is 0 .32  m g /lite r .

In d iscrim in ate h erb icid e u se in 
irrigated  rice can  ad v ersely  affect w ild ­
life, h u m a n s, and the en viron m en t. 
Im p ro p er herbicide u se  w ill con tam i­
n ate  local w a te r b odies. In ap prop riate  
h erb icid e use o r  u se  o f herbicides  
h ighly to xic  to  fish will kill o r co n tam i­
n ate the fish in that w a te r, w hich  will 
affect the fish con su m ers.

Safe handling of herbicides
I Ian d lin g  an  u nd iluted  h crb icid c is 
m o re  d a n g e ro u s  than h an d lin g  the 
d iluted  p ro d u ct. H erb icid es can en ter  
the h u m an  b od y th ro u g h  the skin, 
m o u th , n ose, and eyes. A bsorption  
th rou gh  skin is c o m m o n  an d  can  o c c u r  
from  ch em ical spilling an d  splashing, 
an d  fro m d riftin g  o f sp ra y . A bsorption  
th ro u g h  the nose and m o u th  can  o c c u r  
from  inhaling s p ra y  d ro p le ts , v ap o rs, 
o r  ch em ical d u st. Safety tip s for herb i­
c id e  u se  a r e a s  follow s:
■  M ix h crbieid es o r o th e r  p esticides in  

the o p en  air, n ever in enclosed  
p laces  w ith  in ad eq u ate  ventilation .

■  R ead  the label on  the herbicide  
co n tain er and m ak e s u re  an y  sp ecia l 
in stru ction s are  u n d erstoo d .

■  L eak s from  a  b a d ly  m ain tain ed  
sp ra y e r m ay in crease  con tact 
b etw een  the h erb icid e  and the skin , 
p erm ittin g  the h erb icid e  to  en ter th e  
b o d y . T ighten leak ing s p ra y e r p a rts  
and check  seals an d  w ash ers  to  
avo id  leakage.

■  W e a r  p rotective  c lo th in g . S pecial 
p ro tectiv e  cloth in g is h eavy  and  
exp en sive , and u n co m fo rtab le  w h e n  
u sed  in the trop ics. F o r  sm all-scale  
fa rm ers  w h o u se  h erb icid es o c c a ­
sion ally , a co m p lete  se t o f p ro te c tiv e  
cloth in g m ay n o t b e  n ecessary . A ll
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farm ers, h ow ever, sh o u ld  w ear  
cloth in g m id fo otw ear that will 
m in im ize  a n y  skin co n ta ct w ith  
h erbicide. Fo r o p erato rs  w h o sp ray  
reg u larly , p rotective  c loth in g is re­
q u ired . Basic p rotective  cloth in g in­
clu d es ru b b er b oots, lon g tro u sers, 
lo n g -sleev ed  shirt, and rubber 
g lo v es. W h en  o p en in g herbicide  
co n ta in e rs, o r  pou rin g an d  m ixing  
h erb icid es, g o g g les  should  also  be 
w o rn . W h e n  sp rayin g  tall w eed s, a 
w a te rp ro o f h at and face  shield  
should  b e w orn .

■  W ash  y o u rse lf  and y o u r clothes  
a fte r s p ra y in g  is d on e  an d  all 
s p ra y in g  e q u ip m en t h a s  been  
cleaned .

H erbicide drift
I lerb icid e d rift o ccu rs  w hen the  
sm a lle r  d ro p s  in the sp ra y  a re  carried  
a w a y  fro m  th e  targ e t b y w in d, o r  w hen  
v a p o r fro m  a  volatile  herbicide is 
carried  a w a y  d u rin g  o r  a fte r spraying. 
G ro w th  re g u la to r  h erb icid es (such  as
2 ,4 -D  o r  M C P A ) ca u se  th e  g reatest drift 
d a m a g e . C ro p s  su ch  as tom ato , colton , 
lettu ce, a n d  tre e  fruits a re  p articu larly  
sen sitive  lo  th e m . 1 lerbicide drift can  
b e a v o id e d  by
■  S p ra y in g  o n ly  w hen a light w ind is 

b lo w in g  own  1/  from  susceptible  
crop s.

■  U sin g  la rg e  n o zzle  tips, thus a p p ly ­
ing la rg e r  s iz e  d rop lets  and larger  
s p ra y  v o lu m e s  (m o re  than 100 
l i te rs /h a ) .

■  U sin g  th e  m in im u m  pressu re  
req u ire d  fo r th e  n o // le s  to op erate
p ro p erly -

■  I lo ld in g  s p r a y e r  n o /z le s  close to 
the ta rg e t.

■  L e a v in g  ,1 1 0 -m -w id e str ip  
u n s p ra y e d  b e tw e e n  the rice a n d  any  
field w h e re  se n sitiv e  crop s are  
g ro w in g . O th e r  w eed  control 
m e th o d s  c a n  b e  ap plied  to the 
u n s p ra y e d  s trip .

Sto ra ge  of herbicides
I lerbicides should  b e s to red  in a  safe  
p lace, preferably in a se p a ra te  b uild ing  
o r  in a p lace  that can  be locked  at all 
tim es, to  p reven t u n au th o rized  p e r­
son s— especially  ch ild ren — from  
en terin g . A co m p lete  in v en to ry  o f  all 
h erb icid es in the s to ra g e  area is essen ­
tial.

H erbicides should  n o t be stored  
n e a r food , anim al feed , o r  o th er item s  
th at cou ld  b e  con tam in ated  b y spilled  
o r  volatile herbicides. A lw ay s sto re  all 
h erb icid es, h ow ever sm all the q u a n ­
tity, in the original, labeled con tain er. 
H erb icid es m u st n e v e r b e stored  in any  
oth er con tain ers, especially  n o t in old  
bottles o r  o th er con tain ers w h ere  thev  
could  be m istaken  for food , bev erag e , 
o r  d ru g s  for hum ans or an im als.

Liquid herbicide p ro d u cts , esp e ­
cially  th ose  con tainin g o rg an ic  solven ts  
w ith low  tem p eratu re  flash points, 
p resent special h azard s b ecau se  o f  
their flam m ahility. 1 lighlv flam m ab le  
p ro d u cts  will read ily  ignite and b u rn , 
o r  exp lo d e  w hen o v erh eated . S om e d rv  
p o w d er form ulation s m a y  also  p resent 
fire o r explosion  h azard s. These  
d an g ers  a re  im p ortan t co n sid eration s  
in selectin g  and u sin g  s to ra g e  a re a s  for 
herbicides.

Disposal of em pty herbicide containers
F m p tv  herbicide con tain ers p ose a 
health h azard  to  the gen eral public, 
especially  to  children . N o  m atter h ow  
well e m p ty  con tainers a re  c lean ed , the 
ch em icals  can n e v e r be rem oved  
com p letely . All e m p ty  herbicide  
con tain ers should be d estro y e d . Burv  
th em  in a pit a w a y  from  p o n d s and  
o th er w a te r bodies. Bottles and tins 
should b e cru sh ed  o r  broken before  
b urying.

Poisoning by herbicides
P o i s o n i n g  m a y  r e s u l t  f r o m  a b s o r p t i o n  

of h erb icid es th rou gh  the skin and  
eyes, th rou gh  the gastro -in testin al tract 
b y sw allow in g , a n d  b v the lungs  
th rou gh  inhaling v a p o r, s p ra y , o r

d u sts . In case o f poisoning accid ents, 
take the follow ing first a id  m easures'.
1. R em ove the affected p erson  from  
the sp rayed  area.
2. K eep  the patient a t rest and w arm , 
but avo id  overh eating .
3 . R em ove all p ro tectiv e  clo th in g  and  
o th e r w et or con tam in ated  clothing. 
W ash  an v  affected b od y p arts  th o r­
ou gh ly  w ith  so ap  and w ater. W h en  the 
eyes a re  con tam in ated , w ash  th em  
w ith  p len ty  of clean w a te r, n o rm a l  
saline, o r  p h osp h ate b uffer for ab ou t 
15 m in and cov er th em  w ith  
sterilized pads.
4. M ake su re the p atient is b reath ing  
and b e p rep ared  to  g ive artificial 
respiration.
5. If a herbicide has been sw a llo w ed , 
and the patient is aw ak e , in d u ce  v o m it­
ing bv tickling the back of the p erso n 's  
th roat w ith  a clean  finger o r  b y  g iv in g  
w a rm  salty  w a te r (2  tab lesp oo n s o f  salt 
in a g lass  o f w ater). V om itin g  c a n  be 
induced on lv  in a co n scio u s p erson . 
Retain sam p les o f v o m it for an aly sis  in 
the hospital.
6. D o not a ttem p t to a d m in iste r  
an yth in g  b v m outh  to an  u n co n scio u s  
patient.
7. If the patient is c o n v u lsin g , e n su re  
that cloth in g is loose a ro u n d  th e  n eck  
and that a ir  p assages  a re  free. P lace  
som eth in g stron g b etw een  the teeth  to  
p reven t biting the tongue-
8. O btain m edical h elp  as s o o n  as  
possible. D ep end ing on  the s e v e rity  o f  
exp osu re , the p atient sh o u ld  e ith e r  be 
exam in ed  by a d o cto r im m e d ia te ly  or  
taken to hospital. In m o st c a se s  of  
p oison ing o r o v e re x p o su re  to  c h e m i­
cals in the field, it is m o st p ra c tica l to 
take the patient to the n ea re st c a su a lty  
o r  em ergen cy  unit. In all ca se s , th e  
chem ical involved should  be 
identified.

For m o re  inform ation  on  a g r o p e s ti ­
cides and their m a n a g e m e n t, re fe r  to

A$tv-iv*lkit1c>: llu ’ir  mui
npjilk iH ioii by O u dejan s (19 8 2 ).
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Chapter 5

Principal rice herbicides

H erb icid es p la v  an  im p o rtan t rule in 
in tegrated  w e e d  m an a g e m e n t in rice. 
F a rly -se a so n  w e e d  com p etition  
sign ifican tly  red u ces  rice grain  vield, 
a n d  p re e m e rg e n ce  herbicide tre a t­
m en ts  are  w id e ly  used. But m o st w eed  
se e d s  g e rm in a te  o v e r a lo n g  tim e, and  
p re e m e rg e n e e  h erb icid es, w ith  their 
re la tiv ely  sh o rt resid ual life, m ay not 
con tro l w e e d s  lo n g  en ou gh  to  o p ti­
m ize  rice  y ie ld s . T hen, p ostem erg en ce  
h erb icid es  m a y  b e  n eeded  alon g wits', 
o th e r co n tro l m easu res . M oreov er, any  
o n e  h erb icid e  m a y  not con trol all the 
w e e d s  p re se n t in a ricefield. I lerbicide  
m ix tu re s  a re  u sed  to  obtain a w id er  
ra n g e  of w e e d  con trol.

Herbicide mixtures, 
rotations, and 
sequences
M ixin g h e rb ic id e s  and sp rayin g them  
sim u lta n e o u sly  in creases the ran ge of 
w eed  c o n tro l. U sin g  herbicide m ix­
tu res  ca n  a lso  s a v e  tim e an d  red u ce  
ap p lica tio n  c o s ts . A  b road  leaf h erb i­
c id e  a n d  a  g r a s s  h erb icid e  a re  often  
m ixed  to g e th e r  (e .g ., bensulfuron  + 
b u ta ch lo r). R e sid u a l and foliar con tact  
h erb icid es  m a y  b e  com bined (e.g., 
th io b o n ca rb  +• 2 ,4 - i » .

1 lerbicides th at m a y  b e com bined  
often a re  sold as form ulated  p rod u cts . 
W hen th ese are n o t availab le, tw o  or  
m o re  h erb icid es m a y  be m ixed  in the 
sp ra y  tank at the tim e of ap p lication — • 
a lank-m ix com b in ation . C o m b in a­
tions m u st b e  selected  carefu lly  and  
co m p ly  w ith  m a n u fa ctu re rs ' re co m ­
m en d ation s to avo id  p ro d u ct  
incom patibility.

Herbicide classification 
and uses
T h e h erb icid cs co m m o n ly  used for 
w eed con trol in rice  are  described  
h ere. T able 5.1 lists the w e e d s  con ­
trolled b y  the h erbicides. D etails on  
th eir use a re  d iscussed  in C h ap ters  6-9 . 
livery  effort has b een  m a d e  to  en su re  
that the in form ation  p resented  is 
co rre ct (R oberts 1982, S w arb riek  1984, 
A ttvvood 1985, C h em ical and P h a rm a ­
ceutical P ress 1986 , T h om son  1986- 
W o rth in g  1987). B ut b ecau se  herbicide  
a ctiv ity  varies from  locality  to locality, 
on ly  g en eral reco m m en d atio n s a re  
given . Specific reco m m en d atio n s  
should  be obtained  from  w eed  sp ecia l­
ists in the read er’s locality.

M ost herbicides a re  o rg an ic  c o m ­
p ou nd s. f lerbicides a re  con sid ered  
ideal if th e y  are to xico lo gically  safe, 
selective to rice, co st-effective , effective  
on  w eed s, an d  h a v e  n o lastin g  a d v erse

effects on  the en viro n m en t. H erb icid es  
m a y  be classified, for c on ven ien ce , by  
m eth od  an d  tim ing of ap p lication . O r 
they m a y  b e classified b y ch em ical 
g ro u p , w hich  also  g iv es an  indication  
a b o u t h ow  the herbicide m a y  b e used.

Anilides
A nilides a re  u sed  to con trol g e rm in a t­
ing an nu al w eed s, especially  grasses .
T h ey often a re  m o st activ e  as su rfa ce  
p reem ergen ee treatm en ts . T h e  p rim a ry  
m ech anism  of actio n  is th rou gh  in ter­
ference w ith  nucleic acid  an d  p rotein  
synthesis. B u tach lor, p re tilach lo r, and  
p ropanil a re  exam p les of this g ro u p .

Rti'iiclifor. B u tach lor is ab so rb ed  
p rim arily  th rou gh  g e rm in atin g  sh o o ts  
an d  second arily  th ro u g h  ro o ts . Its 
m o d e  of action  is inhibition o f  p rotein  
synthesis. It is used a t  2 -3  k g a i / h a  for  
p reem ergen ce  con trol of m o st a n n u a l  
g rasses at the 1- to 2 -le a f s ta g e s  a n d  of  
certain  b road leaf w eed s, an d  ca n  be 
applied p ostem erg en ce . For t ra n s ­
planted rice, it is ap p lied  3 -7  d a fte r  
transplanting. For d ire ct se e d e d  r ic e .i t  
is applied 10-12 d a fter e m e rg e n ce .
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B u tach lor in soil is broken dow n by 
m icrobial activ ity . In soil o r  w ater, it is 
rap id ly con v erted  to  w ater-soluble  
d erivatives. It m a y  persist for 6 -1 0  wk. 
Fo rm u lation s availab le include 
g ran u les  an d  cn u ilsifiab lc con cen trate. 
W h en  applied p ostem erg en ce , it can  
be tan k-m ixed  w ith  propanil.

W a te r  solubility is 2 0  m g /lite r  at 
2 0  C . LD W for rats  is 2 ,0 0 0  m g /k g .  
C o n ta ct cau ses  irritation  to skin and  
eyes. It has h igh  fish to xicity— L C W 
(9 6  h) for c a rp  is 0 .3 2  m g /lite r .

Pivtilachlor. P red la ch lo r is a selec­
tive ch lo ro acetam id e  rice  herbicide  
that can  be ap p lied  b efore tran sp lan t­
ing o r  an y  tim e b etw een  tran sp lan tin g  
an d  w eed  e m erg en ce . P re tila ch lo ra t
0 .6  k g  a i /h a  is w ell-tolerated  b y  tra n s ­
planted rice, but it ca n n o t b e u sed  for  
d irect seeded rice w ith o u t an  an tid o te . 
R ice can  be p ro tected  ag ain st in jury b y  
ap p ly in g  fcu clo rim  o n e  d a y  b efore , a t 
the sam e tim e as, o r  u p  to  3  d after, 
p retilach lor ap p lica tio n  (C h rist 1985). 
F e n d o rim  is a lso  effective in p ro te c t­
ing w a te r seeded  rice , blit is not 
suitable for u se  o n  u p lan d  rice.

W a te r solubility is 5 0  m g /l i te r  a t  
2 0  ”C . I.D ^ is 6 ,0 9 9  m g /k g .  It h a s  high  
fish toxicity— L C ,0 (9 6  h) for ra in b o w  
tro u t is 0 .9  m g /lite r .

Propiviii. P rop an il is a co n ta ct  
herbicide th at c a r, b e ap plied  p ost- 
em ergen ce . It is effectiv e  ag ain st  
several g rassy  and b ro ad leaf w e e d s  at  
the 2- to 3-leaf s ta g es , a n d  h as n o  
resid ual effects. Its effectiven ess  
d ecreases on  g ra sse s  to  n egligib le  at 
the tillering stage. R ice is e x tre m e ly  
to lerant of p rop an il b ecau se  r ic e  p lan ts  
h av e  high levels o f  the h y d ro ly z in g  
e n zy m e aryl a cy la m id a se , w h ich  
detoxifies propanil.
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Propanil ca n  be used at 3 -4  k g a i /h a  
in irrigated  an d  rainfed rice. It should  
be ap plied  w h e n  m ost w eed s h ave  
em e rg e d . T h e  w ater level in a flooded  
ricefield sh o u ld  be low ered  to  expose  
w eed s ab o u t 2 4  h before propnnil 
ap p lication . R aise the w a te r level again  
1 -3  d a fter trea tm en t, before a n y  new  
w eed s e m e rg e . A  slight leaf b urn  m ay  
o ccu r o n  rice  after ap p lication , but the 
rice p lan t n o rm ally  re co v e rs  quickly.

P rop an il should  not b e ap plied  if 
rain  th re a te n s  to fall w ithin  5 -6  h after 
a p p lica tio n . It should not be ap plied  to  
rice  a t  th e  la te  tillering stag e , ab ou t 
hd d  a fter p lan tin g . P rop an il-treated  
rice c ro p s  sh o u ld  not bo treated  with  
o rg a n o p h o sp h o ru s  o r  ca rb a m a te  in­
secticid es  w ith in  14 d before o r  after 
tre a tm e n t b e ca u se  th ose insecticides  
inhibit the d etoxification  of propanil 
b v ricc . C o m m e rcia l m ixtu res  include  
p rop an il + m o lin a te , p rop an il + 
b e n ta /o n , a n d  p ropanil + bifenox.

W a te r  so lu b ility  is 0 .2  g / l i te r  at 
2 5  "C . I,IX ,, is  1 ,4 0 0  m g /k g . It h as high  
fish to x ic ity — L C M, (9 6  h) is 
13 m g /l i t e r ,  in d icatin g  that stream s  
an d  lak es sh o u ld  be p rotected  from  
c o n ta m in a tio n .

B ip yrid yliu m s
1 lerb icid e s  fro m  this g ro u p  a re  
p rim a rily  p o s te m e rg e n ce , foliar-acting  
c o m p o u n d s  w ith  n o soil activity. 
P a ra q u a t a n d  d iq u at a re  generally  
n o n se le c tiv e . O n treated  plants, 
to x ic ity  s y m p to m s  a re  a characteristic  
rap id  s c o rc h  a n d  d esiccation . Light, 
o x y g e n , a n d  ch lo ro p h y ll a re  required  
for m a x im u m  m an ifestation  of 
p h y to to x ic ity .

Pnmqutil. P a ra q u a t is non selective, 
w ith fast con tact actio n  w hen ap plied  
p ostem erg en ce . It kills m ost an n u al  
w e e d s  and g rasses, in clu din g rice . It 
can  b e  used in ze ro  tillage o r  m in i­
m u m  tillage sy stem s and in stale  
seedb ed  land p rep aratio n , a t a p p lica ­
tion ra tes  of 140  to 8 4 0  g  a i /h a .  It is 
rap id ly  in activated  on  con tact w ith  soil 
b y s tro n g  ad so rp tion  to  clay.

W a te r solubility is 7 0  g / l i t e r  at 
2 0  "C. L D .n for rats  is 150  m g  
p a ra q u a t/k g . It h as m ed iu m  fish  
toxicity , d ep en d in g  on  the fo rm u lation  
u sed — I.C.,, (%  h) for rain b ow  tro u t is
3 2  m g /lite r .

Dinitroanilines
B utralin  and p en d im eth alin  are  
exam p les of d initroan ilin es. M em b ers  
of this fam ily a re  ac tiv e  w h en  ap plied  
to  the soil and m u st b e ap plied  b efore  
w eed  seed germ in ation . In g en eral, 
dinitroaniline h erb icid es d o  not 
con tro l established w eed s. T h eir m o d e  
o f actio n  is inhibition of both ro o t and  
sh o ot d evelop m en t (m itotic p oison ).

B iilm lin . B utralin  is a p re e m e rg e n ce  
h erbicide. It is selective to u p la n d  rice  
w hen applied p re -e m e rg e n ce  an d  to  
p regerm in ated  lice  a t the 1 - to 4 -leaf  
stag es  (4 -6  d a fter seedin g). It is ac tiv e  
ag ain st m an y  b ro ad leaf w eed s.

W a te r solubility is 1 m g /l i te r  a t
24 "C . J.D ,(1 for albino rats is 1 2 ,6 0 0  
m g /k g . H has h igh  fish to xicity— LC- 
(48 h ) for rain b ow  tro u t is 3 .4  m g /l i te r .

P m d iiih ih n liii. P endim ethalin  u sed  
as a  p rce m e rg e n cc  herbicide inhibits  
germ in ation  an d  seedlin g d e v e lo p ­
m en t of suscep tib le w eed s. W h ere  
grasses a re  e xp e cte d  to  be a p ro b le m , it 
should  b e ap plied  after p lan tin g  and  
before em ergen ce  of rice an d  w eed s. It 
can  also  b e ap p lied  as a p o ste m e r­
gen ce  treatm en t w ith  prop an il, w h ich  
com b in es the d ire ct con tact a ctio n  of

p rop an il and the resid ual activ ity  o f  
p en d im eth alin . B ecause soil and  
w eed s m u st b e com p letely  exp osed  to  
sp ra v  co v e ra g e , n o flood w ater should  
b e on  the field at the tim e o f a p p lica­
tion. T h e resid ual a c tiv ity  of 
p en d im eth alin  is activ ated  b y m ois­
ture. It is m o st effective w hen ad e­
q u ate  rainfall o r  irrigation  is received  
w ithin  7  d after ap plication .

W a te r solubility is 0 .3  m g /li te r  a t 
2 0  "C. LD -U foi albino rats  is 1 ,0 3 0 -1 ,2 5 0  
m g /k g . It has high fish toxicity—
L C -n (9 6  h) for ch an n el catfish  is
0 .4 2  m g /lite r .

Diphenyl ethers
This g ro u p  in clu d es bifenox, 
fluorodifen , oxy flu orfen , and  
ch lo m eth oxyn il. D iphenyl eth er  
h erb icid es a rc  classified  as con tact  
herbicides. W h en  ap plied  p reem er-  
g e n cc , th ey  inhibit seed  germ in ation  
an d  early  seedlin g g ro w th . T h ey a re  
relatively  insoluble in w a te r, an d  d o  
not read ily  leach. T h ey  a re  used  
p rin cip ally  p re e m e rg cn ce  or early  p o s ­
tem erg en ce  to con tro l b ro ad leaf w e e d s  
an d  g rassy  w eed  seed lin gs. In g e n e ra l, 
th ese h erb icid es m o re  effectively  
con trol b road leaf seedlin gs than  
g ra ssy  seedlings.

Bifenox. B ifenox is p rim arily  a 
b road leaf herbicide. It can  be a p p lied  
at 2  k g  a i /h a  as p re e m e rg e n ce  or  
p o stcm crg cn ce  u p  to  th e  2 -le a f s ta g e  of 
rice. Bifenox has b een  found to  be 
highly toxic to d ire ct seeded  flo o d ed  
rice, resulting in low  grain  yield s (IR RI 
1974). M ixtu res in clu d e  b ifen ox +
2 ,4 -D  an d  bifenox +  propanil.
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LD,„ for ra ls  is m o re  th an  6 ,4 0 0  m g /  
kg. It h as h igh  fish to xicity— I.C .,
(9 6  h) for ra in b ow  trout is 2 7  m g /lite r .

l-'luoivtUfh i. Fluorodifen is a 
p rccm o rg e n ce  and p ostem erg en ce  
co n ta ct h erbicide. It can  be u sed  at  
3 -4  kg a i /h a  to  control som e b road leaf  
w e e d s  and grasses.

I.D -n for ra ts  is 9 ,0 0 0  m g /k g . It has  
h igh  fish to x ic ity --L C ,,,  (9 6  h) for 
ra in b ow  tro u t i s 0 .18  m g /lite r .

Oxi/fliiorfen. O xyfluorfen  is used  
c ith e r  p rc e m e rg e n c c  o r  p ostcm er-  
g e n ce . It is a co n ta ct herbicidc  
req u irin g  ligh t for activ ity . It is 
a b so rb ed  m o re  read ily  by sh oots than  
b y ro o ts . M ost annual b road leaf w eed s  
an d  g ra ss e s  a r e  con trolled  at relatively  
low  ra te s  o f  0 .1 5 -2 .2 5  k g a i /h a .  It is 
m o re  effectiv e  on  b road leaf w eed s  
than o n  g ra s s e s , an d  is m o st ac tiv e  as a 
p o s te m e rg e n c e  treatm en t w hen w eeds  
a rc  sm all.

W a te r  solu bility  is 0 . 1 m g /l i te r  at 
2 0  l'C. L D .0 fo r d o g s is a t  least 5 ,0 0 0  
m g /k g . It is h igh ly  to xic  to  aq uatic  
in v e rte b ra te s  a n d  fish.

O rga n o p h o sp ho rus com pounds
O rg a n o p h o s p h o ru s  herbicides a re  
p rim a rily  fo liar actin g ; they h av e  no 
a c tiv ity  th ro u g h  the soil. A m ajor 
e x a m p le  is g ly p h o sate .

Gh/pltosah'. G lyp h osate  is a b road - 
s p e c tru m , p o ste m e rg e n ce , nonselec- 
tive, tra n s lo ca te d  herbicide. It is 
effectiv e  in d e e p -ro o te d  perennial 
w e e d s  a n d  a n n u a l g rasses, sed g es, and  
b ro a d le a f  w e e d s . A pplication  rates  
ra n g e  fro m  0 .5  to  4 .0  k g a i /h a ,  with  
m o st p e re n n ia ls  requiring
1 .5 -2 .5  k g  a i /h a .

G lyp h osate  is ab so rb ed  th ro u g h  the 
foliage and tran slocated  th ro u g h o u t  
the p lant. The ad d itio n  of certa in  salts  
to g ly p h osate  fo rm u lation s can  
su b stan tially  in crease  p h y to to xicitv  in 
som e cases . A m m o n iu m  salts a re  
con sisten tly  effective in in creasin g  
p erfo rm an ce. G lv p h o sa tc  is in acti­
vated  on  con tact w ith  soil (D u k e 1988). 
T ran slocation  to  u n d erg ro u n d  o rg a n s  
of p eren nials p re v e n ts  reg ro w th  from  
th ese sites and resu lts in their su b se ­
q u en t d estru ction . F o r best con trol of 
perennial w eed s, the p lant should  not 
b e d istu rb ed  b y tillage until tra n slo ca ­
tion is com p leted — ab o u t 2  w k.

Visible effects of g lv p h osate  
n orm ally  o ccu r in 2 -4  d in annual 
sp ecies and in 7 -2 0  d in perennial 
sp ecies. Rainfall o ccu rrin g  w ithin  6  h 
after treatm ent m a y  re d u ce  effective­
ness.

G lyp h osate  can  be u sed  in zero -  
tillage o r  m in im u m -tillage  system  of 
rice  p rod u ctio n , esp ecially  w h ere  
peren nial w eed s a re  a  p rob lem . It 
should  not be ap p lied  to g ro w in g  rice.

W a te r  solubility is 10 g / l i te r  at 
2 5  “C . LD =0 for rats  is 5 ,0 0 0  m g /k g .
Fish  toxicity— L C -n (9 6  h) for tro u t is 
8 6  m g /lite r .

Phenoxy acetic acids
P h en o xy s are a typ e of g row th  
h orm on e, gen erally  u sed  as foliar- 
ap p lied , tran slocated  herbicides. 
P h e n o x y  acetic acid  h erb icid es tend to  
a ccu m u la te  in the g ro w in g  p oin ts  of 
plants. Resulting ab n o rm al cell d ivi­
sion an d  grow th  in terfere  w ith  n ucleic  
acid  m etabolism  an d  d isru p t the tran s­
location  system . M ost p h en o xv  herb i­
cid es  a rc  form ulated  as salts an d  esters  
of th eir parent acid s . M em b ers of the 
g ro u p  include 2 ,4 -D , fen op ro p  (silvex), 
M C P A , and 2 ,4 ,5-T . P h e n o x y s  a re  used  
selectively  to con tro l an n u al and  
p eren nial b road leaf w eed s. G rass  
seed lin gs also m a y  b e con tro lled , but 
th ere is little o r  n o  con tro l of e s ta b ­
lished grassy w eed s.

2,4 -D . 2 ,4 -D  is a system ic herbicide. 
P ostem erg en ce  application o f  2 ,4-D  
con trols  sed g es and b road leaf and  
aq uatic w eed s. It norm ally d o e s  not 
control grasses . It can  be ap plied  in 
rice al 0 .4 -0 .8  kg a i /h a  3-4 w k  after 
w eed s h av e  em erged . It can  a lso  be 
applied 4  d after tran sp lan tin g  at
0 .8  kg a i /h a  to con trol som e annual 
g rasses in addition  to  sed g es and  
b road leaf w eed s. 2 ,4 -D  m ixtu res  with  
bifcnox, p ip erop h os, b utd ch lor, and  
th iob encarb  a re  available for u se  in 
rice. B u tach ior t 2 ,4 -D  m ixtu re  has 
been found extrem ely  toxic to  irrigated  
w et seeded  rice (IRRi 1985). R ice is 
suscep tib le to 2 ,4 -D  at e m erg en ce , 
incipient tillering, b ootin g, and  
heading.

W ater solubility is 6 2 0  m g /l i te r  a t 
20 "G. I.D.,, for rats  is 3 7 5  m g /k g .  2 ,4 -D  
is not toxic to  fish. I .C ., (2 4  h) o f  the 
sod ium  salt for rain b ow  tro u t is 
1,160 m g /lite r .

M C P A .  VICPA is a p o ste m e rg e n ce ,  
selective, tran slocated  b ro a d le a f  
herbicide. In rice, it is sim ilar to  2 ,4-D  
but is m o re  selective al the sa m e  
ap plication  rate. It is n o rm a lly  ap p lied  
at 0 .2 -1 .2  k g a i /h a . M ixtu res a v ailab le  
include M C P A  + b en tazo n . M C P A  
should  be applied to rice  fro m  
m idtillering to m a x im u m  tillerin g  
stages. It should  not b e s p ra y e d  at the  
b ootin g stage.

W ater solubility is 8 2 5  m g /l i t e r  a l 
2 0 l'C. I.D- .fo r rats  is 7 0 0  m g /k g .
1.C ,, (9 6  h) for rain b ow  tro u t is 
232 m g /lite r .
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Thio ca rb a m a te s

T h io ca rb a m a te s  arc  ac tiv e  w hen  
ap p lied  to th e  soil. S om e a rc  highly  
volatile , w h ich  m akes soil in co rp o ra ­
tion n e ce ssa ry . T h iocarb am ate  herb i­
cid es  co n tro l g erm in atin g  an nu al 
g ra ss y  and b road leaf w eed s. The  
p ro cess  of lipid  biosynthesis ap p ears  
to  be Ihe m o st sensitive to th iocar­
b a m a te s . lixam p les of this g ro u p  a re  
th io b cn carb  a n d  m olinate. M ost 
th io ca rb a m a te  herbicides h ave a 
relativ ely  s h o rt soil p ersisten ce. Recent 
e v id e n ce  (R o eth  1986) has show n  
in creased  b re a k d o w n  of som e th iocar- 
b n m ate  h erb icid es in soils w ith  a 
h isto ry  o f  th io carb am ates  ap plicalion .

M olinate. M olin ate is a herbicide for 
sele ctiv e  w e e d  con trol in rice at
2 -4  k g a i /h a .  It is p articu larly  effective  
for c o n tro llin g  I'.chinochloa w eed  
sp ecies. It ca n  b e applied as a gran u lar  
fo rm u latio n  to  the w a te r in flooded  
rice. H nuilsifiable con cen trates  
a p p lied  to  th e  soil surface are  
e x tre m e ly  v o la tile  an d  m u st be 
in co rp o ra te d  im m ed iately . M olinate  
can  b e  a p p lie d  b efore sow in g  rice, at 
p o s te m e rg e n c e  p reflood , a t flooding, 
o r  p o stflo o d . M o istu re  is required  to 
a c tiv a te  m o lin a te . In pre-flood tre a t­
m e n t, th e  a re a  should  b e flooded as 
soon  a s  p ossib le . O n ce  ap plied , a 
c o n tin u o u s  w a te r  co v e r m u st b e m ain ­
tain ed . R ice is ex tre m e ly  tolerant of 
this h erb icid e . C o o l tem p eratu res  will 
c a u s e  less th an  op tim al w eed control. 
C o m m e rc ia l  m ix tu re s  include  
m o lin a te  + p rop an il.

W a te r  so lu b ility  is 8 8 0  m g /li te r  at 
2 0 "C . I .D ., fo r m a le  rats  i s 3 6 9  m g /k g .  
l . C ,  ( %  h i fo r go ld fish  i s 3 0  m g /lite r .  
A t re c o m m e n d e d  rates, m olin ate  had  
n o  d e te c ta b le  effects  on  fish in ditches  
d ra in in g  w a te r  from  treated  ricefields  
in C a lifo rn ia .

Tliiobencarb. T h iob cn carb  is m o re  
effective on  grasses an d  se d g e s  than  
on  b road leaf w eed s. T h io b cn carb  
in terferes w ith  p rotein  sy n th esis  and  
inhibits p hotosyn thesis. P rotein  
syn thesis and a m y la se  b io syn th esis  a re  
inhibited m o re  in su scep tib le  grass  
species th an  in rice.

In tran splan ted  rice, th iob cn carb  
sh ow s m a x im u m  h crbicidal selectivity  
b y taking ad v a n ta g e  of d ifferen ces in 
g ro w th  b etw een  rice seed lin gs a t  the 
3 -  to 6 -leaf stages and g e rm in atin g  
w eed s. T h iob cn carb  (2-3  kg a i /h a )  is 
d istributed  in the top  soil a fte r ap p lica ­
tion an d  is readily leached fro m  the  
soil. R ice p lant injury sy m p to m s  
in clu de d w a rf  m alform ation  a n d  d eep  
green in g. In som e cases , leaf sco rch in g  
ap pears.

T h iob cn carb  should  be ap p lied  
b etw een  p reem erg en ce  an d  th e  2-leaf  
stage  of i:.chinoch!on spp . b ecau se  
hcrbicidal activ ity  d ecreases  a fte r  this 
stage. Fo r p ost-em erg en ce  ap p lication , 
th iob cn carb  should  be ap p lied  after 
the 1 .5-leaf s tage  of rice  to  th e  2 -  to
3-leaf s ta g e  o f Fchinochlon sp p . to  
obtain  the best w eed  kill w ith o u t 
d a m a g in g  the rice. C ool te m p e ra tu re s  
m a y  d elay  on set of h crb icid al activ ity . 
C o m m ercia l m ix tu re s  a v ailab le  
in clu de th iob cn carb  + p rop an il and  
th iob cn carb  + sim etryn.

W a te r solubility is 3 0  m g /l i te r  at 
20 " C  I .D„. for rats  is 1 ,300 m g /k g .
I,C.,, (4 8  h) is 3 .6  m g /l i te r  for ca rp .

Triazines

T he triazines a re  a large g ro u p  of 
herbicides. T h ey are  ap plied  p rce m e r-  
gen ce an d  p ostem crg en ce  to  con trol 
seedling g rasses and b ro ad leaf w eed s. 
T h ey con trol b road leaf w eed s b etter  
than g ra sse s  and d o  not con tro l estab ­
lished an nu al o r  perennial w eed s. 
Their m o d e  o f action  is th rou gh  
inhibition of p hotosyn th esis  in plants. 
S im etryn  and d im e th a m ctry n  a re  
triazines.

S imetn/it. S im etryn  is used a s  a  
m ix tu re  w ith  th iob cn carb  to control 
b ro a d le a f w eed s in rice. I.D.„ fo r rats  is 
1 ,8 3 0  m g /k g .

Dituethaiiietn/n. D im eth am ctry n  is a 
triaz in c  c o m p o u n d  u sed  as a selective , 
p re em erg en ce , an d  p ostom ergen ce  
h erbicide. It co n tro ls  annual b ro ad leaf  
w e e d s  and grasses.

Sulfonylureas
S ulfon ylu reas h a v e  v e ry  high b iolgical 
a ctiv ity , and ra tes  a s  low  as
0 .0 0 2  k g a i /h a  h a v e  been used. 
A lth o u g h  w eed  seed  germ in ation  is 
n o t u su ally  affected , sub seq u ent ro ot 
and sh o ot g ro w th  a re  severely  inhib­
ited in sensitive seedlin gs. W eed  
g ro w th  inhibition is rap id , w ith  v isu al  
sy m p to m s w ithin  1 -2  d in rap id ly  
g ro w in g  plants. T h e site of a ctio n  of 
the sulfon ylu reas is the en zym e  
a ccto la c ta te  syn th ase. Inhibition of th is  
e n zy m e, w h ich  is n eed ed  for the  
p ro d u ctio n  of th e  essential a m in o  acid  
b uild ing blocks v alin e  an d  isoleu cin e, 
resu lts in rapid ce ssatio n  of g ro w th  
an d  even tu al p lant d e a th . All p lan ts  
con tain  this targ e t e n zy m e, b u t the  
ability of som e p lan ts  to  rap id ly  
co n v ert the h erb icid e  to  an  in activ e  
p ro d u ct is the b asis fo r selectivity  
(B ey er et al 1988).

Beusitlfitivn. B en su lfu ron  (0 .0 5  k g  
a i /h a )  is a su lfon ylu rea  h erb icid e  u se d  
in d ire ct seeded  an d  tran sp lan ted  rice . 
It has go od  cro p  sa fe ty  on  in d ica  ricc  
varieties, but less c ro p  safety  on  
jap on ica types. In d ica  rices m e ta b o liz e  
the herbicide m o re  rap id ly  th an  
jap on ica rices. T h io ca rb a m a te s  
herbicides, excep t m o lin ate , s h o w  a n  
an tid o te  effect o n  b en su lfu ron  th ro u g h  
the acceleration  of d e to x ifica tio n  b y  
rice.
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B en su lfu ron  con trols m an y  b ro a d ­
leaf w e e d s  an d  sedges. It con be 
ap p lied  as p reem erg en ce  o r  early  
p o ste m e rg e n ce  treatm en t. W hen used  
in co m b in atio n  with a  g ra ss  herbicide  
such  a s  th iob encarb , m olin ate , or 
b u tach lo r, b ensulfuron  prov ides 
e xcellen t w e e d  control. A pplication  
can  b e m a d e  u p  to the 3 -leaf s tage  of 
the w e e d s. B ensulfuron  p rov id es  good  
co n tro l of 5. in n n tiiiiiis w h en  applied
6 -1 2  d a fte r e m e rg en ce  o f  the w eed  
(13ern asoran d  D c D a tta  1986).

W a te r  solubility a t 2 5  "C is 
120 m g /l i te r .  l .D V(in ra ts  is
7 5 ,0 0 0  m g /k g .  1,CV1 (9 6  h ) for rain b ow  
trout is > 1 5 0  m g /lite r .

P o lycyclic  alkanoic acids
P o ly cy clic  a lk an o ic  a c id s  control grass  
w eed s. In g e n e ra l, p olycyclic  alkanoic  
ac id s  a r e  lost from  the soil th rou gh  
b io d e g ra d a tio n , rath er than th rou gh  
lea ch in g  o r  volatilization . Rainfall after  
foliar a p p lica tio n  can  g re a tly  red u ce  
h erb icid e  a b so rp tio n  b ecau se  of a 
re d u ce d  a m o u n t o f herbicide in 
co n ta c t  w ith  th e  plant. O n e exam p le  of 
th e  g r o u p  is fen o x a p ro p . 1 lerbicides  
su ch  a s  M C P A , 2,4-D , an d  bentazon  
a n ta g o n iz e  p o ly cy clic  alkanoic acids.

I 'o ioxn p rop . F en o xap ro p  
(0 .0 3 -0 .0 5  k g  a i /h a )  is a p ostem er­
g e n ce , s e le c tiv e  herbicide for control 
o f a n n u a l a n d  p eren n ial grassy  w eeds. 
It is a c o n ta c t  h erb icid e that is partly  
sy ste m ic . R ice is to leran t from  the
3-le a f s ta g e  to  e a rlv  tillering. 
F e n o x a p ro p  h a s  no soil activity. It 
sh o u ld  n o t b e  ap p lied  w ith  p hen oxv  
c o m p o u n d s .

W a te r  so lu b ility  n t 2 5 'C  is
0 .8  m g / l i t e r .  l.D .^ is  2 ,3 5 7  m g /k g .

M iscellaneous herbicides
Several herbicides d o  not clearlv  fall 
into a n y  of the g ro u p in g s . T hese  
h erb icid es differ in ch e m istry , se lectiv ­
ity, and m o d e of action , B entazon , 
eh lom eth oxyn il, cinm eth vlin , 
o x a d ia /o n , and q u in clo rac  a re  
exam p les.

Ihuhtzo ii. B en tazon  (1-2  kg a i /h a )  
selectively  co n tro ls  a n u m b er of b road - 
leaf w eed s and sed g es, p rim arily  by  
con tact action. B ro ad leaf w e e d s  at the
2- to 10-leaf s ta g e  a re  con trolled  m ost 
readily. Delay in ap p lication  will result 
in in ad eq u ate  con tro l. In irrigated  rice, 
b entazon  should  b e ap plied  o n ly  to 
w eed s that h ave em e rg e d  ab o v e  the 
w ater level. B entazon  d o e s  n o t control 
g rasses an d  has n o k n o w n  p re e m e r­
gen ce  activ ity . A vailab le  com m ercial 
m ixtu res  in clu de b entazon  + M C P A  
and b entazon  + prop an il.

W a te r solubility is 5 0 0  m g /li te r .
1 ,11 , for rats  is ab o u t 1,100 m g /k g .  It 
has low  fish toxicity . L C V (9 6  h) for 
rain b ow  trout is 510  m g /li te r .

Chlon ii'lliox i/ iiil Ichloini'loxt/feu). 
C h lom eth oxyn il is u sed  at
1 .5-2 .5  kg a i /h a  in tran sp lan ted  and  
upland rice. It is ap plied  3 -8  d after 
tran splan ting rice.

W 'ater solubility is 0 .3  m g /l i te r  at 
15 "C. I,IX  for m ice  is 3 ,3 0 0  m g /k g .
I .C „  (40  h) for c a rp  is 2 3 7  m g /li te r .

C iiii iu ’lhi/lin. C in m eth vlin  p rovid es  
excellent con trol of g ra sse s  and  
m o d erate  su p p ression  of b road leaf  
w eed s and sedges. It has been tested  at 
100-200 g a i /h a  for tran sp lan ted  rice  
4 -9  d after tran sp lan tin g  an d  at 
100 g  a i /h a  for d irect seed ed  rice
7-9 d after seeding.

W ater solubility is 61 m g /lite r .
L D ., is 3 ,9 0 0  m g /k g .

Oxadiazon. O x ad iazo n  is a p reem er-  
g e n ce  herbicide applied at
0 .5 -0 .7 5  kg a i /h a .  U ptak e by w eed  
seed lin g  sh o o ts  cau ses plant d eath  
b ecau se  ro o t u ptak e is low . Its 
p ostem erg en ce  activ ity  against g ra sse s  
is lim ited . B ecause it h as low  w ater  
solubility and high adsorption , 
o xa d ia z o n  is not leached  and h as good  
p ersisten ce. It can  b e used in tra n s ­
p lanted an d  d irect seeded  rice. 
C o m m ercial m ixed  form ulation s  
in clu d e o xad ia z o n  + 2 ,4 -D  and 
oxad iazon  + propanil.

O x ad iazo n  can  b e specifically  
form ulated  to b e ap plied  d irectly  on to  
the su rface  of the ricefield flood w ater. 
A sh ak er b ottle w ith  a calib rated  
s to p p er is used to  sp read  oxad iazon  
d irectly  on to  the w a te r w ith o u t an y  
d ilution . T he field should  be flooded
3-5  cm  at ap plication  an d  w a te r should  
not be disturbed  for 2 -5  d after 
application .

W a te r  solubility is 0 .7  m g /l i te r  at 
2 0  "C. L D V1 for rats  is m o re  than
8 ,0 0 0  m g /k g . LC.„ (96  h) for ra in b o w  
trout is 1-9 m g /li te r ; for catfish ,
> 15 .4  m g /lite r .

P ipovphof. P ip ero p h o s is a 
piperidin e com p ou n d  u sed  as a 
p reem ergen ce  and p o ste m e rg e n ce  
herbicide. It con trols  a n n u a l g ra sse s  
and sedges. T he co m m e rcia l p ro d u c t  
con tain in g  p ip erop h o s + d im e t h am o-  
trvn in the ratio 4:1 is u sed  in rice  to 
con trol m ost annual w eed s. It is 
applied at 1-2 kg a i /h a  a t  the 2 -  to
4-leaf stage of w eed . It has g o o d  se le c ­
tivity  in transplanted  an d  u p la n d  rice.
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Q iiiiic lov ih '. Q u in d o rac  is a ch in o- 
lin e-earb oxvlic  .K id co m p o u n d  used as  
a selective p rep lan !, p reem ergen ce , 
and p oslen u T gen ce herbicide It has  
been e x p erim en tally  lested in rice at 
125-300 g  a i / h a  for g ra ss  w eed  control. 
O rg an ic  m a tte r  in the soil will d ecrease  
herbicidal a c tiv ity . liarlv p o stem er­
ge n ce  ap p lica tio n  \v).• *n grass  w eed s  
a re  a t the I - to  3-loaf st. ge will g ive the 
best resu lts . A lth o u g h  lesu lls a re  best 
w hen C|uinclorac is ap plied  on to  
satu rated  so il, it can also  be applied  
on to  d ry  soil o r  into stan d in g w a te r  
not d e e p e r th a n  5 cm . Q u in d o ra c  can  
be sat'elv u sed  in d rv  seeded  an d  w ater  
seeded  rice w h e n  ap plication  is m ad e  
p o ste m e rg e n ce , from  the 1- to 2-leaf 
sta g e  o n w a rd . It m a v  b e tank-m ixed  
w ith o th e r rice  herbicides.

O ral l .D . , is 2 ,6 1 0  m g /k g .

Differences in herbicide 
tolerance among rice 
cultivars
Rice c u ltiv a rs  m a v  w iry  in their  
to leran ce  fo r o r  susceptibility to  
h erb icid es. l3roadleaf herbicides are  
e x p e cle d  to  h a w  litlle effect on  rice. 
T h e d iffe re n ce s  in sensitivity to 2,4-D  
and M C I'A  (p h e n o x v  acetic acid  
h erb icid es) th a t h as been ob served  is 
d u e  to  d iffe re n ce s  in the grow th  stage  
of the c u ltiv a rs  a l the lim e o f herbicide  
ap p lica tio n .

Susceptibility of rice cu ltiv a rs  to  
g ra ss  herbicides h as been ob served  
w ith p rop an il, b u tach io r, th iob encarb , 
p en d im eth alin , m o lin ate , and  
p ip cro p h o s-d im e th a m e try n . For 
ex a m p le , IKS, IK28, an d  1R46 are  
su scep tib le  to th iob encarb  (Shin et al 
IMS1.)). Itidica varieties a re  u su ally  m o re  
su scep tib le  to sim etry n  than a re  jap on - 
ica varieties. On the o th e r h an d , ben- 
su lfu ron  has good c ro p  safety  on  
itidica rice varieties b u t less c ro p  safety  
on  japonica types. C u ltiv a r to leran ce  
m a v  b e d u e  to d ifferences in grow th  
rate , g ro w th  stage, m o rp h o lo g y , p h y si­
o lo g y , and b iochem istry .

1 lerbicide selectivity is relativ e  and  
can  be o v e rco m e  b y in creasin g d o sa g e  
an d  b y chan ges in en viro n m en tal 
con d itio n s. I lerbicide label in form a­
tion should  be follow ed at all tim es to  
p rev en t severe d a m a g e  to the rice  
crop .
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Chapter 6

Weed control in irrigated rice

A b o u t 7 7  m illion ha of rice  (539!. of the 
w o rld 's  rice  a re a )  a re  p artially  o r  fully 
irrigated  th ro u g h o u t the g row in g  
seaso n  CIRRI 1 9 8 8 b ). In S ou th  and  
S ou th east A sia , irrigated rice  c o m ­
prises 33%  of th e  rice-grow in g  a re a ; in 
te m p e ra te  A sia , m ost ricelan d s are  
irrigated . In E u ro p e , A u stralia , E gyp t, 
P ak istan , a n d  U S A , ricelands are  
en tirely  irrig a te d .

Irrigated  rice  is classified into four 
cu ltu re  g r o u p s  a cco rd in g  to  the c ro p  
e stab lish m en t tech n iq u e used.
■  T ran sp lan ted  in  p u d d led  soil.
■  D irect se e d e d  on  p u d d led  soil 

(b ro a d ca st o r  drill seeded  using  
p re g c rm m a te d  seed).

■  D irect se e d e d  o n  d ry  soil (b road cast 
o r  drill se e d e d  u sin g  n on germ i- 
nated  seed .

■  W a te r  s e e d e d .

Transplanted in 
puddled soil
A m o n g  irr ig a te d  rice  cu ltu res, tran s­
p lanted  rice  h a s  th e  low est potential 
loss to w e e d s , b e ca u se  of the h ead  start 
rice se e d lin g s  h a v e  o v e r  w eed s and  
b ecau se  o f  th e  w e e d  co n tro l effects of 
flo o d w ater. D e s p ite  these ad van tages, 
u n co n tro lle d  w e e d s  can re d u ce  rice 
yields b y a n  a v e r a g e  48% , th rou gh  
co m p e titio n  fo r lig h t an d  nutrients.

W eed problems

T he w eed s co m m o n  in tran splan ted  
rice  (Monochoria vagiiu ilis, luhinochlon  
crus-ga lli, Ci/jvrus ifi'J'funms, C i/jvnis  
iria , and Scirpuf iiia riH nn is) a re  in 
gen eral highly com p etitive . T h ey h ave  
d iscon tin u ou s g erm in ation  an d  rapid  
g row th  and a re  ad ap ted  to  aq uatic  
con d ition s. W eed s g ro w  an d  infest an  
irrigated  field if o p tim u m  w a te r  d ep th  
is not m aintained . In p o o rly  flooded  
rieefields, m ost som iaq u atic  low land  
rice w e e d s  can  germ in ate  an d  su rvive.

Stand establishm ent m ethod
T w en ty- to  30-d -old  rice  seedlin gs a re  
n orm ally  tran splan ted  in to  a p u d d led  
soil. In the irrigated rice -g ro w in g  areas  
of A sia , seedlings a re  raised  in w et 
b ed, d a p o g , o r  d ry  bed n u rseries. In 
the w et bed m eth od , p regerm in ated  
seeds a re  b road cast u n iform ly  on  a 
raised  bed of pud d led  soil. Seedlings  
a re  ro ad v  for tran sp lan tin g  2 0 -2 5  d 
after sow in g . In the d ry  bed m eth od , 
seedlings are gro w n  sim ilarly , b u t the 
soil is not pud d led  and d ra in a g e  is 
p rovid ed .

W eed s in rice seedling n u rseries can  
ca u se  the com p lete  failure of the  
n ursery. N u rseries used to  raise  rice 
seedlin gs should b e k ep t w eed  free to 
p reven t tran sp lan tin g  g ra ssy  look- 
alike w eed s along w ith  the rice seed ­
lings. T ran splan ted  w e e d s  a re  highly  
com p etitiv e  and e x tre m e ly  difficult to 
con trol b y hand w eed in g  o r  by  
selective herbicides.

B ecause n u rsery  areas  a re  sm all 
(ab ou t 21 x  21 m  will p rov id e e n o u g h  
seedlin gs for 1 ha rice) an d  seed lin g  
establishm ent tak es on ly  2 0 -2 5  d , 
con trollin g  w eed s is easy. P rop an il, 
thiobencarb, b u tach lo r, q u in clo rac , 
bensulfuron , p retilach lor + fen clorim , 
and p end im eth alin  give go od  w e e d  
con trol in rice  seedling n u rseries.

D oubling the seed rate , hand  
w eed in g , o r  re m o v in g  larg e  w eed  
seedlin gs from  rice  seed lin g  b u n d les  
resu lted  in less th an  50%  con tro l of  
w eed s. C arefu l exam in ation  of e a ch  
p lant to en su re  that m o st w eed s a re  
rem ov ed  from  the seed lin g  b u n d le s  is 
lab orious, tim e-con su m in g , a n d  m o re  
exp en sive  than h erb icid e tre a tm e n t  
(M o o d y  e t al 1988).

Land preparation
M echanical land p rep aratio n  sh o u ld  
p rov id e a w eed -free  field to a llo w  
op tim al early  rice g ro w th . T h e in itial 
p low in g buries w eed s an d  cro p  
stubble from  the p re v io u s  crop . 
P uddling u p ro o ts  w e e d s  that g r o w  
after p low in g and b u ries th em  in the  
layers of m u d . The field is leveled  a fte r  
p u d d lin g  to  elim in ate in a d e q u a te ly  
flooded areas  that a re  id eal fo r th e  
g row th  and d e v e lo p m e n t of d ifficu lt-  
to-kill sem iaq uatic w eed s.
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P lanting m ethod
T ran sp lan tin g  into w ell-p u d d led  soil 
helps rice  seed lin gs to  establish  
quickly. I lea lth y  20 - to 30-d -o ld  rice 
seed lin gs tran sp lan ted  in ro w s  in a 
w ell-p re p a re d  w eed -tree  field will 
h av e  a  h ead  sta rt o v e r  w eed s. Sm all 
rice  seed lin g s a re  not com p etitiv e  
a g a in st w eed s.

Plant population
M ost m o d e rn  early -m atu rin g  riccs, 
w h ich  h a v e  a  sh o rt v e g e ta tiv e  period  
th at lim its  tillering, d o  best w hen  
tra n sp la n te d  a t  close sp acin g . N o  
sin g le  s p a c in g  reco m m en d atio n , 
h o w e v e r , is b est for all rice cultivars.
In th e  a b se n ce  of lod gin g  an d  w eed s, 
y ield s  o f  m o st varieties d o not chan ge  
m u ch  w ith  p lan tin g  d istan ces betw een
2 5  an d  10 c m  in ro w s  or hills. D ense 
p la n tin g  in cre a se s  th e  com p etitiven ess  
of rice  a g a in s t w eed s b y re d u cin g  later 
g e rm in a tin g  w eed  seedlin gs th rou gh  
sh a d in g . R ice sh o u ld  be transplanted  
in s tra ig h t ro w s , to  allow  m ech anical 
w e e d e rs  to b e u sed  for w eeding.

W a te r m a n a g e m e n t
G o o d  w a te r  m a n a g e m e n t will elim i­
n a te  all n o rm a l u p lan d  w eed s in tran s­
p la n te d  irr ig a te d  rice. The an aerob ic  
co n d itio n s  p re v a ilin g  in soil u nder
5  c m  o f  w a te r  inhibit m ost w eed  
g ro w th . R e d u ctio n s  in w a te r level 
e x p o se  th e  soil su rface , w hich  lead s to  
a e ro b ic  co n d itio n s  th at allow  w eed  
seed  g e rm in a tio n . A  field should  be 
flo o d ed  2 -3  d  a fte r  tran sp lan tin g  and a 
5 -cm  w a te r  d e p th  should  b e m ain ­
tain ed  th ro u g h o u t the g row in g  season.

Fertilizer

R ice re s p o n s e  to  fertilizer n itrogen  is 
m a rk e d ly  in cre a se d  b y good  w eed  
c o n tro l, w ith  m a x im u m  yield s when  
w e e d s  a r e  co n tro lle d  before fertilizer is 
a p p lie d .

6.1  S ingle  and 2-row cono weeders. 
D raw ings, design Inform ation, and lim ited 
technica l supported are provided free to 
m anufacturers w ho w a n t to  produce IRRI 
designs on a com m ercial basis. IR R I retains 
w orldw ide distribution and patent righ ts for 
a ll designs developed by the In s titu te , and 
does not grant exc lus ive  m anufacturing 
rights or licenses in any country or region.

6.2 R ice  grow th stages 
when herbicides can  be 
applied In transplanted 
irrigated rice. Bars (— ) sh ow  
periods during w h ich  a 
particu lar herbicide is 
applied. "T im in g  o f herbicide 
application is based on w eed  
em ergence and grow th  s ta g e  
w ith in  th e  rice  g row th  stage .
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Herbicide

Thiobencarb

Butachlor

Oxadiazon

Pendimethalin

Piperophos + 
Dimethametryn

2 ,4 -D o r M CP A

Bentazon '

Propanil *

Pretilachlor

Bensulfuron-methyl
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I land w e e d in g  is Hie m o st com m on  
w ood con tro l m eth od  in irrigated  
tran sp lan ted  rice. T he first 6  w k  after  
tran sp lan tin g  is the critical tim e o f  
w eed  com p etition . T w o  o r  th ree tim ely  
w e e d in g s  will p rov id e  a d eq u ate  w eed  
con trol.

W e e d in g  b y  m ach in e is possible  
w h en  irrig a te d  rice is tran sp lan ted  in 
ro w s. I la n d  w e e d in g  req u ires  ab ou t 
120 la b o r-h o u rs  per ha. T h at is 
re d u ce d  to  3 0 -9 0  lab or-h ou rs w hen  
m ech a n ica l w e e d e rs  a re  used. The 
c o n v e n tio n a l single-vow  rotary  
w e e d e rs  re q u ire  80-90  lab or-h ou rs, but 
th ey  a r e  d ifficult to p u sh  and m u st be 
m o ved  b ack  a n d  forth for p ro p er  
o p e ra tio n .

T h e IKR1 c o n o  w e cd e r (Tig. 6 .1) 
u p ro o ts  a n d  b u ries  w eed s w ith  conical 
sh ap ed  ro to rs . F o rw a rd  m o v em en t of 
the w e c d e r  c re a te s  a h orizo n tal b ack - 
a n d -fo rth  soil m o v e m e n t in the top
3 -cm  la y e r , an d  the c o n o  w e cd e r  
w eed s sa tisfa cto rily  in a  single pass. 
P ow cv re q u ire m e n ts  a te  low  b ecau se  
on ly  a sm a ll q u a n tity  of soil is m oved . 
IR R l's tw o -r o w  co n o  w e e d e r can  w eed  
th ree to  fo u r tim e s  faster than co n v e n ­
tional s in g le -v o w  ro ta ry  w eed ers. 
W e e d s w ith in  o r  close  to  rice hills 
m u st b e  h a n d -p u lle d .

H e rb icid e s
111 fie ld s w h e re  h e a v y  w eed  infesta 
tions a r e  e x p e c te d , w eed  com petition  
can  b e p re v e n te d  b y a w id e  ran ge of 
h e rb icid e s. R ice  h erb icid es  show  
m a x im u m  se le ctiv ity  in transplanted  
rice  b e c a u s e  o f  d ifferen ces in grow th  
b etw een  r ic e  se e d lin g s  tran splan ted  at  
the 3 -  to  6 -le a f  s ta g e  an d  the germ in at­
ing w e e d s . S e v e ra l herbicides and  
h erb icid e  c o m b in a tio n s  can  be u sed  in 
tra n sp la n te d  rice . A p p ly in g  a pre- 
e m e rg e n c e  h e rb ic id e  tog eth er with  
effective w a te r  m a n a g e m e n t will 
p ro v id e  s e a s o n -lo n g  w eed  control.

S o m e  im p o r ta n t  rice  herbicides and  
th eir t im e s  of ap p lica tio n  in irrigated  
rice a re  g iv e n  in T a b le  6.1 and  
Figu re 6 .2 .

Hand weeding Table 6.1. Herbicides suitable for use In transplanted irrigated rice.

HerOicide Rate Com m ents and source of information
(kga i/ha )

Sensulfuron 0.05

Bcntazon 1.0-2.0

Bifenox + 2,4-D 2.0 + 0.5

Butachlor 1.0-2.0

2,4-D or MCPA 0.8-1.0

Molinate 2.0-4.0

Oxadiazon 0 .5 0 .7 5

Oxyfiuorfen 0.15-0.25
Penctimethalm 0.75

Pipetoohos + 0 .5
dimethametryn

Piperophos + 2,4-0 0 .3  + 0.2

Propanil 3.0-4.0

Quinclorac 0.3
Thiobencaib 1.5-4.0

Thiobencarb + 2,4-D 1 ,0 +  0.5

Apply 3-5 fl after transplanting (DT)
(IRRI 1986).
Apply postemergence to control 
broadieaf weeds and sedges 
(IRRI 1979). Drain before application, 
if necessary to expose weeds.
Apply preemergence to weeds 4 DT 
(IRRI 1981).
Apply 3-6 DT. W ater depth of 5-10 cm 
at application and for 3-5 d after 
(IRRI 1974).
Apply 3-4 wk after weeds have emerged 
to control sedges, broadieaf weeds, 
and aquatic weeds. Drain before 
application to expose weeds. Reflood 
within 2-3 d after application. Can also 
be applied at 4-5 DT. before weeds 
emerge. Granular herbicides can be 
broadcast directly into floodwater 
(IRRI 1973. 1981).
For preflood application, flood as 
soon as possible. For postflood 
application, deepen water at 
application to cover weed foliage, 
then tower water after 4-6 d. No need to 
incorporate granular formulation 
(C0PR 1976).
Apply 2-8 DT to control annual grasses 
and broadieaf weeds. Field should be 
flooded 3-5 cm and maintained a t that 
level for 2-5 d after treatment 
(C0PR 1976).
Apply 4 DT (IRRI 1979, 1983).
Apply 4 DT to control annual grasses 
(IRRI 1979, 1983).
Apply 2-5 DT to control annual 
grasses, sedges, and broadieaf w eeds 
(IRRI 1977).
A p p ly  2-S DT to  contro l annua l g ra s s e s , 
se d ge s , 3nd broad iea f w eeds 
(IRRI 1986!.
Apply as postcmergence spray to 
control several annual g rasses and 
broadieaf weeds at the 2- to 3 -leaf 
stages. Drain flooded fields 24 h 
before application and reflood 3-5 d 
after treatment. Do not spray organo- 
phosphorus and carbamate 
insecticides within 14 d after 
application (C0PR 1976).
Apply 3-5 DT (IRRI 1986).
Apply 4-8 DT at the 1- to 2-leaf s ta g e s  of 
weeds. Water should not be drained 
or overflowed for 3-5 d after 
application (IRRI 1971).
Apply 4-5 DT (IRRI 1971).
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Direct seeded on 
puddled soil
[n d ire ct se e d e d  irrigated  rice  culture, 
the field is leveled after p u d d lin g  and  
p re g e rm in a te d  seeds a rc  b ro ad cast or  
m ach in e-d rilled  on to  the p u d d led  soil. 
D irect se ed in g , also k n o w n  a s  w et 
seed in g , is p racticed  in p arts  of India, 
B an g lad esh , and Sri L an k a an d  lias 
b e co m e  a n  in creasin gly im p o rtan t rice  
c ro p  estab lish m en t m eth od  in S ou th ­
e a st A sia . B ro ad cast seeded  flooded  
rice  is a lso  p racticed  in several rainfed  
a re a s  in S o u th  and S ou th east A sia  
(D o D atta a n d  Flinn 1986).

D irect se e d in g  has b e co m e an  
a cce p ta b le  altern ative  to  tran sp lan tin g  
a s  la b o r c o s ts  h ave in creased , less 
e x p e n siv e  h erb icid es h av e  b eco m e  
availab le , a n d  irrigated  a re a  has 
in creased . H o w e v e r, ro o t an ch o ra g e  is 
p o o r , a n d  lo d g in g  can  be m o re  serious  
in d ire c t se e d e d  th an  in tran splan ted  
rice.

W e e d  problem s
U n c o n tro lle d  w eed s in d ire ct seeded  
flo o d ed  r ic e  c a n  re d u cc  yields about 
5 3 % . T h e  c u ltu re  req u ires shallow  
flo o d in g , w h ich  results in m o re  
e x p o s e d  so il a re a s  and aero b ic con d i­
tion s. B e c a u s e  rice an d  w eed s g e rm i­
n a te  a n d  e m e rg e  tog eth er, com petition  
is m o r e  in te n se  than in Iransplanted  
rice . T h e  r<tngi> of h erb icid es lhat can  
b e u se d  sa fe ly  is a lso  lim ited , because  
rice  a n d  th e  w e e d s  a re  a t the sam e  
d e v e lo p m e n t stages.

L o w la n d  w e e d s  such  a s  E. cnts-galli, 
Is c lm a iiw ii rugostaii, l.cptochloo 
ch iiteutis, C\/peni> d iftonnh, Fimbrishflis 
inilincea, a n d  S c irp iif manlinut?. are  
a d a p te d  to  th e  w et con d ition s of d irect 
se e d e d  flo o d e d  rice.

Land preparation
T h o ro u g h  land p rep aratio n  is essential 
in d ire ct seeded  flooded rice. L and  
p rep aration  is sim ilar to  th at for tran s­
planted flooded rice. H o w e v e r, the 
final leveling o f  the field is e v e n  m o re  
critical than for tran sp lan ted  rice  
b ecau se  the w a te r level in d irect 
seed ed  fields is k ep t shallow . A n  
u n e ve n  land su rface  results in areas  
w h ere  th e  soil su rfa ce  is e x p o se d  to air. 
T h at creates  a n  ideal con dition  for 
w eed  germ in ation  an d  g ro w th . Rice 
stan d s in areas  th at h ave d e e p e r  
flood ing will b e red u ced .

Planting method
R ice seed s a re  p reg erm in ated  (soaked  
in w a te r  for 2 4  h, th en  in cu b ated  for 
48 h) before they are  sow n  in th e  field. 
T his assu res a  q u ick  and ev en  stand . 
P regcrm in ated  rice  seeds m a y  be 
b ro ad cast or m ach in e  drilled . M ech an ­
ical w eed ing is possible w h en  seed s  
are drilled in row s.

Cultivar
T h e cultivar u sed  should  h av e  e x ce l­
lent seedlin g v ig o r and g o o d  tillering  
cap acity . 1RR1 and n ation al p ro g ra m s  
h av e  released  several such  rices.

Plant population
C lo se  sp acin g  is essential to  red u ce  
w eed  infestation and for h igh  g rain  
yields. In w et seeded  ricc , less w eed  
com p etition  h as been o b serv ed  w ith  
seedin g rates of 100  k g /h a  a n d  higher. 
W h ere  w eed s a re  not a p rob lem , no 
rice grain  yield  a d v a n ta g e  h as been  
ob served  at th ese seedin g rates.

W a te r m anagem ent
G oo d  w a te r m an ag em en t is a n  im p o r­
tan t factor in w eed  con trol in d ircct  
se e d e d  flooded rice. Seeds a re  b ro a d ­
ca st o n to  p u d d led  soil w ith  little o r  n o  
stan d in g  w ater. T he w a te r level is 
in creased  g rad u ally  as the rice  g ro w s . 
B ecau se  the field can n o t be flooded  
until seedlin gs a rc  established , so m e  
w eed s will g ro w  a lo n g  with th e  rice . 
A fter ricc  establishm ent, the w a te r  
level should  b e raised  a s  rap id ly  as  
possib le w ith o u t d am ag in g  th e  y o u n g  
ricc  seedlin gs, then kept u n iform  a n d  
con tin u ou s. W eed e m e rg en ce  an d  th e  
ty p e  of w eed s that em e rg e  a re  closely  
related  to flo od w ater d ep th . S h allo w  
(less th an  2.5 cm ), co n tin u o u s flo o d in g  
facilitates w eed  grow th .

Fo r p re cm e rg cn ce  h erb icid e a p p li­
ca tio n  in d ire ct seeded  flo od ed  rice, 
the follow ing w a te r  m an a g e m e n t is 
suggested .
■  K eep  the field sa tu rated  fro m  

sow in g  to  h erb icid e ap p lica tio n . If 
the soil d ries w ithin  this p e rio d , a d d  
en o u g h  w a te r to  re sa tu ra te  the  
plots.

■  Flo od  th e  field to  2 -3  c m  d e e p  a n d  
ap p ly  herbicide d irectly  in to  th e  
w ater.

■  Raise w ater d e p th  to  5  c m  1 w k  
after herbicide ap p lica tio n  an d  
m ain tain  th at d e p th  until 1 w k  
before h arvest.

Fertilizer
H igh  fertilizer ap p lication  to  in cre a se  
yields of m o d ern  im p ro v ed  rice  
cu ltivars  e n h an ces  w eed  g ro w th . 
In corp orating  N  in to  the se e d b e d  a t
5 -1 0  cm  red u ces N  losses a n d  a t  th e  
sa m e  tim e re d u ces  th e  av aila b ility  o f  N  
to w eed  seedlings th a t g e rm in a te  n e a r  

the soil surface.
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Herbicide

Thiobencarb

Butachlor

Oxadiazon

O xylluo rfen

Butralin

2 ,4 -D o r  M CP A

B e n ta z o n '

Propanil *

6 .3  R ic e  g ro w th  stages when 
herb icides c a n  be applied in wet- 
seeded irr iga te d  rice. Bars (— ) show 
periods d u rin g  w h ich  a particular 
herb ic ide  is  applied. ’ T im ing  of 
herb ic ide  ap p lica tion  is based on 
w eed e m e rg e n c e  and grow th stage 
w ith in  th e  r ic e  g row th  stage.

Hand w eeding
T h e first 6  w k a fte r seed in g  is the  
critical period o f  w e e d  com p etition  in 
d irect seeded flood ed  rice. H an d  
w eed in g  in drill seed ed  an d  hand  
pulling in b ro a d ca st seeded  rice  
should  be d o n e  early , a lth o u g h  it m a y  
be difficult to  d istin gu ish  g ra ssy  w eed  
seedlings from  rice  seedlin gs at such  
an early  stage. T w o  to  th ree  hand  
w eed in g s a r c  sufficient to p rev en t  
yield  losses d u e  to  w eed s. T h e first 
w eed in g  can  b e d o n e  w ithin  3  w k after  
seedin g. W eed in g  w ill tak e less tim e if 
rice  seeds a re  so w n  in ro w s ra th e r than  
b road cast. T h e u se  o f  ro w  w e e d e rs  in 
b road cast seed ed  fields is lim ited  
b ecau se  of the ra n d o m  d istrib u tion  of 
seedlin gs (see  fig u re  6 .1 , p . 7 4  for 
inform ation  o n  ro w  w eed ers).

Herbicides
B ecause h and  w e e d in g  is d ifficu lt in 
d irect seeded  flo od ed  rice , ch e m ica l  
w eed  control com b in ed  w ith  o th e r  
cu ltu ral p ractices  (su ch  a s  w a te r  
con tro l) is an  a lte rn a tiv e  th a t m a y  b e  
p racticed  to re d u ce  w e e d  co m p e titio n ,  
c ro p  losses, a n d  lab or c o s ts . S everal  
herbicides offer effective w e e d  co n tro l, 
b u t b ecau se w e e d s  an d  rice  g e rm in a te  
at the sam e tim e , th e  n u m b e r o f  h erb i­
cid es  that can  b e u sed  sa fe ly  m a y  bo 
lim ited. In the tro p ics, b u ta c h lo r , 
thiobencarb, b u tra lin , a n d  p ro p a n il  
effectively co n tro l w e e d s  a n d  h a v e  
been w idely te s te d  in d ire c t  se e d e d  
flooded ricc.
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Horbicidc Comments and source of information
(kg ai/na)

Bensulfuron 0.05

Bentazon 2.0

Table 6.2. Herbicides suitable for use In irrigated rice direct seeded on puddled soil.

Bifenox + 2.4-D  2.0 + 0.6

Bulachlor 0.75

Butrahn 2.0

2.4-D or M CPA 0 .5 1 .0

Molinate 3 0

Oxadiazon 0 .751.0

Oxyfluorfen 0.15-0.25
Pendimethalin 0.75-2.0
Piperophos + dim etham etryn 0.4 + 0.1 
Piperophos 2,4-D  0.3 + 0.2
Pretilachlor + antidote 0.3-0.4
Propanil 3.0-4.0

Quinclorac 0.3
Thiobencarb 1.5-2.0

Thiobencarb + 2 ,4-D 1 .0 +  0.5

Apply 6-8 cl after seeding (DAS)
(IRRI 1985).
Apply postemergence to control 
broadieaf weeds and sedges, 
including S. maritimus. Water level 
m ust be lowered for good coverage. 
Annual weeds m ust be small— 2- to 
7-leaf stages (IRRI 1984).
Apply at early postemergonce of 
weeds, about 4-6 DAS (IRRI 1981). 
Apply 6 DAS to control annual grasses 
and sedges. Soil should be saturated 
at application and remain nonflooded 
for 3 d after application (IRRI 1983). 
Granular butachlor applied 3 DAS 
gives better weed control, less stand 
reduction, and higher yields than when 
applied 6 DAS (IRRI 1986).
Apply 2-3 DAS to control annual 
grasses (COPR 1976).
Apply 3-4 wk after seeding to control 
annual broadieaf weeds and sedges. 
Lower water level to expose weeds 
before spraying and reflood within a 
few days (COPR 1976).
Apply 6-7 DAS. Raise water level after 
application (IRRI 1977).
Apply proomorgence 4-6 DAS. Soil 
must remain moist after application to 
maintain herbicide activity (IRRI 1985). 
Apply 3-6 DAS (IRRI 1978, 1982).
Apply up to 6 DAS (IRRI 1975, 1982). 
Apply 4-6 DAS (IRRI 1977).
Apply 6-8 DAS (IRRI 1987).
Apply 3 DAS (IRRI 1987).
Apply postemergence to control grass 
and broadieaf weeds at the 2- to 5-leaf 
stages (about 10 DAS). Water level 
should be lowered before application 
and the field reflooded as soon as 
possible (IRRI 1980).
Apply 6-8 DAS (IRRI 1986).
Apply about 6 DAS, when grasses have
1-2 leaves but before the 3-leaf stage of 
grasses and sedges. Keep water low 
enough to avoid submerging the rice 
plants (IRRI 1972).

Direct seeded on 
dry soil
D ry seed ed  irrigated  rice  culture is 
p racticed  in A frica , A u stralia , E urop e, 
and th e  U SA . N o n g e rm in a te d  seeds  
are  b ro a d ca st o r  drill seeded  in d ry  or  
m o ist soil. B ro ad cast seed s are covered  
by h arro w in g . M o re  seed s are  required  
for b ro a d ca st th an  for drill seeding, 
and stand  estab lish m en t is p oorer w ith  
b ro a d ca st seed in g  th an  w ith  drill 
seeding.

W e e d  problem s
A fter b ro a d ca st o r  drill seedin g rice  
in to  d ry  soil, the field is irrigated  just 
en o u g h  to p rov id e th e  soil m oistu re  
that allow s the se e d s  to  germ in ate. 
Flo od in g  the soil w o u ld  p reven t rice  
seed lin g  em ergen ce . T h u s, aerobic  
con d ition s rem ain id eal for the g e rm i­
nation  of upland a n d  aq u atic  w eed s, 
and w eed  p rob lem s a re  m u ch  w o rse  in 
d ry  seed ed  irrigated  th an  in w et 
seeded  rice. B ecau se  the w a te r level is 
in creased  g rad u ally , it is 2 -6  w k b efore  
a co n tin u o u s flood a t  5  c m  d ep th  can  
b e ach iev ed . M an y  w ell-estab lish ed  
u plan d  w eed s will s u rv iv e , m ak in g  
w eed  com p etition  m o re  intense in  
this rice cu ltu re  th an  in th e  cu ltu res  
d escrib ed  earlier. T h e  fact that rice  and  
w eed s germ in ate  to g e th e r  restricts  the  
n u m b er of h erb icid es th at can  be 
u sed  safely.

Land preparation
Land p rep aration  sh o u ld  p rov id e  
w eed -free  con d ition s a t  p lantin g an d  
favorable con d ition s fo r rice g ro w th  
and d evelop m en t. L a n d  p rep aratio n  
an d  leveling should  b e th orough  
b ecau se  large soil c lo d s  w ill re d u ce  
germ in ation  of rice seed lin gs and  
cau se  irregu larity  in  h erb icid al 
efficacy. A s clod s m e lt d o w n , the 
in ner, u n exp osed  soil w ill allow  w e e d s  
to germ inate.

Apply 6 8 DAS (IRRI 1986)

H crb icid cs can b e soil-in corp orated  
b efore so w in g  rice, ap plied  p re e m e r­
g e n ce  to w a te r a few  d ay s a fter s o w ­
in g, o r  ap plied  p ostem erg en ce  before  
w eed s reach  the 3 -  to  4 -leaf stage. 
T ab le  6 .2  and Figu re 6 .3  outline  
v a rio u s h erb icid es an d  their ap p lica ­
tion tim es for this rice culture.
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R ed u cin g  w eed s in d ry  seed ed  rice  
cu ltu re  is possible b y  p racticin g a stale  
seed b ed . A fter land p rep aration , 
w eed s a re  allow ed to em e rg e  fo llow ­
ing rain  o r  irrigation , then d estroyed  
b y sh allo w  cu ltivation  o r  ap plication  
o f  a n on resid u a) co n ta ct herbicide. T he  
h erb icid e sh o u ld  b e ap plied  ov cu ltiv a ­
tion d o n e  w h en  m o st of the w eed s  
h av e  reach ed  the 2- to  5 -leaf stage. Kice 
is th en  seed ed  into the w eed -free  field.

P la n tin g  m ethod

Rice s e e d s  a re  b ro ad cast seeded  into  
d ry  o r  m o ist soil an d  covered  by  
h a rro w in g , o r  drilled 3 -5  cm  d eep  into  
the soil. H igh  seed in g  rates can su p ­
p ress w e e d s , but the cost of seeds  
sh o u ld  b e con sid ered  again st oth er  
d ire ct co n tro l m easu res  available  
b e ca u se  th e re  is n o  vield  ad v a n ta g e  in 
in cre a sin g  seed  ra tes  ab ove 100 k g /h a .

Cultivar
Both s h o rt-  an d  in term ed iate-statu red  
cu ltiv a rs  a re  u sed  for rice b ro ad cast or  
drilled  in to  d ry  soil. Fo r b road cast 
se e d e d  rice , the cu ltiv ar used should  
b e  s tiff-s tra w e d  to  avo id  severe  
lod gin g .

W a te r m a n a g e m e n t
G oo d  w a te r  m a n a g e m e n t is im p ortan t 
in c o n tro llin g  w e e d s  in  b ro ad cast ov 
drill s e e d e d  flood ed  rice. A fter d ry  
se e d in g , th e  soil m a y  be intei miUently 
flo o d ed  a n d  d rain ed  to  allow  for rice  
e m e rg e n c e . T h e  w a te r  level is then  
in cre a se d  g ra d u a lly  for a few  w eeks  
until a  c o n tin u o u s  flood of 5 -cm  d epth  
is m a in ta in e d .

Table 6.3 Herbicides suitable for use In broadcast or drill seeded, dry-sown Irrigated rice.

Herbicide

Bcntazpn

Rate 
(kg ai/ha) Comments and source of information

Butachlor

Butralm

2.4-D or MCPA

Molinate

OxacJia7on 

Pendimethalm 

Piperophos +
dimethametryn

Propaml

Thioboncai'b

2.0

1.5-2.0

2.0 

0.5-1.0

3.0-5.0

0.75-1.0

2.0

0.75-1.25

3.0-4.0 

3.0

Apply as a postemergence herbicide 
to control broadleaf weeds and 
sedges. Apply when weeds have 
germinated but are still small. Water 
level may be lowered to expose weeds 
24 h. Raise water level after treatment 
(C0PR 1976).
Apply as prcom oigence spray 0-3 d 
after sowing (DAS) to control annual 
grasses and sedges (IRRI 1977).
Apply as preemergence spray 2-3 DAS 
to control annual grasses (IRRI 1977). 
Apply 3-4 wk after seeding to control 
annual broadleaf weeds and sedges 
(C0PR 1.976).
Apply from prosowing to early post 
emergence to control grassy weeds 
^Suuth 1971).
Preenicrgcnce application should be
2-3 DAS (IRRI 1977).
Apply at preemergenco of rice 
(IRRI 1977).
Apply early postemergence to control 
annual weeds (Green and Ebner 
1972i.
Apply posternergence at the 2- to 3-leaf 
stages to control g rasses and broad- 
leaf weeds (COPR 1976).
Apply precmergence im m ediately 
after covering the seeds with soil but 
before the first irrigation or rain, 
lirigate 3-5 cl after application 
(IRRI 1979).

Hand w eeding

Intevvow m ech an ical w e e d in g  is not 
p ossible in b ro ad cast seeded  rice, liven  
w hen seeds a r c  drilled , the in terrow  
sp acin g  is so  n a rro w  th at on ly  hand or  
h oe w eed in g is possible. In this rice 
cu ltu re , tw o  to  th rce tU u e ly  h and  
w eed in g s a re  sufficient to  en su re  
o p tim u m  yields. T h e soil d istu rb an ce  
in volved , h ow ever, can cau se  a s  m uch  
d a m a g e  to  rice as  to  w eed s. T h e first 
w eed in g m ay b e d on e  b etw een  14 and  
2 !  d , d ep en d in g  on  w eed  grow th , 
follow ed by sub seq u ent w eed in g s  
w hen necessary.

Herbicides
T h e  effects of h erb icid es  a re  s im ila r  for 
b road cast seeded  o r  drilled  d ry -s o w n  
rice  and w et-so w n  flo od ed  rice . 
B ecause o f w ater m a n a g e m e n t p ro b ­
lem s and difficulties in h an d  w e e d in g , 
herbicides are p a rticu la rly  im p o rta n t  
in this rice cu ltu re . C o v e rin g  th e  se e d s  
w ith soil after d rill o r  b ro a d c a s t  
seedin g increases th e  to le ra n ce  o f  r ice  
for herbicides b u t d e cre a se s  a rice  
seedling's flood ing to leran ce . 
B utachlor, m olin ate, o x a d ia z o n ,  
p rop an ii, and th iob en carb  a r e  u sed  as
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H erbic ido  

Th iob en ca rb  h

Butachlor i

O xa d ia zo n  

M olinate 

Pendim ethalin  

Butralin

2 .4 -D  or M C P A  

B enta zon  ‘

P ro p a n il '
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6.4 R ice g ro w th  s ta g e s  when 
herbicides can  be applied in dry-seeded 
irrigated r ice . B ars ( — ) show  periods 
during w h ich  a p a rticu la r herbicide is 
applied. ‘ T im in g  o f herbicide 
app lication  Is based on  weed 
em ergence and g ro w th  stage  w ithin 
the rice  g ro w th  s ta g e .

p ie p la n t, p re e m e rg e n ce , p o stem er­
g e n ce , o r  p o s tflo o d  treatm ent.
Propanil is vvidelv used a s  a 
p o stem o i'g en ce  h erb icid e , e ith er in 
ad d itio n  to  o r  in p la ce  of a p reem er-  
g e n ce  tre a tm e n t, (’ rep lan tin g herbi- 
cklal tre a tm e n ts , su ch  as with  
g ly p h o sa te , m a y  a ls o  control perennial 
w eed s. Table 6 .3  a n d  Figure 6 .4  outline  
the c o m m o n  h e rb icid e s  and th eir tim es 
of a p p lic a tio n  fo r  this culture.

W ater seeded

W ater seed in g  of rice  is p racticed  in 
several p arts  of A sia , in clu din g India. 
Sri L an k a, M alaysia, an d  T hailand.
It is w id ely  practiced  in the U SA , 
so u th ern  K urope, U SSR, an d  A u stralia . 
P regerm in ated  rice  is b road cast  
d irectly  o n to  the flooded field. T he  
rice, w hich  is seeded into w a te r 7-10  
cm  d eep , sinks to  the soil, g erm in ates, 
an d  em erg es from  the w ater. The field 
rem ain s flooded at a d ep th  of 7 -1 0  cm  
until a few  w eeks before m atu rity . In 
th e  U SA , seeding into con tin u ou sly  
flooded fields began  in the 1930s  as a  
cu ltu ral m ethod to con trol t'..cn i* -gn lli 
an d  later as  p art o f a p ro g ra m  to 
con trol red  rice.

W eed problems
M any w eed s and rice  w ill g e rm in a te  
th rou gh  either soil o r  w a te r, b u t not 
th rou gh  both. W ater se ed in g  tak es  
ad v a n ta g e  of that b y estab lish in g a n  
early  w a te r cov erin g  to  su p p ress  
w eed s. C o n tin u ou s flood in g in w a te r  
seeded  rice cu ltu re, h o w e v e r , e n c o u r­
ages aq uatic w eed s. W h e re  co n tin u o u s  
flooding is not m ain tain ed , m an y  
sem iaq uatic w eed s typ ical of 
d iscon tinu ou sly  flood ed, d ry  seed ed  
fields can  be found in w a te r  seed ed  
ricefields. U n d er su ch  con d ition s.
/.. cn ti-$ a lli, Lcptochlon sp ., 
Afschyiioinenc v irg in ia i, an d  Scsbmiia 
e.xnlttUii a re  w eed  p rob lem s.
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H erbicide  

Molinate 

Th iobencarb

2,4-D  or M CP A 

B e n te z o n '  

Propanil ’ 

Endotliall

Seeding Germination Tiller initiation Tillering Panicle initiation Flowering
— I------------ 1---------------------------------------------- 1-----------------------------------1-------------------------------- 1------------------------------------------------------------1—

Land preparation

F o r b e tte r a n d  m o re  u niform  s ta n d s  of  
w a te r se e d e d  vice, the seedb ed  should  
b e ro u g h  o r  g ro o v e d  to  help  an ch o r  
rice  s e e d s  a n d  seedlin gs. L arge  soil 
clod s th a t re m a in  exp o sed  ab o v e  the 
w a te r level a llo w  the grow th  and su r­
vival of g r a s s  w eed s. L and  leveling  
e lim in ates  th e  h igh  sp o ts on the 
seed b ed  th a t fa v o r  w eed  g ro w th , and  
is esp e cia lly  im p o rta n t if a shallow  
w a te r d e p th  is to  b e m ain tained  for 
g ro w in g  m o d e r n , sem id w arf, vice 
cu ltiv ars.

Plant p o p u la tio n

T o  c o m p e te  w ith  w eed s, a rice cro p  
d e n sity  o f  1 5 0 -2 0 0  p la n ts /n r-  at 
the 3- to  4 - le a f  s ta g e  is desirable.

W a te r m anagem ent
A p p ro p ria te  w a te r m an a g e m e n t is the 
m o st im p ortan t fa c to r in successful 
w eed  con trol in w a te r  seed ed  rice. The  
m an ag em en t o f flood w a te r affects the  
d ensity , v igor, an d  u n iform ity  of rice  
stan d s, the severity  of w eed  co m p eti­
tion , an d  the effectiven ess of h erb i­
cides. W eed s are  a p ro b lem  w hen they  
germ in ate  in m oist soil after land  
p rep aratio n  and g ro w  b efore flooding  
an d  rice  planting.

F lo od in g  to  7 -1 0  c m  d e e p  early  in 
the season  will p ro v id e  partial w eed  
con trol. Tim elv, rap id  d rain age and  
reflood in g will e n co u ra g e  rice stan d s  
and help  control aq u a tic  w eed s w ith ­
out su p p o rtin g  th e  g ro w th  of 
sem iaq u atic  w eed s. It is im p o rtan t that 
som e p arts  of the rice p lan t be ab ove  
the w a te r surface b y a t  least the 4 -leaf  
stage, an d  fields m u st b e kept flooded  
th rou gh  the h ead in g stag e . T he w a te r  
should  be d rain ed  on ly  w hen

6.5 R ice grow th s tages when 
herbicides can  be applied in water- 
seeded irrigated rice . Bars (— ) show 
periods during which a particular 
herbicide Is applied. ’ T im ing o f herbicide 
application Is based on weed em ergence 
and grow th stage w ith in  the rice  g row th  
stage.

absolutely n ecessary , such  a s  w h e n  
w eed s requiring co n ta ct h erb icid es  
need to  be treated .

E x p o su re  o f th e  soil to a ir , if it lasts  
long en ou gh  to a llo w  K. cn is -g a lli 
seedlin gs to  d ev elo p  s e co n d a ry  ro o ts , 
red u ces the effectiveness o f  m o st  
herbicides. S ed g es an d  b ro a d le a f  
w eed s are  favored  b y sh allo w  w a te r  o r  
w hen the field is d rain ed .
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Fertilizer
In co rp o ra tin g  N  an d  P  fertilizers to
5- to 10-cm  soil d ep th  red u ces  their 
availab ility  to  w eed  seedlin gs that 
g e rm in a te  n e a r  the soil surface. Fertil­
izer s o  a p p lied  rem ain s availab le to  
rice p lan ts  th ro u g h o u t the season  if a
7- to 1 0 -cm  flood is m ain tain ed . If the 
field is d ra in e d  and air reach es the N, 
it will c h a n g e  form  an d  be ra p id ly  lost 
in to  th e  air. If N  is ap plied  to  flood  
w a te r e a rly  in the seaso n , 50%  o r  m ore  
o f  it w ill b e  ra p id ly  lost. T op d ressed  N 
an d  P  a p p lica tio n s in to  w a te r also  
e n co u ra g e  w e e d  g ro w th . W e e d s  m u st 
b e c o n tro lle d  before top d ressin g  w ith  
a n y  fertilizer.

Hand w e e d in g
A v o id in g  w e e d  com p etition  is im p o r­
tan t d u r in g  th e  first 3 0  d  o r  so  after  
w a te r  se e d in g  of rice. Karly w eed  
re m o v a l, w h e n  the rice  is still a t the  
early  v e g e ta tiv e  p h ase , is d esirable to 
m a x im iz e  yield s. O n e  to  tw o  hand  
w e e d in g s  a t  3  w k and at ab o u t 6 -7  w k  
a fte r s e e d in g  will g iv e  ad eq u ate  
co n tro l. A g a in , a s  in b ro a d ca st o r  d ry  
se e d e d  flo o d e d  rice, m ech anical 
m e th o d s  a re  d ifficult to use.

H e rb icid e s
U s e  o f  h erb icid es  is essential to  
in cre a se  th e  efficien cy of o th er crop  
m a n a g e m e n t p ra ctice s  to con trol  
w e e d s . B e ca u se  w a te r seeded  rice  is 
g ro w n  u n d e r  co n tin u o u s flooding, the  
id eal tim e s  o f  h erb icid e  ap plication  are  
p re flo o d , p re p la n tin g ; p ostplanting  
in to  th e  w a te r ; an d  p ostp lan tin g , p ost­
e m e rg e n c e  a b o v e  the w ater.

F o r  fo liar-ap p lied  h erb icid es such  
a s  M C P A , b e n ta z o n , and p rop an il, the  
w 'eed fo lia g e  m u st b e exp osed  to  the  
h erb icid e . T h e  w a te r  level m a y  h ave to 
b e d e c r e a s e d  fo r  2 4 -4 8  h to  avoid  
w a s h in g  th e  h erb icid e  off the leaf, to 
a llo w  su ffic ie n t u p tak e o f the herbi­
cid e . T h e  w a te r  level should  th en  be 
re e s ta b lis h e d . C o m m o n  herbicides of 
im p o r ta n c e  in  w a te r seeded  rice  are  
listed  in  T a b le  6 .4 . T im e of application  
is in d ic a te d  in  F ig u re  6.5.

Table 6.4. Herbicides suitable for use In w a te r seeded Irrigated rice.

Herbicide Rate 
(kg ai/ha)

Com m ents and source of information

Bentazon 2.0 Apply as a postemcrgence. Weed 
foliage must be exposed during 
application, but avoid draining field 
com pletely (UC 1983).

2,4-0 or MCPA 0.5-1,0 Apply as postemergencc. Lower 
water level to expose foliage of small 
w eeds, but do not allow soil to dry 
(U C  1983).

Endothal 1.0-6.0 Apply as postemergence 25-60 d after 
sowing to control water weeds. Do not 
apply before rice has emerged above 
water surface. Do not dram water for 
3-5 d after application. Do not apply 
after rice starts heading (UC 1983, 
California Weed Conference 1985).

‘ Molinate 3.0-5.0 Incorporate preplanting or preflood. 
Postflood application can be pre- 
emergence or postemergence. For 
postflood applications, raise water 
depth to cover all weeds. Lower water 
level 4-6 d later (UC 1983).

Propanil 3.0-4.0 Apply postemergence. Lower water 
lovel to expose weed foliage. Raise 
water level after application (UC 1983).

Thiobencarb 1.5 Apply postemergence at the 2-leaf 
stage of rice. Do not expose soil 
surface after application (IRRI 1986).
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Chapter 7

Weed control in 
rainfed lowland rice

R ain fed  lo w la n d  rice  is g ro w n  on  
a b o u t 2 3 %  of th e  w o r ld 's  rice  a re a  
(IR RI 1 9 8 8 b ). It a cco u n ts  fo r ab ou t 
4 5 %  o f  th e  r ic e  a re a  in  S o u th  an d  
S o u th e a s t A sia , 22%  in A frica , an d  
6%  in L a tin  A m e ric a  (D e D atta  1981). 
In S o u th  a n d  S o u th e a s t A sia , rain fed  
lo w la n d  r ic e  d o m in a te s  th e  a re a , 
a lth o u g h  its im p o rta n c e  differs  
a m o n g  c o u n tr ie s . F o r  e x a m p le , 76%  
o f  th e  r ic e  a re a  in B h u ta n  is rain fed  
lo w la n d , 6 9 %  in  T h ailan d , 5 6 %  in  
B a n g la d e sh , 5 6 %  in M y a n m a r , 4 3 %  in  
P h ilip p in e s , 3 7 %  in  In d ia , a n d  1 7 %  in 
In d o n e sia  (IR R I 1988b ).

M o s t o f  th e  ra in fe d  low lan d  rice  
a re a  o f  S o u th e a s t  A sia  is  in m ajo r rice  
d e lta s , s u c h  a s  th e  M ek on g  in V ie t­
n a m , th e  C h a o  P h ra y a  in  T h ailan d , 
th e  I r r a w a d d y  in  M y a n m a r , a n d  the  
G a n g e s -B ra h m a p u tra  in In d ia and  
B a n g la d e sh .

R a in fe d  lo w la n d  rice  is not 
irr ig a te d , b u t  th e  soil is flo od ed  to  a 
m a x im u m  d e p th  o f  less th an  5 0  cm  
d u rin g  a  p o r t io n  of th e  c ro p  cycle . 
W a te r  is  s u p p lie d  b y freq u en t rain s  
d u rin g  th e  g r o w in g  seaso n . Soil 
m o istu re  is  u s u a lly  m ain ta in ed

b e tw e e n  field  c a p a c ity  an d  s a tu r a ­
tion . W h e n  th ere  is  n o rain fall, 
h o w e v e r, m o istu re  c o n te n t m a y  d ro p  
b elo w  field  ca p a c ity . W ith  e x ce ss iv e  
rain fall, d e e p w a te r  co n d itio n s  m a y  
d evelop .

R ain fed  lo w la n d  rice  is c lassified  
in to  th re e  c u ltu re  g ro u p s  a c c o rd in g  to  
the c ro p  e stab lish m en t te ch n iq u e  
u sed .
■  T ran sp lan ted  in  p u d d le d  soil.
■  D irect se e d e d  o n  p u d d le d  soil 

(b ro a d ca st o r  d rill se e d e d  u sin g  
p re g e rm in a te d  seed ).

■  D irect se e d e d  o n  d ry  soil (b ro a d ­
ca st o r  drill se e d e d  u sin g  n o n g e r­
m in a te d  seed).

Transplanted in 
puddled soil
T ran sp lan tin g  is  th e  m a jo r c ro p  e s ta b ­
lish m en t m eth od  fo r rain fed  low lan d  
rice  in m o st of tro p ica l A sia .
P rim a rily  g ro w n  a s  a  m o n so o n a l  
cro p , rain fed  low lan d  rice  is  k n o w n  
a s  k h a r i f  in In d ia a n d  a s  n m n n  in  
n o rth e a ste rn  In d ia  a n d  B an g lad esh . 
S eed lin gs ra ised  b y a w e t b e d , d a p o g ,  
o r  d ry  b ed  te ch n iq u e  a re  tra n sp la n te d  
in to  a  p u d d led  soil.

W e e d  problem s
B e ca u se  th e  a m o u n t a n d  d istrib u tio n  
of ra in fall fo r g ro w in g  rain fed  lo w ­
lan d  rice  a re  u n c e rta in , fie ld s m a y  n o t  
re m a in  flo od ed  fro m  p la n tin g  to  
m a tu rity . In A sia , m o s t  ra in fe d  lo w ­
lan d  ricefield s c h a n g e  fro m  u p la n d  to  
su b m e rg e d  co n d itio n s  d u rin g  th e  
m o n so o n  season . L a c k  o f  w a te r  
co n tro l re d u ce s  th e  e ffe ctiv e n e ss  of 
u sin g  w a te r  as a  to o l in  w e e d  m a n ­
a g e m e n t. U p la n d , se m ia q u a tic , a n d  
aq u a tic  w e e d s  all p re s e n t p ro b le m s.  
C o n d itio n s  fa v o ra b le  fo r  w e e d  g e r m i­
n atio n  an d  g ro w th , su ch  a s  e x p o s u r e  
o f  the so il su rfa ce  (a e ro b ic  co n d itio n s )  
an d  h igh  soil m o istu re , o c c u r  fo r  
e x te n d e d  p eriod s. O n ce  w e e d s  
b e co m e  estab lish ed , d e e p e r  f lo o d in g  
is n ee d e d  to  re d u ce  w e e d  g ro w th  
su b stan tia lly  (M o o d y  e t  a l 1 9 8 6 ). 
T ran sp lan tin g  g iv e s  r ic e  a  h e a d  s ta r t  
o v e r w e e d s, b u t u n c o n tro lle d  w e e d s  
ca n  still re d u ce  rice  y ie ld s  a s  m u c h  a s  
50% .

W e e d  species o f  im p o r ta n c e  in  th is  
rice  cu ltu re  in clu d e  E c h i n o c h l o a  s p p .,  
I s c h a e m u m  r u g o s u t n ,  M o n o c h o r i a  

v a g i n a l i s ,  S p h e n o c l e a  z e y l a n i c a ,  C y p e r u s  

d i f f o r m i s ,  C y p e r u s  i r i a ,  F i m b r i s t y l i s  

t n i l i a c e a ,  a n d  Sdrpi/s m a r i t i m u s .

Rainfed lowland rice 83



Table 7.1. Herbicides suitable for use in transplanted rainfed low land rice.

Herbicide Rate Com m ents and source of information
(kg ai/ha)

Nurseries
S eed lin g  n u rse rie s  sh o u ld  b e k ep t 
w eed  free  to  p re v e n t tra n sp la n tin g  
g ra ssy  w e e d s  alon g  w ith  rice . W e e d s  
in th e  n u rs e ry  also  c o m p e te  w ith  the  
rice  s e e d lin g s  and ca n  c a u s e  co m p le te  
n u rse ry  c ro p  failure. H e rb icid e  such  
as th io b e n ca rb , p rop an il, o x a d ia z o n ,  
an d  b u ta c h lo r  can  b e u sed  to  con tro l  
w eed s in  th e  n u rse ry .

Land prep a ra tio n
M e ch a n ica l la n d  p re p a ra tio n  can  
p ro v id e  a w e e d -fre e  field th a t is 
o p tim a l fo r e a r ly  rice  g ro w th . T he  
lan d  sh o u ld  b e  leveled  a fte r  p u d d lin g  
the soil. U n e v e n n e s s  in th e  field  
re su lts  in  a r e a s  of in a d e q u a te  flo od ­
in g. D ik e s, to  co n ta in  an d  co n tro l an  
u n d e p e n d a b le  w a te r  su p p ly , a re  
e sse n tia l. In In d ia , St’siwmm aculeate 
g ro w n  d u r in g  the d ry  se a so n  a s  a 
g re e n  m a n u re  c ro p  is p low ed  in 
b efo re  tra n s p la n tin g  rice  (M uklio- 
p a d h y a y  1 9 8 3 ) . T h is p ra c tic c  resu lts  
in less w e e d  in festa tio n  in th e  m ain  
rice  c ro p .

C u ltlv a r
W a te r  d e p th s  la rg e ly  d e te rm in e  the 
ty p e  o f  r ic e  g r o w n . In g e n e ra l, m o d ­
e rn  s o m id w a rf  cu ltiv a rs  a re  g ro w n  in 
s h a llo w  ra in fe d  rice -g ro w in g  areas.
In m e d iu m -d e e p  rain fed  ric e -g ro w ­
in g  a r e a s , ta ll cu ltiv a rs  th a t a re  
m o stly  p h o lo p u rio d -sc n s iiiv e  arc  
g ro w n .

P la n t p o p u la tio n
C lo se  s p a c in g , b e tw e e n  10 a n d  25 cm  
in ro w s  o r  h ills , in creases  th e  ability  
of rice  p la n ts  t o  c o m p e te  w ith  w eed s. 
R ice s h o u ld  b e  tra n sp la n te d  in 
s tra ig h t r o w s  to  a llow  the u se  of 
m e c h a n ic a l w e e d e rs .

Bensulfuron 0.05

Bentazon 1.0-2.0

Butachlor 1.0
2,4-0 or MCPA 0.5-1.0

Molinatc 2.5-3.0
Oxadiazon 0.5-0.75

Oxyfluorfen 0.25
Pendimethalin 0.75

Piperophos +• 0.5
dimethametryn

piperophos + 2.4-D 0.3 * 0 .2

Propanil 3.0-4.0

Quindorac 0.3
Thiobencarb 3.0

Thiobencarb + 2,4-D 1.0 + 0 5

W a te r m anagem ent
K eep in g  the rain fed  low lan d  field  
flood ed  after tra n sp la n tin g  kills so m e  
w e e d s  an d  re d u ce s  the g ro w th  of 
o th ers . In m ost ricefield s, co n tin u o u s  
flo o d in g  to a 5 -c m  d e p th  is seld o m  
ach iev ed  b cca u se  of p rob lem s in 
re g u la tin g  w a te r  d e p th  an d  d ra in a g e .  
W ith  go o d  land p re p a ra tio n  an d  
go od  w a te r co n tro l, w eed  p ro b lem s  
will b e m in im al. O th e r w eed  co n tro l  
m e th o d s  a re  n cc e ss a ry  w h en  rain fall 
is n o t en ou gh  to  p ro v id e  co n tin u o u s  
flood ing.

Apply 3-5 d after transplanting (DT) 
(IRRI 1986).
Apply postemergence to control 
broadleaf weeds and sedges. Weed 
foliage m ust be exposed at application 
(IRRI 1973).
Apply 3-6 DT (IRRI 1987).
Apply 3-4 wk after weed emergence to 
control sedges, broadleaf, and aquatic 
weeds. Lower water level to expose 
foliage of small plants before spraying. 
Also may be applied 4-5 DT 
(IRRI 1973).
Apply 4-8 DT.
Apply 2-6 DT to control annual grasses 
and broadleaf weeds (IRRI 1980). 
Apply 4 DT (IRRI 1980, 1983, 1988a). 
Apply preemergence about 6 DT to 
control grasses and broadleaf weeds 
(IRRI 1980).
Apply 2-5 DT to  control annual grasses, 
sedges, and broadleaf weeds 
(C0PR 1976).
Apply 2-8 DT to control grasses, 
sedges, and broadleaf weeds 
(IRRI 1986).
Apply postemergence to control 
several grasses and broadleaf weeds 
at the 2- to 3-leaf stage. Lower water 
level of flooded fields about 24 h before 
application to expose weed foliage 
(C0PR 1976).
Apply 3-5 DT (IRRI 1986).
Apply 5-8 DT. W ater should be shallow 
at application. Avoid draining or over­
flowing for 3-5 d after herbicide appli­
cation. but do not expose soil surface 
after treatment.
Apply about 5 DT (IRRI 1983).

Fertilizer
N itro g en  a p p lica tio n  sh o u ld  b e  tim e d  
to p ro v id e  the m a x im u m  b en e fit to  
rice  b u t the least b en efit to th e  w e e d s .  
A p p ly in g  fertilizer to  a rice  c r o p  w ith  
p o o r w eed  co n tro l co u ld  b e w o rse  
th an  ap p ly in g  n o  fertilizer.
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Pretransplanting Transplanting T illering Panicle initiation Flowering

H ----------------------- 1-----------------1----------------- 1------------------------------- 1—
Herbicide

Thiobencarb i— — i i_______ i

Butachlor \ \

O xa d ia zon  i----------------1

Pendim ethalin i____ i

P iperophos +
D im etham etryn I----------------1

2 ,4 -D o r  M C P A  

B entazon  '  

P ropan il • 

Pretilachlor 

Bonsulfuron-m othyl

7.1 R ic e  g ro w th  stages when herbicides 
can  be app lied  on  rainfed lowland rice 
transplanted on puddled so il. Bars {— ) 
show  periods w h e n  a particu lar herbicide la 
applied. 'T im in g  o f herbicide application is 
based on w eed  em ergence and growth 
stage  w ith in  th e  rice  grow th  stages.

H and w e e d in g

I lan d  w e e d in g  is the m o st co m m o n  
w eed  c o n tro l  m e th o d  in rainfed  
lo w la n d  tra n s p la n te d  rice. T h e field  
sh o u ld  b e  w e e d  free fo r 3 0  d a fter  
tra n s p la n tin g  (D T ) to p rev en t yield  
lo sses  c a u s e d  b y  w eed s. T w o  to th ree  
p ro p e rly  tim e d  h and  w e e d in g s, the  
first a b o u t  21 D T , com b in ed  w ith  
go o d  w a t e r  m a n a g e m e n t will en su re  
o p tim u m  r ic e  y ie ld s . M echan ical 
w e e d e rs  c a n  b e  u sed  in rice  tran s­
p la n te d  in  r o w s , but w e e d s  w ithin  
th e  ro w s  still h a v e  to  b e rem o v ed  by  
h and .

Herbicides

T h e efficien cy  of h erb icid es  on  tra n s ­
p lan ted  vainfed lo w la n d  rice  d e p e n d s  
o n  w a te r  m a n a g e m e n t. If th e  w a te r  
d e p th  in the field e x c e e d s  10 cm  
d u rin g  the first w eek  a fte r  h erb icid e  
ap p lica tio n , h erb icid al e fficacy  will be 
red u ced  d u e  to  d ilu tio n  an d  leach in g. 
D esp ite  w a te r m a n a g e m e n t lim ita ­
tion s, h o w e v e r , w e e d s  in rain fed  
low lan d  rice  ca n  b e a d e q u a te ly  
con tro lled  by h erb icid es.

I lerb icid cs  th a t can  b e u sed  a s  an  
a lte rn a tiv e  o r  su p p le m e n t to  m an u al  
o r  m ech an ical w e e d in g  in clu d e 2 ,4-D , 
M C P A , b u ta ch lo r, th io b en carb , 
p rop an il, o x a d ia z o n , p en d im eth alin , 
p ip e ro p h o s, an d  o x y flu o rfe n . T ab le
7.1 a n d  F ig u re  7.1 p ro v id e  in fo rm a ­
tion o n  av ailab le  h erb icid es  and  
tim in g of th eir ap p lica tio n .

Direct seeded on 
puddled soil
D irect se e d in g  rice  on  p u d d le d  soils  
is c o m m o n  in so m e  rain fed  a re a s  of 
the A sia n  tro p ics  (Sri L a n k a , B an gla­
d e sh , an d  P h ilip p in es). P re g e rm i­
n ated  rice  se e d s  a re  b ro a d c a s t on to  
p u d d le d  fields w ith o u t m u ch  
s ta n d in g  w ater.

W eed problem s
D irect se e d e d  rain fed  rice  is  m o re  
su scep tib le  to  w eed  c o m p e titio n  th an  
is tran sp lan ted  rain fed  rice. A lth o u g h  
soil p u d d lin g  re d u ce s  the w eed  
p ro b lem , u n co n tro lle d  w e e d s  still 
re d u ce  rice  y ie ld s  a b o u t 6 0 9 J . In so m e  
ca se s , a p u d d le d  low lan d  field  m a y  
be sa tu ra te d  b u t w ith o u t a n y  s ta n d ­
ing w a te r , b e ca u se  of lack  o f  w a te r  
co n tro l. T h e m o ist, w a rm , a e ro b ic  soil 
co n d itio n  c re a te d  p ro m o te s  g e rm in a ­
tion an d  rap id  g ro w th  o f  m a n y  
u p la n d , sem iaq u a  tic, an d  a q u a tic  
w e e d s  w h ich  a r e  little a ffe cte d  by  
la te r flood ing. D e c p e r-th a n -n o rm a l  
flood in g is o ften  req u ired  to  s ig n ifi­
ca n tly  re d u ce  w e e d  g ro w lh . B e c a u s e  
in this cu ltu re , rice  a n d  w e e d s  g e r m i­
n ate  a t  the s a m e  tim e , c o m p e titio n  by 
w eed s is m o re  in te n se  th an  it is  in 
tran sp lan ted  rice.

W e e d s  of im p o rta n c e  in th is  
cu ltu re  in clu d e /;. i rit+ -$n!ii a n d  o th e r
I.chinochlon  sp p ., /. ntgosu in ,
M . vtigiim lfc, S. zeyla iiica , C . tUffonnfc, 
C . irin , miliacea, a n d  S c irp u t  sp p .
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Land preparation

L evelin g  the p u d d led  soil is c ritica l in 
d ire ct se e d e d  rice; p o o r  d ra in a g e  
re su lts  in p o o r  g e rm in atio n  o f  rice  
s e e d s . A n  u n e v e n  lan d  su rfa ce  also  
re su lts  in e x p o se d  a re a s  w h ich  a re  
id eal fo r g e rm in a tio n  an d  g ro w th  of 
w eed s.

P la n tin g  m e th o d
P re g e rm in a te d  rice  se e d s  a re  b ro a d ­
ca st o r  d rille d  o n to  p u d d led  soil. 
P re g e rm in a tio n  e n su re s  q u ick  g ro w th  
a n d  e v e n , ra p id  c ro p  estab lish m en t. 
H a n d  o r  m e ch a n ica l w e e d in g  is 
e n h a n ce d  w h e n  p re g e rm in a te d  seeds  
a r c  d rille d  in  ro w s.

C u ltiv a r

T ra d itio n a lly , ra in fed  low lan d  rice  
fa rm e rs  in tro p ic a l A sia  d e p en d  on  
tall, v ig o r o u s ly  tillerin g  p lan ts  to 
p ro v id e  w e e d  co m p etitio n . E a rly -  
m a tu rin g  s e m id w a rf  rices, su ch  as  
IR 28 , IR 3 0 , a n d  IR 36, h a v e  been  
g ro w n  su c ce s s fu lly  w h e n  d irect 
s e e d e d .

P la n t p o p u la tio n
A s in o th e r  r ic e  cu ltu re s , clo se  s p a c ­
in g  is  e s se n tia l to  m in im ize  w eed  
in fe s ta tio n . H ig h e r  se ed in g  ra tes  are  
b e n e ficia l w h e n  h e a v y  w eed  in festa­
tio n s  a r e  e x p e c te d . S eed in g ra te s  of 
1 0 0 -2 0 0  k g /h a  h a v e  b een  u sed . A  
h ig h e r  s e e d in g  ra te  h elp s con tro l  
w e e d s  b u t d o e s  n o t n ecessarily  
in c r e a s e  r ic e  g ra in  yield .

Table 7.2. Herbicides suitable for use In rice d irect seeded on puddled soil.

Herbicide

Bentazon

Bifenox + 2,4-0 

Butachlor

Butachlor + 2.4-L) 
Butralin

2.4 D or MCPA

Oxadiazon

Oxyfluorfen

Pendimethalin 
Piperophos + 

dimethametryn 
Piperophos + 2.4-D 
Pretilachlor + antidote 
Propanil

Qumclorac
Thiobencarb

Thiobencarb + 2,4-0

Rate 
(kg ai/ha)

Com m ents and source of information

2.0

2 .0  *  0 .6 6  

1.0

O ./ b  + 0.6 
2.0

0.5-1.0

0.75-1.0

0.10-0.25

0.75-2.0 
0 .4 +  0.1

0.3 + 0.2 
0.3-0.4 
3.0-4.0

0.3 
1.5-2.0

1 .0 * 0 .5

Apply postcm ergence to control 
broadleaf weeds and sedges at the
2- to 10-ieaf stages. Weed foliage must 
be exposed at application (IRRI 1984). 
Apply at early postemergence of 
weeds (about 6 d after seeding [DAS]). 
Apply 6-8 0AS to control annual 
grasses and sedges. Soil should be 
saturated at application (IRRI 1981). 
Apply 6-8 DAS (IRRI 1981).
Apply 4-6 DAS pregerminated rice 
(1- to 4-leaf stages) (COPR 1976). 
Apply 3-4 wk after seeding to control 
annual broadleaf weeds and sedges. 
Expose weeds before spraying.
Apply preemergence 6-8 DAS. Slight 
phytotoxicny has been observed in rice 
seeded on puddled soil (IRRI 1975). 
Apply 5-10 DAS. May initially be toxic 
to rice (IRRI 1981, 1983).
Apply up to 6 DAS (IRRI 1982).
Apply 4-6 DAS (IRRI 1977).

Apply 6-8 DAS (IRRI 1977).
Apply 3 DAS (IRRI 1987).
Apply postemergence to grassy and 
broadleaf weeds at the 2- to 3-leaf 
stages (IRRI 1980).
Apply 6-8 DAS (IRRI 1986).
Can be used preemergence or early 
postemergence. Postemergence 
application should be done after the 
1- to 2-leaf stage o f rice but before the
3-leaf stage o f grasses and sedges, 
about 10 DAS (IRRI 1980).
Apply 6 DAS (IRRI 1980).

W a te r m anagem ent
G ood w a te r  m a n a g e m e n t often  
re d u ce s  w eed  co m p e titio n  an d  e lim ­
in ates so m e  w e e d s  in d ire ct seed ed  
rain fed  low lan d  fields. C o n tin u o u s  
flood in g a t  5 -c m  d e p th  is d esirab le  
but se ld o m  a ch ie v e d . P u d d lin g  
en h an ces  w a te r-u se  efficien cy . W a te r  
co n tro l ca n  b e im p ro v e d  b y th e  u se  
o f dikes.

Fertilizer
M o d ern  im p ro v e d  cu ltiv a rs  re s p o n d  
b e tte r to  n itro g e n  th an  d o  tall t ra d i­
tion al cu ltiv ars. T h e re fo re , m o d e rn  
im p ro v ed  cu ltiv a rs  a re  n o rm a lly  
g ro w n  w ith  h igh  fe rtiliz e r ra te s  in 
o rd e r  to  realize  th eir fu ll y ie ld  p o te n ­
tial. T h is h igh  fe rtiliz a tio n , h o w e v e r ,  
e n h an ces  w e e d  g ro w th .
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Seeding Germ inationTiller initiation Tillering Panicle initiation Flowering 

H erb ic id e  I I * I------------------------------------------1—

Thiobencarb H I ------- 1

Butachlor 1— 1

O xad iazon l------- 1

Butralin 1— 1

O xyfluorfen 1— 1

B e n ta z o n '

P ro p a n il'  

2 ,4 -D o r  M C P A

7.2 R ic e  g ro w th  s tages when 
herbicides can  be applied on wet-seeded 
ralnfed low land r ice . Bars (— ) show 
periods w h en  a p a rticu la i herbicide Is 
applied. ‘ T im in g  o f  herbicide application 
Is based on  w eed  em ergence and growth 
s ta ge  w ith in  th e  rice  g row th  stage.

H and w e e d in g

H a n d  p u llin g  o f  w e e d s  can  b e d o n e  
in  b ro a d c a s t  o r  d rill se e d e d  rice; 
m e c h a n ic a l  w e e d in g  is feasible only  
w h e n  r ic e  is p la n te d  in ro w s. T w o  to  
th ree  h a n d  w e e d in g s  a t  2 -3  w k after 
s o w in g  a r e  u s u a lly  su fficien t to  
e n su re  o p t im u m  yield s.

H e rb ic id e s
T h e  u s e  o f  h e rb ic id e s  fo r  w eed  
c o n tro l  h a s  p ro v e d  effectiv e  and  
e c o n o m ic a l  in  d ire c t  se e d e d  rainfed  
lo w la n d  rice . B e c a u s e  w e e d s  a r  d rice  
g e r m in a te  to g e th e r , the n u m b er of  
h e rb ic id e s  th a t  ca n  b e u sed  safely  is 
lim ite d . T h e  e ff ic a c y  o f  h erb icid es is

d e p e n d e n t on  soil m o istu re  c o n d i­
tion s a n d  is  m a rk e d ly  re d u ce d  b y  d ry  
o r  d eop  flo od in g  co n d itio n s  im m e d i­
a te ly  a fter h erb icid e  ap p lica tio n . In 
the tro p ics , b u ta ch lo r, th io b en carb , 
b u tra lin , an d  p ro p a n il h a v e  b een  
u sed  in d ire ct se e d e d  rice . T a b ic  7 .2  
and F ig u re  7 .2  p ro v id e  h erb icid e  
in fo rm atio n  fo r th is  rice  cu ltu rc .

Direct seeded 
on dry soil
D irect seed in g  o n  d ry  soil p ro v id e s  
an  o p p o rtu n ity  to  in cre a se  c ro p p in g  
in ten sity  in rain fed  low lan d  rice. 
E lim in a tin g  p u d d lin g  sh o rte n s  land  
u se  tim e. In this c u ltu re , d ry  seed  is 
so w n  d irectly  in to  m o ist, n o n p u d d le d  
soil a t  th e  b egin n in g  of th e  ra in y  
season . T h e field m a y  b e  b u n d e d  to  
a c cu m u la te  w a te r  a s  th e  ra in y  seaso n  
p ro g re sse s  and th e  c ro p  m a y  en d  its 
cy cle  u n d e r flood in g .

D ire c t seed ed  d ry  rice  c u ltu re  is 
p ra ctice d  in A frica , S ou th  A m e rica , 
an d  in p arts  of tro p ica l A sia . In 
A frica , d ire ct seed ed  rice  is g ro w n  in 
v a lle y  b o tto m s an d  o n  h y d ro m o rp h ic  
soils— soils o n  tran sitio n a l slo p es  
b e tw e e n  u p lan d  soils a n d  valley -  
b o tto m  soils, w ith  the g ro u n d w a te r  
tab le  in the ro o t z o n e  for m o s t of the  
g ro w in g  p erio d . D irect se e d e d  
rain fed  low lan d  rice  is k n o w n  a s  mis 
c ro p p in g  in  n o rth e a s te rn  In d ia  an d  
B a n g la d e sh . In In d o n e sia , it is called  
gogora iitja  (g o g o ra n ca h ).

W e e d  problem s
A m o n g  rainfed lo w la n d  rice  cu ltu re s , 
w eed  p ro b lem s in d ire c t se e d e d  rice  
a r e  m o re  in tense a n d  w id e r in  ra n g e  
th an  th ose  in tra n sp la n te d  o r  b ro a d ­
c a s t  rice  w h ere  p u d d lin g  re d u ce s  
w eed  p rob lem s. R ice yield  lo sses  
fro m  u n co n tro lled  w e e d s  c a n  b e as  
h ig h  a s  74% . R ice-w eed  c o m p e titio n  
fo r m o istu re  is h e a v y  d u rin g  th e  e a rly  
g ro w th  stag e , w h e n  th e re  is n o  
s ta n d in g  w ater. D ry  ricc  s e e d s  g e r m ­
in a te  3 -5  d later th a n  p re g e rm in a te d  
rice  seed s. W e e d s  g e rm in a te  an d  
estab lish  faster th a n  rice-

T h e  p revailin g  m o ist, a e ro b ic  
c o n d itio n  for d ire c t  s e e d e d  rice  
e n co u ra g e s  the g r o w th  o f  u p la n d ,  
se m iaq u atic , an d  a q u a tic  w e e d s .  
D o m in a n ce  o f  a n y  of th ese  w e e d  
co m m u n itie s  d e p e n d s  on  th e  a v a i la ­
b ility  a n d  d ep th  o f  s ta n d in g  w a te r . 
M a n y  w ell-estab lish ed  u p la n d  w e e d s  
co n tin u e  to s u rv iv e  u n d e r  f lo o d in g  
la te r  in the cro p  c y c le . L o w la n d  
w e e d s  th at are  im p o r ta n t in c lu d e  
E. crus-ga lli, I. rugosum , I., ch incusis,
C . diffonnis, F. iiiiliacea, an d  
S. im rifim u s.
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Table 7.3. Herbicides suitable for use In rice direct seeded on dry soli.Land preparation
L and  p re p a ra tio n  sh o u ld  b e d o n e  to  
p ro v id e  w e e d -fre e  co n d itio n s  at 
p lan tin g . L a n d  levelin g is e sse n tia l to  
im p ro v e  w a te r  con tro l. L a rg e  soil 
c lo d s  m u s t b e  b rok en  u p  s o  th a t they  
d o  n o t in te rfe re  w ith  rice  seed lin g  
e m e rg e n ce . A  stale seed b ed  m a y  be 
p ra c tice d , b u t  it g iv e s  n o a d v a n ta g e  if 
p la n tin g  is d e la y e d  until a fte r  the 
s ta rt  o f  rain s.

P la n tin g  m ethod
Fo r m o s t d ire c t  se e d e d  rain fed  
lo w la n d  r ic e , co m m o n  estab lish m en t  
m e th o d s  in c lu d e  b ro a d ca stin g  o n  a 
le v e le d  field , b ro a d ca stin g  o v e r  
sh a llo w  fu rro w s  an d  p a ss in g  a  spik e­
to o th e d  h a rro w  at a n  a n g le  to  co n ce n ­
tra te  seed  in  ro w s, d rillin g , an d  
d ib b lin g  s e e d s  for u n ifo rm ly  sp aced  
se e d lin g s  in hills. In all p la n tin g  
m e th o d s , c lo s e  sp a cin g  w ill in crease  
th e  c o m p e tit iv e  ab ility  of rice  ag ain st  
w e e d s. S eed  ra tes  of 1 0 0 -1 5 0  k g /h a  
a r e  o f te n  u s e d , w ith  h ig h er seed  rates  
w h e re  w e e d  p ro b le m s a re  e x p e cte d .

C u ltiv a r
K a rly -m a tu rin g , d ro u g h t-to le ra n t rice  
c u ltiv a rs  a r e  d esirab le .

W a te r  m a n a g e m e n t
T h e re  m a y  b e  n o sta n d in g  w a te r  in 
the e a r ly  c r o p  g ro w th  s ta g e s  o f  d irect 
s e e d e d  ra in fe d  low lan d  rice. L ater, 
w h e n  w a te r  fro m  rain s  h as a c c u m u ­
la te d , w a te r  is  an  im p o rta n t tool in 
s u p p r e s s in g  w e e d  g ro w th . H o w e v e r,  
c o n tin u o u s  f lo o d in g  to a 5 -c m  d epth  
is s e ld o m  a c h ie v e d . If w e e d s  establish  
b e c a u s e  o f  la c k  of s ta n d in g  w a te r  
e a rly  in  th e  s e a s o n , d e e p  flo od in g  at  
1 0 -2 0  c m  is n e c e s s a ry  to re d u c e  w eed  
g ro w th . W h e r e  rainfall is n o t en ou gh  
to  m a in ta in  c o n tin u o u s  su b m e rg e n ce , 
o th e r  w e e d  c o n tro l  m e th o d s  a rc  
e s se n tia l.

Rate
Herbicide <kg ai/ha)

Bentazon 1.0-2.0

Butachlor 2.0

Butralin 2.0

2 .4 -D o r MCPA 0.5-1.0

Oxadiazon 0.75-1.0

Oxyfluorfcn 0.14-0.20

Pcndimethalin 0.75-2.0
Pretilachlor + antidote 0.3 0.4
Propanil 2.0-4.0

Quinclorac 0.3
Thiobencarb 3.0

Fertilizer
N itro g en  ap p lica tio n  should  b e tim ed  
to  p re v e n t w eed  p ro lifera tio n  a n d  to  
ob tain  m a x im u m  b enefit fro m  the  
fertilizer ap p lied . In d ire ct seed ed  
rain fed  low lan d  rice , ap p lica tio n  of 
fertilizer a fter th o ro u g h  w e e d in g  
g iv e s  m a x im u m  benefits.

H and w eeding
T w o  to th ree w ell-tim ed  h and  vveed- 
in gs should  p ro v id e  a d e q u a te  w eed  
con tro l. A n a d v a n ta g e  of e a rly  h and  
w eed in g  is th at it req u ires  less tim e. 
K arly-season  h an d  w e e d in g , e sp e ­
cially  w here th e re  is n o sta n d in g  
w a te r, re d u ces  th e  co m p etitio n  of

Com m ents and source o f information

Apply postemergencc to control 
broadleaf weeds and sedges at the 2- 
to  10-ieaf stages ( IR R I1984).
Apply as preemergence spray 0-3 d 
after sowing (DAS) to control annual 
grasses and sedges (IRRI 1988).
Apply precm ergcnce 2-3 DAS to 
control annual grasses (IRRI 1978). 
Spray 3-4 wk after seeding to control 
annual broadleaf weeds and sedges 
(COPR 1976).
Apply preemergence 6-8 DAS 
(IRRI 1978).
Apply preemergence 3-5 DAS 
(IRRI 1982).
Apply procmergence (IRRI 1982).
Apply 3 DAS (IRRI 1987).
Apply postemergence at the 2- to 3-leaf 
stages to control grasses and broad­
leaf weeds. Decrease water level of 
flooded fields 24 h before application 
to expose w oods (IRRI 1982).
Apply 6-8 DAS (IRRI 1986).
Apply preemergence immediately 
after covering rice seeds with soil, 
before rams (IRRI 1982).

w e e d s  for n u trien ts  an d  m o istu re .
T h e first w e e d in g  sh o u ld  be d o n e  
15-21 d a fte r se e d in g . H an d  w e e d in g  
la te r th an  this w ill re d u c e  rice  y ie ld s . 
M ech an ical w e e d e rs  ca n  b e u se d  if 
seed  is drilled  o r  d ib b led  in s tra ig h t  
row s.

H erbicides
In fields w ith  n o s ta n d in g  w a te r ,  
rainfall a fter h e rb icid e  a p p lic a tio n  is 
n eed ed  for p re e m e rg e n ce  h e rb ic id e s  
to  b e effective. T h e  p e rs is te n ce  of 
resid u al p re e m e rg e n ce  h e rb icid es  
u n d e r w a rm , m o ist, o r  flo od ed  
co n d itio n s m a y  b e to o  low  to  p ro v id e  
a w ee d -fre e  rice  c ro p . F o llo w -u p  
h and  w eed in g  o r  p o s te m e rg e n c e  
h erb icid e  a p p lica tio n  m a y  b e  
n ecessary .
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Herbicide 

Thiobencarb 

Butachlor 

O xa d ia zon  

Butralin 

Oxytluorfen  

Pendim ethalin

2 ,4 -D  or M C P A  

B entazon  '  

P ropan il ‘

Seeding Germination Tiller initiation Tillering Panicle initiation Flowering
------- 1-------------1-------------------------------------------- 1--------------------------------- 1-------------------- 1---------------------------------------------------------- 1—

T h e  u se  o f  h e rb ic id e s  has p ro v e d  
b en eficial in  d ire c t  seed ed  rain fed  
low lan d  r ic e , c o n s id e rin g  the c ro p 's  
high la b o r re q u ire m e n ts  and  
u n fa v o ra b le  w e a th e r  at w e e d in g  
tim e. H e rb ic id e  co m b in a tio n s, 
w h e th e r a s  ta n k  m ix tu re s  o r  seq u e n ­
tial s p r a y s , w ill im p ro v e  w eed  
co n tro l w h e re  th e  w e e d  s p e c tru m  is 
too d iv e rs e  fo r a n y  o n e  herbicide. 
P ro p a n il p lu s  b u ta c h lo r , th iob en carb , 
o r  p e n d im e th a lin  ap p lied  e a rly  p o s ­
te m e rg e n ce  p r o v id e  g o o d  b ro ad -  
s p e c tru m  c o n tr o l  o f  w eed s.

S eq u en tial a p p lica tio n s  o f  resid u al 
p re e m e rg e n ce  h erb icid es  fo llow ed  b y
2 ,4 -D  p erfo rm  b e tte r th an  d o  resid u al  
h erb icid es  alone. T ab le  7 .3  and  
F ig u re  7 .3  p ro v id e  in fo rm a tio n  o n  the  
c o m m o n  h erb icid es a v a ila b le  for  
d ire c t seed ed  rain fed  lo w la n d  rice.

7.3 R ice  grow th  stages when herbicides 
can be applied on dry-seeded rainfed 
lowland r ice . Bars I — )  show  periods w hen 
a particu lar herbicide Is applied. ’ T im in g  of 
herbicide application is  based on w eed  
em ergence and grow th stage  w ith in  th e  
rice grow th  stage.
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Chapter 8

Weed control in upland rice

U p lan d  rice , a lso  k n o w n  a s  d ry lan d  or  
p lu v ial rice, is g ro w n  o n  rainfed, 
n a tu ra lly  w ell-d rain ed  soils. Strictly  
d efin ed , u p la n d  ricefield s a re  not 
b u n d e d  a n d  n o  su rfa ce  w a te r a c cu m u ­
lates.

A b o u t 13%  (18 .8  m illion ha) of the  
w o rld 's  rice  a re a  is u p lan d  (IRRI 
1988b ). A b o u t 1 1 .9  m illion ha is in 
A sia , 4 .5  m illion  ha in L atin  A m erica , 
a n d  2 .2  m illio n  ha in A frica . It is the 
d o m in a n t rice  cu ltu re  in Latin A m erica  
a n d  W e s t A frica .

U p la n d  rice  is g ro w n  u n d er a w id e  
ra n g e  o f  m a n a g e m e n t p ractices  that 
v a ry  fro m  sh iftin g  cu ltivatio n — as 
p ra c tice d  in  M a la y sia , Philippines, 
P e ru , a n d  W e s t  A frica— to  the m ech a­
n ized  c u ltiv a tio n  p racticed  in Brazil. 
M ost o f  th e  w o r ld 's  u p lan d  rice is 
g ro w n  o n  p o o r  soils in a re a s  w ith  
u n ce rta in  ra in fall b y  sm all farm ers  
u sin g  tra d itio n a l, lo w -in p u t techno­
logy.

W e e d  p ro b le m s

W e e d s  r a n k  se co n d  to  d ro u g h t stress  
in re d u c in g  u p la n d  rice  grain  yields  
a n d  q u a lity  (S a n k a ra n  and D e D atta  
1985). Y ie ld  lo sse s  cau sed  b y u n co n ­
trolled  w e e d s  in  u p lan d  rice a re  about 
96% .

U plan d  rice, like all u p lan d  c ro p s , is 
planted in m o ist soil, th at, in gen eral, 
d o es n o t retain  m o istu re  b eyon d  field 
cap acity . W a te r  is supplied  b y rains  
d u rin g  th e  g ro w in g  season . O p tim u m  
tem p eratu re , sufficient a era tio n , and  
ideal m oistu re for w eed  germ in ation  
an d  g ro w th  exist a t p lan tin g  tim e. This 
enables w eed s to  g e rm in a te  e arlier and  
g ro w  m o re  v ig orou sly  th an  th e  rice 
crop .

W eed  com p etition  is m o re  intense  
in u p lan d  rice th an  in irrigated  and  
rainfed low lan d  rice b ecau se  u p lan d  
fields d o  n o t h av e  stan d in g  w a te r  to 
su p p ress w eed  g ro w th . S om e w e e d s  in 
u plan d  rice  can  w ith stan d  d ro u g h t  
b etter th an  rice b ecau se  th eir ro o ts  
p en etrate  d e e p e r into the soil to  tap  
m oistu re. P o o r rice  g erm in ation  d u e  to 
d ro u g h t resu lts in excessive  w eed  
g row th , especially  if s e m id w arf  
varieties a re  grow n .

B ccau se  w eed s in u plan d  ricc  
germ in ate  th ro u g h o u t th e  seaso n , 
d ense w eed  g ro w th  m a y  re o cc u r  a fter 
hand w eed in g o r  a fte r the resid ual 
effects of h erb icid es h av e  w o rn  off.

A  m ix tu re  o f an n u als  an d  p e re n ­
nials, an d  g ra sse s  an d  b road ieaf  
w eed s, intensifies the com p etitiv e  
effects of w eed s in u p la n d  rice. C , 
w eed s, w h ich  h a v e  h igh er w a te r-u se  
efficiency th an  rice , p revail (A m p o n g -  
N yark o  an d  D e D atta 1989). C o m m o n

u p la n d  w eed s in clu d e Cyperus rotun­
das, Echinochloa colana, Eleusine indicti, 
Rottboeliia
cochinchinensis, Cyuodon dach/lon, 
D ig ita ria  sanguinalis, hnperata cylindricn, 
Am aranHnis spiuosus, Commelina 
benghalensis, Trianthem a portiilacashutn, 
Ageratum  conyzoides, Portulaca oleracea, 
an d  Euphorbia hirta.

Land preparation
L an d  p rep aration  fo r u plan d  rice  
varies greatly  a m o n g  region s. In  W e st  
A frica , w h ere shiftin g cu ltivatio n  is 
co m m o n , slash -an d -b u rn  is p racticed  
w ith  h and  tools. In S o u th  A sia , u p lan d  
fields a re  p low ed  b y  b ullocks a n d  in 
S ou th east A sia, b y  w a te r  buffalo.

D eep  p low in g (2 5  c m  or d e ep er)  
m o ist soil a t the e n d  of th e  ra in y  
seaso n  is re co m m e n d e d  fo r u p lan d  
rice  g ro w n  in the W e s t A frican  s a v a n ­
n ahs (F A O 1976). D e e p  p lo w in g  an d  
subsoiling co n se rv e  soil m o istu re  in 
th e  rain y  season  a n d  e n h a n ce  ro o t  
g ro w th  and extra ctio n  o f  soil m o istu re  
fro m  d eep er soil la y e rs. It a lso  w ill 
b u ry  w eed  seeds d e e p  e n o u g h  to  p re ­
ven t th em  front e m e rg in g . S u b seq u en t  
tillage op eration s m u s t b e shallow ,
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A n u p la n d  field should  be 
h arro w ed  to  break  u p  soil c lo d s, but 
field lev elin g  is not critical- R ice  
should  b e  p lanted  a s  so o n  a s  possible  
fo llow in g th e  last h a rro w in g  to  p ro ­
v id e  rice  a n  even  s ta rt w ith  th e  w eed s.

T h e s ta le  seedbed techn iqu e can  
re d u ce  w e e d  p rob lem s in u p lan d  rice. 
A fter lan d  p re p a ra tio n , w e e d s  that 
g ro w  a re  killed at the 2- to  5 -le a f stage  
b y h erb icid es  o r u sin g  m ech anical 
m e th o d s . G erm in atio n  of m o st of the 
viable w e e d  seeds is essen tial to  the  
su cce ss  of th e  stale seedb ed  technique. 
U n d e r  u n fav o rab le  co n d itio n s for 
w e e d  seed  g e rm in atio n  (e .g ., d ry  
soils), n o  w e e d  con tro l a d v a n ta g e  m ay  
be a c h ie v e d .

U s e  of th e  stale seed b ed  technique  
sh o u ld  n o t d e la y  rice  seed in g  beyond  
the o p tim u m  tim e. P lan tin g  at the 
o p tim u m  tim e  a ssu re s  m o re  rainfall 
fro m  s e e d in g  th ro u g h  spik elet filling; 
la te -p la n te d  rice is likely to  suffer 
d ro u g h t a n d  red u ced  so lar radiation  
d u rin g  th e  re p ro d u ctiv e  s ta g e , w hich  
ca n  su b sta n tia lly  re d u ce  yields.

Z e r o  tilla g e  c a n  b e  u sed  to  establish  
a n  u p la n d  r ic e  c ro p  w h ere  n o difficult- 
to -c o n tro l p e re n n ia l w eed s a re  found  
in th e  fa llo w  v eg etation  o r  w h en  
a p p ro p ria te  h erb icid es a re  available. 
B u t z e ro  tilla g e  m a y  n o t b e successful 
u n d e r  all so il con d ition s; restricted  
ro o t d e v e lo p m e n t an d  re d u ce d  grain  
yield  h a v e  b e e n  o b served  (S ton e e t al
1980).

P la n tin g  m e th o d s
B ro a d c a s tin g , d ibb ling , an d  drilling  
a re  th e  c o m m o n  seed in g  p ractices  for 
u p la n d  rice . B ro a d ca stin g  is  com m on  
in m a n y  co u n trie s  in A sia , A frica , and

L atin  A m erica . D ibbling, o r  hilling, is 
p racticed  in A frica  a n d  A sia  b y fa rm ­
ers  u sin g  slash -an d -b u rn  system s. A  
p oin ted  stick  is u sed  to  m ak e h oles in 
the soils; 4 -8  u n sp ro u tcd  seed s a re  
d ro p p e d  in a n d  co v e re d  w ith  soil. In 
L atin  A m erica , m ech an ized  d rilling is 
b eco m in g  in creasin gly  p op ular.

R ow  drilling o r  d ibbling in ro w s  
m ak es w eed in g  a n d  oth er m a n a g e ­
m en t p ractices e a sie r. T im ely  sow in g  
an d  rap id  ca n o p y  e losu re  m in im ize  
w eed  g ro w th  an d  en su re  go od  stand  
establishm ent.

W eed  p rob lem s in b ro a d ca st seeded  
fields are  higher b e ca u se  m ech anical 
h an d  w eed in g c a n n o t b e d o n e , and  
w eed in g  m u st b e  d elay ed  b ecau se  it is 
difficult to  tell g ra ssy  w eed s fro m  rice  
a t  early  g ro w th  stages.

Cultlvar
U p lan d  rice c u ltiv a rs  w ith  d ro u g h t  
a v o id a n ce  (th ro u g h  d eep  ro o t sy s­
tem s) an d  d ro u g h t re co v e ry  abilities  
are  p referred . In term ed iate-statu red  
cu ltivars  w ith  m o d e ra te  tillerin g, b ig  
panicles, blast resistan ce , an d  to leran ce  
for iron  d eficien cy  an d  a lu m in u m  
to xicity  a re  also  desirable.

Plant population
Seeding rate an d  sp acin g  for u p lan d  
rice v a ry  w ith  p lan tin g  m eth o d  an d  
the rice cu ltivar u sed . A  h igh  p lant 
p op ulation  is im p o rta n t for u plan d  
rice to  quickly d e v e lo p  a ca n o p y  th at 
w ill su p p ress w e e d  grow th . S eedin g  
ra tes  v a ry  from  8 0  to  150 k g /h a ,  
d ep en d in g on  the seed in g  m eth od . 
R o w  spacing also  v a ries  b etw een  20  
and 3 0  cm . B ro a d ca s t seedin g req u ires  
m o re  seeds th an  d rilling o r  dibbling. 
Tall leafy cu ltivars  should  b e p lanted  
at w id e r sp acin g  th an  se m id w arf c u lti­
v a rs . G row in g tall cu ltivars a t  n a rro w  
spacing in creases lodging.

C ro p  ro ta tio n  is p racticcd  to pre­
v e n t the b u ild u p  of w eed s ad ap ted  to  
u p lan d  ricefields, but ea sy  to  con trol in 
o th e r cro p s . H erb icid es th at control 
p ro b lem  w e e d s  but a re  toxic to  rice 
a lso  can  b e u sed  on  a to leran t cro p  in  
th e  ro tation . T h at w ill re d u ce  the rice  
w eed  p rob lem .

Fertilizer
N itro gen  resp on se is high for m o d e rn  
sh o rt- to m e d iu m -sta tu rcd  u plan d  rice  
cu ltiv a rs  th at a re  resistan t to  lod gin g.
In m o st soils, split ap plication  of N  
g iv es h ig h er g rain  yield  th an  does  
single basal ap plication .

A p p ly in g  fertilizer to  u p lan d  rice , 
h o w e v e r, w ill red u ce  g rain  yield  if the  
field is not w e ed ed . T h e first a p p lica ­
tion sh o u ld  b e d elayed  until after  
w eed in g . S ubsequent to p d ressin g s of  
N  a fte r w eed in g  w ill m a x im iz e  fertil- 
izer-u se  efficiency. T h e N  ap p lica tio n  
ra te  should  be red u ced  in d ro u g h t-  
p ro n e  areas.

P h o sp h o ru s d eficien cy  is c o m m o n  
in u p lan d  rice, especially  in O x iso ls  
an d  U ltisols in B razil, W e st A frica , an d  
so m e  p arts  of S outh  a n d  S ou th east 
A sia (G u pta an d  O 'T o o le  1 9 8 6 ). In  th e  
Philippines, 18  k g P / h a  is re c o m ­
m en d ed  for u p lan d  rice  (P C A R R  
1977). S om e co a rse -te x tu re d  soils in  
high-rainfall a re a s  a re  affected  by 
p o ta ssiu m  d eficiency. A p p ly in g
3 3  k g K /h a  h as b een  a d e q u a te  in s o m e  
A frican  cou n tries (IR C N  1 9 8 2 ). Z in c, 
iron, an d  sulfur d eficien cies a lso  o c c u r  
in u p lan d  rice. D eficiency o f  a n y  of  
th ese  n utrients w ill re d u ce  th e  v ig o r  o f  
rice  an d , h en ce , its c o m p e titiv e n e ss  

ag ain st w eed s.
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Herbicide

Thiobencarb

Butachior

O xadiazon

Pendim ethalin

Butralin

Fluorodtfen

O xyfluorfen

P iperophos + 
D im etham etryn

Bifenox

2 ,4 -D  o r  M C P A

B entazon  ‘

P ro p a n il'

Seeding Germ ination 
H --------- 1--------------

Tiller initiation 
---------- 1-----------

Tillering 
-------1------

Panicle initiation Flow ering

Hand w e e d in g
T h e  w e e d -fre e  p e rio d  required  b y  
u p la n d  r ic e  is  fro m  10 to  6 0  d after  
se e d in g  (D A S ). B y  an d  large, keeping  
the c ro p  w e e d  fre e  for the first 6 0  DAS  
w ill g iv e  o p tim u m  yields. W eed s  
g e rm in a te  e a r lie r  an d  g ro w  m ore  
v ig o ro u s ly  th a n  u p la n d  rice d u rin g  the 
first 5  w k  a f te r  p lan tin g . W eed s should  
b e  re m o v e d  1 5 -2 5  d  a fter p lan tin g  to  
ob tain  g o o d  r ic e  yields.

T w o  or three w ell-tim ed  w eed in g s  
a re  e n o u g h  to m eet the w eed -free  
req u irem en t. W e e d in g  d u rin g  early  
w eed  g ro w th  s tag es  req u ires  less labor 
than w eed in g a fte r w e e d s  h av e  
m atu red . W et soil m a y  re d u ce  the 
effectiveness o f h oe w e e d in g  b ecau se  
m o st w eed s will b e m e re ly  tran s­
p lanted . Im p ro v ed  m ech an ical m e th ­
od s su ch  as p u sh -ty p e  an d  m otorized  
w e e d e rs  m ay b e  a s  effective a s  h and  
w eed in g  in a ro w -se e d e d  rice crop . 
W h en  com b in ed  w ith  h an d  re m o v a l of 
w eed s w ithin the ro w , th ese  m eth od s  
can  a lso  save tim e.

8.1 Rice grow th s tages when h erb ic ides 
can be applied on upland rice. B a rs  (— ) 
show periods when a particu lar h erb ic id e  is 
applied. ’ Tim ing o f herb ic ide a p p lica tio n  is 
based on weed em ergence and g ro w th  
stage w ithin the rice  g ro w th  stage .
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Herbicides

C h em ical w e e d  con tro l in u p lan d  rice 
is eco n o m ica l and effective u n d e r  
certa in  con d itio n s. It m a y  b e the only  
w e e d  co n tro l m eth od  feasible for 
la rg e-scale  r ic e  farm s. H erb icid es can  
c o m p le m e n t o th er w eed  con trol 
m e th o d s  o r  ca n  be u sed  in com b in a­
tion w ith  h an d  w eed in g to give  
a ccep tab le  w e e d  control.

F o r  o p tim u m  effectiveness of pre- 
e m e rg e n ce  h erb icid es, w hich  require  
m o ist o r  w e t soil, tim ely rain s after  
ap p lica tio n  a r e  essential. W h en  resid ­
ual h erb icid es  a re  ap p lied  to  soils that 
h av e  re m a in e d  d ry  fo r a  lon g tim e, 
th ey  g iv e  v a ria b le  resu lts . T h e p ersis­
ten ce  of m a n y  p re e m e rg e n ce  h erb i­
cid es  is  so  s h o rt, th ey  can n o t con trol 
su cce ss iv e  flu sh es o f w eed  seedlings. 
T h is m a k e s  fo llo w -u p  h and  w eed ing  
o r  a p p lica tio n  of a  p o stem erg en ce  
h erb icid e  n e ce ssa ry .

A m o n g  th e  p re e m e rg cn ce  
h e rb icid e s, b u ta ch lo r , oxad iazon , 
d in itra m in e , p en d im eth alin , 
th io b en carb , flu orod ifen , and  
p ip e ro p h o s-d im e th a m e try n  h av e  been  
w id e ly  te s te d . P o ste m e rg e n ce  herbi­
cid es  su ch  a s  p ro p a n il and M C P A  are  
also  e ffe ctiv e . H erb icid e  com b in ation s  
a re  o f te n  m o r e  effective than a  single 
h e rb icid e . A p p ly in g  a  p reem ergen ce  
h e rb icid e  s u c h  a s  oxad iazo n , 
b u ta c h lo r , o r  th iob en carb , follow ed b y  
p ro p a n il 1 5 -2 5  d la te r will p rov id e  
b e tte r w e e d  c o n tro l  th an  w ill an y  of 
th ese  h e rb ic id e s  ap p lied  alon e. E arly  
p o s te m e rg e n c e  ap p lica tio n  o f  a p oste­
m e rg e n c e  h e rb ic id e  (e .g ., propanil) 
co m b in e d  w ith  a  resid u al herbicide, 
d o n e  a t  th e  tim e  the p ostem erg en ce  
h e rb icid e  is  m o s t  effective, h as the 
a d v a n ta g e s  o f  p ro v id in g  season-long  
co n tro l a n d  s a v in g  tim e  an d  lab or by 
c o m b in in g  tw o  sp rayin g  op erations. 
T ab le  8 .1  a n d  F ig u re  8.1 p rovide  
in fo rm a tio n  o n  c o m m o n  herbicides  
th at m a y  b e  u s e d  in u plan d  rice.

Table 8.1. Herbicides suitable for use In upland rice.

Herbicide
Rate 

(kg ai/ha)
Com m ents and source of information

Bentazon 1.0-2.0 Selective postem ergence control of 
certain broadieaf weeds and sedges 
(IRRI 1982). Does not control grasses. 
Apply postem ergence when weeds are 
at the 4- to  10-leaf stages. Delayed 
application allows the weeds to exceed 
maximum size , resulting in inadequate 
control.

Bifenox 2.0 Apply preemergence from seeding to 
early spiketet stage. Apply to moist 
soils for best results. Bifenox + 
propanil can be applied post­
emergence when rice has 2-3 leaves 
and weeds are 2.5 cm high (Akobundu 
1987).

Butachlor 2.0 Effective against grasses and broad­
ieaf weeds; less effective against 
perennial sedges (IRRI 1975).

Butralin 2.0 Apply preemergence to control annual 
grasses (IRRI 1976).

2,4-D or MCPA 0.5 Apply as postem ergence spray after 
tiller initiation, about 21-30 d after 
seeding (D AS) (D ixit and Singh 1981).

Dinitramine 1.5 Apply preemergence (IRRI 1978).
Fluorodifen 2.5-4.0 Apply 0-3 DAS for residual pre- 

emergence control of annual g rasses 
(De Datta 1972).

Oxadiazon 0.75-1.5 Apply preemergence 0-2 DAS. Rice 
growth depression has been observed 
15-20 d after em ergence (IRRI 1975).

Oxyfluorfen 0.35 Apply preem ergence. May be 
moderately toxic to  nee (IRRI 1983)-

Pendimethalin 2.0 Apply preemergence or early post­
emergence,
combined with propanil (IRRI 1975). 
Excellent for control of Rottboellia  
cochinchirtensis.

Piperophos + 
dimethametryn

1.0-2.0 Apply 4-6 DAS (Dubey et al 1980).

Propanil 3.0-5.0 Apply at 2- to 3-leaf stages of g rass. 
High tem peratures increase contact 
burn and may injure nee (IRRI 1980).

Thiobencarb 3.0 Apply before 2-leaf stage o f w eeds 
and after l- ie a f  stage of rice 
(IRRI 1988a).
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Chapter 9

Weed control in deepwater 
and floating rice

D e e p w a te r a n d  floating rice constitute  
ab o u t 11 % o f  th e  w o rld ’s  rice area  
(IRRI 1988b ). T h ey  a re  g ro w n  in the 
d e lta s, e s tu a rie s , an d  riv er valleys o f  
B an g lad esh , C a m b o d ia , India, 
In d o n esia , M y a n m a r, T hailand, and  
V ie tn a m . In  A frica , d e e p w a te r and  
flo atin g  rice -g ro w in g  a re a s  a re  found  
in the in lan d  N ig e r  R iv er d elta  in M ali, 
in the N ig e r  R iv e r d elta , N igeria , and  
in in lan d  s w a m p s.

Deepwater and floating 
rice cultures
D e e p w a te r  rice  is g ro w n  in areas  
w h ere  th e  m a x im u m  d e p th  of s tan d ­
ing w a te r  e x c c e d s  50  c m  for a signifi­
ca n t p e rio d  o f  r ice  g ro w th . W h ere  
w a te r  d e p th  is g re a te r  th an  100  c m , the 
cu ltu re  is  re fe rre d  to  a s  floating rice o r  
v e ry  d e e p  w a te r  rice. Fields a re  not 
b u n d ed  a n d  flo o d in g  u su ally  occu rs  
o n ly  d u r in g  th e  la te r p a rt  o f  the g ro w ­
ing se a so n . R ic e  m a y  g ro w  u n d er  
d ro u g h t c o n d itio n s  for 4 0 -6 0  d before 
flood in g o c c u rs .

W eed p ro b le m s

W eed s a r e  a  m a jo r  p rob lem  in d eep- 
w a te r a n d  flo a tin g  rice b ecau se  rice  
n o rm a lly  is  s e e d e d  into soils th at m ay  
rem ain  d r y  fo r  6 -1 2  w k . Fields m ay  
also  b e fla sh  flo o d e d . T h e  d ry  soil and  
in te rm itte n t flash  flood ing result in a 
b road  s p e c tru m  o f  w eed s— from  
u p lan d  to  s e m ia q u a tic  an d  aq uatic—

th at su ccessiv ely  co m p e te  w ith  the rice 
cro p . W e e d s  ad ap ted  to d rylan d  
c o m p e te  at early  c ro p  s tag es , d ie  upon  
flood ing, an d  a r c  su cceed ed  b y aq uatic  
w eeds.

B efore flood ing, d e e p w a te r and  
floating rice m a y  b e infested b y  
Echinochlon colona, Eleitsiiie iitdica,
Ci/perns roh im liis , C. iria , and  
C. diffom iis. T h ese  w eed s also  m ay  
co m p e te  w ith  rice  d u rin g  the early  
stag es  o f  flooding.

D e ep w ater an d  floating rice  m a y  
suffer sev ere  w eed  infestations d u rin g  
the p reflood  p eriod . W eed  p rob lem s  
a re  often  a g g ra v a te d  b y p o o r stand  
establishm ent d u e  to  d ro u g h t. A t the  
preflood  stage, w e e d s  re d u ce  grow th  
and tillering of rice  p lan ts a n d  can  
red u ce  g rain  yield a s  m u ch  as 33%  (D e 
D atta a n d  H oq u e 1982). T otal c ro p  loss  
can  o c c u r  if flood in g is b elo w  n orm al.

M inim izing com p etition  from  
w eed s a t  early  rice  g ro w th  s tag es  
largely  d eterm in es h o w  w ell d eep - 
w a te r an d  floating rice  will to lerate  
stresses caused  b y  flood ing a t  later  
stages. A q u atic  w e e d s  th at o c c u r upon  
flood ing a re  less a  p rob lem  w h en  
stand  estab lish m en t is g o o d  a n d  rice  
tillering is a d eq u ate  th an  w h en  early  
w eed  com p etition  is se v ere . In sm all 
cro p p in g  areas  w h e re  farm ers w et

seed  o r  tran sp lan t d e e p w a te r rice, 
p u d d lin g  re d u ces  w e e d  infestation.

A m p h ib iou s w eed s, such  as the  
w ild rices, Scirp itssp., Sesbanin sp., and
l.eersia hexandra, can  co m p e te  w ith  rice  
u n d e r d rylan d  or flood ed  con ditions. 
Eichhom ia  crassipes, Ipomoea nquaticn, 
M oiiochoria vaginalis , an d  Pistia  
stm tioles  a rc  found in d e e p w a te r  rice 
a fte r flooding h as occu rred .

W e e d s  such  as the w ild  rices  
p o ssess  flood to leran ce  an d  e lon gatio n  
ability , and g ro w  w ith  rice  in rising  
flood w ater. T h erefore, th ey  a re  ab le to  
ca u se  con sid erab le yield  losses. M asses  
of E. cmssipcs a re  u su ally  in tro d u ce d  to  
the riccfield  b y w a te r  cu rre n ts  or  
stro n g  w inds. W h en  this o c c u rs , E. 
crassipes can  co m p letely  sm o th e r the 
rice c ro p  w ithin a few  d ay s. In  W e st  
A frica , the m o st tro u b leso m e w e e d s  
in clu de E. stagnina  an d  E. pyrnm idalis, 
an d  th e  w ild  rices Or\/za longistm niiiatn  
an d  O . bartlui.

Weed control before 
flooding
T h e d e e p w a te r rice  cy c le  h a s  tw o  
d istin ct phases— b efore f lo o d in g  an d  
after flooding. W e e d  co n tro l m e th o d s  
can  b e described  best w ith in  th e se  
p h ases. D eep w ater rice  b efo re  f lo o d in g  
is treated  either as  rain fed  lo w la n d  r ic e  
o r  as u plan d  rice, u sin g  th e  s a m e  w e e d  
con trol m ethods.
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Land preparation
Land p re p a ra tio n  for d ry  seed ed  d eep - 
w a te r an d  flo atin g  rice is sim ilar to  
th at for u p la n d  rice. A t p lan tin g , the  
seed  bed sh o u ld  be w eed  free. D eep  
p lo w in g  a n d  h a rro w in g  a re  re c o m ­
m e n d e d  in th e  d ry  seaso n  if rh izo- 
m a to u s  p e ren n ials  a re  a  problem .
M a n y  d e e p w a te r  and floating rice  soils 
h av e  a  h ig h  c la y  con tent, a n d , the only  
tim e  to  p lo w  th em  is often  w h en  they  
a re  d ry  an d  v e ry  hard. C ultivation  
m u st s ta rt e a r ly  becau se th e  cro p , 
w h ich  d ra w s  first on  resid u al m oistu re  
an d  m o istu re  from  occasio n al sh o w ­
ers , m u st re a c h  the s ta g e  w h e re  it can  
elo n g a te  b e fo re  flood ing starts . The  
stale  se e d b e d  techn iqu e can  b e u sed  to  
re d u ce  w e e d  p ro b lem s, p articu larly  
in festation  b y  w ild  vices.

P la n tin g  m e th o d
B ro a d c a s t se e d in g  rice  into d ry  soil is 
co m m o n  in d e e p w a te r  an d  floating  
rices. T ra n sp la n tin g  o r  b road castin g  
p re g e rm in a te d  seed s into p u d d le d  soil 
is a lso  p ra c tic e d  in so m e  a re a s . If early  
flash flo o d s  o c c u r , h o w e v e r, tra n s ­
p la n tin g  in v o lv e s  a  g re a te r  risk  of crop  
failu re th an  d o e s  b ro a d ca st seeding. 
T h e rice  s e e d lin g  g ro w s  as an  upland  
c ro p  fo r 4 -2 0  w k  b efore flooding  
o ccu rs . A s  th e  flo od w aters rise , deep- 
w a te r  r ic e  p la n ts  e lon g ate  to  a s  tall as
6  m  a n d  fo rm  a  d en se  m at on  the 
w a te r  s u rfa c e .

C ultivar

R ice c u lt iv a r s  w ith  e lon gatio n  ability, 
p h o to p c r io d  sen sitiv ity , d ro u g h t toler­
a n ce  a t  th e  s e e d lin g  stag e , an d  
to le ra n ce  fo r s ta g n a n t w a te r con ditions  
a t  la te r g r o w th  s ta g e s  a re  id eal for 
d e e p w a te r  a n d  floating rice.

Table 9.1. Herbicides suitable for use in deepwater and floating rice.

Herbicide

Bentazon

Rate 
(kg ai/ha)

2.0

Butachior 1.0-2.0

Butralin

2,4-D or MCPA

2.0

0.5

Fluorociifen 2.5-4.0

Oxadiozon

Piperophos +
dimethametryn
Propanil

Thiobencarb

0.75-1.0 

1.0-2.0  

3.0 

2.0-4.0

Com m ents and source of information

Selective control of certain broadleaf 
weeds and sedges. Does not control 
grasses. Apply postemergence early, 
when weeds are at the 4- to 10-leaf 
stages. Delayed application allows 
weeds to exceed maximum size and 
results in inadequate control (COPR 
1976).
Effective against grasses and broad­
leaf weeds. Less effective against 
perennial sedges (COPR 1976).
Apply preemergence to control annual 
grasses (COPR 1976).
Apply as postemergence spray after 
rice tillering, 21-30 d after seeding 
(DAS) (COPR 1976).
Apply preemergence 0-3 0 AS  to 
control residual annual grasses 
(COPR 1976).
Apply 6-8 d after application 
(COPR 1976).
Apply 4-6 DAS (COPR 1976).

Apply at 2- to 3-leaf stages o f grass 
(IRRI 1980).
Apply before 2-leaf stage of w eeds and 
after 1-leaf stage o f rice (COPR 1976).

Plant population
B ecau se  of p oor stan d  establishm ent, 
seed in g  ra tes  ten d  to  b e high—
8 0 -2 0 0  k g /h a . T h e  c ro p  p rod u ces  
n odal tillers at low  p lant d ensities, 
h o w e v e r, and a high seed in g  ra te  d oes  
n o t n ecessarily  in crease  final g rain  
yield . N everth eless, the high seed in g  
ra te  is a good  a g ro n o m ic  p ractice  
b ecau se  a high p lan t pop ulation  
allow s rice  to d e v e lo p  a can o p y  that 
su p p resses w eed  grow th .

C ro p  rotations ca n  help  con tro l or  
p rev en t the b u ild u p  of d ifficult-to- 
con tro l w eed s. In B an glad esh , farm ers  
on  the higher rid g es of d e e p w a te r rice 
areas  g ro w  a c ro p  of jute after on e or  
m o re  d e e p w a te r rice  crop s. T he jute 
c ro p  su p p resses w ild  rice an d  o th er  
w eed s.

Fertilizer
D eposits of the silt ca rrie d  by riv e rs  
d u rin g  th eir a n n u al floods p ro v id e  
h igh  fertility for m o st d e e p w a te r  an d  
floating rice soils. T h e  high soil fertility  
im p ro v es  stand  estab lish m en t an d  
elon gation  ability o f  rice , but w e e d s  
also  g ro w  quickly a n d  co m p e te  
ag g ressiv ely  for n u trien ts , m o istu re , 
and light. W eed s m u st b e co n tro lle d  to  
m axim ize  the n u trien t u ptak e  
efficiency o f the rice  crop .
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Seeding Germination 
H --------- 1--------------

Herbicide

Thiobencarb

Butachlor

O xa d ia zon

Pendim ethalin

Butralin

R uorod ifen

O xyflu orfen

P ip e ro p ho s  + 
D im etham etryn

B ifenox

2,4-D  or M C P A  

B enta zon  ■ 

P ropan il ’

T ille r initiation 
---------- 1----------

Tillering Panicle initiation Flowering 
--------1—

Hand w e e d in g

H an d  w e e d in g  is  th e  m o st effective  
w eed  c o n tro l  m e th o d  in d e ep w ater  
and flo atin g  rice . W e e d in g  should  be 
d o n e  1 5 -2 5  d  a f te r  p lan tin g . T w o  to  
th ree  h and  w c e d in g s  m a y  b e n eces­
sary , d e p e n d in g  o n  the tim e of flood ­
ing. W e e d s  g e r m in a te  earlier an d  g row  
m o re  v ig o ro u s ly  th a n  rice  d u rin g  the 
preflood  p e rio d . M ech an ical w eed ing, 
com b in ed  w ith  h a n d  w eed in g  for 
w eed  re m o v a l w ith in  the ro w s, m ay  
be effectiv e  w h e n  r ic e  is ro w -seed ed .

Herbicides

M ost co m m o n  w eed s p resen t before  
flood ing can  be con tro lled  b y the 
h erb icid cs  reco m m en d ed  for u plan d  
rice. B u tach lor, o x a d ia z o n , 
p en d im eth alin , th iob encarb , p ip ero- 
p h o s-d im eth am etry n , an d  oxyflu orfen  
are  effective w hen ap p lied  p reem er­
gen ce . P o stem erg en ce  h erb icid es such  
as p rop an il, 2-4D , an d  M C P A  a re  also  
effective in con trollin g w e e d s  su ch  as
I. aquaticn. R esidual h erb icid es give  
variab le  results w h en  ap plied  to  d ry  
soils o r  w h en  flash floods o c c u r soon  
afte r ap plication . G ly p h o sa te  can  be

9.1  R ice grow th stages when herb icides 
can be applied on deepw ater and f lo a tin g  
rice. Bars (— ) show  periods when a 
particu lar herbicide can be applied. "T im in g  
o f herbicide application Is based on w e e d  
em ergence and grow th s ta ge  w ith in  th e  
rice  grow th  stage.

u sed  to  con trol O . lon g is tm iiim ta  
d u rin g  fallow . T able 9 .1  a n d  F ig u r e  9.1 
p ro v id e  inform ation  o n  h e rb icid e s  an d  
th eir ap p ro p ria te  tim e s  o f  a p p lica tio n .
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Weed control after 
flooding
W eed co n tro l a fte r flood in g in d eep - 
w a te r  a n d  floating rice  is m ain ly  d o n e  
by h a n d . F a rm e rs  in  so m e  a re a s  g ro w  
a  s trip  o f  S e s b a n i a  a c u l e a t a  or  
A e s c h i / n o m e n e  a s p e r a  alon g  th e  b ord ers  
of d e e p w a te r  an d  floating ricefield s to  
p ro v id e  a  b a rrie r  a gain st th e  e n try  of 
F , .  c r a s s i p e s  a n d  o th e r w eed s into the  
fields. B a rrica d e s  of b am b o o  p oles and  
b a rs  a re  s o m e tim e s  installed.

Hand w e e d in g
A tte m p ts  to  w e e d  d e e p w a te r and  
flo atin g  rice  fro m  b o a ts— a difficult 
task— h a v e  b e e n  m a d e  in cases  of 
se v e re  w e e d  in festatio n . In M ali, 
fa rm e rs  h a n d  w eed  a fter flood ing to  
m in im iz e  c o m p e titio n  from  
0 .  l o n g i s t a m i n a t a  an d  0 .  b a r t h i i .  

P eren n ial E .  s t a g n i n a  is  a lso  rem oved  
b y h an d .

H erbicides
H e rb icid e s  a r e  effective in d eep w ater  
a n d  flo a tin g  r ic e  o n ly  b efore flooding.
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Chapter 10

Management of some 
difficult weeds in rice

M a n y  w e e d s  ca n  b e con tro lled  effec­
tively  o n ly  b y  u sin g  a  co m b in atio n  of 
m e th o d s . U sin g  on ly  o n e  w e e d  con trol 
m e th o d  lead s to  a  b u ild u p  of w eed  
p ro b lem s. T h is  c h a p te r  g iv es in form a­
tion  o n  h o w  in tractab le  rice  w eed s can  
be m a n a g e d  th ro u g h  a n  in tegrated  
a p p ro a ch .

Scirpus maritimus
S c i r p u s  m a r i t i m u s ,  a p eren n ial sed g e  
th at s p re a d s  b y  tu b ers, is  w id esp read  
in lo w la n d  rice  in  sev e ra l cou ntries in  
A sia , E u ro p e , a n d  tem p e ra te  clim ate  
U S A  (se e  p a g e  0 0 0 ) . S .  m a r i t i m u s  is a  
v e ry  c o m p e titiv e  w e e d : it p rod u ces  
n u m e ro u s  tu b e rs , h as fast shoot 
g ro w th , is ab le  to  e m e rg e  th rou gh  
fields w ith  s ta n d in g  w a te r , and has  
rap id  n u trie n t u p ta k e . S eason-long  
co m p e titio n  fro m  S .  m a r i t i m u s  can  
re d u ce  rice  y ie ld s  6 0 -1 0 0 % . Its tubers  
an d  b u d s  c a n  re m a in  d o rm a n t in the  
soil, m a k in g  th is  w e e d  difficult to  
era d ica te . S .  m a r i t i m u s  is m ost 
co m p e titiv e  fro m  its  early  g row th  
stages to  8 0  d  a f te r  germ in ation . T he
S .  m a r i l i m u s - i r e c  p e rio d  required  in 
rice is  th e  first 4  w k .

Cultural control

C u ltu ral con tro l o f  S .  m a r i t i m u s  

in volv es  tillage , cro p  ro ta tio n , an d  
w a te r m an agem en t.

D ep th  a n d  ty p e  o f  p rim a ry  c u ltiv a ­
tion g re a tly  affect th e  S .  m a r i t i m u s  

p op u lation . S hallow  cu ltiv atio n  an d  
z e ro  tillage e n co u ra g e  e m e rg e n ce  of 
tubers reta in ed  on  th e  soil su rface , 
resu ltin g  in rap id  p op u latio n  buildup. 
D eep  p lo w in g  buries the tu b ers  an d  
resu lts in g ro w th  o f  few er seedlings.

T h e p ractice  of z e ro  tillage lead s to  
th e  b u ild u p  of a  S. m a r i t i m u s  p o p u la ­
tion , b u t m in im u m  tillage c a n  b e  as  
effective a s  con ven tion al tillage in 
lim iting its g ro w th . T h e w eed  p ersists  
u n d e r con tin u ou sly  w e t con d itio n s b ut 
d im in ish es d ram atically  w ith  tim e  
u n d e r con tin u ou sly  d ry  con d ition s. A  
y e a r of ro ta tio n  of an  u p la n d  c ro p  w ith  
low lan d  rice  w ill re d u ce  the p re v a ­
len ce o f  S. m a r i t i m u s .

Hand w eeding

H an d  w eed in g  is effective in con tro l­
ling S .  m a r i t i m u s .  T h e rice  c ro p  should  
be k ep t w eed -free  fo r a t  least the first 
4  w k . T h is m ak es se v e ra l h an d  w eed - 
ings n e ce ssa ry , b ecau se  S .  m a r i t i m u s  

tubers germ in ate  w ith in  5  d  after  
h arro w in g  an d  g ro w  rapidly.

Herbicides

H erb icid es effective against
S. m a r i t i m u s  in  tran sp lan ted  a n d  d irect  
se e d e d  flooded rice  include b e n tazo n , 
fen o xap ro p , p rop an il, 2 ,4 -D , a n d  
b ensulfuron . 2 ,4 -D  a t  0 .5  kg a i / h a  is 
b est ap plied  w h e n  S .  m a r i t i m u s  h as  
6 -8  leaves. 2 ,4 -D  ap p lied  p re e m e rg e n ce  
d o e s  n o t con trol th e  w e e d , a lth o u g h  it 
m a y  red u ce  th e  s tan d  o f  an nu al 
grasses . B en tazon  a t  1 -2  kg a i /h a  
sh o u ld  be ap plied  a t  th e  6 -  to  8 -le a f  
sta g e  (ab ou t 2 5  d a fte r sow in g  [D A S ]). 
B en su lfu ron  a t  5 0  g  a i /h a  a p p lie d  a t
6 -8  D A S  o r  D T (2- to  3 -leaf s ta g e  o f  the  
w eed ) effectively c o n tro ls  S .  m a r i t i m u s  

a n d  an nu al w eed s.

Integrated control
In tegration  of all w ork ab le  w e e d  
co n tro l p ractices can  p ro v id e  effectiv e  
a n d  econ om ical con tro l of S. m a r i t i m u s .  

S u ch  in tegration  sh o u ld  b egin  b y  
cre a tin g  a n  en v iro n m e n t fa v o ra b le  to  
rice  g ro w th  but u n favorab le  to  w e e d  
g ro w th . This in clu d es u sin g  w e ll-  
a d a p te d , h igh -yield in g rice  c u ltiv a rs ;  
ap p ro p ria te  fertilizers; g o o d  m a n a g e ­
m en t; an d  cro p  ro ta tio n . W e e d  c o n tro l  
efficiency is im p ro v e d  b y  in te g ra tin g  
th e  u se  o f h erb icid es a n d  h a n d  w e e d ­
in g. T h e ro tation al c ro p s  u sed  d e p e n d  
o n  th e  region ; m a ize , s o rg h u m , a n d  
soyb ean  a re  b eco m in g  in cre a sin g ly  
im portant.
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Paspalum distichum
Paspalum distichum  is a  creep in g  p eren ­
nial g r a s s  found in low lan d  ricefields  
(see  p a g e  2 2 ). Its u n d e rg ro u n d  g ro w th  
sy s te m  co n sis ts  o f a d v en titio u s ro o ts  
a n d  rh iz o m e s . It ten d s to  resist con ­
v e n tio n a l w eed  co n tro l m e asu res , 
in clu d in g  th e  use of h erb icid es, b u t is 
se n sitiv e  t o  shading.

C u ltu ra l control
T h o ro u g h  lan d  p re p a ra tio n  is on e w ay  
o f  c o n tro llin g  P. distichum . Frequ en t 
tillage re d u c e s  P . distichum  problem s. 
C u ttin g  u p  rh izom es b y tillage e n co u r­
a g e s  d o rm a n t b ud s to  sp ro u t, d ep let­
in g  th e  w e e d 's  food reserv es. F o r  lon g­
te rm  c o n tro l , its rh izo m e m u st b e  
killed .

B e c a u s e  P . distichum  is  sensitive to 
s h a d e , c lo s e ly  sp a ce d , v ig o ro u s  rice 
p la n ts  o ffe r  b etter co m p etitio n  against 
th is  w e e d  th an  d o  w id e ly  sp accd  
p lan ts.

H e rb ic id e s
P . d istichum  is resistan t to  m a n y  p re­
e m e r g e n c e  h erb icid es  u se d  on  rice. It 
is, h o w e v e r , su scep tib le to  g lyp h osate  
a p p lie d  a t  2 .0  k g  a i /h a  a n d  m o d er­
a te ly  s u sce p tib le  to  p araq u at. A  p re­
p la n t h erb icid e , su ch  as g lyp h osate , 
u s e d  in  co m b in a tio n  w ith  land p rep a­
ra tio n , im p ro v e s  con trol. T ran slocation  
o f  g ly p h o s a te  in to  the rh izo m es is best 
a c h ie v e d  w h e n  the g ly p h o sate  is 
a p p lie d  o n  a c tiv e ly  g ro w in g  
P . d istichu m  w ith  m a x im u m  leaf area.

In te g ra te d  control
In te g ra tio n  of cu ltu ral co n tro l and  
h e rb ic id cs  w ill g ive g o o d  con tro l of 
P . distichum .

Echinochloa species
T h e g en u s Echinochloa, w h ich  in clu d es  
ab o u t 5 0  w eed  sp ecies, in clu d es som e  
o f  the m o st im p o rta n t rice  w eed s. T h e  
m o st co m m o n  a re  E. crus-ga lli,
E . giabrescens, E . oryzoides,
E. pyrantidalis, a n d  E. colona.

E. crus-gaili g ro w s  w id ely  in b oth  
tem p e ra te  an d  tro p ical reg io n s (see  
p a g e  16). Its w o rld  d istrib u tion  ran ges  
from  50° N  to  4 0 °  S  latitud e. £ .  colona 
(see p a g e  3 3) o c c u rs  in tro p ical an d  
sub tropical reg ion s. E. giabrescens is 
fou n d  in the In d ian  su b con tin en t, 
S ou th east A sia , C h in a , a n d  so u th ern  
Jap an . E. pyram idalis  is a b u n d a n t in  the 
floating rice a re a s  of W e st A frica.
E. crus-ga lli p re fe rs  m o ist con d ition s  
an d  con tin u es to  g ro w  w hen  
su b m erged ; E. colona ceases  to  g ro w  
w h en  su b m erged .

Rice yield  lo sses  fro m  seaso n -lo n g  
com p etition  w ith  Echinochloa sp p . can  
be as h igh  as 9 0 % . Echinochloa sp p . are  
trou b lesom e in rice  b ecau se  th eir  
ecological req u irem en ts  a re  sim ilar: at 
early  grow th  s ta g e s , th e y  resem b le  
rice, a n d  th ey  a ccu m u la te  con sid erab le  
am o u n ts  of n u trien ts , to  the d isa d v a n ­
ta g e  o f rice. M o re o v e r, th ese  w e e d s  
co m p e te  w ith  rice  for ligh t a n d  
m oisture.

Echinochloa sp p . g e rm in a te  earlier  
th an  d irect se e d e d  rice. D u rin g  the  
first 3  w k  o f w e e d  g ro w th , p rofu se  
em ergen ce  o f  n e w  leaves a n d  v e g e ta ­
tive grow th  of tillers an d  ad v en titio u s  
ro o ts  occur. Echinochloa spp . p ro d u ce  
extrem ely  la rg e  n u m b ers  o f seed s, 
w h ich  en su re  th e  w e e d 's  d isp ersal and  
reestablishm ent.

Cultural control
C ro p  ro tation  c a n  effectively re d u ce  
Echinochloa sp p . p op ulations.

Hand w eeding
H a n d  w eed in g  is effective if d on e  
re p e a te d ly , to  re m o v e  su cceed in g  
flushes o f  w eed s a n d  w eed s o v e r­
looked earlier d u e  to  th eir s im ilarity  to  

rice.

Herbicides
S everal h erb icid es c a n  selectively  
co n tro l Echinochloa sp p . This in clu d e  
b u ta ch lo r, o xa d ia z o n , oxyflu orfen , 
p en d im eth alm , th iob encarb , s im e try n , 
m o lin ate , p rop an il, ch lo m eth oxyn il, 
p retilach lor, an d  q u in clorac. P re e m e r­
g e n ce  a n d  early  p o stem erg en ce  a p p li­
ca tio n s a re  m o st effective b ecau se  th e  
w e e d s  a re  m o st suscep tib le a t  the 
seed lin g  stage. W e e d  resistan ce  to  
h erb icid es in creases w ith  ag e .

B u tach lor ap p lied  p re e m e rg e n ce  
inhibits the e n z y m e  activ ity  of  
Echinochloa  sp p ., d e la y s  rad icle  
e m erg en ce , an d  inhibits e m e rg e n ce  of  
th e  ro o t and p rim a ry  leaf. S e lectiv ity  
for p rop an il d e p e n d s  on  th e  d ifferen t  
levels of the h y d ro ly zin g  e n z y m e , 
w h ich  is high in rice  b u t lo w  in 
Echinochloa spp.

Integrated control
Echinochloa sp p . ca n  b e  m a n a g e d  
effectively  th ro u g h  a n  in tegrated  
ap p ro ach . B ecau se  the w e e d  is  se n si­
tive  to  sh ad e, a  v ig o ro u s  rice  s ta n d  
(ach iev ed  w ith  h ig h  p lan tin g  d e n s ity  
an d  high fertilizer a p p lica tio n ), 
com b in ed  w ith  h a n d  w e e d in g  o r  w ith  
p re em erg en ce  o r  e a rly  p o s te m e rg e n c e  
h erb icid e, will le a d  to  e a rly  rice  
ca n o p y  closure. L a te -g e rm in a tin g  
Echinochloa sp p . c a n  b e  c o n tro lle d  b y  
herbicides. A  1 0 -2 0  c m  w a te r  d e p th  
w ill generally s u p p re ss  Echinochloa  
sp p . w eed s.
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Wild rices
T h e  im p o rta n t w ild  rices  a re  O r y z a  

r u f i p o g o n  Griff., O .  n i v a r a  S h arm a & 
S h astry , O . l o n g i s t a m i n a t a  A . C h ev . &  
R o e h r., O .  b a r t h i i  A . C h e v ., O . p u n c t a t a  

K o tsch y  e x  S teud ., an d  0 .  o f f i c i n a l i s  

W all, e x  W a tt. T h ese  w ild  rices  
re sem b le  cu ltiv ated  rice  O .  s a l i v a .  T h ey  
a r e  a d a p te d  to  th e  en v iro n m en t of 
c u ltiv a te d  rice, a re  co m p e titiv e , an d  
h a v e  g ra in s  th at a re  h igh ly  d o rm a n t  
a n d  sh a tte r  easily.

O .  r u f i p o g o n  is  a  p ro b le m  in a re a s  in 
B a n g la d e sh , B razil, C olom b ia,
G u y a n a , In d ia, In d on esia , M alaysia , 
S u rin a m , T h ailan d , so u th ern  U S A , 
V e n e z u e la , an d  W e s t In d ies. A  p eren ­
n ial w e e d , its  m a tu re  seed  h as a  lon g  
d o rm a n c y , sh atters  easily , a n d  h as a 
p ig m e n te d  a le u ro n e  layer.

O . n i v a r a  is  an  a n n u a l w e e d  that 
o c c u rs  in  d ra in a g e  d itch es an d  shallow  
p o n d s . Its  se e d s  a re  h igh ly  d o rm a n t  
a n d  s h a tte r  easily.

O . l o n g i s t a m i m t a  (sy n o n y m : O r y z a  

p e r e n n i s  M o e n ch ) is a  seriou s w e e d  in 
m o s t  o f  W e s t  A frica . A s  a rh izo m ato u s  
p e re n n ia l g ra ss , it p ro p a g a te s  alm ost 
e x c lu s iv e ly  b y  v e g e ta tiv e  m u ltip lica­
tion  o f  rh iz o m e s , w h ich  a re  p rod u ced  
p ro lifica lly . It th rives  in  m e d iu m  to  
d e e p  p a r ts  o f  flo od ed  ricefields a n d  in 
d e e p  p a r ts  o f  p o o rly  irrigated  fields. It 
is v e r y  c o m p e titiv e  an d  ca n  red u ce  rice  
y ie ld s  a s  m u c h  as 90% .

O . b a r t h i i  is  w id ely  d istrib u ted  in  
A fric a . It is  a n  a n n u a l w e e d  that 
c lo s e ly  re se m b le s  O .  g l a b e r r i m a .  

C h a ra c te r is t ic s  s u ch  a s  e a rly  m atu rity , 
s h a tte r in g  b e fo re  rice  m atu rity , and  
s e e d  d o r m a n c y  m ak e it difficult to  
c o n tro l.

O .  p u n c t a t a  a n d  0 .  o f f i c i n a l i s  are  
b o th  a n n u a l  w e e d s. O .  p u n c t a t a  is 
n a tiv e  to  A fr ic a , 0 .  o f f i c i n a l i s  origi­
n a te d  in  A s ia . B oth  h av e  sm all grains.

S o m e  o f th e  w ild  rices a re  p h o to ­
p erio d  sensitive. T h is in flu en ces th eir  
g ro w th  d u ra tio n , w ith  la te r em erg in g  
p lan ts  taking less tim e. W ild  rice  stalks  
a re  g en erally  w e a k , resu ltin g  in  
lo d g in g  n o t o n ly  o f  the w e e d s  b u t also  
o f th e  rice  a ro u n d  them .

Cultural control
U sin g  clean  rice  se e d , free o f  w ild  rice  
seed s, will p re v e n t the in tro d u ctio n  or 
re in tro d u ctio n  o f  w ild  rices to  n on - 
in fested  areas . A fte r rice  h a rv e s t, fields 
should  be m a n a g e d  to  kill w ild  rice  
seed s (e .g ., s tra w  b u rn in g). E a rly -  
season  cu ltivatio n  a n d  h a rro w in g  
stim u late  re d  rice  g e rm in atio n  an d  
m a y  a llow  th e  m ech an ical d estru ctio n  
o f  several flu shes o f  w ild  rice  g ro w th  
b efore rice o r  ro ta tio n al c ro p s  a re  
planted .

H ig h  seed in g  ra tes  of rice  re d u ce  
tillering of w ild  rice. W h en  rice  is 
seed ed  o r  tran sp lan ted  in ro w s, it is 
e a s y  to  d ifferentiate  w ild  rice  gro w in g  
b etw een  th e  ro w s.

C ro p  ro ta tio n  m a y  re d u ce  in festa­
tion s of w ild  rices. W ild  rice  is e a s y  to  
co n tro l in  u p la n d  crop s. T h e le n g th  of  
ro ta tio n  d ep e n d s  o n  h o w  s e v e re ly  the 
field  is infested w ith  w ild  rice . T yp ical 
ro tation al c ro p s  fo r  red  rice  in  so u th ­
e rn  U S A  a re  m a ize , g rain  s o rg h u m ,  
an d  soyb ean . D ep en d in g  o n  the  
ro tation al c ro p , h erb icid es co m m o n ly  
used  in clu de p ro p a z in e , a lach lo r, 
m etolaclilor, trifluralin , p en d i- 
m eth alin , m etrib u zin , b e n tazo n , an d  
atrazin e.

B uried  seed s o f  w ild  rice  d o  n o t  
ge rm in a te  w h e n  th e  soil is flo o d ed  or  
w a te r-sa tu rated . H o w e v e r, th e  p eren ­
n ial w ild  rices 0 .  l o n g i s t a m i n a t a  an d  
O . r u f i p o g o n  p ro p a g a te  th ro u g h  b u d  
germ in ation  of s te m  cu ttin gs or  
rh izo m es u n d e r su ch  con d ition s. D ry  
seed in g  w ith  d elay ed  flood ing resu lts  
in  a  m u ch  h ig h e r infestation  o f  w ild  
rice  th an  d o e s  seed in g  on  a  p u d d led  
field an d  k eep in g the soil sa tu rated . 
C o n tin u ou s flood in g effectively  
co n tro ls  w ild  rice.

H and w e e d in g
W h e n  c ro p s  are  p lanted  in row s, the  
w ild  rice  b etw een  th e  ro w s can b e  
w eed ed  o u t easily . In som e areas, w ild  
rice  is  e a te n . This n o t on ly  au gm en ts  
the food  su p p ly  b u t also helps red u ce  
the s p re a d  of th e  w eed . W ild rice 
m o stly  sh a tte rs  before cultivated  rice  
m a tu re s , an d  grain s of w ild  rice m u st  
be h a rv e s te d  b efore th ey  shatter, Its  
g ro w th  fo r food  should  b e d iscou r­
a g e d , h o w e v e r.

The p eren n ial rh izo m ato u s d e e p -  
w a te r w ild  rice  0 .  l o n g i s t a m i n a t a  is  
con tro lled  b y  u n d e rw a te r m o w in g  of  
rh izo m es tw ice  d u rin g  th e  g row in g  
season.

Herbicides
H erb icid es co m m o n ly  u sed  in r ice  d o  
n ot selectively  co n tro l w ild  rice 
b ecau se  o f  the sim ilar g r o w th  sy stem s. 
M o lin ate  a t  1 -2  k g  a i /h a  ap p lied  p re ­
p lan tin g  a n d  in co rp o ra te d  selectively  
con trols  th e  a n n u a l w ild  rices. F o r  best 
con trol, m o lin a te  sh o u ld  b e  com b in ed  
w ith  co n tin u o u s  flo od in g . P rep lan tin g  
ap p lica tio n  o f  g ly p h o sa te  a t  2 -3  k g  
a i /h a  a ls o  effectively  c o n tro ls  w ild  
rices. F o r  red  rice  co n tro l, th iob en carb  
is su rface-ap p lied  p re p la n tin g , just 
b efore b rin gin g  o n  th e  flo o d  (Rice  
Jo u rn al 1988).

Integrated control
W ild  rices  a re  b e st co n tro lle d  th ro u g h  
a n  in tegrated  a p p ro a c h  th a t  in clu d es  
g erm in ation  p re v e n tio n , c r o p  ro ta tio n , 
w a te r m a n a g e m e n t, h e rb icid e s , a n d  
oth er cu ltu ral m e th o d s .
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Cyperus rotundus
C . rotundus, a p eren n ial se d g e , is a  
p ersisten t, a g g re ssiv e  w e e d  w h e re v e r  
u p lan d  rice  is g ro w n . It h as been  
rep o rte d  to  in fe st fields in tropical 
a re a s  o f  A frica , A sia , a n d  L atin  A m e r­
ica (se e  p a g e  2 9 ). U n d e r intensive  
cu ltiv atio n , it b e co m cs  a  seriou s w eed .

C . rotundus  h a s  an  e xten siv e  u n d e r­
g ro u n d  s y s te m  o f  b asal bulbs, roots, 
rh izo m es, a n d  tu bers, w h ich  p erm it 
rap id  a n d  v ig o ro u s  v e g e ta tiv e  p ro p a ­
g atio n . B u d s in  a tu b er an d  tubers  
w ith in  a  c h a in  exh ibit ap ical d o m i­
n an ce . T h at a p ica l  d o m in a n ce  c a n  be 
b rok en  d u r in g  cu ltiv atio n  b y severin g  
a n y  tu b e r fro m  th e  chain . T h is stim u ­
lates d o rm a n t tu b ers  to  sprout.

C. rotundus  g e rm in a te s  b efore, or  
sim u lta n e o u sly  w ith , u p lan d  rice and  
co m p e te s  fo r  n u trien ts  an d  m oistu re, 
ca u sin g  y ie ld  re d u ctio n s  as high as  
50% .

Cultural co n tro l
A d e q u a te  fe rtiliz e r, o p tim u m  plant 
d e n sity , a n d  o p tim u m  tim e of p lantin g  
a re  g o o d  c u ltu ra l  p ra ctice s  for 
m a n a g in g  C . rotundus.

Hand w e e d in g
C. ro tundus  e m e rg e s  w ith  the rice crop  
a n d  o u tg r o w s  it d u r in g  the early  
g r o w th  s ta g e s . B e ca u se  of the rap id  
re g e n e ra tio n  o f  C . rotundas, hand  
w e e d in g  h a s  to  b o  d o n e  a t  frequent 
in te rv a ls  t o  e ffe ctiv e ly  p reven t the 
s m o th e rin g  o f  r ic e  b y  th e  w eed . H an d  
w e e d in g  s h o u ld  c o n tin u e  until th e  rice 
c a n o p y  c lo s e s — w h e n  sh ad e will 
s u p p re ss  C . ro tundus  grow th .

Herbicides
G lyp h o sate  ap plied  p re p la n tin g  is b est  
to  con trol C. rotundus. O th e r h erb icid es  
th at can  b e  u sed  a re  b en tazo n  a t  2 .0 -
3 .0  k g  a i /h a  an d  2 ,4 -D  at 0 .5  k g  a i /h a  
ap plied  p o stem erg en ce , 3  w k  a fte r  
seedin g. T h e se  selectively  kill 
C. rotundus, b u t co n tro l is tem p o rary .

Integrated control
M an ag em en t p ractices, su ch  a s  a p p ly ­
ing a d eq u ate  fertilizer a fte r w eed  
con trol, o p tim u m  p lan t d en sity , an d  
op tim u m  tim e  o f p lan tin g  to  avoid  
d ro u g h t, com b in ed  w ith  h and  
w e e d in g  o r  h erb icid es, w ill red u ce  
C. rotundus  a n d  m a x im iz e  u p lan d  rice  
yields.

C o m b in atio n s of tillage an d  
ch em ical m eth od s h a v e  p ro v e n  m o re  
effective in con trollin g  C. rotundus 
th an  tillage o r  h erb icid es a lon e. In an  
in teg -ra tcd  con tro l sch e m e , C. rotundus 
is a llow ed  to  g ro w  a s  lon g a s  possible  
(a t least 3 -4  w k ) a fte r p low in g  and  
h a rro w in g  h ave stim u lated  d o rm a n t  
b u d s  to sp ro u t. T h en , system ic  
h erb icid es, such  as g ly p h o sa te , that 
h a v e  no resid u al soil activ ity  are  
ap plied . R ice is p lan ted  w ith in  a w eek  
w ith o u t fu rth er lan d  p rep aratio n . This  
w ill p ro v id e  seaso n -lo n g  co n tro l o f  
C. rotundus  a n d , if con tin u ed  o v e r  
several seaso n s, m a y  elim in ate  the 
w e e d  altogether.

Imperata cylindrica
Imperata cylindrica, a  p eren nial 
rh iz o m a to u s  grass, is a  m ajo r w eed  in 
tro p ical A frica , A u stralia , S ou th  A sia, 
S ou th  A m e rica , a n d  th e  P acific islands  
(see  p ag e  3 5 ). It g ro w s  u n d e r a  w id e  
ra n g e  o f  ecological con d itio n s ran gin g  
fro m  lon g d ry  spells to  w aterlo ggin g .

I .  cylindrica  p ro d u ce s  extensive  
rh iz o m e s, w h ich  read ily  regenerate . It 
h as a  h igh  tillering cap acity  and  
estab lish es quickly to  co v e r a  large  
a re a . T illering is e n co u ra g e d  by  
b u rn in g , cu ttin g , o r  grazing .

A p a r t  from  co m p etin g  d irectly  w ith  
u p la n d  rice  for n u trien ts , m oistu re, 
a n d  light, / . cylindrica  lim its upland  
rice  p ro d u ctio n  b y  red u cin g  the total 
lan d  a re a  availab le fo r crop p in g ; lan ds  
b a d ly  infested b y the w eed  are  
ab an d on ed .

Cultural control
R h izo m es of i. cylindrica  a re  su scep ­
tible to  partial d esicca tio n  even  in the 
w e t season . Effective co n tro l is 
ob tain ed  w h en  the w eed  is frag­
m e n ted  b y p low in g to  d ep th s of 
1 5 -2 0  c m  a t the b egin n in g of the d ry  
se a so n , w h en  the fragm en ts  h ave tim e  
to  d ry  b efore th e  o n se t of rain . T h is  
d ry  seaso n  p low in g should  be 
re p e a te d  e v e ry  y e a r  u ntil I. cylindrica  is 
con trolled . T ra c to r-d ra w n  im p lem en ts  
a re  n eed ed  for a d e q u a te  p low in g. T he  
e co n o m ics  o f re p e a te d  p low in g n eed  
to  b e  exam in ed .

H and weeding
H a n d  w eed in g h as to  b e d o n e  at 
freq u en t in tervals for g o o d  co n tro l of
I .  cylindrica.
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Herbicides
F o r effective c o n tro l  of I. ci/lindrica, a 
h erb icid e  th a t  is tran slo cated  to  the 
u n d e rg ro u n d  rh iz o m e s  to  d e stro y  all 
viab le  bud s is  b est. A pp lication  of 
g ly p h o sate  p ro p la n tin g  g iv es g o od  
co n tro l. A m ix tu re  o f  glu fosin ate  a t
1 .0  k g a i /h a  a n d  im a z a p y ra t
0 .2 5  k g a i /h a  h a s  b een  rep orted  to  give  
b e tte r and m o r e  lasting con tro l than  
g ly p h o sa te  in  p la n ta tio n  crop s. Both  
sh o u ld  b e a p p lie d  to  activ ely  g row in g  
p lan ts  w ith  m a tu re  leaves. G lyp h osate  
h as n o  re s id u a l activ ity .

in tegrated co n tro l
A  co m b in a tio n  of cu ltu ral an d  h erb i­
c id e  m e th o d s  w ill effectively  con trol

1. c y lin d rk n .

Rottboellia 
cochinchinensis
Rottboellia cochinchincnsis is a n  an n u al  
g ra ss  th at re p ro d u c e s  b y seeds. It is 
v e ry  co m p e titiv e  in upland rice (see  
p a g e  3 6 )  b e ca u se  it g ro w s  taller than  
th e  rice  a n d  co m p lete ly  sh ad es it. 
C o m p le te  rice  yield  loss is com m on . 
A lth o u g h  R . cochinchinensis prefers  
m o ist, w ell-d ra in e d  soil, it p ossesses  
co n sid e ra b le  d ro u g h t tolerance. It 
c a n n o t to le ra te  su b m ergen ce.
R. cochinchinensis h as increased  in im ­
p o rta n c e  b ecau se  it is tolerant of m an y  
h e rb icid cs . M ost rice herbicides that 
se le ctiv e ly  con tro l this w eed  d o  not 
h a v e  lo n g  en ou gh  p ersisten ce to 
p re v e n t  su cceed in g  flushes from  
g e rm in a tin g .

Cultural control

R otate  u p lan d  rice w ith  b ro ad leaf  
cro p s  in w h ich  R. conchinchinensis is 
ea sy  to  con tro l. This p re v e n ts  b uild up  
of th e  w eed .

Hand w eeding

T w o  to  th ree w ell-tim ed  h an d  w eed -  
ings o f  R. cochinchinensis w ill give  
m a x im u m  rice  yield.

Herbicides

M an y resid u al h erb icid es th a t con trol 
R. cochinchinensis a r c  n o t selective in 
rice. P en d im eth alin  at 1 .5 -2 .0  k g  a i /h a  
is th e  b est h erb icid e for co n tro l in 
u plan d  rice. P end im eth alin  will not 
con trol w eed s that h a v e  g erm in ated  
before h erb icid e ap p lication .

Integrated control

R. cochinchinensis is shad e-in to leran t 
an d  su scep tib le to com p etition  b y the 
rice cro p . U se  o f  N  fertilizer; high rice  
p lan t d ensity ; an d  tall, fast-grow in g  
rice  cu ltiv a rs  will g ive e a rly  can o p y  
closu re  an d  su p p ress w eed  em ergen ce . 
C ro p  ro tation  com b in ed  w ith  herbi­
cides an d  h and  ro g u in g  rc d u c e s  w eed  
p op u latio n s an d  g iv es m a x im u m  rice  
yields.
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Appendices

A. Useful conversions

W eights
1 gram 0 03527 ounces
1 OllllCf* ; 2 8 .A grams
1 kilogram 2.2  pounds
1 pound 454 grams (0.454 kilogram)
1 m etric ton - 2 .204.6 pounds (1,000 kilograms)

Area
t  acre 4.840 so yards = 43,560 sq feet ^
1 hectare 2.41 acres

Volumo
1 gallon (im perial) = 4 546 liters
1 gallon (im perial) ^ 1.2 U.S. gallons
1 gallon (U .S .) 3.785 liters
1 fluid ounce 28.4 milliliters
1 liter 0.22 gallons -  1.76 pints

M easurem ents
1  inch 2.54 centimeters
1 foot 0.305 meter
1 yard 0.914 meter
1  m ile - 1.609 kilometers
1 centim eter 0.394 inch
1 m eter - 3.281 feet
1 m eter = 1.094 yards
1 kilometer 0.621 mile
1 kilopascal (kpaj 0.145 pound per square inch (psi)

Quick convcis ions
1  liter/hectare 0,089 gallon/acre
1  kilogram /hectare - 0 .892 pound/acre
1 kilogram /liter 8 .33 pounds/gallon

B. C onversion  ta b le  for liquid form ulations

Desired
active
ingredients
(in kg/ha)

1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0

Percent concentration o f active ingredient in formulation

100 90 80 75 70 60 50 40 
(liters of formulation needed to spray 1  ha)

30 25 20

1.0 1.11 1.25 1.33 1.45 1.66 2.0 2.5 3.33 4.0 5.0
1.5 1.66 1.87 2.0 2.18 2.49 3.0 3.75 5.0 6.0 7.5
2.0 2.22 2.5 2.66 2.9 3.32 4 .0 ' 5.0 6.60 8.0 10.0
2.5 2.78 3.13 3.33 3.63 4.15 5.0 6,25 8.33 10.0 12.5
3.0 3.33 i . t b 4.0 4.35 4.98 6.0 7.5 9.99 12.0 15.0
3.5 3,89 4.38 4.66 5.08 5.81 7.0 8.75 11.66 14.0 17.5
4.0 4.44 5.0 5.32 5.80 6.64 8.0 10.0 13.32 16.0 20.0
4.5 5.0 5.63 6.0 6.53 7.5 9.0 11.25 15,0 18.0 22.5
5.0 5.55 6.25 6.67 7.14 8.33 10,0 12.5 16.67 20.0 25.0
5.5 6.11 6.88 7,32 8.0 9.13 11.0 13.75 18.32 22.0 27.5
6.0 6,66 7.5 7.98 8.7 7.96 12.0 15.0 10.0 24.0 30.0

For example, to apply 2.0 kg ai/ha using a formulation containing 50% active ingredient, use 4.0 liters of the formulated product.
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B. Conversion table for granular formulations

Desired Percent concentration of active ingredient in formulation
active ---------  ---------------------
ingredients 20 15 10 7.5 5 4 3 2 1
(in kg/ha) ikg of formulation required to spray 1  ha)

0.5 2.5 3.33 5.0 6.67 10.0 12.5 16.67 25.0 50.0
1.0 5.0 6.67 10.0 13.3 20.0 25.0 33.3 50.0 100.0
1.5 7.5 10.0 15.0 20.0 30.0 37.5 50.0 75.0 150.0
2.0 10.0 13.3 20.0 26.6 40.0 ' 50 66.7 100.0 200.0
2.5 12.5 16.6 25.0 33.3 50 62.5 83.3 125.0 250.0
3.0 15.0 20.0 30.0 40.0 60 75.0 100.0 150.0 300.0
3.5 17.5 2 3 3 35.0 46.6 70 87.5 116.7 175.0 350.0
4.0 20.0 26.6 40.0 5 3 3 80 100.0 133.3 200.0 400.0
4 .b 22.5 30.0 45.0 50.0 90 j  a 2.5 150.0 225.0 450.0
5.0 25 0 33.3 50.0 66.6 100 125.0 166.7 250.0 500.0
5.5 27.5 36.3 55.0 73.3 110 137.5 183.3 275.0 550.0
6.0 30.0 40.0 60.0 80 120 150.0 200.0 300.0 600.0

I o r  e x a m p le .  to  . ip p ly  ?  0  k g a i/ M a  u s in g  g r a n u le s  c o n ta in in g  5 %  a c t iv e  in g r e d ie n t .  l ; s u  4 0  k g  o f  fo r m u la te d  p ro d u c t .

C . Com m on and chem ical names of herbicides
Chem ical nam es of herbicides vary, depending on the standard adopted. The common standards are 
CHEM ICAL ABSTRACTS (CA) and International Union of Pure and Applied Chemistry (IUPAC). When
possible, tin s  handbook used C A  (which is also followed by the Weed Science Society of America).

Com m on name Chemical name

Bentazon 3- (1-methylcthyl) (1 H)-2.1.3-ben20thiadiazin-4(3H)-0ne 2,2-dioxide
Bensulfuron (methyl 2-[[(4.6-dimethoxypyrimidin-2-yl) aminocarbonyl]

aminosulfonylmethyl] Uonzoate)
Bifenox methyl 5-(2.4-dichlorophcnoxy)-2-nitrobonzoatc
Butactilor N-(buthoxymethyl)-2 -chloro-/V-(2 .6-diethyl phenyl) acctamide
Butralin 4 -(l.l-0 im othyle thyl)-N '(l-m ethyl propyD-2. 6-dmitrobenzenamine
Chlom otoxynil 2.4-dichlorphenyi 3-methoxy-4-nitrophenyl-ether
Cmm ethylin ew1-m ethyl-4-(l-m ethylethyl)-2-((2 'm ethylphenyl)

methoxy]-7-oxabicyclo (2.2.1] heptane
2.4-D i2,4 'dichlorophcnoxy) acetic acid
Dim etham etryn 2-(1.2-dinicthylpropylammo)-4-ethylamino-6-methylthio- 1,3.5-tnazine
Fenoxaprop (±)-2-[4-((6-chloro-2-benzoxazolyl)oxy)phenoxy] propanoic acid
Fluorodifen 4-mtrophenyl 2-nitro-4-trifluoromethylphenyl ether
Giufosinato DL-homoalanin-4-yl (mothyljphosphinie acid
Glyphosate W-(phosphonomcthyl)glycme
MCPA (4-chloro-2-methylphenoxy) acetic acid
Molmate Sethyl hexahydro-1 H-azepinc-l.-carbothioate
Oxadiazon 3-(2.4-dichloro-5-(l-m ethylethoxy) phenyl]-5 -(l,l-d im ethylethyl)-

1.3.4 oxadiazon-2 (3H)one
Oxyfluorfon 2-chloro-l-(3-ethoxy-4-niirophenoxy)-4-(tnfluoromethyl) benzene
Paraquat l , l ’-dimethyl-4,4'-bipyridinium ion
Pendimethaim /V-(l-ethylpropyl)-3.4-dimethyl-2.6-dinitrobenzenaniine
Pipe rophos S 2 -methyl-l-piperidylcarl)onylmethyl 0,0-di-rvpropyl

phosphorodithioate
Pretilachlor a-chloro-2,6 diethyl-A(-(2-propoxyethyl) acetamhde
Propanil /V(3,4-dichlorophenyl) propanamide
Qumclorac 3,7-dichlor-8-qumolinDcarboxylic acid
Simetryn 4,6-bisethylamino-2-methylthio-1.3.5-triazino
Tiocarbazil S  beruyl N.N-di-sec-bulylthiocarbamate
Thiobcnearii S ((4  chlorophonyl)m^thyl]rtiethylr;arbamothioate
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D. Common names, trade names, and original manufacturers of herbicides.

Com m on nam e T ra d en a m e s Yoar
introduced

Bonsulfuron Londax 1984
Bentaron Basagran 1970
Bifenox Modown 1970
Butachlor Machete, Butanex. 

Lambast. Piiiarsete
1969

Butralm Aincx, Tamcx 1971
Chlomethoxyrul Ekkusugoni 1972
Cinmcthylm Cinch, Argold 1982
2.4-D Aqua Kleen, Demise. 

Esteron, Weed-B-Gon. 
Wecdone

1942

Dim etham ctryii + piperophos Avirosan 1969
Fcnoxaprop Whip 1982
Fluorodifon Preforan 1968
Glyphosate Roundup. Rodeo, 

Shackle. Spason
1971

MCPA Agroxone, Agntox. 
Zelan, Chiptox, 
Frasan, Vacate

1945

Molinate Ordram, Arrosolo 1964
Oxadiazon Ronstar 1969
Oxyfluorfen Goal. Koltar 1974
Paraquat Gramoxone. Paracol. 

Cekuquat. Scythe. 
Sweep

1958

Pondirnethalm Prowl. Herbadox. 
Gogosan, Stomp

1972

Piperophos Rilof 1969
Pretilachlor Sofit. Rifit, Solnet 1982
Propanil Stam F-34. Surcopur, 

Riselect. Dipram. 
Stamoede

1953

Qumclorac Facet 1984
Thiobencarb Saturn. Tamariz, 

Bolero. Siacarb, 
Satumo

1965

Original
manufacturer

DuPont
BASF
Rhonc-Poulon:
Monsanto

Union Carbide 
Nihon Nohyaku Co. 
DuPont
Amchem Products 
Inc.

Ciba-Geigy
H occhst-Rousscl
Ciba-Geigy
Monsanto

ICI

Stauffer 
Rhone-Poulenc 
Rohm & Haas
ICI

American 
Cyanamid 
Ciba-Geigy 
Ciba-Geigy 
Rohm & Haas

BASF
Kumiai Chemical 
Industry, Chevron 
Chcmical

A p p e n d ic e s
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Acid eq u iv a len ts, 60 
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A frica , 4 2 ,7 8 ,  83, 8 7 ,9 1 ,9 2 ,9 5 ,1 0 0 ,  101, 102
A g c m iu m  am i/z flu tc>  I.., 3, 27, 66, 91
A izoaceae, 25
A lachlor, 101
A llelop ath y , 2
A tli'n ia n lh c r :  nessf/is, 66
A m .in , 83
A m aran th aceo e, 26 
A m a m it h i i f  I.., 2 6 ,6 6 ,9 1
A iiian titth iis  sp p ., 3, 4 
A in n im iia  c o c c i i ie a ,  66 
A ngola, 28, 31 
A nilities, 65 
A nnual w e ed s, 1, 65

h erb ic id e  e ffec ts  on, 50 
life  cycles, 5 

A n tid otes, 4 9 , 78 , 86, 88 
Aji/ii’/eiir/io/iit’s orifznc, 2 
A p p licators for herb icid es 

h y d rau lic , 56 
g ran u lar, 56 
n o n p ressu riz ed , 55-56 
p ressu rized , 55-56  

A qu atic  w e e d s , 2
d ra in ag e  e ffe c t on, 44 

A rg en tina, 9 , 26 , 2 9 ,3 1 ,  33, 35 
Aryl acylam k-iaso, 50, 67 
A sia, 1 8 ,4 2 ,7 3 ,  76 , 8 0 ,8 3 ,8 7 ,9 2 ,9 9 ,1 0 0 ,  102 
A steraceac , 9 , 27 
A trazine, 101
A u stralia , 10, 20 , 2 2 ,2 5 ,2 6 ,2 7 ,4 2 ,7 3 ,  7 8 ,8 0 ,1 0 2  
A zolla , 45

B
B acteria l lea f b lig h t, 2
B an g lad esh , 9 ,1 1 ,1 2 ,1 6 ,1 9 ,2 0 ,2 3 ,2 6 ,  2 8 ,2 9 ,3 0 , 

3 8 ,7 6 ,  8 3 ,8 5 ,  8 7 ,9 5 ,  101 
B e n s u lfu r o n ,6 6 ,6 7 ,7 0 ,7 1 ,7 2 ,7 3 ,7 5 ,7 8 ,8 4 ,8 5 ,9 9  
Bentazon, 5 1 ,6 5 ,6 6 ,6 7 ,6 8 ,6 9 ,7 1 ,7 5 ,7 7 ,7 8 ,7 9 ,8 0 ,

81 , 82, 8 4 ,8 5 ,  8 6 ,8 7 ,8 8 ,  8 9 ,9 3 ,9 4 , 9 6 ,9 7 ,9 9 ,
101 ,  102 

Bhutan , 83 
Biiiciis jiilo sn , 6 6
Bifenox, 66 , 67 , 6 8 , 6 9 ,7 5 ,7 8 ,8 6 ,9 3 ,  9 4 ,9 7  
B iological c o n tro l, 45  
l ira c h ia r a  w a l i e n ,  6 6  
HnR'/iwrn sp p ,, 3
B r a z i l . i l ,  1 2 ,1 5 ,1 6 ,1 9 ,2 0 ,2 6 ,2 7 ,2 9 ,3 0 ,3 1 ,3 2 ,3 4 ,  

3 7 ,3 8 ,9 1 ,9 2 ,  101 
B road cast se e d e d  r ic e , 7 3 ,8 3  

h and w e e d in g  in , 77, 
o p tim u m  s e e d in g  ra te ,43

yield less due to w eeds, I 
Brow n spot, 2 
llu ltnu s  sp p ., 2 
Burning, 44
Butachlor, 49 , 55, 59, 62, 65, 66 , 67 , 69, 7 1, 72, 73,

7 5 .7 7 .7 8 .7 9 .8 0 .8 4 .8 5 .8 6 .8 7 .8 8 .8 9 .9 3 .9 4 .9 6 ,
97 ,1 0 0

Butanex, 55
Butralin , 6 6 ,6 7 ,6 8 ,7 7 ,7 8 ,7 9 ,8 0 ,8 6 ,8 7 ,8 8 ,8 9 ,9 3 ,

9 4 .9 6 , 97 
Bvpiridilium s, 68

C
C ; p lants, 3

drought tolerance, 4 
C , plants, 3

drought tolerance, 4 
C am bodia, 11, 1 2 ,2 3 ,2 5 , 2 6 ,2 9 ,3 1 ,3 4 ,3 5 ,3 7 ,  38, 

3 9 ,9 5  
C am eroon, 35 
C orK im .ite, 50 
C arboxvlic esters, 52 
Carp, 62, 67, 70 ,71  
Catfish, 68 ,71  
CVw/ojihi/Hnin diw rsw M , 2 
Onwivsi/cc hirtn (1..) M illsp ., 30 
Chile) 31 
C hina, 18, 100 
C hloniethoxynil, 6 6 ,6 7 , 71 
C hlom etoxyfen, see C hlom ethoxynil 
C inm ethvlin , 6 6 ,6 7 , 71 
C(idi//(if>o/ns m iy a b c iu iu i ,  2 
C olom bia, 19, 2 1 ,2 7 , 32, 101 
C om m elinaceae, 7, 28 
Commcliiu! beiighalmsk, 4 ,5 ,  8, 28, 66 
Com petition

betw een rice and woods, 3*4 
critical period, 4 

C o m p o s ite , 9 
Contact herbicides, 49 

w ater requirem ent, 59 
C ontent of herbicides, 55 
C ontinuous rice, 1
C ontrolled-droplet ap p licator, 55, 56 -5 7 ,5 9
Convolvulacenc, 39
C rop rotation , 1 ,42
C ultivar, 76, 7 9 ,8 4 ,8 6 ,8 8 ,9 1 ,  96
C ultural practices, 2
O im d o n  duch/loii (1..) Pers., 3, 5, 3 1 , 4 1 , 6 6  
Cyperaceae,  7 ,10-13 ,  29 
Cyperus difformis 1.., 3 ,1 0 ,  66, 7 3 , 8 3 , 8 5 ,  87 
Cyjn’riis esi'n/i’iifKS, 66 
C y jim it  irin  1 . ,  2 ,11 ,  66. 73, 83,  85 
CyjOTiis iv tu H d iti I.., 3 , 5 ,  7 , 2 9 , 6 6 ,  102
2 , 4 - D ,4 9 ,5 l ,  6 0 ,6 3 ,6 6 , 6 7 ,6 9 , 7 5 ,7 7 , 7 8 ,8 0 , 8 1 ,8 2 ,  

8 4 , 8 5 , 8 6 , 8 7 , 8 8 , 8 9 , 9 3 ,  94, 9 7 , 9 9 ,1 0 2

D
Daclijhcteuium m'gyptium, 66 
D eepw ater rice, 96 

cultivar, 96 
fertilizer. 96

hand w eeding, 9 7 ,9 8  
herbicides, 9 7 ,9 8  
land preparation , 96 
N application tim ing , 43 
planting m eth od, 96 
p lant popu lation, 96 
w eed control in, 95-98 
w eed problem s, 95 

D ensity of p lanting, 43 
D etoxification , 50 
D icotyledons, 8 
D iffusion  o f herbicides, 50 
DijjifiirrVi <itUccnth'H>, 2 
Digitarin m ig u m a lif ( I - )  Scop ., 2 ,3 2 , 66 
Ditfilrtrirt spp., 3
D im etham etryn, 66, 67, 70, 75, 78, 79, 8 4 ,8 5 , 86 , 

9 3 ,9 5 ,9 6 ,9 7  
D initroanilines, 68 
D iphenyl ethers, 68 
D irect seeded rice

herbicide relativity in, 50 
N application tim ing , 43 
on dry soil, for w eed control, 78-79 , 88 

cultivar, 7 9 ,8 8  
fertilizer, 88
hand w eeding, 77, 7 9 ,8 8  
herbicides, 79, 88 
herbicide u se, 77, 88 
land p reparation , 7 8 ,8 8  
planting m eth od, 7 9 ,8 8  
w ater m anagem ent, 7 9 ,8 8  
weed problem s, 7 8 ,8 7  

on puddled soil, for w eed con tro l, 7 6 ,8 5 -8 6  
cu ltivar, 7 6 ,8 6  
fertilizer, 76, 86 
hand w eeding, 7 7 ,8 7  
herbicides, 77, 87 
herb icid e use, 77, 78, 86 
land preparation, 76, 86 
planting m ethod, 7 6 ,8 6  
plant population, 76, 86 
w ater m anagem ent, 7 6 ,8 6  
w eed problem s, 76, 85

yield loss due to w eeds, 1 
D iseases, 2
D om inican Republic, 19 
D rill seeded rice, 73, 83 

deep drilling seed s, 43 
hand w eeding in, 77 
N application tim ing , 43 
residual herbicide ap p lication  in, 51 
yield loss due to w eed s, 1 

D rought, stress sym p tom s. 3 
effects on crop g row th , 4 ,4 2  
effects on herbicide activ ity , 50

E
Eclw tochloA  coionn  (L .) L in k , 2 , 4 ,8 ,  3 3 ,6 6 ,1 0 0  
F.chin ochlM  c m s - g a l i i  (I..) Beauv., 2, 8 , 16 , 4 9 , 50,

6 6 ,7 3 ,8 0 ,8 1 ,8 5 ,8 7 ,1 0 0  
fVimioc/ilm cr its -g a lli ssp . c>us-£i?//i v ar . crus-ga ili, 

16
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E c h in o ch lo a  c r u s -g a l li ssp. cnis-jju!/! var. p r a t ic c la ,  
16

E c h in o ch lo a  cru s -g a lli  ssp. h isp id u h i var. a u itr o -  
ja p o n e n s is ,  16 

E c h in o ch lo a  c r u s -g a l li  ssp. h is p id i ila  var. h is p id u h ,  
16

E c h in o ch lo a  c r u s -g a l li  PIS. var. faisrt/inra.’ O h w i, 8 
E c h in o ch lo a  g ia b r e sc e n s  M u n ro  ex H ook.f., 18 ,66 ,

100
E c h in o ch lo a  o r y z o id e s  (A rd) Fritsch, 5 
E c h in o ch lo a  p h y llo p o g o n , 5 
E c h in o ch lo a  p y r a m id a lis ,  9 5 ,1 0 0  
Edimodilcw sp p ., 3 ,8 3 , 85, 100 
E c h in o ch lo a  s ta g n h ia ,  9 5 ,9 8  
E clip ta  a lb a  (I,.) H assk.. 9 ,6 6  
E clip ta  c r e d o  L ,  9 
E c lip ta  p r o s tra ta  (I..), 9 
Egypt, 33, 73
f  ic h h o r n ia  c r a s f ip c s  (M arl.) Solm s, 3, 8, 66, 38, 98
EU'Ocharis a c ic u la r is ,  66
E lc iis ir te  in d ica  (1..) G acrtn ., .3 ,4 ,3 4 ,6 6
HI Sa lv ad o r, 2 1 ,2 6
F m u lsifiab le  concen trate, 53
K m ulsifier, 53
K ndothal, 8 1 ,8 2
F.uphorbiaceae, 30
E u p h o r b ia  h ir ta , 3 0 ,6 6
E u p h o r b ia  p itu lifc ra  1.., 30
Eu rope, 42, 73, 78, 8 0 ,9 9
K vaporation , o f h erbicid e, 52

F
F e n clo n m , 49 , 73 
K enoxaprop, 66, 6 7 ,7 1 ,9 9  
Fertilizatio n , 43
Fertilizer, 74 , 76, 82, 8 4 ,8 6 ,8 8 ,9 1 ,9 6  
Fiji, 19, 35
F im b r is t i/ lis  l i t h n a l is  G m id., 12 
E im b r is ty l is  m ilia ct’a  (L.) V ahl, 2 ,1 2 ,6 6 , 83, 8 5 ,8 7  
F loating rice , w eed control in, 95-98 

A lso  see D eep w ater rice 
F lo w ables, 53
F lo u ro d ifen , 6 6 ,6 7 ,6 9 ,  93, 9 4 ,9 6 , 97 
F o rm u la tio n  o f h erb icid es, 4 7 ,5 3 ,5 5  
Franco, 9 ,1 0 ,1 3 ,1 4 ,1 6 ,2 5 ,2 6 ,2 7 ,2 9 ,3 0 ,3 1 ,3 2 ,3 3 ,

34, 35 , 36 , 37, 38

G
G h an a, 2 5 ,2 6 ,  27 , 2 8 ,2 9 , 30, 3 5 ,3 6 ,3 7  
G lu fo sin a le , 103
G ly p h o sate , 49 , 50 , 6 6 ,6 7 ,6 9 ,9 7 ,1 0 1 ,1 0 2 ,  103 
G ogorn n tja , 87 
G o ld fish , 70 
G ra n u la r  h erb ic id e , 53 

ap p lica tio n , 62  
a p p lica to rs , 5 5 , 56 

G ro w th  stages,
e ffe c t o n  h e rb ic id e  selectiv ity , 50 
for h e rb ic id e  a p p lica tio n , 5 0 ,6 5 ,7 7 ,8 0 ,8 1 ,8 5 , 
87, 89 , 93 , 97 

G u y a n a , 101

H
H and p u llin g , s e c  H and w eeding 
H and w e ed in g , 2 , 44 , 82,

in  d e e p w a te r  a n d  floatin g rice, 9 7 ,9 8  
in  d ire c t see d ed  rice , 77, 7 9 ,8 7 ,8 8  
in  d rill se e d e d  rice , 77 
in tra n sp la n te d  rice , 75, 84, 
in u p la n d  rice , 93  
in w a te r  se e d e d  rice , 82 
labor fo r , 45

I larvestin g, effects  o f w eed s, 2 
statem ents in labels, 55 

I lazards o f herbicide use, 62 
as ind icated  in labels, 55 

H erbicide, 45, 49 -6 3 ,6 5 -7 1 , 7 5 ,8 4  
absorp tion , 5 0 ,5 2 ,6 2 ,6 3  
adsorption , 51 
an tid ote  for, 4 9 ,7 8 , 8 6 ,8 8  
ap p lication  tim ing, 50 
ap p licators, 5 5 ,5 6 ,5 7  
beh av ior in soil, 51 
brand n am es, 54 
calibration , 62 
chem ical nam es, 54-55 
classification , 65-72 
contact, 49 , 58, 59 
container disposal, 63 
dosage, 4 9 ,5 5 , 59-61 
evaporation  o f, 52
for d eepw ater and floatin g rice, 97, 98
for d irect seeded rice, 77, 7 9 ,8 7 ,8 8
for transplanted  rice, 7 5 ,8 4
for upland rice, 94
for w ater seeded rice, 82
granu lar, 62
leaching, 51
lethal d ose (I.D 50), 62
loss, 51-52
m anu factu rer of, 55
m ixing, 5 9 ,6 1 , 62
m ixtures, 65
m m s i ’ l e c l i v e ,  4 9 ,  5 0 ,  5 1

persistence, 52
p hotod egrad ation , 52
properties, 52-54
residual, 51, 52, 58
rotations, 65
runoff, 52
safe hand ling of, 62 
selection  of, 61 
selective, 49, 50 ,51  
spraying , 61 
storage, 63
system ic, 4 9 ,5 0 , 5 1 ,5 8  
tolerance, 72
trade o r brand nam e, 54-55 
translocated , 4 9 ,5 8  
up take, 50 
volatilization , 52 
w eeds controlled, 66 

1 Icrbicide activity 
depth  of, 52
effects ofrelative hum idity , 52 

soil factors, 51-52 
soil m oisture, 52 
tem p erature, 52 
w ind, 52 

in plants and soil, 50 
H erbicide drift, 63 
I Icrbicide form u lation, 49, 53, 55 
1 Icrbicide label, 54-55 
I Icrbicide selectiv ity , 49 -50 ,51  

physical factors, 49 
biological factors, 50 
loss o f, 54 
postem ergence, 5 1 

H erbicide toxicity , 5 5 ,6 2  
1 Icrbicide use, 

advantages, 45 
directions, 5 4 ,5 5  
disad van tages, 45 
field techniques, 60-62 
in deepw ater and floatin g rice, 96

in direct seeded rice, 7 7 ,7 8 ,8 6 , 88 
in transplanted rice, 75, 84 
in upland rice, 94 
in w ater seeded rice, 82 
principles of, 49-63 
protective clothing, 62 
safety , 62 

1 lu m ic acids, 52 
1 ly d rau lic  applicator, 55-56

Im azapyr, 103
Im p e r a ta  a /t in d r ic a  ID R a e u sch e l, 3, 5, 35, 39, 41, 

6 6 ,9 1 , 102
In d ia ,9 , 1 1, 16 ,1 9 ,2 3 ,2 5 ,2 7 ,2 8 ,2 9 ,3 0 ,3 1 ,3 3 ,3 4 ,

35 , 37, 38, 39, 76, 80, 83 , 84, 95 ,101  
Indica rices, 70, 72
Ind on esia ,1!, 1 1 ,1 2 ,1 6 ,1 9 ,2 0 ,2 1,2 2 ,2 3 ,2 -1 ,2 6 ,2 7 , 

2 8 ,2 9 ,3 0 ,3 1 ,3 2 ,3 3 ,3 4 ,3 5 ,3 6 ,3 7 ,3 8 ,8 3 ,8 7 ,9 5 ,
101 

Insects, 2 
Isoleucine, 70
Integrated crop m anagem ent, 47 
Integrated pest m anag em en t, 46 
Integrated weed m anag em en t, 4 4 ,4 6 -4 7  

econom ics, 47 
of C. w lnm hif, 102 
o f I. q / l iu d i ic a ,  102 
ot P. d is t ich u m , 100 
o f R. c o c h k h n u 'n s if , 103 
o f S. w a r ilim u i,  99 
o f '*.ild rices, 10]

Internationa I Standardization O rganization (ISO), 
54-55

International Union o f Pure and A pplied 
Chem istry (IU P A O , 54 

/jwniK’fi oi/iMfiYit Forssk., 6 6 ,9 5 , 97 
Ip om oca  rcp h m s  II..) I'o ir., 39 
/(Hhnimi spp., 3 
Iraq, 33 
Irrigated rice,

best N application tim ing , 43 
classification, 73 
yield loss due to w eed s, 1 
herbicide behavior in soil, 51 
w eed control in, 73-82 

Irrigation, drainage and overflow , 52 
herbicide effectiveness, 51, 52 

Iron, 92
h ch iu 'w u m  rugosw H  Sa lisb ., 2 ,1 9 ,4 4 ,  66  
Ivory Coast, 35

I
Japan, 9 ,1 0 , 11 ,12 , 14, 1 8 ,2 1 ,2 2 ,1 0 0  
Japon ica rices, 5 2 ,7 0 , 72 
I t is fn ica  su ffru ticosa  I.., 15

K
Kenya, 35 
Kharif, 83
Knapsack spraver, 55, 56-57 
Korea, 10, 11, 12, 16, 18, 23

I.
Labels for hcrbicide, 59 , 60 
l.am bast, 55 
l.and preparation, 73 

m echanical, 73 
to control w eeds, 41

in direct seeded rice, 76, 78, 86 , 88  
in transplanted rice , 7 3 ,8 4  
in w ater seeded rice, 81 
in upland rice, 91
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in  d eep w ater and floating  rice, 96 
in d ry lan d , 42 
in w etlan d , 42  
lim ited , 42 

Latin  A m erica , 4 2 ,8 3 ,9 1 ,9 2 ,  102 
Leach in g o f  h erbicid es, 5 1 ,5 3  
l.ccrsia  h e x a itd r a  Sw ., 2, 2 0 ,6 6  
l .e p lo c h lo a  c h in e n s is  (L .)N ees., 3 ,2 1 ,6 6 ,8 7  
l.e p to c h lo a  sp p ., 2, 80 
Light,

for rice  grow th , 3 
rice-w eed com p etition , 3 
p en etra tio n , 43 

Lod ging,
Low land  rice  w eed s, 9 -2 4 ,4 2  
L u d ii'ig ia  o c lo v n h ' is  (Jacq.) R aven, 15, 66

M
M achete, 5 5 ,5 9 ,6 2  
M ad ag ascar, 35
M alaysia , 9 ,1 0 ,1 2 ,1 4 ,1 5 ,1 6 ,1 9 ,2 0 ,2 2 ,2 3 ,2 4 ,2 7 ,  

29, 3 0 ,3 3 ,3 4 ,  3 7 ,3 8 , 8 0 ,9 1 ,1 0 1  
M ali, 95
M an u factu rer o f  herbicides, 55 
M arsileaceae, 14 
Marsilea crenata Presl., 14 
Marsilea minuta  1.., 14 ,66  
M au ritiu s, 2 8 ,3 1 ,3 5 ,3 7  
M C PA , 5 0 ,6 3 ,6 6 ,6 7 ,6 9 ,7 1 ,7 2 ,7 5 ,7 7 ,7 8 ,8 0 ,8 1, 

82, 84, 8 5 ,8 6 ,  87, 8 8 ,8 9 ,9 3 ,9 4 ,9 6 ,9 7  
M ech anical transp lan ters,
M echanical w eed in g , 44 
Mf/oidogyni', 2 
M etolach lor, 101 
M etribu zin e, 101 
M exico , 9, 25 , 2 6 , 2 9 ,3 0 , 3 4 ,3 7  
M im ics o f r ice , 5 ,4 4  
M inim um  tillag e ,
M olinate, 6 6 ,6 7 ,6 8 ,7 0 ,7 1 ,7 5 ,7 8 ,7 9 ,8 0 ,8 1 ,8 2 ,8 4 ,  

100,101

M o n o ch o r in  v a g in a l is  (liu rm .f.)P n 'sl, 2, 3, 23, 66,
7 3 ,8 3 ,8 5 ,  95  

M o n o co ty led o n s, 7
M yan m ar, 9 ,1 2 ,1 9 ,2 0 ,2 6 ,2 8 ,3 0 ,3 2 ,3 4 ,3 7 ,3 8 ,8 3 ,  

95

N
N e m a t o d e s ,  2
N icaragu a, 32  
N iger,
N igeria , 10, 2 5 , 2 6 ,2 7 ,  30, 3 4 ,3 5 ,3 7 ,9 5  
N ila p a rv a ta  In  g e t  is, 2 
N itrogen, 3 , 4 ,  7 4 ,7 6 ,8 4 ,8 6 ,8 8

re co m m en d ed  tim ing of application , 43 
N ontilled  r ic e  fie ld s , 92 

e ffect o n  w e e d  flora , 1 
N ozzles, 5 6 , 5 7 , 5 8 ,6 1 ,6 3  
N urseries, 84
N utrient u p ta k e , 3, 4, 4 3 ,4 4  
Nywf’fwe s t c l l a l a ,  66 
iVym/iim/u i l c p u n c h it i s ,  2

O
O n agraceae , 15
O rg a n o p h o sp h o ru s  com pounds, 69 

in sec tic id es , 50 
O ri/za  b a r th i i  A .C h c v ., 1 ,2 ,6 7 ,9 5 ,9 8 ,1 0 1  
O ry za  g la b e r r im a ,  1, 101
O ry za  lo n g i f t n n i in a la  A .Chev. & Roehr., 1, 2, 41, 

67, 9 5 , 9 7 ,9 8 ,  101 
O ryzii n iv a r a  S h a r m a  & Shastry, 1 ,101 
Ori/za o f f i c in a l i s  W a ll, ex W att.’, 101 
O ry za  p u n c t a t a  K o tsch y  ex Steud., 101

O ryza  rufipogfrn G riff., 1 ,101 
O ryza  snhm  1.., 1,101
O xad iazon, 6 6 ,6 7 ,7 1 ,7 5 ,7 7 ,7 8 ,7 9 ,8 0 ,8 4 ,8 5 ,8 6 ,

8 7 .8 8 .8 9 .9 3 .9 4 .9 6 .9 7 .1 0 0  
O xisols, 92
O xyflourfen , 4 9 ,6 6 ,6 7 ,6 9 ,7 5 ,7 7 ,7 8 ,8 4 ,8 5 ,8 6 ,8 7 ,

8 8 .8 9 .9 3 .9 4 .9 7 .1 0 0

P
Pacific Islands, 102 
P akistan, 9 ,1 1 ,2 4 ,  2 9 ,3 1 ,3 7 ,  73 
P araquat, 4 9 ,5 0 ,6 2 ,6 6 ,  67, 68 
Partition  coefficient, 53

(wsjw/tfiifs (M ichx.)Scrilw ., 22 
t’afpalum distidutm  1... 2 ,7 ,  2 2 ,4 1 ,6 6 ,6 7 ,  100 
t’cnd im othalin , 66, 6 7 ,6 8 , 7 2 ,7 3 , 7 3 ,7H, 7y, 8 0 ,8 4 , 

8 5 ,8 6 ,8 8 ,  8 9 ,9 3 ,9 4 ,9 7 ,1(K), 101, 103 
Perennial w eeds, 1

effect o f herbicide, 50 
reproduction, 5 
under lim ited tillage, 42 

P ersistence o f herbicide, 52 
Peru, 9 ,1 3 ,1 6 ,1 9 ,  3 2 ,3 9 ,9 1  
Pest,
P henoxy acetic acids, 69, 72 
Philippines, 9, 10, 1 1 ,1 2 ,1 3 , 1 4 ,1 5 , 16, 1 8 ,1 9 ,2 0 , 

21, 22, 23, 2 4 ,2 5 , 2 6 ,2 7
2 8 ,2 9 ,3 0 ,3 1 ,3 2 ,3 3 ,3 4 ,3 5 ,3 6 ,3 7 ,3 8 ,3 9 ,4 3 ,8 3 ,8 5 ,  

9 1 ,9 2  
P hloem , 50
P hosphorus, 3 ,4 ,4 3 -4 4 ,9 2  
l’h otodrprad alin  o f h erbicide, 52 
Photosynthesis, 3 

C , pathw ay, 3 ,4
C , pathw ay, 3 ,4  

Pliysalii angulati), 6 6 ,6 7  
Pliytotoxicitv , 52, 68 
Pictogram s, 55
Piperophos, 6 6 ,6 7 ,6 9 ,7 1 ,7 2 ,7 5 ,7 8 ,7 9 ,8 4 ,8 5 ,8 6 ,  

93, 94 , 96, 97, 98 
Pislia ttraliotes, 95 
P lacem en t of herbicide, 49 
Plant height, advantages of, 4 ,4 2  
P lanting m ethod, 42, 7 4 ,7 6 , 79, 8 6 ,8 8 , 9 1 ,9 6  
Plant population, 7 4 ,7 6 , 8 1 ,8 4 ,8 6 ,9 1 ,9 6  
Poaceae, 16-22,31-36 
Poisoning, 63
Polycyclic alkanoic acids, 71 
Pontederiaceae, 7, 2 3 ,3 8  
Portu lacaceae, 37 
Portulaca oleracea L ,  3 7 , 6 6 ,6 7 , 9 1 
P ostem ergence herbicides, 51, 65 
Potam ogetonaceae, 7 
Potassium , 3 ,4 ,4 3 ,9 2  
Preem ergence herbicides, 5 1 ,6 5 , 76 
Preplanting herbicides, 50 
Pressure cham ber, 57
l’ retilachlor, 4 9 ,5 0 ,6 6 ,6 7 ,  7 3 ,7 8 ,8 5 ,  86, 88, 100 
Prevention o f weed introd uction , 41 
P ropanil, 4 9 ,5 1 ,5 2 ,6 6 ,6 7 ,6 8 ,6 9 ,7 1 ,7 2 ,7 3 ,7 5 ,7 7 ,

7 8 ,7 9 ,8 0 ,8 1 ,8 2 ,8 4 ,8 5 ,8 6 ,8 7 ,8 8 ,8 9 ,9 3 ,9 4 ,9 7 ,
9 6 ,9 9 ,1 0 0  

Propazine, 101 
P rotective clothing, 62-63

Q
Q uality ,
Q u in d orac, 6 6 ,6 7 , 7 2 ,7 3 ,7 5 ,  78, 8 4 ,8 6 , 8 8 , 100c 

R
Radiation  from u ltravio let, 52 
Rainfed rice

N  application tim ing,

classification, 83 
d istribution , 87 
tim e o f seeding, 42 
y ield  loss d u e to w eeds, 1 
w eed control in, 83-89 

Rainbow  trout, 6 7 ,6 8 ,6 9 ,7 1  
Rats, 6 8 ,6 9 , 70 ,71  
Red rice, 2 ,8 0 ,1 0 1  
Residual herbicide, 52 

nozzle type for, 61, 58 
Rice

diseases, 2 
d rou gh t tolerance, 4 
grow th requirem ents, 3 
herbicide tolerance, 72 
m odern  varieties, 42 
m utation, 3
susceptibility  to  herbicide, 5 0 ,7 2  
sim ilarities w ith w eeds, 4, 5 
traditional varieties, 42 
w ild species of, 2 

R ice cu ltu re classification, 7 
effect on w eed flora, 1 

R ice  dw arf, 2 
R ice grassy stunt v irus, 2 
R ice m aja blanca, 2 
R ice m im ics, 5 ,4 4  
R ice prod uction  cost, 1 
R ice stripe, 2 
Rice tu ngro virus, 2 
Rice-w eed com petition, 2 

ciitica l periods, 4 
factors, 3-3
in direct seeded flooded rice, 77 
factors, 3-4 

R ice  yellow  dw arf, 2 
R o t t lw l l ia  exatta ln  L.f., 36
Rolfiwl/iu ivch in ch in en tii (L our.)W .D . C layton, 

3 ,4 ,  3 6 ,6 6 ,6 7 ,9 1 ,1 0 3  
Run off of herbicide, 52

S
Safety,
Sam oa, 28
Scirpus maritim us L„ 1 3 ,6 6 , 67, 7 1 ,7 3 ,8 3 ,8 7 ,  99 
Sfirjx is spp., 8 5 ,9 5  
S eed , dispersal, 4-5 

dorm ancy, 5 
grow th , 3 
longevity, 
prod uction , 4-5 

Seed in g, m ethods for rice, 7 
rate, 79 
tim ing, 42 

Se lectiv ity  o f herbicide, 4 9 -5 0 ,5 1 , 54 
Senegal, 29
Sequential application , 65 
Seslmnia aaileata, 84, 98 
ScsIm hw  exaltnta, 80 
ScsiwiM sp., 95 
Si’tnr/n jjJuhcii, 66, 67 
Seturiu v ir i i i i i ,  2 
Shading, 3

effect on rice grow th , 4 
Sierra Leone, 10 
Signal w ords, 55 
Sim etryn , 5 2 ,7 0 ,1 0 0  
Slash  and burn, 91 
Soil, effect on C ,-C ( com p etition , 3 

h erbicide activity, 
m oisture, 5 1 ,5 2  
pH,
residual herbicide activ ity ,
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Si'rjffim/i )>/a»/(ir, 3 
Sciulli A m erica , 87 
Spacing, dense planting, 74, 76 

op tim um  fo r  rice plants, 43 
Spain, 36
Sphenocleaceae, 24

nylm iica  Gaertn., 83,85, 24,66,67
Sprayer, 

l iirk y , 56 
calibration of, 58 
care o f ,61 
leaks, 62 
nozzles, 63 
pressure, 58 

Spraying , 6 ], 84 
Stole seedbed, 79, 88, 92 
Sri La nk a /), 16, 19, 27, 29,33,34, 76,80, 85 
Sudan, 9,31,33 
Sugarcane, 2 
Sulfonylureas, 70 
Sulfur, 92 
Surinam , 20, U U  
Sym bols, 55
System ic herbicides, 19, 50, 51 

n ozzle  Ivp e  for, 58

I
Tadpole  s lu m p , 45 
T a n k -m ix , 65 
Tanzania , 35 
Tem peratu re

effect on herb ic ide a ctiv ity , 50 
effect o f va p o r pressure, 53 

Tha iland , 9, 10, 11,12,14,15, 16,19,2D, 21,23,24, 
25,27,28,29,30,32,33,34,35,36,37,38,80,83, 
95,101,

Thiobencarb, 65,66,67,69,70,71,72,73,75,77,78, 
79,80,81,82,84,85,86,87,88,89,93,94,96,97, 
98,100,101 

Thiocarbam ates, 52, 53,70 
T illa ge , 4 1 

d ry la n d , 42 
effect on  w eed flora, 41 
lim ite d , 42 
w etland , 42 

T im in g ,
o f lie i b ie ide  application, 50,77,78,79, HO, 81, 
82. 85, 87, 89, 93, 97 
o f rice seeding, 42 

T o x ic ity  o f  herb ic ide , 55, 62, 67-72 
Translocated herbicides, 49, 50, 52 

nozzle  typ e  fo r, 58 
Transplanted rice, 73,83 

ap p lica tion  t im in g , 43 
cu ltiva r, 84 
fe rtilize r, 74, 84 
h a n dw e e d in g , 75, 84 
herbicides, 75, 84 
herb ic ide se le c tiv ity  in , 50 
herbicide use, 75, 84 
land p re p a ra tio n , 73, 84 
nurseries, 84 
p la n tin g  m e th o d s ,74 
plant p o p u la tio n . 74, 84 
stand establishm ent, 73 
w ater m anagem ent in , 74,84 
weed p ro b le m s , 73,83 

I ransp lan ting , m anual optim um  sprayin g , 43 
yie ld  loss d u e  to  weeds, 1 

TnaiUhcnui monogvna  I.., 25 
Triiinthemn iw tu liK a s tru m , 4, 25,66, 67,91 
Triaz ines, 50, 70
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