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CHAPIER 1
INTRODUCT T CRY

The exploitation of hybrid vigour and repatierning
of canopy architecture led to the evolution of a new
éeneration of high yielding, photoinsenasibive crop varicties
;n the recent past. The availability of'thege improved
varieties has brought about radical changes in the
eropping system of the country. The northewestern plain
of India 1s well égﬂowad with abundant solar energy and
assured irrigation. To harnesg these nabural resources
more efficiently, ri¢e is fastly replacing meny of the
non=remmerative crops anﬁ.emerging as the principal
khardf crop of this traot.‘

Though rlce=thealt —covvmvis oo ciaciny pvrwacs
with the fammers of north and north western India, many
.of the technological hurdles still remain unresolved,
Because of the limitatlons of lzbour availability during
the peak farming seasons, the practice of transplanting
becomes quite difficult. On the other hand, terrific
weed competition makes dry seeding a losing proposition.
Thus as an alteimative, direct seeding on puddled goil
holds considerable promisc.



One of the major technological problems in
this context, is the extremely low efficlency of applied
nitrogen. It is paradoxical that the conditions that
favour the betuer growth and yileld of rice also
accelerate the losses of nitrogen. The problem s
ageravated by the lighteyr soil texbure which is the
mejor chax;act:e:tﬂ.stic of the northewest Indian upland
rice so0ils., In this context s study conducted at the
IART s revealed that the apparent recovery of applied
nitrogen was 52,2 per csnt for the transplanted crop,
but it was only 368.4 per cent for diract seecded rice
(Prasad and Prasad, 1980). Weed competition is a cardinal
factor responsible for the low nitrogen use efficiency
asgociated with direct-seeded crops . Under wesdy
conditions, the weeds deprive the crop of nitrogen to
the extent of 64 per cent of the normal uptake
(Kakati, 1976).

Water regimes play a dominant role in the
emergence and the type of weed flora. OSeverc weed
infestation concomittantly results in increased evapo-
transpirstion and decyeased water use efficiency. In
addition to this, water regimes are equally important
in deciding the extent of nitrogen losses through
ammonia volatilization, nitrification-denitrification



and leaching.

Tﬁeae factors yiz.nitrogen, water and weeds
do not onily act independently, remhgr they strongly
interact with each other. Lot of work in this direction
has been dons and useful information has been cbtained
for the heavy clay soils of the traditiomal rice growing
areas in north~eastern and southern Indla. Nevertheless,
these results per se are not applicable to the non-
traditionsl rice érowing areés. Moraover, very meagre
work has been reported from this tract on these

aspects.

In view of the above facts, an experiment on
the interaction of water regimes, weed control treatments
and nitrogen levels on direcct-seeded yice was planned
with the followlng obJjectives:

1s to study the response to nitrogen and the
extent of yield reduction due to crop-weed
competition under different syscems of

vater-management and weed control.

2 to understand the nutrient uptake pattern,

apparent recovery and assimilation of nitrogen



3e

e

as influenced by nitrogen levels, weed

control treatments and water regimes.

t0 estimate ithe nutrient losaes duz to

weeds. and

+0 explore the possibility of econanlsing
the fertilizer use in rice by taking

reocourse to weed control through herbicides.

LI



CHAPTER I

REVIEYW OF LITERATURE

In this chapter an attempt has been made to
.review the important research findings pertalning to
the direct seeded culicivation of rice. Hopever, in
cexrbain cases whfzm references are extremely sconty,
literature on transplanted lowland rice 1ls also

incorporated.

2¢7e Direct=seeding of Rice

The direct=seeding practices include broad-
casting or drilling pre-germinated seeds on a puddle'd
bed, drilling or broadcésting on dry soil and dibbling
in dry soil (Pillai, 1958). Stand establishment is
often poor under direct-seeding because of poor lend
preparation, high temperatum;l‘: (that occur in the
tropics), weed competition and poor weed control (De
Datta, 1981). '

However, under ideal conaitions, it i3 possible
to obtain similar high grain yields with rice transplanted
or direct=-seeded in puddled soil.(Mehapatra, 1969;
Mabbayad end Obordo, 1970; Singh et 2l., 1973c; Hukkeri
and Sharma, 1980), To obtain high yields with direct

Seeded rice, precise yater management (water depfhs



controlled with irrigation and drainage), good weed
control and optimum fertillzer management are necessary

(De Datta, 1981).

The process of puddling, the mechanical reductlon
in the apparent specific¢c volume of soil (Bodman and
Rubin, 1948) forms an integral component of the web
seeding system. Land puddling resulis in marked increase
in rice yields through improved vwrced control, establishment
of a reduced soll condition which improves soil fertility
and fertillzer management and reduced percolation losses
of water (De Datta and Barker, 1978; wWickham and Singh,
1978; Reddy end Hukkeri, 1979; Dayanand and Singh, 1980;
Villegas, 1980):

2e2u Weed Control in Direci-seeded Rice

2e2e¢1 Heed flora snd their biology

In dimét-seeded rice generally and in the
dry seeded crop particularly, weed competition is very
severej because the crop and weed seeds germinate
simultaneously and the v;eeds being more vigerous smother

the crop (Moody and Mukhopadhyay, 1982).

A wlde spectrum of weeds are i‘n.festing the rice
fields (Parker and Fryer, 1975; De Datta, 1978; Noda,
19603 Kim gt gl., 1981; De Datta, 1981; Chisaka and Noda



1983; Smith, 1983). Cyperaceae and Grominae are thé two
predominant weed families. Most of the weeds possess

the C 4 photosynthetic. pathway and provide a troublesome
existence for the C3 rice crop. lDicat weeds are
comparatively less in number and many of them belong

to the families of Scrophulariaccae, Copositae and
Lythraceae (Shankar, 19743 Matsunaka, 1983). Of all
these weeds, Echinochloa grus-zalll and its various

" sub-speclcs arc the common and the most difficult to
control followed by Elcocharis acicularis (De Datta,
1979; Noda, 1980). A striking example of morphdlogical
and phenological resemblance is found in the rice

mimic Echinochloa &m-gg_l;i var. oryzicola. Comparative
studies of gror.r‘th, development and pettern of phenotypic
variations of cultivated vrice, E, crus-galli var, oryzicola
end var. grug-galli demonstrated that gryzicola is

more similar to rice than to its close relative

(Barrett, 1981).

Yamagishi et 2l. (1978) studying the neighbor
effects between rice and E. crusgalll observed that in
both rice and £, crus-galli, the reproductive cffort
tended to decrease at high densities, but at different
rates. Assemat and Cka (1980) found that the aggressive-
ness of E, _g;_m_g—g_e_t?g._i_,, was highest at low densities 6.'5‘

rice. The reproductive effort 2lso increased with



increaesing density of the weed, while in rice 1t

decreased., Similarly, E. colona produced more tillers
than rice and yielded sbout 42000 seeds plant™

" (Mercado and Talatala, 1977; Mercado et al., 1978;

Pons, 1980).

202424 Logses due to yeed competition

The overall effect of crop=-weed competition
is a reduction in the economic as vwell as biological
yield of rice. The potential loss in rice production
for India on accoumnt of weeds Iis estimated to be around
Rs. 375 x 107 (PAL, 1975). The corresponding figure
for USA is $ 205 x 106 which accounts a 17 per cent

reduction ammually (Swith, 1979; Chendler, 1981).

Crops and weeds compete for the same resources -
nutrients, water and light. In addition weeds relezse
certain compounds into the environment which may affect
growth, nutrient uptake, photosynthesis, respiration
and conductance of xylem tissues (Rice, 1979). The
competition between the rice crop and weeds depend on a
number of factors suc¢h as the weed species, type of rice
culture, method of planting and cultural practices.
(BRRI, 1977; De Datta, 1979; IRRI, 1980; Iwata and
Takeyanagl, 1980a, 1980b; Ghobrial, 1981; Sarkar and
Moody, 1981; Smith, 1983).



- Yield reduction in upland paddy due to weed compe=
tition was as high as 90 per cemt (Ghosh et 2al., 1977).
According to Kumar and Gill (1982) loss in rice yield due
to wveeds in direct-seeded rice under puddled conditions

ranges from 10 to 70 per cent.

Reduction in grain yield wes caused by decreases
in tiller number, panicle number, panicle length, crop
grbwth rate, leaf area index, rate of ripening and light
transmission (Sierra and Hercado, 1975; Cahello, 19793 Kim
et als, 1979; Guh et al., 1980; Iwate and Takayanagi,
1980a; 1980b), The reduction in panicle number per unit
area due to weed competition was 37 per cent, number of
£1lled prains per panicle by 13 per cent and 1000-grain
weight by & per cent (Ghobrial, 1581).

2e2¢3s Critical gtapges in crop-weed competition

The rice crop suffers more duc to weed competition
during the early stage i.e. 20 days after sowing. The
longer the competition period and earlier it begins, larger
was the reduction in yield (Cezrson, 1975; Pereiro, 19753
Nair et al,, 19763 Ghosh gt al., 1977; Dubey gt al., 19773
flurakamd et al., 1978; Varughese and Nair, 1980; Ghobrial,
1981; lMoody, 1981a). According to Wells and Cebradilla(1981)
the critical period was from 2 to 9 weels after sowing of
upland rice,
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Naidu end Bhan (1980) suggested that for masximum
ylelds in drilled rice, the plots should be kept weed free
for the first 45 days. Corroboratory results wére obtained
by Kolhe and Mittra. (1987 It can be concluded that weed
competition is extremely severe in direct-sown rice.

The magnitude of yleld reduction due to weed competition
depends on the stage of the crop, nature of weeds and
Their intengity.

2e244¢  Ueed=fertilizer interactions

The extensive literature on the subject has been
revieved recently (Zimdahl, 1980; Moody, 1981b). Hence,

only the recent reports are congsidered here.

2¢ 2e e 1 Nutrient_removal by weeds

Weeds have a large requirement for nutrients and
thelr tissues have higher mineral nutrient content thon cro;
plants (Alkamper, 1976; Pons and Utomo, 1979). Crops plus
veeds from an unweeded area absorb ebout the same amount
of nitrogen as the crop from a weed free plot (Shahi et al.
19793 Moorthy and Dubey, 1979; Nanjappa and Krishnamurthy,
1980). Ueeds dlso grow faster then crop plents and thus
absorb the available nutrients earlier resulting in a
deprivation of nutrients for the crop plants. Therefore,

poor soil fertility, often seriously limits crop production
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because of the relaclvely greater wced growth at low
levels of s0il fertility which requires a substantial
proportion of nutrients available in the soil (Iruthayaraj,
1981; Ahmed and Moody, 19813 Moody, 1981b).

Regarding nutrient removal by weeds, the figures
reported by various workers (Kakati and Hani, 19773
Moorthy and Dubey, 1979; Nanjsppa and Krishnemurthy, 1980)
vary tremendously (7.3 =~ 62.1 kg N ha-1s 0.8 = 20 kg
P ha'1 and 27.5 = 64,8 kg K ha“1 for wet seeded rice)
depending on the nature of weed flora, soil and water
menagement practices etc. Mocdy (1981b) summarised these
reports and suggested that weeds growing in association
with wet-seeded rice remove approximately 27.0, 6.6 and

44,8 %z ha~1 of N, P and K respectively.

2¢ 2.4+ 2,Fertilizer use efficiency

Addition of fertilizers to weedy plots do not
compensate for the yleld losses. Without weed control,
increase in rates of N results in no increase in grein
yield (Long end Alkamper, 1978; Hoque and Akanda, 19793
Henrich, 1981). 'In fact, higher fertility levels often
cause proportionately greater weed growth and crop yield
reduction, because weeds are more efficlent in taking the
applied nutrients (Alkamper end Do van Long, 1978; Rajan
and Mehapatra, 1980). The relative growth rate of weeds,

veed number and weed weight increased with application
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of fertilizers particularly nitrogen (Kim and Moody,

19803 Sarkar and Ghosh, 1980). Thus, in heavily infested
fields ferstilizer application will have the opposite effect
and stimuletes weed growth to such an exbtent that the

crop plants will consequently suffer severe damage
(Seefuddin gt gls.» 19783 Glofintoye, 19803 Polthaneé.

1960; shmed and Moody, 19813 Pillal, 1981).

262050 Interaction between water regimes and weed
contfoi tieatments

The emergence of weeds and the Lypes 0of weeds

are functions of 301l moisiure content. Under dryland
conditions total weed population is higher then irrigated
conditions (Suzuki et al., 1975). According to Iruthayara]
(1981) soll saturation and altermate flooding not only (
failed to cuntrol weed growth, but stimulated its growth.
Eéhinc:;clrilga crus=galli, a hygrophytic weed, emerges and
grows best at soil moisture of 80 per cent of the water
holding cepaclty. Emergence and growth becomes increasingly
poor with increased submergence; when water depth reaches
10=15 cm Es cpus~-gelll stops gr‘owing- and most of the plants
die (Bhan, 1983; Podkin et al., 1983). The efficiency of
pre-emergence herblclde depended on so0il moisture conditions
after application. Vhen applied to dry bed and/or dry
conditions immediately folim-:ing.application, the effective-
ness was markedly low (Mann and Rick, 1979), In the case
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of follar applied herbicides, a decrezse in soil moisture
content resulted in a reduction in the amount of herbiclde
translocated to the growing point (Amarlal and Dos,

1980; Okafor, 1980).

It can be concluded that the fertilizer use
efficiency solely depends on the intensity of weed
infestation which in turn depends on the water menagement
practices. Better water management'not only controls
weed emergence but also improves the herbicidal efficiency.
Hovever, weed control through water control is not only

expensive, but ‘also inefficient.

26246, Chemical control of weeds in direct-seeded rice
2¢2.641. Bre-cmersmence herbicides 3 Butachlor (N-butoxy
methyl = oC « chloro - 2', = diethylacetanilide

Butachlor introduced by Monsanto Co., of USA in

1969, belongs to the anilides and glves pre-emergence contro
.of annual grasses and certain broad-leaf weeds in rice.
Regarding the spectrum of activity, butacnlor controls the
predoainant rice weeds, Echinochloa crus-galls, E. colona,
Eanicum gv., Fimbristylis miliscea, percnnial sedges such
as Cyperus rotundus and grasses such as Cynodon dagtylon
(Paul and Jacob, 1977; Pillai gt al., 19773 Mohamed Ali

et al., 1977; Moorthy and Dubey, 1981).
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Gunasena and Arceo '(1981) found that a rate of
1 kg asds h.a"" was sufficient to control most of the weed
species in a direct sown rice field. Other workers
observed thatarate of 0.5 kg ha™' applied 3 days after
sowing along with one hend weeding would suffice to keep
the weeds under check (Hogue gt gl., 1978; IRRI, 1982).
According to a large number of vorkers butachlor at the

L gave excellent control of grass

rate of 2 &g aels ha"
weeds and was an economic slternative to hend weeding
(Singh and Chauhan, 1978; Schiller and Indhaphun, 1279;
Mukhopadhyay and De, 1979; Jabio gt 2., 19803 Tasic
et gley 1980; ishmed and Hoque, 1981; lMukhopadhyay,and

Mondal, 1961; Ahmed and Islam, 1983).

- Butacnlor, like other members of the chloro=-
acetanides are indirect inhibitors of cell division in
higher plents dus to blocking of some regulatory or
biosynthetic step needed for the noreal cell division teo
occur; and thersby inhibiting seed germination (Fodtke,
1982}, The exact mechanism- however, is not knowm,

Toxieity to rice

The phytotoxic effocts on rice were of very minor
nature (Ryang, 1974)., Mohamed A1l et al. {(1977) reported
that even though fhere wvas an initial 5 per cent killing
of rice seedlings when butachlor (1 kg a.4. na™ 1) was appliec
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6 days after sowing, the seedlings racovered lacey on.
T;:].eranqe of rice to the chemical is a functlon of the
rate, time and genetic factors of the cultivar. fhmed
and Hoody (1979) reporied that rice plant is moderabtely
tolerant to bubtzchlor vhen applied 12 days after emergar;.ce.
The phytotoxic syuptoms at high rates of butachlor
include reductlon in plant height, culm Iength, fresh
wvelsnt, dry welght, nuzber of leaves, yoot elongation
and in‘smne cases deafh of seedlings (Guh and Kwon, 19753
Utomo and Mercado, 19603 Noriel, 1981). Ahmed and Hoqug
(1981) found that at 2 kg ha™1, the stasd count of rice
was signiflieantly reduced (43 per cent) and despite
excellent weed control, ylelds wers significantly lower
than the three times hand weeded plot. -

3 Bentazona (J=1sonrony
iadln2i N=O=one lwdioxide

Bentazone, a heterocyclic compound, was introduced
by BASF in 1968 for the post=emergense contyol of certain
broad-leaved weeds, Bentazone glves good control of a

large number of broad-leaf weeds in direci-soun rice,'

particularly Portulasca oleracea, Amaranthus viridis and
sedges, Cyperus gssulentus and Seirmus compactus S”
(Weerd, 1977; Sentos and Cruz, 1979; Akobundu, 19813 Gulid-ov
and Volkobyub, 19813 Menckt, 1983).
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The optimm stage for appllication of bentazone
was worked out to be 3=5 leef stage (Luls and Weerd, 1974,
19763 Santos and Cruz, 1979). Most workers found that a
rete of 1 kg a.i, ha™! or more could give good control of
dicot weeds in rice (Ulug, 1978; Besold, 1978; Santos and

1

Cruz, 1979). lHowever, a dose of 3~6 kg ha ' was required

to control Scirnus gompactus (Gulidov and Volkotrub, 1981).

The herbicide is absorbed through the foligege and
is primarily a photosynthetic inhibitor blocking the
electron transport system betuween photosystem I and II.
(511k et al., 19680). Lichtenthaler et al. (1980) reported
that bentazone not only blocked the photosynthetic electron
transport,, but also had additiocnal effects on cell
metabolism. It induced the formation of shade type
chloroplasts with a different ultrastructure and phenyl
1:ipid. composition,: It also induced the formation of brvader
and higher number of thylekoids (Buschmann gt gl., 1980;
Meler and Lichtenthaler, 1980, 1981; Meier gt al., 1980).
Selectivity 1s determined by the degi'ee of uptake, trans=
location and detoxification (Retzlaff and Hémm, 19773
Suwanketnikom gt al., 19785 Borner, 1979; Retzlaff gt gl.,
19793 . Fedktke, 1982).

242464 3. Propanil (3',4'~-dichlorooropionanilide)

Propanil belongs to the anllides and marketed by

a number of firms, 1s active against both amual grass



and broad-leaved wsaeds. It was found effective against
Rottboellia exaltata, Echinochloa crus-~galll, Oryza
punctata, B. golona, Cyperus rotundugs, Psspalum spe
Phyllanthus niruri, Egliote erecta, Cynoden dagtylon,
immannia baceifera ete. Control of barnyard g;zss'
(Echinochloa sp.) is the major use of propanil world over
{Ghosh, 1976, 19’%’?; Singh et al., 1982b; De Datta and
Herdt, 1983).

Singh and Singh {1976~77) evaluated Stam F=34
(146 = & kg a.ie ha™!) in direct-sown rice under puddled
conditions and found that a dose of 2.4 kg ha™! provided
the best weed controls Similar reports were also made
by Mercado and Razon (1977=78), Kaushik and Mani (1978),
Upadhyay and Choudhaxy (1979), Borgochain and Upadhyay
(1980), Kolhe and Mittra (1961); Kannaiyan et al. (1981),
singh and Sharma (1981) and Barbiker (1982).

Absorption is mainly through the foliégé and acts
through the inhibition of Hill reaction of phobosyninesis
(Siik gt al., 1980). Propanil is g potent inhibitor
of photosynthetic electron flow at the ‘'diuron site!
(Daniell gt al., 1981). At higher concentrations it also
adversely affected byﬁin photephosphorylation and the
chloroplast membrane (Fedtke, 4982).

Resistance of rice plants to propanil has been
traced to an enzyme 'aryl acylamidage' which rapidly
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hydrolyses the herbicide (Ray end S8il1l, 1975; Matsunaka
end Aoyama, 1981). Though selective to rice, in propanil
treated rice leaves, there was a temporary decrsase in
dry welght, pignents, protein and photosynthetic products.
However, there was complete recovery in 4=5 days (Daniell
et aley 1981). Xlang (1982) on the other hand, observed
an increased photosynthetic raté in propanil (0.5 per
cent) treated rice flag leaf at the beglmning of grain
£illing.

In the fina) znalysis, a nuuber of herbicldes ars
available for rice weed control; the mode of action in
most cases 1s nob exactly knowm. The rats, time and
efficiency depends on a number 0f factors such as the nature
and intensity of weed flora, soil and water management
practices etc. That is to séy such studies arc mostly
situation specific.

2e 3 Hater Management in Rice

Rice 1s a semi-aquatic spec;es and most ecotypes
grow and yleld best in submerged or 'vet paddy' conditions,
A major part of irrigation water in tropical Asia-goes to
rice production, but the efficlency of on=farm use may
averagé as low as 30 per cent in the areas well supplied
with water (Tomar and €0'Toole, 1980). In India, although
45 per cent of the irrigation water is diverted to rice,
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yet 1t covers only 38 per cent of the total cultivated
area under rice} leaving 62 per cent rainfed (CSE, 1982).
Thus the vast irrigated and rainfed rice growing reglons
of the troplcal Asia, with their current low waber use
efficiency illustrate the potentlal for improved water

management on an unparalled scale.

2¢30 1. Watep requirement and consumntive use

There are only a few reports available on the
water requirement of upland divect-sown rice. Some of
the reports on transplanted rice indicated varying amounts
ranging from 962 mm to 1615 mm depending on crop duration
and location (Pande, 1963; Mallick and Das, 1966).
Chowdhury and Singh (1968) have found that for direct-
seeded main season paddy crop (NP=130) irrigation and
total water i'equirements wvore 390 and 9€9 mm respectively.
These figures appear to be low as compared to the findings
of Nayak (1970) who reported that the water requirement
of upland drilled rice ranged from 1643 to 2166 mm
dzpending upon the method of water manageuent and Wann
(1978) who calculated the daily water requirement for the
rice crop betwgen 1525 mm. Simiiarly. Hukkeri and Sharma
(1980) working on a sandy clay loam soil of Delhi found
that the average wacer requirement for direct-sown rice
varied from 1640 mm to 2620 mm dspending uoon the water

management practice. Similar observations were also reportec
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by Singh et al. (1980).

Ghildyal and Tomar (1976) rocported that evapo=- |
transpiration (EF) was g‘reatest during early growth and
declined as growth advanced under condltions wﬁen levels
of incident solar radiatior; remained constant. According
to them, ET 1osées ranged from 515-8'25 mm, 'Grop trang=
piration was found to vary with canopy develcpment end
reached 3~4 mm day-1 at maxinum tillering end 5=7 mm day‘1
at heading (Tomar and O'Toole, 1979, 1980; Ghildyal, 1983),

It is clear from the above mentioned findings
that values for water use varled widely depending on
climetic factors, durotion, management practices and even
the methods used to estimate water use of rice. Therefore,
the figures obtained in one cultural system may nob
represent another,.

24 3420 Continuous submergence

The anantages of a submerged cultural system for
rice growth and yleld arc well documented : improved weed
control, nutrient availability end root activity,
regulation of temperature and pi, zlgal fixation of
aﬁmospheriq Na, increased photosynthetic efficiency by
reflecting sclar radiation ete. (Yoshida, 1981). The
following section entalls a brief review of the recent papers
on dlrect-seeded rice in this regard.
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The various yield components such as number of
panicles hill™?, number of grains penicle™!, plant height
and 1000 grain welght were favourably influenced by
f continuous submergence (Reddy and Hukkeri, 1979; De Datta,
1981). uaterlozging increased growth and yield of direct-
seeded rice compared with rice grown under condiftions of
aliternate wetting and drying (Biswas and Mahapabra, 19793
Panda gt ales 1979;: Reddy and Hukkeri, 1979; Hukleri and
Shayma, 1980; Sandhu gt zl., 19803 Khind and Ponnamperuma,
1981).

201l submergence greatly influences the availabi-
11ty of nutrients to the rice plant as a result of the
decrease in soil pH and redox potential (Eh) (Biswas and
Mahapatra, 19603 sonar and Chugare, 1982). I: imoroves
the availability of ¢, K, Ca, Mg, Fe and Mn and decreases
that of 81, S, Cu and 2n (Yoshida, 1981; Jones gt al., 1982).

2 3; S ternate £loodines and {0

Although there are mony advantages for land
‘submergence, it is often uncconomical bacause of the high
water requirement. Moreover, many workers have observed
no significant difference between continmous flooding
and alternate flooding and drying provided there is no
water stress during the critical stages (Yadawv, 1972, 1974;
Tenaka, 19763 Biswes and Mehapatra, 1979; Reddy and Hukikert,
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1979). There are two critical stages in the ontogeny
of the rice plant when submergence is essentiali tillering
and penicle primordial initiation to flowering (Vemadevan
and Dastane,s 19735 Jahu and Rao, 9743 Rajput, 1979).

_ Duon and Padwal (1976) in trisls with direct-soun
rice on a light textured soil found that there was no
significant difference in yields between irrigation at
U1 bar tension and submergence to 5 ¢m water depth,
'Similar results wers also reported by Subramanian and
Rajagopalan (1979), Mali and Varade (1981) and Snitwongse
~end Jirathena (1981),

Subramanien gt a2}, (1978) observed that irrigation
~at hairline ci-ack stage (0.3 bar) was not only as good as
subnergence but also resulted in 47 per cent saving of
irrigetion water end a high water use efficiency (WUE)

of 52 kg paddy ha cm""' of water. A considerable increase
'in' WUE {as high as 49 per cent) was reported in the case
of intermittent submergence over cozrbinubus flooding
(Krishnemurthy, 1978; Hukkeri and Sharma, 1980; Jha gt 2l.,
1981),

It can be summarised that land submergence is a
wasteful practice and result in low YUE. A considerable
amount of water can be saved by a proper combination of

moisture tension, its duration and growth stages.
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" ghemical properties of the soi} o

Jater regimes tremendously infliuence the nitrogen

turnover 1g the soil. Many workers have shown that
decomposition of organic matter and nitrification are
stimulated by alternate wetting end drying the soil

(Gooding and Mc Calla, 1945; Stanford and Smith, 19723
Stanford and Epsteins 19743 Reddy and Patrick, 19753 Rossual
19823 Savant and De Datta, 1982).

_ Water regimes also plaj a cardinal role in
declding the extent of nitrogen losses through different
processes. [For instance, NH3 volatilization is the
principal loss mechanism in a flooded system, vhereas
denitrification holds the key for the alternate flooding
and drying condition.

Ze 5. Uela égﬁ_ﬂloma golatj';liga‘t‘: 10n

Mitrogen in the flooded-s0il ecosystem occurs in
inorganic and organic forms, At any given time, Nﬂq*
predoninaites in the inorganic N pool, 1t comes from the
mineralization of organic IV, which supplies nearly 60 per
cent of the ¥ requirement of the rice crop (Reddy and
Patrick, 1976, 1978) and the epplication of fortilizers.
De Datza and Craswell (1982) studying the Mi,* dynamics
of wetland solls reported that NHA'*‘ - N is stab:l‘.e?:-':‘“ “;

-
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under reduced conditions., Nitrification proceeds at a
much slower rate in flooded soil system than in a drained
goil system (Franco and Munns, 1982) resulting in the
acoumulation of M, *-N. Iruthayara) and Morachan (1980a,b)
reported that NH? volatilization accounted 7.9 per cent of
applied N under soil saturation, whereas, it was only 5.5
per cent with 5 ca submergence. NHB volatilization 1s a
pH dependant process. In flooded solls planted to rice,
Nﬂ3 volatilization was hitherto not considered an important
mechanism of N loss. However, high pH conditions in flood
water can develop during sunlight hours as a result of an
imbalance between photosynthesis and respiration of algas
and aguacic macrophytes. Under these conditlons pH of

the water column can increase by 2 €0 3 undits during mid
day when the phobosynthetic process is actively withdrawing
002 from the systen. 'When urea or ammoniacal fertilizers
a;@ applied o the surface of these systems, significant
volatilization losses were - observed (Lyster gb gl., 19603
Reddy, 19823 De Datba gb ales 1983).

]

24 3ebe2, Nitrificatione=denitrification

Nitrification = denitrification reactions are known
to occur simultaneously in flooded soll - ecosystems. The
widely cited Mitsuli's model assumed that nitrification
takes place at the 'reduction layer! underlying the oxidation
layer. The NOEf'formad in the aercbic soil layer is leached
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down to the reduced zons where it is denitrified (Reddy

and Patrick, 1980a), Further Nos'"s are algo present in the
oxygen zone in rhizesphere adjacent Lo the rice roots
(Reddy, 1982). And there is a facultatively anaerobic .
ccotype of nitrite bacterium thet lives in close assoclatio
with denitrifying bacteria and both are active at the same
locus in the oxldation and reduction layers {Zhou and

Chen, 1983). Thus 1% can proceed under both oxldized and

reduced soll conditions.

In a soll subjected to alternate flooding and
drying, nitrification can occur when the soil is drained
and then the accumulated N03" be denitrified upon
flooding (Reddy, 1982): Zhou and Chen (1983) reported
that 35=52 per cent of the organic and inorganic nitrogen
supplied to rice is lost due to denitrification as
determined by isotapic _N15 technique.

However, these findings per se are not applicable
to soll-plant systems. Results obtained by Craswell and
Viek (1979a) albeit from studies using only short drying
cycles, indicated that intermittent £looding did not
promote N losses in soil=plant systems. Fuvrthermore,
Craswell and Vliek (1979h) and Viek and Craswell (1979)
have been unable to demonstrate any significant loss of N
via denditrifi cation (less than 5 per cent) in a conti-
nuously flcoded soil-plant systezﬁ. Intermittent ‘flooding
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of soil planted to rice did not increase the loss of N
(schrawat, 1981; Fillery and Viek, 1982). However,
denitrificatcion appeared to be an important mechanism in
continuously flooded fallow soils, accounting for the loss
of approximately 40 per cent of the apnlied Nto (Fillery
and Viek, 1982),

It is concluded that the aeration status of
the soil had a marked effect on organic matier breakdown.
Losses of urea~N from continuously flooded soils or |
interimittently flooded solls planted to rice are leas
likely to be caused by denitrification than by _
volatilization of NHB. Denltrification losses proceeded
uninhibited in fallow soils bacause of the elimination
of plant roots as an active competitor with the denitrifiers

for any NOE" formed in the soil,

20 b Nitrozen

Crop yiecld is influenced oficn decisively, by
the extent to which the plants' requirement for N can be
met. Thils varies greetly from crop to crop and from soll
t0o soil and from one climate ¢o another {Greenwood, 1976,
1962).

The yleld incresses obtained by N fertilizers
are mostly interpreted as K being = substrate for the
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syntiesis of orgenic N comeaouhds = proteins which are
congtituenss of protoplasm and chloropla.;ts. in addition,
the nutritional sta‘i'.u., in N can also be looked at fyrom
the hormonal view in so far as N stimulates meristematic
growth and cytokinin bioayntheais (Yoshida and Oriteni,
19743 Bgringex:.' 1980).

¢ Bele Cron_xegponse to nitrosen

rop response often daspended on several factors,
but chiefly on the crops demand for N, influence of soil
physical conditions on root -prolifemtion. distribution
of roots, NOB" and water relative to one another (Greenwood,
1982). There are several reports on direct-seeded rice
which highlight the fact that yield and dry matter
accumulation increased due to addlition of N fertilizers
(Socorrqﬁgp_ 8l y 19785 sSamul-gt gl., 1979; 3ingh et 21.,
1?79; Kmnax" and Sharna, 19803 Ghobrial, 1980, 19823
Lien, 19803 Saif and Rana, 196803 Upadhyay and Pathak, 19813
Heenan and Lewin, 19823 Singh gt sl., 1982a). .

| The response of rice yield to N can be attributed
to the response of the individual yield components ¢
penicle density, spikelet mumber, maturity ratio end 4000
grain welight (Vlel-{ et ale, 1979). Increased panicle
number, leaf area index, leaf area duration and N uptake
were -also reported by many workers (Clarete and Mabbayad,

1978; Muvrthy and Murthy, 1978; Rai and Murthy, 1979;
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Stone and- Steinmetz, 1979; Wilson and Mengel, 19803

Hogue and Khan, 1981). It wag found that higher levels of
N had a marked effect on delaying leaf senéscence

and thereby maintaining active photosyatheslis during the
ripening phase (CQQg. 1980; Yoshida, 1981).

2802 Nitrogen efficicney

Singh and Modgal (1979a) working on upland
rainfed rice reported that on an average the crop removed
61 kg N ha™1
N was absorbed upto tillering, 50 per cent upto panicle

and neayly 13 per cent of the total accumulated

initiation and 85«20 per cent upto heading. N supply
was found 50 increase significantly the N uptake (Singh
and Modgal, 1978, 1979b3 Reddy and Pabrick, 1980bs
Moore et al., 1981; Prasad and Prasad, 1983).

The productive efficlency- is primarily dependant
on the environmental factors particularly climate
(Murayama, 1979; Silva, 1980; Silve and Stutke, 1980;
Fagi and De Datta, 1981), fate of N. in lovland soils
(Hikkelsen and De Datta, 1979), N supplying cepacity of
the soil (Hauck, 1979), time and method of application
(Pillai and De, 1979; IRRI, 19€0).

Numeprous Neregponse experiments have ghown that
the recovery of fertilizer W applied to the rice orop
seldom exceeds 30~35 per cent. Even with best agronoaic
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practices and strictly controlled conditicns, it is

never more than 60-65 per cent (Viek gt al., 1979; Craswell
and De. Datta, 1980; Clerk, 1981; De Datta, 1981;

tang et als» 1981).

‘It has been concluded by Yoshida (1981) that
there:are two pealts in the partial production efficiency
for grain in rice. The N abscibed at the carly stage is
used to produce more straw than grain and vice-versa
at later stages. Moderabe or low levels of N topdressed
about 20 days prior to heading (panicle fertilizer) had a
high production efficlency.

The efficlency of utilization for grain
production in the troples is about 50 kg rough rice per
kg N absorbed (Yoshida, 1981) or 15-25 ks rice per kg
N applied (Prasad and De Datta, 1979). Kemmler (4980)
from experimeats in farmers' fields in India reported

that the yleld increase per kg N accounted to 9.6 kg rice.

In the final analysis, N fertilizers increasec
graln and protein ylelds. However, recovery of applied
N to rice is extremely low. Though recovery of fertilizer
N is not a goal in itself, the desired increase in grain
vield is a function of both N absorption and the efficliency
at which 1t is translocated into the grains. Regarding
the partial production efficiency, delay in application of



N increesed fertilizer utilization and grain N content,
but it was considered that early appllcation vas also
nasded to ensure vegetative development during early

grouthe

2elte S0 Nitrosen metabolism

Rice plants are adapted to reductive soil
conditions in submerged soils where N E is the mgjor
and stable form of N (Malvolta, 1954). Howaver, WOB" is
the predominant form in upland soils, and even in submerged
solls, N03" 1s reported to be present im the oxidized
layer and rhizosphere (Rajale and Prasad, 1974).

Seveyral workers have reported the edaptive
formation of nitrate reductase in younz rice scedlings,
Tang and yu (1957) first reported the presence of NR )
{(nitrate reductase) in 5 da_;,r 0ld rice seedlings. According
to Sagsakawa and Yemamoto (1977) NR in 21 day old rice
shoots was much higher than those in barley and soybean.
However, Rao gt al. (1979) observed that the in vivo
MR activity (NRA) in Pusa 33 rice seedliinzs growm under
lovland conditions was lovw as compared to other cereals

growvn under aerobic conditlons.

2ebe3v1le  Regulation of nitrate essimilation

Regulation of N03' reduction is achieved by
changing tne activities of the nitrate reductase (Mt) enzyme,
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It is usually regarded as a substrate inducible enzgyme
(Beevers and Hageman, 1969, 1972; HewWitt, 19753 Hewitt
et 2ley 19763 Srivastzva, 19803 Guerrero gt al., 19813
Franco and Munns, 1962). In most land plants, the
induction of NR 1is closely related to the supply of NOB“
and environmental conditions such as light, rutrient
supply, terperature, pH, 002 and 02 tensions} water
potential etec. (Shansr and Boyer, 1976 Chantarotuong
et ale, 19763 Sasakawa and Yamemoto, 1978; Misra gt ale,
1980; Natk gt ale, 1982}); Not only NO:,;' uptake, but
translocation to the side of reduction from the storage pool
also appears to play a critical role in the control of
NOBf reduction. However, specles differ in their
relacionship of NRA to NO;~ uptake (Steer, 1981).

The antagonistic effect of I\EHA"‘ on NOB- agsimila-
tion witih regard to the synthesis of the enzymes of NOB'
reducling system is evident. However, Jjust as in the cese
of Noa' enhancement of NRA, little is known about the
underlying mechenism of these effects. NH,% or certain
aninoacids are reported to prevent the NOB- induced increase
in NRA (Oaks, 1979). However, there are exceptions to
this I\Eﬂh*’ repression of NRA. Srivastava and Metha (1983)
reported thaet NRA is induced by NH,* in bean end maize
leaves both in the presence or sbsence of NOB-' They

suggested that fa}lh* aither directly or through some other



molecules induces the synthesis of an active NR molecule.
Simultaneously, it mobilizes endogenous 9503" out .of the
storage pool which activates the inactive.’” NR.molecule.
- Alternatively, increased reductant supply (Nai) in

the presence of NH&"'. or increase in enzyme:synthesis
through the induction of cytokinins vwas p:poposed by

these workers.

it can be concluded that rice plants can
utilize both MH,*- N and NOS™ = N. NO,” reduction-
principally takes place in the leaves. The process is
controlled by a number of environmental factors of
which NOB" supply and 1light are the principal oness

2e5. Water Styess Effects on Gpoyth end Development
of Rice

About one-third of the vorld's potentielly
arable land suffers from an inadequate supply of water
and in most of the remaining areas crop yields aye
periodically reduced by drought (EKramer, 1980). The
various physiologlcal, morphological and biochemical
responses to desiccation are a reduction in photosynthesis;
impaired translocation of photosynthates, floral development
and pollination, decrease in leaf water potential,
reduction in cell turgor, stomatal closure, impaired leaf
enlargeszent, leaf senescence, accumtlation of'ﬁmline

and abscissic acid and a reduction in NOB- assimilation,
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Several reviews have appeared recently on this (Begg
and Turner, 1976; Boyer, 1976; Henson and Nélsen. 19803
Hanson and Hitz, 1982; Parsons, 1982; Passioura, 1982).

There are several reports of drought effects
on rice cultivars (C'Toole st al., 1978; Corsini, gt al.,
1979; Hirasawa and Ishihara, 1972; 0'Toole and Moya,
1979; Cutler gt al., 1980a-d; Yoshida st gley 1981; Gueye
and Renard, 1982). Rice resists poorly to water stress
and limltations of water vapour exchanges by stomatal ¢losi
and leaf rolling followed a fall in the water potential
(Renard and Alluri, 1981; Nayek et al.s 1982).

AB a result of the increased resistance o
C_OE entry, the photosynthetic process is retarded.
Consequently dry matier accumulation, grain yield and
grain welght decreased drastioaltly, vhereas gtexrility
percentage of spikelets went up (Singh and Sahrawat, 1981
0'Toole and Moya, 1981; Ghosh gt 2].,» 1982). Stomatel
conductance to 002 exchange vas found linearly proportional
to the magnitude of stomatal conductance (Morison and
Gifford, 1983).

2¢5¢10 H_O{ assimilation under water stress

NRA 1s sengitive to water status of plants and

is inhibited vhen the water potential of plants decline



(Beevers and Hageman, 19693 HMorilla gt al., 19733 Malil
and Metha, 1977). The inhibition was due to a direct
effect of water potential on enzyme activity (Morilla
et 2l.s 1973) or a possible inactivation of the enzyme
under stress (Sinha and Nicholas, 1981).

Shaner and Boyer (19765,!1) yorking with malze
hypothesised that the decreased movement of NOB- into the
induction site of the enzyme from the storage pool is
the cause of the low NRA under water stress. Lahird
(1980) found that water and NOB- followed a uniform rate
of uptake and a decrease in transpiration decreased both
water and NGB— uptake. Hence, a low level of NOB- in the
induction site may result in low NRA,

~ O'Toole and Baldia (1982) found that transpira-
tion rate, the most sensitive parameter under water stress,
and nutrient uptake were highly correlated. Sub-optimal
N nutrition sensitizes stomata to water stress, causing
stomatal closum. at a higher water potential than normal,
Low ¥ also promotes absclssic acld accumulation in leaves
and stomatal closure (Irewavas, 1981; Radin gt al.,
1982),

2e5a 2 Proline accumilstion

A renge of amino acids accumulate to a greater
or lesser degree in different organisms during an cpisode
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of water stresa. But the most frequent and extensive
response in most plants is an increase in the concentration
of the imino acid, proline (Singh et 2l., 1272, 1973a;
1973bs: Aspinall gt ale, 197355 Aspinall and Paleg,

1981) «

Mali and Metha (1977) reported that in a drought
tolerant rice cultivar, free preoline accumulated to the
extent of 5.4 fold under stress vhereas it was only 1.2
fold in a drought susceptible cultivar., Proline
accunulation in the leaves of stressed rice plants, thus
was positively correlated with drought resistance
(Chu end LL, 1979).

The various functions attributed to such an
accumulation are (i) osmoresgulation (2). protection of
biopolymers (3) conservation of energy and amino groups
and (4) as a sink of soluble N (Aspinell ond Paleg,

19813 Huber and Eder, 1982). However, the adeptive
significance of such an accumulation under water stress
has not been very clear. bDuring senescence of rice

leaves also, it wos observed that proline eontent increased
(stewart and Hanson, 1980; Kao, 19813 uang gt al., 1982).
Therefore, proline accumulation in water stressed leaf
tissue is a deleterious consequence of internal water

deficit and hence drought tolerant genoctypes should
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accurnulate less proline than éusceptible ones:under .
identicel conditions,.

To sum up, among the cnvirommental variables
affecting plant growth, water stress is one of the most
important. an cepisode of water stress induces several
responses in the rice plant. Decrease in NRA and increasg

in free proline are prominent among them.

LE X ]



CHAPIER IXIT

JATERIALS AND MILHODS

The experiments were conducted in £ield and
pots. The objective of the field trigl was to study the
interactive effects of nitrogen with weed control
treatments in direct seeded rice (Qryza sative L.), uader
two systems of water management., The pot culture experiment
was undertaken to0 investlgate the growuth and nitrogen
assimilation in rice plants as affected by moisture yregimnes.

Zele Field Studies

3e1+1.  Location

The field studies wueiw cuimuGLEy U @ HIUGY CLAY™
loam so0il of the Main Blook 14-C of the Indian Agricultural
Regsearch Institute Farmm, New Delbhi (77°12'E, 28°40'N,

228,6 m altitude) during the kharif seasons of 1982 and 1983,

P Py Climate and weasther conditions

Delhl has a sub-tropical gemie-arid climate with
hot dry summers and cold wvinters. The mean amual precipl-
tation is around 710 mn (average of past 30 yesws), most of
vhich is received from July to Sentember. Mean weekly
weather data in respect of some of the imnortant meteorological

parameters recorded at the meteorological observatory of the



RELATIVE HUMIDITY (%)

1o 210
1001 200+
so+ 1904
80+ 1804
701 170 T
60T 162
50+ 180T
404
30+ 1307

20+ 1201

10+ 110-#

[=]
—

FIG. 1.

METEOROLOGICAL

DATA FOR THE

CROP SEASONS.

140 1

100 1+

o ~1 @ w
o o o o
} 1 1 1

T T T

T

o
o
}
t

~ w
(=] [=]
1 i
¥ H

(=]
’
-

RAINFALL (mm )/‘JEMPERATURE (°c)
o

o

@Ol

~ 0.

T

RAINFALL

o—o MEAN MAX,

o---@ MEAN MIN,

&—=a MEAN MAX,

x~-~-x MEAN MIN,

TEMP.

TEMP,

PAN EVAPORATION

RH

‘RH

s9---0-. O

~g---0

o
»
-
m

MONTH

‘:‘ [ 2 : -: - ™~ ~ 2 ~r = 2 : o~ -]
L T A T A S T R A L
o ~ ~y — [+ +] [T -— w o~ o u o~ o< o ™M
Ny - =~ ™~ - N~ - - =~

JUN' JuL 0 AUG ) SEP  oCT

Q\&’_( 4o | | h_‘3____0____0,--‘!)
@ N B ~OH H - @ -~ K - H - H - O

O=--"Q—_ -G Lo ¢ RPN
wn ~ o w =] o m (=] B~ om = ~ 2 - @
e~ -— o~ ™ — ™~ o~ A o~
R T Y I S T I A Y Y R
o w m o e~ ~3 - 8 ~3 - ~r — @ w ~
-— ~ — -~ ™ —_— N — - ™~

17 1r T T
JUN JUL AUG SEP oCcT




38

Water Technology Centre, IARL are presented in fig, 1 and

“Appendix I.

The’total rainfall received from June to Gctober
were 676.3 mm in 1982 and 7%0.1 ma in 9983, The rainfail
pattern was normal during 1982, However, the year 1983
was chapracterised by a higher amount of precipicvation as well
as 2 larger number of rainy days; 41 as against 31 in the
preceding years The fiean minimum relstive humidity was low
and the pan evaporation rate was higher in the 1982 crop
season compared to that of the 1983,

3e1+ 3. Cronnine Qistogx of the field

The cropping sequence of the experimental fleld for
the three preceding years of the commencement of the present
study vas rice followed by vhicat. The experimental field
was made uniform from the fertility standpoint by taking
wneat in the pabl season without fertilizer applicstion both
1n 1981-82 and 1982-83

3e1e4s Rice cultiver 3 Pusa 33

Pusa 33 is one of tne short duration verieties (105
Qays) of rice having higﬁ yield potential., It is
developed fyom the cross betueen Impfoved.&dbannati and Ratna.
fhe variety is characterised by highly synchronous tillering
habit, ecarly seedling vigour, slow leaf senecscence and good



39

grain quality.

Je1e54 Physico=chemlcal chapaciceristics of the soil

. The physico-chemical characﬁeristicé of the soi}”::
are giveﬁ'in Table 1. The soil is sandy clay=loam in ;
textbure with moderate water<holding capacity and bulk density
ranglng from 1.48 to 1.52 g ca™2. The s0il was low in
trogen content and medium in available phosphorus and

potassiun status,

3616, Ground water table

The periodical fluctuations in ground water _____
of the experimental site were measﬁred at weelly intervals
(Fige 2 and Aojendix II)., It ranged f£rom 223 cm to 40 cm
from the ground level in 1982, The corresponding figures

were 220 cu to 36 cm in the subsequent year,

SaleTe Soil moisture characteristics

Composite soll samples from five losations at soil

' depths of 0-15, 15=30 and 30«60 ca were air dried and ground
to pass through a 2 mm sieve. The soil moisture characteristic
were determined with a pressure plate = pressure membrane

apparasus and pregented in Filg. 3a=c.
3¢1¢8.  Lavout

The experiment was laid out in a split plot design
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Table 1. Physicoechemical properties of the soil
Ae Mechanical composition (Hydrometer Method : Bouyoucos, 1962)

Constituent . Percentage
Sand 51.2

Silt 2242

Clay 26.6
Texbural class ‘ Sandy clay loam

Be Physical propertles

Properties Soil denth (cm) Method used
0=-15 15«30 30«00

Field capaclty (% w/w) _ 18.65 18.04 17.G5 Field method (Colman, 1944)

Pemmanent wilting ($5 w/w) 8. 32 7.50 6.02 15 atm. tension value (Richards
and Veaver, 1943)

Bulk density (g cn™2) 1,48 1,52 151  Core Sampler (Bodmen, 1942)

C. Chemical composition

Particulars Content HMethod used

Organic carbon (95) 047 walkley and PBlack method (Jackson, 1967)
Total nitrogen (35 0. 043 Modified Kjeldahl) method (Jackson, 1967)
Available phosphorus (kg ha"'l) 2120 Olsen's method (Olsen, 1954)

Available potassiuam (kg ha™71) 178. 60 Mame photomesric method (Jackson, 1967)
pH (132.5 soiliwater) Tols Blico pH meter (Piper, 1950)

EC (mmhos cm™ | at 25°C) 0047 Solubridge method (Piper, 1950)



FIG.3. SOIL MOISTURE CHARACTERISTIC CURVES.
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with three replications, the debails of wihich are pr@‘ﬁenﬁed

balous.

Main plot treatments 6 (2 water regimes x 3 weed
control treatments

Sub=plob treatments ¢ 4 (nitrogen levels)

Total number of plats 3 72

Gross plot size: | Vnx2m

Net plot size: 8m X Tobm

3419, .Details of btreatments

As - Main plot btyeatmenbs
(1) Soil moisture regimes

141 Continuous £locding (7=0 om)
i, + Alternate flooding and drying (0-0.02 MPa)

. (i4) deed control treatments

Wy ¢ Weedy check (no weeding)

Wy ¢ Butachlor 1 kg a.i. ha"1 (Formulation 3
Machete 5 G of Monsanto Ltd. India,
® 20 kg ha™ 1) . |

wp 8 (1982). ~ Bentazone 1 kg aecdle ha™?

" {Formulation, ¢ Basagran = 48% of DASF
@ 2,08 1 ha™")

.

wp ¢ (1983) = Bentazone 1 kg a.i. ha"1 +

‘ Propanil 2.0 kg aele ha=1
(Formulation 3 Stam F~34 = 35% of Rhom znd
Hags @ 5,70 1 ha™ ) ’

The weed control treatments in 1982 consisted of
weedy check, bubachlor and bentazone. Howzver, in the

subsequent year the bentazcne treatment was supplemented with
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propanil to control the predominantly grassy weed flora
since bentazone alone failed to control this group of
weedé in the first year.

The Vi and £ treatments vere hand weeded onca
around the 40th day of sowing in both the years.

B. Sub=nloi treatment

Nitrogen levels (N kg ha™1)

ng - 0
ny = 50
n, - 100
n3 hnd 1 50

3+1s10. Schedulines of irrigation

Strong ridges were made around the individual plots.
Tensiometers (vécuum guage type) were installed at a depth
of 15 om in all the alternate flooding and drying plots to
measure the soil molsture tension. Tenslometers were read
daily in the morming (0700 h to OE00 h) and irrigation was
applicd a8 soon ag the tension reached the pre-gesignated
level. Approximately 5 cm of water was applied at ecach
irrigation through a 7.62 cm Parahéll Flume installed at the

head of the experimental fleld.

3e1e11e lHMethod of herbicide application

Pre-cmergence application of butachlor was done
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four days after sowing. Hachete gramiles weighed for
individual plots were taken in polyethylens bags and
thoroughly mixed with about 1/2 kg dry soll. The mixture
was then applied uniformly over the entire plot. A thin

£ilm of water was present at the time of oppllication.

Post-emergence herbicides wers applied 26 days
after sowing. In the first year, when only bentazons was
tried, the desired amount of the chemical was diluted

1and

with wiater-at the rate of approximately 800 1 ha”
sprayed with a foot sprayer having a fan type nozzle; In‘
the subsequent year, both bentazone and prepanil veres mixed
in required quantities with water at the same rate gnd

sprayed, Care was taken to avold spray=drift.

321412 Feptilizers and fercilizer aonliecation

Nitrogen was given as urea in three equal splits
(1) a week after seeding (2) tillering and (3) panicle
indtiation stages. Supmphospha‘te_ and murdate of potash
wera applied at 50 kg camch of chs and K,0 at the time of -
final lend preparation.

e 1 «13. Seecds and sowing

Eighty kg of pre-gemminated seeds (by soaking for
approximately 24 h in water &nd then hkeeping in a wet gunny
bag for enother 48 h under shade)were drilled per hectare
into the tyice puddled and levelled beds, using a seed drill



in the first year of ex?erimenﬁation. However, in the
subsequent year seeds were broadcast onto the puddled beds
because the drilling operation was found nat'only cumbersomne
but also it did not give higher yield as oomparea to

the broadcast sown crop (S8ingh, unpublished).

~ The plots were irrigated similarly for about the
first 15 days and then the irrigation schedule was

commencedas

3e1e14. C2lenday of eperations

Scme important cultural operations other than
irrigation are given in Table 2. The details of irrigation
are presented in Apsendix III,

3! .i . 150 Sam:‘J_J‘inq technig;ue

W

Samples were taken from the pre-designated sample
zonas on elther side of the plot excluding the border
roOuSe Crnb and weed samples were perifodically collected
from these sample zones. Lvery time, plants weére taken
£rom an area of 0.5 m? (0.25 m? each at two locations) in
each plob. |

5¢1.16. Studies on weeds Sﬁged nopulation and dry welgnl

lieed counts yere taken from an area of 0.5 m2 in
each plot on 35, 70 and 100 days after sowing. The weeds
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Tahle 2+ Calendar of operations

Geration Date

1982 1983
Discing and levelling 16,6,82 10464 83
Preparing the layout
main bunds, channels’etc. 16.6.862 13.6.83
Flooding the field and 21.6,82 14.6.83
puddling
Puddling, application of 25.6,82 226483
besal dose of P,Uz and K. O '

25 2

Seeding 28,6, 82 22,6.83
Applicetion of bubachlor FoTe 82 27.6.85
Pyaparation of sub=-plots Ge 74 82 28.6. 83
Application of first doszse 50782 F0e6.83 -
of nitrogen :
Irrigation schedule
(Given in Appendix IL)
Application of post- 17 7. 82 12. 7. 83
emergence herbicides
Nitrogen top dressing 20, 7. 82 19. 7. 83

164 8. 82 10. 8. 83
Hand veeding wy and w, 0.8.82 1.8.83
treatnents
Harvesting, threshing, 11=15.10.82 5=10+10,83

cleaning etc.

Ty Ty Ty TG TRy g g Ty Wy T Ty Ty g Nty g g Ty g =

Ll Rl P L P S R T e



removed from this area were dried to constant welghts

at 70°C in an oven and converted to g m‘a.

309417, Studies on pice

Growth parameters’ The plant height v.-:és 'measure-d from 'ﬂ-.ve
rondom plants at tillering, flowering end maturity stages.

The plents from two locations (0.25 (" .each) in the sample
zone of each plot wexre harvested at the above phenological
stages, dried to constant weignts at 7d°c and e;g:ressed- as

g m"a. The total number of tillers and the ear-bearing tillers

were also counted Ifrom an arca of 0.5 m2 angd the values

computed for one ma.

Yicld oand vield attribubes: The net plots were harvested

separately after cutting and removing the border and sample
zonés; The grain from the indivlidugl plots were cleane;d.
suddricd end welgned. The results were exoressed on 14

per cent moisture basis. Strav was sundried for 4 days and

weilghed separately.

Panlcle characiters such as length of panicle, total
numbcy of spikelets per car and mumber of grains per ear ware
taken from 10 randomly selected ears. The weight of 1000

grains was pecorded using Numigral Seed Counter (Teaator.'

Sweden).

Harvest index wes calculated as follows:

HI = YEecon.i/Y(biol). where, HI = Harvest index,
Y(econ.) is the economic yield and Y{biol) is
the blolozlical yield



a7

3+118. Chepical gnalyses

Rice and vweed samples collected from individual
plovs at tillering, flovering and maturity (harvest) were
separately analysed for nitrogen (Kjeldahl method),

. phosphorus (Vanadomolybdo phosphoric yellow colour method)
ahd potassium (Flame photometry) contents’ (Jackson, 1567s
Prasad, 1982).

Fe 119« Chloronhyll congent of rice leaves

The chlorophyll content in fully expanded upper
rice leaves was determined at the panicle initiation stage
as per the method suggested by Arnon (1949).

"

3¢1420., Nubtprient untake and crude protein gontent

S Hitrogen, phosphorus and potassium wptake by the
rice crop and weeds_anﬂ alsc the crude protein content in
hulled rice were campqted from their yespective elemenﬁal
concentration. 2he factor used for deriving protein

content was 6,25,

- 31221 Apparent recovery of annlied fortilizer nitrozen

Apparent recovery of applied nitrogen was calculated
by the difference method using expression : Apparent
recovery (%) = (Nf - Ng) x 100/N applied kg ha'1. vhere N,
and Nc are nitrogen uptake kg ha"1 in fertillized and control
plots respectively.



- BeMe22. Haber yeguirement and yater uge‘ efficiency

Water requirement for different irrigation treatasnis
was obtained by adding effective rainfz11 (80 per cent
of the total rainfall received, Dastane, 1974) to the
amount of water used in the experiment. Water use
efficiency was calculated by dividing grain yleld with the

respective water recquirenent for different treatmentis.

- 3.2,  Pot culture Studies

Fe2+1s  Plant maberdal and culbture

Rice cultivars Pusa 33 (drouzht susceptible)
and-Pusa 312 (derivative of the cross between Pusa 2-21
- and N 22, drought tolerant) seeds were sown in porcelain
pots (24 cm dia and 25 cm deep) in a green house. Twenty
seeds wera sown in each pot conbtaining approximat:ely' B3
kg sandy clay-loam soil (physico-chemical cherucberistics
of the soil are described in the previous section).
Superphosphate and muriate of potash vere mixed with the
soll at the rate of 50 mg each of P,0; and K0 kg™' of
the s0il before £11ling the pots.

The experiment was conducted during the summer
season of 1983 (HMarch to June). The meteorological data
are given in Appendix I. Seeds were sown on 14. 35,1983 .
and the pots were uniformly watered for the f£irst 15 days.
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Thereafter irrigations yere given as per the treatment
schedule,

502624 Treatments

The trcatments consisted of combinztions of 2
cultivars, 3 levels of nitrogen and 5 water reglmes each
replicated thrice.

Cultivars
V1 t Pusa 33
vy 3 Pusa 312
Nitrogen levels (mz ke 3011‘1}
By 3 0
n, ¢ 100
n, $ 200

Nitrogen was glven as an aqueous solution )
(3.675) of urca twice at 95 and 45 days after sowing.

Moisture regimes

my 8 Subnergence to gaturatlon

my-3 0-0.025 MPa soil) moisturc tension
mg 3 0«0,05 @MPa so0il moistur: tension
mg, t 0-0.075 MPa soil moisture tension

Mg 3 0=0.90 [Pa soll moisture tension
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~ Water application was scheduled using tensiometer
(Gauge type) installed in each pot except the m, treatment
Water was applied as and when the pm-des.}gxated..soil
moisture tensions were reached. Irrigat‘;!;opﬁ' were limited
to once a day in the morning. Visual éggppg‘:oms of water
stress such as wilting and leaf rolling ue:r.e very common ir
the drier treatments. Consequent to the Qi‘olonged wvater
stress throughout the growth period, 'l'::l;;e_ séverely stressec
plants (ms, m,, and m5) did not produce any panicles even
after 100 days, when the experiment was ferminated.

3. 2e Se Ba_ﬂlglin!?i

Sampling was done betwzen 0800 h to 0900 h., At
each sampling date, composite samples consisting of one
plant each .from g1l the three replicatasr wére used for
mea.,uring leaf area, dry ueight, in 1__0_ nitrate réductease
activity (NRA) and free proline conl:ent in the leaves,
The shoots were wrapped in moist muslin cloth and brought
to the laboratgyy.

3. 2.9!

The in y_i;m NRA in the uom,mosu thrae fully

expanded leaves uas determinsd by the mev..hod of Klepper
et ai. (1971) and. Hageman and Huckléby (1971) with some
mogification (Nair and Abrol, 1977). The amount of
nitrate reduced was determined by the ;_'ngijhpq suggested
by Evans znd Nason (1953).
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Determination of free proline in rice leaves

Free proline content of rice leaves wms determined

by the method of Bates (1973).
Fe2sBe Leaf area 1sht and nit height

. The leaf aresa of 3 sample plants from each
treatment was measuyed pericdically using an auwtomatic
Leaf Area Meter (Model 3100, Li~cor). The leaves and
stalks of the above plants were oven dried to constant
welghts at 70°C and weights recorded. Plant height was
obtained by measuring 5 plants in each pot and then
cémputing, thelr mean.

Fe2s6, Nutrien take and concentration

The procedure adopted i3 given in the previous

section.

The data relating to each'charécter were analysed
statistically by applying the technique of Analysis of
Variance end the significance tested by 'F' test (Cochran
and Cox, 1957). The data on weed population showed
considerable variation and hence were subjected to square

root transformation before analysis. Treatment means



computed from the original values are also provided
along with the transformed values. Response equations
for grain production as a function of nitrogen levels

were fitbted for different weeii control treatments.
3. 4 ©  Bconomics

Costs of production of all treatment coambinations
were worked out on the basis of the preveiling input cost
and market price of grain and straw. The net income per
hectare was calculated by deducting the cost of production

per hectare from the gross returnsper hectara.



CHAPTER IV

RESULTS

The experimental findings are presented in
this chapter; data pertaining to the field emperiment
are followed by that ~° the green house studies.

Lh Te ;ll_;_c_e.
tl'u 100 Growkth characters o jea

kb1o1u1o P ant' heleght

The daca on plent height at various phenological
stages are given in Table 3. The two water regimes failed
to exert any si@ificant influence on the height of rice
plants at any stage in the ontogeny of the crop in both
the years. The weed control treatments also behaved in a
simllar fashnion, except for the tillering and maturity
stages in 1983, It is seen that the mean height of the
rice plants 1n the weedy plots was more than the chemidal
treated ones in the beginning. But subsequently this
advantage In terms of increased plant height was not evident.
In other words, the plents in the weedy check had a lower
stature than those in the herbiclde treatments at all

subsequent observations.

Increase in the level of nitrogen significently
enhanced the plant height. At maturity stage, however; the



Table 3. Plent helght and tiller number as affected by water regimes, weed control treatments
and nitrogen levels

Treatments ' Height oF plants {(cm) Tiller number (r_n-2)
Tillering Flowering Maturity Total BEffective

stance tage
1982 19§3 §§ §5 1962 1985 192 5 1062 1983

W"-—-l—ﬂ---~-—-——ﬁ-~ﬁw‘—“-_m‘“-"—-n--n—--nﬂﬂﬂﬁq---—--

Hater regimes

Continuous ﬂooding 37- 7 - 37- 6 65. O 75. 3 ?6. 3 ) ?9- 9 2350 6 212« 4 200.2 4 80.8
Alternate flooding '

and drying 37.2 380 67.7 73.8 T76.2 8.7 220.8 217.1 18063 178.6
B! test : NS NS RS N3 NS NS NS N3 NS N3
S.Em + 0.5 0,9 1.1 0.7 1.0 1.6 7.6 4,9 6. 7 4,9
CD (0005) - - - - ’ - - ‘- - - -

teed conbrol

srzatments

Weedy Ch@Ck 38- O 41- 2 64. 9 75. ll' ?5. !!' 75. 6 1780 3 1 22 7 1430 6 101. 1

Butachlor 37.0 36u4 66.8 The5 6.6 84,2 299,2 277.0 264.7 226.0

Bent azone 37- 2 - 6&'. 9 - 76- - 2070 0 - 162. Lﬁ' -

Bentazone + Propanil =~ 358 - 73.8 8122 - 2L:, 5 - 212.0
'R test - NS * NS NS NS @ ® i nR Wit W
S.Em g 0.6 et 1. 4 0.9 1.2 1.9 . 9.3 0.0 8.2 6.0
cD (0.05) - 3.5 - - 6,0 29,2 18,9 25.7 19.0

Nitrogen (kg na™T) .

50 35.6 36,6 63.4 T3.2 T76.7 E0.0 223-_9. 186.8 187.0 160.7

100 38,6 38,5 66.4 76,6 76,1 81.5 243.2 259.0 205.7 216.9
150 38,1 1.7 T1.3 7.6 77.0 8i.1 248.5 260.6 209.1 215.0
'#Y test e Hir T ot NS NS " wir B »
S.Em +E 0.6 0.3 1.3 - 0.9 1.0 0.9 ?-6 8.2 6 5 8-1

cD (0.05) 1.7 0.7 37 2.6 - - 21.9  23.6 18,7  23.2

%4



35

differences betwmén nitrogen levels were not significant,
though a general increesing trend wss visible even at thet
stage in both years.

- Belels 2o ’I‘qt:g;_‘ numnber of tillers g"'a

Cbservacions recorded on the total nmqber of
tillers at the panicle emergence stage are summarised in
Table 3. The number of tillers were in general higher in
the year 1982. Irrigaticn treatments failed to have any —
significant influence on the tiller number in eithexr of the

CTOp Seasons,

fmong the weed control treatments, application
of butachlor produced significantly more tillers (299.2
and 277.0 compared to 178.3 and 122,7 in the weaedy check
respectively in 1982 and 1983), Bentagzone was found to be
gtatistically at par with the weedy check in 1962, However,
in the subsequent year vhen it wss supplemented with
propanil, there was a substantial inoreage in the tiller
number per unit area. .

* Nitrogen application significantly increased
the nunber of tillers in both the years., Nevertheless, the
treatments receiving 50 and 100 kg N na™? in 1982 and 100
and 130 kz ha™? Ain both the years were found to be statis-
tically at par, though each of these nitrogen levels was
considerably superior to the no nitrogen treatment.



g6

The imteraction between weed control trestments
and nitrogen levels was significant in both the years
(Teble 4). In the fiprst year, butachlor manifested the
nitrogen effect on tiller number; while both butachlor
az-td‘bentazdne plus propandl combination displayed an
increasing t;-end in t1ller number with increasing levels
of nitrogen in the subsequent year. There was absolutely
no response to nitrogen in the weedy check in both the
geasong and the bentazone alons plots in the first year,

Hha1e1e3, Effegtive number of tijiers m 2

It is quite clear from the Table 3 that the
irrigation treatment had no marked influence on the m_xmbér

of effective tillers m 2

+ As far as the weed control
treatments are concerned, butachlor consistently registercd
the highest number of effective tillers G (264._7‘ and
228.0 as against 143.6 and 101«1 in the weedy check
respectively in 1962 and 1983), Bentazone was unshble to
benefit this component as 4% was at per with the weedy
check. Bul bentazone when combined with propanil had a

marked stimulatory effect.

Increasing levels of nitrogen enhanced the nusber
of effective tillers m™2 albeit the dosés 100 and 50 kg
N ha™? yere statisticelly at par. The interaction between
nitrogen levels and weed comtrol treatments was significant
in both the years (Table 5). In the year 1982, among the
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Table 4. Total muber of tiller m™> as affected by the
interaction between weed control treatments cnd
nltrogen levels

Yeed control Nitrogzen ha=1

treatments

Aoag

Weedy check 17443 1762 189.2 . 173.3

Butachlor 22645 27843 3325 3595

Bentazone 190. 3 2172 207.8  212.7.
285 .

Veedy check 107.7 - 117.9 157.0 . 108.2

Butachlor 1753 262, 7 3261 3 %3. 9

Bentazone + Propanil 174, 8 179.8 293,86 329,6

For comparing nitrogen

19_85 , 1283
So}_ﬁm * ok « g S, L Ve

means ab the same level 13. 2 ‘379 142 0.8
of weed control

For comparing weed con- . . .
trol treatment means 1h. 7 43,9 13.7 - 40,0

at the same level of
nitrogen

Table 5. Effective number of tillers m™2 as affected b
the interaction between weed conbrol treatmen

and nitrogen levels

g"ﬁ

Vieed control

—_ Nitro %en {zz_ha-T \5

treatments mzans ab the same

level of nitrogen

12@3

Weedy check 1433 139.8 1524 3 139.0

Butachlor 1705 247.6 - 2.2 333.0

Bentazone 157.7 1742 16207 " 155.2

1283

Weedy check 79.5 101.0 136, 3 87.8

Butachlor ' 150, 6 23104 26%.7 26047
' Bent'.azone + Propanil 149,0 150,0 252'73222 296, &4

S.Em & «03) S.bm 3 CD (0057

For comparing nitrogen

msans at the same 1eve1 of 11.3 324 14,0 40.0

weed@ control

For comparing weed control 12.7 38,0 13.5 3046
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weed contyol treatments, the synergistic effect of
nitrogen was visible only with butachlor. Therc was 40,

71 and €9 per cent increase over no nitrogen with the
first, second and third increments of nitrogen respectively.
in the subsequent year, bubachlor as well as bentazone

plus propanil exhibilted similar ccuplementary effect on
promoting the effective tiller number per unli area.

The increase in number of effective tiilers was to the
extent of 53, T4 and 73 per cent respectively with the
flest, second and third increments of nitrozen in the
butachlor plota. Simllarly, second and third increment

of mitrogen resulted in an increase of 70 and 99 per cent
respecbively in the bentazone plus propanil treatment,
Howevar, weedy check and bentazone failed to have any
positive effect on the effective number of tillers mfz with

incrensing levels of nitrogen.

The summary of the data on phytomass yield of the
rice crop at various phenoloéical stagés such asrtillering.
flovering and matuprity are presented in Table 6. It shows
that the water management tréatments did not have any

marked effect on this parameﬁer'at any.of the stages.

Among the weed control treatments, the weedy check

invariably was the least eificient in this respect. On the



Table 6. Phytomass accumulation {g n~2) by rice as affected by water xe

E?eatments and nitrogen leveln

glmes, weed contyrol

;.L‘ reatnents

Hater regimes
Continous flooding
Alternste flooding and drying
Y tesy
S.Bm &
CD (0.05)
Woed control treatments
Weedy -chack
Butachlor
Bentazone
Bentzazone + Propanil
0t gest
S.km & -
D (0,05)
Nitrocen (ke gg'12
0
50
100
150
'Y test

S.BEm
CD (d?bs)

PG W mm oy T g AL WGy SR L R L M o N L R g AN L B L SR v g MR e e W RO il o SR, W e ML e, WL e, e, Wi

51.6
606.3
5243

»

3a2
10.0

330
5163
06, &4
7343
P

205
ot

3342
42.7

62.3 °

63.7

ko hd

2.9
Bels

7248
403

248, 0
330.,9
4iq.1
%9.0

i
Te3

59,0

187.5
327 1

28%.3
it

%9
31

216.2

. 253.3
' 35(3550 8

309, 1

#¥
10.7
a7

72Q.0
oLE.5
67841

Li2 2
24,9
78.3

0635

TO7.©

862, 8

896, 7
ﬁ-\&

36,1
103.7

i
4%3,6
125.1

66
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contrary, the butachlor treatment comsistently registered
the highest amount of phytomess throughout the ontogeny

6f the crop. It was significantly superior to bantazone
in the.; yeapr 1982, nevertheless at par with bentazone plus

propanil combination in the succeeding year,

Application of nitrogen gigni.a‘.fic‘_antly increased
the phytomass accumulation at all growth stages in both

the years (896.7 and 896.0 g n™2 in 450 kg ¥ ha™! as

against 663.5 and. 4933 g m~2

in the no nitrogen treabsient
respectively in 1982 and 1983, at maturity). ,Howevér, the
difference between the higher levels of nitrogen {100

and 150 kg N ha"1) was not ‘s.jlgriific_gzit_ﬁa_t any of the stages
in the tuwo years except the tiliering phase in 1982,
3imilarly, the difference between no nitrogen conirol and

-1

50 kg N ha ' was not significant at maturity in the same

Years

The interaction between veed control treatments
and nitrogen levels was significant at tillerdng and
flowering in the second year and at maturity in both the
yeara. The data pertaining to the tillering phase presented
in Table 7 reveal that with buﬁaclﬂor and bentazone plus
propanil, additional increments of nitrogen markedly
increased the phytomass accumulation albeit, the higher
levels of nitrogen (100 and 150 kg N ha™') were at pare
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The phytomass production was almost statlc over the
entire range of 0 to 150 kg N ha'1 in the'weedy check.
A similar trend was noticed in the subsequent stages
also (Tables 8 and 9).

The interaction between water regiﬁeg and nitrogen
levels 2lso0 assumed significance at the maturity phase
of the crop in the year 1982, The benericiel effect of
nitrogen on boosting the phytomass production wag evident
only in the continuously flooded plots (Table 10), where
phytomass yield increased from 0624.3 g m~2 in the no
nitrogen control to 1006.3 g n~2 in the 150 kg N ha'ﬁ‘plots.

Liye 26 Chl.oxonhvll content (me gz fr wt"1) of rice

leaves

The data presented in Table 11 reveal that the
magnitude of change in rice leaf'dhlofophyll content et
panicle initiation stage as a function of water regimes
and weed control treatments is quite meagre. Chlorophyll
'a', 'b' 2nd total chloropﬁyll, however, increased with
increasing levels of nitrogen. The Increase in total
chlorophyll content wag to the tune of 43 per cent in the
150 kg N ha™ treatment over no nitrogen.

Heve 3 Yield attributes

The data collected on various yield attributes are
given in Table 12. |
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Table 7. Phytomass accumulation by rice (g m™2) at tillering
stage as affected by the interaction between weed
control treatments and nitrozen levels (1983)

, =
Wleed control Nitrogen (kg ha™')

treatments 0 50 700 150
lleedy checgk ; 23.9 23.8 28,56 24,5
Butachlor 39- 8 5&-4’ 7208 85.2
Bentazons + Propanil 36,1 48,3 85.5 81.5

SeEm & cD (0,05)
For comparing nitrogen 5.1 14.6

means at the same level of
weed control

For comparing weed contrel
treatment means at the - 6.0 18.0
same level of nitrogen

Table 8. Phytomaess accumulation by rice (g mfz) at flowering
- stage as affected by the interaction between waeed
control treatments and nitrogen levels (1983)

tleed conbtrol - Nitroczen (k hq%%l""“"-7§5
{reatments 1 1

dE GRS SR 4y R dm W GE YR M R AR B S G O PB AC ms M Al Wl AT D By O B MR E e~ (e

Weedy check 172+ 3 191. 4 199.5 186, 7

Butachlor 230.8 303. 7 369.5 3843

Bentazone ¢+ Propanil 247, 7 264, 8 328, 2 35644
.S.Em gy cb (0.05)

For compering nitrozen me=ns ‘ = :

at the same level of weed 18.5 2341

control

For comparing weed control 18.8 55.4

reatment means at the
same level of nitrogen

i Tl S Bl Rl S B R B PR R P PR e T

T e T e TI T eI e T TEe ™I T e T "0 e ™
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Table 9. Phytomass accumulation by rice (g n"2) at maturity
as affected by interaction between weed conirol
treatments and nifrogen levels

veed control Nitrogen (kg ha™1)
treatmenss - -

0 50 100 150
1082 . . _
He@(ly chieck 642, 5 65‘4. 8 7960 5 7025
Butachlor 664, 3 £99.0 1022.8  1208,0
Bentazone 68348 570.0 769.0 689.5
1963 ' '
Wleedy check 359, 2 319.0 416.8 329. 7
Butachlop 616, 2 Q0. 8 1089.7. 1229.7
Bentzzone + Propanil 50445 Ssb. 2 10V75.6 11227

1082 1983
S.m & ~¢b(0.05) S.5m '52’“(:"})" (6.05)

Fox 6omparing niktrogen
means at ‘the same level 62.6 173.5 7545 216. 7
of weed control

fFor comparing weed con-

trol treatment means 59.6 174.0 80,0 23646
at the same level of

nitrogen

Teble 10. Phytomasg accumulation (g m‘g) by rice at maturity
as affected by the interaction between water regimes
and nitrogen levels (1982)

Vater regimes

Continuous flooding 624,3 692.7 £94,7 1006.3

Alternate £looding and T02.7 T23.2 830.8 TE7.0
dyying .

3 S.Em Cb (0.05)
for compzring nitrogen :
means at the same level 51.1 146.6
of irrigaetion _

For comparing irrigction U8, 7 16241

means at ths some level of
nitrogen
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Table 11. Chlorophyll content (mg g fr.ut™1) of rice leaves
at panicle inltiation stage as affected by water
regimes, weed control treatments and nitrogen levels

Treatments Chlorophyll Chlorophyil Total
a b Chloropiwyll

MR W e S0 AR S G ME O W OGP AR R M DR SR WS B W TR aE aF A Y SR AR MR Gy b W SRR

Water regimes

Continuous flooding 2. 207 0.802 3.023
Alternate flooding 2. 404 0.853 S0 273
and drying

Weed control treatments

Weedy check 2 247 ' 0. 85& 30 1 16
Bucachlor 2,62 0,850 . 3, 327
Bentazone + Propanil 2.207 " 0.778 3.000

Nitromen (kg ha'1§

0 1.831 0,634 2. 477
50 . | 2,375 0. 869 3. 279
100 2,422 0.855 34292

150 : 24593 0.932 3.543

Ay L S EE e L i L S G L O L e o ey PR IR BB L eER L WS L el L A, IR L TR L ke g SN, AN Wb, i
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bele Fels Lenf’t, Ih of IJB.!U.GLQ ggg!

The panicle length was influenced by moisture
regiﬁes in the yecar 1582. The continuously flooded vabter
régime registered a significantly higher length of panicle
over alternate flooding and drying during that scason.

The weed conbtrol treatments also deplcted notable difference
on this parametariin the year 1983. The butachlor trzated
plo:s produced significantly longsr panicles (21.8 cm)

as against those (20.2 cm) in the weedy check.

Nitrogen application had a marked influence on
this parameter. Additional lacrements of this element
resulted in considerably longer panicles. -However, the
difference between two consccutive levels remained mostly

non=significant in both the years.

The interaction between weed control treatments
and nitrogen ievels was significant in the year 1983
(fable 13), Increasing the doses of nitrogen was found teo
increase the length of panicles both in the butachlor and
bentazone plus propanil treatments. However, the magnitude
of increase was more in the former (14 and 6 per cent in
the butachlor and bentazone plus propanll treatments
respectively over the range O to 150 kg N na=1).

441¢3s 2¢ Number of snikelets ganicle'1

Irrigation levels had no significant effect on the

mimber of spikelets panidle"1 in .either of the years.



Table 12. Yield attributed as ai‘fected by water regimes, weed control treatments and nitrogen

levels
- e
Treatments Panicle length Number of spl- Number of Thous®idd grain 8
(cm) kelets per grains per welght
panicle anicle , iy
9 E?. '1953 G662  q983 7982 983 1982 1983
Jater resimes . ' -
contimious flOOding 21:1 20.8 112.1 93- 5 950 1 89, 7 18.7 1808
Alternate flooding 20.6 2049 111.6 98,5 91.6 - 90.1 18.2 19.1
and drying . - :
B test #®, NS NS s NS nNs ® NS
S.Ex 2 0.1 0.3 21 4-2 2e2 4#3 0.1 0.2
Yeed control treatments
Weedy chieck 21:1 20,2 109, 7 87.1 911 77 b 18.6 19.1
Butachlor 20.8 21.8 1 1&.5 107.5 06.1 97.2 18.06 18.7
Bentazone 20,6 - 1 1 Ta3™ - 02,8 T - 18.2 -
Béntazone + Propanil - 2045 - 103, 3 - 943 - 191
'F! test 1 o NS * NS - . = NS NS-
oEm 2 0-2 0.4 2.6 S5e2 27 503 0.1 Q.2
Nitroren (ke ha™
O ) 20-6 202 1054 2 . 82,6 86.9 715 1865 19.0
50 2045 20.7 107.1 102.2 88,9 93.3 18.5 18.8
100 , 213 21.0 1152 10541 96. 1 06.5 18,5 19.0
150 21.1 215 119.9 107.3 101.5.  98.2 18. 2 18.9
'F!' tesv # *n M i LS N3 NS .
SnEm 3 0‘.2 0.2 2-8 _?,l.tl 2.7 3.6 001 0.1
co (0,05) 0.5 0.6 7.9 9,7 7.9 10,3 - -

-.—.ﬂ. -.-.- -.- -i- —.-.-._—.—.-.—. - -.-.—.—.—.—. —.-. -. —.-. -._.-'-.-.—. -.-.-.—.-.-.—.—.—. —.—.-,.
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Table 135. Length of panicle (cm) as affected by the interaction betwesn weed control
treatments and nitrogen levels (1983

. : =4
teed control Witrogen (kg ha™1)

treatnents 0 50 100 150
'ﬁeeciy checlt. 20.2 ' 2003 20.1 206 2
Butachlor 20,3 . 21.3 2202 23,2
'Bensazone + Propanil 19.9 20.3 20,8 211

S.Em & cp (0.05)
For comparing nitrogen means at ‘ 0. 36 1.04

the same lgvel of weed conbrol

For comparing weed control treatments Ca &7 o deb2
Rneans ac tie same level of nitrogen

R L B o MM G5 e SR RN e o e e e ME L mk g Ael EE L wm  hm em . o e am

il e Rl e R P i Rt Bt Bl Tl PRl R R i P P e R T S e Tl Rl S PR g )
N . 0 Al



But the weed conmtrol treatments were found to have a
prominent effect on this parameter in the yeaxr 1983
Butachlor registercd the highest number of spikelets
panicle"1 (107.5). Nevertheless, it was at par with the
bentazone plus propanil combination (103,3).

There-was a steady and consistent increase i
the spikelet number with lncreasing levels of applied-
nitrogen in both the years. -Houever, at higher levels
the difference between the means was not significant.

41433 Number of «rains gan.tgle""

The trend was similar to that of total spikelet
nunber panicle'1. Water regimes were unable to manifest
any decisive impact on this yleld componem:'. Regarding
the herbicide treatments, the dirferenoes'were significant
only in the second year vhen butachlor (97.9) and bentazoﬁe
plus propanil (94,3) were swperior to the weedy check (77.%4)

in terus of grain number panicle™

The stimlatory effect of nitrogen in boosting
the grain number pa.n.‘[clcs"'1 is distinc;‘:ly evident from the
data. The number of f£illed spikelets per panicle increased
with additional increments of nitrogen (0 to 150 kg he™')
from €6 to 101 in the year 1982 and from 71 to 98 4in the
sucéeéding year. However, the differcnces between the
higher levels were not wery evident in both the seasons.



Lele3elte Thousand grain veleht (o)

None of the treatments displayed any phencmenal
infiluence on thousand grain welght except the water regimes
in the first year of experimentation (1982). The coatinu-
ously flooded moisture regime resulted in a signiflcantly
higher grain weight over the alternetely flooded and dried

traatment.

balebie Groin Yield, Stiay Yield and Harvest Index

be1sbe1s  Grain yleld

The data on grain yield are nresenbed in Table 14
and Fig. 5. Continuous submergence has significantly
increased the grain yield over alternate ficoding and drying
in the year 1982. However, there was no much difference

between the two water regimes In the subsequent year.

Grain yield was significantly affected by the
weed control treatments. In the year 1982, application of
butachlor resulted in 87 per cent increase in grain yileld
over the weaedy check., The dlfference between the weedy
check and bentazone applied plots, however, was negligible.
In the succeeding year also, butachlor maintained the
lead with 36.12 q ha~' (227 per cent higher over the control).
The combination of bentazone and propanil also recorded
significantly higher yield (33.14 q ha™') as comparsd to that
ocbtained in the control plob (11.03 q ha™l).



YIELD (kg ha™!)

YIELD (kg ho™!)

FIG. 5 GRAIN AND STRAW YIELDS OF RICE AS INFLUENCED BY
WATER REGIMES WEED CONTROL TREATMENTS AND

NITROGEN LEVELS.
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Table 4. Grain (paddy)yield, straw yield and harvest index as affected by water regimes,
. wzed control treatments and nitrogen levels

Treatments . Grain (q ha~1 ) Straw (q ha~ } Harvest index
1982 1§_ 85 1982 1983 19862 1965
Water re@' eg ' '
Continuous flooding 51,08 26,97 49.47  4h 4L 0.3721  0,3638
Alternate flooding and drving 25.63 26,56 45.28 463 0.3610 0.3422
® test # JOR) " NS NS - NS *
. SJEm + i 1 39 0.97 . 1.9 173 0.,0068  0.0060
Cb (0.05) 4,37 - T - - - 0.0188 .
Weed control treatmen
Weedy check ' 2233 11.03 40,77 24,58 -0,3477 0.3011
Bentazone 22436 - 40. 81 - 0. 3521 =
Bentazone + Propanil - 33.14 - 53.56 - . 0.3790
8! test L3 3 R ¥ o -
S.Em & 170 . 1.19 2437 2.12 0.0084 0.0073
cb (0.05) 5.35  3eTh 747 6,67 0.0264 0.0230
Nitrogen (kg ham1 }
0 20.36 17.15 38,92 32,18 0,3381 0.3482
50. : 29,90 23.23 46.62 81.29 0.3824 0.3543
- 100 33.42 . 31.78 52,85 53.29 0.3770 0.3424
150 3173 34.90 51.12 54.73 0.36806 0.,3671
P! test & 3 #it ¥ ) sl
S.Em + 1445 1.54  2.27 2.61 0,0077 ©.0092 "

- ¢D (0,05) bo17 4,42 650 7.48 0,0222

.
N .
- - - e R O .

*'—.-.—.-.‘p.-.-.—.ﬂ.-—‘-.—.- I—.‘.-.—.-.-.-.-._.n.n.-.&.-'—.-.-. - g,.q- - - . a »

oL
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Nitrogen levels profoundly influenced the grain
yield in both the years. In 1982, the first incrameut
of 50 kg nitrogen increased the rough rice yield by about
9 q he™', while the second increment boosted it further by
b q ha'1; However, any additional increment of nitrogen was
unzble to increase the yleld level eny more. The response
at this stege tended to be quadratic. In the next year, the
corresponding figwres for yleld increments were 6 and 8
Q hau"'i for the first and gecond increments of nitrogen
respéctively. The third increment {(f£rom 100 to. 150 kg N ha"1)
in 1983 pushed up the grain production still further uniike
in the previous year« But the differences were found t0 be
statia‘tiqally non sipgnificant,

The interaction between weed control treatments
and nitrogen levels was significant in both the years. ‘ In
1982, grain yield increesed consistently due to additional
increments of nitrogen only in the butachlor tmate;l plots,
producing 53,13 q ha™1 at 150 kg 1§ ha™1. The grain yield
remaj:ned more or less unchanged over the entire range of O
to 190 kz ¥ ha™! both in bentazone and weedy check plots.
In fact, there was a diminishing trend in grain yield
at the hignest level compared to the previous doses in both
these treatments. HNevertheless; these reductions were not
significant, In the subsequent year, the trend was slightly
different.s Both in bButachlor and bentazone plus propanil
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treated plots, nitrogen response was quite evident upto
150 kg N ha™1 (50,04 and 44.35 q ha™ |
increéese in yield obtained in the butachloxr plot with

respectively). The

increments of nitrogen was strictly linear vhereas in the
bentazone plus propanil treatment it tended to be quadratic.
In the weedy plots there was absdlute;y no beneficicd ecfflect
from epplied altrogen.

The response equations for nityogen with different
weed control treastments were fitted (Fig. 6). In 1982,
the response was quadratic, while in the succeeding year
a linear response was obtained except for the weedy check.

The equations arel

4982
Butachlor : Y = 23,090 + 0.4538 x = 0,00174h z°
Bentazone 3 Y = 16,037 + 0.19824 x - 0,000976 2
eedy 3 Y = 22,065 + 0.0796 x = 0.000652 =°
Overall ¢ Y = 20,4005 + 0.24371 x ~ 0,001123 %2

03 .

Butachlor ¢t Y = 21.6G6 + 0,19272 x
“ggggggfe+z Y @ 19.4475 + 0,1825 x

Weedy check: ¥ m 11,45 = 0,0092 % + 0.000032 x>
Overall ? Y = 17.493 + 0.1326 x

The economic cptimum doses of nitrogen for 1982

worked out to be 119.06, 81,34, 30,753 and 90«94 kg N ha™
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Table 15, Grain (paddy) yield (g ha™1) as affected by
interaction between weed control treatments and

nitrogen levels

Weed control Nitromen (ks ha™i
treatmencs 5 00 150 _
1982 '
wWeedy check 21,66 24499 22,92 19.53
Butachlor . 21,68 45,05 47, 40 53.13
Bentagzone : 17.32 19.66 . 29.95 22,53
1283 |
fleedy check 1193 9.63 120 29 10+ 31
Bucachlor 21.36. 31.28 41,70 50,04
Bentazone + Propanil 18.16 28, 65 41.35 44, 35
1982 198

SeEm 3 CD(0.03) S.Em & CD (0.05)
For comparing nitrogen
means at the same level of 2451 Te22 2,67 . 7.68
veed control
For comparing weed contrcl 2,76 8, 22 2,60 7,65

treatment means at the same
level of nitrogen

Table 16. Straw yield (q haf1) as affected by the interaction
between weed control treatments and nitrogen levels

Weed control Bitrogen (ks ha°1)
treatments 0 0 10 1

n MR 4 On sk T W Ay S 3 R ED g S TR W W SR AR a7 & W GO P w s - an 4 AR W e

1282

Weedy check 40,71 h2.25 40,96 39.17
Butachlor 42.92 60.04 66,63 72.61
Bentazone 33015 37-56. 50096 41057
19835

leedy check 23,99 22 27 29. 39 22,65
Butachlor : 40, 26 Sk 47 64.27 72.92
Bentazone + Propanil 32429 47.13 66. 22 68,62

1982 1983
5.0 ] co 0005 S.lum = (7] 0005

For comparinz nitrogen means

at the same level of 3. 92 11.27 4,57 12. 95
weed conbrol
For comparing weed control  4.14 12.27 b b4 13,03

treatment means at the
same level of nitrogen

ey - -.-‘-.m'_.-—o—.ta-..-.-.-n.—.q.“.-.-.-.—'—nn. - ﬁ‘—.—‘-'m.—.ﬂ.-.-



GRAIN YIELD {q hao™ %)

FIG.6. RESPONSE OF RICE TO :N!TROGEN AS AFFECTED BY
WEED CONTROL TREATMENTS.
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for butachlor, bentazone, weedy check and overall effects
respectively. The paddy yield at the respective optimum
nitrogen levels, werns 52.%1,; 25,71, 23.50 and 23,28 q na~t,

belebn2.  Styay yicld

The data on straw yield are px:eaehted in Table
14 and Fige 5. The water regimes did not have any pronounced
effect on this parameter in any of the seasonsy T»:’i'xerzaa.*agf9
the weed control treatments significantly influenced. the
stray yield in both the years. In the year 1982, butachlor
was significantly superior to bentazone and weedy check
even though the latter two were at par. The increzse in
stray yield with butachlor was to the tune of 48&.5
per cent over theée treatments, Bubtachlor, in the susceeding
yeaxr registered 136 per cent increase in the straw yield
over weedy check. However, 'butachlor ang bentzizone plua
propanil were étatistically 'similar 'auring that 'season.

Nitrogen application favoured straw production
both in 1982 and 1983 scasons. Adcliu.ona:!. increments of this
mitrient resulted in a steady enhancement in straw weight, _
The aifference in yield lovel due to 50, 100 and 150 kg N ha™l
ves howaver, not significant in the i‘.irst year. Similarly,
the levels 900 and 150 kg N ha™? uere et par in the
subsaquent year. Regarding 'the magﬁitude of increase with
various increments of nitrogen, the first incroment- resulted



YE:

in 8 g ha"'I higher straw yield over no anitrogen conirol,

1

vhereas the next Increment produced 6 g ha” over 50 kg If

ha"1 in the year 1982. The corggszqondﬁrzmg figures for the

succeedinyg year were 9 and 12 g ha"1.

The interaction between weed control treatments
and nitrogen levels assumed significence (Lable 16). The
response t6 nitrogen application was visible only in the
butachlor treated plots during the first year. The
combination of butachlor and 150 kg N ha™1 produced the highest
straw yield of 73 qjha"1o ?his was markedly superior to
all other combinations except the 100 kg N ne~? uitn
butachlor. A similar trend wasz observed in the succeeding
year @).so. However, the combinations of nitrogen with
butachlor were at par with thosze of nitrogen and bentazone

plus propanil.

Ualelte3s Horyest index

The data on harvest index as affected by the
various treatments are presented im Table 14. Irrigation
feiled to infiuence this ¢omponent in the year 1982.
However, in the subsequent year, the contimiously flooded
treatmeny tummed out to be superior (6 per cent) to the

alternately flooded and dried one,

Wieed conbtrol treatments showed a marked effech

on thls parameter in both the years. Butachlor had a clear
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superiority over both the remaining treatments in 1982.
In the next year, however, butachlor and bentazone plus
propanil cembinstion were at par and both were

significantly superior to weedy check,

Difference due 1o the wnibtrogen levels touched
the level of significance o¢nly in the first year. However,
during tﬁat year also no marked varietion was observed
over the emtire range of 50 to 150 kg N ha™', . The
interaction effect of weed control treatments and nitrogen
lovels was significant in both the years (Table 17). There
was a consistent increase iln harvest index with every
additional increment of nitrogea in the butachlor treated
plots in the year 1982:; In the succeeding year, the same
trend was depicted both by butachlor a3 well as bentazone
plus propanil treated plots. The weedy check, however,
portrayed an ajtogether different picture. Here the harvest
iﬁdéx’nét only showed any appreciable increase but it
actuaily declined and this is true for both the years,

Lo 105, cogen concentration Lf
vaxﬂcuu stages oZ Zrowth
Table 18 depicts the data on nitrogen content of
rice (whole plant) at tillering and flowering as well as
grain and straw at maturity, as affected by the various
treatments. It seems that water regimes did not have any
marked effect on the nitrogen content of rice plant at

any of the phenological stages studied.



Table 17. Harvest index as affected by the interaction between weed control treatments
and nitrogen levels

Weed control treatments : Nitrosen (kz ha~1)
0 50 100 150

1282

Weedy check 0. 3404 Qe 3725 0, 3448 0. 3331
‘Butachlor 0. 3365 0. 4277 D l_ri 483 Ue £46203
Sentazone 0. 3374 0.3470  0.3715  .0.3525
1983

Heedy check 0. 3344 0.3173  0.2509 0. 3019
Butachlor 0. 3506 0.3649  0.3923  0.4076
Bentazone + Propanil - 0. 3595 0. 3807 0. 3841 0. 3917

1982 | 4983

SEm +  CD (0.05)  S.Bm z CU (0.05)

For comparing nitrogen means at the same 0.0134 = 0.0384 0.0158 | 00,0456
level of weed control - ; : ~3

For couparing weed control treatment © 0.013%3 - 0,0410 0.0156 0.0456
neans at the same level of aitrogen

[ Sl e Tk 2P Rl B St Rl Rl Tl Tk Rl Tl Bl Thin P Sl e Rl Bl B B R R S et Bl Tl B Tand" Tl P R Sl Sl Tl Tl Tend’ Sans Tt Tkl Sanl Taall Baef Sy’ S |



Teble 18. Nitrogen content (%) in shoot and crude protein content (%) in grein as affected
by water regimes, weed control treatments and nitrogen levels

Tmatﬁxentsr ' Nitrozen content (9% nggiert zfgtein
T1illering Flouering Maturity
. | ()"
H Grain Straw

Wm@@@rmm

‘--------'-‘--------‘ﬂ—b“‘—--‘_-”ﬁ ‘nﬂ-ﬁ-n-ﬁ--',-

t&ter regimes .
Cor;tinuoua flOUdiﬂg 2 32 2¢ 32 188 T 75 1 »1 6- 1 -»39 . U651 ) Oa 4? 70\ 26 8. ?5

Mternate f100ding 5 49 535 4,65 1,82 1,17 1.38 0,50 0,47 7.32 _8.62.°

and, drying
TR test W8 NS NS NS NS NS NS ' ONS RS NS
S.Em 2 0.035 0,059 0,022 0.041 0,026 0,043 0.006 0,018 0.160 0,270
Heed contml treatments ' ’
Weedycheck 2,13 2.23 1.80 1.56 1,09 1e41 Q.48 0,39 6.79 8.84
Butachlor 2.59 2.38 1,97 .90 27 .40 0.52 0,53 T.91 BT
Bentagone 24 36 - 1. 82 - 1015 - 0.50 = 717
Bengazone + Propanil =~ 2.3 - 1.89 - 1.33 - 0.50 - ‘8. 33
IPY test e NS S it it NS S e .
 S.Em 4 0.043. 0.072 0.027 0.050 0,031 0.053 0,007 0.022 0.196 0.331
€o (0.,05) 0.134 = 0.084 0,159 0,099 = 0.021 0.070 0.619 = :
Nitgog._en (ke ha-1_! ,
-0 2,05 2,04 1.64 1.67 0.95 @16 Oulii  0ul2  5.92 7.27
50 - 2.29 2,37 1.90 1.76 1,05 .34 0.48 - 0,46 6.53 8.4
100 247 2,40 2,00 1.8 126 .42 0.53 0,48 7.87 B.B7
150 2.64 2,54 1.90 1.87 1«41 1,60 0,56 - 0,53 8,83 10.00-
Y tegt w3 iS4 & ot w5 ® T 24 H*% *-g-

(0.05) 0.116 0.248 0e111 0.114 0,076 0.124 0.0317 0.022 0.#83 Oa‘?’?)‘

ol



At tillering, the weed control treatments
substentially influenced the nitrogen content of rice
plants. Butachlor treated plants had a significantly
higher nitrogen content (2.,\595 per cent) in the year 1982
In the subéaé_ue_zrt year, r;ov;wever » no' such difference was
d:!.'scen}ib].-e among the weed gontrol treatments. Additicnal
increments of ni'i:r_;ogen ;'ésu:&ed ;Ln a stea.&y ‘ix;cmase in |
the concentratlion of this nutrient in the plant tissues
in both the years (2,64 and 2,54 per cent at 150 kg N ha™!
as against 2.05 end 2,04 per cent in no nitrogen conbrol
bespectively in 1582 and '1983);-

The interaction between weed control treatments
and water regimes on the nitrogen content of rice. at
tillering was signif:l.éant (Table 19) in the year 1982,
The plants in butachlor plots had a significantly higher
nitrogen content in b_oth levels of 1rriga§10ﬁ4 Similarly,
with every additiohal increément of nitrogen, its |
concentration in the tissues increased in the butachlor
plots (Table 20), - |

The nitrogen concentration in thé plant at flowering
was significantly influenced by the weed control trostments
in both the years. Butachlor registered the higheat value
in both the seasons. However, in the year 1983, this was

at par with the bentazone plus propanil combination,
Nitrogen levels also had 2 prominent effect on the concentratic
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Table 19. Nitrogen con:cent (§9) in rice at tillering as
affected by the interaction between water regimes
and weed conbrol treatmenis (1982)

Water regimes , Yeed contxro) tggatmeut%
Weedy check Butachlor Bentazone

D OGN WS SP W ve B omm A @R e wE W N B ap W SR WP us B A S G W W mE W B D Ceea

Continuous flooding 1. 98 2. 60 2.36
Alternate flooding and  2.28 2,58 2: 36
drying _

SeEm 0 05

cb (005) 016

-.-.-‘ -. _.h.—.-‘—. L L L L L G L L W W o ﬂ__’ b.ﬂ‘ -.-.—’w. -.'.-.-

Table 20. Nitrogen content (%) in the rice plants ab
tilleping as affected by the interaction between
wecd control treatments and nltrogen
levels (7982)

Wead eontrol

A -1 i
treatments o Nitgggem (Eg h%ﬁb) 150
Weady check 1,80 2:10 2¢ 35 2+ 27
Butachlor 2. 17 2.49 2.59 3;12
Bentazone 2.17 2,28 2. 46 2y 54
S.Em 4 cD (0,05)

For comparing nitrogen
means at the ssme level 0,070 0. 201
of weed contyol

-For comparing weed cont-
rol. treatment means at C. 074
the same level of nicrogen

0.220

“i“o-o-o”-ﬁo“-‘o-o“o'-‘o“-"-“c“o'o“o‘o“a“c'-“o“o‘s-o‘n-o'c“o“



of this clement in the tissues. There vae a consistent
increase in nitrogen content with every additional increment
of fertilizer nitrogen added. Regarding the interaction
betueen nitrogen levels and weed control treatments (Table
21), the combinations of nitrbg,en with buﬁachlor we're
distinctly superior to other treatments. Nevertheleas,

in the ye;ar 1983, they were bracketéd with the combinations
of nitrogen with bentazone plus propanil. |

Butachlor recorded the highest valug for grain
nitrogen content in the year 1962 (1,27 per cent). Similarly
the nitrogen concentration in the straw also varied
trenendously es a function of the veed control treatments,.
The weedy check had the lowest nitrogen content in both the
years. Nitrogen application favourably Influenced the
nitrogen content in the rice grain and strat;:. Concem::ration
in the tissues increased vith every additional increment
of the mwtrient. The nitrogen levels x weed control
interaction was aignii’:lcant‘on the straw nitrogefx content
in 1983 (Table 22). At each level of nitrogen, the
nitrogen percentage of straw increased in the butachlor
end bentazone plus propanil plots. The highest straw
nitrogen content (0,63 per cent) was recorded at the 150
kg N i'laa.""l level with butachlor which was significantly
superior to all other nitrogen combinations -with weedy .-
check, although at par with bentazone plus propanil. ‘
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Table 21, Nitrogen content (%) in rice plants at flowering
as affected by the interaction bebween weed control
treatments and nitrosen levels

Weed control Nitrosen (kg ha™1)
treatments 0 50 100 150
1982
Weedy check 1.58 1.93 1.96 1. 72
But achlor Te 72 1 . 87 2‘ 05 2e 26
Bentazone 1.63 1.92 1.99 1.73
1983
Weedy check 1¢54 159 1.65 1. 46
Butachlor Te 72 Te 86 Te 99 Ze 05
Bentazone + Pronanid, 175 1.82 - 190 2.10
S.Em + CD (0.0
1682 1983 1082 1983
For comparing nitrogen 0.067 0,069 0.192 0,197

means at the same level
of weed caontrol

For comparing weed 0. 064 0.078 0.186 0.233
control treatment

means at the same level

of nitrogen

bt Taas Tl Sl B Bl S Nt Bk Bt Bk Tad’ Banl B’ Bl Bl Toull Bl Bead Bl Tl Sl Tl St Tl Bl Bl Tl Sl T
Table 22. Nitrogen concentration (%) in rice straw as affected

by the interaction between weed control btreatments
and nitrogen levels (1983)

-4
Weed control Nitrosen (ke ha™')
treatments 0 50 100 150
Weedy checgk 0. 358 0.382 0. 395 0,427
Butachlor Ceb52 0503 0.533 0.630
Bentazone + Propanil 0.462 0.485 0,510 0.523

S.Em + CD {0.05)
For comparing nitrogen

neans at the same level of 0.0132 0.0378
nitrogen '

For comparing weed control

treatment means ot the same 0.0251 0,0776

level of nitrogen

“.“.-.-O-C-B_ - e X
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1191400 Crude otaln ntent

The data on ¢rude protein content of grains,

" presented in Teble 18 reveal that the weed control
treatments displayed significant difference emong them
only in the year 1982, - Butachldx' treated piots had the
distinction of having the highest protein content (7.9
per cent), There was a favourable effect of nitrogen
too on protein conterrt.j A consi'sténﬁ ineréase in grain
protein percentage wilth every additlional increments of
nitrogen was noted. Ralsing the level of nitrogen rrc_:m 0
to 130 kg na~? patsed the protein content from 5,92 to
8,83 and 7.27 to 10.00 per cent respectively in the two

CI'OD Seasorid.

beleTe

The data on phosphorus content in rice at tillering
flouvering and grain end straw are sunmarised in Table 23,
Phosphorus content decreesed with the age of the crop. It
vas, however, at any of the stages affected ne:l.ﬂ.xer by

vater regimes nor weed control treatments,

Regarding nitrogen, the effect was evident in
the year 1982, But in the subsequent year there was no
discrimination among the nitrogen levels except at the
flowering stage. Elther in 1982, no clear trend was



Tablé 23. Phosphorus concenbrasicn () in rice es affected by water reglmes, weed contiol -
treatasents and nitrogen leovels '

Trantnenss 231lering Flowering . Baturity -
' . : | Groin SETan
1962 , I8 5 PR "1 %3 1802 §§3’ 1502 1965

wster resimes - .
Concinucus ficoding D.2094  J.2067 0212 0.252 Ca220 G274 0,087 0,088

Alternate flooding and dwying 04287 0273 0,216  0.243 0,218 0,276 - 0.083 0.083
'.E"' test- ‘ Bs HS i3 HS 5 L 13 NS
Heed conbrol treaunents
voedy cheek 0267 0u281  0.216°  0.225 0.,280- 0.274  0.087  0.092
Bucachlor 0, 297 0e 270 Q. 220 0.268 0.221 Gn ??7 Ge0BH 0082
Dentazone + Propanil - Ca 268 Oe2l7 = Oa 2?:' _ S« 083
YFYopest URS N5 NS ] N5 na 13 NG
s.ﬁn(zg 053 G. 0075 2,07 b 6.092& a.mets Os Qﬂsig- 0.0033  Oa &:}6’? Qe {3053
. «Us - -
Nitrogen (k= ho_ -1 ) _
0 0309 0,267 0u 1E9 0,228 0.213 0.273  0.067 0.0€C
50 _ 0e2823 Da272 Te 2385 Sa2hz 0,212 0.2 0,082 D085
100 Ve 291 0267 Ga2B0  0.260° 0,219 0,272 0,024 0.087
150 3272  0a280 00206 0.262 0,232 0,273 0.998 0,083
® teat £ N3 . e s * M~ wA N3
S5.Bm 3 D.0055 03,0063  0.033  0.0038 0.0032 02,0084 0.00%2 0.0031

Cch (0.03} 0.16G0 - D.,0085 00165 0,0150 = 0.0150 =

e
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discernible with regerd to the effect of nitrogen on
ohosphorus content of plant tissues. The no nitrogen and
30 kg N ha"'1 treatments respectively resulted in the

highest concentration of phosphorus at the tillering and
flowering stages. The phosphorus content of grain, howevef,
was greatest in the 130 kg N ha~? level, while other
treatments were staﬁistiqally not different. Regarding

the phosphorus content iﬁ gtraw, there was a steady and

significant increase with incressing levels of nitrogen.

hels 8, Potassium concentration (%) in rice plant et
yarious stages of provth

The data presented in Table 24 make it clear
that water regimes and weed contro} trezatments failed Lo
avoke any significant impact on the potassium content of
tissues at any of the stagea except straw in the year 1983.
A8 regards nitrogen, in general, there was an increasing
trend with increasing levels of nitrogen. However, the
iizferences were significant only at the flovering and grain
3tages in 1982 and straw in both the years. In generai.
nitrogen aﬁplication resulted in increased potassiun concent
of the tissues.

The inberaction‘betﬁeen weed control treatmentg
and nitrogen levels was significant in 1982 crop season at
tillering and flowering stages (Tables 25 and 26). At each
seed control treétment addltional increments of nitrogen

resulted in a higher potassium content.



Table 24. Potassium concentrstion (%) in rice as affected by water regimes, weed control
treatments and nitrogen levels

- ITreatments Tillering Flowering Maturity

Grain Strawr
19892 1985 - 53 1985 1982 19865 952 1983

\-------ubn---—---n-“—_‘----w—--—-b--'-------ﬂ-‘—-ﬂ
.

Yater regimes o - -
Continuous flooding 2.09 1.83 1+ 55 158 0,281 0,274 1.7 1.46

'F? test NS NS NS NS NS NS NS NS
gﬁE?o+05) 0.046 0,045 0.03%2 0.044 0.0062 0.0075 0.032 0,024

Weed control tregtments

Weedy check 2,03 10 85 1.54 1,49 0.280 0.284 173 1¢ 29
Butachlor 2.09 1.73 1.59 1.63 0,303 0.285 1. 76 1.61
Bentazone 2.07 - = . 1455 - Q.22 - 1465 -
Bentazone + Propanil - 177 - 1.50 - 0.277 - 1.57
~ 'F? pest RS NS NS © NS NS N3 . W
S.Em + : 0,056 0,055 0,04 ‘0,054 0.0076 0.,0092 0.048 0.029 .
CD (0,05) - - - - - - - 0.093
Nitrogen (ke ha'12
o 1.97 .76 1,42 1,56 0,246 0,286 .54 .41
50 2.10 1.81 1.56 1.54 0,284 0,290 4. 70 1.47
100 2.06 1. 71 1.63 452 0.30 0.250 1.78 1452
150 212 1. 87 1.62 1.54 0.312 0,278 10 82 1457
Pt test ;3 us - " NS e NS 3R R

ch (0,05) _ | 0.066 =~ = 0.0170 = 0.157 0.038
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Table 23. Potassium content (%) in rice plents at tillering
" as affected by the interaction betueen weed
control. treatments and nitrogen levels (1982)

Yeed control - Nitrogen (kg ha™7)
treatments : : - -

: 0 50 100 150
Weedy check ' 1e 71 217 2. 11 . ' 2e 13
Butachlor 2:11 2612 1.96 2:15
Bentazone 2,09 2400 2:10 2,07

S.Em & ¢p(0.05)
For comparing nitrogen - 0.07 0.21

means at the same level
of weed control

For comparing weed control . 0.09 0. 26
treatment means at the
same level of nitrogen:

[

+ Teble 26. Potassium content (%) in rice at flowering as
affected by the interaction betyecen weed control .
treatments and nitrogen levels (1982)

' Yleed consrol

treacments : Nitrogen (kg ha™') ‘
o .50 160 950
Yeedy check 1o 41 1.60 1656 1457
Butachlor 1. 37 " 157 1.66 ) 14 76
Bentazone 1.49 1451 1.67 1453
S.Em 4 ch (0.05)
For comparing nitrogen 0.04 0.12

mezns at the same level
of weed control

For comparing weed control 0.05 0.6 "
troatment means at the ¢ Ll
same level of nitrogen

-—-—'u-““-----_--l-—ﬂﬂ- - S oy TR
7T T ET e T e T T e T e™a e T e Te T TE e ™0 Te e 0 e e ™o ™0 T e e "y e,
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The data pertaining to nitrogen removal by the

crop are presented in Teble 27 and Fig. 11e 1t reveals

that webter regimes failed to exerd any signdficant effech

on the nitrogen uwtake {grain and straw) by riGe crop, Among
the weed contrel treoabments I:autachlor: wes the most outstanding
in texms of nitropen wptake both in grain and é'é:raw., Total
wpbake in grain « sbraw resched 86.74 and 63.45 kg N na~t

in 1982 and 1983 respectively. However; in the year 1983,
butachloy was found to be at par with bhenbazonz pluvg propanil

combination {72.54 kg N ha."1}.

Application of nitrogen consistently increased
its uptake by the plent. The highest values for upiake in
hoth grain and gtray were chtained in the 450 kg N ha™)
treatment in both seasons. Therxe was 141 =nd 178 per cent
higher nitrogen uptake in grain and 71 and 123 per cent
higher in straw in 1962 and 1983 respectively over no

nitrogen control.

The luteraction effect of weed control treatments
and nitrogen levels on grain and straw nitrogen removal vas
significant in both the years (Tables 28 and 29). The trend
vas similayr in elther cases. At each level of nitrogen,
butachlor was significantly superior to the remaining weed

control treatments in the year 1982, In the subsequént yaar,
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Table 27. Nitrogen uptake (kg ha'1) by rice as influenced
by water regimes, weed control treatments and
nitrogen levels .

Treatments Nitrogen uptake

~ Grain Stray
1962 1953 ‘ 1982 1983
Watar ragimgs
Continuous flooding 56497 37405 25.65 22,15
Alternate flooding 352+ 66 #7. 38 23,12 23.03
end drying | _ :

" 1Y Lest NS NS NS - ‘NS
S.Enm ) : 1q 75 2,02 1.05 . 1.01
cD (0.05) T - - - -

Yeed control, treatmemts
Weedy check 24.17 1541 19. 87 9. 46
Butachlor _ 54442 52.07 32.32 31,38
Bentazone ) 25.81 b 20, 96 -
Bentazons + Propanil - 45.63 - 26,91
1P togt . ' 28 %R He £
S.Em e 2014 2.47 1«29 1.2&
Nitromen (ke na~h
0 19+ 32 19. €6 1727 13.65
100 : 424 65 46.30 26,11 26,7
150 46,59 - 55.13 29,52 0dhily
IFY test £ B it -~
S.Em X 225 2e57 1 35 1441
D (0,03) - 546, 7.3 3.90 4,05

-.ql.-‘ ~‘ ‘.‘.“.-'ﬁ.—.-_. ﬁ- ﬁ.ﬂ._.—.m-i‘-.-.-- ‘:.lﬂ. -.-.-.—.n.-.ﬂ.—.--u
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Table 28, Nitrogen uptake (kg ha‘1) by grain as affected by
the interaction between weed control treatments and
nitrogen levels

Weed control Nitrozen ha"1)
breatments ke e b )

1982
Weedy check 18,26 24,17 27455 26.71
Butachloer 23425 45, 95 6l o7 83- 69
Bentazone 16. 1*5 2202 35 02 29. 37
1283 ) J '_
Weedy check 1222 12. 76 19.20 1 7. 27
Butachlor 25,72 42,87 59. 31 80454
Bentazone + Propanil 21.66 %8.26 54,99 67,60
' Sellm . CD{0, 05}

‘ . 1982 3 1982 5

For comparing nitrogen 3.90 Ga 46 11.20 12. 80

means at the same level
of weed control

For comparing weed 4,00 4,59 11. 80 13.54
concrol treatment means . : .
at the same level of

nitrogen

Table 29. Nitrogen uptake (kg ha -1y by rice straw as affected
by the interaction between ﬂGEd control treatments
- and nitrogen levels

Weed control -1
. Nityrogen ha~1)

- dd Ep @ em R da R Y S SE W MENGS A SR G W S SR M G TR CR. W Ak G W e S A

1982 )

leedy check 17,97 20,80 20. 34 36
Butachlor 19. 19 20,88 | 35 56 "-l-lh65
Bentazone 14.66 17.22 28,44 23%: 54
1983 |

Weedy chQCR 7_- 99 8. 36 1 20 03 9- 1}8
Butachlor 1812 27.29 34- 30 45, 83
Bentazone + Propanil 14, 84 22.96 33,682 36,02

S.Em 4 cb (0.05)
1982 "~ 1963 1982 1963

For comparing nitrogen 2. 36 2.44 6. 76 702 -

means at the same level
of weed contirol

For comparing weed 2. 41 2. 45 7a12 7e22
control treatments

means at the same '
level of nitrogen
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at oach level of nitregen, both butachlor and bantazone

plus propanil responded similarly, but both were significantly
superior to weedy check, With lncreasing levels of nitrogen,
its uptake also went up progressively in thase treatments
whereas in the weedy check and bentazore alone plots,

it was nearly static.

l".‘i. 100

The apparent nitrogen'recovery dﬁtained by the -
dlfference method is glven in Table 30. The apparent
recovery did no% vary considerably due to the iprigation
treatments (32 and 34 per cent , respectively in the
continuously and alternately flooded plots). The weed
control trestments busachlor and bentazone plus propanil
recovered the highest amount of applied nitrogen (57 and
49 per cent respectively over weedy check). The data also
indicate that nitrogen recovery first increased with
increasing levels of applied nitrogen, reached a peak at
around 100 kg N ha™! and then started declining, This

increasing-diminishing trend was true for both seazsons.

41,1,  Phecohorus uotake (ke P ha™1) by rice crep

at harvest

The data on phosphorus removal by rice crop as
affected by various treatments are deplcsed in Table 31 and
Flge 11s IU shows tThat phosphorus uptake by both grain

and gtraw did not vary due to water regimes. OF the yesed
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Ieble 30, Apparent recovery of nitrogen as affected by
soil nmoisture regimes, weed control treatments
and nitrogen levels

T reatmnents Apparernt N recovery (%)
982 1983 HMean

W WA e e Mm S e ss s K O ms W WD M WS PR P R e ME A As S e wB S m W o o deW

Vater regimes

Continuvous flooding 33.28 31.59 32. 44
Alternate flooding 28,95 29, 86 34, 41
end drying

Need control. trestrents

Weedy check 12.%2 5. 87 9,00
Butachlior 60. 71 52.47 56.59
Bentazone 21.19 - 21«19

Bentazone + Propanil ~ 48, 83 48.63

Nitrogen (ke ha"1}

0 - - Y
50 33450 33,78 33,64
160 %4, 17 37, 70 35, O

150 26.35 3h. T 30535

&'_ -. -g ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
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Table 31, Phosphorus uptake (P kg ha71) by rice as influenced
by water regimes, weed control treatments and
nitrogen levels

Treatments Phosphorus uptake
Grain __Stray
1982 1983 1982 1983
Yater yegimes
Continuous flooding 6. 91 Te 34 44 30 3. 81
Alternate flooding 5.90 Tl 3.99 3. 84
and drying -
2 fest - NS NS NS NS
S.Em & 0.34 0, 0.26 0. 34

Weed control trestments

Weedy check 44,39 2,98 342 2. 28
Butachlor .35 10.04 5.53 4y 77
Bentazone 4,86 - 3. U7 -
Bentazone + Propanil - 9.15 - Gobh2
P peot ¥ Xx  #En e
S.Em I Q. 42 0. 36 Os 31 Q. 38
cb {0,05) 1¢ 32 1. 14 0,98 1.19
0 4,35 464 2,69 2,85
50 6,55 6.56 3 Th 3,40
100 Te 31 8. 78 5.03 4.55
150 7+ 40 9.59 5410 4.50
‘P tegt *ar i B# T e
S.Em + 0. 44 0.54 O« 35 0.27

cD (0.05) 1.26 1e54 1.01 0,78

—.-.-.ﬂ.—.-.- —.—'—.-.-.-.-.-.‘-.-._.-’.-.—. e ™ s ™™ ¢ ™" "¢ e s " - =
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control treatments, butachlor in 1982 and 11983 and bentazone
plus propanil in the latier year showed a 'd.i.stinct
superiority in tems of phosphorus uptake (LGtilrby grain

as well as strawe« The total phosphorus uptake in the
butachlor treated plots worked out to be 14,89 and 14,81
kg P ha™1 respactively in 1982 end 1983 and 13.57 kg P ha™l

in the bentazone plus propanil combination.,

The data prosented in Table 31 also make it amply
clear that phosphorus uptake by grain and gtraw in both
years were steadily increased by additional increments of
nitrogen. However, at higher laevels the differonces wers
not significant,

‘ ~ The interaction betwesn weed control treatments
and nitrogen levels on phosphorus uptake of rice grain was
significant in both years (Table 32). The highest emount
of phosphorus removal was registered in the combination of
butachlor with 150 kg N ha™? in both seasons. Phosphorus
uptake did not increase considerably either in the ueedy
check. or bentazone alone piots over the entire. range of O to
150 kg N ha”1, Similarly, the interaction effect of ueed
control treatments and nitrogen levels vas significant
in respect of phosphorus uptake by straw in the year 1982
(Pable 33)s With increasing levels of nityrogen (5arrirlg
150 kg ha~1) sthere was a steady increase in phosphorus uptake
at each weed control treatment., But the magnitude of increase
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Table 32. Phosphorus uptake (P kg ha"1) by grain as
influenced by the interaction between weed control
treatments and nitrogen levels

tfecd control 3 -1
P eatoents Nitrogen (kg ha™ ')
0 50 100 150
1082
Weedy check 4a 99 5.67 5.18 413
Butachlor 4, 33 9,81 10, 32 12.98
Bentazone 3. 75 be16 - Gudi3 5.10
19863 :
{leedy check J¢ 39 2.63 3. 09 2. 81
Butﬂchlor 50 79 8- 91 - 1 1 [ ] ?2 ' 1 3. 74
Bentazone + Propenil b 73 8.13 11.53 12.22
: ' S.Em & cb (0.03)
1982 1983 1982 1985
For comparing nitrogen 0,76 0.93 2,19 2.67

means at the sanme
level of weed control

For comparing weed 0.78 0,88 2¢ 31 2.58 .
control treatment means :

at the same level of

nitrogen

Table 33 Phosphorus uptake (P kg na~T) by rice straw as
affected by the interaction between weed control
treatuents and nitrogen levels (1982)

gﬁggtggg§§°1 o Nitrogen (kg ha™1)

-0 - 50 - 100 150
- L - - - - L ] - ? - L) - " T e a= . - W - W PR e S wWm e - - - b ey
Weedy check 2.69 3. 68 392 3. 40
Butachlor 3. 49 452 6.23 7.87
Bentazone 150 3.02 4, 95 4,02

SeEm 4 . €D (0.05)

For comparing nitrogen 0,608 1. Th5

meaong at the same level
of weed control

For comparing weed control 0.612 1. 802
treatmeni meens at the
same level of nitrogen

‘.-._.—.-. —. —._.-.-._. —.—-.-.—'—.—.—..-.-'—. _.-.-.—-‘ m.—.—. n—.—. —. -. -
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was more in the butachlor treated plots and it continuc
upto the highest dose of nitrogen (150 kg N na~1),

£y1e120e Potasgium untake !kg K.hg'11 bz rice crop
, at_harvest

Potassium uptake was marked influenced by the
wveed control treatmencs (Taeble 34 and Fige 11)e The trend
was similar tb.thét of nitrogen and phosphorus uptake,

Potassium upiake by grain and straw incressed
vith increasing levels of mitrogen in both yeaés. There
was 60 and 96 per cent increase in total potassium uptake
at 150 kg n haf1 plots over the no nitrogen control in 1982
and 1983, respectively. There was considerable variation
in the potassium uptake by grain and straw at each of the
weaed control treatments with increasing levels of applied
nitrogen (Tables 33 and 36). The trend wés apparently
the same for grain as well as straw wiake of potassium
in both the years. Bubachlor tremendously boosted the
favourable effect of increasing nitrpgen 1eve;s on potassium
uptake. However, in the year 1983, it was -at par _
with the combinations involving nitrogen and bentazone plus
propanil, »

4,2, . Heeds
4elela Heed ponulation at various stases

The observations on population count of weeds are
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Table 34. Potassium untake (K kg ha”1) by rice as affacted
by water regimes, weed control treatments and
nitrogen levels '

Treatments Potassium uptake
Grain Strav
1982 1 1062 1983
gater regimes . ‘
Continuous flooding 9,18 739 83499 67.32
Alternate flooding end  7.95 7461 7833 73.46
drying
P! test NS NS NS NS
S.Em 2 0,49 De 39 .72 2. 76
cD (0. 05) - - - -
veed control treatments
Weedy check 6. 39 3. 10 69.52 31452
Butachlor 13,03 10,27 106.90 b, 24
Bentazone 627 - 67.06 -
Bentazons + Propanil - 9. 14 - - 85439
'F ' tast £ 2.7 Lo M e
S.Em K Q. 60 o Ll'? th 55 3' 38
cD (0.05) 1.68 1. 49 14, 34 10465
Nitrozen (k= ha”1! '
0 5.15 495  59.7 45,54
50 8.55 6. 79 758,61 62,51
100 10,29 8,79 92,69 83. €0
150 10,26 o 9,48 93,60 89,69
ti'? test #R M #a *4
S.En .‘{_‘. * 0. 69 00 49 l"o 3"‘ 3! 99
CDh {(0.03) 1,98 141 12. 44 1145

» - - Pl .-.ﬁ‘-.-.—.—.-.-.-.-.-. -.-.—.ﬂ.-.-.-'ﬂ.-.-.‘.—.-._.-
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Table 35. Potassium uptake (K kg ha™') by grain as affected
" by the interaction between weed control treatments
end nitrogen levels

Weed control -1
sreatments Nitpogen (ke ha™ ') .
0 50 100 150
19
Weedy check 5.50 7.09 6.96 5.99
Butachloyx 5.7 12.67 15455 18,18
Bentazone 4,21 5.89 8. 37 6,62
!285 b ¢ 'L '
YWeedy check 3455 2.7 3,18 2.95
Butachlor 6. 22 Q.63 11 38 13.85
Bentazone + Propanil 5.10 8,02 11.83 1162
" S.Em & cb{0.03)
9982 1963 1962 1983
For comparinz nitrogen 0485 0. 85 2.44 2.45
meens at the same level - :
of wesd control
For comparing weed 0.95 0,88 2683 2,59

control vreacment means
at the same level of
nitrozen

Table 36. Potagsium uptake (K kg ha'1)fby rice straw as -
affected by the interaction between weed control
treatments and nitrogen levels

Weed control
treatments

HNit en

-1

1082

Weedy checl
Butachlor
Bentazone

3983 .

Weedy cheok
Butachlor

Bentazope + Propanil

For compariﬁg nitrogen
means at the same level
of weed control

For comparing weed con=-
trol treatment mgans at

the same level of nitrogen

5
63,36 69. 20
65,78 105. 35
50.10 61,29
29,67 29,04
60e13 85,92
".6"84 72048 .
SnEm d:
1982 1983
7+50 e 72
794 6. 87

69.96 75459
120. 75 13573
87.36 69,49

38, 37 29,02
104,72 126,12

CD{0.05)
1952 1563
21,55 19,82

23431 20.19
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reproduced in Teble 37. In general, in 1983, the weed
population was considerably hilgher than the'previous year.
The data reveal that water regimes faliled to exert any
considerable influence on this parameter. lHowever, large
variaticns in the weed population vas observed;in'the
weed control treatmenis. ‘The lowest value was'alwaya
obtained in the,butachlor'plcts whioh was aign;ficantly
superior to otheyr treatments at all stages except at 100‘day3
after sowing in the year 1982, wvhen the differences vere
not significant. The weedy check ilnvarisbly pOuBESBed the
largest nuniber of veeds and was at par with bentazonc in
1982, But when bentazone was supplemented wztp propanil
in the subsedquent year, there was a marked reduction in
the number of weeds. However, it was statistically
inferior to butachlior.

The nitrogen levels did not display a significant
effect on the weed count at any stage except the 70th
day after sowing in 1982, when an inersase in weed populatibn
was noticed with increasing levels of nitrogen (33 in the
150 kg ha™! as against 19 in the no nitrogen control),

The 1nté?action.between water rogimes and nitrogen
" levels touched the level of significaﬁce in the.year 1982
(Table 38)s The two irrigation treatments responded to
nicrogen application differently in tems of weed population.



Table 37. lean number of weeds m
nitrogen levels (transformed values)

2

as affected by water regimes, weed control treatments and

Treagnents _ Days_after sowing G
1982 1983 1082 1965 1063 1005
dgter regimes .
Continuous flooding 4.27(17.77) 6.539(43.41) 5.02(24.69) 6.34(40.17) 5.00(246.50) 7.25(52.,57)
Alternate flooding 4, 74(21.97) 6.79(46.05) 5.27(27.22) 6.67(44.48) 4LH.81(22.64) 7.27(52.84)
and drying
IR test s NS s NS NS NS
e M E 0. 31} 0-33 0.25 0.32 0028 0.16
co (0,05) - - - - - -
deed control treatments : :
veedy check 5.65(31.42) 104 26(104.89) 6.42(40.72) 10.88(118.47) 5.37(28.34) 10,97{120.25)
Butachlor 3.01(8,56) 4.07(16.59) 3.28(10.24) 35.30(10.88) 4.32(18.16)  3.93(15.45)
Bentazone 4.83(22.82) - 5.69(31.91) = | 5.01(24.60) -
Benmtazone + - 5..75(33.04) - 5. 33(28. 39) - 6.688(47. 38)
Propanil
I test it #9 LD O H3 #it
Selun 00 41 0.120 0- 31 O@&O 00 3£‘- 00 419
cb (0,03) 1.29 1. 26 0. 97 1. 25 - 0.61
Nitrosen (kg ha"?l
0 3.68(13.04) 6.30(32.72) 4.42(19.03) 6.04(36.52) 5.03(24.50) 6.93(48.95)
50 Lo87(235.22) 6.56(43.08) 5,08(25.35) 6.65(bb.b1) 4.50(19.75) 7Te38(54.33)
100 4.85(23.31) 6.92{47.84) 5.31(27.65) 6.66(44.41) 4.99(24.40] T.16(51.27)
150 £,60(20.65) 6.97(45.55) 5.75(32.57) 6.65(44.17) 5.08(25.31) 7.49(56.23)
IFY test N3 M3 i 3 NS NS
S.Em 2 0. 33 0.23 0. 21 0. 37 0.17 0. 26
cD (0,05) - - 0.61 - - -
Flg&z\és.i;l 53;.,3;1;;130;31; inaioca%e-o;‘ingiznlai ;,ai éso L] L] - [ ] [ e ] - L ] e a - a L] E ] a [ ] - ® [ ] - - 2 "a

—
Q
~~



Table 38. Number o weeds m"a at harvest (transformed values) as affected by the
interaction between water regimes and nitrogen levels (1983)

Nitrogen (kg ha'1) ' Water regimes
' Contimious flooding Alternate flooding and
: . drying
) 6. 63(43.96) 7. 36(54, 22)
50 6.96(48.40) 7.81(61.03)
100’ 7.75(60,06) 6.57(43.18)
150 7.67(56.78) 7+ 33(53. 73)
S:En-x 'D (0,05)
For comparing nitrogen means at 037 1.07
the same level of irrigatian . ' '
For comparing irrigation means at 0.36 1.05

tiie same level of nitrogen
Te s T e ™™ e e T e T Te Te e e Te s ™ ™ ":o hat Bl St Bl Bt Zol Bt Tagl S Ral Bl hie' B’ o Toad Taa” 2ot | :-o e e e TeTeMe™e ™

Figures in parenthesis indicate original values

LoL
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In continuous submergence, there was a quadratic increase
while in the alternate flooding and drying treatment,
there was a curvilinear response with additional increments
of nicrogens

8e2e26 Dry velcht of weeds at various stases

The data on dry matter production of weeds are
prasented in Table 39, Just as ini%ase of weed population,
thelr dry matter yield also was higher in the year 19€3.

Of the weed control treatments, butachlor consistently

had the lowest dry welght "gf weeds, This was significantly
superior to all other treatments albelt at par with bentezon
plus propanil at 35 days after sowing in the year 1983,

At the subseuuenb stag.es also, the magnitude of difference
between butachlor and bhentazonse plus propanil treatment °
was negligible compared to that of butachlor and weedy
check (47 and 201 g n™2 respectively at 100 days after
sowing).

Regarding niirogen application!;, increasing
levels of this element, resulted in progressively higher
dry welght of weeds. However, the difference between two
congscutive levels was not always significant. The
interaction between weed control treatments and nitrogen
levels was significant in the year 1983 at 35 and 400
days after sowiné (Tobles 40 and 41). Although, there was
an increasing trend with increasing levels of nitrogen in



Table 39. Dry weight of weeds (g m ~2) as affected by vater regimes, weed control treatments
and nitrogen levels

Treatments

Dayg after gowing 7
70 100 .

35 --
1982(trans- 1983 1982(trans- 1983 1982 1983
formed values formed values)

dater regimes

Continuous f£looding 4.59(20.57) 42,63 10,78(115.7) 128,3  109.8 147.2
gﬁeﬁﬁgﬂ“@i"g 4,79(22.35) 40,74 12.42(453.8): 126.7-  128.8 1573 -
Y test N3 IS NS NS IO N3
SeBm 054 e 31 0.68 16,9 10.4 8,8
Cbh (0.05) - - - - - -
Weed control tret_tments
E'Je@dy check 50 69 35. 02) 9‘?. 80 1he 83 2" 9. ‘i) 2380 2 T45.9 2b7.6 -
Butachlor 2.21(7» 97) 8,25 'Y 46-5 ) 33. 8 72. 1 66. !}
Bentazone 5.15{26.02) - 13.08(170.6) - 138.9
Bentazone + Propanil : - 19,00 - 110.6 - 1 3. T
'PY test # P 4t . e ax
oEm ‘i' 0.66 4-06 0.8& 20.7 1207 10.8
cD (0,05) 2.08 . 12.78 2.64 65 & 40,1 33.9
Nitrogen (kg naﬂ ) |
0. 3+ 34(10.66 20.29 9.15(83,2) 92,8 88,3 02.4
50 4.90(19.75 49.656 10.60(111.8) 128.2 109.3 i41e 5
100 54 74(32. 45 47.73 12.98(167.9 127.6 126, 7 158.7
150 5.15(26.02 57.05 13.66(186.1 161.4 153.0 194. 3
1R test 3t 9 #¥ 4 itk g
S.Enm = 0,50 T 07 0. 62 7‘9 Te 50 10.6
¢h (0.05) 142 20. 20 17T 22,6 20.9 30.6
Figures in‘parenthesis indicate original walues

col
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Table 40, Dry welght of weeds (g m “2) at 35 days after
sowing es affected by the interaction betveen
weed control treatmenits and nitrogen levels

(1983)
treatnents 0 ~ 50 700 150
‘Weedy check 43417 98, 27 110,30 1394
Butacahlor .23 © 4498 8.98 9. E
Bentazons + Propanil . .47 21.73 23.92 210 €
S.Em & €2{0,05)
For comparing nitrogen 12,25 35.16

means at the same level
of weed control

For comparing weed control 11+ 36 33,01
treatuoent means at- the : '
same level of nitrogen

bl Toal Toaf St R T R Pl TP L T Al Rl Bl huf R Taed Tuf’ Toal Bue Toad Bt Bt Bt uk Rt 2ot Bt ot Bl Tont T’

Table 41+ Dry welght of ueeds (z m.a) at 100 days after souwin
as affected by the interaction bet.een weed control
treatments snd nitrogen levels (1983)

Weed control -
treatments Nitropen (ke

. ' 1
Weedy check 19044 2346 2914 253.6
Butachlor S B 70.8 5641 STels
Bentazonz + Propanil 7341 119.1 .- 128,06 131.9

S.En & cH (0.05)

For comparing nitrogen : 18.4 52.9

means at the same level
of weed control

For comparing weed combrol 19,2 - 56.9
treatment means at the sane -
Jevel of nitrogen

-.-'—. - g Ty Ty, g hal Sl Bt Tt Bnd oot -.-.—.-. bl Bt B Bk Rt 2t et Bt Bt Bt Bt | -
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all weed corntrol treatments, the magnitude of increase
was considerably higher in the wveedy check. At 100 days
efter sowing, the weed dry weight increused from 4#1.1'  to

7.4 g m'a in the butachlor plots by raising the nitrogén

1. The corresponding‘figures

for the weedy check were 190,171 and 333.06 g m“g.

4e2e 3 Elemental comnosition of weeds (NPK %) at
different stages .

levels from 0 to 150 kg haf

_ The dets pertaining to the concentraticn of
nitrogen, phosphorus and potassium in the weeds at 35 and
100 days after sowing are presented in Tables 42 and 43,

40 2 3. Te A Ni‘brogen

The weed control treatments affected this
parameter in the first year of experlimentation at 100 days
after sowing. Butachlor had a significantly 1owe§ tiassue
nitrogen content (1.11 per cent) compared to weedy check

(1.31 per cent) and bentazone (.33 per cent).

Nitrogen application resulted in a higher nitrogen
content of tissues over no nitroéen control at all stéges
except at 100 days after éowing in the year 1983. The
interaction between weed control treatments and nitrogen
levels at 100 days after sowing was significant in the year
1982 (Table &44). At each weed control treatment, increasing

doses of nitrogen raised nitrogen concentration in the weeds.



Table 42. Blemental composition (NPK $5) of weeds as
' control treatments and nitrogen levels (1982)

affected by water regimes, weed

Treatments Nitrosen Phospho Pot 1
?O DAS 100DAS 5 DAS GS 35 n% 700 DAS
trang- (trens- (trans- '
formed formed - formed
value) value) value)

Water regimeg

Contimuous flooding
Alternate f£looding and

e test

drying
S.E

Weed conbro; tyxeetments
Weedy check

Butachlor
Bentazone

cd (0-05)

Nitrogen (ks ha™ !

0
350.

100

150

AR test

SEL +

co (0,05)

1.42(1.72) 1.24

1-48(1.71) 1.25
NS NS
0.044 0,048

1.58(1.99)  1.31
1035(1.32) 1411
1.54(1.87) 1.33

NS -
0, 050 0. 059
- 0.186

1¢33(1.26) 1.07
147(1.66) 1.13
1¢59(2.02) 1.32
1057(1.97) 1.48

L -

0.061  0.049

0.174 0. 140

0,94(0. 39) 0.282
0.93(0. 37) 0.284
NS Ns

0,026 0.0057

10,98(0.46) 0.293
0.88(0.27) 0.280
0.95(0.40) 0.275

NG S
0.032 0070

). 88(0.29) 0.317
)e94(0.39) 0.279
3.95(0.40) 0,272
2.97(0. 44) 0,263
#® - NS
0,016 '0.0148
0.047 . -

1.42(1.51) 1.39

"1.37(1.39) . 1.43

NS NS
0.0526 0.057

1.58(1.98) 1.50

1.16(0.85) 1.27

1¢45(1.60) 1.46
™ NS

0.0730 0.062
0. 2300 -

112(0.76) 1,14
1.38(1.40) 1,42
151(1.77) 157
1457(1.98) 1.49
L i

0.0508 0.062
0. 1458 0.17°

DAS 3

days after sowlng.

Figurca 1n parenthesis Indicate original values

anl



Table 43. Elemental composition (NPK - $) of weeds as affected by vater regimes, weed
control treatments and nitrogen levels (1983) _

DAS ¢ Days after sowing

Treatments " Nitrogen ' Phosphorus Potassium
30 DAS 700 DRS 35 DAS 700 DAS 35 Dis 700 Das
later regimes B
Continuous flooding 2.02 128 0. 274 0,182  2.08 140
Alternate flooding and 2,08 1¢25 0,282 0.174  2.18 135
drying : ‘ I
'Y test No NS N3 N5 NS NS
Selim # . _ 0. 11 0.03 0.009 0.006  0.071 0.056
¢h (0,05) - - - - - -
Haed qontrol tmatmegts _
f;ieedy check 215 1e22 Oe 2.85 Oe 73 2o 38 1 27
Butachlor 1.86 127 0. 274 0.189 193 .43
Bentazone + Propanil 2.15 125 0.274 0.172 2,07 143
P test N3 Ns N N * NS
S.Em + - . 014 0.04 0,001 0. 007 0.086 0,068
Co (0. 05 - - - - O. 272 -
Nitro gén (ke ha~ 1 )
0 1.92 1497 0.273 0.178  2.05 T35
50 191 118 0276 0.177 213 1.31
150 221 1+ 38 0. 266 Qe 180 2,18 1e 42 ~
P! test e NS NS NS NS Hs
S.Em 4 0.07 0.08 0.008 0,006 0.041 0.080
cD (0.03) 0.20 - - - - -
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Table 44, Nitrogen content in weeds (%) at 100 days after
' sowlng as affected by interaction between yeed
. control treatments and nitrogen levels (1982)

laed control -1
treatments Nitrogen (kg ha ') .
0 5‘? 1
tleedy check 1,08 - - 1.28 - 1,47 142
Butachlor 1405 1.05 1,04 1,29
Dentazone 1.08 1,06 1645 1ﬂ73
For comparing nitrogen 0.0847 . O.éﬁjﬂ

means at the same level
of veed control

For comparing weed 0.0941 0, 2605
control troatment means

at, the game level of

nitrogen -

- R L e g wm L v v m L B A L S NS L S Ok e L e, W L g, M S S WS, W mA L Ow ew =

e T e e ™ ™ e ™ T T T I T T T e T e T e T T T T e T e T e T e ™ e T e T e e Te M Ta T e

Table 45, Potassium content (%) in weeds at 35 days after
gowing (transformed values) as affected by interac=
tion betveen weed control treatments and nitrogen
levels (1982)

lleed control -
treatments e Nitrogen (kg ha D)
0 50 100 150
Weedy check ' 148 157 1,60, 1,65
(1.70) (1.95)  (2.08)  (2.22)
Butachlor Oo' 85 00. 99 1 3’4 1o 145
(0, 22) (0.48) (1.29) (1,61)
Bentazone 1,04 1.57 1+58 1.62
(0.57) (1.93)  (2.01) (2.12)
' S,Em % CD (0.05)
For comparing nitrogen 0.0879 02525
means at the same level .
of weed control :
For comparing weed control 0.1055 0.3170

treatment means at the
same level of niirogen

Figures In parenthesis indlcate original vaiuss
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The weedy check and bentazone had a markedly higher nitrogen

content than butachlor.

z@. Ze e e Phosphoms

None of the tréatments was found to blay a dominam
role 1n deciding the phosphorus concentration in weeds
except the nitrogen levels at 35 days after sowing in the
first year. It was observed that at this stage, additional
increments of nitrogen favourably influenced this component.
However, the differences wer: not significant over the

entire range of 50 to 150 kg N ha™l,
‘h Ze 30 30 Potassium

The data presented in Tables 42 and 43 make 1t
clear that there was marked difference among the weed
control treatments at 35 days after sowing in both years.
Butachlor and bentazone plps propanil. treatments were found
€0 have a lover concentration of potassium in the

weeds.

Nitrogen application significantly increased the
potassium content of weeds both at 35 and 100 days after
sowing in the year 1962. As nitrogen levels increased,
the accumulation of potassium was positively influepced.

In the subsequent year no detectable difference among the

nitrogen lcvels was noticed.
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The interaction between weed control treatments
and nitrogen levels turned out to be significent at 35 and
100 days after sowing in the year 1982 (Tables 45 and 46),
So also, the interaction betueen vater regimes and nitrogen
levels at the latter stage in the same year (Table 47).

At each level of irrigation and weed control treatment
nitrogen application enhanced the tissue potasgsium
concentration. The pbtassium content of weeds in the
butachlor, plots increased from 0.70 to 1.55 per cent over
the range 0 to 150 kg N na~1 at 100 deys after sowing in
1982, The corresponding figures for weedy check were 1.32
and 1.61 per cent. The increase was more evident in the
bucachlor treated plots. In other words, tha pocassium
concentration was more than double in the 150 kg N ha™
treatment with butachlor comparced to its no nitrogen

treatment.

Le2el, Nutypient denletion by weeds {gg NPK ha""}

. The data pertalning to the nutrient removal by
weeds at harvest are summarised in Table 48 and Fig. 11.
The irrigation treatments failed to have any noticeable
influence on the NPK depletion by weeds. The weed comntrol
treatments resultéd in a marked variation in this parameter.
Butachlior registered the lowest velue in hoth the secasons
for all the three elements (19,17 and 19.39 kg NPK ha™! in
1982 and 1983, respectively). However, in the year 1983,
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Table 46, Potassium content in weeds (%) at 100 days
after sowing as affected by interaction
between weed control treatments and nitrogen
levels (1982)

Weed control =y -1
roatments Nitrogen (kg ha ')

o 50 - 100 150
Weady check 1. 32 1445 1. 62 1.6
Butacnhlor 0.70 1026 1457 1455
Bentazone 1 &l 1.56 1.55 1432

S.Em & ¢D(0.05)

For comparing nitrogen 0.,107° _ 0. 7099

means at the game level
of weed control

For comparing weed control 0. 1164 0. 3457
treatment means at the i
same level of nitrogen

- G kL WS g, eEM L SR L N L D TR L M S L Bs L ogem . g, e el ekl L e o e o ek L el M L WAL L AR MR TN e L Em L e L e

Table 47. Potassium content in weeds (%) at 100 days after
sowing as affected by interaction between water
regimes and nitrogen levels (1982)

Water regimes t Nitrogen (kg na™ 1)
0 50 100 150
Continuous flooding 1.15 1030 1,47 163
Alternate flooding 1. 14 14548 1.69 1435
" and drying :
S.Em + ¢b (0,05)
For comparing nitrogen 0.0

881 0.253%0
means at the same level .

of irrigaction

For comparing irrigation 0.095%0 0, 2822
means at the same level
of nitrogen




"Table 48. Depletion of N, P and K by weeds (kg ha““‘) at harvesc as affected by wvater regimes,
wveed control treatments and nitrogen leyels

Treatnenss o N T T P 553 55 K -
Water regimes » .
Continuocus flooding 14.23 16.14 3.03 2.62 15.26 20, 45
Alternate flooding and 16,83 18.94 3.69 2.49 18,43 16,85
rying 'F! pest s NS NS NS NS NS
S.£m 1.95 133 Qe.32 0. 27 2. 350 1.68
Co (0.03) - - - - - -
Weed control treatments
Weedy check 19.67 32.50 4,26 4,54 22,04 . 32.48
Butachlor 7+99 B.59 2.03 1.23 9.15 Q.57
Bentazone 18.E0 - 3.78 - 20429 -
‘Bentazone + Propanil - 14.53 - 1.90 - 16.92
17 test & Rt #r o ade i
S.Em 3 2440 1.63 0432 0,33 2.82 2.05
co (0,03) 7«56 5.13 1423 1.03 8. 89 6. 47
Nitromen (k =1
0 9.42 12,03 2.83 1,76 10.06 13..70
50 12. 88 15.99 2.99 2. 30 15.53 18. 43
100 17.68 19,96 3.55 2.76 19.84 22,06 N
150 22.24 26419 4,05 3. 51 22.80 LY S
1Y test L B o 8% . e &
S.Em 3 1e 31 1.92 0..29 0.20 1.93 2. 47
cu (0,05) 3.76 5.51 0.83 0.58 5.53 7.10

- AR M ER L W S R MR S ey L e o L SR e L A, S o A o R S L T B L BN ok, TER L ML R L M, ER L AR L L aie M e e SER L S L e L e e ey ey W L kR
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this was found to be at par with bentazone plus propanil
combination wihich lost 33,35 kg NPK ha"1 thyough weed

removals

Nitrogen spplication always resulted in inereased
depletion of fertilizer nutrients. As the rates were
increased, the losses also grew in magnlitude. The
interaction between weed control traatments and nitrogen
levels was'sighificanﬁ with respect to nitrogen and
phosphorus depletion in 1982 and 1983 respectively (Tables
49 and 50), -Nitrogén loss was accelerated by additional
doses.of nitrogen in the weedy check and bentazone plots.
But it was almost unchanged in the butachlor plots over
the entire range of O ©o 130 kg N ha™', The increase was
from 5 to 9 kg N ha™! in the butachlor; whereas it grey

from 11 0 28 kg N ha™!

in the weedy check. #&38 regards to the
interaction between. weed. control treatments and nitrogen
levela on phosphofus gepletion by weeds, thers was no

marked difference eamongst the nitrogen levels elther in
butachlor oy bentazone plus propanil plots. Howeveyr, there
was a greaster and greater 1oss of phosphorus in the weedy

check with ecach additional increments of nitrogen.

bo3s - Effect of Moisture Regimes on Croo dater

Rate of 50il moisture depletion as depicted by

the changes in daily mean soil moisture tension values (MiPa)



o

Table 49. Nitrogen depletion by weeds (kg na™?) as effected
by interaction between weed ccntrol treatmencs
and nitrogen levels (1982)

Weed comtrol Nitrogen (kg na™1h
treatments :

0 50 100 150
Weedy check 10.88 17413 23.21 28,25
Butachlor 5.14 754 10,46 8:83
Bentazone 12,22 13.97 19.'37 29,65

For comparing nitrogen 2e 24l 7.071
means at the same level )
of weed control

For comparing weed control 3.084 94457
treatment means at the same
level of nitrogen

‘.-.-. -.-.-.-.-.ﬂ.-—‘-. —.-.—‘—.Il'—.-'—.r‘.ﬂ.-'m.ﬁ'.f—.-..-,n.-.n. -.

Table 50. Phosphorus depletion by weeda (kg ha~1) as affected
by the interaction between weed control treatments
and nitrogen levels (7983) ‘

Veed control .  ha] )
treatments Nitrogen (kg ha™') .

0 50 100 150
Weedy check . 3413 3.6 5412 64 30
Butachlor 0.77 10.27 110 1. 78"
Bentazone + Propanil 1. 37 2.02 2,07 2:15
For comparing nitrogen 0¢335 1.01

means at the same level
of weed control

For comparing weed coutrol 0. 45 1.5
treabtment means at the
same level of nitrogen
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at 49 cm depsh for the alternmate flooding and drying
treatment are presented graphically in Fig. 7. The crests
deplct the extent of maximum tension reached, while the
troughs denote the tension reached Jjust afber the
irrigation or rainfall. Dates of irrigation have been

indicsted by arrows on the abscissae

A critieal obsér?ation_of the Filg. 7 reveals
that in the year 1983 because of well distributed - '
precipitation, the soll moisture tension seldom reached
the critical velue of 0,02 MPa. Therefore, the mumber of
irripotions given during that season was considerably

leas than the previous year,

belse

The average account of water addition (by

irrigation and effective rainfamll) in mm and the water use
efficiency (kg na~lea™) as affected by water regimes are
presented in Teble 31. The figures for water use under -

" the continuously and alternately submerged watép regimes
were 2356.16 mn and 1208,16 mm in 9982 and 1289.6 mn and
889,06 mn in 1985 respectively. Because of the climatic
factora the figures were consi&erably low in 1283. The
vater use efficiency was greater in the second year under
both the wvater regimes. The figures under continuously
flooded and alternately flooded treatments were 1432 and
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FIG.7 PROGRESSIVE CHANGES IN SOIL MOISTURE TENSION IN THE
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Table 51, dater use and water use efficiency as affected by
molsture reginmes

Treatments Irriga- Eifec~ #ater Grain Yater use
tion tive ?se) yield ; effici-
require- ralne- mi =1y enecy
ment fall (kg ha’) (ke ne~imnl
(zm ) (mm) = ‘

1982

Continuous 1900 458,16 2358.16 3108 132

subamergence

Alsernate 750 458,16 1208.,16 2563 2,12

£looding and

drying

1283

Continuous 750 530.60 1283.,6 2697 2.09

submergence

£looding and

drying

Table 52. Mean wabter use efficiency as affected by weed control
treatments and nitrogen levels

Treataents Yater use efficlency
ke ha”hen~1)
1982 1985
eed control treatments
Weedy check 1e 35 1. 04
Bubtachlor 253 Te ity
Bentazone 1. 81 -~
Bentazone + - 3,14
Propanil e
Nitrozen (ks ha"12
0 1o 25 1462
50 1. & 2623
100 - 2.06 J.02

150 194 3¢ 28

el Rl Bt Rl Bt el Rt R Rt Tt T’ Rk R R L AR G, OF, G Yem ve S R Cu L g Wr L mm, S, R o
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2,12 kg ha~Tez™? in 1982 end 2.09 and 2,99 kg halea”! in
1983 pespectively. In both years the latter treatment

turned out to be more efficient.

It is clear from Table 52, that WUE is extremely
low in the weedy check and bentazone plots. Butachlor
and bentazone plus propanll treatments recorded considerably
higher water use efficiencies (2.53 and B-e 4y g ha~len™"
in 1962 and 1983 respectively in the butachlor plots as
against 1035 and 1,04 kg ha~lem™! in the weedy check). The
favourable effect of nitmgen applicgtion on ephancing the
WUE ls well documented. There was 53 and 102 per cent
increase in WUE in 1962 and 1983 respectlvely over the

vange 0 to 150 kg N ha™ 1,

4.5,

Detalls of cost of inmputs and produce are given
in Aoppendices IV and V. A perusal of the data summarised
in Table 53, makes it distinetly evident that net profit
as well a8 refturn per rupee invested were high in the
alternately flooded and dried treatment. As far as the weed
control treatments are concerned, the highest net profit
(Rs. 3714.0 end Rs. 3330.0 ha~! in 1982 and 1983,respectivel
and the maximpum returny . per rupee invested (Rs. 1.13 and

Rse 1432 in 1982.2nd 1983 respectively) were cbtainsd in



fable 53. Net profit- and net return per rupee invested as affected by soll moisture regimes
'+ weed conbrol treatments snd nitrogen levels '

‘reatments ' ' Het profit (ks ha™1) ' Returns (Rs Re invested=1)
' 1982 . 1983  Mean 1982 1983 - Mean
Vateg regines
sontinmuous flooding - 1686 - 1860 - 1773 0. 46 0.61 0.54
dternate flooding and 1935 2177 - 2056 e 71 0.83 0.77
irying
feed control treavments
feedy check 1006 -238 . 384 0, 58 -0.08 0.15
Jusachlor 3714 3570 3622 1.13 1. 32 1.23
lentazone 713 - - 743 0. 24 - 0.24
Jentazone + Propanil - 2764 2764 - 0.92 0.92
Hirozen (ke ha™)
0 201 8hly 872 0437 0. 39 0. %8
50 2050 1579 . 1814 0.68 0.61 0.65
100 2407 . 2734 2570 . 0.75 0.26 0.86

150 1887 2218 2402 0.54 0.923 0. 74

l.”.-.-’-. Ty e T W T Ty g g g g T N R M e e T e e T g T N e MR T R, g T Mg Ty g g T Yy g Mg T g

Bil
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the butachlor trested plots. The weedy check resulted in
a net loss of Rs. 238.0 ha"1 in the year 1983. Application
of beniazone provided only & meagre profit of Rse. T13.0
he."t However, where it was supplemented with propanil
the profit margin was substanticlly improved (Rs. 2764.0

na™ 1 de

Increasing levels of nitrogen consistently
increased the net profit and retum ,per rupee invested.
The highest net profit wes recorded in the 100 kg N ha™"
plot in 1982 (167.17 per ceat greater then no nitrogen
control) and in the 150 kg N na~1 plot in the subsequert
year (245.75 per cent higher than no nitrogen control).
However, the returmn per rupee invested was highest in the
100 kg N ha™? treatment in both years (Rs. 0.75 and Rs.
0.96 in 1982 and 1983: respectively). Addition of nitrogen
in the weedy plots progressively increased the losses

(T gble 54) ®

4,0, Pot Cu_];ture Studies
4,641 Phytomass accmngation gmg plant 12 at various

stares 0i growth

The observaticns on phytomass yleld are presented
in Table 55 and Fige 8. It clearly points out that there
is no significant difference between the two genotypes in
this respect at any of the stages except that at G5 days



Pable 54, Net profit (Rs. ha-1) as affected by the interaction between weed control
treatments and nitrogen levels

‘ -1
tJlead control Nitrogen (kg ha ')

treatments o 5 100 150
198

tleedy check 1352 1512 952 211
Butachlor 1080 1237 1450 5088
Bentazone 271 402 1 8‘.1 & 361
1983

deedy check | 268 _ =356 =20 - =773

Buitachlor 1574h 2048 4278 5322

dZL

Bentazone + Propanil _ 690 2145 4013 L2053



FIG.6 PHYTOMASS ACCUMULATION (mg plont™h IN THE
SHOOT AS AFFECTED BY NITROGEN LEVELS
| AND SOIL MOISTURE TENSION
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Teble 55. Phybomass accumulaﬁion.(mg;plant'1) as affacted by genctypes, nitrogen levels
' and moisture reglimes '

Trealments

Genotypes
Pusa 33 (Vq)
Pusa 312 (vé)
'F1 test
S.ip &
cb (0.05)
Nitrogen (mz ke s011™1)

Selim
ch (0.05)

Moilsture regimes
Submergence to saturation

(control) (mq)
0~0.025 iPa (ma)
0-0.05 iPa {m3)
0-0.075 MPa ()
0=-0,10 WMPa (m5)
ir! test
S.Em 4

¢D {0.05)

L R L O TR emm e W T g L ol o am e o, e L R MRS O e L e e meh IR O L el WL wm o G W el e AR e

Days after sowing

- 30.83
"40.00
43,00

it

. 2.283
- 6.0696

49,72

&30 33
35.00
3hbl
.56

4¢ie

2.947
8, 644

65
Tcor Cuin
219, L4 185.78
245, by 217. 22
& NS
10, 22 13, 00
29. 98 -
222,50 155. 63
232.50 219.00
245,83 229,67
NS [
12.52 16.98
- ! 49. 82
1,67 350,00
269. 44 250,00
209. 72 197. 22
1760 35 117.78
16750 92,50
[ &3 ik
16,16 21.90
L7 41 6L, 30

9%
Leaf Culm Total
62L. 44 968, 89 1593.33
625455 89235.78 1523. 11
N3 s NS
476,67 618. 33 1095.00
640,00 854,67 1494, 66
758,33 1375.00 2133 33
Wik bl i
151. 41 174. 40 216.70
150. 78 51 y 5‘!2‘ 635. 65
1197. 22 2586. 11 27835, 33
883.33 997. 22 1880.55
463, 89 555.56 1019. 44
355.56 402, 22 7. 7T
225.00 205.56 430.55
a3 Wi fos
66.37 225.15 280, 10
194,66 660. 40 821.58

L A L B N W L WR L wp L W, WD e e o

Let
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after sowing when the drought tolerant cultivar, Pusa

312, has accumulated more phytomass in the leaves.

The phytomass accumulation lncrzased considerably

in response to the increasing levels of nitrogen albelt
1

difference betwesn the 100 and 200 mg N kg soil™ was riok
significant in the initigl phase of crop growth. But at
95 days after sowing, considerable variation was vislible
in the total as well "as culm masses betweéen thiese two.
treatments, The higher level was evidently more efficient
(435 per cent higher) in total phytomass accumulation than

she 100 mg N kg soil™! treatment.

‘The data also make it clear that there exists
a parallel relationship between soil mstric potential and
dry weight. The total dry weight decreased linearly as
the soil matric potenticl decreased. The same trend was
raflected on the leaf and culm phytomaszses at all stages.
The submergence to saturation (m,) treatment was aluways
superdor (3783.33 mgz plant"1 at 95 days nfter sowing) o
the remaining water regimes except at 30 days after sowing.
At this st_age 1t was at par with the 0-0,025 MfPa tension

(ma) treatment,

4.6. 20 L9 . A g T L . o] ot
formed rM g Lr.wb."

(NC!a

The two genotypes did not differ statistically
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(Table 56) even though the drought tolerant Pusa 312

. invariably registersd a higher nitrate reductase activity
(NRA). Increments of nitrogen had a stimulatory effect on
NRA. The lowest activity was recorded in the no nitrogen
treatment at all stages of observation. HNRA increased
consistently as the amount of applied nitrogen lncreased.
The 200 mg N kg soil™! treatment had 78, 40 and 72 per

cent higher NRA over no nitrogen controcl respectively at 30,
50 and 70 days after sowing. However, beyond 100 mg N

kg 5011'1, the increase in activity was at a diminishing
rate. Consequently, the 100 and 200 mg N kg so11™"

at par initially uwpto the 30 day stage.

ware

The enzyme activity was drastically affected by-
molaturé stress at all stages of growth (Fig. 9a and
Table 56). The reduction in WRA was characterized by an
initial faster rate upto 0.05 MPa tension and a subsequent
slower rate of decline. At 70 days after sowing, MNRA wes
only 47 per cent of the control (m1 ), in the my treatment
which further declined to 37 and 24 per cent respectively
in the m,, and mg moisture regimess The highest activity
recorded were 1652.13, 2078.58 and 1112.47 m NOZ' formed
g £r. wt."'h"' raespectively at 30, 50 and 70 days after
sowing in the m,4 treatment vhereas the lowest values were
obtained in driest treatment (n5) yiz. 379.06, 385.11 and
259.06 w1 NO,~ formed g £r. wt™ ™1 respectively at 30, 50
and 70 days after sowing.
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‘I‘able 56. Nitrate Reductese Activity (NO
' " content (i proline-g-leaffit=

molsiure regimes

formed, nl g leaf fwt™ 'h™’) and free proline
“as~affected-by genotynes ,mnitroﬂe& Jevels -and

Treatments
30
Genotypes
Pusa 33 (v4) 813. 24
Pusa 312 (v,) 861.37
17t test NS
S.Em i 8“'. 96
(3] (Oa 05) . -
Nitrozen {me ke 8011'12
0 (no) ' 593.23
100 (n,‘) 864,04
200 (n,) 1054, 65
Pt test | #*
S.lim 3 104,05
ch (0,05) 305.19
Moisture regimes
Submergence to saturation 1652.13
(control) (11 )
0-0.05 HPa (n3) 509.99
0-0,073 MPa - (m,) 509493
'PY fest w1
SoEm £ 13£". 33
¢h (0,03) 393, 10

: Nitrate Reductase Activity

1276, 64
1367. 22

s
86. 75

1059.93
1423. 40
1485.47

&%

106. 24
311.62

2678.58

176950

1016.95
764451
35,11

B

137.16
402. 70

Days atien Sowing
50 .

612 39
646, 36

NS
35. 36

453.13
652. 25
763. 27

Wik

43, 31
127.02

1112. 47

837.92 .

527+ 33

410,97

259.06
ot

55.91
163.99

E’roli,ne content

0. 2767
0.2829
NS

' 0.0159

0. 2311
0, 2676
0, 3407

@9

0.,0195
0.0572

0,0319

0,0747
0, 2900
0,4023

0. 6002
LA

0.0252
0, 0735

0.5816
0.5527

N&
0.0255

0.5079
0.5242
0.6687

%

0,0312

0.0915

0.0658

C. 2739
0. 3223
0.6014
15725
4

0,0403
0.1182

T
0 50 70

s ¢ gy en on e a2 W A s Ay W - A

0.8160
0.7379

H3
0.,0382

0..6508

0.8266

0.9033
Fdb

0.0467
0, 1370

01259 -

0, 2730

0. 4225

0, 9734
2. 2400
-
0.0603
0. 1769

V{42

N application 15 and 45 Gays after Sowing
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It could also be seen that NRA increased with the
age of the plant, reached a peak at arocund 50 days after
soiylng and then started declining,

t"ﬂ‘ 63 3.

' The free proline content of rice leaves &s
affected by genotypes, nitrogen levels and water stress
are presented - -in Cable 56, Witk respect to the accumulation
of proline, the two cultivars behaved in a similar fashion.
Nitrogen levels had a stimulatory effect on the accumulation
of this imincacid. However, the magnitude of lncrease was
very small. Pyreoline acoumulation increased almost
linearly with increasing water stress (Fig. 9b). The
highest proline content was always obtained in the
driest treatment (mﬁ). 'The m, possessed 5.6 per centj
iy - 12 per cent:; g = 19 per cent and my, - 43 per cent
of this value, at 70 days after sowing. A simllar trend

was obltained at other stages also.

Lo 6alss Leaf area (om® plant™1)

The data are presented in Table 57 and Fig. 10.
Reparding the genotypes, the difference was statistically
0ot significant. The data algso reveal that higher levels
of nitrogen application consistently increased the leaf arc

at all the phenological stages studied. °
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Table 57. Leaf area (em® plant"q} and plent height (cm)
as affected by genotypes, nitrogen levels and
moisture regimes

Treatments Leaf area Plant

Genotynes
Pusa 33 (v4) 3.662 15,16 53.48 38,90
Pusa 312 (v,) 3e 778 21423 58,186 38,56
T 1R gesh NS s N3 NS
Se.Lm 5 0@09!} 3. 87 11.66 0.811
ch (0,03) ’ - - - -
Nitrozen (ms Lo soi;"q )
0 (no) 30 31& 1012 23« 51 %. 93
100 (ny) 3.823 17,22 5l 42 39, 21
200 (ng) 4,023 27.23 £3. 76 41,98
IRt test i NS & w3
S5.Em & 0.115 40 ?!I- 1&0 28 00 99
cb (0.05) 0. 338 - 41,89 2,91
Holsiure regimes
Submergence to by 30 42,18 146,69 66. 31
satupation '
(contrel - m,])
0“0@025 M.Pa - m2 &'o 07 19. 6? ?30 77 15‘26 14
0-0.05 WPa = my 3,70 15,08 34 54 31,56
Q=0 075 iPg = mh 3. 35 8. 16 16. 65 270 89
0"""0: 10 “;pa - m5 '30 07 5. 66 7- 50 25 a 64
'F' Ltest g . i S bt
S.Em + T 04149 6.11 18.44 1428

Cb (0.05) Oq d}36 17 93 5@.09 Fe 76

bt Bl Tl Bl Tl Bead R R R e S Bt Rl Bar B i T P T P P P . DL Ty
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Depletion of soil moisture and decreased soll
matric potential caused 2 decline in the leaf area expansion
of wabter stressed plants. As the growih stages advanced
the differsnce also grew in magnitude between the stressed
and the control plants. The totial leaf area per plant was
147 cm2 after 95 days from sowing in the control, whereas
it wes omly 7.5 ca” in the mg. The data undoubtedly
underscore the superiority of the control plants over the.

stressed plants for leaf area enlargement.

ll'o 60 5. Péan‘t heifzz!t £ sz

The dominant role of nitrogen in increasing the
plant height can ﬁe cagily made out from the data given in
Table 57. lWhen the planté were nitrogen aSarved, Just as
leaf area, plant helght also was significently retarded,
Plant helght was found to decre:ase substantially as the
80il matric potentialldecraased. The control plants were
slgnificantly taller than 211 other water regimes. S0 also
mé was markedly superior to M, my and mg in respect of

plant height,

lh 6. 6g

The datquertaining to NPK concentration and

upteke are presented in Table 58. There was no perceptible
variation in the concentration of nitrogzen and phosphorus in

the two cultivars tried- Similarly, nitrogen levels were also
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Table 58, NPK concentration and uptake as affected by the
genotypes, niltrogen levels and moisture regimes
at 93 deys after sowing

Treatments Concentration( g) Uptake(mg plant™1)
z & © R
Genotypes
Pusa 312 (v,) 2,685 0.194 1,350 36,89 2,96 21.32
15 test NS @ Ns  we NS M8 NS
S.Em 4 ,0.038 0,004 0,005 2.78 0,32 2,37
cD (0.,03) To- - 0.015 - - . .
Nitrosen {(me kg so:!.;"'i ) )
0 - n, 279 04197 1.331 26,68 2,20 14.96
200 = na 2 31 0.1 83 Yo 3&7 48.02 3- 93 280 32
‘P! test NS Ng NS PN *® -z-
oLm & 000% 0. 005 09 006 3‘&‘1 00 39 2. 91
CD (0,05) - - Jm 10.01 1.1‘5 8053
HMolsture ;ggimes W 4 |
Submergence to ’
saturation 1454 0, 190 1 . 327 59.99 T.06 49,85
(control )=(m,) ' I '
0-0,025 1Pa (ma) 3.00 04193 1,427 56445 3.62 26.82
0-0,05 iPa (mz) 3,05 04201 14353 31,06 2,05 13.80
0=0, 075 MPa (ma) . Se 14 Oq 187 e 167 23, 8 1 <40 Q.00
0-0,10 iPa (my) 3e36 04183 1,272 14.54 0,79  5.49
1w test ' e NS e at ne res
S5.Em % Q.060 0,007 0.008 4,41 0,50 373

CD (0,03) 0176 = 0.023 12.92 147 11.01
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at par in this regerd. However, moisture regimes

exerted a profound influence on mutrient concentration

in the tissues, There wvas a distinct Increase in niprogen
eccntent of the plent tissues as the soll water availzbility
decreagsed {3.36 per cent' in the 0~0.7 MPa soil moisture
tension as against 1.54 ber cent in thé gontrol ).
Interestingly, phosphorus and potassium do not conform

to thiqs patitern., Regarding phosphoms. cgncentration,

first it increased from 0,19 per cent in the control to
0,207 per cent in the mz; treatmjent. Finally S:t decz;eased
again as th_e tension reached 0.10 MPa.. However, the
differences were not staj:!._stically significant. Potassium
concentration was highest in ma‘ which ua@ signif;!.caﬁtly
superiof to all other treatmentis. After at_taining ‘Eﬁis_
peak, the potassium ooni'f‘_ezrb in phe tissues decreased

as the soil moisture tension further increased.

It appears from the data given in Table 58 that
—.--—ogén, phosphorus and potassium uptake per plant did not
differ in the two genotypes tried. . At the same tims,
1nc_reésing levels of nitrogen resulted in a considerable
effec;i: on the wptake of all) the three mutrients. The
magnitude of increase in the 200 mg N kg s0il™1 was to the |
tune of 72, 79 and 89 per cent respectively for nitrogen,
pPhosphorus and potassium, over no nitrogen.
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Nutxient uptake steadily declined as the
soll water availlability decreased. The lowest value was
always obtained in the driest treatment 3 g treatment
contained 14.54, 0.79 and 5,49 mg Ny P and K plant™}
raspectively as ageinst 59,99, 7.06 and 49.83 mg N, P
and K plant™! in the control.



CHAPIER V

DISCUSS LON

A field investigation to study the interaction of
nitrogen with weed control treatments under two water
regimes and a green house experiment to investigate tae
nitrogen assimilation as affected by water stress were
undertaken. The sallent findings arse discussed in the

ensuing secti.on.

Climatic factors were comparatively moré favourable
in 983 than during the previous year. A higher amcunt of
well distributed rainfall was the hallmark of that season
as egeinst the first year, in yhich the rainfell distri-
bution was positively skeved. During the ecritical phases
of crop growth such es panicle initiation and flowering,
there was very little rainfall in 1982. However, it is
obzerved that growth and yield of rice iIn general were
better in 1982. It 1s peradoxical that desplte favourable
climatic perameters, yleld wes low in 1983. Higher yields
are highly correlated with a high net photosynthesis
(photosynthesis - respiration). Mutual sheding and inadequate
nltrogen supply are knowm to upset the net photosynthesis.
It is clear from the Tables 37 and 39, that the total
number of weeds and their dry matter production were much
higher in the second yeer. Competition for light betueen

rice and weeds has been well documented (Ckafor and De
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Datta, 1974 19763 Mercado gt zl.s 1978). The intensa
weed growch and consegquent increesed mutual shading and
decreased ligat transmission into the canopy might have
unpset the photosynthesis -~ reapiration balance resulting
in greater reduction in gz;oa-rbh and yield of rice. lMurata
(1969) described that under low solar radiation nitrogen
applicat;j.op reduced the dry weight of plants.

The difference in yield duc to water regimes was
significent in the year ;1982 (Table 14). The results
undersacore the superiority qf a continuously floecded
cultural system for rice over intermittent floeoding. The
nagnitude of yleld incresse was, howaver, very smell
conpared to the huge diffémz}ce in the volume of water
oonsuméd. The higher yield can be due to the inngte
advancages of a submerged soi]_. systen viz,, mirient availa-
bility, root activity, regulation of temperature and pi
and algal fixation of atmospheric nitrogen (Yoshida, 1981).
Similar high yields }xnder shallow submergence were obtained
for direct=seeded rice by Bhan and Padwsl (1976): Reddy
and Hultkeri (4979) and Hukhkeri and Sharma (1980).

According to Murata (1969) yicld capacity of rice plant
can be divided into three components : no. of panicles m™2,
no. of spikelets panicle"1 and size of hull. The yield
components such as panicle length and thousand grain
welght showed a remarkable increzse in the standing water
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treatment (Table 12). The various growth parameters
such as dry welight and number of tillers ni"a also showed
a slight ihcrease. The yleld increase obtained in the
aﬁbmerged treatment, therefore, is the cumulative

effect of all these increases,

The lack of any marked difference between the
continuously flooded and intermittently floodsd system
in the second year is due to the well distributed and
higher amount of precipitation received during that year.
As shoun in Fig, 7, the soil moisture tension seldom
 peached the critical value of 0,02 MPa. The various yield
and growsh parameters also reflected this lack of
difference in yleld,

Pre-cmergence application of butachlor significantly
increagsed the grain yleld ard so was post-cmergence
application of bentazone and propanil. Butachlor vhen
applied 4 days after sowing, blocked scme regulatory
or blosynthetic steps needed for the normal cell division
t0 occur and thercby inhibited the gemination of weed
seeds (Fedtke, 1982). This is evident from the-remarkably
lower number of weeds per unit area (lable 37). Phyto=
voxlc symptoms to rice such as atunted growth and seedling
mortallty were also observed. However, this was not |
’ serious and the seedlinzs recovered subsequently. Such

toxicity symptoms were also reported by Mohamed Ali ek al.
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(1977); Ahmed and Hoque (1981) and Noriel (1981). After
25 to 30 days of application, the butachlor treated plots
lost most of the herblcidal effect. In the soil, buté.chlt
is dissgipated through different mechanisms t physical
removal. through adsorption, volatilization and uptake

by plantsj and degradation through chemical, photochemical
and microbilal decomposition (Chen, 1981). The higher
atmospheric temperature (ca 35°C, Fig. 1) prevailing
during the crop seasons and the consequent higher soil
temperat;um might have accelerated the pfocesses_ of ’
dissipation. Chen and Chen (1979) observed that soil
temperature is a cardinal factor in deciding the extent
of volatilization end adsorption of butachlor in the soil,
I'o corroborate this,' veeds started appearing in the
butachlor plots at this stage (Tables 37 and 39). To
check them, one hand veeding was glven at around 40 days
after sowing.

Thus, the butachlor application and hand weeding
together reduced the competition for light and nubtrients
to a considerable degree, Competition for water is not
relevant in this case since under both the irrigation
trecatmemnts, water was not a limiting factor. Thus the
higher yleld obtained in the butachlor treated plots is
mainly due to the reduction in weed cqmpetition for light
and nutrients. Corroboratory results have also been
obtainad by Singh and Chauhan (1978), Mukiopadhyay and
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- De (1979), Mukhopadhyay and Mondal (1981) and IRRL (1962).

Post=cmergence application of bentazone did not
yield any favourasble response on grain yield. This is due
.o the fact that this herbicide is primarily intended

for broad~leaf weeds (Silk et al., 1980) and majority

- 0f the weeds present 1ln the experimental fizld were
grasses, mainly Echinochloz crus-galli and E. golona.
Nevertheless, when bentazone was supplemented ﬁith
propanil in the succeeding year, there was a remarkable
increase in rice yield. This can be interpreted in terms
of the effective control of the grassy weed fiora,
particularly Echinochloa spp. Howrever, after 15«20 days of
application, weeds started regrowing which necessitated
on2 hend weeding. Upadhyay and Choudhary (1979),
Borgochaii! and Upadhyay (1960), Kamnaiyem et al. (1981)
and Singh and Sharma (1981) also obtained higher grain
¥ilelds with propanil,

' No phytotoxic symptoms on rice were produced by
bentazone, vwhen propanil waé applied with bentazone,
leaf scortching was noticed on rice plants. However, the
plants recovered subsequently. This 1s evident from the
data on chlorophyll content of leaves presented in Table 11.
There was only a ainor decrcase (4 per cent) in total
chlorophyll content of the rice leaves at panicle
initiation stage in the bentazone plus propanil treatment,
compared to the no herbicide treatment.
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The reduction in yicld due to weed competition
was a8 high as 47 and 69.5 per cent in 1982 and 1983,
respectively. Thus, it is evident that weed competition
iz extremely severe in a direct seeded rice crop. Under
this system of rice culbture, crop and weed seeds germinate
simultancously and the latter being more competitive,

suopresses Qrop growthe

There was a spectacular increase in grain yield
with increasing levels of nitrozen (Table 14)& The response
was quadratic in 1982 vhile it tended to be linear in
the subsequent season (Fig. 6). Nitrogen ralses grain
production since it is a substrate for synthesis of
organic nitrogen compounds which constitute protoplasm and
chloroplasts (Yoshida and Oritani, 1974). In the present
study also it was seen that chlorophyll '‘a', chlorophyll
't and total chlorophyll increased with increasing levels
of nitrogen., Studles have shovn that nitrogen and
chilorophyll content of rice leaves are so closely related
that a deficiency of nitrogen may vbring about a sharp
decline in the chlorophyll content of the leaves (Natr,
19723 BarkeY, 1979)s The amount of leaf nitrogen, that
is to say, the amount of photosynthetic enzymes including
RuB? carboxylase often becomes a limiting factor for the
photosymthetlc process to proceed (Tsunoda, 1978). Under
higher levels of nitrogen, this limiting factor was
eliminated. From the fonegoiﬁg discussion, it is clear
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that nitrogen supply resulted in increased net photo=-
syntheais which produced a favourable effect on varicus
growth and yield parameters culminating in higher grain
yield (Tables, 3y 64 12 and 14). Corrcboratory results
were also obtained by Singh gt al. (1979), Viek et ol.
(1979), Wilson end Mengel (1960), Ghobrisl (1980),
Kumzr and Sharma (1960), Ghobrial (1982) and Singh gt al.
(1982a),

Weed infestation affects nitrogen response
very conspicuously. There was absolutely no beneficial
effect of applied nitrogen in the weedy check and
bentazone plots (Table 15). Vhile rice yields increased
£rom 21.83 g na~1 with no nitrogen £0 53.13 q ha”t at
150 kg N ha”! in the butachlor plots, the yicld remained
at 1953 q na~? even with 150 kg N he™! in the weedy
plots in 1982, T[he corresponding fisures for 1983 wera
21.36 ond 50,04 q ha”?! with no nitrogen end 150 kg N ha™}
respectively in the butachlor plots. The yield obtained
in the weedy check during that season vas barely 10,31
a ha™T utth 150 kg N na™?, Reductior] in yield and dry
matter was. found to be assocliated witg decrease” \in
tiller nunber, phytomnass yield, panicle number and panicle
lengch (Tables 4, 55 7, € and 13). Similar observations
wvere also reported by Guh gt zle. (1980), Iwata and
Takayanagi (1980b) and Ghobrial (41981). The data
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summarised in Tables 40 and 41 highlight that application
of nitrogenous fortilizers resulted in enhanced growth
of weeds in the weedy check and bentazone plots.

Hoguehi and Nakayama (1978) reported that fertilizers
had a stimulatory effect on the growth and reproduction
of weeds. It can be concluded that addition of nitrogen
to weedy plots not only failed te compensate the losses -
due to weed competiﬁion. but 1t enhanced the yield
losses due to intensified weed competition. Butachlor
and benbazone plus propenil combination were able to
check weed growth. Consequently in these treatments
thé_weed ary matter‘prnducyion was considerably reduced
at all levels of nitrogen (Tables 40 amd 41). However,
there was a near linear increase in the ﬁeed dry matter

1 vhereas -

production in the weedy check upto 150 kg N ha”
in other treatments the respohse was quadratic. Nérayana-
swamy end Senkaran (1977) and Bhan (1983) also reported

similar observations,

The harvest index was higher in the standing
vater treatment as compared to intemittent fiooding in
both years. A perusal of the yield data indicate a similar
trend in grain yleld also.

The weed control treatments, butachlor and
bentazone plus propanil had a favourable effe¢t on harvest
index. It may be recalled that the herbilcidal treatments
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had also reglstered a higher grain amd biolozical yield
as campared to weedy check. Thus it cen be argued that
because of the favourable effect of herbicides on harvest
index the grain yield increased as graln yleld is a
function of harvest index and biological yield.

‘ Application of nitrogen resulted in a higher
harvest index, Donzld and Hamblin (1976) also observed
that application of nitrogen to cereals resulted in an
inorease in biologlcel yleld and harvest index. With -
additional inorements of nitrogen (Table 17) application
of butaghlor and bentazone plus propanil produced a
considerable increase in this parszmeter. However, nitrogen
levels were promiscuous in their behaviocur in the weedy -
check in both the years. This may be due to the
deleterious effect of nitrogen fertilization in weedy
plots on grain yield of rice (Table 15).

Though it is penerally expected that significant
amount of nitrogen will be lost £froam an alternately
flooded and dried soil through nitrification -~ denitrifi-
cation and consequently a low nitrogen uptake, but no
such accelerated loss was observed in the present study
(Lable 27). In fact, there was a higher apparent recovery
of nitrogen (34.41 per cent) in the intermitiently flooded
s50il es agéinst 32.44 per cent in the continuocusly flooded
water regime (_Table 30). FEesults obtained by Craswell
and Viek (1979a) indicated that intermittent flooding did
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not. promote nitregen losses in soil-plent sSystems.
Sehravat (1981), Flllery and Viek (1982) and De Datta

gt 2}. (1983) also reported that intermittent flooding
did not increazse the losses of nitrogen. From these
studies, it 1s clear that denitrification Losges mey be
true for fallow soils undergoing intermittent flooding
and not for a soll-plant system where the plax;t robta

act as an act.i..ve competitor for the deni'l;;'ifiers for any
_mo.;' formed in the soil. In terms of potential for
nitrogen loss, the conmtinuously floaded system is likely tq ,
lose more nitmgeh. Because in such a system considerable
amouﬁt of nitrogen can be 'lost through P§13 volatil.jl.zatim.
NHB volatilization is a pH dependent process and very
high pH conditions can develop during bright sunshine
hours as a result of the imbalance between photosynthesis
and respiration of algee and aquatic macrophytes (Reddy,
19823 De Datta,et gl., 1983).

In addition, denitrification losses can occur
under submerged conditions, Reecent studies by Zhou and
Chen (1983) indicated that there is a facultatively
anaerobic ecobype of nitrite bacterium that is active
both in the oxidized and reduced layers of paddy soilse
The explanation givenl earlier for denitrification in a
soll=plant system a fortiori anplies here also. Bﬁi: still
denitrification may teake place vhen higher lavels of
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nitrogen are applied under both situations. Thercfore,

the higher apparent recovery obtained in the intermittently
flooded tyeatment might be due to the greater losses

in a submerged soil. Or alternatively, it can be due to
the lower uptake value obtained in the no nitrogen
control in the alternately flooded water regime compared
to the continuously submerged one (31,78 kg N na~? 4n
the intermittently flooded no nitrogen'and 35.25 kg N na~1
in the contimiously submerged no nitrogen trea;ments)

end ultinmately getting a higher recovery percentage. This
-4s possible because of blue green algae fixing atmospheric
nitrogen in a submerged system. Since the algal fixation
of atmospheric nitrozen will be less in pregence of
combined nitrozen, the 'no nitrogen control' in the
continuously flooded treatment can logically have a higher
uptake and then a lowver raecovery of applied nitrogen.

In the year 1982, however, rccovery as well as

N uptake, were little lowver in the intermitiently
flooded -water regime as compared to continuiously submerged
one. This may be due to the poor root grosth because of
the frequent dryinz cycles as evident from Fige 7 and
consequently a lesser uptake. Therefore, it can be

concluded that if the drying cycles in an alternate
. wetting and drying.water regime is not very frequent,
nitrogen uptake and recovery can be as good or even better

than a continuously flooded system.,
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The nitrogen uptake and apparent recovery were
stimulated by the herbloidal treatments, butachlor and
bentazone plus propanil (Tables 27 and 30). This
remarkebly high uptake and nitrogen recovery in these
treatments can bo interpreted in terms of high blologlcal
yicld and nitrogen content in the tissues (Tables 6 and 18)
Similer results were obtained also by Moorthy and
Dubey, 1979; Kaushik and Mani, 1980).

Nitrogen spplication increesed its uptake Q?ig;
11, Tables 27, 58). Hox-:ever'. the apparent'recovery
decreasaed .at higher levels of nitrogen (Table 30). The
increase in nitrogen uptake wi‘ch 1ncxéa31ng levels of
applied nutrient is 1n consonance with the high grain
and biological yieldé. Houever, the decrease in spparesnt
recovery is due to the. fact that, with increasing doses,
the denominator goes gn increasing, vhereas the m.:tmerator
does not increase proportionately, with the result that
the mcbvery percentagé at highe; nitrogen levels are
invariably lowe The less than proportionate increase in
uptake might be due to the higher losses associated
with the larger deses of nitrogen application. The
apparent recovery was highest with 50 kg IV ha™ (34 per
cent) and decreased as the nitrogen level has increcsed
to 150 kg N na™’ (31 per cent). In general, the recovery
was very low, mainly because of the coarse textured soil
allowing considerable amount of leaching loss and the
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wéed competition. Similar observations were also
reported by Vlek gt al. (1979), Clark (1981), Thomas
(1981), vang gt al., (1961). '

Just as in the case of gralm yleld and phytomass
production, the nutrient uptake also increased
consistently in the butachlor and bentazone plus propanil
plots with inoreasing levels of nitrozen, vhereas it
was almost stationary in the weedy cﬁeck and bentazone
plots (Zables 28 and 29). Corrcboratory results were :
obtained by Kakati (1976) and Koushik and Mand (1980).

Data from the green house studies indicate that
not only nitrogen uptakq, but nitrate reduction wes
also atimulated by nitrogen levels. It is important in
the sense that nitrogen assimiletion consists of uptake,
translocation and reduction. There was roughly 73 per
cent higher nitrvate reductase activity (NRA) in the 200
mg N kg so11~1 pots over no nitrogen (Table 96). This
con be interpreted in terms of the fact that nitrate
mductase (NR), the £irst in the series of enzymes that
reduces No_; to Ny 15 a substrate inducible enzyme and
its induction is ¢losely related to the supply of
nitrate (Beevers and Hagemen, 19723 Hewitt, 19753 Guerrero
gt al., 19813 Naik gt gl., 1982). '

Water sf;ress is found to drastically affect the
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process of Noif reduction. In the severely stressed mg
" treatment (Fig. 9a) at 75 days after sowing, NRA was only
25 per cent of the control. A reduction in NRA under stress
was also observed by Ackerson et al. (1977), Mali and

Metha (1977) and Morilla gt al, (1973). The inhibition of
NRA may be due to a direct effect of water potentizl on
enzyme activity (Morilla ot zl., 1973} or a possible
inactivagion of the enzyme under water stress (Sinha and
Nicholas, 1981). Shaner and Boyer (1976a,b}, however,
suggested that decreased NOB. flux into the induction site

of the enzyme from the storage pool is the cauge of the

loss of NRA under water stréss.

The nitrogen content 0f the plant increased under
water stress (Table 58). The drastic difference in nitrogen
concentration is due to the dilution effect associated with
the highepr phytomass producticn obsarved in the control
plants., This is evident from the fact that the total

trogen wtake followed the pattern of dry metter production
rather than the concentration in the tlssues. similar

observations were reported also by C'Toole and Bzldia (1982).

There was large accumulation of proline under
water stress., There was a 17 fold increase in the 0-0,10
MPa treatment over the control (Table 56). Higher proline
accumulatién has also baen reported by Singh gt al. (1972,
1973a,b), Sirkar (i975); Mall and Metha (1977), Li end Chu
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(1979) and Chu and Li (1979). MNo perceptible variation

in proline cenﬁenﬁ was, however, observad betuween the
drought tolerant and drought susceptible rice cultivars
included in the study. This is in contrast with the
findings of Mali and Metha (1977) and Chu and Li (1979).
Mali and Metha (1977) observed that a drought tolerant

rige cultivar TEM=1 had a 5.4 fold ilncreasc in free proline
content over its drought susceptible counterpart. Increase
in proline occurs either due to fresh synthesis or from
braskdown of proline rich protelns during stress. The
various functions attributed to such en accumulation are
osmoregulation, conservatidn of energy and amino grouns,
and as a sink for soluble nitrogen (Aspinall and Paleg,
19813 Huber and Eder, 1981). However, the adaptive
significance of such an accumulation is cuestionable.

Even though thers was a tremendous increase in the accumula-
tion of proline under water stress, no favourable effect
vas associated with phytomass yield, leaf area eupansion
and NPK uptake (Tables 53, 57 and 58). Uang et gl. (1982)
observed considerable increase in the free proline content
of senescing leaves. There are elso many reports which
say vhat proliane accumulation can be induced by ebscissic
acid (Aspinall g gl., 1973; stewart and Hanson, 19€0;
Aspingmll and Paleg, 1981). Thereforz, prolins accumulation
in response to water stress may be a response of the
accunulated abscissic acid and it may not impart much

adaptive significance to the cultivars.
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Thgre vas no marked variation in the phospgorus
and potassium uptake by rice in the continuously and
alternately flooded water regimes (Tables 31 and 34). This
is understandsble in the context of a lack of difference
in the phytomass yield and the nutrient concentration in
the tissues (Tables 6, 23 and 24). Phosphorus and
potassium uptake by rice was, however, significantly
influenced by weed control treatments. There vas 77 and
181 per cent increase in phosphorus uptake in the butachlor
plots in 1982 and 1983 respectively (Table 31 and Fig. 11).
Since the nutrient uptake 1ls a function of both dry matter
and the nutrient concentration, the high dry matter
production and phosphorus concentration in the butachlor
and bentazone plus propanil treated plots (Tables 6 and 23)
led to the increased phosphorus uptake. Potassium uptake
in butachlor treatment was higher over weedy check by 58
and 200 per cent in 1982 and 1983 respectively. The
explanation offered in the case of phosphorus a fortiori

applies to potassium uptake also.

Nitrogen spplication resulted in greater uptake
of both phosphorus and potassium. As discussed earlier,
application of nitrogen stimulates vegetative growth. The
resultant increased foraging capacity of the roots (Grunes,
1959) might have led to increased uptake of these nutrients.,
The data presented in Tables 3 and 6 indlcate that there
is a parallel relationship befween the dry matter production

and nutrient uptake. Similar observations were reported
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by Murthy and Murthy (1978), Wilson and Mengel. (19€0),
Hoque and Khan (4981).

Water stress was found to retard the'uptake of
phosphorus. This can be explained based on the slow rate
of growth and lesser dry matter production. There was no
perceptible difference in the phosphorus concentration
lof the tissues as evidenced from Table 58, Potassium
upt:ake and concentration also Gecreased with increase in
.' 'water stress, . This can be explained based on the limited
root. grouth in the pots under stress. As a result,
rice plants experienced decreased transpiration, which is
highly cormlated. wvith nutrient uptake (0'Toole and
Baldia, 1982). Barber (1962) distinguished mass £low, :
diffusion and root interceptiongyas the three mechanisms |
of ion movement %o the root surface., It carn be safely
assumed that all the three processes were deleteriously
affected undéx" an epigade-of water stress. Dunham and
Nye (1974) illustrated marked change in the absorbing power
of roots in soil solution when matric potential at the
root surface became more negative. They interpreted the.
effect of root gosorbing power as a water stress induced
roct physiological change. Decreased dry matter itself
would result in decreased uptake of mineral nutrients
regardless of water status in the system. These changes
may also be expected to affest the rate of transpiration

from shoot and hence mass flow dependent flux of nutrients.
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There was no marked variation either in the NPK
concentration of weeds or the depletion bf nutrients as
a function of water regimes (Tables 42, 43, h?,-hé and
Fige 11). This in fact followed the same-trend aa that of
| weed dry matter production (TgbleS’B?. BBY.:‘Thoﬁgh it ié
generally expected that under continuously submerged -
conditions, weed growth should be suppreséed (Bhan.'1983).
no such favourable effects ‘wers noticed in-the present study.
~This might be due to the fact that the water depth used
(7-0 cm) that too on a light textured soil, is insufficient
to bring about such marked effects on wveed growth. ‘This
is in conformity with the studies at IRRI (IRRI, 1977).
In fact, the nutrient depletion is a function of dry
welght as well as the tissue conceﬁtration of nmutrients,.
But these parameters did not show any noticeable variation

In this resﬁect.

Weed control treatments fesultedlin a conspicuous
variation in nutrienf (NPK) removal by-weeds (Fige 11).
It is 1nterwsting to note that the nutrient removal by weeds
and crons together was considerably higher in the butachlor
plots (240.8 and 222.46 kg NPK ha™! in 1982 and 1983,
raspectively)compared to weedy check (174.53 and 134.27 kg
NPK ha~? ¢ in 1982 and 1983, respectively) : Findinés of
Kakati (1976) support this view.
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Nutrient depletion by weeds increased with
increasing levels of nitrogen. This 1s due to the higher
competitive ability of weeds. It may be noted that vhen
fertilizers were applied to the weedy plots, the crop
nutrient removal did not show any notable increase (Tables
27, 28, 29, 32) whereas vhen the weeds were checked, there
was consj.derable improvement in the situation. Nitrogen .
and phosphorus depletion by weeds was found to increase
linearly upto 150 kg N ha™1 in the weedy plots (Tables 49
and 50). In other words, in presence of weeds, application
of heavy doses of fertilizers is not advantagedt‘:s' to the
crop. In butachlor and bentazone plus propanil tmai';ments.
there was considerably higher crop uptake with increasing
lavels of nitrogen. This observation clearly indicaté
that the crop was able to make the best use of applied
nitrogen in the absence of weed growth and not in their .
presence. Saefuddin et gl. (1978), Ahmed and Moocdy (1981)
and Pillai (1961) also observed that ferbilizer application
in heavily weed infested flelds will have the: adverse
effect and stimulates weed growth to such an extent that
the croli plants-will consequently suffer severe damages

Izrigation requirement and water use were found
to be high in the standing water treatment (Table 51).
The net amount of water the crop received, worked out to

be 2358,16 and 1208.16 mm in 1982 and 4269.6 and 889, 6 mm
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in 1983 for the continuously and intermittently flooded
water regimes, respectively. These figures indlcate the
enormous quantities of water fhat have to be aﬁpl:l.ed to
waintain a layer of standing water. Irrigation'requirement
for the standing water treatment was é-S eﬁnd 2,14 times
higher than intermittently flooded water regime respectively
in 1982 and 1983, Consequent to the high water recquirement,
the water use efficiency (WUE) was low in the standing
water treatment. It may also be remembered that the '
continuously flocded water regime has also got a higher
potentiai for nitrogen 1058 througn ammonia volatilization.
This 1s to say that continuously flooded water mgime is
characterised by not only low WUE but also low nitrogen

use efficiency. Tanaka (1976), Biswas and Mahapatra (1979)
and Reddy and Hukkeﬂ (1979) also obtained similar low WUE
under. standing water treatment. The high WE obtained in
the herbicidal treatments (butachlor and bentazone plus
propanil) can be traced to fhe high grain yield cbtained

in these treatments (Tables 14 and 52).

The huge irrigation requirement for continuous
flocding resulted in a considerably lower net profit and
retumms per rupee invested (Table 53). This 15 because of
-the high cost involved therein. Though grain ylelds were
nigher in the continuously £looded treatment, the net
returns were lower than the intermittently flooded treatment.

see



CHAPTER VI
SUMMARY AND CONCLUSIONS

Fleld and green house experiments vere conducted in
the Divislion of Agronomy, Indian Agricultural Research
Institute, New Delhi, during 1982 and 1983 to study the
interaction of nitrogen x weed control x wate:er‘ vegimes,
on the growbth, productivity énd mtrient use -pattem of
direct seeded rice. The treatments in the field tricls
consisted of & levels of nitrogen (0, 50, 100 and 150 ki .
N ﬁa'1)o 3 weed control treatmelits (weedy check, butachlof,
bentazone in 1982 and bentazone plus propanii Iin 19‘83)
and 2 water regimes (continucusly and intermittently
flooded). "The experiment was laid out in a éplit plot
design, replicated thrice. The variables in the green house
experiment vwere 2 ricé cultivars (Pusa 33, drought |
susceptible and Pusa 312, drought tolerant), 3 nitrogen -
levels (0, 100 and 200 mg N kg 5011"7) and 5 s_c;ii moistui <
regimes (siubmergence to saturation, 0-0.025 MPa, 00,05
MPa, 0-0,075 MPa and 0=0;10 MPa soll moisture tension),

The important findings are summarised below:

Te The growth (plant height, number of tiliers.
chlorophyll content) and yield attributes (panicle length,
number of splkelets per panicle, thousand gra_iri weight), .
grain yleld, biological yield and harvest index were.
glmost similar under the two water regimes. However, in

the year 1982 significently higher yields were obtained in
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the continuously submerged treatment as comparéd to
alternste flooding and drying. Concomittant increases 1
panicle length and thousand grain welght were elso noted

during that season.

2e The herbicides, butachlor and bentazone plus
propanil coupled with one hand weeding had a remarkable
effect on grain yleld; biologicel yield and various

growth and yleld parameters.

3, Nitrogen played a key role in insreasing the grain‘
yield. Similtaneous increase | in growth and yield attributes
wag} also noticed at higher levels of nitrogen., Houwsver,
wvhen heavy doses of nitrogen are applied to weedy plots

(weedy check as well as bentazone) there was greater

reduction in grain yiecld due to enhanced competition.

4, The optimum doses of nitrogen y.'orked out to be
119.06, 81,34, 30.78 and 90.94 kg N ha™' respectivély for
the butachlor, bentazone, weedy check and overall effects

in 1982, The response was linear in the subsequent year.

S All the three factors yiz., water ragixriésa weed
control treetments and nitrogen levels had a beneficial

effect on harvest index.

G There was no noticeable effect of water reglmeé on-
either. the concentration of nitrogen,. phosphorus and
potassium in rice at eny of the stages or the crude protein

content of grains.
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'i;. Herbicldes, butachlor and bentazone plus prepanil
with one weeding, favoured an accumulation of nitrogen in
the rice plant. A similar favourable effect was observed on
the protein content of grains also. However, phosphorus

and potassium contents were less affected by the herbicldal

treatments,

8. Application of nitrogen, in general, resulted in
increased accumulation of nitrogen, phosphorus and potassium
in plant tissues. Crude protein content also increased

with increasing levels of this nutrient.

9. Neither wptake of nitrogen nor that of phosphorus
and potassium had a significant bearing on the continuously
and intermittently flooded water regimes. The apparent
recovery of applied nitrogen was higher in the latter.

10.  Application of either nitrogen or the herbicides
(butachlor and bentazone plus propanil with one hand weeding)
stimulated the uptake of nitrogen, phosphorus and potassium.
However, wlth heavy dressings of nitrogen to weedy plots,
there was absolutely no beneficlal effect.

11 Neither the number of weeds nor the weed dry matte

production were influenced by the wabter regimes.

124 Weed control treatments butachlor and bentazonz plus
propanil together with one hand weeding marléedly suppressed
the weed growth.

13 Nitrpgen had a stimulatory effect on the dry welght
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of weeds. Uhen large cquantities were given to weedy plots,
the increase in veed dry matter production assumed linear

proportions.

14, Depletion of rutrients (NPK) was meximum in the weedy
check. A similar high loss of mﬁ:rients through weed
competition was also observed in the bentazone alone‘ plots.
Butachlor and bentazone plus propanil allowed only a markedly low
amount of nutrient loss through weed competiﬁion.

15, Higher the amount of nitrogen applied, greater was the
loss of nutrients., VWhen large quantitles of nitrogen were
applied to weedy plots, proportionately greater loss of

nutrients resulted.

16, Due to the heavy vater requirecment for meintaining a
layer of standing water, irrigation requirecment was very.

} as .
high and water use efi‘iciency,\low in the continuously fioocded

vater regime.

17« Butachlor and bentazone plus propenil as well as
nitrogen application increased the water use efficlency,
obviously due to the higher grain yield obtained in these -

treatments,

18 There was a marked increase in the nitrate reductase

activity in rice leaves due to the application of nitrogen.

19. 'élater stress was found to decrease growth, nitrate
reductase activity and matrient uptake drastically. However,

free proline content and nitrogen concentration in the rice
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plant was found to increase with increasing soll moisture

stress.

20, Because of the heavy water requirement and the
high cost involved therein, net profit and retum per rues
invested were low in the standing water tréatment,

21. Nitrogen, butachlor and bentazone plus propenil .
increaged the net profit and return per rupee invested.

among the nitrogen levels, the most profitable was 100 kg N ha’1.

I{ can be concluded from these investigations that
under weedy conditions, application of nitrogen no?-only
failed to compensate the losses, but also resultedzincreased
losses due to competiticon for other growth factors.
Herbicides such as butachlor or bentazone with propanil
accompanied by one hand weeding can keep the weed infesta-
~ tion below the economic threshold. Thé recovery of
appllied nitrogen, though not an end in iitself, was high
under these circumstances. Maintenance of continuous
sﬁbmergence favours growth and yileld of rice. However,
the yield increase obtained would not commensurate with
the large volume of water used., UWater stress was found
t0 serlously retard the processes of nitrate reduction,
léaf area expansion and eventually growth itself in rice.
The\rﬂsults suggest that under conditions of uncertain
molsture supply, nitrogen appiication'rate should be reduced

from that normglly used for assured waterxr supply situations.
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Future lines of WOrk

1e. Basic studies on nitrogen turnover in soil-plaht
a-ystems under different water regimes, partlicularly the
magnitude and mechanisms of nitrogen losses such as ammonia
volatilization, nitrifications denitrification and leaching
are to be undertaken. |

2 | Investigations are also necessary to identify

newyer herbiclides that selectively kill the weeds in a
direct=sown rice field. Further, the affect of these.
herbicldes, particularly the soil appliéd onez, om the vario
aoll biochemical: prgoésses such as nitrogen transformations,
biological nitrogen f£ixation in the rihizosphere etc: need

£0 be studied. ' '

3o Efforts may be made to develop/screen45§:;’:r suitable
rice cultivars which possess relatively faster initial
growth to compete with the weeds to extract maximum of the
applied nutrients.
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Appendix 1. Heteorological data during the crop seasons

— - =

tjecks Meaon tempa. L°C Mean Reile (¢ l Tobsl Mean pan Mean sols

. . . rain- evapora-  radiatio
Max Min Max Min, Tain-  evp e
(mm) = (mmw) :
June 4982
July 1962
4’10 11“1.36 ) 30.07 . 46.00 ) 330& , OIL" T2 01 52“'. 68
11-17 b 71 27.29 7533 62.00 23,06 T i1 425,86
16=24 35¢53 26,63 79.50 7267 793 6.48 51251
25«31 3275 2553 7183 62.20 171.8 5437 568,08
Aug, 1982
1=7 ‘ 32,39 25,61 e 71 76,00 58,7 3,59 395. 44
15=21 3491 26317 6. 14 58,67 85.6 5.03 364,78
22«28 33. 36 24.21 97.43 65,00 34. 3 Se 353.96
- Bepts 1982
5«11 36,63 2373 96443 38457 0.0 T 81 425,85
19"25 35- 16 2 27 90. 00 . 360' 29 0.0 . 70 75 M5o 65
3«9 354 47 19.89 97. 14 3315 2.6 527 364410
March 1983 '

612  27.87 15482 9467 48,33 0.2 4.63 356, 72



Appendix I (CcontGesees)

_ Mean temp.(°C)

Mean ReH. (5)

- veeks . Total Mean pan Meg;! s glax
7T pain~- - “evapora~_ radiation
 Maxs Min Hox. Hin ea11(mm)  tion (mm) (Ca cn2)
13~19 294 47 14,66 92.57 2771 3a2 5.96 449,83
27-2 33 ™ 08 1 30 76 88_0 00 360 86 M 6- 43 530 . 94
Apri) 1083
B 33433 18,47  86.1b 51,29 0.0 7.5k 470.15
10-16 254063 14.60 97. 71 52,00 1392.6 4,15 368, 71
b3 38. 76 22.46 75,14 31.43 0,0 7.69 573440
Hay 1983 .
=7 39. &7 24, 83 49, 14 22.33° 0.0 10,06 594, 70
15=21 35 4t 25483 65, 07 44,17 15.6 0.93 440,61
22«28 36443 24,57 65,60 37.80 1e2 7:23 469.19"
June 1983 '
29-4 L}O- &} 26. 86 ' 56. 67 30. 50 0,0 11. 89 5580 60
5-11 41.50 28.57 49, 85 34480 2.2 11.94 311.59
J ulz_ 1983 . :
17=23 37.26 22.50 76.00 56.00 0.0 Te 23 489,47
24=30 31.70 27 50 89. 25 €04 25 202.2 3.55 264,55
Augz. 1983 - ' . .
31=-6 33. 14 28.33 " 84,47 T71.80 97,0 583 378. 85
14=20 33,00 29400 £6.60 7250 56,0 3. 20 200, 81
21=27 32.60 27.00 91.00 TS _50 66.1 353 Z201. 11

Contﬂ.. edip e



Appendix I (concdesess)

_ Mean Temp. (°C) Mean RuH. (%)  TOtal  Mean pan  Mean solar

tieeks - rain- evapora- radlation
Mox. Min, Jax. Hin. ' fall tion(mm) (Ca em™2)

- e m e m ... ———- .~ e e m e m o m——-—- e e wm) oo s
Se DL 1983
268~3 32450 8. 43 Ti0e 25 77.50 70.6 3. 87 . 249.06

4=10 32 60 ‘ T+ Q0 Te'TO T7.00 68,0 4 37 330,92
11=-17 34.64 9.00 - 5433 OL1. 83 2.8 5«33 392.69
18=24 35.24 5.07 557 5257 2.8 540 330: 78
251 35.87 | &7 9.7 42.00 0.0 453 372440
Octe 1 §8§ ' 7

2-8 37.19 . 23.27  99.00 36.86 0.0 3. 71 398, 21



Appendix II. Depth to ground water table during the crop

seasons .
Date Depth to water Date Depth to water
level %cm-) lovel (cm)

3¢ 701982 223 2.7.1983 220
10, 7,1982 210 9.7.1983 190
17.7.1982 169 16.7.1983 160

2k T4 1982 102 23. 7.1983 170
3147, 1962 82 30.7. 1983 56

7+ 8. 1982 66 68,1983 52
14.8,1982 60 134 8. 1963 ' 66

21, 8,1982 4 20.8,1983 45
28.8.1982 49 27.8.4963 36
4,9,1982 58 3.9.1983 38
11.9,1982 75 10,9, 1983 42
1849, 1962 102 174941983 66
95,9, 1982 118 24.9,1983 72
2,1041962 139  4.10.1983 96

9.10, 19862 : 152 8.10.1983 . 122




Appendix IlI. Detailed schedulé of irrigations¥®

Wy

Month 1982, 1285 :

' 14 1 1 )
June 30 3 24,27 24427
July 296,708y 297484 10799 7919

10,11,12,13, 10,18, 13518, ‘
17419421, 30 19,422
2“'29!31
August 2,&.9..1‘&, L,17 205,13 5
b 17.25|28’ :
‘ 31
Septo 2'4'.6’3,11’ 4'8*129 12.1?’20 : '12!17
13215417 17,224
20’23926' ?.6
Qct. 104
Total nunbe:r"
of lrrigations i _
excluding : )
pre=sowing ) 38 15 15 : 7
frrigations }
g}.eﬁh o§ )
rrigation _
irrig i 1900 750 750 350
applied (mm)
Amount of ; :
rainfall 572-7 5 72. 7 674. 5 6741 5
raocelved ma )
Total water 2358,16 1208,16 12869. 60 889, 60
use (wmm)
';'0 TA e T e Mo Te™e TR ™ Ty e TH 0 T e T e e T T "y e e "8 s T8 "0 ™

* excludes pre=-sowing irrigations



Appendix IV, IFixed cost of cultivation

Taotal

of rice
“S.No.” Pavtitwlars T T T 7 77T T - -Impubs T e ce—Rabe —-- - = = Total —coat..-
{Rs. na*‘i)
Te Land preparation
1) Discing with offset 1 tractor for &4 h " Rs. 20 n=1 £0.00
_ digc and levelling twice
' 44) Presowing irrigation One irrigation ”
- fater cost gs.gz irrigation " - 22.00
a.
application 2 Ree 9,25 day'1  $8.50
man days
1ii) Puddling and planking with bullock pair Rs. 75.00 each 150.C0
twice
2o Seeds and sowing .
1) Cost of seed 80 kg RSe 2035 kg~ 188,00
i11) Drilling with sced 9 mandays R3e 925 day'1 83.25
drill /broadcasting
and bird scaring :
ii1) Gap sowing 1 manday Rse Y25 day‘1 9.25
3. Fertilizers and fertilizer 50 kg P05 ha™| Res Go70 kg™ 333.00
application 50 kg K,0 ha™! Rs. 2.62 kg™ 131,00
gpplication 1 nanday - RSe D25 day'1 9.25
4, Hafvesting, threshing 30 mandéys Rs. 9.25 day-1 277.50
.and transportation :
3. Land rent For 4 months Rs. 400 haf1yf'1 2 133:30

1437.05



Appendix V.. Doetails of calculation of economics of rice cultivation

R _(1982)
Treatment Inpubs Total  Yield (q ha~?) Gross ingome (RS hg™i)sue - -
' cost#¥*  Gra-  Straw '
(Rs ha=1) in
uﬂ1—-—wn#g—- —————— 3—----:4-—-2 -------------
14950 38 irrigsations 2976 22 140_
14Ny 38 irrigations, 3260 32 53
109 kg urea :
3 mandays
111‘-’0“2 . 38 irﬂgﬂtibﬂﬁ, 3517 25 1}3 3216 1064 ' 4280 763 0,22
- 217 kg urea, )
3 mandays
i1t-:0n3 38 irrigations, 3773 22 45 2809 1120 3929 156 0.04
Y 4 326 ki urea,
3 mandays
1440 38 irrigations, 3302 21 43 2776 1083 3659 556 0,17
20 kg machete, '
12 mandays
"L,w,,n1 38 irrigations, 3587 47 60 6127 1505 7632 5045 113
20 kg machete, - . .
109 kg ureca,
15 mandays
ipum, 38 irrigations, 3843 55 . 76 777 1904 2082 5238 1.36
20 kg machelte, :
217 kg urea,
15 mandays .
iy 38 irrigacions, 4100 61 O 7888 - 1992 9880 5760 1.4
20 kg macheta, . .
326 kg urea,
15 mendays

ConﬁdL .o



Appendix V (contdeeeses)’

1

2

10

14wz

11 Wollg

11‘1;12112
1quohz

)

i )

12"0?3

15,1

.‘l.zw,'n.]

38 irrigations,
2 1 basagran,
15 mandays

38 irrigations,
2 1 basagran,
109 kg urea,
18 mandays

38 irrigations,
2 1 basagran,
217 kg uresz,

18 mandays

38 irrigations,

2 1 basagran,
326 kg urea,
18 mandays

15 irrigations
15 irrigations,

109 kg urea,
3 mandays

15 irrigations,
217 kg urea,
3 mandays

15 irrigations,

326 kg urea,

3 mandays

15 irrigations,
20 kg machete,

- 12 mandays

15 irrigations,
20 kg machete,
109 kg urea,

15 mandays

3275

355%
3816

4072

2045
2329

2585

2842

2371

2655

21

23

22
18

21

17

39

42

41
32

39

34

b3 .

2776

2945
3216

2573

2844,
2370

2742
2269
2912

5586

967

1051

999

1031
&00

98L

e39

1063

1497

3742

3995

4215

3413

3876
3170

5726
3107
3975

7083

- 467

436
400
~659

1831
a1
1141

265

1604

4428

do 14

Je12

0.10

-0,16

0.90
‘0. 36

0. L4

0.09

0,68

1.67




prpen.{lj-x v (cgmdo ass o

1

2

6

g

- 10

i 2"!1]12

12w1n3

1u50,

.1.2w2n1

1,00,

i2w2p3

- e am W S e s mp R

15 irrigations,
20 kg machete,
217 kg urea,

15 mandays

15 irrigations,
20 kg machete,

326 kg ureay

15 mandays

15 irrigations,

2 1 bagsagran,

15 mandays

15 lrrigations,
2 1 hasagran,
109 kg urea,

18 mandays

15 irrigations,
2 1 basagran,
217 kg urea,

18 mandays

15 irrigations,
2 1 basagran,
326 kg urea,
16 mandays

2912

3168

2343

2628

2884

3141

40

45

57

66

28

33

62

50

5147

5925

L5771

3284

1427

1639

651

827

1549

1239

6574 3662

7564 4396

2017 Th

2994 267

6120 3236

4522 1382

o Gy WO WE TR W s Y

Conttdeeces

1. 26

0.C03

0.14-

1.12

O¢ bty



Appendix V {contdeeess )
1983

10

v
o
-2
o
O

1 2 3 4

ity 15 irrigations 2065 11 23 1430 573 2003 ~42  =0.02

1090, 15 irrigations, 2329 7 13 880 327 1207 =1121-  «D.49
109 kg urea, : .
3 mandays

i1won2 15 irvrigations, 2585 16 34 2075 853 2028 345 0.13
* 217 kg urea '
3 mandays

11w0n3 15 irrigations, 2842 12 25 1598 613 2210 -632 =0, 22
326 kg urea,
3 mandays

40y 15 irrigations, 20 2371 23 41 2961 1036 3997 1626 0.69
kg machete,

12 mandays

4wy 15 irrigations, 2655 28 48 3682 4208 4849 2234 0,84
20 kg machete, : '
109 kz urea,
15 nandays

i,u.n, 15 irrigations, 2912 i 62 5353 1545 6899 87 1e 37
20 kg machete,
217 kg urea,
15 mandays

1.u.n 15 irrigations, 3168 51 69 6565 1736 8301 5133 1.62
20 kg machete,

326 kg urea,

15 mandays

49o8g 15 irrigations, 2640 19" 33 2465 823 3288 648 0.25
5.7 1 stam F=34, .
2 1 basagran,
15 mandays

Contde.cee



Appendix v (contdo sssaae )

2

6

7

10

qwon,
i1w2n2

11w2n3

igybno
127
1Zan2
12won3
12‘”1“6

140y

15 irrigations
5.7 1 Stam F-34,
2 1 basagran,
109 kg urea,

18 mandays

15 irrigacions,
2 1 basagran,
217 kg ureca,

18 mandays

15 irrigations,
5.7 1 stam F«34,
2 1 basagran,
326 kg urea,

18 mandays

7 irrigations

7 irrigations,
109 kg urea,
3 mandays

7 1rrigations,
217 kg urea,
3 mandeays

7 irrigations,
326 kg urea,
3 mandays

7 irrigations,
20 kg machete,
12 mandays

7 irrigations,
20 kg machete,
109 kg urea,
15 mandays

2924

3180

3437

1721
2005

2261

2518

2047

2331

oy

13
13

51
62

72

3

21
39

61

3982

4911

6175

1671

1625

1122

1283

1549

1788

627
786

617
520
a78

1516

5265

6460
7963

2297
2411

1738
1603
3568

5993

23

3280

4526

406

=523

=915

1521

3662

0,80
1,03
1432

0.34
0,20

=04 23
-0 36

0. 74

. 57




Appendix Vv (Gontd.. cesse )

1 2 3 &4 5 6 7 8 9 10

iwmn, 7 irrigations, ' 2568 42 67 5489 1669  T157 14569 1477
20 kg machete,
217 kg urea,

15 mandays

iwins 7 irrigations, 2845 50 76 G445 1910 8355 5511 1.94
20 kg machete,
326 kg urca
15 mandays

12w2no 7 irrigations, 2316 17 32 2257 792 3049 733 0. 32
2 1 basagran,
15 mandays

15,0y 7 irrigations, 2600 27 43 3476 1073 4549 1950 0.75
5.7 1 Stam F"'sli,
2 1 basagran,
109 kg urza,
18 mandays

1,won, 7 irrigations, 2856 45 70 5841 1762 7603 L747 "1.66
5.7 l Stﬂ.m F"’%. \
2 1 basagran,
217 kz urea,
18 mandays

12u2n3 7 irrigations, 3113 41 66 5355 1643 6997 3885 1. 25
5.7 1 Stom F~34, |
2 1 basagran,
326 kg urea,
18 maendays

# Prices of inputs =~ Irrigation - Rs. 40.50 irrigation—%; Urea - Rs. 2.36 kg"';
Machete - Rs. 10077 ks~ Besagran = Rs. 80 1~1; Stem F-34; Rs. 52 171;
Labour charges = Rs. 925 manday=1.
** Total cost = Fixed cost + cost of inmputs.
wi#t Price of produce = grain = Rs. 130 q"‘1; strawy = Rse 25 q"1
@ Net returns per rupee invested - (Gross income = tobal cost) / Total cost



Appendixz VI. List of weeds quoted in the text

Botanical name

Common name

Family

-ln .-.-' ‘- - o e - - an - - a4y s 4 W - L - . " a A d aa =8 a R Ge A Saene

Amerantihug viridis L.
jmmannia bacgifera L.
Cynodon dactylon (L.) Pers.
Cyperus esculentus L.

Co ;;otundus' L

Echinochloa golona (L. )Link
B, cms-sral'lﬂi (L. ) Beauv.

E. crus-galll (L.) Beauv.
var. exys=palll -

E. orug=galli (L.) Beauv.
var. oryzicola

Eleocharis acicularis (L.)
Roem & Schult

Eelipta emcta L«

F;mgﬁ?tgisim%;oiaﬁg
Gaude

Oryza punctata L.
Panicum spp.
Easpalum spp.
Phyllanthus niyuri L.
Portulaca oleracea L.
llottboellla exaltata L.Z.
Scirpus compacbus L.

Pigweed

Bermuda grags
Purple nmatsedge
Jungle grass.
Barnyard grass

" Barnyard grass

Berayard grass

Slender
spikerush

Hogragrass

Common purslana
Itchgrass
Bulrush

Amaranthaceae
Lythraceas -
Graminae
Cyperaceas
Cyperaceae
Graminge
Graminae
Graminas
Graminae
Cvnaeraceae

Compositae
Cimeraceae

Graminae
Graominae
Graminae
Euphorplacese

. Portulacaceas

Poaceae
Cyperaceae

Appendix VII, Chemical terminology of the herbicides guoted

in the text

Common neme

Chemical name

- P an i ek e N G O S P g w @ P A A W W W o Ey B A B W m o W v W

Bentazone 3=is0propyl=(1 B} = benzo=2 1.3-
thiadlazin-4=one 2,2-dioxida :

Butachlor N-butoxymethyle < = ciiloro=2 ,6 -
diethylecetznilide

Propanil, 3"y 4'=dichloropropionanilide -

-y —.-.—.-.-.—.—.-.-.-. e e ™™y -.-'ﬂ.—._.ﬁ.-.-.-.-.—.ﬁ. .. n'-.-





