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Chapter — 1
INTRODUCTION

Pulses are the basic ingredient in the diets aisd majority of the Indian
population, as they provide a perfect mix of vegataprotein component of high
biological value when supplemented with cerealdsétuare also an excellent
feed and fodder for livestock. Endowed with thequeei ability of biological
nitrogen fixation, carbon sequestration, soil aoralion, low water requirement
and capacity to withstand harsh climate, pulseseheamained an integral
component of sustainable crop production systentesitime immemorial,
especially in the dry areas. They also offer gocaps for crop diversification
(grow profitably in relatively low-input managementonditions) and
intensification (short growing period). India istlargest producer of pulses in the
world with 24% share in the global production andsumes about 36% of global
pulse production (Ali and Gupta, 2012). Howevercdese of increase in
irrigation potential in the country, Indian agrittule has achieved a great stride in
the production of cereals but stagnation in thelpetion of pulses remains as an
issue of primary concern. The paradox is that thlegs are energy rich crops but
are grown in energy stress condition resulting aorpproduction. Moreover, 92
per cent area of pulses is under rain-fed condi{Myas and Rai, 1993). The
pulses production does not keep pace with the dmnesquirement and
consequently, the nation has to import 2.5-3.5iomltones every year. Per capita
availability of pulses has declined over the yefaosn 85 to 37 g/day as per
FAO/WHO standards. At present in India, the totaaaunder pulses is 24.80
million ha with a total production of 17.20 millictones with a productivity of
694 kg ha and the per capita availability of pulses is 3§.day’ (Economic
Survey, 2012-2013).

Cowpea Vigna unguiculatal..) is cultivated worldwide plays a critical
role as major source of dietary protein that presduccome for farmers and
traders (Singh, 2002). In India, cowpea is grownatmout 0.5 million ha with



average productivity of 6.0 to 7.5 g grain'h@AOSTAT, 2010). The cultivation
of Black-cowpea in Kashmir Valley mostly done aserrop broadcasted in
Kharif maize with a low productivity. However, its marketlue is more than
any other pulses. Black-cowpea usedda$, snacks and chat etc. Cowpea
produces high quality and quantity herbage for ahiimed (Duke 1983). Cowpea
also has the ability to be intercropped with ceyesalch as millets and sorghum.
Its diversity of uses, nutritive content and steragalities have made cowpeas an
integral part of the farming system in West Africeegion (Eaglesharet al,
1992). Among the different pulses, the area, prbdmcand productivity of
cowpea is very low against the total pulse aresbXb4housand ha with a
production of 590.3 thousand quintal and the préaditg of about 10.67 q Hain
Jammu and Kashmir State (Economic Survey, Gow, J#12-13).

Small-scale farmers throughout the region grow @agpand because
cowpeas are naturally drought tolerant they areemely important in semi-arid
areas. Cowpea contain more than 18% crude prdtgian(et al, 1987) and its
intercropping with cereal fodder i.e. maize or $ony etc. seems to be logical
technique to increase fodder yield as well as usitive value in terms of its

crude protein.

Maize ¢Zea mayd..), the “Queen of Cereals” is the third most orpnt
cereal crop in India after rice and wheat and eatéd on 8.7 million ha. Total
maize production is 21.6 m tons, with an averagédyof 24.76 q ha (Economic
Survey, 2012-2013)Maize is one of the oldest food source and idy ful
domesticated plant. Modern maize does not grovhénwtild, cannot survive in
nature and is completely dependent on human huspé@dliant, 1988; Doswell,
et al, 1996). It is a productive food plant and has bghpotential for
carbohydrate accumulation per thiday’ (Alderchet al, 1975). Maize is of
greatest economic significance worldwide, both fobuman and animal
consumption and is the source of a large numbardofstrial products. Maize has

multifarious uses and the diversity of environmeuatgler which it is grown,



therefore, unmatched by any other crop (Doswelal, 1996). Maize is grown
under wide range of climatic conditions, mostlywarmer parts of the temperate
region and areas of humid sub-tropical climateisltgrown practically at all
altitudes except where it is too cold or the grayveeason is too short. The crop
requires considerable moisture and warmth from tthee of planting to the
termination of flowering period. Maize crop is cqgeized as a very exhaustive
crop because of its very high demand of the nusiespecially nitrogen,

phosphorus and potassium from the soil.

In Jammu and Kashmir maize is the most importareal crop for
human and animal consumption. The area of Mai&0&4 thousand ha with a
production of 9116.6 thousand quintal and the petidity of about 27.3 q hh
in Jammu and Kashmir State (Economic Survey, Ga&K, 2012-13). In
Kashmir Valley, maize is intercropped with pulsepexially cowpea and yielded
poorly. It is, therefore, necessary to develop #able technology by way of
combining a proper planting pattern to boost ujr feduction and productivity.
Productivity along with sustainability unit afeaan be increased through suitable

crops with higher potential and adaptation of ictepping system.

Intercropping is one of the ways to increase the/smv@ increase the
productivity unit area of land under the supply of limited resosirddis system
not only provides certain insurance against biatid abiotic stress but also helps
in the maximization of productivity and profit byfieient utilization of natural
resources (Thakuet al, 2000). Cereal-legume intercropping plays an irtgrar
role in subsistence food production in both undgyetl and developing countries,
especially in situations of limited water resour¢€suboet al, 2005). Yields of
Intercropping are often higher than in sole crogpsystems (Lithourgidist al,
2006). Das and Mathur (1980) reported residuaktffef cowpea, and blackgram

and greengram as intercrop with maize up to 50 kgiN

A further strategy for improving food security wdube the inclusion of

grain legumes, such as black-cowpea, intercropjpeeravith maize or in rotation



with it. Grain legumes are a valuable source otgnofor humans. Furthermore,
from an agronomic point of view, there are numeradgantages in the inclusion
of legumes in cropping systems. These include mdlucsect and disease
problems, nitrogen fixation by the legumes, reduce# of crop failure and

possibility increased yield unit aréa

Keeping in view, the above consideration, the presw/estigation is to be
conducted on “Evaluation of Black-Cowpédidna unguiculatal..) as intercrop
with Maize ¢ea mayd..) under Kashmir Valley condition” with the follang

objectives:

* To study the effect of different row ratio on grémparameters, yield

attributes and yields of black-cowpea and maize.
* To evaluate the total productivity of intercroppisygstem.

+ To evaluate the relative economic of different rm@mbinations of black-

cowpea and maize.



Chapter — 2
REVIEW OF LITERAUTRE

Intercropping system is an ancient practice indndagriculture. About 40
years ago, the attention of agricultural scientistned up towards the
intercropping to explore the possibilities of gegtihigher productivity and net
returns from intercrops. In this chapter, theref@re attempt has been made to
review the research information available on cowfdgna unguiculata..) and
maize Zea mayd..) intercropping system. It covered the effectirdércropping
system on growth, development, yield and vyielditaiting characters, quality
and nutrient uptake by sole and inter crops. Shigildhe economic aspects of

cropping systems are also reviewed here.
2.1 Intercropping

Several workers have defined the intercroppingifierdnt situations. The
importance of intercropping was highlighted by Aiy@949). He suggested that
the intercropping system may get greater stabifityield, better use of growth
resources, better control of weeds, pest and diseasie crop provided physical
support and shelter to the other crop, erosionroband more remunerative to
small farmers. Donald (1963) stated that two spgeak contrasting habits in
intercropping system will be able to exploit theatoenvironmental resources
more efficiently than monoculture. In Nigeria, irt®pping maize with legumes,
particularly cowpea, has gone a long way to imprineealready limited fertility

profile of many farming plots (Agboola and Fayel,/72).

The crops may or may not be grown or harvestedtigxaicthe same time,
but usually grew together for a significant parttleéir growing period. Andrews
and Kassam (1975) stated that the intercroppingldhadso imply in such a way
the crop are grown in separate rows and not grouwwedn When two or more
crop are raised as intercrop, the two situatiorsis; the intercrop grows better in



the presence of another and exceed in yield adgestaver the sole crop (Willy,
1975).

Willy (1979) mentioned three different situationsider which the
advantages of intercropping can be evaluated: grevintercropping system give
full yield of main crop and some yield of secondgrii) the combined intercrop
yield exceed the yield of any of component cropagreeparately as a sole crop;
and iii) the combined intercrop must exceed a coedbisole crop yield. He
defined the intercropping as “the growing two orrengrops simultaneously in
alternate rows or otherwise in the same area, wthere is a significant amount

of intercrop competition”.

At ICRISAT, measurement of light interception shaowvibat intercropping
did not intercept more light energy than sole crogpbut this energy was more

efficiently converted into dry matter (Reddtal, 1980).

Intercropping plays a vital role in improving cropg intensity being an
important system of multiple cropping. Maize is iB&'s most important cereal,
forming a basic part of the cereal-legume interpnog system common to most

developing countries’ agriculture (Ofori and Stet887).

Yield advantage from intercropping as compared dte <ropping are
often attributed to mutual complimentary effect admponent crops, such as
better total use of available resources. Such asomdture legumes have higher
yield compared to an intercropping system. Howeurermost cases land
productivity measured by land equivalent ratio (QERarly shows the advantage

of mixed cropping cereals and legumes (Yunusa, B#8OMendakt al, 1990).

Intercropping continues to be a prominent systerd probably will
remains so far years to come because of variousfitemssociated with it. So
research on intercropping has been spurred rectentipderstand the validity of
the system by ways of possible increase in yididieht use of solar energy and

better land use resulting in higher returns (Dharegral, 1991).

]



Langatet al. (2000) commenting on the activities of SACRED AFRI|C
and Chabi-Olayet al. (2002) in their separate studies, reported thateéndpping
maize with legumes is one of the common croppirgjesys in Africa. In West
Africa, cereals such as maize, pearl millet andglsom are traditionally
intercropped with cowpea (Subbartaal, 2000).

Intercropping is one of the ways to increase tlealpctivity per unit area
of land under the supply of limited resources. Téystem not only provides
certain insurance against biotic and abiotic stresg also helps in the
maximization of productivity and profit by efficienutilization of natural
resources (Thakuet al, 2000).

Maize production, therefore, is of strategic impade for food security
and the socio-economic stability of countries ant segions in sub Saharan
Africa, including Nigeria. Maize-legume intercropgi is currently receiving
global attention because of its prime importanc@Viorld Agriculture. According
to Sullivan (2003), intercropping offers farmers thpportunity to engage nature’s
principle of diversity on their farms. It is a sgst of cultivating a cereal as the
primary food crop, but on a legume base. Cereath 18 maize, millet and
sorghum are often intercropped with usually legwum crops like beans,
cowpea, groundnut, pigeon pea and soybean. In tast,is the dominant food
production system in East Africa. Sole cropping seldom practiced and
cereal/legume rotations are rare. The main advastafjintercropping comprises
of planting, managing fertilization, weed contrpgst control, and harvesting for

both crops and it is normally done manually by $sedle farmers.

Cereal-legume intercropping plays an important molesubsistence food
production in both undeveloped and developing aoestespecially in situations
of limited water resources (Tsulad al, 2005). Mainly those resources such as
water, light and nutrients can be utilized moreeetively than in the respective
sole cropping systems (let al, 2006). Yields of Intercropping are often higher
than in sole cropping systems (Lithourgidtsal, 2006).



Small holder farms in the tropics, which produceero80% of the food
resources of the developing nations, intercropatereith a multitude of crops,
and including legumes in these systems is most aomand researched due to the
synergistic effects, with the objective of diveysily food production and
household cash incomes (Rao and Mathuva, 2000 andr&et al, 2009). The
production of more food for the growing populationghe coming decades, while
combating poverty and hunger at present, is a fgignt challenge to the
developing nations. Thus, intercropping principabd crops (eg. cereals) to
intensify resource use is considered a key faatomeeting this challenge, in
technologies such as evergreen agriculture whicomsidered a robust approach

to sustainable food security in the developing dd@arrityet al, 2010).
2.2  Growth and growth characters

Plant population and the arrangement of componenpsc in the
intercropping system have profound effect on penfoice of the system. Various
workers have reported the effect of planting pattar growth as well as on yield
of intercrops. Watiket al. (1993) reported that solar radiation is one ofrttagor
resources determining growth and yield of componerdp when planted
simultaneously and together, especially when otlespurces are not limiting

plant growth.

Jayanthiet al. (1994) who stated that maize/cowpea 1:1 intercengedhe
highest dry matter yield. Tripattet al. (1997) revealed that under Bhubaneswar
conditions, the dry matter of maize increased inzma cowpea intercropping
system and was highest in 2:2 ratio pattern, fadidwy 1:1 pattern whereas Ofori
and Stern (1986) stated that total dry matter actation per plant of maize in

intercropping was not different from sole croppingearly stages of growth.

Singh et al. (2000) observed that intercropping of maize witlgatable
pea and lentil increased the dry matter accumulatiomaize. Whereas, Shumba
et al. (1990), Kumwendat al. (1997) and Jeranyana al. (2000) reported that a



competitive main crop such as maize may reduce eawgrowth and hence
biological nitrogen fixation (BNF) rates in an inteop that results in the
reduction of dry matter yield and N-fixing nodulea the legume crop due to

shading.

Jose et al. (2000) and Silwana and Lucas (2002) reported that
intercropping affects the vegetative growth of comgnt crops compared to sole
cropping, and therefore, it applied to optimize tiee of spatial, temporal and
physical resources above and below ground with mami positive and minimum
negative interaction. Differences in phenologicalnda morphological
characteristics of crop species in mixture may l&adn increased capture of

growth limiting resources.

Hussainet al. (2003) found that maize intercropping with differéegume
species delayed the period to earing and silkimgpaoed to sole cropping. Ghosh
(2004) also reported that maximum resource potenti@rms of growth could be
obtained through use of different legumes with maimproper row space has
very low resource use, because of inadequate uspwk and lack of appropriate
crop management technology whereas, T<etbal. (2003) reported that ratio of
decrease in dry matter accumulation of intercroppimcreases throughout the

season as compared to sole cropping.

Sunilkumaret al. (2005) indicated that intercropping of maize and/gea
in 2:2 row proportion recorded significantly highgneen fodder, dry matter and
crude protein yield compared to 1:1, 1:2, 1:3, 24, 3:1, 3:3 and 4:1 row

proportion.

Muoneke (2007) reported that the number of nodates nodule weight
were highest when soybean was intercropped withldiest maize planting
density during the early season. These reduced asendensities increased,

probably because of the depressing effect of hagufation of maize.

Hugar and Palled (2008) reported that significatdlier plants, leaf area,

]



leaf area index and dry matter production were fesewith sole maize. The
lowest plant height was recorded on 1: 5 maize+cKgeam intercropping
followed by 1: 5 maize + French-bean intercroppiimgrease in plant height
under maize sole treatment was due to the factthieatvider space available in
sole maize reduced the competition of light andrients, which probably
provided favourable physical environment and helffesl plant to grow taller.

Increase in plant height under sole maize sowing.

Morgado and Willey (2003) while studying the optimuyplant population
for maize-bean intercropping system in Braziliandition observed that variation
on patterns of dry matter accumulation of interpeg maize due to bean
population was marginal, with no consistent tengesiter 33 DAS. Dry matter
accumulation in all intercropped maize treatmentsdased with application of N
at 30 kg hd. Competitive effect of maize at M20,000 plants h§ and M
(40,000 plants hY on total dry matter accumulation of intercroppEsans was

similar in all three-bean populations at two nigodertilizer levels until 43 DAS.

Javanmarcet al. (2009), worked on intercropping of maize with diént
legumes, indicated that dry matter yield and crpdeein yield of forage were
increased by all intercropping compositions as camg with the maize
monoculture. Dahmardedt al. (2009) concluded that intercropping of maize and
cowpea resulted in more digestible dry matter andle protein content than

maize sole cropping.

Dahmardelet al. (2010) reported that maize-cowpea intercrops preduc
greater dry matter yield than either species grawame. The most productive
intercrop concerning yield was for a high densifynmize and high density of

cowpea (100% maize + 100% cowpea).

Choudharyet al. (2012) reported that the highest grain numbersnnudéa
two years was recorded in sole maize followed b§ iaize + cowpea and 1: 5

maize + cowpea. However, the lowest mean grain eusnwas recorded in 1: 1



maize+ Dblackgram. The intercropping of blackgramthwimaize, all the
combinations grain numbers were lower than thee@sge combinations of other

intercrops.

A field study conducted at Indian Grassland foddad Agroforestry
Research Institute, Dharwad, revealed that intppirmg of maize with cowpea
recorded higher green and dry fodder yield compdoedther cereal-legume

intercropping system (Gangaiah, 2004).

Intercropping maize with cowpea has been reportedntrease light
interception in the intercrops, reduce water evapon, and improve conservation
of the soil moisture compared with maize alone (thiaaiet al, 2010). This yield
advantage occurs when the component crops do nopete for the same
ecological niches and the inter-specific competifior a given resource is weaker

than the intra-specific competition.
2.3 Yield and yield Attributes

Tomar (1976) reported that in India cowpea is galhers grown mixed
with jowar, bajra and maize etc. to enhance thendomder yield and supplement
the nutritive value of non-leguminous fodder. Neiral. (1979) reported that
when maize + cowpea, maize + soybean and maizeundnut were sown in a

system, the yields were increased by 34, 27 and t&8pectively.

Kalra and Gangwar (1980) reported that there wasease in growth
attributes like length of cob, girth of cob, se@és cob and 1000-grain weight of

maize when it was intercropped with cowpea.

In maize based intercropping system, decrease tarception of solar
radiation from top of maize crop to top of legumeercrop was observed due to
shading by maize canopy. This reduced receipt giitlienergy by legumes
reduced the yield of intercrops in maize (Scatlal, 1981).

Mandal et al. (1990) reported higher maize yield due to legume
association that with non-legumes. Bhuetaal. (1991) reported that the yield



components increased in intercropped system thaira stand of maize. Cardoso
et al. (1993) reported an increase of 37% in grain yfeldthe same rate of plant
population in a maize-cowpea intercropping undegation condition. Grain
yield per plant was significantly higher in;M20,000 plants K than in M
(40,000 plants h3.

Myaka (1995) found that cowpea grain yield were 78%%6re when
intercropped with maize in alternating double rdien in alternating single rows.
Panditaet al. (1998) stated that maize + legume intercrops (fir@jluced higher

stover yield as compared to sole maize.

In a field study on an experiment field of MaizesRarch Institute Zemun
Poly-Belgrade, Yugoslov, Oljac al.(2000) observed that intercropping of bean
with maize had a great influence on yield composi@ifitmaize. The component
combination of ¥ : % (maize: bean) was the mosecéffe on all yield

components of maize.

Pereirafithoet al. (2000) reported that, maize grown in double rows a
density of 40,000 or 60,000 plants*haith single row of French bean at a density
of 40,000 plants hhor with French bean sown in the maize rows at,D{D
plants ha did not indicate any significant variation on neigeld. Where French
bean yield decreased when intercropped with doudvles of maize, and in single

row of maize French bean yield increased.

Yield attributesviz, length, girth of cob, number of grains, weight of
grains per cob, 1000 grain weight and the yieldnaize were found increased
over sole maize in intercropping of maize with agée pea and lentil (Singét
al., 2000).

Differences in phenological and morphological chteastics of crop
species in mixture may lead to an increased camugeowth limiting resources

and leading to greater potential to acquire higbtal yields than when crops are



grown separately on the same area of land (Radviatduva, 2000; Olufermet
al., 2001 and Dapaadt al, 2003).

At Kalimela, in maize based cropping system it whserved that maize
grain yields with Runner bean, cowpea and cluseambwere 2461, 2571 and
2474 kg hd respectively under 1:1 ratio and 2633, 2495 an892Kg hd,
respectively under 2:2 ratios, compared to soleendb28 kg Ha (Padhi, 2001).
Further, intercropping of maize with runner bean2# row ratio realized the

maximum production efficiency followed by maize lwitowpea at 1:1 row ratio.

Patel and Rajagopal (2001) reported that increastriage yield with
maize + cowpea in 5:2 row ratio intercropping wat99%nd 17.31 percent over
the yield of sole maize forage during the two consee years, respectively. The
grain yield of maize increased to the extent o228 7.5 per cent over sole
cropping when it was intercropped with grain legsrt@ybean, urdbean, cowpea
and groundnut). In addition, there was bonus yielth legume component (Rana
et al, 2001).

Ranaet al. (2001) reported higher grain yield of maize in ateicropping
system compared to its sole crop. They also obddahad intercroppe@haseolus
vulgaris gave 30-40 per cent of its sole crop yields. Swdiave shown that
intercropping of cereals and legumes produce highan yields than either sole

crop Mpairweet al. (2002).

In an intercropping study under temperate climateddion, when maize
at a constant plant population was intercropped titee bean plant populations,
Morgado and Willey (2003) showed that competitfiect of intercrop beans on

maize yields was high at higher plant populations.

Experiment conducted at Indian Agricultural Reskatostitute, New
Delhi revealed that maize and groundnut accumulaigdificantly more dry
matter when grown in 1:1 row ratio (Aravindkumetr al, 2004). Ghostet al.
(2004) also reported that high yield potential |¢/ieecovery and land utilization



could be obtained through intercropping of difféardagumes with maize.
Improper row space has very low resource use, ksecatl inadequate use of

inputs and lack of appropriate crop managemenntoly.

A field study conducted at Indian Grassland foddad Agroforestry
Research Institute, Dharwad, revealed that intppirg of maize with cowpea
recorded higher green and dry fodder yield compdoedther cereal-legume

intercropping system (Gangaiah, 2004).
2.4  Intercropping system studies

There are several of evaluating the intercroppifigiency (Willey 1979),
but land equivalent ration is preferred becauss gimple, easy to compute and
not affected by market values of crops and inpuER for intercropping is the
sum of land equivalent ratio of the crops. For rierie@pping to be a viable

production system, it must be more profitable ttrensole cropping.

Lima and Lopes (1979), in a plant population apdtial arrangement
study on maize-bean intercropping, reported thderenopping was more
advantageous than sole cropping and the highesl Egjuivalent Ratios-LERS
were obtained in the spatial arrangement of oneabmaize to two or three rows
of beans. Balyan and Seth (1989) reported thatemedguivalent yield increased
significantly with intercropping of cowpea as comgzh to the sole maize
cropping.

A LER greater than 1.0 has been reported with lmeaize intercropping
(Sabaret al, 2007). LER (Land Equivalent Ratio) values wereager than one in
all intercropping systems with different plantingtios, which indicated yield
advantage of intercropping over sole cropping ofzmaBean (HF 465) LER
increased with increases in bean population (Lot Willey, 2008). Vesterager
et al. (2008) found maize and cowpea intercropping ishbeial on nitrogen poor

soils.

Maize-cowpea inter-cropping increases the amount rofrogen,



phosphorus and potassium contents compared to orop@f maize (Dahmardeh
et al, 2010).

Intercropping maize with cowpea showed advantagesland use
efficiency expressed as LER, when compared withofitenum density of either
sole crop (Dahmardeét al.,2010). The mean LER values were always greater
than 1.0. LER ranging from 2.31 to 1.32 in firsiayeand from 2.57 to 1.07 in
second years indicated that there were a 131 toiBZf¥st year and 157 to 7% at
second year greater yield advantage over composelet crops. Therefore,

intercropping showed an advantage over sole crgppin
2.5 Soil status

Greater total uptake of nutrients and other groudletors by the
component crops in the intercropping is the primaguse of obtaining
intercropping advantage (Willey, 1979 and Chowdhamgl Rosario, 1994).

Horwith (1984), Reddwt al.(1994) and Jensest al. (2003) reported that
maize and cowpea are often planted together untiEncropping and develop root

systems that at the same time explore the samésodsources.

Fatokunet al. (2002) reported that cowpea can fix up to 88 kiga\ind in
an effective cowpea-rhizobium symbiosis, more th&8 kg N/ha is fixed which

can supply 80-90% of plants total N requirement.

Maize-legumes intercropping system, besides inarggsroductivity and
profitability also improves soil health, consengssl moisture and increases total
out turn (Padhi and Panigrahi, 2006 and Sieghl., 2008).

Inclusion of cowpea in sole or intercrop systemghthimake extra soil N,
P and K available to the following cereal cropshsas maize because annual
legumes contribute N though biological N fixationdawas prepared suitable
condition of soil for P and K available. Like theils with low fertility in these

ecological conditions, enough forage yields witghhsoil fertility were obtained



from 100% maize + 100% cowpea intercrop and hagdest doughty stage
(Dahmardelet al, 2010)

2.6 Economic returns

Kalra and Gangwar (1980) recorded additional remfirRs. 1251 Ha
when cowpea sown in association with maize. ReadlyReddi (1981) recorded
higher returns of 17 per cent higher when cowpeensa between two rows of

maize as compared to sole planting of maize 90 en2@ow spacing.

Ogbuehi and Orzolek (1987) have reported that énd@ping where land
Is scarce would always generate a higher gross taigneeturn per unit area of
land compared to sole cropping. Balyan and SetBQ)LBeported that an increase
in net returns due to maize + cowpea (fodder) antgr which was due 10 per cent

higher as compared to maize sole crop.

Mandal et al. (1990) noted that the total and net return from maize +
legume intercrop were higher that sole maize. hlent al. (1990) reported that
maximum monetary returns ‘havere obtained in intercropping of sorghum and

cowpea as compared to other systems.

Ifenkwe and Odurukwe (1990) and Kumar and Yusu{d®bserved that
the highest LER would not always reflect the highe®netary return to the

farmer.

Jayanthiet al. (1994) who stated that maize-cowpea 1:1 intercrapeg
highest crude protein and resulted in the highestreturns. Panditat al. (1998)
obtained higher benefit cost ratio (1.87) underz@d&rench bean association in
2:1 row ratio over sole maize (1.72). Patel andyBaql (2001) reported that the
highest monetary returns (Rs.11,78T)haan be obtained when maize + cowpea

was sown in planting pattern of 5:2 compared te sahize.

Padhi (2001) observed that intercropping maize witiner-bean recorded
higher net returns (Rs.12667 Haat 2:2 row ratio followed by maize + cowpea
(Rs.7800 ha) at 1:1 row ratio.



At Jhansi, Sunilkumaet al. (2005) reported higher benefit: cost ratio
(2.21) under maize-cowpea association in 2:2 rdig mver sole maize (1.78).



Chapter — 3
MATERIALS AND METHODS

A field experiment entitled “Evaluation of black wpea ¥inga
unguiculata L.) as intercrop with maizeZgéa maysL.) in Kashmir valley
condition” was conducted at the experimental fafrthe Division of Agronomy,
Sher-e-Kashmir University of Agricultural Sciencasd Technology of Kashmir,
Shalimar, Srinagar duringlharif 2012. The details of the materials used,
experimental procedures followed and techniquesiebpave been described in

this chapter.
3.1 Experimental site

The investigation was conducted at the experimdatah of Division of
Agronomy at main Campus of Sher-e-Kashmir Univgrsaf Agricultural
Sciences and Technology of Kashmir, Shalimar, §anavhich is situated 16 km
away from city center that lies betweer? 848 N latitude and 7483 E longitude
at an altitude of 1605 meters above the mean seé [Ehe field was uniform and

levelled having good irrigation and drainage faies.
3.2 Climate

The climate is temperate and continental type dtaraed by hot
summers and severe winters. The average annuapipsdon over past twenty-
five years is 786 mm (Division of Agronomy, SKUAKE&shmir) and more than
80 per cent of precipitation is received from wastdisturbances. The mean
monthly meteorological data collected during thewgng season is depicted in

Appendix-I and presented in Fig. 3.1.

During crop growth period {8 May-25" September) the maximum
temperature ranged 21.57 to 32°Z3 while minimum ranged between 8.%7 to
18.37°C with relative humidity of 71.66 to 93.14% maximumd ranged 41.71 to

72.28% in minimum.
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3.3 Soil characteristics

Prior to the layout of the experiment, soil samplese drawn from O to
15 cm depth at five places in the experimental ptotandom and a composite
sample prepared to determine physico-chemical ptiepeof the soil. The sample
was brought to the laboratory, air-dried and crdsieepass through 2.0 mm mesh
sieve. The processed sample was subjected to agieopmechanical and
chemical analyses to know its texture as well d@glrfertility status. The results,
thus, obtained are presented in Table 3.1, whiokwstthat the soil was silty clay
loam in texture, neutral in reaction and mediumairailable organic carbon,

nitrogen, phosphorus and potassium.

Table 3.1: Physico-chemical properties of soil ofxperimental field

Initial

Particulars status Rating Methods employed
A) Mechanical composition
Sand (%) 10.50 International Pipette method (Piper
Silt (%) 54.20 1966)
Clay (%) 35.30
Texture class Silty clay
loam
B) Chemical composition
Soil pH 6.9 Neutral 1:2.5 soil water suspension using
Systronics pH meter (Jackson, 1973)
Electrical 0.18 Normal 1:25 Soil water suspension with
conductivity (dSrit) solubridge conductivity meter
(Jackson, 1973).
Organic carbon (%) 1.39 Medium Wet digestion method Walkey and

Black’ method (Piper rapid titration
method (Piper,1966)

Available nitrogen 498.62 Medium Alkali potassium permanganate method
(kg ha) (Subbiah and Asija, 1956)

Available phosphorus 16.21 Medium Olsen’s method of extraction with 0.5
(kg ha) N, NaHCO3 (Olsert al, 1954). Using

Systronics Spectrophotometer

Available potassium  127.68 Medium Flame photometre method Jackson
(kg ha) (1967)




3.4 Cropping history of the experimental field

The cropping history of the experimental field veassper Table 3.2.

Table 3.2 : Cropping history of the experimental feld

Experimental Field 5

Cropping o —AEEmEms
year Kharif Rabi
2007-08 Maize Oat
2008-09 Maize Oat
2009-10 Maize Oat
2010-11 Maize Oat
2011-12 Maize Oat
2012-13 Maize + cowpea (Expt.) -

3.5 Experimental details

The experiment was laid out with seven methodsnaize and cowpea
planting in a Randomized Block Design with fourlregtions. The lay out plan of
the experimental field is shown in Fig. 3.2. Theadle of the treatments were as

follows:

Treatment details

1. Maize Line sowing (Sole crop) at 60 cm row spgci > T
2. Black Cowpea Line sowing (Sole crop) at 30 cm spacing 2> T,

3. Maize Line sowing at 60 cm row spacing + Blackwpea - T3
broadcasted (Farmers’ Practice)

4. Maize + Black Cowpea intercropping (1:1) at 80w spacing 2> T4
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5. Maize + Black Cowpea intercropping (2:1) (Ma&=epaired row)
6. Maize + Black Cowpea intercropping (2:2) (Mas=epaired row)

7. Maize + Black Cowpea intercropping (2:3) (Mas&=epaired row)

2> Ts
2> Ts

2> Ty

In paired row of maize, two rows were at 30 cm vatch other, thus, the

distance between two paired rows was 90 cm, asdgdyd of 90 cm was utilized

for black-cowpea in g, Tg and T; treatments.

<

30cm

Experimental Details:

Design of experiment

No. of replication

No. of treatment

Total no. of plots

Gross plot size

Net plot size

Main irrigation channel

Sub irrigation channel

Width of ridges

Season

Plant to plant distance of maize
Plant to plant distance of cowpea
Variety- Maize

Variety- Black-Cowpea

90 cm

v

30cm

Randomized Block Design
04

70
28
12x7 =84 m sq
10x5 =50 m sq

1.0m

0.5m

0.5m
Kharif 2012
20cm
10 cm

C-6

Shalimar Cowpea-1



3.6 Brief description of the varieties used
3.6.1 Maize :C6

Certified seed of maize variety gCwas used in the experiment. This
variety was released in 1976 and recommended éaisarpto 1850 m amsl. It has
vigorous medium tall plants with a height of 17%24n and has a tendency to
bear two ears per plant. Cobs are long, taperimgards the end with bright
orange flint grains. It matures in about 125-13@sdan mid-elevations (below
1600 m) and 155-160 days in the valley and 1253if the mid elevatianThe
variety with bright orange flint grains is resistdaao blight and stem borer. Yield
potential of this variety is 50-55 g ha

The seed was sown in lines spaced with differemt ratios and 20 cm

from plant to plant population was maintained tlgiothinning and gap filling.
3.6.2 Black Cowpea: Shalimar cowpea

Certified seed of Black cowpea variety “Shalimawpea -1” was used in
the experimentThis variety is recommended for rainfed areas afhfair valley
and can be grown upto 1600 m amsl. Indeterminatebotg habit, white flower
colour in clusters arising from axil, medium matyiof 120-125 days. Seeds are
oval shape and black in colour and seed indexdgyBm. Average yield is 8-8.5

q ha'. Seeds contain 26-27% protein.

The seed was sown in lines spaced with differemt ratios and 10 cm

from plant to plant population was maintained tlglothinning and gap filling.
3.7 Details of field operations

The schedule of field operations performed dutiing cropping season

was as per Table 3.3.



Table 3.3: Details of the operations

Operation Date Remarks

Ploughing 05- 05-2012 Two tilling operations were given

Clod breaking and leveling 06-05-20120perations were performed manually

Layout 07-05-2012 Layout was done as per the plan shown in
the Fig. 3.2, demarcating the plot by

making bunds

Fertilizer application 07-05-2012 NPK and Zn fertilizer were applied as per
the packages for maize and cowpea

Seed sowing 08-05-2012 dSeavere sown in rows as per the
designated spacings

Insectcide application 08-05-2012 Phorate 10 Ggien to the inter field

Herbicide application 23-05-2012 Atrazine 1 kg. &' to control the
weeds in maize sole

First irrigation 05-6-2012  Each plot was irrigated
Thinning/ gap filing by 09-06-2012 Plants were transplanted and irrigated

transplantation with rose-can. Thinning was also done
where required

Weeding and hoeing 20-6-2012 The weeding/hoeing was done manually

First top dressing of N 25-6-2012  One-ftbupf nitrogen was applied as
urea

Second irrigation 03-07-2012 Each plot was irrigate

Second weeding, hoein 10-07-2012 Hoeing and earthling-up was done

and earthling up manually

Second top dressing of N 10-7-2012 Remaining onet of nitrogen was

applied as urea

Harvesting of black cowpei 15-09-2012 Harvesting was done at physiological
maturity

Harvesting of maize 25-09-2012 Harvesting was date physiological
maturity




3.7.1 Preparatory tillage

One pre-sowing irrigation was given to the expentak field and
thoroughly ploughed once with soil turning ploughtkactor. After this, the field
was cross harrowed and was then planked with tjecbto level the field and to
obtain the fine tilth. The stubbles of previouspcend weeds were removed from
the field. The whole field was divided into foupleations; borders, plot path and

irrigation channels were made manually as perakeut plan (Fig. 3.2).
3.7.2 Fertilizer application

Fertilizers for maize (120 N, 60:®s,30 K,O and 20 ZnS@kg ha') and
black cowpea (30 N, 60,85 and30 K,O kg ha') were applied according to the

plant population of the crops in the intercroppaygtem treatment.

For maize crop, half of the required nitrogen andl fdoses of
phosphorous, potash and ZnS&ere placed below the seed in opened furrows at
sowing time. Remaining nitrogen was top dressedwo equal splits, at first
hoeing/weeding corresponding to knee-high stagesandnd dose corresponding

to tasseling stage.

For black-cowpea full dose of nitrogen, phosphoiemi potash as per the
treatment, placed below the seed in opened fured\@swing time.

3.7.3 Seed and sowing

Maize (C-6) was intercropped with black cowpea (B cowpea-1) as
per the treatments and the seed were sown @ 2@kgfhmaize and @ 40 kg
ha' of black cowpea. Plant-to-plant distance of mainel black-cowpea were
maintained at 20 cm and 10 cm, respectively withanrows. The seed of black

cowpea was treated witkhizobiunculture before sowing.
3.7.4 Hoeing and weeding

Two hoeing and weeding were given, first about 8gsdafter sowing, and

second at 50 days after sowing.



3.7.5 Plant protection measures

Phorate dust (10%) @ 20 kg hawvas applied at the time of land

preparation to protect the crop against cut-worms.

3.7.6 Harvesting and threshing

Harvesting of black cowpea was done manually wii# help of sickle
when pods of black cowpea matured (when nearly % ad turned brown).
The border area was harvested first and removed #wperimental plots. Net
plot was harvested and sundried and tied up intwlles treatment wise, tagged
and taken to the threshing floor. Weight of eaabt produce was taken before
threshing to record the biological yield. Threshimgs done by beating the
bundles with sticks. Seeds were separated by wimgpand kept treatment wise

in bags.

Maize was harvested after the cobs had turned bsbwand grain
hardened. The border area was harvested first amdved from experimental
plots. Net plot was harvested and sundried and digdnto bundles treatment
wise, tagged and taken to the threshing floor. Weaj each plot produce was
taken before threshing to record the biologicaldyieShelling of the cobs was

done and grains were kept in bags treatment wise &@eighing.
3.8 Observations recorded

In each plot, five plants each of maize and/ or meavwere randomly
selected from the penultimate rows, tagged and tse@cording of various crop
characteristics at various stages of growth. Thecquwure for recording
observations regarding growth and developmentdyadtributes and yield and

soil status aspects during the course of investigatre described as under:

3.8.1 Pre-harvest studies on black cowpea
3.8.1.1 Plant stand (only at 30 DAS and at maturiy

Initial and final plant stand were recorded at 3®3and at maturity in all



the plots from net plot area and calculated orp#rem’ basis.
3.8.1.2 Dry matter accumulation at 30 days interval

Five plants of black cowpea were sampled from the& earmarked for
sampling. These plants were cut just above the gftaurface. The sampled
plants cut into the small pieces and sun driederAdtying, the samples were kept
into oven and dried at 8% for 24 to 48 hours till the weight was constafrite

same samples were weighed and expressed as diytwaigy plant.
3.8.1.3 Days to different phenological stages

Dates were recorded for different phenological esagf black cowpea and
days were calculated from date of sowing.

3.8.1.4 Number of nodules plant at flowering stage

Number of nodules of black cowpea crop was couatethe roots of five
sampled plants at flowering stage of crop and aeerumber of nodules plaht

was worked out.

The plants were randomly uprooted along with saoilhwthe help of
Khurpi carefully. Covering the major root mass, uprogikhts were put on sieve
and washed in running tap water to remove theaticles adhered to it. Then
the nodules were removed by forceps and blottedwdty the help of ordinary
filter paper and counted and mean value was exguleas number of nodules

plant.
3.8.1.5 Fresh weight of nodules plafitat flowering stage

Nodules from five plants of black cowpea were cuifid and fresh weight

of nodules was recorded and average value reponteplant' basis in gram.

3.8.2 Post-harvest studies on black cowpea
3.8.2.1 Number of pods plant

Total number of pods on the five tagged plants wecerded and average



number of pods plant was calculated by dividing with number of plantsla
expressed in plafitbasis.

3.8.2.2 Number of seeds pods

Number of grains was recorded from 10 represemtgivds taken from
tagged plants. The average value was calculatediviging with 10 to express
the number of seeds pbd

3.8.2.3 100-grain weight (g)

A representative sample of 100 grains of black aaygrrespective of
shape and size, was taken from the grains of figged plant and weight was
recorded with the help of digital balance and esped in grams.

3.8.2.4 Biological yield (g hd)

The black cowpea experimental plots meant for gpairpose were cut at
physiological maturity and after sun drying, bundieight of each net plot was
recorded in kg as biological yield and expresseq lag"

3.8.2.5 Grain yield (q ha')

Seeds of black cowpea collected from each treatmexighed after

threshing and cleaning and expressed as grainiyiejdha’.
3.8.2.6 Straw yield (q hd)

Straw yield was calculated simply by deducting mrgield from the

biological yield and expressed in gha
3.8.2.7 Harvest index (%)

The economic (grain) yield of black cowpea was dabd by their
biological yield (total produce) and its relatioiskxpressed in percentage. It was
calculated by the formula given below.

Economic yield
Biological yield

Harvest Index (%) = x 100



3.8.3 Pre-harvest studies on maize
3.8.3.1 Plant stand (only at 30 DAS and at maturity

Initial and final plant stand were recorded at 3®3and at maturity in all

the plots from net plot area and calculated omifiéasis.
3.8.3.2 Plant height at different phenological stags (cm)

Plant height of randomly selected plants were @bifrom ground-level
to base of fully opened top leaf at knee-high,dksg, silking and maturity stages

of maize. The mean values were expressed in cm.
3.8.3.3 Dry matter accumulation at 30 days interval

Five plants of maize were sampled from the row eaked for sampling.
These plants were cut just above the ground surfidoe sampled plants cut into
the small pieces and sun dried. After drying, thegles were kept into oven and
dried at 65°C for 24 to 48 hours till the weight was constarte same samples

were weighed and expressed as dry weight in g hlan
3.8.3.4 Days to different phenological stages

Dates were recorded for different phenological esagf maize and days

were calculated from date of sowing.
3.8.4 Post-harvest studies on maize
3.8.4.1 No. of cobs plant

Total numbers of cobs present on five randomly ctete maize plants

were counted and average calculated for each plant.
3.8.4.2 Grain weight coB (g)

Grain of maize collected from randomly selectedefigcobs as per
treatments, weighed after threshing and cleaniignTthe average was worked

out and expressed as grain weight td).



3.8.4.3 100-seed weight (g)

A representative sample of 100 grains of maizespective of shape and
size, was taken from the grains of five tagged tpéard its weight was recorded

with the help of digital balance and expressedrants.
3.8.4.4 Biological yield (q hd)

After harvesting the crop treatment-wise, the poedwas sun-dried and
kept in bundles. Bundle weight of each net-plot wesorded in kg plét and
expressed in q fa

3.8.4.5 Grain yield (q hd)

The produce collected from each plot was weighedr @ahreshing and
cleaning. Grain yield was recorded in kg pl@eind then converted to g hat 15

per cent moisture basis.
3.8.4.6 Stover yield (g hd)

Stover yield was calculated for each treatment bgiuding grain yield

from biological yield and expressed in g'ha
3.8.4.7 Harvest index (%)

The economic (grain) yield of maize was dividedthgir biological yield
(total produce) and its relationship expressedarcgntage. It was calculated by
the formula given below :

Economic yield
Biological yield

Harvest Index (%) = x 100
3.9 Maize + Cowpea Intercropping studies
3.9.1 Maize equivalent yield (g h&)

The economical values of maize and cowpea as likffegent, the yields

of the two were not comparable. As such, yield @ivgea was converted into



equivalent yield of maize. A factor was calculatadthe basis of relative values
of maize @ Rs 8000.00"cand cowpea @ Rs. 2500.00 gnd the grain yield of
each pulse from both sole as well as inter- cropgtedds was converted into
maize equivalent yield. It was then added to vyield each treatment of
corresponding maize of both sole and inter-cropgiadds. The maize equivalent
yield (MEY) was calculated by using the formula:

MEY :L XPc+Ym
Pm

Where,

Yc = Yield of black cowpea as intercrop
Ym = Yield of maize (of the same treatment)
Pc = Price of black cowpea

Pm = Price of maize

3.9.2 Land equivalent ratio (LER)

Land equivalent ratio (LER) was worked out as pecedure given below

to find out the economics of individual intercropgisystem.

Yab L Yba

LER = Yaa Ybb
Where,
Yab = Yield of maize in association with black quea
Yba = Yield of black cowpea in association withirea
Yaa = Yield of sole maize
Ybb = Yield of sole black cowpea

If value of LER is > 1, then intercropping is caesed to be
advantageous, if LER is < 1, then intercroppindigadvantageous and if LER is

=1, then it indicates no profit, no loss from thiercropping.



3.9.3 Areatime equivalency ratio (ATER)

It is the ratio of number of hectare-days requir@dnonoculture to the
number of hectare-days used in intercropping talgee identical quantities of
each of the component crop.

Total duration of intercropping system in days

ATER =

Where,

Grain yield of intercrop maize
Grain yield of intercrop maize in full cropping

La=
D, = Duration of crop maize

Grain yield of intercrop black cowpea
Grain yield of intercrop black cowpea in full cropg

Lb:

Dy, = Duration of crop black cowpea

3.9.4 Relative crowding coefficient (RCC)

Relative crowding coefficient (K) which measurég dominance of one
species over the other in a mixture (Bamik al, 2006). Relative crowding

coefficient (RCC) was calculated as:

RCC = Knaize X Kcowpea

Where,
Kmaize= Ymc x Zcm / (Ym-Ymc) x Zmc and
Kcowpea= YCm X Zmc / (Yc-Ycm) X Zcm
Where, Ym = yield of maize

Yc = yield of black cowpea

Ymc = yield of maize as intercrops



Ycm = yield of black cowpea as intercrops

And, Zmc and Zcm were proportions of maize and aavpn the
intercrops, respectively. When the value of K iseager than 1, there is a yield
advantage; when K is equal to 1, there is no yaeldantage; and, when it is less

than 1.00, there is a disadvantage.
3.9.5 Production efficiency (kg day)

Production efficiency (PE) was worked out as pecpdure given below
to find out the economics of individual intercropgisystem.

Equivalent yield (kg)

PE = Duration (days)

3.9.6 Aggressivity (A)

The third index was aggressivity (A) which is oftesed to determine the
competitive relationship between 2 crops used @ ritixed cropping (Willey,

1979). The aggressivity was formulated (Dhietal, 2007) as follows:

Alegume = (YIm/YI x ZIm)-(YmI/Ym x Zml), and
Acereal = (Yml/Ym x Zml)-(YIm/Y] x ZIm)
For cereal example; if Acereal = 0, both cropseayeally competitive,
if Acereal is positive, then the cereal speciadoisinant,
if Acereal is negative, then the cereal is weak.

3.10 Economics studies
3.10.1 Cost of cultivation

Cost of cultivation of the cropping system was ghdted on the basis of
prevailing local charges for different inputs lik&bourers, implements, seeds,
fertilizers and other chemicals used in cultivatioh crops under different
treatments (Appendix- XIV and XV).



3.10.2 Gross return

The grain and stover yield of both maize and cowpasa converted into

gross return (Rs. Hon the basis of prevailing local market pricepafduce.
3.10.3 Net return

The net return of each treatment was calculateddalucting the cost of

cultivation from the gross return of individual atenents.
3.10.4 Net return per rupee invested

Net return per rupee invested (benefit: cost rati@s calculated as

follows:

Net Returns (Rs. fa
Cost of cultivation (Rs. 9

Net returns per rupee invested—=

3.11 Statistical analysis

All the final data obtained during the course mfasting were analyzed
statically by applying the analysis of variancehtgque using NE Software
package. TheStatistical analysigor black cowpea and maize observation was
done separately using six treatments in randomiteck design (Ansaret al.,
2012 and Yadaet al.,2013). The treatment differences were tested bgsEdf
significance on the basis of hypothesis (Cochrah@uox, 1966). The result of the

analysis of variance are given in the Appendicegol XIIl.
3.11.1 Critical difference

The critical difference at five percent level agbpability was worked out

to compare the treatment in those cases where tib& vas significant.
SEd=SEm+X 2

C.D. (P=0.05) = S Ed x t (0.05) at error degre&redom.



Chapter — 4
EXPERIMENTAL FINDINGS

Results obtained from the experiment to elucidate dffect of planting
pattern in black cowpea and maize intercroppindesyshave been reported in

this chapter as follows :

4.1 Black cowpea

4.1.1 Pre-harvest studies

4.1.1.1 Plant stand (rif) (Initial and at maturity)

Perusal of data presented in Table-4.1 revealddvtration in initial (at
30 DAS) and final plant population at maturity dadk cowpea due to different

planting patterns were significant during coursestafly.

Significantly higher initial plant population (3% #r1%) was recorded with
sole cropping of black cowpea than that of all dkiger planting patterns. Among
the intercropping systems, intercropping of maiz#h wlack cowpea in 2:3 row
ratio recorded maximum plant population (23.22) mnd was significantly higher
than rest of the treatments.

However, minimum initial plant population of bladowpea (9.35 )

was recorded with 2:1 row ratio of maize + blaclwpea intercropping patterns.

The highest plant population of black cowpea (30189 at maturity was
recorded with sole black cowpea and it was sigaifity higher than all other
treatments. Among different intercropping systei3,row ratio of maize + black
cowpea recorded highest plant population (20.86) mt maturity of black
cowpea, which was significantly higher than resttledé treatments. Similar to
initial plant population, 2:1 row ratio of maize btack cowpea intercropping
pattern recorded lowest plant population of blaokgea (8.60 M) at maturity.



Table 4.1: Effect of various planting patterns on fant population (m™) of
black cowpea

Treatment Initial (30 DAS) Maturity

Maize sole - -
Black Cowpea sole 32.75 30.35
Maize + Black Cowpea (Broadcast) 15.43 13.75
Maize + Black Cowpea (1:1) 16.30 14.80
Maize + Black Cowpea (2:1) 9.35 8.60
Maize + Black Cowpea (2:2) 16.50 14.90
Maize + Black Cowpea (2:3) 23.22 20.80
"""""""""" SEm#: 034 03

C.D.(P=0.05) 1.02 0.99

4.1.1.2 Days to different phenological stages ofduk cowpea
4.1.1.2.1 Days taken to germination

Number of days taken to germination could not Wecééd significantly
due to various plant patterns have been presemtégppendix-1l (Fig. 4.1a)

However, lesser number of days taken to germinatibblack cowpea
were recorded under black cowpea sole (4.25 daysp@pared to other planting
patterns. Though, equal number of days to gernunatvere observed in sole
planting of black cowpea and intercropping of maméh black cowpea in 1:1
row ratio. Higher number of days taken to germovatof black cowpea were

recorded under 2:1 row ratio and broadcasted ldaakpea with line sown maize.
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Fig. 4.1 :
black cowpea

T, = Maize sole; T = Black Cowpea sole; ;= Maize + Black Cowpea (Broadcast); , F Maize + Black Cowpea (1:1);

h) Endof picking (Harvesting)

Effect of various planting patterns on dys to different phenological stages of

Ts = Maize + Black Cowpea (2:1); ¢ F Maize + Black Cowpea (2:2); ;¥ Maize + Black Cowpea (2:3)




4.1.1.2.2 Days taken to start to nodule formation

Number of days taken to start of nodule formationbiack cowpea
statistically remained unaffected due to differplanting patterns and presented
in Table-4.2. However, planting of black cowpeasake crop showed early start
of nodule formation and taken 38.25 days to this/iig as compared to different
intercropping patterns of maize and black cowpeghét number of days (41-25)
to nodulation were recorded with 2:1 row ratio odire + black cowpea (Fig.
4.1b).

4.1.1.2.3 Days taken to start of branching

Number of days taken to start of branching of bleckpea could not be
affected significantly due to various planting patts have been presented in
Appendix-Il (Fig. 4.1c).

However, lesser number of days (47.91) taken w efabranching were
recorded under black cowpea sole as compared & pthnting patterns during
experimentation. Where as, higher number of dags3@ taken to branching

with 2:2 row ratio of maize + black cowpea integgpong pattern.
4.1.1.2.4 Days taken to start of flowering

Data pertaining to days taken to start of flowerofgblack cowpea as
influenced by different intercropping patterns haeen presented in Appendix-II
(Fig. 4.1d).

Perusal of data revealed that differences in dalyesnt to start of flowering
due to different intercropping systems were sigaifit during course of study.
However, lesser number (59.00) of days taken ta stdlowering was observed
under sole cropping of black cowpea and remaingaatith 2:2 (59.37) and 2:3
(59.87) row ratio of maize + black cowpea intergiog system as compared to
rest of the treatments. Delayed flowering of blackvpea was observed with 2:1

(60.75) row ratio of maize + black cowpea intergriog pattern.



4.1.1.2.5 Days taken to start of pod formation

Number of days required to start of pod formatiorblack cowpea were
significantly influenced by various planting patterhave been presented in
Appendix-Il (Fig. 4.1e).

Significantly lesser number of days (65.67) takestart of pod formation
was observed under sole cropping of black cowpdaichMfound statistically at
par to broadcasting of black cowpea in line sowiem&7.62 days) as compared
other planting patterns of intercropping of maizithwblack cowpea. Similar to
flowering, the delayed pod formation of black coapeas observed with 2:1 row
ratio of maize + black cowpea intercropping pattern

4.1.1.2.6 Days taken to start of pod filling

Number of days taken to start of pod filling in dhacowpea could not be
affected significantly due to various planting patis during experimentation have
been presented in Appendix-1l (Fig. 4.1f).

However, lesser number of days (72.15) taken td sfapod filling in
black cowpea were recorded under sole croppindaakicowpea as compared to
other planting patterns. Among different intercrimgpsystems, the number of
days required to start of pod filling were less&2.08) in 2:1 row ratio of maize +
black cowpea intercropping systems than that dfokthe treatments. Where as
higher number of days (74.25) were observed inr@vB ratio of maize + black

cowpea.
4.1.1.2.7 Days taken to start of pod picking physiogical maturity

Number of days taken to physiological maturity @risof pod picking due
to different intercropping patterns were found gigant and presented in have

been presented in Appendix-Il (Fig. 4.19).

Statistically lesser number of days (91.50) takepltysiological maturity



or start of pod picking was observed under solemrg of black cowpea as
compared to rest of the treatments. Among differetércropping systems, 2:2
row ratio of intercropping of maize + black cowpesorded lesser number of
days taken (93.50) to physiological maturity ortstd pod picking as compared
to other intercropping systems. Maximum number daiysd (95.50) to

physiological maturity were observed in 2:3 romaaif maize + black cowpea

intercropping pattern.
4.1.1.2.8 Days taken to end of pod picking or hargéng

Data pertaining to days taken to harvesting or @nabd picking in black
cowpea as influenced by different intercroppingtgras have been presented in
Appendix-Il (Fig. 4.1h).

Perusal of data revealed that differences in daken to end of pod
picking due to different treatments were significaturing course of study.
However significantly lesser number of days takeremd of pod picking were
observed under sole cropping of black cowpea (1d8ys) as compared to other
planting patterns. Among different planting patgr@:2 row ratio of maize +
black cowpea recorded lesser number of days takend of pod picking (121.50
days) as compared to other planting patterns. @ésethe number of days taken
to maturity (end of pod picking) was maximum (1Zbdays) with 2:1 row ratio
of maize + black cowpea intercropping and whenlbtamwvpea intercropping and

when black cowpea broadcasted in line sown maize.
4.1.1.3 Nodule studies
4.1.1.3.1 No. of nodules plafitat flowering stage

Data pertaining to overage number of nodules plasftblack cowpea
intercropped with maize as influenced by differpkanting patterns have been
presented in Table 4.2 (Fig. 4.2).

The number of nodules plalaf black cowpea was significantly

influenced by different planting patterns duringuse of study. The maximum



number of nodules plant(18.27) of black cowpea observed in sole blackpeay
was statistically at pawith 2:2 row ratio and significantly higher thar ather
treatments. Lowest number of nodules pfaft2.35) of black cowpea was

observed in maize + black cowpea (Broadcast).
4.1.1.3.2 Fresh weight of nodules platitat flowering stage

Perusal of data revealed that different plantingtepas including sole
cropping significantly influenced the fresh weigtitnodules plant at flowering
stage of black cowpea during experimentation haenlpresented in Table 4.2
(Fig. 4.2). Sole cropping of black cowpea accunadahigher amount of fresh
weight (0.235 g) of nodules plahat flowering stage of the crop. Lowest fresh
weight of nodules plaft (0.159 g) was observed in maize + black cowpea

(Broadcast).

Table 4.2: Number and fresh weight (g) of noduleslant™ as influenced by
various planting patterns at flowering stage of blak cowpea

Treatment Number Fresh weight ()

Maize sole - -
Black Cowpea sole 18.27 0.235
Maize + Black Cowpea (Broadcast) 12.35 0.159
Maize + Black Cowpea (1:1) 13.31 0.171
Maize + Black Cowpea (2:1) 14.21 0.183
Maize + Black Cowpea (2:2) 16.24 0.209
Maize + Black Cowpea (2:3) 15.32 0.197
"""""""""" SEm# 004 00007

C.D.(P=0.05) 0.14 0.00019




Il Number —&— Fresh Weight

20 T T 0.25

18 +

16 + + 0.2
14t ol
i c
ol K
g 12 + 1015 o
= 2
210+ =
z H
€ 8+ 401 2
=1 <
z 61 g

[
4 + - 0.05
2 £
0 - } } } } } r 0
Black Cowpea Maize + Black Maize + Black Maize + Black Maize + Black Maize + Black
sole Cowpea Cowpea (1:1) Cowpea (2:1) Cowpea (2:2) Cowpea (2:3)
(Broadcast)
Treatments

Fig. 4.2 : Number and fresh weight (g) of noduleplant™ as influenced by
various planting patterns at flowering stage of blak cowpea



4.1.1.4 Dry matter accumulation (g plant) at 30 days interval

Perusal of data revealed that various plantingepatincluding sole
cropping significantly influenced the total dry neataccumulation in plant at all
the stages of crop growth of black cowpea excepl&8@ after sowing. Total dry
matter accumulation plahtincreased with the advancement of crop age and
reached maximum at harvest (120 days) during canfrgevestigation have been
presented in Table 4.3 (Fig. 4.3).

Sole cropping of black cowpea accumulated sigmfiga higher dry
matter except 30 days after sowing. At 30 DAS, matter accumulation of black

cowpea could not effected significantly due to @as planting patterns.

Significantly highest dry matter accumulation oadk cowpea recorded
under sole cropping of black cowpea recorded 285, 9.00 and 11.37 g plaht
at 60, 90, and 120, DAS, respectively as compaverkst of the intercropping

patterns.

Table 4.3 : Effect of various planting patterns ondry matter accumulation
of black cowpea

Dry matter accumulation (g plant™)

Treatment T A e
30 DAS 60 DAS 90 DAS 120 DAS
(At harvest)

Maize sole - - - -
Black Cowpea sole 0.28 2.95 9.00 11.37
'(\é'fr‘(')z{f d:alet?Ck Cowpea 0.29 1.85 4.88 7.30
Maize + Black Cowpea (1:1) 0.20 1.75 6.05 9.28
Maize + Black Cowpea (2:1) 0.22 2.33 7.86 10.69
Maize + Black Cowpea (2:2) 0.31 1.97 7.40 10.36
Maize + Black Cowpea (2:3) 0.27 1.76 6.20 9.30
"""""""" SE(m+ 004 018 016 012
CDat5% NS 0.54 0.50 0.37
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Among different intercropping patterns 2:1 row eatf maize + black
cowpea intercropping recorded maximum dry matt@ualation remained at
par with 2:2 row ratio and was significantly hightan all other intercropping
patterns at 60,40, and 120 days after sowing. dwedt dry matter accumulation

at maturity was recorded when black cowpea broaedas line sown maize.
4.1.2 Post-harvest studies
4.1.2.1 Number of pods plarit

Number of pods plaft of black cowpea affected significantly due to

various planting patterns of maize + black cowpgearcropping Table-4.4.

However, more number of pods (14.74) per plant latk cowpea was
recorded under sole black cowpea as compared & pthnting patterns during
course of study. Where as, lowest number of potiSQ) plantgof black cowpea

were recorded with (1:1) row ratio.
4.1.2.2 Number of seeds pad

Number of seeds pddof black cowpea differed significantly under sole

cropping and row ratios during the experimentafiable-4.4.

Table 4.4: Yield attributes of black cowpea as intflenced by various planting

patterns
Treatment Pod_s1 See_olls 1OQ-grain
plant pod weight (g)
Maize sole - - -
Black Cowpea sole 14.74 12.00 8.75
Maize + Black Cowpea (Broadcast) 12.12 11.00 7.76
Maize + Black Cowpea (1:1) 11.50 10.25 8.32
Maize + Black Cowpea(2:1) 12.75 10.00 8.47
Maize + Black Cowpea(2:2) 12.50 10.25 8.32
Maize + Black Cowpea(2:3) 12.25 10.00 8.47
"""""""""" SEm+ 071 049 004
C.D.(P=0.05) NS 1.29 0.14




Sole black cowpea had highest number of pods (l2v@ltich was
significantly higher than that of all the plantipgtterns of maize + black cow pea
except broadcasting of black cowpea with maize dm&ing. However, the lowest
number of grains potof black cowpea was recorded with 2:1 row rationafize
+ black cowpea (10.00), at par with all intercrogppatterns of maize + black

cowpea.
4.1.2.3 100-grain weight (g)

Data pertaining to the 100-grain weight of blackvpea as influenced by

various intercropping patterns are presented inefrald.

Different planting patterns of intercropping hadrsficant differences in
100-grain weight of black cowpea. Significantly inég 100-grain weight (8.75 Q)
of black cowpea was recorded with sole black cowged of all the other
planting patterns. Among the intercropping systemmsercropping of black
cowpea with maize in 2:1 and 2:3 row ratios recdrdqual (8.47 g) 100-grain
weight as compared to other planting patterns. iftigntly, lowest 100-grain
weight of black cowpea (7.76 g) was recorded wHanokocowpea broadcasted in

line sown maize.
4.1.2.4 Grain yield (q hd)

Data relating to grain yield of black cowpea adui@hced by different

intercropping patterns and sole cropping are ptesen Table-4.5 (Fig. 4.4).

Sole cropping and various intercropping patternsught significant
differences in grain yield of black cowpea. Sigraftly higher grain yield (9.27 q
ha') was recorded under sole black cowpea over retteofreatments during the

year of experimentation.

Among different intercropping patterns of maizelack cowpea, 2:2 row
ratio recorded significantly higher grain yield §6. q h&d) than that of rest
intercropping patterns. Lowest grain yield (3.1ha') of black cowpea was

recorded with 2:1 row ratio of maize + black cowpea



Table 4.5:  Yields and harvest index of black cowpeas influenced by
various planting patterns

Grain Stover  Biological

Treatment yield yield yield . Harvest
(@ha’) (qha’) (qhat M0
Maize sole - - - -
Black Cowpea sole 9.27 18.41 27.69 33.49
Maize + Black Cowpea (Broadcast) 3.35 7.38 10.73 31.22
Maize + Black Cowpea (1:1) 4.13 9.13 13.27 31.33
Maize + Black Cowpea (2:1) 3.18 7.26 11.07 30.47
Maize + Black Cowpea (2:2) 5.50 11.16 16.66 33.12
Maize + Black Cowpea (2:3) 4.36 9.36 13.32 32.05
- SEm: 006 007 023 037
C.D.(P=0.05) 0.17 0.21 0.69 1.12

4.1.2.5 Stover yield (g hd)

Data pertaining to effect of planting patters omv@t yield of black

cowpea under maize intercropping are presentealote¥4.5 (Fig. 4.4).

Different treatments brought significant differeac¢e stover yield of black
cowpea significantly. The highest stover yield &18q ha) was recorded under
sole black cowpea as compared to rest of the tesdn Among various
intercropping patterns, 2:2 row ratio of maize +adk cowpea recorded
significantly highest stover yield (11.16 qhathan that of all intercropping
patterns. The lowest stover yield (7.26 ¢)haas recorded with 2:1 row ratio of

maize + black cowpea intercropping.
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4.1.2.6 Biological yield (q h&)

Data representing the effect of intercropping systeof maize + black
cowpea on the biological yield of black cowpea jresented in Table-4.5 (Fig.
4.4).

Significant differences were recorded by the vasioweatments of
intercropping patterns and sole cropping duringsewf study.

Sole black cowpea recorded significantly higheddgeal yield (27.69 g
ha') than all the other intercropping patterns. Amaing intercropping patterns,
2:2 row ratio of maize + black cowpea recordeddigeificantly higher biological
yield (16.66 q ha) than all other intercropping treatments. Howetiee, lowest
biological yield (10.73 g h8 was recorded when black cowpea broadcasted in

line sown maize.
4.1.2.7 Harvest index (%)

Perusal of data revealed that different intercroggatterns significantly

influenced the harvest index of chickpea duringegxpentation (Table-4.5).

The highest harvest index (33.49%) was recordedemursble black
cowpea. However, sole black cowpea was statisfiedlparwith its harvest index
in intercropping patterns of 2:2 row ratio (33.12#&n rest of the intercropping
patterns. Among the intercropping patterns, folldovy 2:2 row ratio, 2:3 row
ratio of maize + black cowpea recorded higher hatrirelex (32.05%) which was
statistically at par with 1:1 row ratio of maizebtack cowpea (31.33%) and when
black cowpea broadcasted in line sown maize (31)22owever, the lowest
harvest index of 30.47 per cent was recorded byr@id ratio of maize + black

cowpea intercropping patterns.



4.2 Maize
4.2.1 Pre-harvest studies
4.2.1.1 Plant population () (initial and at maturity)

Data on plant population revealed that differdahpng patterns of maize
+ black cowpea intercropping along with sole malzknot differed significantly
at 30 DAS (initial) and maturity stage during thedy year (Table 4.6).

Table 4.6 : Effect of various planting patterns orplant population (m™) of
maize

Treatment Initial (30 DAS) Maturity

Maize sole 7.98 7.58

Black Cowpea sole - -

Maize + Black Cowpea (Broadcast) 7.68 7.28
Maize + Black Cowpea (1:1) 7.86 7.45
Maize + Black Cowpea (2:1) 7.80 7.40
Maize + Black Cowpea (2:2) 7.75 7.33
Maize + Black Cowpea (2:3) 7.83 7.38
""""""""""" sems o1 o012
C.D.(P=0.05) NS NS

Both initial and final plant population under sa®pping of maize were
higher than all intercropping treatments. Among@iatopping patterns, maximum

plant population both initial as well as maturitgne recorded with 1:1 row ratio



of maize + black cowpea intercropping pattern whags found at par with the
rest of the intercropping treatments. The lowesnhplpopulation both initial as
well as maturity were recorded in the treatment which black cowpea

broadcasted in line sown maize.

4.2.1.2 Days taken to different phenological stage$ maize
4.2.1.2.1 Days taken to germination

Data pertaining to days taken germination to inzmas influenced by

different intercropping patterns have been preskimtéppendix-IIl (Fig. 4.5a).

Perusal of data revealed that lesser numbertd&gs to germination was
observed under sole cropping of maize and otherdrapping treatments except

2:3 row ratio of maize + black cowpea intercroppsygtems.
4.2.1.2.2 Days taken to emergence

Number of days required to emergence in maize vedssignificantly
influenced by different planting patterns duringuse of study presented in

Appendix-IIl.

However, maize under 1:1 row ratio of maize + bladkvpea pattern
emerged earlier than other planting patterns faddwy maize sole and 2:1 row

ratio of maize + black cowpea intercropping pattern
4.2.1.2.3 Days taken to start of knee high

Number of days to start of knee high as be affestgdificantly due to
various planting patterns of maize + black cowpeang course of study have

presented in Appendix-1ll (Fig. 4.5b).

However, lesser number of days taken to start eekmgh was recorded
under maize sole (40.25) and 2:2 row ratio of maiZglack cowpea pattern as
compared to other planting patterns. Though, tighdst number of days (43.25
days) required to start of knee high stage was fuithrow ratio of maize + black

cowpea patterns.
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4.2.1.2.4 Days taken to 50% knee high

Data pertaining to 50% knee high maize in as imiteel by different
intercropping patterns have been presented in Agpipdh (Fig. 4.5¢).

However, lesser number of days taken to 50% kngle Wwas observed
under sole cropping of maize as compared to otlagtipg patterns.Where as, 1:1
row ratio of maize + black cowpea patterns takeximum number of days to

reach 50% knee high stage of maize.
4.2.1.2.5 Days taken to start of tasseling

Number of days required to start of tasseling inzeas influenced by
different planting patterns of maize + black cowpkaing the study year have
been presented in Appendix-1ll (Fig. 4.5d). Howesale cropping of maize and
1:1 row ratio of maize + black cowpea intercropppaitern taken lesser number
of days to start tasseling of maize. The row r&t® of maize + black cowpea

intercropping was found to have delayed staras$¢ling of maize.
4.2.1.2.6 Days taken to 50% tasseling

Data pertaining to 50% tasseling in maize as imibeel by different

intercropping patterns have been presented in Agipdh (Fig. 4.5e).

However, lesser number of days taken to 50% tagseff maize was
observed under sole cropping of maize as comparesgst of the treatments. Row
ratio 2:3 of maize + black cowpea intercroppingorded maximum number of

days taken to 50% tasseling of maize.
4.2.1.2.7 Days taken to start of silking

Number of days taken to start of silking as a#dcsignificantly by due to
various planting patterns during the year of studyve been presented in
Appendix-IIl (Fig. 4.5f).

However, lesser number of days (76.33) taken ta sthsilking was

recorded under sole cropping of maize as compareathter planting patterns.



Where as, maximum number of days (78.12) takentaot ®f silking were
recorded with 2:1 row ratio of maize + black cowp@arcropping patterns.

4.2.1.2.8 Days taken to 50 % of silking

Data pertaining to days taken to 50% silking in zeaas influenced by

various intercropping patterns have been presentddpendix-1ll (Fig. 4.5g).

However, lesser number of days (80.25) taken to S0king of maize
under sole cropping of maize as compared to resheftreatments. Maximum
number of days (90.50) taken to 50% silking of reaizas recorded in the

treatment when black cowpea broadcast in line soaize.
4.2.1.2.9 Days taken to maturity

Number of days taken to maturity as affected hyous planting patterns
maize + black cowpea intercropping system and lpagsented in Appendix-Ili
(Fig. 4.5h).

However, lesser number of days (134.50) were reduto achieve
maturity under sole cropping of maize as comparedest of the treatments.
Where as, maturity was delayed in intercroppingttrents of maize + black
cowpea. Maximum number of days (136.5) were reabrideachieve maturity
under the treatments having row ratio 1:1 and Z:dnaize + black cowpea

intercropping pattern during the experimentation.
4.2.1.3 Plant height adifferent phenological stages

Data pertaining to plant height of maize as infeesh by different
treatments are presented in Table 4.7 (Fig. 4.6).

Plant height of maize increased with advancementay age and reached
to its maximum at maturity. The variations in plamight due to different
planting patterns were significant at all the growtages of the crop. The rate of
increment in plant height was higher during theiqeetbetween, knee high to

tasseling stage of the maize.



At knee high stage, maximum plant height of maiz6.§4 cm) was
recorded in 1:1 row ratio of maize + black cowpetericropping pattern which
was statistically at par with 2:1, sole croppingl &3 row ratio of maize + black
cowpea intercropping patterns and significantlyhleigthan that 2:2 row ratio and
when black cowpea broadcasted in line sown maizehafecorded lowest (50.56
cm) plant height.

Table 4.7: Plant height (cm) of maize at various pénological stages of crop
as influenced by various planting patterns

Treatment T]?gehe Tasseling Silking  Maturity
Maize sole 53.95 22050 227.25  229.55

Black Cowpea sole - - - -

Maize + Black Cowpea (Broadcast) 50.56 206.00 @24. 227.12

Maize + Black Cowpea (1:1) 55.64 191.25 222.60 225.
Maize + Black Cowpea (2:1) 54.67 220.50 22750 2209.
Maize + Black Cowpea (2:2) 51.76 224.25  227.95 @29.
Maize + Black Cowpea (2:3) 53.05 22325 22722 239.
- sEmr 104 817 110 091

C.D.(P=0.05) 3.15 24.65 3.34 2.76

At tasseling stage, among various treatments, @2 ratio of maize +
black cowpea recorded maximum plant height of mé24.25 cm), being at par
with all row ratios of maize + black cowpea inteqgping patterns except 1:1 row
ratio. However, 1:1 row ratio of maize + black c@apintercropping pattern
recorded lowest plant height of maize (191.25 cmmpmag different planting

patterns during year of experimentation.
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At silking stage of maize, significantly highestpt height (227.95. cm)
was recorded with 2:2 row ratio of maize + blackpea intercropping pattern, at
par with 2:1, 2:2 row ratio of maize + black cowapnd sole cropping of maize.
the lowest plant height (222.60 cm) of maize wasmed with 1:1 row ratio of

maize + black intercropping pattern.

At maturity of maize, different planting patternsfluenced the plant
height significantly. However, significantly maximmu plant height of maize
(229.69 cm) was recorded with 2:2 row ratio of reaiz black cowpea
intercropping pattern were at par with others. Véher the lowest plant height
(225.75 cm) was recorded with of maize + black oeavpbroadcasting

intercropping patterns.
4.2.1.4 Total dry matter accumulation

Perusal of data revealed that planting patternfidintgy sole cropping
significantly influenced the total dry matter acauation in maize plant at all the
stages of crop growth when recorded at 30 daysvite during the course of
study Table 4.8 (Fig. 4.7). Total dry matter acclation (g) plant increased
with the advancement of crop age and reached mawiatumaturity.

Table 4.8 : Effect of various planting patterns ondry matter accumulation
of maize

Treatment Dry matter accumulation (g plant’)
30DAS 60 DAS 90 DAS 120 DAS

Maize sole 1.56 32.96 245.00 271.50

Black Cowpea sole -
Maize + Black Cowpea (Broadcast) 0.64 21.19 192.2%35.75

Maize + Black Cowpea (1:1) 0.67 22.35 183.50 218.25
Maize + Black Cowpea (2:1) 1.42 27.84 217.50 255.00
Maize + Black Cowpea (2:2) 0.70 23.92 208.25 248.00
Maize +Black Cowpea (2:3) 061 1733 17385 21375
S.E(m)+ 0.08 1.45 4.44 5.36
CDat5% 0.24 4.38 13.39 16.16
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Sole cropping of maize accumulated maximum amoudndrg matter
plant® at all the stages of crop growth. At 30 days aftewing, being at pawith
sole cropping of maize, 2:1 row ratio of maize -adidl cowpea accumulated
higher amount of dry matter (1.42 g pldnas compared to rest of the treatments.

Among different intercropping patterns of maizelach cowpea, 2:1 row
ratio of maize + black cowpea accumulated highgmaatter (1.42, 27.84, 217.50
and 255.00 g plaf} at par with 2:2 row ratio over rest of the treatments @t 80
and 120 days after sowing. Whereas, 2:3 row rationaize + black cowpea
intercropping system accumulated lowest dry maiPel, 17.33, 173.85 and
213.75 g plant) at 30, 60, 90 and 120 days after sowing stages.

4.2.2 Post-harvest studies
4.2.2.1 Number of cobs plant

Cobs number did not found differed significantlyden sole cropping and
row ratios during course of experimentation Tabf 4

Sole maize had highest number of cobs plafit08) over rest of the
treatments of intercropping. Among various intepgiog patterns of maize +
black cowpea, 2:3, 2:1 and 1:1 row ratios recorelgdal number of cobs plaht
(1.05) .The lowest (1.00) number of cob plamias recorded with 2:2 row ratio of
maize + black cowpea intercropping pattern.

4.2.2.2 Grain weight cof (g)

Perusal of data revealed that various plantingepadt including sole
cropping significantly influenced the grain weigh¢r cob of maize at harvest
stage of maize crop (Table 4.9).

Sole cropping of maize accumulated maximum amodirdgrain weight
cob’ (46.28 g) over various intercropping patterns. Amdifferent intercropping
patterns, 2:1 row ratio of maize + black cowpeauaudated higher amount of
grain weight coly (45.15 g) at pamwith 2:2 (44.89 g) and 1:1 (44.49 g) row ratios
over rest of the patterns. The lowest grain wedgttt® (43.32 g) was accumulated
with the treatment when black cowpea broadcastédersown maize.



Table 4.9: Yield attributes of maize as influencedby various planting

patterns
Treatment CObi Grain_\{vt. 1OQ-grain
plant cob weight ()
Maize sole 1.08 46.28 22.38
Black Cowpea sole - - -
Maize + Black Cowpea (Broadcast) 1.03 43.32 21.44
Maize + Black Cowpea (1:1) 1.05 44.49 21.96
Maize + Black Cowpea(2:1) 1.05 45.15 22.28
Maize + Black Cowpea(2:2) 1.00 44.89 22.29
Maize + Black Cowpea(2:3) 1.05 43.83 21.98
"""""""""" SEm#: 027 031 016
C.D.(P=0.05) NS 0.96 0.47

4.2.2.3 100-grain weight (g)

Data presenting the effect of different plantingitgr@aas on 100-grain
weight show that various planting patterns brousiginificant differences in

100-grain weight of maize during experimentatioil&€at.9.

However, sole cropping of maize recorded maximur-g@in weight
(22.38 g) over rest of the intercropping patterhsiaize + black cowpea patterns.
Among different intercropping patterns, 2:2 rowioatecorded higher (22.29 g)
100-grain weight were at par with 1:1, 2:1 and @& ratio, comparable to 2:1
row ratio (22.28 g). The lowest (21.44 g) 100-gramight of maize was recorded

in the treatment when black cowpea was broadcastate sown maize.



4.2.2.4 Grain yield (q hd)

Data pertaining to effect of planting patterns oaimgyield of maize under
black cowpea intercropping are presented in Talde-@-ig. 4.8).

Perusal of data revealed that different plantinggpas brought significant
differences in grain yield of maize during expemtation. The highest grain
yield (50.62 q ha) was recorded under sole cropping of maize. Howesale
maize yield was statistically at par with its geh intercropping patterns of 2:1
(49.20 g hd), 2:2 (48.60 q hd) and 1:1 (47.66 q A row ratios of maize + black
cowpea and significantly higher than rest of thereropping patterns. Among the
intercropping patterns, 2:1 row ratio registereel lighest grain yield which was
at par with rest of the intercropping patterns. Tveest grain vyield (43.47 q Ha
of maize was recorded when black cowpea broadcastdthe sown maize

treatment.

Table 4.10 : Yield and harvest index of maize as fiuenced by various
planting patterns

Grain Stover Biological Harvest
Treatment yield yield yield index
(ha') (qha®) (qha’) (%)
Maize sole 50.62 189.90 240.53 21.02

Black Cowpea sole - - - -

Maize + Black Cowpea (Broadcast)43.47 187.33 230.83 18.83

Maize + Black Cowpea (1:1) 47.03 185.88 232.91 20.1
Maize + Black Cowpea(2:1) 49.20 189.29 238.49 20.61
Maize + Black Cowpea(2:2) 48.60 188.69 237.29 20.46
Maize + Black Cowpea(2:3) 46.17 187.33 233.50 19.95
-~ SEmr 132 084 144 047
C.D.(P=0.05) 3.98 2.54 4.36 NS
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4.2.2.5 Stove yield (q ha)

Stover yield of maize under sole cropping and crt@ping patterns

during the year of experimentation are presentédhlrie-4.10 (Fig. 4.8).

Data revealed that sole cropping of maize regidtsignificantly higher
stover yield (189.90 g Ha at par with 2:1 and 2:2 row ratios of maize adb
cowpea intercropping patterns. Among different netgpping patterns, 2:1 row
ratio recorded higher stover yield of maize (18%29a") which was statistically
equal to 2:2, 2:3 row ratios of maize + black cowmad when black cowpea
broadcasted in line sown maize. The lowest stoveldy(185.88 q hd) was
recorded with 1:1 row ratio of maize + black cowp@arcropping pattern during

year of study.
4.2.2.6 Biological yield (q hd)

Data representing the effect of intercropping patteof maize + black
cowpea on the biological yield of maize are presgénh Table-4.10 (Fig. 4.8).
Significant differences were recorded by the vagitneatments of intercropping

and sole cropping during course of study.

The highest biological yield of maize (240.53 g'havas recorded under
sole cropping of maize, which was statisticallyat with 2:1 and 2:2 row ratios
of maize + black cowpea intercropping patterns asypared to rest of the
treatments. The lowest biological yield of maiz8(83 g hd) was recorded in

the treatment when black cowpea broadcasted irsbmen maize.
4.2.27 Harvest index (%)

Data representing the effect of intercropping patieof maize + black
cowpea on the harvest index of maize are preseatitedot differ significantly

during course of investigation presented in Tabl€4

However, highest harvest index (21.02%) of maize wecorded under

sole cropping of maize where as the minimum (18883 recorded when black



cowpea in the treatments when black cowpea brosattasline sown maize.
4.3 Maize + black cowpea intercropping indices
4.3.1 Maize equivalent yield (q hd)

Data pertaining to maize equivalent yield (MEY) adluenced by
different planting patterns have been presentedaible 4.11 (Fig. 4.9a). Data
revealed that the variations in maize equivalentdydue to different treatments

were significant during year of experimentation.

Maize equivalent yield recorded in all the intemping patterns was
significantly higher than sole cropping of maizeddrnack cowpea. Sole black
cowpea gave lowest maize equivalent yield (47.85Y.Where as, intercropping
pattern of 2:2 row ratio recorded significantly gt maize equivalent yield
(76.99 g ha) than rest of the intercropping and sole cropgifiaize and black
cowpea. Next to 2:2 row ratio of maize + black ceajpntercropping pattern, 2:3
row ratio recorded higher maize equivalent yiel8.¢® gh&) which was at par
with 1:1 (68.35 ghd) and 2:1 (65.63 q HA row ratio of maize + black cowpea

intercropping patterns over rest of the treatments.
4.3.2 Land equivalent ratio (LER)

Data pertaining to land equivalent ratio reveadleat different planting
patterns brought differences in land equivalenbratiring course of study (Table
4.11; Fig. 4.9b) Compared with sole cropping of zeaand black cowpea, all the
intercropping patterns of maize + black cowpealtedun land equivalent ration
greater than one. among different patterns, 2:2rediw of maize + black cow pea
intercropping recorded maximum land equivalenoréti55) followed by 2:3 row
ratio (1.38). Thus, data revealed that differeméricropping patterns recorded 22
to 55 per cent more land use efficiency during expentation.



Table 4.11: Effect of various planting patterns ordifferent intercropping indices

Relative crowding

remmen olee eqtfb}?em caunalens __ oeicent (°CC) _ Praducton PO
yield (rLaEIIg) (AT%IE?R’) Maize Bi/igléa Total (PE) Maize c?):/{\:/lg;a
Maize sole 50.62 1.0 1.0 - - - 37.50 - -
Black Cowpea sole 47.85 1.0 1.0 - - - 39.87 - -
Xa?gae d’C’aBS't";‘Ck Cowpea 60.76 1.22 118 304 113 417 4468 014  -0.14
Maize + Black Cowpea (1:1) 68.35 1.37 1.34 6.55 1.61 8.16 49.89 0.04 -0.04
Maize + Black Cowpea (2:1) 65.63 1.31 1.28 17.32 1.04 18.36 47.89 0.29 -0.29
Maize + Black Cowpea (2:2) 76.99 1.55 1.51 6.98 5.03 12.01 56.61 -1.09 1.09
Maize + Black Cowpea (2:3) 68.69 1.38 1.34 7.68 1.20 8.88 50.50 0.28 -0.28
""""""" SEmEF 120 - .
C.D. (P=0.05) 3.83 - - - - - - - -
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4.3.3 Areatime equivalent ration (ATER)

Data pertaining to area time equivalent ratio (R)Es influenced by,
different planting patterns are presented in TahtEl (Fig. 4.9c). Area time
equivalent ratio of various planting patterns waeater the 1.0 in all
intercropping patterns as compared to sole croppfngaize and black cowpea.
Among different intercropping patterns, 2:2 rowigadf maize + black cowpea
recorded highest (1.51) area time equivalent ras compared to rest of
treatments. Next to 2:2 row ratio, 1:1 and 2:3 rawio of maize + black cowpea

recorded higher (1.34) ATER as compared to regeatments.
4.3.4 Relative crowding coefficient (RCC)

Data pertaining to relative crowding coefficielRGC) of maize, black
cowpea and total as influence by various plantiatjgons have been presented in
Table 4.11 (Fig. 4.9d).

Relative crowding coefficients for maize and blaxkvpea were greater
than 1.0 in all the intercropping patterns duringurse of study. Relative
crowding coefficient for maize was highest (17.88%er 2:1 row ratio and lowest
(3.04) under the treatment where black cowpea loasdd in line sown maize.
Relative crowding coefficient for black cowpea waghest (5.03) under 2:2 row
ration and lowest (1.13) under the treatment winaek cowpea broadcasted in
line sown maize. In totality, highest (18.36) radatcrowding coefficient of the
different intercropping patterns of maize+ blackvpea was under 2:1 row ratio
and minimum (4.17) was recorded under the treatmémtre black cowpea

broadcasted in line sown maize.
4.3.5 Production efficiency (PE)

Perusal of data stated the different plantinggpast brought differences in
production efficiency of the various intercroppisgstems. Production efficiency
of different intercropping patterns was found higtiean sole cropping of maize

and black cowpea (Table 4.11; Fig. 4.9e). Amongowar intercropping patterns,



2:2 row ratio of maize + black cowpea recorded mmaxn (56.61) production
efficiency of the system.

4.3.6 Aggressivity (A)

Data pertaining to aggressivity of maize and blaockvpea have been
presented in Table 4.11 (Fig. 4.9f). It is revediexn the data that maize crop
showed its dominance over black cowpea in all titercropping patterns of
maize + black cowpea except 2:2 row ratio of maizZelack cowpea. Whereas,
dominance of black cowpea over maize was found anlyer 2:2 row ratio of
maize + black cowpea among rest of the intercrappatterns.

4.4  Physico-chemical properties of soil (after hamst of maize and black
cowpea)

Differences in physico-chemical properties of sdter harvest of maize

and black cowpea due to different intercroppinggras were presented in Table
4.12.

Soil pH in sole maize cropping recorded higher gal(7.00) than that of
any of the inter cropping patterns after harveshafze of and black cowpea and
initial values before experimentation. The treattadraving black cowpea in the
system resulted in equal or slightly reductionoil s2action.

Organic carbon (%) of soil after harvest of maizel black cowpea
showed that a slight increase was found in diffel@opping patterns having
black cowpea in the system as compared to iniaélas of organic carbon (%)
except 2:1 row ratio of maize + black cowpea pattér slight decrease in soil
organic carbon (%) was found in maize sole croppieatment.

Available nitrogen content (kg Hain soil after harvest of maize and
black cowpea showed that highest (531.00 kY laad minimum (360.62 kg Ha
were recorded with sole black cowpea and sole maespectively. Among
different intercropping patterns, 2:3 and 2:2 ratias of maize + black cowpea
were found to add available nitrogen over initialues as compared to rest of
treatments.



Table 4.12: Effect of various planting patterns on physico-chemical
properties of soil after harvest of the maize andlack cowpea

Organic  Available Available  Available

Treatment Sﬁ:l carbon nitrogen phosphorus potassium
P (%) (kgha')  (kgha') (kg ha)
Maize sole 7.00 1.35 360.62 14.00 121.00
Black Cowpea sole 6.80 1.46 531.00 1550 125.00

Maize + Black Cowpea
(Broadcast)

6.90 1.40 45471 1433  122.05
Maize + Black Cowpea (1:1) 6.80 1.41 489.21 14.73.23.00
Maize + Black Cowpea (2:1) 6.48 1.38 485.45 14.00 21.75
Maize + Black Cowpea (2:2) 6.90 1.40 500.00 14.8522.85

Maize + Black Cowpea (2:3) 6.85 1.45 510.00 15.0024.25

Initial value 6.9 1.39 498.62 16.21 127.68

Available phosphorous (kg Haof soil after harvest of maize and black
cowpea was found reduced slightly in different haotepping patterns as
compared to initial available phosphorous (16.21 Heff). Highest available
phosphorous (15.50 kg fawas recorded with sole cropping of black cowpea.
Lowest available phosphorous (14.00 kg haas recorded with sole cropping of
maize and 2:1 row ratio of maize + black cowpearrbpping system

Available potassium (kg F3 of soil after harvest of maize and black
cowpea was found slightly reduced in different riatepping patterns as
compared to initial available potassium (127.68hkd). The highest (125.00 kg
ha') and minimum (121.00 kg Hhwere found with sole black cowpea and sole

maize cropping, respectively.



4.5 Economical studies of maize and black cowpeatércropping

The data pertaining to economical analysis of meatts given to maize
and black cowpea intercropping system are presemf€dble 4.13 (Fig. 4.10).

45.1 Cost of cultivation

Cost of cultivation of different treatments appltedmaize + black cowpea
intercropping system was worked out by summatiorcadt of cultivation of
component crops. Among the various planting pastenighest cost of cultivation
(Rs. 50530.50 K was involved in 2:3 row ratio of maize + blackwgea
intercropping patterns which was followed by (R8432.50 ha&) for 2:2 row
ratio of maize +black cowpea. The lowest cost dfivation of (Rs. 35688.00
ha') was calculated for sole cropping of black cowfksble 4.13; Fig. 4.10a).

45.2 Gross return

Gross return for the different planting patternswatained by addition of
returns obtained from all the commercials part @thlthe crop of the crop of the
system Table 4.13 (Fig. 4.10Db).

The maximum gross return (Rs. 140085.99)haas observed in 2:2 row
ratio of maize + black cowpea intercropping systehich was followed by 2:3
row ratio (Rs. 127049.80 Ha The lowest gross return (Rs. 74160.00)haas
noted by sole cropping of black cowpea.

45.3 Netreturn

Net return of the various intercropping systems waskout to evaluate
the profitability of the treatments for maize + ¢kacowpea intercrops as a whole
Table 4.13 (Fig. 4.10c). Maximum net return of (B8653.40 ha) was recorded
in 2:2 row ratio of maize + black cowpea the lowest return (Rs. 38472.00 ha
l).

4.5.4 Benefit: cost ratio

Maximum benefit: cost ratio 2.23 was recorded watR row ratio of
maize + black cowpea pattern. Whereas, sole blatkpea gave lowest (1.08)
benefit cost ratio during the course of investigaifTable 4.13; Fig. 4.10d).



Table 4.13: Economics of maize and black cowpea arcropping system as influenced by various plantingatterns
Return from maize (Rs. ha') Return from
Costof  — o el . Gross .
o grains of Net return  Benefit:
Treatment cultivation black cowpea return (RS ha_l) cost ratio
(Rs ha') Grain Stover Total P2 (Rs. hah)
(Rs. ha")
Maize sole 38145.00  77500.00 20889.00 98389.00 0.00 98389.00  60244.00 1.58
Black Cowpea sole  35688.00 0.00 0.00 0.00 74160.0074160.00  38472.00 1.08
Maize + Black 4055750  67270.00 20606.30 87876.30  26800.00 113676 74118.80 1.83
Cowpea (Broadcast)
Maize + Black 4343250  72896.50 20446.80 93343.30  33040.00 128383 82950.80 1.91
Cowpea (1:1)
Maize + Black 4122175  76260.00 20821.90 97081.90  25440.00 129621 81300.15 1.97
Cowpea (2:1)
Maize + Black 4343250  75330.00 20755.90 96085.90  44000.00 149085 96653.40 2.23
Cowpea (2:2)
Maize + Black 50530.50  71563.50 20606.30 92169.80  34880.00 128049 76519.30 1.51

Cowpea (2:3)
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Fig. 4.10 : Economics of maize and black cowpea ercropping system as influenced

by various planting patterns

T, = Maize sole; T=Black Cowpea Sole; ;F Maize + Black Cowpea (Broadcast);
T4 = Maize + Black Cowpea (1:1); s E Maize + Black Cowpea (2:1); ¢ F Maize + Black Cowpea (2:2);
T, = Maize + Black Cowpea (2:3)



Chapter -5
DISCUSSION

The experimental findings described in the previchapter provide a
detailed account of the effects of planting pateon growth, yield components
and yields, physico-chemical properties of soil asdnomics of both maize and
black cowpea crops. In this chapter, attempts Haaen made to discuss the
significant experimental findings observed durihg tourse of investigation and
to offer possible explanations and evidences wiegraecessary, with a view to
find out the cause and effect relationship amonfigrdint treatments with respect

to the various attributes studied and sort ouirtf@mation of practices values.
51 Crop response to planting patterns

Yield of crop is a complex function of growth andetabolic process
taking place in plant body which is modified by noiclimate and cultural
practices. In an intercropping system, not only atwitic factors but also the
associated intercrops growing side by side affeetgerformance of main crop.
Variations due to treatments on growth, yield amdidycontributes of sole as well

as intercrop are discussed below.
5.2 Effect of planting patterns on black cowpea

A perusal of yield response exhibited by differplanting patterns in the
present study revealed that grain yield of blackvmea was significantly
influenced by different planting patterns duringus® of experimentation. Table
4.5 and Fig. 6 revealed that black cowpea graitdyias significantly higher in
sole cropping as compared to all other plantingepas. Superiority of sole
cropping over intercropping patterns might be lbitied to higher plant
population under sole cropping of black cowpea, eabs of intraspace
competition and limited disturbance of habitat. Thewer yield under

intercropping systems mighty be due to the shadiffigcts imposed by maize



crop which did not allow to penetrate solar radiatupto a minimum level for the
normal photosynthetic activity of black cowpea aaldo reduction in plant
density. These results confirm the findings of Sluatal(2005)and Ghoskt al.

(2004) in studies of intercropping of with legumes.

Further examination of Table 4.6 and Fig.6 indidateat similar to grain
yield, stover and biological yields were also higkgth sole cropping of black
cowpea, which was mainly attributed to higher plaopulation at maturity.
Whereas highest values of harvest index (33.49%9rded under sole cropping
of black cowpea, was at par with 2:2 row ratio ohize + black cowpea
intercropping pattern (33:12%) as compared to dsthe treatments. This
increase in harvest index of black cowpea was pasrhdue to efficient

translocation of photosynthates from source to.sink

Sole stand of black cowpea recorded better yigttbates viz., number of
pods plant®, number of seeds pod and 100-grain weight as compared to
intercropping systems. This might be due to thé¢ tlaat maize deep root system
and vigorous plant growth, offered more competitiooth below and above
ground for growth resources whereas better roowviiran sole black cowpea
facilitated more area for nodule formation resgjtimgher yield attributes. Similar
results were reported by Padhi (2001) and PateRajagopal (2001).

Total dry matter production is the function of grgrowth rate over the
entire growth period. It is directly related to igrgield. The ability of a plant to
produce dry matter depends upon the size, effigieand duration of
photosynthetic apparatus. The total dry matter geodn in a plant often
indicates its potentiality for yield but its molzdition towards the grain
development is an important factor for realizationeconomic yield. The data
presented in Table 4.4 and Fig. 5 clearly illugtathe fact that sole cropping of
black cowpea accumulated maximum dry matter athallstages of crop growth
except 30 days after sowing as compared to allrgiteanting patterns. The less

dry matter accumulation per plant in intercroppisgstems was due to



suppressing ability of maize on black cowpea. Simiksults were reported by
Javanmarcet al. (2009).

Number of nodules plart and fresh weight (g) of nodules planwere
significantly influenced by different planting paths. Sole cropping of black
cowpea nodulated better than intercropping patt€fig.4). The number of
nodules plant and fresh weight of nodule plahtoth were maximum with sole
cropping of black cowpea, at par with 2:1 row gadif maize + black cowpea.
Different intercropping patterns, irrespective ofnrratio also performed good
nodulation. This may be due to the fact that m@itamts depleted soil nitrogen
rapidly to meet their requirement for growth. Seifrogen stress thus, possibly
created increased nodulation and nodule growththergossible reason may be
due to the fact that black cowpea was treated Witizobiumculture before
sowing in the experimentation. Results confirmeel fihdings of Kushwaha and
De (1987).

Days to different phenological stages of black pea/were lesser in sole
cropping (Fig.3). Days taken to germination, staft nodulation, start of
branching, start of flowering, start of pod fornoatiand start of filling pod
picking and physiological maturity were lesser wible cropping of black
cowpea as compared to rest of the intercroppirarrents. This might be due to
efficient utilization of moisture, nutrients, solanergy, uniform similar habitat
etc. coupled with absence of interspace competdiwh shading effect of maize.

Similar results were also reported by Hussial. (2003)
5.3 Effect of planting patterns on maize

In the present study, grain yield of maize wasi§icantly influence by
different planting patterns during course of inigetion, sole cropping of maize
produced maximum grain yield being significantlyuafto 2:1, 2:2 and 1:1 row
ratio of maize + black cowpea intercropping patieaver rest of the planting

patterns (Fig.10). This was mainly due to highlemp population at maturity



under these treatments along with less mortalitggreage, higher yield attributes
viz., number of cob plafttgrain weight cotl and 100 grain weight, widening of
maize by paired row method showed increase in graid. Similar results were
reported by Shaht al. (1991).

Further examination of Table 4.10 and Fig. 10 igatkd that similar to
grain yield, biological and stover yields were aligher with sole cropping of
maize, which was mainly attributed to higher plagdpulation at maturity.
Whereas, the values of harvest index were unaffdzyevarious planting patterns
of maize + black cowpea intercropping. Similar teswere reported by Padhi
(2001).

Sole stand of maize recorded better yield attebutiz., number of cobs
plant®, grain weight cob and 100-grain weight (g) as compared to various
intercropping systems during investigation (Tab®) 4This might be due to lesser
competition for nutrients, light and space. Simil@sults were reported by Padhi
(2001).

Sole cropping of maize accumulated greater amofidty matter plarit
at all the stages of crop growth (Fig. 9). Beitagistically equal to sole cropping
of maize only at 30 days after sown, 2:1 row ratfomaize + black cowpea
intercropping recorded maximum dry matter accunmaplant* at all the stages
of crop growth among various intercropping patteshsnaize + black cowpea.
This might be due to beneficial effect of legumedarms of nitrogen, leading to
better growth and development of maize. Similaultsswvere reported by Hugar
and Palled (2008).

Intercropping patterns has greater as well aslega&e plant height as
compared to sole cropping of maize. Row ratio Z2naize + black cowpea
recorded greater plant height of maize comparablatier intercropping patterns
at tasseling, silking and maturity stages excemeekhigh stage (Fig. 8). This may

be due to the beneficial effect of legumes in teohsitrogen, leading to better



growth in terms of plant height of maize. Thesaultssconfirmed the finding of
Hugar and Palled (2008).

Days to different phenological stages of maizeewesser in sole cropping
(Fig.7). Days taken to germination, emergencert sith knee high, start of
tasseling, start of skilling and maturity were minim with sole cropping of
maize as compared to rest of the inter croppingepa. This might be due to
efficient utilization of moisture, nutrients sokmergy etc coupled with absence of
interspace competition. Similar results were aleported by Hussairet al.
(2003).

5.4 Effect of planting patterns on inter cropping ndices

The highest total productivity in terms of maiguivalent yield (MEY)
was recorded with 2:2 row ratio of maize + blackvpea intercropping pattern
than rest of the intercropping and sole croppingnafze and black cowpea. This
may be attributed to additional advantage of imtgycyield and also higher
economic value of intercrop (Table 4.11 and Fig.Ihe findings confirmed by
Thakuret al. (2000) stated that intercropping is one of the svyincrease the
productivity unit' area of land under supply of limited resources.

All the intercropping patterns resulted in landiieglent ratio (LER) more
than one. Among different intercropping patterng, @w ratio of maize + black
cowpea recorded highest LER as compared to resheoftreatments. Similar
results were also noted by Satedral. (2007) and Dahmardedt al. (2010).

Area time equivalent ratio (ATER) of various plagt patterns were
greater than 1.0 in different intercropping patseaf maize + black cowpea as
compared to sole cropping of maize and black cowpeghaest (ATER) was
recorded under 2:2 row ratio of maize + black quea intercropping patterns.
This may be attributed to additional advantagentdrcrops yield in a unit time of
duration was noted by Egletal. (2010).

Relative crowding coefficients (RCC) for maize andck cowpea were



greater than 1.0 in all the intercropping pattedfREC in totality was highest
under 2:1 row ratio of maize + black cowpea intgp@ing pattern. This was
mainly due to the widening of paired rows of mameich gave sufficient space

for spread of black cowpea was noted by Tamkin 2201

Production efficiency (PE) of various planting teats was greater in
different intercropping patterns of maize+ blaclkwpea as compared to sole
cropping of maize and black cowpea. Highest pradoafficiency was recorded
with 2:2 row ratio of maize + black cowpea integgping pattern than rest of the
planting patterns. This may be attributed to adddl advantage of intercrop yield
and higher economic value of intercropping of maiath legume at 2:2 row ratio

realized the maximum production efficiency (Pa@iQl).

Competitive relationship between maize and blamkpea was expressed
as aggressivity. Positivity in aggressivity showdominance of one crop to
second one and vice versa in case of negative aReew ratio of 2:2 of maize +
black cowpea showed dominance of black cowpea imeaze crop. This may be
due to the fact black cowpea efficiently utilizeatments, light space, moisture etc
coupled with less intraspace and shading effeanaize. Similar results have
been reported by Shai al.(1991).

5.5 Effect of planting patterns on physico-chemicgbroperties of soil after
harvest

Various planting patterns showed that systems nigawlack cowpea
resulted in equal or slight decrease in soil reac{iTable 4.12). However, soil
organic carbon (%) was found slightly reduced inz@aole cropping, whereas,
planting patterns having black cowpea resultedaadgorganic carbon (%) after
harvest of crops. This may be due to the fact libgimes accumulated greater
amounts of microbial carbon in the soil than cexe8Imilar results were noted by
Walker et al. (2003). Intercropping of cereal and legume crogip$ito maintain
and improve soil fertility. Legumes fix atmosphemditrogen, which may be



utilized by the host plant or may be extracted friii@ nodules into soil and be
used by other plants growing nearby (Andrew, 1975).

Similar to organic carbon, intercropping pattehaving black cowpea in
the system showed that black cowpea fixed atmogphérogen, which may be
extracted from nodules into the soil whereas smemng of maize yield showed
slight reduction in available nitrogen (kg Hain soil after harvest of crops.
Available phosphorus and potassium content (kb are slightly reduced in all
planting patterns in soil after harvest of cropsaspared to initial values. This
may be due to the fact that inclusion of black cesvm the system might make
extra soil N because annual legume contribute Nutn biological N-fixation
(Padhi and Panigrahi, 2006 and Dahmarekedd. 2010.

5.6 Effect of planting patterns on economics

Economics of various planting patterns revealed kighest gross and net
returns as well as benefit: cost ratio followedemd quite similar to LER, which
were recorded with 2:2 row ratio of maize + blackvpea intercropping system
(Table 4.13 and Fig. 12). This may be due to tloe tlaat working out gross and
net returns, the by-product yield being as impdr@mponent was also taken
into account as a result this character gave bastsessment of the system. Here,
it may be pointed out that higher gross return wees resultant of more total
produce of the system. Similar results were notgd Radhi (2001) and
Sunailkumaret al. (2005).



Chapter — 6
SUMMARY AND CONCLUSION

A field experiment was conducted during tkbarif season of 2012 at
Experimental Farm of Division of Agronomy at maiangpus of Sher-e-Kashmir
University of Agricultural Sciences and Technology Kashmir, Shalimar,
Srinagar to study the “Evaluation of black cowp®&dgfa unguiculatal.) as
intercrop with maize 4ea mays L) under Kashmir valley condition”. The
experiment consisted of seven cropping patterns wiale maize, sole black
cowpea, maize(line sown) + black cowpea (broaddast:d intercropping
patterns of 1:1, 2:1, 2:2 and 2:3 row ratio of zeaand black cowpea. All the
seven treatments were replicated four times in adB@ized black design. The

salient points of the investigation are summariretthis chapter.
6.1 Effect of planting patterns on black cowpea

» Sole cropping of black cowpea crops recorded highaant population

(at initial stage and at maturity) as comparedtercropping patterns.

« Days taken to different phonological stages of kblamowpea
(germination, nodulation, branching, flowering, p@mmation, pod
filling, pod picking and maturity) were lesser wittole cropping of

black cowpea as compared to various intercropgaterns.

« Number of nodules plant and fresh weight (g) plart of black
cowpea were recorded significantly higher in salepping of black
cowpea at par with 2:2 row ratio of maize + blackwpea

intercropping pattern over rest of the patterns.

« Dry matter accumulation plahtof black cowpea was significantly
influenced by different planting patterns from 68®onwards to 120

DAS (maturity). Sole cropping of black cowpea acalated



significantly higher amount of dry matter plarit all the stages except
30 days after sowing.

Yield attributes of black cowpea viz., number ofipglant’, number
of seeds pod and 100-grain weight (g) were significantly afeetty
various planting patterns. Sole cropping of blackvgea registered
highest number of pods pldhtnumber of seed pddand 100-grain
weight (g) as compared to intercropping patterns.

Grain, stover and biological yields of black cowpeare significantly
varied by various planting patterns. Maximum yieldere recorded
under sole cropping as compared to intercroppintepes. Among
different intercropping patterns, 2:2 row rationshize + black cowpea

recorded maximum grain, stover and biological ymfithlack cowpea.

Similar to yields, harvest index (%) of black cowpecorded under
sole cropping was also significantly highest aratistically equal to
2:2 row ratio of maize + black cowpea intercropppagterns.

6.2 Effect of planting patterns on maize

Sole cropping of maize recorded higher plant pamra(at initial
stage and at maturity) as compared to intercroppaitgrns of maize +

black cowpea.

Days taken to various phenological stages of maeemination,
emergence, knee high tasseling, silking and mgtwdére lesser with
sole cropping of maize as compared to differenteroropping

patterns.

Plant height of maize crop significantly differededto intercropping
systems at all the stages of crop growth. Howetedler plants for the

crop were observed under intercropping systemsagared to sole

cropping.



6.3

Dry matter accumulation plahif maize was significantly affected by
various planting patterns at all the stages of agopwth. In maize,
highest dry matter accumulation was recorded usdkr cropping of

maize at all the stages.

Yield attributes of maize were significantly affedt by different
intercropping patterns except number of cobs PlanSole maize
registered highest grain weight (g) colnd 100-grain weight (g) as
compared to intercropping patterns. Number of qubst' remained

unaffected during the year of experimentation.

Grain, stover and biological yields of maize sigrahtly varied due to
different treatments. Maximum yields were recordedder sole
cropping of maize followed by 2:1 and 2:2 row ratiof maize and

black cowpea intercropping patterns.

Harvest index (%) of maize was not affected by auasi planting
patterns of maize + black cowpea. However, highastest index of
maize was recorded under sole cropping of maize esmpared to
intercropping patterns.

Effect of planting patterns on intercropping indices

The maximum maize equivalent yield, land equivatatio (LER) and

production efficiency (PE) were greater in inteppmmg patterns of
maize and black cowpea as compared to sole crompititgese crops.
Highest maize equivalent yield, LER and PE wasnded under 2:2
row ratio of maize + black cowpea intercroppingtgais as compared

to rest at the planting patterns.

Area time equivalent (ATER) of various planting teats recorded

highest under 2:2 row ratio of maize + black cowjm@rcropping.

Relative crowding coefficient (RCC) was highestha2t1 row ratio of



maize + black cowpea intercropping pattern. Domieaaf crops in
terms of aggressivity reflected that under 2;2 mato of maize +
black cowpea intercropping patterns, black cowpeas wound

dominant over maize crop and recorded highest value
6.4 Effect of planting patterns on soil physico-lemical properties

» Different intercropping patterns showed variablspanse on soll
reaction, organic carbon (%), available nitrogemogphorus and
potassium (kg H3 in soil after harvest of maize and black cowpea.
Planting patterns having black cowpea in the systesulted in
maintaining soil reaction, organic carbon (%) andilable nitrogen.
Whereas, available phosphorus and potassium botie skghtly

reduced in all planting patterns.
6.5 Effect of planting patterns on economics

* Highest means gross and net returns and beneBt ratio were
recorded in 2:2 row ratio of maize + black cowpeégercropping

patterns over rest of the planting patterns.
CONCLUSION

In the light of the result summarized above, ah de concluded that
intercropping of maize with black cowpea in 2:2 roatio had highest maize
equivalent yield, LER, ATER, production efficiencyggressivity of black
cowpea, gross return, net return and benefit: catgt, which were higher than
other planting patterns. Hence, 2:2 row ratio ofzmand black cowpea can be

recommended for intercropping.
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APPENDIX-|

Mean weekly meteorological parameters during the @p growth period of
(Kharif, 2012)

Relative humidity

swye oTPeree (S Rafal T Sunshine
Max Min. Mix. Min.

19 23.2 9.61 15 83.57 62.42 5.14
20 22.4 8.92 12 79.85 58.71 7.51
21 21.6 9.51 16.8 83.57 62.57 5.2
22 29.9 9.58 3.4 71.66 43.66 9.46
23 24.1 10.82 8.4 81.28 59.57 4.92
24 27.2 11.6 1.6 79.57 46.28 8.17
25 30.3 14.78 0 77.57 41.71 8.77
26 28.6 14.07 1.8 79 47.57 9.27
27 32.8 17.52 1 75 42.71 9
28 28.4 16.21 18.6 82.42 62.57 4.21
29 30.9 15.64 3.4 80.85 48.14 9.08
30 32.6 17.14 9.2 82.85 43.28 9.54
31 30.2 16.35 4.2 83.71 55.14 4.87
32 29.4 16.47 31.2 83.42 55.85 6.25
33 29.3 18.37 23.6 85.42 55.57 5.54
34 32.1 19.3 1.8 82.28 47.85 5.97
35 31.6 16.47 1 77.42 49.85 8.2
36 24.6 16.85 39.2 89.85 68 1.57
37 26.8 16.12 34.8 93.14 72.28 6.05
38 25.1 11.11 114 88.42 64.28 6.67
39 26.6 8.57 0 90 56.42 7.94

*SWM = Standard Meteorological Weeks
*Max. = Maximum

*Min. = Minimum



APPENDIX-II

Effect of various planting patterns on days to diferent phenological stages of black cowpea

Days to different phenological stages of black covea

Pod picking

Treatment . : End of pod
Germination f Nodu_le Branching FI_oyve;rmg Poql Pod filling (PhYS" picking
ormation initiation formation ological -
Maturit (harvesting)
y)
Maize sole - - - - - - - -
Black Cowpea sole 4.25 38.25 47.91 59.00 65.67 572.1 91.50 119.50
Maize + Black Cowpea (Broadcast) 5.25 39.25 48.87 60.37 67.62 74.62 94.50 121.50
Maize + Black Cowpea (1:1) 4.25 40.00 49.12 60.62 8.7% 73.12 94.50 125.50
Maize + Black Cowpea (2:1) 5.25 41.25 48.62 60.75 0.29 72.08 95.25 124.50
Maize + Black Cowpea (2:2) 4.50 41.00 49.37 59.37 8.6B 74.00 93.50 125.50

Maize + Black Cowpea (2:3) 4.75 40.25 48.62 59.87 9.1B 74.25 95.50 124.50




Appendix-IlI
Effect of various planting patterns on days to diférent phenological stages of maize

Days to different phenological stages of maize

TreatmMeNnt ~  mmmmmmmmmmosmmooomoo oo oooooooooooooooooooooooooooooooo-
i- : 9 . 0 % g 50 % .
(r;]gtrig]r'] Emergence Knee high SOrTi)gkhnee Tasseling T:sseﬁng Silking Silkinog Maturity
Maize sole 4.50 8.50 40.25 45.50 71.50 81.00 76.3380.25 134.50

Black Cowpea sole - - - - - - - - -

Maize + Black Cowpea (Broadcast) 4.50 8.75 41.75 7.7%9 72.00 82.00 77.00 92.50 135.50

Maize + Black Cowpea (1:1) 4.50 8.25 43.25 48.25 501 81.75 76.50 92.25 136.50
Maize + Black Cowpea (2:1) 4.50 8.50 41.75 47.25 502 82.75 78.12 91.75 136.50
Maize + Black Cowpea (2:2) 4.50 9.00 39.00 46.75 502 81.62 77.87 90.00 135.50

Maize + Black Cowpea(2:3) 5.00 9.00 40.50 4750 003. 82.37 78.00 91.25 135.50




Appendix -IV

Analysis of variance for plant population (m?) of black cowpea

Mean sum of square

Source of Degree of

Variation  freedom Black cquea_zplant Black cowpea [:_)Lant
population (m™) at population (m™)

30 DAS at maturity
Replication 3 13.482 9.998
Treatment 5 261.058 226.236
Error 15 0.461 0.434
Total 23

Appendix -V

Analysis of variance for number of nodules per plahand nodule fresh weight
(g plant™) at flowering stage

Mean sum of square

Source of Degree of

Variation  freedom  Number of nodules per
plant at flowering stage

Nodule fresh weight
(g plant™) at flowering

stage
Replication 3 0.00008 0.0000006
Treatment 5 0.0151 0.0000003
Error 15 0.00002 0.0000006

Total 23




Appendix -VI

Analysis of variance for dry matter accumulation (gplant™) of black cowpea
at 30 days intervals

Mean sum of square
Source of Degree of --------m-r-mmmmmeme e

Variation freedom
At30 DAS At60DAS At90DAS ,Ar120

(Harvest)
Replication 3 0.009 0.181 0.261 0.007
Treatment 5 0.021 0.870 8.701 8.235
Error 15 0.008 0.132 0.113 0.016
Total 23
Appendix =VII
Analysis of variance for yield attributes of blackcowpea
Mean sum of square
Source of Degree of -
Variation ~ freedom  Number of Number of 100 grain
pods plant! seeds pod weight (g)
Replication 3 0.954 0.166 0.010
Treatment 5 4.960 2.466 0.433
Error 15 2.038 0.733 0.009

Total 23




Appendix -VIlI

Analysis of variance for yield and harvest index oblack cowpea

Mean sum of square

Source of Degree of

Variation freedom Grain Stover Biological Harvest
yield yield yield index
(q ha') (q ha'’) (q ha') (%)
Replication 3 0.041 0.083 0.098 0.343
Treatment 5 20.525 69.077 160.338 5.473
Error 15 0.127 0.019 0.211 0.555
Total 23
Appendix -IX

Analysis of variance for plant population (m?) of maize

Mean sum of square
Source of Degree Of -

Variation  freedom Maize plant population  Maize plant population

(m™) at 30 DAS (m™) at maturity
Replication 3 3.807 5.261
Treatment 5 0.042 0.044
Error 15 0.146 0.057

Total 23




Appendix -X

Analysis of variance for plant height (cm) at diffeent phenological stages of
maize

Mean sum of square
Source of Degree of

Variation freedom

Knee high  Tasseling Silking Maturity

Replication 3 17.721 828.944 51.666 10.194
Treatment 5 14.164 684.950 17.500 10.725
Error 15 4,371 267.561 4.808 3.369
Total 23
Appendix -XI

Analysis of variance for dry matter accumulation (gplant™) of maize at 30
days intervals

Mean sum of square
Source of Degree of -------------rmmmome e

Variation freedom
At30 DAS At60DAS At90DAs | At120

(Harvest)
Replication 3 0.107 26.132 5.562 150.041
Treatment 5 0.758 119.821 2677.150 1968.473
Error 15 0.027 8.484 79.058 115.008

Total 23




Appendix -XII

Analysis of variance for yield attributes of maize

Mean sum of square

Source of Degree Of  ------mrmmmmmrmmme
Variation freedom Number of Grain wt. 100-grain
cobs plant? cob™ weight (g)
Replication 3 0.004 0.108 0.138
Treatment 5 0.003 4.344 0.485
Error 15 0.003 0.406 0.096

Total 23

Appendix -XIII

Analysis of variance for yield and harvest index ofmaize

Mean sum of square

Source of Degree of

Variation freedom Grain Stover Biological Harvest
yield yield yield index
(@ha®)  (qha’)  (qha?) (%)
Replication 3 13.629 2.694 27.041 1.296
Treatment 5 25.619 8.900 55.900 2.281
Error 15 6.995 2.856 8.4000 0.903

Total 23




APPENDIX-XIV

Cost of cultivation details (Maize)

Nsd. Operations Units used (Ff?astle) (%OSS';
1. Field preparation
Tractorization 4000
2. Fertilizers and Manure
a) FYM 10 h# 600.00 T 6000
b) Urea 120 kg 5.86 Ky 703.00
c) DAP 60 kg 20.90 kY 1254.00
d) MOP 30 kg 5.35 kY 160.00
e) Zn 20 kg 67 K§ 1340.00

f) Fertilizer application 2 mandays 125 manday 250
3.  Sowing operation

a) Sowing 30 mandays 125 mandfay 3750
b) Seed 20 kg ha 25 kg* 500
4. Insecticides
a) Phorate 20 kg Ha 75 kg 1500
b) Phorate application 1 manday 125 mariday 125
5. lIrrigation ( 2 times) 4mandady 125 manday 1000
Irrigation
6. Hoeing, weeding, 60 manday 125 manddy 7500
thinning, earthing up
Watch and ward 15 manday 125 mantay 1875
Cob picking and 44 manday 125 manday 5500
harvesting
9. Draying 3 manday 125 manday 375

10. Shelling and winnowing 10 manday 125 marday 1250




APPENDIX-XV

Cost of cultivation details (Black Cowpea)

Nsd. Operations Units used (Ff?astle) (%OSS';
1. Field preparation

Tractorization 4000
2.  Fertilizers and Manure

a) FYM 10 hd 600.00 t 6000

b) Urea 30 kg 5.86 kb 175

c) DAP 60 kg 20.90 kY 1254

d) MOP 30 kg 5.35 K§ 160

f) Fertilizer application 1 mandays 125 manday 125
3.  Sowing operation

a) Sowing 40 mandays 125 manday 5,000
b) Seed 40 kg Ha 80 Kg* 3200
4. Insecticides
a) Phorate 20kgHa  75Kg 1500
b) Phorate application 1 manday 125 mafdayl25
5. lIrrigation (2 times) 4 manday 125 manday 1000
Irrigation
6. Hoeing, weeding, 60 manday 125 manday 7500
thinning.
Watch and ward 15 manday 125 mandayl1875
Pod picking and 44 manday 125 manddy 5500
harvesting
9. Drying 3 manday 125 manday 375

11. Shelling and winnowing 10 manday 125 maridayl250
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