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ABSTRACT

Direct-seeded rice ecosystems are most vulnerableeed competition that reduces not only its grgeid
(30-100%) but also deteriorates the grain qualifpe investigation aimed at employing cultural teghes for
economically viable and effective weed control eatthan complete weed elimination. Hence, a fieldegiment was
carried out to assess the impact of cropping systenolving crops of diverse growth nature suchpagon pea and
cowpea on weed occurrence and productivity of yistesn under weed control regimes comprising oflsiagd two hand
weedings. In rice + cowpea intercropping systemeeahow ratios i.e. 4:1, 4:2 (replacement seriad)51 (additive series)
whereas two row ratios i.e., 4:1 (replacement spded 5:1 (additive series) were tested in ripégeon pea intercropping
system. Besides intercropping, all the three c(ops, pigeon pea and cowpea) were also growneasdle crop. Results
showed that cowpea and pigeon pea intercropping idgé minimized the weed infestation. Least dgmaitd biomass of
weeds was recorded in rice + cowpea (5:1) intereygtem. A slight decrease in weed count and bisroadroadleaf
weeds was observed with intercropping of cowpealuRgon in the grain yields of rice, pigeon pea @oavpea were
recorded (16.7 to 35.2%) across the years underchtpping system in comparison to sole croppirtge lBnd equivalent
ratio (LER) values showed that, irrespective oftispacombinations of the crops, a useful yield éase was always
attainable in all intercropping treatments. In jattar, intercropping of rice and pigeon pea witth dow ratio was found

to be the most effective for land use efficiency detter economics.
KEYWORDS: Intercropping, Weed Control, Rice Equivalent Yidlthland Rice, Cowpea, Pigeon Pea
INTRODUCTION

Upland rice is grown on around fifteen million herets of land globally and rice produced from tHesels feed
nearly 100 million people. In upland rice cultivatj the crop is directly sown in unpuddled, weklided soil, where
weeds and rice germinate simultaneously. Therefaneong different rice ecosystems, the greatest wpeesisure and
competition occurs in upland rice. Rice crop growariably suffers from severe weed infestatiodemupland situation.
A mixture of annuals and perennials, and grassdshapad leaf weeds, intensifies the competitiveaff of weeds in

upland rice. Generally, grasses are predominantather classes of weeds.

Several methods of weed control are used to comeels in the upland rice. Direct methods of wemtrol are
used to remove weeds completely from the uplandsjehe substitutive, preventive, and complimentaeed control
measures generally minimize weed populations t@aaageable level instead of complete eliminatiorpeaéad cropping

on the same land could lead to a build-up of wemglfations not easily controlled by existing metho8uch a build-up
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may be managed by rotating with another crop inctvhdifferent weed control measures are used. Dfigason of
cropping systems, for instance, by increasing thmber of crop species grown, has been proposedsakion to some
problems of modern agriculture (Altieri, 1999).drtropping, the practice of growing two (or more)ps simultaneously

in the same land area, represents an option tosifiyeropping systems (Altieri, 1999).

Intercrop systems are reported to use resources efticiently and are able to remove more resoutbas
monocrop systems, thus decreasing the amount blaifar weed production (Liebman, 1988). Legumegh wheir
adaptability to different cropping patterns andirttability to fix nitrogen, may offer opportunitie® sustain increased
productivity (Jeyabal and Kuppuswamy, 2001). Wagapgession, the reduction of weed growth by craerfarence, has
been referred as one determinant of yield advant&getercropping, being a viable alternative tduee the reliance of
weed management on herbicide use (Liebman and D20@)). Intercrops may also provide yield advaesagithout
suppressing weed growth below levels observed mpoment monocrops by using resources that are xpidited by
weeds and convert resources to harvestable mateniaie efficiently than monocrops (Liebman and &ith, 1993).
Thus, theme of low-canopy crops as smother cropsbiological weed control is now receiving greatdtention
(Akobandu, 1981; Shetty and Rao, 1981) and cropls as groundnut, cowpea, soybean, black gram ahgram could
serve as smother crops. However, ability of a legumop to suppress weeds depends on cultivar'sofaggowth and
establishment of canopy cover besides several fdltars. Considering yield advantages and weegrsspion ability of
intercrop systems reported by various researclaersnvestigation was planned to assess impactaogfscwith differing

canopy structure in various row proportions and loioations with different weed control measures.
MATERIALS AND METHODS

Field experiments were conducted during the wasaes of two consecutive years at the research dértime
Central Rainfed Upland Rice Research Station, Hlaagr(23°56'46"N latitude and 85°21'46"E longitud#&)dia under
rainfed conditions. The climate of the locationclsaracterized as warm and sub-humid. The averageabmainfall of
1215 mm is received mostly (about 85%) from SoutBstMmonsoon during June to October. The mean maximu
temperature varied between 267 (January) and 38% (May) while the mean minimum temperature fluctdaabetween
5.2°C (January) and 23% (July). The mean maximum relative humidity variemm 45.5 percent (April) to 89.3 percent
(August), while the mean minimum relative humiditgried between 21.4 percent (April) and 84.8 peartt ¢Adugust).

Number of wet days varied from 53 to 55 days a geaing cropping seasons of experimentation.

The soil of the experimental site was red (Udic &Ristalf) with silty loam texture having pH 5.4, anic carbon
0.4%, available P 12.8 kg/ha and K 385 kg/ha. te ri cowpea intercropping system, three row ragosi:1, 4:2
(replacement series) and 5:1 (additive series) wested. Similarly, in rice + pigeon pea intercrimgpsystem, two row
ratios i.e., 4:1 (replacement series) and 5:1 (agdseries) were tested. In case of replacemeigsseither in 4:1 or 4:2
row ratio, 5th or both 5th and 6th rice row wassiitbted with the intercrop row respectively wheréa case of additive
series full population of the base crop (rice) waaintained by adjusting the row spacing of ricepcr8esides
intercropping system, all the three crops (ricgepn pea and cowpea) were also grown as the sme ler all, different
combinations of eight cropping systems and two weedtrol treatments were tested. Thus, sixteentriresat

combinations were investigated following randomizedplete block design (Factorial) with three regtions.

Sowing was done during the third week of June il bloe years using 75 kg seed of rice, 18 kg oé@igpea and

80 kg of cowpea per hectare in case of sole croggpeoportionately as per row ratios in differemtercropping systems.
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Standard agronomic practices were followed forimgisole crops of rice, pigeon pea and cowpea.ifiteecrop of rice,

pigeon pea and cowpea in treatments of replacesegigs received N according to proportionate aceafmed. In basal
application, the both N P and K fertilizers werglgd in bands. All data were subject to analydisariance as per the
standard procedure and least significant differeralaes were calculated at 5% significance leveéneler the F-ratio

was found to be significant.

RESULTS AND DISCUSSION

Weed Flora, Intensity and Biomass

Predominant broadleaf weeds includsgkratum conyzoides, Portulaca oleracea, Commelina benghalensis. and
Euphorbiahirta. Digitaria ciliaris (Retz.) Koel.Echinochloa colona, Eleusine indica, andPaspalum spp., were present in

abundant numbers among the grassy@mrusiria L., Fimbristylis miliacea among the sedges.

It is observed from table 1 that in direct seeded as well as in pigeon pea and cowpea field, [ajpm wise
grasses constituted major weed population followgdroadleaf weeds and sedges Similar trend wasredd for dry
matter production by weeds. There was significafluénce of both sole as well as intercropping, rawos and weed
management practices on dry matter production @&daeAmong the three sole crops, cowpea provedntist efficient
crop in restricting weed growth at harvest. Dry temabf weeds was further reduced when intercroppwith rice was
practiced. Intercropping of cowpea with rice wagrfd to be more effective in reducing dry mattenth@ercropping with

pigeon pea. Minimum dry matter of weeds was reabrideice + cow pea intercropping system at 5:lorat

At harvest, maximum count and dry weight of weeds wegistered in sole rice followed by pigeonpede Srop
of cowpea had significantly less weed populatiom @ity matter as compared to sole rice in both tears In
monocropping, cowpea proved more efficient in sepping weeds than the pigeon pea and rice. Cowjleatsvbroader
leaves and early rapid growth might have blockedligght from reaching the ground. Cowpea interciogmsuppressed
the weed population and minimized the weed infastain rice + cowpea (5:1) intercropping systeneed density and
weed dry matter were minimum. These findings aragreement with the results reported by Dutta andoG(1994).
Cowpea with its broader leaves and early rapid granight have blocked the light from reaching theund. Shetty and
Rao (1991), Prustgt al. (1990) and Kaet al.(1993) have also attributed the lower weed growtthe smothering effect
caused by the well-developed crop canopy. Less wWeedhatter and density registered under interdrgpmay be due to
the weed suppressing capability of intercroppingromonocropping. Intercrops may also provide yietti/antages
without suppressing weed growth below levels obsgim component monocrops by using resources thata exploited
by weeds and convert resources to harvestable ialaterore efficiently than monocropsi€ébman and Elizabeth, 1993
Less weed production under monocropped cowpea ma@rocropped rice may be due to better weed smatheri
efficiency of pulse crops. Less weed biomass pridinand weed density under intercropping systemuis to higher
inter-specific competition combined with complensity between intercrop species that improve thepcstand
competitive ability towards weeds (Nielson et 2aD03). Among the weed regimes imposed, two handlingg2HW)

proved most efficient in effective control of weeds

The grain yield of rice, pigeon pea and cowpea graw sole crop or intercrop and also the equivagliehd of
rice is shown in Table 2. The grain yields of &létcrops were reduced under intercropping systempaced to sole
cropping. It is observed that under intercrop systke rice yield was reduced by 18.1% (0.32 t/hajicge + PP (4:1),
18.6% (0.33%) in rice + PP (5:1) to 33.3% (0.5%)}/ln rice + cowpea (4:2). The sole crop had ledsrspaced
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competition and better environment for growth aededopment than intercrops (Manchanda et al 2006).higher yields
under sole crop might be due to availability oftbetconditions of growth, less interspace compmetitand increased
habitat population. This reduction in rice yieldaigributed to less number of fertile tillers,nspikelets per panicle and
length per panicle in all the intercropping systddeta not presented here. Singh et al. (1996)Samed et al. (1999) also
reported similar reduction in paddy yield by inteqgping. Rice grain yield was affected by the wesgimes but intercrop
yields remain unaffected. Weed management practisesinfluenced rice grain yield substantiallyn@arly, the pigeon
pea and cowpea yields were also reduced in intersystem compared to sole pigeon pea and cowpéts yldowever,

differences in grain yields of pigeon pea and canwggpeared to be non-significant due to weed mamaigiepractices.

In terms of rice equivalent yield, all the interpping treatments yielded higher than sole rice pixsele cowpea
which produced less rice equivalent yield. Thesmilte corroborate Saud (1999) who reported tharénbpping gave
higher rice grain-equivalent yield compared to swlgpping. Higher rice-equivalent yield when inteqgped compared to
respective monocrops was due to higher total prbdiyc because intercropping exploited resourcesamefficiently
(Midya et al., 2005).

When the values of land equivalent ratio appedretgreater than unity under intercropping systéis, usually
indicates the efficiency of this system over thie swvopping systemMandermeer, 1999The land equivalent ratio (LER)
shows that, irrespective of spatial combinationstleé crops, a useful yield increase was alwaysinatain all
intercropping treatments (Table 2). This could beause the crop occupied in part different spaweapeted for different
resources, and hence had adequate utilization €Witl979). The land equivalent ratios as an indicaf biological
efficiency in intercropping systems were alwaysatge than 1 with intercropping in this study. Ire tstudy the highest

value of LER(1.49) was obtained in rice intercropppéth pigeonpeain 4:1 row ratio.

CONCLUSIONS

Studies on intercropping revealed that grain yietdsrice, pigeon pea and cowpea were reduced under
intercropping system compared to sole croppinge Ri@in yield in intercropping showed a minimumrease of 18.1 to
maximum decrease of 33.3per cent across the yR&es grain yield was affected by the weed regimeésritercrop yields
remain unaffected. In terms of rice equivalentd;ialll the intercropping treatments yielded higtien sole rice except
sole cowpea which produced either equal or lessequivalent yield in different years. The land iegient ratio (LER)
showed that, irrespective of spatial combinatiofisthe crops, a useful yield increase was alwayairat in all
intercropping treatments. In this study, the highedue of LER was obtained in rice intercroppedhwpigeonpea and
gave a LER from 1.38 and 1.49 over the years. @dgerice and cowpea reached their peak vegetafigaith at about
8-9 weeks after seeding while the much slower-gngwiigeon pea does not peak until about 100-110,48und the
time of rice or cowpea harvest. Intercropping withwpea in different row ratios proved efficient ieducing weed
pressure but advantages gained with pigeon peataxriop in terms of land resource utilization dratvesting more
economic benefits suggested cultivation of ricegeph pea intercropping in rainfed uplands instdashanocropping of
rice. Rice equivalent yield and economics indicate@rall advantage accrued from intercropping afepnpea and
cowpea with rice in 4:1 and 4:2 row ratios, respety. Intercropping systems were superior thare sade cropping in
terms of weed management. In particular, intercirgppf rice and pigeonpea with 4:1 row ratio wagrfd to be the most

effective for land use efficiency and better ecoiosmn

Impact Factor (JCC): 3.2816 NAAS Ratj 3.73



Influence of Intercrops and Row Ratios on Weed Suppssion and Performance 79
of Upland Rice QOryza Sativa L.) Under Different Weed Regimes

Table 1: Weed Dry Matter, Weed Intensity and Florisic Composition as Influenced by Different
Cropping Systems and Weed Control Measures (Mean diwo Years)

. Floristic Composition
Treatment Hized Ir/1rtT(]-:-2nS|ty iz D/%Matter (%, Intensity Basis)
(e (g/m) Grasses | Sedges| Broadleaf
Cropping systems
Rice sole 149 101 63.4 4.5 32.0
Pigeon pea (PP) sole 132 91 60.6 4.6 33.7
Cowpea (CP) sole 86 59 58.0 4.7 35.2
Rice + PP (4:1) intercrop 89 58 59.8 4.7 34.3
Rice + PP (5:1) intercrop* 67 48 57.8 5.0 34.9
Rice + CP (4:1) intercrop 69 48 56.4 4.7 35.6
Rice + CP (4:2) intercrop 55 41 55.8 5.2 36.0
Rice + CP (5:1) intercrop* 45 26 55.5 4.9 36.3
SEmz 4.6 6.9 - - -
LSD (p=0.05) 14.0 20.0 - - -
Weed regimes
1 Hand weeding (HW) 126.0 83.4 59.3 5.0 34.2
2 Hand weeding (HW) 46.0 33.1 57.5 4.5 35.3
SEmz 11.6 125 - - -
LSD (p=0.05) 35.0 37.0 - - -
*5:1 row ratio represents additive series & oth@rg & 4:2) replacement series

Table 2: Yields and Yield Attributes of Upland RiceAs Affected By Different Cropping Systems and Wee@ontrol
Measures (Mean of Two Years)

CLE) eV, quIJ-\i)\IgI}ent Partial Partial Lgnd
Treatment Rice | PP/CP | Total | Yield LR e Equivalent
(Rice) (intercrop) | Ratio (LER)
(REY)
Cropping systems
Rice sole 1.77 - 1.77 1.77 - - 1.00
Pigeon pea (PP) sole - 0.85 0.85 2.32 - - 1.00
Cowpea (CP) sole - 0.60 0.6( 1.65 - - 1.00
Rice + PP (4:1) intercrop 1.4% 0.55 2.00 2.95 0.84 0.65 1.49
Rice + PP (5:1) intercrop* 1.44 0.52 1.96 2.78 0.76 0.62 1.38
Rice + CP (4:1) intercrop 1.24 0.30 1.5b 2.07 0.71 0.49 1.20
Rice + CP (4:2) intercrop 1.1§ 0.41] 1.5P 2.31 0.68 0.67 1.35
Rice + CP (5:1) intercrop* 1.30 0.35 1.65 2.27 0.75 0.47 1.22
SEmz+ 0.11 0.11 0.16 - - -
LSD (p=0.05) 0.34 0.33 0.46 - - -
Weed regimes
1 Hand weeding (HW) 1.19 0.49 1.68 2.52 0.76 0.56 321
2 Hand weeding (HW) 1.6Q 0.68 2.28 3.44 0.72 0.60 321
SEmz+ 0.11 0.15 0.11 - - -
LSD (p=0.05) 0.33 ns 0.32 - - -

*5:1 row ratio represents additive series & oth@rg & 4:2) replacement series
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