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INTRODUCTION

India has the largest cattle population in the.
world ie, more than 236.2 wmillion heads. But the level
of their production is low as compared to that of other
countries, mainly dua to the lack of quality fodders.

The area davoted for fodder production is oniy 4 pef caent
of the cultivated area which is Substantially low when
compared to the fodder needs of the cattle population of
the country.

The shortage of £ire wcod has also increased due to
increass in population. - In some countries fire wood is
the major living expense. In India, the Kational
Planning Commission on Agriculture haé estimated that
there would be a shortage of 100 million cubic metars of
fire wood by the year 1990. =sesides, it has been
estimated that 300 to 400 million tonnes of fresh cattle
dung is annually burnt as dungoakes to compensate the
fire wood shortage which would have added to the soil
fertility status of the country. The percentage Of
cultivated area in the cogntry is 45.6, which 1as the
highest in the world (Kanwar, 1972) and there is véry
little scope of bringing additional marginal lands into
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arable £arming. The integration of woody specles with
annual food crops is a better atrateg§ for meeting'§he
diverse needs of food, fodder and fuel wood ard thié
stratagy i1s termed as agroforastry.

Agroforestry is a collective name for land use
syétems and practices where woody perannials (trees,
shrubs, palms, bamboos eteg.) are deliberately used on
the same land management unit witp agricultural crops
and/or‘animals, elther in some form of gpatial arraﬁge-
men£ or in temporal sequence. In genaral, agroforeétry
nornally involves tﬁo or more species of plants or plants
and animals, at least one Of which is a woody perennial.
Secondly, an agroforestry system has two or mofe outputs
and the cycle of an agroforestry system is more thah one

Yearls

Depending on the objectives, dlfferent types olf
agroforestry systems have been evolved. One of the "'most
promising agroforestry technologles for food, fodder amd
fire wood production systen is hedge row planting of
appropriate gpecies of ﬁoody perennials in crop production,
In this system, the woody perennial is pruned periodically,
"during the cropping ssason to prevent shading and to

provide grean manuras to tha arable crops. sgvaral?fast



growing nitrogen fixing woody perennials are belng used

in differcent countries.

subabul {leucagnzs leucocephala (Lam) do uWit) has

shown considezrable promise in zgroforestry system. ‘The
major adventages of subabul in agrcforestry practices
are: Flrstly, it conserves the ferﬁility and nutriént
levels by symbiotic nitrogen fixation. Secondly, it
halps to optimise the combined production of deder:and
agricultural crops. Thirdly, it minimizes soil erosion
and lastly, it provides fodder, green manure and fiée

wood .

Subabul has got the ability to withstand'fraquént
cuttings and regenerate vigorously after pruning {(Djikman,
1950). The deep tap root system 9f subabul reduces;the
level of root competition with associated crops ard allows
racycling and pumping of mutrients from deeper layefs of
soll, The compatibility of subébul grown in hédgehrows
with malze, was astablished by Guevarra (1976). Kang
et al. (1981 b) proposed leucaena based agroforestry as an
alternative low nitrogen system in which maize yield can
be sustalned at relatively low lewvels of nitrogen. .Hence

there 1s ample scope for subabul in agroforestry practices.



Maize (Zea mays L.) is an important cereal used
both for grain and fodder purpose. The parformance of

malze as an intercrcp has been encouraginge.

sorghum (Scrgﬁum vulgare Pers.) is ohe of the most

important cereal crops suited for intensive cropi:ing.
ft is particulerly suitsd for imtercrorping with sﬁprt

duration annual lagumes.

Bajra (Pennisetum typhoides L.} is é short dﬁration
drought resistant cereal, that can give good yieldsleven

urder dry. conditions.

Coupea (Vigna unguiculata (L.) wWalp) amd blacﬁgram

{Phaseolus mungo &) are both legumes which f£it well in

intercroppling systems with cereals: These crops have the
ability to give sore yield, ard at the same tire bemefit

the associated grain crops.

. Growing of legumes with cereals has been ﬁracéiced
hecause of their role in building soil fertiiity and
their compatibility with cereals, ioreover cer@al{f
legume mixtures halp in the utilization of avdilablé'

matrients.,

Information regarding‘the production potentiaitof

annual cersals and legumes grown with subabul is meagres



Similarly, information regarding the compatibility Qﬁ
anﬁual crops with subabul is not availables Hence.ﬁin
order to £ind out tha feasibility of growing caraal?

ard legumes with subabul 85 a green manura~cum—fodd%r
crop, the pragsent study was u&dertaken with the Eoliowing

objectives i~

1, 7o estimate the total biomass production in
agroforegtry systens (consisting of tree Eodder-and;focd

crops).

24 To assess the compatibility of different’
legumes and cereals grown unﬁar’vérying plant densiﬁies
of subabul,

3. To £find out the economics 0f differant

agroforastry practices.

4. | To £in3 out the best combination of annual
cereals and legumas that can ke grown as an intercrép
with subabul ard to £ind out the plant density of subabul
for fodder purposa. | !
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REVIEW OF LITERATURE

agroforestry is basically the integration of
- wogdy pereanlals with annual gpecles and/ozlﬁith animals

either in seme spatiazl or in terporal sequeénce. Leucaena

(Leucaena leucecaphaig (Lam.) de wWit)is a versatile trée
used in agrcforestry systems, wherein pruhings £rom{it are
used as green manures o interplanted anmuals or as,ﬁcdder
for animals when the crops are not in the fiald. Tﬁe
major research warks dore in India and abroad on 1eﬁcaena
baged agroforestry systemg are reviewad here. ﬁherg§er-the
literatqre g scanty, works on related crops or gspescies

have also bzen included.

1. 2ffect of mixed plant cosmunities on productivity

Evans (1960) reported that growing of tWwo or wmore
erops in assoclation makes better use of productive
ragscurces and legumes increase the yield of non 1egu®e
compongnts in the mixture. DLonald (1563) opined that
morphologically and physiclogically contrasting?spaeﬁes_
will together be able t¢ exploit the total environment
more cffectively amd thersby will give increased yield.
ithitney and Kanehiro (19§7) qbserng that in grass-= . '
legume mixtures severe defoliation of legumes resulted

in nitrogen release from legume roots to the aaseciaﬁed



graas,‘.ﬂ@carﬁing to Panje (1973), increased production
urder wixed population results because of high and |
‘efficient‘usa of solar radiation. <renbath (1@745 and
willey (1979) suggested that increased Qrﬁductivity{
‘results because of the complementary effects of cam%anent'
cropse  Growth patterns oﬁ‘éampen@nt3crops differ iﬁ tire,
s0 that'cnéps make thelr major demands for xesaurceé at
diffarent times, thus reducing the mutual‘eompétitién,
gtill, the combined root system of comporents of a
mixtgxe«may make batter uéa of soil rescurces {Chatterjee

and Maiti, 1984).

In éa@p mixtures ilmwolving legumze and cereals,; the
transfer oﬁ-nitxogén from @ legume to a»ce;eal cﬂmpﬁneﬂt
:haé been suggested by agbaéla ard Payemni {1971) anaf
Finday (1975). Aggaxwal»éﬁ al. (1976) aéaepﬂe& that%thé
inclusion of tress with annwal crops would bring\hiéher
total returns due to changzs in sodl fertility, maiéﬁure
conservation and the s?nergeshic affgets due to theﬁrabt
exwdates. Hanzell and vallis (1977) opined that thg:ﬁype
of cropping system that méximiges nitrogen transfer is
one that uses the legumes for grean-manure, According to

Raintree (1285) the relationship between troes and ﬁheir .



understory can be complementary, supplementary or gome
combinations deperding on the components of the system

‘an&.the factors liéiting the growth of eaéh campanénﬁ.

Z, sffect of gpacing on the growth characters of subabul.
(@) Plant growth and development.

Guevarra et al.(1973) raported that éhe-stem{
. Qiameter of leuca@ﬁa wvas significantly higher at wider
gpacing, but the number of stems per hectare waé-'f
*significantiy rﬁéﬁﬁad ah-#ide; spacing. Savory (1579)
cbserved a negative correlation between the plant
density and the num&ar_c£ branchés per plant a3 weil as
the ﬁ@:age yvield par branch. Dutt {1981) reparted;that
spacing had no effect on height or dlameter at breast
‘haight of tress at 1Svmanths éfter planting. Acco%ﬂing
| o Van Den Seldt and szewbaker {1930) plant haightéanﬁ
diameter at breast height rapidly decreased at plant
densities béyon& 20,000 plants/ha,  van;Den Eeldt‘kiQBZ)
observed that in the case of widaly spaceézélants,ithe
gcmgetitian for crop grewth rasourc&s waé miﬁimumi§
spacing had no effect en;plant'height-at'la.mﬁhths{éfter
pianting; but plants téﬁdeﬁiﬁo ba taller at widerfépaciné
after 3 &aars-ef,planting (visuttipitakul et’al,(fégs).



Relwani et al. (1983) found that heights of plants did
not vary appreciably at the densities of 2500, 5000 or
10000 plants/ha, beyond which thers was a £all in

height with more demnse plént.population.
(b) Leaf-stem ratioc.

Gdévarra ot al.(1978) observed that the per cent
forage fraction from leucaena herbage temied to bevl
slightly higher at the highest plant densiﬁy. Accogﬁing
o Pathak et al.{1980), plant density haﬂ‘a-signiﬁicént
effect on the leaf~-stem ratic where by it increased with
decreasing density. It was found that a density of
.4’plants/m2 resulted in a ratio of 1,87 coﬁparéd to the
leaf stemeratlo of 2.17 for a density of 1,5 planta/;?
delerdez and Rivena (1981) feported‘that foraga dxy?
matter production was inversely proportional to theileaf
staem ratio, the lower ratib-being asgociatad with higher
dry mattor yielda. | ;

3. Bffect of spacing Qn,drymattar_groduction af subébﬁl.

Castillo et al.(1977) reported that there was '
inereasing trerd in.drymatter vields at closer spacﬁng.

AS plant spacing increased, vields of both forage and
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stem fraction decreased (cuevarra st al, 1978).

There was décrease in fzesh.fdﬁder'yields with increase
in inter row svacing (nnon, 1978). Castille et alfk1979)
. observed highest production of leucaena herbage unﬁér
high plant population and shorter cutting intervals;
Fgrraris {1979} found that closer spacing increased:
yields in the second year. 3avery {1979) opined that

at high plant density forage yield per plant is gre%ﬁi??
reduced-but the losses in forage yields from 1ndivi§ua1
plants wera upset by the increased number of plants;ani
the total yield incraased-wité inc%ease in'plant density.
Pileld studies conducted at IGFRI, Jhaﬁsi (Pathak et‘alv
(1980}, ipdicated that at higher plant density, forage
production was always highgr'anﬁ it decrsased withlg
decreasing density with every cutting date. It wasj»
revealed that plant-dansity of 4 plants/mz prOducgé:
significantlg higher forage yields than 3 or 1.5 glanté/mz
densitisa. | | :

Au et al. (1980) wmentioned that more wood could be
produced with closer spacing. The actual volums and
biowass with closer spacing above 10,000 plants/ha was

decreasing while the green biomass was increasing
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(Lo apd Hu, 1981). telendez and Rivena (1981) obtained
decreased éry‘mattar vialds with increasing distance
between rows £rom 50 to 150 cm. Lahiyl (1983) observed .
higher bicmass yield with closef'spacing. plomass
yields 10 wonths .after planting were 8.8 t/ha with
37 % 37 cm spacing.cémpared to 5, 2.8, ad 1.8 t/ha
respaectively, with 45 x 45, 60 x 60 and 100 x 100 cm
epacings. Fleld studies comducted at Chiang ﬁéi,
Taalland (Visuttipitakul et al, 19983) revealed that
totnl biomags Yzeld at 145 years after planting was
high@st at 2 x 0.25 m spaecing, while at 3 years it was
highest at 2 x 0.5 m spacing.

Rzlwani et al. (1833) concluded that the volume and
wood yield par hectarc increased with increasing plant
population. chatnekar et al. (1583) obtainad higher
forage biomass Of 27.7 t/ha at 0.3 % 0.3 m spacingfas
compared to 8.69 t/ha at 2 x 2 m spacinés. Torris (1983)
- concluded that ag plant spacing increased, herbage;dry ,
matter yields decreased. Prasad et al.(1983) obtained
maximur green fodder yields at 1 m row spacing thaugh it

was on par with 1.5 o row apacing.
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4. Effect of spacing on the mutrient content of fodder

from subabul.

Guevarra et al.{197é)_0bserved~that-the actual
nitragan.content of leucasna férage was not influanceﬁ by
pianﬁ density or spacing, bubt-the total exude‘proteiﬁf
yield was higher at closer'spaéing, because ‘Of increased
dry matter productien and‘thé nitrégan vield per;hecﬁare
per yvear decreased with increasing width of the intra row
spacing. Eerraris (1379) mentioned an inverse relat%onship
of dﬁy matter yields with nitrogen.content auggestinq a-»
'dilution' effect at higher levels of dry matter proéuctian.
pathak ét al.(1980) found that lower plant-dénsit;as |
pr@auced mors crude protein per cent in leaves and stems
than higher plant denaities,- It was further revealeé that
higher density produced more phosphorus content in leaf
and lower density in stem, Hu et'a1.§1983) observed;that
spacing had no effect on mutrient accumulacion in tﬁe

above ground parts of leucaena,

5. Effect of subabul spacing/manuring on the growth.

and development of annual crops,

Slagian and tabbayad (1980) mentionad that the
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application of leuczena prunings as green manuzes'té
interplanted corn produced significant increase in glant
growth, leaf area index and 1000 grain weight of-ma#ze

at 150 kg W'ha than at 75 kg N¥/ba. Favourable effeéts en
the growth and development of maize by intercropping with
subabul was alse reggrﬁed by Xang et al.(1981b) and’
alvarez and Alfersz (1982). Rosa et al,(1980) :epo#ted
that intercropping of -corn with leucaena had no subétantial
inﬁluenme\en plant height, ear height, number of ea#s per
plant, tasseliing, and shelling percentage. 3ut the“ear

length and ear diameter were significantly increased,

6. Bffect of subabul spacing on dry matter and grain

yields of annual crops

1

Guevarra {1376) studied the effects of subabul
herbage application on vields of inte:planpad‘méize=under
single ard double hedge rows of leucaena, uwhen trimwings

£rem hedges planted $1 days bzfore maize ée@ding and cut

tc a set lavel, were applied to maize at planting, 40, 60
and 90 days after planting, maize yields were chtai#ed
higher under double than under single hedge rows,

. Kluthcouski (1980) found that the epplication of 5 t/ha
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leucaena green leaves resulted in yield increases of
beans £xom 14 to 2,2 t/ha;.‘aosé et al.(léaﬁ)lreported
that grain yiclds of maize were increased from 69.9 o/
piant in pure stands to 7344 g/plant when 1ntércrqppea'
'wiﬁh subabul. Slagisn ahd.Mabbayéﬁ {1980) menﬁianed_
that application of leucaena leaves as green mamures €o
dnterplanted corn produced signiéicantly higher total dry
maﬁéer ard grain yleldds at 159 kg ¥/ha than at 75 kg N/ha;

Zang et al, {1981 a) concludad that grain vields of
waize couid e obtained at 3 high level by the application -
of 10 t/ha &rash 1éueéana prunings or a combination of
5 t/ha of fresh prunings and 50 kg Nha. aApplication of
prunings f£rom ﬁuli groun he@ge rows spaced 4 m apart was
able to sustain grain'yielﬁs of interplanted corn at
about 3.S't/ha for two consecutive years with no N addition
{ang et al; 1981 b), Memloza ot al.(1981) observed that
incorporation of leﬁcaena prunings to intercropped maize
regulted in higher gxaih vields at closer spacing than
at wiﬁer.sgécing; alvaraz and Alfeorez (1982) obtalned
higher gn&in viaeids from interplanted m;izé'whah leveaana

was ppaced 2 w apart in single than in 5 m apart triple



13

hedgas, Pruning vields also followed the save tromd.
‘-Qhagaa at al.(1283) observed that green mararing the
bean #ields with leucaena prunings had the sace ¢ffect as
NPK t;eaﬁmeﬁﬁ ard increased hean y1e1ds approxingtely,
~aix fold over the control. Increasing the rate of
'apglicatiwn of 1eucaema leaves from 0 to 20 t/ha
incroased tarc leaf yield from 12,6 o 40.3 hg/pﬁ?t]?nd
the total cupm yleld from 8,0 to 11.7 t/ha (Payag,!ZSBBJ.
Studies conducted at rmtarnaﬁzonal tmotitute of Tropical
Agricuiture, ﬁigaria.(Amam, 1984} @V@r'a pariod of

& years indicated that grain yields of maize interplanted
- in 4 m wide allays of leucaena hedges could bs stabilized
at'é t/ﬁajby regular application of prun;hgs as qreen
AT ES » arkhede et al.(1984¢) reported thét grailn and
stover yiéida nf sorghur yere gignificantly 1ncreaaaa'@y
aypiyiqg"taps of leucamna to surface Of plots given 0=25
:g ﬁ/ha hut aat to plots glven 50 kg Whae

7s Bffect of subahul spacing/manuring on the uptake
of nutrients by amnual_crﬁaga

Quavanra {1976) and varﬁnumbe (1981) opined that the
uptakm afficiency of leucaeﬂa ¥ by malze was camparatively

low It could ba increased &n subsacuent S8asSONSN..

e
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siagian énﬂ ¥abbayad (1380) studied the effecta of
application of leucasna prunings to intercropped méize
on nutrient ﬁgtake and found that the uptake of
nitrm§en, ?hasphotus ard potassium by maize ferﬁilized
with leucaena leaves was significantly higher at 150 kg
¥/ha than at 75 kg Wha. Kang e£ al. (1981 a) Obsezvad
that addition of leucaena prunings alone or in
icombination with N signific&ntly affected N uptakeiby
malze. Markhede et al, (1984) reported that N and é;
uptake by sorghum were significantly increased by
applying tops of leticaena to surface of plots dgiven 0 =
25 kg N/ha, but not to plot given 50 kg Wha as-inu?ganic
fertilize?. ‘

8. Effect of annual gpecies on gzﬁwgh ardd_yileld of

pexrsunial speciles

mishra ard Prasad (1980) observed that under
agrisilﬁicultural studies, annual crops like groundnut

(Arachis hypogeae) soybean (Glycine max)and sesame

(sesamum irdicum) had no adverse effect on the gtowﬁh of

tree species like Tecbonia grandis amd DélbargiaAciéso).

studies conducted by Maghembe ard Redhead (1980) indicated

that maize had more favourable effect on the grmwth,bf
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leucaena than beans (Phaseolus spp), Leuvcacna attained

th‘anﬁ the 23:_d weeks after

greater heights at ths 17
planting when intercropped with maize ag compared té

beans.

Kang et al. (1981 studled the effect of |
dnterplanting maize with leucaena on pruning yieldslana
found that 5 - 6 prunings from 4 w wide hedges yielded
§ - 8 t/ha/yr of dry tops and the total anmual dry matter
yields'of leucazna ware affected hy_the w rate aaplieﬁ;to
‘the assoclated cicp malze. Hartoyo (1382) reported éﬁat -
leucaena ¢V ~ K8>interplanted with groundnut and malze
piroduced higher fresh fodder yields than when 1nter¢rapped

with Pimus mecskil, Balasubramonlan et al.(1984) observed

that intetcrqpping redgramn CCajanus gajan}'with bubébul
was better in terms of total returns and biomass yield,
which was attribated to the legumimnous naturé of both

’ '

CXOpSs.

\

9. zffect of cereals on the nodulation of leguies.

Reddy and chatterjee (1973) pointed ocut that
modulation of soyb=an in asgociation with malze and.

-gorghum was reduced on account of shading to the soybean



crop. Gut Toompssn (1977 and willey (1978) suggested
thet cercals goused an ingresse in m-mn ‘-fixmi%
observed 48 o stimlotion of toduls nunders and wa&é}lt‘.,
vatma (1984} found dncrease in nodule Paba woduls
wedght and nitrogen fixation of soybaan in assoclation
with sofobum. Wabus gud Miller (1973) and Rabie and
Kumasaws (1930) zeported decrassed nxdulation due 1:«:;
ghammm Zivesuye €5 al, {1981) oheezved deprazgion flm
nodule muober &uwa to the effect of associated ewzmif
Pabwa 4and patil é;t%aa;?gj—} mg:@rw that agplication of i3
t/8a of lauméa laaves Iimmﬁ mdulation in mf@w;m

B0 Hpbusl effsct of cersals and 1@@:@;1 on the t_;eiggj .g-
o8 plants '

uatze caused Togume goupotent. $o grow taller
tanon, 1973), secopding to Seyd (1973) intercropping
sopghum Wwith cowpess or pigeon peas tonded o invrease
its height, but maize with beans or cowpeas smﬁiﬁ&%awy
waduced its height. Plant helght of plgeon peas ms ,
increaxesd uﬁmﬁ grown with z:fsa&;é&, ard sorghum {saraf ét al,
3975, ':i\m:m at al. {1877) found that nadze plant:
halight tended to decrease whon grown _éw:; soybaan, mi:
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'Singh and caleria (1979) found no effect on malze plant

height due to interceop soybean. Bush and climbing;b@an

ha&Ang effect on maize plant height'(wranais et al,'1978). '

Krishraswany and Palanisppan (1879) found that the height
of groundnut plants was significantly increased by ragi,

onicn or greengrom as intercrops.

11, utual effect of cereals amd lequmes on flowering

and matugity«

Ibféhim et~al.(197?) mentioned that maturity §f
maize was delaved due to intercrop séybean, but siﬂgh.
and Gulegié {1979) observed no effect on ma uriﬁy of
‘maize due to soybean, Nadar (1980) observed that maize
deleyed’tﬁe flovering and maturity of pigeon peas by
three weeks. Remison (1982) and wanki et al.(1982)
reported that cowpea flovering was delayed éue o ghe
associated ¢rop malze. Maturity pericd of cowpeas;yas_

- affectad by maize (Mitawa, 1988),

12, Mt ual effect of ceraals an& leagunmes on vield ¢ mpanents

Jagannathan et al. (1974) E@und that thn cob length
‘Of maize was increased due to the efﬁact of 1nterczen

legumes, presumably on account of the provision of a
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good part of nitrogen for the csreal at later sﬁages;,
Soybean significantly increassd the ear length of
associated maize {gingh and Guleria, 19279). ‘maif ot al.
{1979) Qbéérvedffiﬁéreasé in thousand seed welght ofﬂ
malze due to inﬁercrap goybean, Singh (19281) abservéd
ﬁignifidant iﬁcrease;;n length and weight of sorghum’
panicles and thousand seed weight, when grown in
asseciatiﬁh with green gram,; black graﬁ Or COWpea.
Babooji and alra (1982) opined that lagumes in
assaciﬁtiaﬁ with maizé invariably increased the yiel?
amd yield ¢omponenﬁs¢ According to snyl (1973),-the}
c&mpanimn gsapging of sorghum anﬂ}maize with pigeon :
peas, cowpeas and beans resulted in reduced length a@d

welight of ears and oob in sorghum and maizs, respectively.

reddy and chatterjee (1973) obserpved that mixed
cropping soybean with sopghum significan£19 reéueed‘ﬁhe
number of pods/plant and test weight of soybean, Nﬂ%ber
aﬁlpeésfylant and saeé size in_mung bean were aﬁvezsély
affectad dge-to asacciated ﬁaize {anon, 1973).. Maizé an&
sorghum :eaugéﬁ the number of branches.per plont anﬂﬂ
seeds/pod 65 intasglanteﬁ pigeon peas due mainly to ?he

harmful competition of maize and sorghum (saraf et al,
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.19?5)5. Krishnaswamj and Palaniappan (197¢) abearv&ﬁ
significant reduction in pods/plant in groundnut due €O
;the intercropping of ragi and. green gram. The yisld
compongnts of scybean like pods/plant amd 2430 éeed‘é
wolght were reduced significantly in mill et~soybean
combinaticn, than in maize-scyhean or sorghum~saybean
comnbinatbion due mainly to the shading caused by millets
(Maneka aﬁd Dotto, 1980}, Nyambo et al. (1580} also
observad slight reduction in msds/plant Qf scybman or
_gxean gram in legume-millet combination than thh4agher A
combinations. Elmors anﬁ Jacobs (1984) found decreéseé
podse/plant, seeds/ocd and saeﬁ'weight of soybean dué to
the effect of tall sorghum crop. Chauhan and éungaéwal
.Iflﬁﬁz} bbéerveﬁ no aavérse effect of leéum&s on yia%d
attzibuteé of malze, but cowpes zgaucaa the numbgr'éi
:cabﬁ/mz énd'inaxaas&ﬁ the nurbar of k&rﬂelafplamt {vanki
et al, 1982), Siagh ard Zingh (1984) fnandAnp effeét
on thousard grain weight odf maize due to tna'eﬁfectfof

mung bean and blackgram.

13. tutual effect of cereals and lenges on mry mgtter

and ﬁrain yields

D2 et al., (19” 3) reported that thkr@ was dearease in

érain vields of sorghum by cowpea CV € 152, bacause of
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the severe cwﬁpetition offered to sorghum. Ory matter
production in sorghum Qas increased by blackgram,
cowpea or lablab bean (Ravichandran and Palaniappan)
1978}, Eés and Mathur (1980) obtaired heighest mai%e
,Qrain yieids with udid as comparad to with c@Wpea-a@d
groutsinut, Waghiware and singh (1984) found the'higpest
. grain and stover yielés-aﬁ sorghum when intercrcppeé

with cowpea and green gram.

Znyi (1973) fourd that intercropping maize or
sorghum with pigeon peas, cowpeas or beans led to a

reduction in grain and stover yield of cereal componsnts.

Dusad and Morey (1979) reported that udid produced
highest yields followad hy mung baan aaé‘cowpeas whén
grown with sorghum, Krishnasﬁamy ard Palaniap§an (i9?9)
mentioned that ragi and green gram in sunmer and ragi
alone in khardf reduced the dry méttar vield of groundnut.
‘Chaudhury (1$81) obsszved that grain and ary matter-
yxelus OE soybean, coupea and. chick pea wera significantly
reducad by maize and soxghum, but grain vields of cereals

ram&inﬁd unaffected.
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_ aingh anﬁ.gba§a<£;§$ﬁ} raportad that inﬁez&réﬁ@ina
_ b&ac:k@ms;s\ with maize 444 not atfact the gmi'ﬁ yi&i«:;j’. of

, ma&ﬁe.j aghools an&_ﬁa§ﬁmi {1971) chasrved no aﬁp:ée&amia
sffact on maize yields due to intarcroppinig Of cowpen and
mung beans, “orachan st al.(1977) noted that sorghun
yleld was 1ot affectad by blackgram and couwpea as
iousrereps. Udid, soybasn and mgmh {¥igia Febal had
\na.aévmzéa affect on malse grain yields (Chand, 1@%3},
"8£ngn-anﬁ Joshi (1380} explainad.taﬁt mﬁth b@aﬁfiggﬂﬁg

I si® tetragonalobal andv@uu@

aconttifolial. guar {Cyonop

* bean had no adverse effect on grain vields of pearl
oillat, | |

A4y jotual sffoct oFf cwpeals m’s“)‘g 2Bgunen on i, D, ;]

&pd ¥ uptaiss

‘ chand {1578) observed that 2 content and © up%a’z:a
oy malze was not af focted by soybsan, rajossh aml u&iﬂ as
intercrops, I P and K uptake by oaize wag uoh a-fi;;’gctad
. by scybean {aingh and mmml;_, 1979} . mvmmhdm}n and
?&slaniwmﬁ {1979) feund that e Pu and B upmka'@ '
sorghun was umﬁm&@ﬂ b leoguns .i;r.amrc:—z@m. ﬁin@i‘i a‘m

_ Chand (1972) mbgéw-:aﬁi that lagumes had no effect oh 1
uptake by maize at varlous stages of growth, but z laval

- bad @ significant infiuence on it. Jagannathan et al
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(1379) onserved that maize grain protein content was
increased in mixed stands with soyboan, cChaudbury |
{1991} reported thet maize N covtont was zeduced by
sﬁybﬂén. é@#@&ﬁﬁ &éﬁ chiickpeas, 3ag1asbam et gl.(1931)
obsenved ﬁhét 1 content of §aize wag incraassd h@&aéﬂpeasp
#eera mai and maghavan Pillai (1983) ‘found thet the
uptake cf &, P and X by saxgham'whs hiigher when :
vintarar@#geﬁ with wvalaet éeam'anﬁ placgkgras, than wﬁan
iﬁﬁ@:@ﬂ%@p&& with cowpea. vaghmare and Singh (1984%
'absarv&d‘tha@ intercropping incraased ths N uptaks %y
serghum and the whole systen, Muthuvel ek a;.(lﬁagé fuuﬁﬁi'
éhaﬁ grain ¥ uptake by sorghum was maximum under bl%ckgram
+ sprghum intercropping systen than under cowpea +

sorghum or gresngran + sorghuln svstemns.

15. pffect Of gubabul and intercropping in sofil

fertility,
{a) affects dus o subakml,

Diikman (1958) reported the usefulnass of leucaena
Eor s0il fertility maintenance. Siagian and Mabbayéﬁ
(1280) reported that total N end b stastus of the soil

wag oot affected by rates of lsucsenz leaves applised.



But Kang et al. {19819 reported that addition of
"leucaena prunings increased the total N content Of the
seil, Torris {1933) suggestad that goll feréility ﬁs
gradually bullt up due.to the application of léucaeﬁa

-~

prunings over seasons.

(b)y Anmal legumes,

Singh and Chand (1979) reported éhat.grcwiqg bf'
legumes with maize urder rainfed comditions did noﬁ:
;éignificantly affect the total I content of soil aftﬁi
narvest. Increass iﬁ tétal and avallable N contant cf
the soll due to intsreropping 20xghum and pulses was
reportad by eracﬁam gt al.{1977), Chardipi and
Raghavan Pillai (1980) found that intercropped legumss
significantly increased the total K and available P
conteht of the soil aftér harvest. Guil;aﬁ anﬂ'vanﬁiest
(1981) opined that when legumes use fixed ¥ for thelr
growth, the uptake will ba more of cations leading io the
:acidificaﬁion of growth medium which ultimately leads to
increased avallability of P in the medium. mMathuvel
et al. (1984) foumd that available N content of  s0il was
:maximum,uﬁder blackgram + sorghum combination than other

combinations of gorghum with legumes.



' MATERIALS AND METHODS
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HATBRIALS ARD [METHODS

The present investigation was under taken to £ird
out the cempatibility of raising different cereals %nd
legumes as Antercrops with subaiml which can supply '
gresn manures to intercrops durlng its growth pericé and
fodder fcr livestock during scarcity. The matarials

used apd methods adopted are dsetailed below,

Materials
I, Location

The experiment was corducted in the Instructional

Farm attached to the College of Agriculture, Vellayani.

I¥., 3soil

The s0il of the experimental area was red loom., The
mechanical composition and chemical characteristics of

the s0il are presented Table I

_Table I, goil characteristics of the experimental areca

as IMochanical compesition ( per ceat)

Coarse sand - 13.8
Fine sand - - 335
83ilt _ - C 32Be2

clay - 2445
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b, Chemical characteristics.

Total nitrogen (kg/ha) - 1883.74
Avallable phosphorus (kg/ha) - 37.628
Available potassium (kg/ha) - 23.60
pH (1:;.5 soil water ratio) - Sed

IIl. Cropping history of the fiald L

r
!

The experimental site wés urde? a bulk crop of

foedder grasacs during the last 20 years.
1Vv. Season

The experiment was started in april, 1984 Ly the
planting of subabul, The first and the second crops of
cereals and legumes were planted during the Rabi saésdn
dﬁ 1984 amd xharif of 1985, anmual crcps of the éifst
year were sown on 1-10-1984 ard the harvest.completed on
Jan, 1985. The secord year crop was planted on 16-?-1985
and the harvest completed on the tbird'week of nov.i 1985,

V. #eather econditions during the croppirng perlod:

The weakly average maximum and minimum temperature,
relative humidity, and weekly total rain fall during the

cropplng period of the cereals ard legumes (Figel) and the
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average values for ths pravious f£ive years for the

correspording period are presented in Appendix-I.

The weakly average maéimum temperature during the
cropping pericd ranged between 28,42 amld 31.17°C during
the first and between 29.10 and 30.62°C during the !
second year, respectively. The weekly average minimum
temperaturs rarnged between 20,20 and 24.30°C 4in thé'
first year, and bstween 21.2 and 23.22°C in the second
vear, The wéekly-a?erage maximum temperature was the
higheat during sept. 17 - 23, and sgpte 3 = 9 respeétively
in the first and the secord year. The waekly average
minimum temperaturé was the lowest durling the periocd

th xd th

Dag. 17 to 237 and Kov., 207 to DaCs 2na during the

£irat and the second year reapectively.

The weekly tdgal rainfall éuxing the period varied
betwsen 3 and 172,3 mm Quring 1964, and 0.4 and 311 mm
during 1985. The maximur quantities of 172.3 mm ané
311 mm were received durlng ist to 7th Cct,., 1984 aﬁd

th th

28 Oct. to 4 Nov. 1985 respectively.

_ The relative humidity during the cropping period
rangsd between 66,71 ard 88.78 per cent in 1984, ard
764,20 and 88,78 per cent in 1985, |
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VI. Varieties

seeds of leuceena Hawallan Glant Cv ¥ 8, received
from the Indian Crassland ard Fodder Research Instiéute;-
Jhansi ﬁare used in this experiment, It is an
outstanding, tall growing, splcal dominant variety, with
restricted basal branching. It produces twlice the
‘blomass ©f commen type of 1eucaéna {anon, 1982), mt
is poor sezder compared to other types, This varie%y
was reported to be comgatibie with maize as an inte?crﬁp

in malze~ leucaenz alley cropping svsten (Hang et a%, 1981b),
valze

Seeds of hybrid maize Ganga 5 reczived £rom tbe '
Hational sacds Corporation were used. It is g highf
yie}ding variety maturing in 95 ~ 100 days and is quite

adaptgble to the locality, .
sorghun

sceds of the var ety'hﬁ-zz racsived £rom the
school of Ganetics, TNAU, Coimbatore were used, It is a
tall growing variety with the duration of 115 =« 118fdays.
It is guite suitable for intercroupping with short dﬁratian
anmnual legumes like covpea and blackgram.



Bajra

Seads of UCC=1, a high yielding variety maturing
in 72 - 75 days, recelved £rom the school of Gensties,
THAU, Coimbatore, were used in this experiment, It is a
variety well adepted to the locality.

Coripea

Tha popular duel purpose variety C~152 from the
collections of the All India Co-ordinated Project for
'Research in Forags Crops was used. This variety has the

characteristic of retalning green lcaves even at maéurity.

Black gram

The variety used was Type-3. It was received
from tho Mational sSesds Cogporation, It has good
vagetative gfowth'and is compatible as an intercrnp'?ith ;

ammal cereals.

vIiTl, viabi;itx of soad

The seeds wers tested for wiability bafore
planting ard were fourd to give aboutk 95 per cent

germination,

ViIT, Fertilizers

Fertilizers with the following amalysiz were ﬁsed.
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as chemical fertilizers

46 par cent H

Urca H
Super phosphate .3 16 per cent P, O
ruriste of potash s 60 per cent K,0

b. Green mamires

Follage from subabul plants were pruncd and applied
as gresn manure to ammal crops. The averags composij&ion

of the prunings is tabulated below.

N P X :

(par cent) {per cent) {per cent)-
stem portion 1.85=2,38 0,137=0.173 1.98%2,34
Lzaf portion 3,30-5.11  0,149-0,177 0e83w1,12

Mathods

Dasign

A 2 x 2 x 3 factorial experiment was iaid ocut
in 3 randomized blocks. The treatuents consisted of
growing 2 legumes and 3 cereals ag an intercrop of subabul
planted at 2 spacings, Tiue lay cut Plan’ ef the experiwment
and the planting pattern is given in F;'Lg. 2.
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FIG.2 LAYOUT PLAN OF 2 Xxax3 EACTORIAL EXPERIMENT IN REBSD
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Traatments
subaiml (a) 3 m row gpacing

{Az) 4 m row spacim
Lagumas | (81) Cowpea : cv C=-152

(8,) Blackgram : cv T=9
Careals {cl) Malze : v Canga 5

(Cz) sormghum 3 av C0~-21

(ca) Bajra 3 OV UCC=1 -
Traatient Combinations
Tl subabul 3 m row spacing 4+ Gowpea + Malze
L5 ' " " " 4 Cowpea + sozghum
'TB " " i + Cowpea + Hajra
T, " " o + Blackgram + Maize
Ts " o " 4+ Blackgram + Sorghum
T6 B . u + Blackgram + Bajra
'T7 Subatul 4 m row spacing + Cowpea + Haize
Tg ' “ b u + Cowpea + Sorghum
T, " " “ + Cowpea + Bajra
Tiﬁ n n o 9  + Blackgram + dMaime
Tq3 4 “ ® 4+ Blackgram + Sorghum

Ty, " n L + Blackgram + Bajra



Number of replications - 3

Total mumber of plots «36

plot size

Gross plot size

et plot size
Spacing

{a) anmual crops

{b) subabul

Total number of rows in
the gross plot
Total mumbar of fows in

the net plot

Boxder rows:

i2me I m

B mx 2,5 m

40 em row spacing for
lequmes and cereals,
spacing between hills

25 em for maiée and 1245 om

for other crops.

subabul wag planted at
two spacings viz. 4 2 1 m
and 3 R 1 M.

24 (12 cerzals + 12 legqumes)

16 (8 cereals + & legumes)

Twe rows of plants in the border were left all

around the plot, Two additional rows each of cereals amd

legumss were left along the width-wise side of the plot
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to facilitats periodical removal of sample plantsfrom
the field., In the case of subabul, border rowe wara not
left and observations were recorded from 3 plants gelected
randomly irom the gr&ss plot.
' Fleld Culturs

1. Preparation of the £ield

The expsrimantal f£ield was dug tuwlce, clods broken and
laid out into 3 blocks with 12 plots perxr block. The
individual plots were thorocughly dug and perfectly lavelled,

2+ Fertilizer appiication

nitxogen, phosphorus and potash were applied to

different crops based on the package of practices

recommandations of Kerala Agricultuxal University {(anon,
1982) as furnished belows

crop N 05 K0 (xa/ha)
Matze 135 65 15
Sorghum 45 25 25
Bajra 40 10 10
Cowpaa 20 30 10
Blackgoam 20 30 10
subabul 20 50 30

For annual crops a basal application of %th of nitiogen
and full dose of phosphorus and potash were applied
uniformly bafcfe planting. One fourth of nitrogen was top
dressed to cereals 40 days aftar planting. Since prunings
from subsbul werae applied to annuel crops, the remainiag
dose Qf nitrogen was sikipped. For subabul the
fartilizer wap applied based on tha package Of practice



ragommeidationy A uniform dose ©f 375 ko/ha of lime
(anon, 1980) was applied before land preparation in

cach ssason.

3. Green manuring

riftesn days prior o the plantcing of arpual Qrops,
50 per cent of .subabul foliage f£xom the lower parts :caf
plants ware tfimd‘. walghed, choppéd and incorporated
into the field, This practice was repeaﬁev:i at 15th-,'

30, 45™ and the 60°® day atter planting of anmual

erops: In the sscond year alco greeri manures ware appliled

at thes sase intervals till t‘ha Goth

day of planting.’
The total quantity of subabul prunings applied #o the
annual crops in the two crop seasons are detailed in
Table 24

Table 2. pQuantity of prunings aggl'ied €0 annual crogé

Treatment o - quantity (t/ha)

T | 1482 3.04
T, 1551 3:76
Ty 1:18° 3423 -
.y 4 1.78 3407
'I's 1.28 3.36
TS 1.87 3647
T? 1.04 2:08 _
TB 0;69 ' 1.59

T, 1,09 2,98
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Table 2, contd,

Treatimsnt Ho. ' ' Euantgty (t/ha)

) 1984 } 1385
T

10 | | 1.36 2.7
Tyyq ' 1433 2472
le | 1,60 2473

4., Seeds and sowing

The socde of logumes were inoculated with the .
apprqpriaté rhizobium species cultured in the microblology
laboratory attachsd to the Dapartmant of Flant Patho;OQy,
college of Agriculture, Vellayani, Subabul seeds were

first scarifled znd then troated with Rhizobium, - /

The Rhizoblum troated subabul sesds were planted
in sttu 6 months prior to the planting of amnual crops
in two spzcings as per the treatments viz. ¢ x 1 m and
3 % i m spacings. Legumes and coreals were planted in
alternate rows on either gside of subabul rows 1eaviqg
50 cm and 60 cm on either gide of subabul in 3 and 4 m
spaced subabul plantings, respQQtively as shown in Fig. 2« .

eeds vere dibbled st 2 seﬁds per hole, Gap :
£illing and thinning were dome on the 7 th day of sowing

to sacure uniform stand of the crop.

5. After cuitivation

The soil was stirred lightly amd weeés were ramavgd
at the time of the incorporation of green mamires.
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6e Irrication

———— P
Life saving irrigation by pot watering was given
during eazly deya. to save the plants from wilting due to

dryress,

7. Flant protection
Skalux (0,05 per cent) was sprayed twice during
the £lowering and pod development stages of legumes as a

prophylactic measure to conkrol the insect pesto.

8. Harvesting

As per the programme, subaibul foliage was pmﬁaﬂ
15 days bafore the planting of annual crops in the first
year and at 15 days intervals after the planting oflﬁt
till the harvesting of second year crops, when subatul
plants were cut at the groumd level to eastimate the above
ground total bLlomass vield, I

matﬁred pods of the legumes were harxvested in 2 to 3
plckings. Careals were harvestad when $0 per cent of the
plants got matured.. The grains were ssparated from the

pods of lggumas and ears of ceorsals, dried amd weigh'éd.

‘Observations necorded

‘The characters studied and observation recorded are
detailad belowi
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A. Biometrlc¢ observations
I, -3ubabul

1, Heldght of plants,. |

Three plants were selscted randomly £rom each plot
and tagged. Plant helght was measured £rom ground level
to the uppermost tip of the growing hud of selected plants,
at the last stage of harvest. The maan height was

computad and expressed in moters.
2. Diameter at breast height (DAH),

The glirih of leucaena stem at breast height
(1.3 m) as suggested by Hanazawa et al (1982) was moasured
for tha 3 selected plants and the diagmater computed at the

last stage Of harvest,
3. iezf-stem ratlo.

At each harvest of subabul fodder, a representative
sample from the selected plants was taken and leaf-~stem

ratioc computad an.qvén Azy haslis.
4« Green fodder yield.

FlEty percent of subabul follage from the louver
portlion of plants were cut 15 days before the planting of

annual crops in the first year and at every 15 days

intsrvals after planting till the harvesting of the secord
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yéar oerops. Tag weight ©f £cdder f£rom each of the 25 cuts
‘was recorded ard tne total veight expressed as total green
£adder yacla,.
5. Dry foddsr yvield.

Sanplas of leuczena cut at sach stage fram the
selectyd plants were air driad, than over dried st
80 + 3°C till a consiant waight was obtaiped and the dry

fodder vield was compuied based on the green fodder vield,

6e Firewoed yield.

at the last stage of harvast, the gelected 3 plants
of lesucaana were cut on the ground level and separated into
leavas, bhranches and malin gtems. Firewood yield was

calculated on oven dry basls, based on the yield of main

stems of 3 selected plants from each plot.
7. TOtal above ground biomass.

The total above oround blomass was computed froﬁ
the total of the dry fodder biomass over 25 cuts (inclwuiing
prunings used as green marures) and the firewood biomass

ard expresssed on dry weight basis,
II. anmual crops

1. Height of plants,

Ten plants sach 0f the cercals and legumes ware
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selected at random f£rom the nat plot area and tagged.
The height from the base of the plant o the tip Of ths
growing point was maasured in centimotars at the BDth
_and the 60" day after planting and at the harvest stage.

The wean height of plonts was worked out and recorded,
2. Ruabsr of nodulas/plant.

At 50 par cent flowering of legumes, four plants
ware randomly selected, uprooted without any damage;using
a spade and cleaned. The nodule mumbars ware cauntgd amd
| the mean worked out and rocordsd.

3, nodule weight/plant.

The separated ncdules from the uprooted plants
wera ovan dried at 80 # 5°C till a constant weight was
obtained and the weights wara rocorded and the. average

workad out,
4, Days to 50 per cznt flousring.

ror. legumes the date on which 56 per cent of the
plants in the ngt'plot araa'had their first flover openad
wés recorded by visual oObgervation and expressed in‘number
of days. For sorghum and bajra the date on which 50 per
cent of the plant flowered were recorded and for maizg the
- datke to 50 pzr cont silking was réconﬁed and expreseed in

mimber of &ays.
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5. Days to mature.

The dGate on which 90 per cent of the annual crops
warc rezdy for harvest was recorded and axpressed in

number of days to mature.
6. Wumber of pods/plant.

The total mumber of pcds preduced by the randomly
salactzd plants of 'legumes ware counted and thé mimbar Of
pods/plant conmputed.,

7. Pod langth/ear length,.

Twanty pods of legumes from the selected plants
were taken at random, its length measured‘ and the avarane
expressed in cantimeters., For cereals the length of ears
from the 10 observation plants were measured in centimsters

and the avaz;age worked out,
8., Munber of seeds/pod and number of grains/ear.

For lagumes the mumber of seeds from the 20
randomly selected pods obtalned from observation— plants
wag. counted and the average worksad out. For cereals the
nunbayr 0f grains from egrs of 10 observation plants was

counted apd the average workaed out,



42

S Thousand graln welght.

Hupdred seeds of legumes and cereals were
randomly selected f£rom the sample plants and thelr
weights recorded and based on it 1000 grain welight was
computed, ’ -

10. Dry matter production,

Dry mattor production of legumags and careals was

computed at the 30”‘, ard 60th

day ara at harvest stagea_
Four plants gach of cereals amd legumes wers uprooted air
dricd and then oven dried at 80 i 5°C till a constant
wolght was obtained and the dry matter production was

b ina 0™

computed from it at the 30° day after plantings
At the harvest stage, the pl,anté salected for blometric

observations were used for dry matter estimation.
11, Grain yleld.

CGrain ylalds of legumes and cereals were obtained
from the harvest of plants £rom the nat plot arsa. After
harvest th2 grains were aeparat=d £rom the chaff, clean=d;
dried and weighsd. The weigﬁt was expressad at 12 p_ér:

cant moistura,
12, Total hlomass yield of the system.

Dlonass yield of t&e systemn was computed by adding



- the yisld of dry matter £rom legumes and coreals grown
during 1984 and 1985 crops secasons, and the dry matter
vield £rom subabul over the same pericd.

B« Chamlical Ana}gsis

I, Analyais of soil samples.

The composite goil samples collected prior to the
experimant were analysed £or total nitrogen, available
phosphorus and available potassium. After the harvest
of secord yeér crops, chemical analysis of goil f:om:
individual plots was corducted and the results ware.’
statistically analysed. ‘ |

Totél nitrogan content of gpil wasg determined by
modifieé micro-kjeldahl methed (Jacksen, 1967), available
phosphoruaiwau detarninad by’ Bray's method (Jackson.i1967)
and available potassium was determineﬂ\by neutral normal

ammonium acetate maethod (Jackson, 1967).
II. Analysis of plant sémplea.

For subabul representstive samplos ©Of stem and
leaf portion of fodder f£rom the selected plants wore taken
at each harvest amd analysed for N, P and X contentss .The
averagd wase worked out and espresssd 19;99: cant dry weight

basis,
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For amnual crops the N, P and K contents of grains
and other plant parts were analysed at harvest from the
plants used for dry matter estimation and the values
were utilized for computing the mtrient uptaks at

harvest.

1. Nitrogen content.

Total nltrogen contentsof samples ware determined
by modified micro-kjeldahl method (Jackson, 1967).

2, Phosphorus content,

Phosphorus &ont@nts of samples ware-dete:minad by
using triple acid extract method {Jackson, 1967) ., The
Klett~sumerson photoeleckric calorimeter was used, for
. reading colour intensity develcpéd by Vanado=-molyhdo
phosphoric yellew colour mothad,

3. Potassium content.

Potassium qontent of samples was determined after
extraction with triple acid and reading in EEL £laime

© photoneter,

C. Uptake studisg

The total uétaka of nitrogen, phosphorus and

potassium by cereals and legumes were conputed based on
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the content Of those mtrients in grains and other plant
parts end their respective dry matter production at

harvest..

D, guality Agpects

1+ Crude protein content.

The qrude protein contant was calculated by
multipi&ing the percentaga of nitrogen by a factor of
6425 (Simpson et al, 1965). c:ude protein yleld from
subabul was caleulated-based on the crude protein content
of leaf and stam and their respectrvé dry matter yieids
at each cutting. Crude protein yield from each stage
was added to cet the total crude proteln yield, Crude
protein yield from annual ¢rops was computed based on the
crude protein content of grains and cther plant parts and

theif respective dry welght at harvest.

Be Statistical analysis

Data relating to the different paramsters were
analysed statigticslly by applving the technique of
analysis of variauce for factorial experiments in |
Raﬁdomlzed Block Deslgn {(Cochiran and Cox, 1957) and the
signlficance of maln effects and interactionswas tasted
by # test, |



RESULTS
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RESULTS

with the object of assessing the bicmass

production in an agroforestry systemiinvnlving fooa
ard fodder crops like Eereals and legumas yhen groan
a3 intercrop with subabul, an experiment was condﬁctad
in the Instructional Fe:ﬁ; collage of Agricuiturem;
Vellayand, during 1884 and 1985. Observations weré made
on growth, yleld components, yield and quallty
characteristics of annual crops and subabul as well,
The &ata'recérded ware analyged statistically amd the

" results are given below, The mean values are giveﬁ in
Tables 3 to 66 and the analysis of Variance in

- Appendices I1 to XVI.

I Subabul
A. Growth Characters and Yield

(1). Height of krees,

The mean helght af trees recorded at harvest
(20 months after planting) is presented in Table 3 and

the analysls of variance in Appendix II.

There vwas no sighificant difference in the height

of subabul plants grown at two Aifferent spacings.



NaS-2=-

Mot -significant. .

Table 3. Height of subabul trxess (m) at harvesta
- Cowpea Blackgram Maize Sorghum Bajra Mean © Maize Somghum Bajra
3x1m 1,82 1,85 1,85 1.89 1,77 1.8¢  Coupea 1485 1,82  1.85
4 121m 1.85 1.91 1,87 1.84 1.94 1.86 8Blackgram 1.87 1.91 1.86
Mean 1.84 1.88 1,86 1.8% 1.85 ' 1.86 1.85 1.85
Subabul apacing, lcgume =2 HeSe S. spacing x cereal and legume x '
Caresal = NaSe cereal intersction = NuSa
B3e Spacing x legume interacticn = NeSe 5. 8pacing x logume X cereal
. intergction : = NeSe
Table 4. Dianster at breast helght (¢m) of trees.
Coupea Blacicgram Maize sSorghum Bajra Mzan  Maize Sorghum Bajra
3xam 2.04. 197 2,00 2,01 2,01 2.00 . Cowpea: - 2401 - 2404 2,06
Subabul spacing, legune = oS S. spacing x cereal and legume x
Careal NeSe cercal interaction - = NHeSe
Se spacing x legume 1ntaraci:ion ® N.Se Se spacing x legume x careal
intergetion 22 NeBe

47
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However, trees planted at 4 x 1 m spacing wers found

€0 be taller thap those plantediat 3 x 1 m gpacing.

Inteferopping of anmial legumes and cereals with
subabul'did not ghow any significant difference in the
hedcht éf trecs. R&ne of the interaction effects was also
gignificant. The combination sérghum with blaékgrhm
recnxﬁed_marginal'incxeésa in trse holght, though the

aiffarenﬁa wasg naﬁ significanta.

- {2)es Diameter at breast heiéht (Dad).

The mean D84 Of trees recordad 20 months after
planting ig presented in Table 4 and the analysis Of
variance in Appendix II.

?iant densitf ¢f subabul hed ne gignificant effect
omn DBH of trees 20 moniths after!planting. Howaver, a
slight increase in DBH was notlcad on plents with 4 X 1 m
spacingihhan with 3_x 1 m spacing, though not
signif:ic::ant.

Intercropping annmual laegqumes and cersals as %ell as
thelr interaction effects wers not significant in
influanq;ng DBH of subabul trees. The combination bajra
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with coupea recorded the maximum DRH, though the

diffe:enbe among combirations was not significant,’

{3}. leafe-stem ratio.

The mean leaf-stem ratio of subabul fodder: cbtained
ovexr a périod of 20 months 1s presented in Table 5

ard the anmalysis Of variance in Appsndix 1I.

T

The effect of spacing on léaf-atem ratlo of fodder
was significant. .Thé leaf-sten ratio of fodder f£rom
trees planted at 4 % 1 m spacing was significantly
higher than from those planted at 2 x 1 m gpacing.

Intércropping of anmual legumes and cereals had no
significant influence on leaf stem=ratic. The
interaction effaéts of subabul spacing x cereal amd
spacing x iegume x cereal were significant on leaf-stem
ratio. #h& combination bajra with cowpea recoxded the

highest value of leaf~stem ratlc, though not significant.

(4), Groen fodder yleld.

The data on grean fodder yvield of subabul cver a
period of 20 msnths is presented Iin Table 6 amd tha

analysis' of variance in appendix II.
|



Table 3, Ileaf-ster ratio of suhatul foldopr.

Cowpea Blacugram gize Sopghud Oajra  Mean imaige sorghun  Sajza
Ixino 22313 2011 207 2409 2al? 2211 Cowpes Zuzl Z2e21 2e25
¢xrl1m= 2433 2031 2435 225 2431 232 Blackgran 2621 217 cell
 oan 2422 2.2% 2421 2e1¥ 2424 2421 2,19 2424
o2 (0.05) suboiml spaciag = (.04 Co (0.05) =. spacing x cereal = 0,069
iegume, cereal = TleSe togums % cefcal interaction ® Nela
Se Spacing x legume interaction = e Ch (0.05) 5. gpoacing X lagune =
' corpal intsrpaction = 0,038
Pable Ge Green £oddor yiald (kg/plot) of subabul
Cowpea Blackgzam Maige SOrghun Bajrs ban ) Maizs Sorghum  Sajra
Ixlno 12,54 13.12 12.53 13.94 12,01 22.93 Cowpea 10667 1036 1038
{Gel7) {6.55) (Ge26) 6,97) (6.00) (6.41) {533) (5.18) (5.19)
dxlm D40 1103 10402 Sae43 1079 De¢74 Dlackgraom 11.85 12«60 12243
{G.20) (5e54) {Sa02) (44213 (5439) {4.B7) ) (S5e94) (G.0Q03) (6,21)
fBan 1047 14410 11538 11,10  iied0 TTTTALL28 11418 11.40
(Se23) (.05} (B0€3) (5459) (5,70} {5a63) (5.53) (5,70}
Co (0«05) S, spacin = 2454 8. spacing X cercal, legune ® cerezl
tBgure, careal T UpSe intoraction = HoSe
Se spacing z legume interattion = il.5. S5e spacing x legune » carcal
intoraction = [ie Fe

Flgures 1n paronthesis irdicate vield in ¢/ha, [fleSe = LOL signif-flcaﬁtg_

0§
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Groen foddsr yiold recorded significant
differanca dug to plact spacing. ‘Tms planted at
3 :z‘s i @ zpacing yielded elgnificantly higher green
matter (5.41 t/ha) than thoae planted at 4 » 1 m
spacing [§.87 %/hal.

Inteccropping annual capsals and leguzes showad
o0 significant influsnce on grean fodder yield. Home
of the intaraction offects wag significant. BHowsver,
the combination of mjra and blackgran recorded the |
im;;haab viald among difforent combinatlons of annual
ceroals and leguosa,

{5}, 2ey fodder yield.

he maan valuss of dry folder vield of subabul
obtalned over a pariod of 20 months, s ;Sm-sem:ed in
Table 7 and tha analysis of varfiancs in sppendix ITI,

The effect of plant spacing on dry fodder yield
wes signiiicant. tThe yield from tress planted at
33 1 © spscing wan significantly bighar (1.72 t/ha)
than frob those plonted at ¢ x 1 ™ speeing (1.33 t/hal.

intarcropping of anntal cereals and legumes mﬁ
thair intoractions did not affect the doy folder yield



Table 7. Dry f£odder yield (kg/plot) of subabul,

Cowpea Blackgram HMalze Sorghum Bajra iszan Majze Sorghum 3Sajra
3 x 1 m 3.19 3.72 3-42 3.59 3.35" 3.45 Cowpea 2.89 2.64 2.71
(1.59) (1.86) (1.71) (1.79) ({1.67) (1.72) (1.44) (1e32) (1.35)
4x1m 2.31 3.03 2,71 2.31 2,99 2,67 Blackgram 3.23 3426 3.63
(1.15) (1.51) (1¢35) (1-15) (1.49) (1033) ’ (1161) {1.53) (1.81)
Maan _ 2.75 3.37 3-06 2&95 3.1? . ’ 3.05 . 2.95 3.17
(1.87) (1.68) {(1.53) (1.47) |(1.58) ‘ (1.53) (1.47) ('1.58)
(8.0 (0.05) subabul spacing a 0,727 S. spacing x% cercal, legume X ceroal
Lagume, ceraal = NeSe interaction = NeSe
5. spacing x legume interaction = NeSe S spacing x legume x cereal
interaction = NeSe

Table 8. Fire wood yield (kg/plot) of subaiul.

Cowpea Blackgram Malze sSorghum Bajra tean ¥alze Sorghum Bajra
3x1m 4620 3.82 3,66 3.69 4.68 4,01 Ccowpea 349 2,83 443
(2.10) (1.91) (2,00) ({1.83) (2.34) (2.00) (1.74) (1.41) (2.21)
4 x1a 297 3.71 2499 2.72 4431 3.34 Blackgram 3.16 3.58 d.56.
(1.48) {1085} (1049) (1.36) {2.15) (1.67) (1058) (1079) (2.28)‘
Maan 3.58 376 3,32 3.20 4449 3.32 3.20 4.49
{1.79) (1.88) {1.66) (1.60) (2.24) (1,66) {1,60) (2.24)
Subabul spacing, legume = H.S. S. spacing x cereal, legume X careal
Cerecal = HeSa interaction ) = NeSe
Se spacing x legume interaction = NeSe Se spacing x legume x cereal ~
interaction = NeSe

. 4V
Figures within parenthesis indicate yield in t/ha, N.sS. = Not significant.
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of subabdl. Howaver, the combination of bajra and

blackgram recorded mawimie dry folder yvield,

(6)+ Fipewood yield.

The data on forswood ylold of subabul. recorded
20 months aftexr planting is procsontsd in Table 8 and the

analysis of variance 4in Appandix IIT,

There was no significant differenco in fire wood
yield due to different plant spacings. However, a
marginal increase in £irewocd yield was observed at 3 x 1

m spacing (2,00 ¢/ha) than at 4 ®x 1 m gpacing {1.67 t/ha).

Intercropp1n§ of cerealg end legumes and thelrp
interactions also showed no significant effect. Améng
different combinations of anmual cereals and legumes,
bajra with blackgram (Fig 4) recozdsd increased £irpewood

, Ydeld, though not gignifigant,

(7). Total above grouwd biomass yield.

The mean values of total above grourd biomass
vield Of gubabuyl over a pericd oi 20 monthe 1s presented

in Table 9 ard the gnalysis of variance in appendix III,

vifferent spacings of subabul recorded ro |
signiflcant influence on total above ground biomass yield,



Table 9. Total above grouxxi b:l.omass yield (kg/plot) of .subabul,

Covpea Blackgram Maize sorghum Baj-z:a ¥ean . - ¥Mzize sorghun Bajra
3x 1 m 7439 7.54 7.08  7.28 ° 8,03 7.46 Cowpea 6438 5,47 7,15
: (369) (3.77)  (3.54) (3.64) (4.,01) (3.73) (3.19) (2.73) (3.57)
4xim.  S.27 6.75 5.70 5,03 7031 6401 Blackgram 6.40 6484 8.19
2,637 T(3.37) (2.85) (2.51) (3.65) (3.00) T C . (35200 (3.42)  (4.09) -
rMaan 6433 7.14 6439 6«15 7«67 639 6e 15 767
(3.16)  (3.57)  (3.19) (3.07) (3.83) (3.19) (2.07)  (3.83)
Subabul spacing, legune = NeSe 2. spacing x c¢zreal, lequme x cereal -
Cersal = NeSa interact:ion = NeSe
S. spacing x legume interaction = NeSe spacing x legume x cereal

' Table 10. Nitrogen content { per cent) of subabul stems.

Cowpea Blachgram Halze Jorgnun Bajra  Hean - Maize sSorgaum Bajra
3xim 2.09 2,13 2,16 2,13  2.05 2,11 Cowpea 2,23 2,14 - 2.06
x1im 2,19 2,19 2.22 2,17  2.18 2,19 Blackgram 2415 2.16 2,17
Mean | 2,14 2.16 2,19 2.15 2.1 ' ' 2.19 2,15 2.31
CD (0.05) subabul spacing = 0,075 2. spacing x cereal, legume x cereal
lzgume, cersal . = NeSe interacticn @ MeSe
Se 8pacing X legume interaction = NoSe 3. spacing X legume cereal '
.- R AT - 2 - o T -interaction - ) = NeSe, .

Flgures within parenthesis indicate yield in t/ha. HeS. = Not glgnificant.

44
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However, +trees planted at 3 x 1 m spaciné recorded the
highest total biomass yleld (3.73 t/he) as ¢cmpared:to -
the yield (3.00 t/ha) from trees planted at 4 x 1 m
spacing.

Intercropping Of anmal ccreals and legumes and
thelr interaction effocts were not aigeificant in
influencing the total biocmass yield. The combinatiQn of
bajra with blackgram (rig. 4.) zeconded the highest
biomass yield (4,09 t/ha)l, thougﬁ it was not significant.

3. uality Aspects

(1). Nitrogen content of subabul stems.

The data on nitrogen content of stem portion of
subabul fodder is prasented in Table 10 and the analysis
of varlance in Appendix 1V,

The effecat of spacing.on nitrogen content of
étem was significant. Highor valuc of nitrogen content
0f stem was racorded firom plants grown at 4 X 3 m
spacing, \

Intercropping of annyal cereals and legumas did

not show any significant effget on nitrcgsn contant of
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stan. Nenz of the interaction effacta wés significant,
Among difforent ¢ombinations of ceresls and legumes, the
comblnation of mslze and cowpsa racorded the highast l
vaiues of nitrogen content, though the dlfferance was ot

significant.

(2)., Mtrogen content of subabul leaves.

The data on mean nitrogen content in leaf portion
of subabul fodder is presentsd in Table ii. and tha

analysisg of variance in Appendix 1V,

The nltrogen ccntent of leaves was nmore amoﬁg
plants grown at 4 :x 1 m spacing than at 3 ¥ 1 m gpeecing,
Intercropping of cereals ard legumes did not rec0rd;
significant.effecﬁ on the nitrogen content of leaveép
Hona of the interaction effects wag also significant on
the nitrogen content of leaves, Tae combination of
maize with cowpea recorded the highest nitrogen confent

among different cowbinations tried.

(3). Crude protein content of gubabul stewms.

The data on crude protein comtent of stem portion
of subal fodder is presented in Table 12, and the

_analysls of varlance ia Appendix IV,



Table 11. Nitrogen content ( per cent ) of subabul legves.

Cowpea Blackgram Maize sorghum Bajra Mean Maize Sorghum Bajra
Ixim 4,07 417 de21 d.17 - 3498 4,12 Coupea 4.35 4.34 4404
4 x 1 a 4.41 4.27 4.33 4.33 .4'36 4,34 Blackgram 4,19 4417 430 -
Moan 4424 4422 4427 4425 417 4027 4425  4e17
cD {0.05) aubabul sz;ac..ng = 0419 3. spacing x ccre=l, logume x cereal
leguns, ceraal ’ . o NeSe interaction o NeSe
Se #pacimg x legume interaction = NeSe S. spacing x leguma X cereal

interaction m NeSa

Table 12, Crude protein content (per csnt) of subabul stems.

Cowpes ' Blackgram Maize Sorghum Baira ian Maize Sorghut Bajra
I3x1im 13,02 . 13.30 13.45 13.31 12,82 13.195 Cowpea 13,91 13,37 12,88
4x1m 13.70 . 13.78  14.04 13.57 13.60 13.7¢ Blackgrem 13.58 13,51 13.54
Haan 13,39 13054 13.74 13.44 ~ 13.21 - 13.74 13,44 13,21
CD (0.03) subabul spacing = 0,449 Se gpacing x cereal, legume X cereal
lagume, cereal = MeSe interaction -~ 2 NeSa
S. spacing x legume interaction = NeS. Se spacing x legums X cereal ) _
o T ’ interaction ‘ - ™ N.S.

on
HeS« @ ROt Significant. =J



The effect of spaeing on crude protein content
of gstems was significant. Crude proteln content of
stems at wider spacing was significantly higher than

those at closer spzcinge.

Cruds protein content of stem waé not
significantly affected by the intercropping of cereals
and legumas or their interactiona., The combination of
maize with cowpea resulitsd in highest cruds protein

content, though it was not slgnificant.

{4). Crude=-protein content 9f subabul leaves.

The data on mean crude protedn content in leaf
portion of subabul fodder is presented in Table 13 and

the analysls of varlance in Appendix iV.

The effect of plant spacing on crude protein
content was significant., The crude protein content of
leaves was significantly highsr (27.12 per cent ) at
wider spacing than at closer spacing (25.74 per cent).
Intercroping &I annual crops showed no significant
effect on this character. Among different coambinations
0f crops tried, the combination'maize with cowpea'
recorded the highest crude protein content, though 1t

was mot significant.



Table 13, Crude protein content ( per cent) of subabul leaves.

Cowpea Blackgram Maize

Sorghum Bajra Mean Maize Sorghum Bajra

I x1m 25,44 26.04 26,29
4x 1m- 27.54 26.70  27.04

26.

08 24.86 25.74 Cowpea  27.16  27.11 25,20

27.08 27.25 27.12 Blackgram 26,16 26,05 26,90

26

Mean . 26449 26,37  26.66 .58 . 26,05 : 26,66  26.58 26.05
CD (0.05) subabul spacing = 1,22 S. spacing x cerezl, -legume x cereal s
Legums, cereal = N.S. interaction = NeSe
S. spaelng x legume interaction = N.S5. S. spacling x legume xX cersal ’ '

interaction = N.Se

Table 14. Phogphorus content (per cent) of subabul stems.

Cowpea Blackgram Maize Sorghum Bajra Mean Maize Sorghum Bajra

3xim 0.145 0,141 0.141 0,143 0,144 0.143 Cowpea 0.147 0.148 - 0.150
4 x1n 0.152 0.162 0.160 0.159 0.152 0.157 Blackgram 0.15& 0.,154 . 0,145

Mean 0.148 0.151 0.15¢ 0.151 0.148 0.150 0.151 0.148
CD (0.05) subabul spacing, legume = 0,0023 ch (0,05) S. spacing x cereal, legums X
cereal = N,S. cereal interaction =0,0039
CD (0.05) sS. spacing x legume CD {0.05) S. spacing x legume x
interaction = 00,0032 cereal interaction =0.0055

NeS.

= Not significant. on
' o]
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(5}. Phosphorus content of subabul sgtams.

The msan values on phosphorug content in stem
portion of subabul fodder are presented in Table 14 amd

the apalysip of variance 1k apperdiz V.

significant difference in phosphorus content
of stem wasrrecoédea dua to different spacings.
PhoBPﬁorué contant waa slgnificantly higher at4x Lo
spacing then at 3 x 1 o gpacing. Intercropping of
legumnes recorded significant difference on phosphorug
content of stems. Fhosphorus content was significantly
higher with bléckgrem than with cowpza. Intercropping of
céreals had no effect on the character. The intersction
cffects of subabul gpacing x leguma, spacing x cgreal,
cersal X lsgume arnd spacing x legumes x cereal were
signifiecant on phcsphorus.contenﬁ of ptemns. Intsxeropping
of maize and blackgram with subabul regulted in highest
phasphorﬁé contant and it was on par“with sorgﬁum and
blackgraﬁ but supericr to all other combinations. The
combination bajra and blackgram, recorded the iowest

phogphorus contant of stems,

(6). Phosphorus econtent of leaves.

The data on phosphiorus cpnteﬁt of leaf portion of
subabnl fcdder is p:aéented in Table 15 and the analysis



Table 15. Fhosphorus content (por cent) of subatul leaves.

oD
—

Cowpea Blackgram #Halze Sorghum 3ajra Mean Zalze gorghuma Bajra
Ixln 0.161 0a175 0.1G9 089 . 06287 0.iG8 Coupea Gei57 0e152 Gal158
4xX1m 04155 0.151 0.152 04153 0.153  0.153 3lackgras 02164 06163 0,162
Maan . Je158 00163 G160 0.161 0.160 0,160 Oel61 0.160
CO (0,05) subatul spacing, lsgume a 0,002 Se Spacing x cereal, degume x
Cazreal = HaSe ceresl interaction B 73
GO (0,05) 5. spocing x leguons Se spacing x leguss ® cereal :
intaraction = 0.0028 intezaction = HeSe
Table 16. Poéassium contant (per cont) of subabul stens.
Cowpaa 3Blackgram Falize JSorghum @ajra  rFean taize Sorghum Cajra
3xim 1.01 0,97 1,00 0.924 1,02 0,99 ~ Cowpen 1,03 0.98 3,00
dRiIm 21.00 0,65 0«93 081 1.03 0.92 Blackgrad 0.50 De77 1.0%
tman 1400 0451 0.96  UeB7 102 0a96  DeB7. 1402
O {D405) se. spacing, legune a 0,012 £0 (D05} 5. mpating x cereal,
22 {0205) cormal . "= 0,015 legune = cersal interaction = 0,022
) 06405) 5. spacing x legums CD {Da95) 3¢ opuacing ® lecoum x
interaction = (0,017 ceraal iutersction w D,02%
HeZa =@ . KOE Significaﬂt-
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of variance in Appandix V.

significant dlffarence in rhogphorus content ?ﬁ
leavey was observed in subagbul tress planted at two
diffeyront spacinga. Tregs plantsd at closer spaéing
€3 x 1m) rocorded signiﬁiéanxly hicher yh05pho=usf
content of leaves than those plantsd at wider spacing

(4% 1m.

Interecropping of laguﬁas shewad significant
influence on phosphorus content; Intercropplng of ]
blackgram recorded higher phosphorus content in leaves
than coupaa. Intarcropping of céraals had no effec; on
it. The inpterasction 9ffect of subabul spacing x le%ume
waé significant on phosphorus comtent of lcavesn, The?e
was no difference in phosphorus ¢ontent of 1eavesgd;e to
different éambinations of legumas and cezeals, though the
c0moination malze + blackgram recorded the maximum valua

of phogphorus content.
{'1). Potassium content of subahul SCems .

The mean values on potassium content Of stem -
portion of subamal f£odder are presanted in Tabhle 16land

the analysis of variance in Appendix V.

dignificant difference in putassium content of
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astems was recorxdaed due to two dlfferent spacings,.
Treas pianted at closer spacing (3 x 1 m) zecorded
significently higher potagsium content in stsms than

those plantéd at wider spacing (4 % 1 m).

Intercropping of cersals and legumes recorded
significant dlfferencs in poéassium content Of stem.
Higher potassium contert of stems was Obtained by
intercéupping ctropea as compared to blackqram,
Intercropplrg of bajra resulted in the hichest potassium
content which was superior to interceropping of malze or
sorghum, while the iatter twe were on par., The |
lnteraction affacts 0f legume x plant density of subabul,
carsal x plﬁnt density, legume x cercal apl legqume x
cereal x plant dansity were all significent in influencing
the potassium contents The combingtlon bajra + bléaﬁgram
recorded the higheskt potassium content of stom and was

on par with maize + coupea combinalion.

{8). Potassium content of subabul leaves,

The data on potassium gortent in leaf portion of
subzbul fedder i prosented in Table 17 and the analysis
of variance in appendix v,

inere was o significant difference in potassium

content, of leaves in trees planted at two different



Tab;e 17.

. Po;assium content (per cant) of subabul legves.

Sorghum B3ajra Mean

Soxghum Bajra

Cowpea Blackgeam Maize Maiz_e
3xim 2.15 2,15 «23 2,19, 2,02 2,15 Cowpea 2.14  2.16  2.10
¥ean 2,13 2.14 2,13 2,14 - 2.13 ! 2,13 2.14 2.13
Subabul spacing, legume e NeSe CD {0.05) =Z. spacing x cersal = 0,063
Cercal ' = NeSe legume ¥ cereal interaction = MNeSe
Se spacing x legume interaction = NS S. spacing x 1egum x cercal
- interaction D NeSe
Toble 18. Crude protein yisld {(am/plot) of subabul fodder.
Cowpea 3lackgram lMalze sorghum Bajra Mean Mailze sorghus Dajra
3x1m  623.93 739.09 742,07 774.51 722,96 '746.51 Cowpea 707.85 580,74 613,66
(0«35) ° (0.40) (0.37). {0.39) ({0.36) (0.37) {0e35) {0.22) (0.31)
4x1m 574.24 663,01 672.31 515¢83 675.17 612,12 Blackgram 706,53 700,66 784.46
(0.29) (0.33) (0.34) <(0.26) '(0.34) (0,31) {0.35) {0.36) (0.32)
foan 634,08 733455 707.19 645,20 699,06 707.15 545,20 699,06
{0.32) {0.37) {(0.35) (0.33) (0.35) (0,35} (0.33) (0435)
Se spacing, legume, cereal = NeSe S spacing x ceresl, legume x
S. spacing x legume interaction = NeSe cereal interaction @ NeSe
' Se. . 8pacing x legume x
ceraal 1nteraction

Figures within parenthesis 1ndicate yield in t/ha,

noSo =

Net significant.

= NeSe
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spacings, However, potassium content in the leavas

of trees planted at ¢loser spacing was fourd highsr,

Intereropping of cerasls and legumes ghowed o
significant diffarancs on the potasslum content of
leaves. The interaction effect of ce:eal,é subabul
spacing was significant. A difference though
statistically rot significant was observed Gue to

different combinations of anmual legumes and cereals.

(9). Crude protein yield,

Tha data en crude protein yield from subabul
fodder (leaves + stems) is presentad in Takle 18 anmd

analysis'of variance in aAppendix III.

Thgre wap no significant difference in crude
protein yleld Gue to spacings. However under 3 x 1 m
spacing the crude protein yleld was higher than urder
4 % 1 m spacing,. Intercropping of annual legumes éni_
cereals sﬁowea no significnt influence on crude proteln _
vield. 1lione of the interaction effects was also
significgnt. The combination of bajra + blackgram
zecﬁrded bighast crude protein yielﬁ. though not
significant. |
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II Anmual Crops

Ae. Grouth Characters

(1). Height of plantsg

Tables 12 {(a), 19 (b), 20 (’), 20 (b), 21 (a}.
él (b),22 (a), 22 {b), 23 (a) and 23 (b) show the déta
on plant helght of cereals and legumes at different
growth stages and the respactive analysis of varianqa

is presented in Appendices VI and VII.
(). Cerasals,

Height of wmaize plants was significantly influanced
by subabul spacing. Helght of maize was more under'3 x 1
m spacing at all the stages of growth during the second

th

year ard at the 367" day only during the first year.

In the case of gorghum, the heignt of plantslwas
signlficantly influenced by subabul spacing at the éoﬁh
and 60th day. At harvest, the effect of spacing waé not
significan;. The effect of spacing on the height of

n day in the.£irst

bajra plants was significant at the 30t
vyear and the effeckt was mot significant at the later

stages during‘both the years.

Intercropping of legumes or the interactiocn effact



Table 19(a). Height of maize (cm) at different stages of growth (first year).
30th day 60th day at harvest
Cowpea Blackgram Mean Cowpea Blackgram Mean Cowpea Blackgram Mean
3 x 1 m 42.7 42&8 42.7 84.6 89.3 86.9 92‘2 92.2 92.2 -
.4 x 1 m 38.2 36.2 38.2 82.3 85.0 83,0 6.1 96.6 91.3
T Mean 41.4 42,5 53.9 87.3 89,1 94.4
Ch (0.05) 8. spacing =2,39 Subabul spacing = N.S. subabul spacing = N.S.
Leguma = NaS, Legume = N,S. Lagume = N,Sa
Interaction = N,S. Interaction = NeS, Interaction = Na.S.
Table 19(b). Height of maize (cm) at different stages of growth (second year).
30th day 60th day At harvest
Cowpea Blackgram [IMean Cowpea Blackgran Msan Cowpea Blackgram Msan
I xXx1m 48.1 48,2 48.1 B2.0 84.3 B3.1 89.8 94 .5 92.1
4 x1im 46,3 46,7 46,5 77 <5 TS .6 78.0 88.1 85.5 86,.8
Maan 47,2 47 a4 727 81.4 23,2 90.0
cD (0.05) s. spacing = 1,49 cb (0.05) S. spacing = 4.52 ¢D(0.05) s. spacing = 4.7
Paguma = N.S. Laguma = HeSa Iraguine = NeS.
Interaction = N.Se. Interaction = i{eS. Interaction = NaS.
N.S. = pliot significant.
(op]



 Table 20{a). . Height of sorghum (cm) at different stages of growth (£irst year).

30¢h day

60th day

At harvest

Cowpea Blackgram i%an

Cowpea Blackgram Mean

Cowpza ~ Blackgram lMean

3x1m 3346 33,6  33.6 75.7 9047 7342

176.3  170.0 173.1

" 4x1m 2847 28,9  28.8 6703 68,2  67.8 - 167.7 1745 17i.1
tean - 3l.1 31.2 71.5 62.4 172.0 172.2

¢ {0.05) subsbul spacing = 2,08 cD (0.05) 8. spacing = 3.44 S. spacing = N.Se

Lagume’ ' = [NeSe Leguma B NeSe Legume = NeSa
Interaction i a NeSe Interaction x NeSe . cD ( O. 05)

intersctions 5,2

Table 20(b). Height of sorghum (cm) at different stages of'growth (secord vear).

30th day 60th day At harvest
cnwpga Blackgram Iean Jowpea Blackgram Moan Cowpea Blackgram Mean
3x1lm 33.3 33.3  33.3 77.3 72,8 75.0 175,.0 172.4 173.7
4xlm 25 44 29,3 29,3 69,8 70.2 70,0 171.0 171.5 171.2
' toan 31.3 3143 73.5 71¢5 173.0 17149
CD (0.05) sulahul spacin = 2498 ' CQ_(0.0S) Se spacing = 2,66 5. gspecing = NeS.
agums . = HeSe | - ilegumg = HeSe. Logume = N, Se

NeSe Interaction

N.S. & Tot significants”

(S
C2
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Table 21(a). Height of bajré_(cm) at different stages of growth (first year).

Ne'Se

. N.S. = Not significant..

| 30th day - 60th day - At harvest
Cowpea Blackgram Mean Cowpea Blackgram Mean Cowpea Blackgram Mean
3x1im. 62.3 63.4  62.8 105.5 103.9  104.7 125.5 124.3.  124,9
4x1m 57.1 '57.2° 57,17 100.8  ©103.6  103.2  120.1 "123.8. . - 121.%
HMean 58.7" 6043 103.1 10347 ' 122.8,  124.0
€D (0.05) subabul spacing =.1426 Subabul. spacing = NeSa Subabul spacing = N.S:
1--ﬂgluﬂe = N,S. Iiegum . = NeSe Legume . ’ = NoSi
Interaction = NoS. . Interaction = NeS. . Interaction = NaSs
Table 21(b). Height of bajra (cm) at different stages of growth (second year).
.30th day 60th day At harvest
Cowpea Blackgram lMean cowpea Blackgram Mean Cowpea Blackgram Lean '
3x1lm 64,2 . 64:0 ~  64.1 112.5  114.2  113.3. 133.0. 136.2  134.6;
4x1m 58,6° 59.1 = 583.8 110.2 112,3 112.2 131.2° .132.1 131.6
Mean - 61.4° 61.5 111.3  113.2 122,1- 13441
Subabul spacing = NeSe Subabul spacing = N.S. Subabul spacing = N.S.
legume = N.S. Lagume = NeSe Lagums = NoSs
Interaction = Interaction = NaSe Interaction = NeS.

63



Table 2Z2(a)e Halght of cowpmsa {(om) at different stages of growth (fi.-gat yéar).

30th day 60th Jday At harvest

Halzge Sorghum Bajra #Mean HMalze Sorghum SDajra Mean Maize Sorzghum Bajra Mean
3x1lm 1847 1744 1645 1745 4341 454 41.4 43,3 67.6 7048 68,7 6940
4-x1m - 16.9 - 15.8 15.5 16,0 41.9 30,9 - 41.8 41e5 6646 0740 6642 66,6 -
- Fean 17.8 1646 16,0 4245 43.1 41,6 571 GBH 6744
Ch (0.05) subabul spacing = 1.1 CD (D,05) 2. spacing = 1.70 @D (0.05) Se spacing = 1.6
O (0.05) cereal ' a 1.3 Cereal = NeSs . Corpsal = oS
Se apacing x ccreal S. spacing x cereal S. Spacing % cereal
interaction = NeSe Ainteraction = HeSe interacticn £ N4Se

Table 22(b). Ha:i.gtit of cowpea (cm) at Aifferent stages Of growth (sscond year).

30th day adth day At harvest

-taize Sorghum Bajra rean HMaize Sorghum Bajra ¥ean Maize 3orghum Rajra Msan
4 1la 2245 - 2301 2148 22.4 45.9 490 45.1 46.7 7149  To7? 70,5 724
4d2lnm 2265 20,9 21.6 2143 25,9 - 2.8 2548 455 702 TOeS 7145 708

Fean 22,5 = 22.0 21,7 45,9 4649 4544 . 7.1 - 7246 7140
sabalxad gpacing T NeS.  Subabul spacing B HeSe subabul spacing = HeS..
Coraal = N,3, Ceraal = HeSe Caraal = Ha 8,
Se spacing x c=real - (Q.,05) S. spacing Se apacing x ce=real
.interaction .. . . = H.5. . x cersal interaction = 2.8 . _inotersstion . . = ReSe

NeSe = HOG Significan{‘--

=~
-



Table 23(5). Height of blackgram {(cm) at differont stages of growth (first year)s

30th day . ‘ - 60th day | At harvest '
Ma'ié_a Sor_ghi:m- Baj;:a Mean Malze Sorghun aéjra_ Mean Malze so;'ghum Bajra Mean
‘3 x1lnm 18,3 19.§ 18,2 18.7 29.23, L 28.7 . 28,1 2B.7. 29.3 28,7 28.3 28,8 _
4x1m 17.8 18.5 17.2 17.8 28,9 28,2 28,0 28.3 29,5 28.3 28,2 28,7
Yaan 1€.0 19.0 17.7 29.0  28.4 2840 0.4 2845 2842 .
R (0.05) subabul spacing z= 0;78 ‘subabul spacing 2 NeSe Subabul spacing = N.S.
CD (0.05) cereal : = 0.86 CcD (0.05) cereal ‘@ 0,63 CD (0.05) cerzal = 0,67
S. spacing x cereal S NeS, S. spacing x careal = N.S. S. 8pacing x
intergction S interaction cereal- interaction= N.S.

-~

Pable 23(b). Helight of blackgram (cm) at different stages of growth (gecond year).

30th day 60th day At harvest

taiza Sopghum Bajra Mean Maize sorghum Bajra Mean . Maize sorghum Bijra Mean
3x1m 17.9 203 1843 19.0 3044 30,5  29.8 30.2 30.5 30,7 23.9 30.4
4xin 18.8 19,0 18,9 1845 20,8  20.5  28.9 29.4 2049 29.6 29,1 29,5 .

i=an 16.3 12.6 18.3 30.1 30.0 29,3 30,2 30.1 29.5
Subabul spacling = MeSe Subabul spacing = Ne3e Subabul spacing = HeSe
¢ {0.03) cereal = 0,82 “Cereal o o@m WeSe Cereal = NeSe
S. spacing x cereal S, spacing x cersal S. spacing x cereal
. interaction = 1.6

. ipteracgion .= = = NeS. interaction = oS4

NeS. = Kot significant. ~J

b
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of subabul spaciﬁg x legume were not significant on;
plant height of'maize, and bajra, in any of the yeaﬁé.
The lnterzction of subabul spacing x legume was

significant on the hoight of sorghun plants at harvést
during the £irst yeaf. ‘

(b) . lﬂg\'mﬁs.

The effect of subsbul spacing on the height of
cowpea was significant at all the stages in the firét
year and it was not significant in the secord year. In

. |

the case of blackgram, the efiecct was significant aﬁ the

£irst stage during the first year only.

The effect of growlng cercals on the heignt of
lntereropred legumes was not ¢onslstent over seasoné ard

th

stages, At the 307 day, the eBfsct Of sorghum was more

pronouncad than malze or bhajra in increasing the height
of blackgpam'plants during both the years. At the GOth
day and thereafter malze and sorghus had positive effect
on thils character. Helght of cowpea plants grown w%th
maize was more at the Both day, but ¢the effect was iess
pronounced during the second year, The eifect was not
significant at the other.stages of growth, but the @eight.
temded to increase with sorghum ard maize. The_heiéht of

leguns plants vas alweys less when grown with bajraf The
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interaction effect of spacing of subabul x cereal wés
sdgnificant on plant height of blackgram at the 307 day
and that of cowpea at the ﬁoth day during the secord

yaar.

(2), pumber of nodulas/plant.

Tables 24 (a) and 24 (b) show the data on the
number of nodules/plant at the flowering stages of ’

cowpea and blackgram and the analysis of variance is

presernted in Appendixn VII.

 significant reduction in the mumber of nodules/
plant was noticed when legumes wefe intercropped 1nj‘
between 3 m wide rows as compared to 4 m wide rows éf
subabul, thoﬁéh the effect was not marked for blackﬁram

during the f£irst vear.

Intercripplng of cowpea or blackgram witch soéghum
and maize recorded morg numbsr of nodules. The effect of
sorghum waé suparior to maize on the number of noauibs/
plant of cowpaa during the First vear and that of
blackgram during the second year. The léwest_numbeg'of
nudules/p;ant'was recorded, when lequmes were grown in

assoclation with bajra.



Table 24(a). Number of nodules/plant of cowpesa and blackgram (£irst year).

Cowpea ) ' Blackgram .
N Maize Soxghum Bajra M=an Malze sorghum Bajra Mean
3.x1m | C 2842 30,1  24+5 27.5 1542 1841 1446 15,3
4x1m 32.3 3345 28.3 31.4 S 17.3 1547 5.3 164
Magn . 3062 31l.8 26 44 . 1647 174 1449
¢ (0405) subabul spacing : e 0,93 subabul spacing = NeSe
ch {0:05) cercal @ 1,14 D (0.05) caereal =, A -
Se spafing x cersal inteiraction 2 el S. spaclng ¥ cereal
- iptaraction = Nelle

Tébla 24(b). bdumber of modules/plant of cbwbea and blackuram (secord year).

cowpay ' alackgram
Maize sScrghum Bajra Mzan Malze sorghum DRajra HMean
Ixiam 2642 28.1 23.1 25.8 15.3 17.3 1540 158
4x1im 31,0 31.3 25,8 29.4 13.1 20,2 15,0 18.8
Maan 28,6 | 22,7 24 .4 : 16,7 1877 168
¢ {0.,05) subahul spacing = 1,40 CD (0.05) subabul gpacing = (0a37
CD (0.05) cereal = 1472 D (0.05) coreal = 1419
S. apacing x cereal interaction = Nele Se Bpacing x cersal
Intersction = NeSa

HeSa Mot significant.

"

Pl
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(3). weioht of nodules/plant.

The data on the weight of nodules/plant of .cowpea
and blackgram are presented in Tables 25 (a) and 25 (b},

and the analysis of variance in appendix VII.

significant increase in the weight of nodules in
lagumes was notieed vhen they were planted in between 4é m
wide subabul rous, with an axception in the case of

blackgram during the £irst year.

Tha affact of caréai intercropping on the nodule
welght of both dbwpea and blackgram was not significant
Ain any of:the'years. The intgracticn effect of éubabul
spacing » cereal was signiflcant con zoot nedulation of
blackéram during the first year and that of cowpea during

the secord year.

(4). Mumber of davs to flowar.

#l

The data on the number of days required f£rom |

planting to the 50 per cent silking Of maize, and i

flowering of sorghum, bajra, cowpca and blackgram a%e
_presented in Tables 26 (a), 26 (b), 27 (a) and 27 (b) and

A

the analyéis of varlance in Apperdices VI and VII.



Table 25(a). wWelght of nodhles/plaﬁt (mgy) Of cowpea and blackéram (first yearls

Cowpea S Blackgram

‘ Maize sopghum -Bajra #ean ralze Sorghum Bajra Maan
I xim - 4345 44 .0 4.5 44,0 3061 290 28,0 29,0
4xnim 4843 47.0  45.5 46.3 28¢1 312 3045 2940

Mzan ' 45,9 45,5 45,0 29.1 30.1 22,2

(0.0n) subabul spacing = 130 . subanul spacing ' = Nele
Careak = Na3e Carea = HeSa
Se spacim = cemal intaraction = NeSa (0.0S) S. apacing st cereal

i.ntardctlox; «a 14687

Pable 25(b). Wolght of nodules/plant (mg) of cowpea and blackgram (second year).

CQ::“&PGEI i Dlackgr.'am

Maize sSorghum Bajra Mzan : vaige sSorghum Dajra WMoan
3zxilmn - 408 37.9 40,4 3957 : 2Be5 30.0 3040 29 ¢5
4x1m . 43.2 47.2 42.2 4442 33.5 33.0 31.5 325

Mean 42,0 42,5 41.3 \ 31.0 31.5 3047
ch {0;0“3 .;.u.,abal spacing o= 1,96 Ch {0,05) subabul gpaeing = 1S5
Cerczal = NoSa Cereal ' =  HNeSs
CD (0405) s. spacing x careal
~interaction = 3440 Se-spacing x cereal
interaction = MuSe

MeSe = NOt significant.
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‘Pable 26(a), Days to 50 per cent silking -in maize ard flowering in sorghum and bajra (£first year).

Matze sorghum’ Bajra

Cowpea Blackgram Mean- Cowpaa Blackgram !ean cowpaa Blackgram - Mazn

3k 1m 6500 6543 6541 7.3 717, 715 42.3 22,7 42,5

4xin 653 65.3 653" T3e3 7340 . 73.1 43.3 44.0 43,6

ean 65.1 65.3 . 7243 7243 2.8 43.3,

Subabul spacing = M,S. CD (0.05) S. spacing =1.33 CD(0.05) 8., spacing =04,78
Legume = N.3. Legumne ‘= .S« Lagqume = MNeSe
Interaction ® oS Interaction = NeS. Interaction x HeSe

:Tabl. 26 (b). Days to 50 per cent silking in maize and flowering in sorghum and bajra(second year).

Malze

_ Sopghum Bajra
Cowpoa Blackgram IMean Cowpea Blackgram Mean Cowpea Blackgram UMesam -
‘493 1m 65.3 65.0 65.1 69.3 68.3 65,8 42,0 42,7 42.3
“ean 65.1 G540 6841 6743 4145 . 42,0
Subabul spacing = N,S. D (0.05) S. spacing = 1,73 0 (0.05) S..spacing=1.,12
Laguns = HaSe Lagume -_ = NHeZe Lagume -3 HeSe
intaraction = N.S. Interacticn = N,S, Interaction = N.Se
" NeS. = Not significant. ' S A

~J
~q



Table 27{a). Rumber of days to flowering in cowpea and blackgram (£irst year).

_ cowpaa Blackgram

maige Sorghum Bajra Meoan oo Malze gSorghum Bajra M=2an
3x1lm . S6e7  55.3 5640 56,0 39.3 4043 39.7 3%5.7
dxlm 573 S6e3 57.9 56,9 40,3 41,0 40,3 40,5

Mean 57.0 ° 55,8 56.6 3248 40.6 40.0

CD (0.05) subabul spacing = D.65 CD (0.05) subabul spacing a 0.66
CD (0.05) cereal = 0,80 Cereal & NeSe
Se spaclng x cereal interaction = NeSe Se 8pacing % cereal interaction= N.S.

Table 27(b). Number of days to flowering in cowpea =nd blackgram (seconld year).

. Covipea Blackgram
¥alze Sorghum Bajra Mean . Malze sSorghum Bajra !ean
3x1im 55,3  54.0  54.0 54,4 37.0 38,3 7.7 37.7
4 x 1@ 5543 5443 55,0 54,9 38.3 39,0 383 38.5
CD (0.05) subabul spacing = 0,42 CD (0.05) subabul gpacing = 0,73
Ch {0.05) cereal = 0,52 N Sercal @ N.Se
= L\I.s.

Se gpacing x cereal interaction = [HaSe S. spacing x cercal interaction

HeS5e = Not significant.

g2,
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(a)s Caraals .

There was n¢ signiflcant effect of sukabul
spacing on the number of days roguired for 50 per cent
silking in malze, fhe effect of-apacing was significant
on the flowering‘in sorghun and bajra. during both %he
years. Flowering was signiflcantly hastensd when ti'zese
crops were grown in batween subabul rows with 3 m

spacing.

Intercropping Of cowpea of blackgram did not f
significantly influence the silking of maize and -
flowering oflbajra ard sorghum in both tﬁe yea&s. _
Interaction effects wers not significant on this character.

)
(k). Lagumes, '
fhe number of days required from planting to the
50 per cent first flowering in cownea and blackgram ware
raduced significantly when intercroppsd with subabui
having 3 m wide spacing.

The influence of cersals on the flowering of |
cowpea was gignificant, while the effect was rnot
elgnificant in the case of blackgram during both the

Years.
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The nuaber of days required for 50 per cent
£lowering in covpsa was significantly more when

intercropped with maize than with sbrghum or bajrae

(5). Number of days to matura.

The data on Tables 28 (a), 28 (b), 29 (a) andﬁzg
(b) show the mumber of days required from planting go
the maturity of anmal cereals amd legumes amd thsif
analysis of variance are presented in Appendices VI;and

VviIi.
(a)c Careals,.

Raising maize between 3 m wide rows of subabul
rasulted in'significant delay in the maturity of maize as

compared to ralsing hetween 4 m wide rows. - Subabul%
.spacing had no effect on the maturity of sorghum and bajra.

Intercropping Of cowpea or bléckgram ghowed n@
significant infiuence on the mumber of days to matufity
of imaize and bajra in both the yesars and that of so?ghum
during the second year. During the first year, sorghum
grown in association wiih cowps2a matured earlier than that

grown with blacikgoam.
(b). Legumes.

Significant delay in the maturity of blackgram was



Table 28(a). Number of Qays to maturity of maize, sorghum ard bajra (first year).

taize soxghum Bajra
cCowpea Blackgram  Iean Cowpea Blackgram Meoan Cowpea Blackgram Ma2an
I xim 98.0 977 97.8 119.,7  120.7 12042 6.0 7640 760
4x1m 95.3 95.3 9543 119.3  120.0 119.6 75.0 74.6 74,9
Mean 96 .6 96.5 119.5 120,3 7545 7543
Ch (0.0%) subabul spacing = 0466 subabul spacing = NeSe  Subabul spacing = N.S5.
laeguna = KeSe D (0.05) legune = 0.78 Legumz = NaSe
interaction = NHeSe Interaction = NeSe Interaction = HeSe
Table 28({b). Iumbor of doys to maturity of malze, sorghum and bajra (second year).
Halze Sopghum . Bajira
Cowpea Blackgram M2an cowpea  Blackgram Msan Ccwp2a EBlackgram Mean
I xim 95.0 95,3 0.1 117.7 118.7 118.2 72«3 73.0 7240
4 x1m 93.3 2363 53,3 117.3 117.7 117.5 - 72.3 72.7 7245
Mean 94.1 D4e3 11745 118.2 T2e3 7248
co (0.05) subabul spacing = Gs71 | subabul spacing = NeFs Subabul spacing = NeSe
Laguma = N.35e Leguma = N,S. Le2gume = M4Se
Interaction = HeSe Interaction = N.S. Interaction = NeS.

NeSs = Kot significant.

I8



Tabla 29{a).

Kumber of days to maturity of cowpea and blackgram (fizst yearde

Cowpaa Blackgram
satze  sorchum Bajra Moan ¥aize Sorghum Sajra  iMean
3xim 87.7 88,3  36.3 87.4 73,0 74,3 72,2 73.2
413 a 87.3 £C8a2  06u3 87.3 7343 723 72e1 2.5
Moan B7e5 B8Ce3 86,3 731 733 72i3
Subabul spacing T = ReSe D {0.05) subabul spacing = 0,59
¢h {0,05) cereal = 0,98 CD (0.05) cereal = Q.72
Se spasing = cereal interaction = HaSe CD (0405) S. spacing x coreal
: interaction ' = 103

Tahla 292 (b).

runber of days to maturity of cowpea and blzckgram (gecord vearl.

Loup=a Blackgram _

satze sorghum Sajra Hean ralze  gopghum Bajiwe  fman

3x1lam 847 83,0 8343 85.7 71.3_ "de3 70,3 71.3
édx1an 84.3 B8543 | 8343 B4.3 71e3 73e7 7C0.0 70,7

Fean 845 87.1 8303 13 71.5 7041

Subabul spacing S TeSe. D (0.,05) subabul spacing @ 0446
C2 (Qe08) cexeal = 2,88 ¢ (0.05) cemeal = (0a57
Se Bpacing x cereal interaction = N.8. CD (0.05) 5. spacing x cereal A
interaction = (a31

NeSe = ot gignificant.

c8
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'noticed when planted in bztwecan 3 m wide rows as
copared to 4 m wide rows of subabul, whore as no
significant diffsrence on the number of days £rom
planting to the maturity was observed on cowpea with

different spacings cf£ gsubabul in hoth the years.

Cereals shousd significant influence on the
maturity of intercroppad legumas. Haturity of cowpéa
and blackgram was advancéd when grown with bajra, while
with sorghum, somg delay in the maturity of theée legumag
was noted during both the yeavs. The effect of sorﬁhum
was on par with maize for influencing the matufity of
blackgram, it superior €0 maize in influencing the
matuzity Of cowpaae. 'The interaction of subabul spa@ing x
caer=al was significanéron the maturity of blackgram:during

both the yearsa.

B. Yield Components and Yield

(1). Number of pods/plant

The date on the numker of pods/plant of cowpea and
blackgram are furnished in Tables 30 (a) and 30 (b) amd
their analysls of variance in appendix vVII, o

There was no-significant difference in the rumber



Table 30 (ale I!umber of pods/plant of cowpea and blackgram (first year).

Cowpea

Blackgram

Malze Sorghum Bajra Mean

Malze Sorghum Bajra Mean

3x1im C 7e3 7.9 7e2 7.5 10,0 11.0 2.5 10.2
4x1m 744 7.8 59 7.3 ) 10.0 10,5 9.0 9.8
Mzan 7.3 7.8 7.0 10.0 10.7 Del
subabul spacing = N.S. subabul spacing = NeSe
Cereal = NeSe Cercal ; = NeSe
Se. Specing i cereal interaction = NeSe 5. spacing x cerzal intecrection = N.S.
Table 30 {(b). Mumber of pods/plant of cowpea and blackgrem {(sccond yesr).
Cowpea Blackgram
Maize Sorghum Bajra Mean Malze sSorghum Bajra Mean
3xim 547 6e7 565 6.0 845 BeS 7.9 B.4
4x1m S5 6.0 5.0 5.5 79 Be3 73 7.8
Mean 5.5 6.3 S5e2 8.2 8.6 7.6
.. Subabul gpacing = ¥, 3. Subabul spacing = NeSe
Cl (0405) coreal = 0,68 Carcal = NeSe
Se spacing x cereal interaction = N.S. Se. spacing x cereal interaction = N.S.
. - .
NeS. = Not gignificant. L
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of pods/plant of legumas due to subabul spacing. Tﬁe
effecta of cersal intercrcpping and interaction effects
were also not significant in the mumber of ppds/bla#t
ekcept in the case of cowpea during_the second yeaér
Cowpaa intercroppaed with sorghum had significantly ho:e
number of pods/plant in the second year. L

{2). Bar length of careals.

The data on the ear length of maize sorghum aha
bajra are presented in Tables 31 (a) and 31 (b) and the

analysis of variance in Apperdix VI.
The effeet Of gubabul spacing in the ear lenQLh-of
gorghum was significant. In ths case of sorghum i
lintercrcpped in plots umder 3 x 1 1 spacing of suhapﬁl the
@ar length was more than in 4 x 1 ﬁ spacinge In tﬁ? case
Of maize and bajra the efféct 2£ subabul spag;ng was not

significant. i

The effect of-intercropping legume on the ea€ length
cf'ce:eals was not consistent, The efifect of blackgram was
wore than that of cowpea increasing the ear length of maize
dﬁring the ﬁirst‘year. Bar length of sofghum was f
significantly increased duz to blackgranm iﬁtezcrOpéing
during'bath-;he years., ?hege was Do significant eéféct on

ear length of bajra due %0 lntercropping cf lagumnsse

i

. 1



Table 31(a).

Length of ear (cm) of maize, sorghum and bajra (first year) .

Maize . Soxrghumn Bajra ‘

Cowpea Blackgram Mean Cowpea Blackgram Mzan Cowpea Blackgram Mean
3x1m 941 10.4 9.7 10.0 1147 10.8  12.3 12,9 1246
4 x1m 9.1 10.3 9.7 9.4 10,9 10.1 10.7 13.0 11.8

Mean 9.1 10,3 947 ii.3 11.5 12,9
Subabul spacing = NeSe "CD (0.05) S. spacing = 0.33 subabul spacing = N.S.
cD (0,05) legume = 0,34 CD (0.05) legume = 0,33 Legune = N,S.
Interaction = NeSe Interaction ‘= NoS. Interaction = N.S.
Table 31(b). Length of ear (cm) of maize, sorghum and bajra (second vear).
Maize . sorghum Bajra

Cowpea Blackgram Me@an Cowpea Blackgram Mean = Cowpea Blackgram Mean
3x1m 10.0 i1.7 10.8 11.5 4.1 12.8. 11.8 14.2 13.0
4 x1m. 9.9 9.0 F 94 10.4 12,4 11.4 11.4 13.4 12.4

Mean 909 10.3 10.9 13.2 11.6 13'8
Subabul spacing = N.S. CD (0.,05) S. spacing =0.,37 S. spacing = N.S.
Iegume - = HeSe ¢D (0.05) legume =0,37 Lagume = NeSe
Interaction = NaS. Interaction. = NeS. Interaction = NeS.
NeS. = Not significant.

98
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(3). Pod length of legumes

The data on the pod length of cowpsa and blackgram
is presented in Tables 32 (a) and 32 (b) and the

analysis-of variance in Apperdix VII.

There was no significant influence in the 1éngth
of nods due to any of the treatment effects or due o

their interaction effects,.

(4). pumbar of grains/ear of cereals

Tha data on the mmber of grains/esr of maize,
sorghum and bajra are presented in Tableg 33 (a) ani 33

(b) and the analysis of variance in Appendix VI

Intercropping bajra under 3 m wide rows of ;ubebul
recoxded more number of grains/ear than iqtercropping in
4 m wide rows during the second year only. 4an increase
in the number of grains per ear of walze and gorghum was
noticed whan planfed in 3 m wide rous of subabul, ?hough

the affect was not significant during both the years.

Intercropping of vlackgram reccorded significantly
more graips per ear of malze and bajra during the second
year. 1In the case ¢f sorghum grains/ear was significantly

more during both the yeafs due tc thz effect of bléckgram.



Table 32(a). Length of pod {cm) of cowpes and blackgram (first vear).

Ree =

ot éigniﬁcant:.

coawpea Blackgram _
Malze  sorghum Bajra Yean Maize sSorghum Baira ean
3x1m 12.6 13.4 12,7 1249 3e1  3a1 . 3.0 3.1
4 21nm 13.2 12e7 12.7 12,2 3.1 3.0 3.0 3;0
Maan 12‘9 13.0 12;7 3.1 3.0 3.0
Subabul spaclmy 2 NeSe Subabul apacing = N.S.
Cereal = NeSe cereal D MHeSe
S. spacing x cereal interaction = HeS. S. spacing X cereal interaction = (LS.
Table 32(b). Langth of ped (cn) of cowpea and blackgrah (seeond year).
cowpea Biachgram
Malze sorghucm Bajra Mean Malze sorghum Bajra M2an
3xim 12.7 - 1349 13.3  13.3 3.4 3.4 3.2 33
4 X 1 m 13.7 ‘13.3 13.1 13.4 3.3 3.4 ) 3.6 344
Mzan 13.2  ©. 1346 13.2 3.3 3.4 3.4 ,_.
Subabul spacing e MN.S. Subabul spacing = MHeSe:
 Cemeal v - T = YeSa ' ‘Caroal ' T T o= NOS. T
Se ®pacing x cersal interaction .= NeSa S. spacing x cereal interaction = HN.S5.

g9




Table 33(a)a_ Number of grains/ear Of maize, sorghum and bajra

(£irst year),

Maize Sorghum Bajra
Cowpea Blackgram . Mean Cowpea Blackgram M2cn Cowpea Blackgram Mzan
3x1lm 123.8 131.6 127.7 154.9 203,.Q 178.9 906 .6 923.2 917.2
4x1m 123.9 130.7 127.3 154,0 1939.7 176.8 8295 895,1 852.3
Maan 123.8 131.1 154 .4 201.3 868,0 912.1
Subabul spacing = NeSs subabul gpacing = Ne3. Subabul spacing =Na S
Legume = aSe cD{0.05) legume = 18,8 Legume =HaSe
Interaction = NeSe Interaction = NaS, Interaccion =1le Se
Table 33(b). Mumber of grains/ear of maize, sorghum and bajra (second year).
Malze Sorghum Bajra
Ccowpea DBlackgram FMean Cowpea Blackgram MNean Cowpea Blackgram Mean
3x1im 149.3 168,.,2 158,7 ~ 175.2 253.4 214 .3 967.6 1133.2 105044
4 x1m 129,.1 164.9 147.0 157.3 '240.0 '198.6 852.0 1027,7 939.8.
tiean 139.2 166.5 3 166.2  236.7 909.8  1080.4
Subabul spacing @ NeSe Subabul spacing = N.S. CD (0.03) S. spacing=89,0
CD (0.05) legume = 27.1 CD (0.05) legume = 57.6 - Ccp (0,05) legume =89,0
Intoraction = NeSe

Interaction = N.S. Interaction

NeSe = Not gignificant.

= NaSe

oo

M
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(5), Number of seeds/pod of'legumes

The data on the number of seedé/pod of cowpea and
blackgram are presented in Tables 34 (a) and 3¢ (b) and

the analysis of variance in aAppendix VII,

. The effect of gpacing of subabul on the number of
seeds/ped OF cowpea was significant during the seconi
year only. Cowpeas intercropped between 3 m wide rows of
subabul recorded more seeds/pod than thoss intercropped

between 4 m wide rows.

The effect of cereals in influencing the seeds per
pod of cowpea and blackgram was significant Quring the
first and the second year, respectively. The effect of
socrghum was-more prominent in incrzasing the seeds/ppd of
cowpea during the flrst year and that of blackgram during
the seéond year; _whon intercropped along with bajra the
mmber of seeds per pod of legumes was found lesser during
both the years. Interaction effect of'subabul spacing »
cereal was significant on se=zds/pcd of blackgram during
both the years and that of cowpea during the first year

OnlYe

(6). Wweight of thousaud grains

The data on the weight of thousand grains of mailze,



Table 34(a). Number of seeds/pcd of cowpea and blackgram (£irst yearn).

Cowpsa ) . . Blackgram
.4‘ ; a
Malze sSorghum RBajra Mzan - Malze sSorghum BRBajra Mean
Izim ' 12,8 13.3 11,4 12,5 . 8.9 5.8 446 449
4% 1m 12,4 13.2  20.8 12.1 4.7 5.3 8,2 4.7
Mean 12.6 13.2 11.1 . 4.8 5.3 ded
Subabul spacing = NoS. Subabul spacing " = N.S.
CD (0,05) cersal = 1e24 Cereal = MeSe
CD (0.05) S. spacing x cereal Se. spacing x cereal

interaction _ = 1.76 - interaction . = NeSa. -

Poble 34(b). Number of aeeds/pod of cowpea and blackgram (second year).

) Cowpea . . - Blackgranm
Maize sSorghum Bajra Mean . Malze sorghum Bajra Mean
Ixim 13.5  14.4  13.0 13.6 - 4B 4G 4.6 I5)3
vean 12,6 13.5  12.7 447 549 4.6
CD (0.05) aubabul spacing = 0.80 gnub?gués?pggggl = g.;é .
CD (0.05) cerxeal = NeSe . 1 . o
Se spacing x coreal interaction = N.S. c0(0.05) S. spacing x cereal = O, =

N.3. Not significant.



-sorghum, bajra, cowpea ard blackgran are furnished in
Tables 35 (a), 35 (b), 36 (a) and 36 (b) and the

analysis of variance in Apperdices VI and VII,
(a)s Cereals.

Plant dengity of subabul showed nélsignificané
effect on the thousand grain weight of cereals duri?g
hoth the years., Howevar a marginal increase in thousand
grain weidht was recorded by interplanting them 1n 3 m

wide rowg of subabul,

Intercropping of legumes had no significént effect'
on the thousarri_ gfain waight of maize or bajra durii-xj
both the years. But thousanrd grain weight of so.?:ghum
was significantly increased by :.ntercropping of
blackgr;m during both the years. Interaction effects on

thousand grain weight were also not significant.
(b). Legumes.

Spacing of subabul did z;ot significantl?:&j:ﬁﬁl;mnce
the thousand sead x-:eigﬁt of legumes in both the yea;:s.
However a marginal increase in seed welght was noticed
when legumes were intercropped between 3 m wide rcms of
subabul. . |

i
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Table 35(a).

Thousav?® grain weight (g) of maize, sorghum and bajra (first year).

Maige sorghum Baira o
Cowpea Blackgram Mean Cowpea Blackgram DMean Cowpea 'Blackgram Mean
Jxl1lm 193.1 195.3 194,2 27.1 28,3 277 4,9 5.0 4.9
dxiIm 191.5 195.1 153.3 26 44 28B.4 274 48 a3 445
¥ean 192.3 195,2 2647 28.3 4.8 409
subabul spacing = HeSe subabul spacing = NeSe subabul spacing = N.5.
Iegune x ¢S, CO (D.,05) legume = 1.05 Legums . 2 NeSe
Interzseilon 2 7S, Interaction = NeSe Interaction = Ne3a
®eble 35(h). Thousand grain weight (g) of maize, sorghum and bajra (secord year).
Malze Sorghum Bajra
cowpea alagkgfam Yean Cowpea Blackgram Mean Cowpaa Blackgram Mzan
3xl1lm 159.2 200.,7 199,.9 2841 28,5 28.8 447 5.1 4.%
4 x 1 m 196,7 201.3 i85,.,0 27.8 25,7 28,7 Ged 405 da5
Mean 19749 201.0 27.9 29.6 4.5 443
Subabul spacing = N.S. Subabul spacing = NeSe subabul gpacing = [NeSe.
Leguma S NeSa CD (0405) legume = 1.09 Legume = NeS.
Interaction = HeSa Interaction = HeSa Interaction = NeSe

HeS. = Not significant.
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Table 36(a). Thousani seed weight (g) of couwpea and blackgram (first year).

coupea

Blackgram

. Malze Sorghunm Bajra Mean

Malze sorghum Bajra Moan

Ixinm 88,7 83.3 87.2

35.6 35.9 34.3 35.3
gx1m 87.8 88,7 86,0 3543 35.3 3345 35.3
Mean 88.2  82.0  86.6 35.4  35.6  3d4.4
Subabul spacing " = Nl.S. Subabul spacing ® NeSs
‘:e:eal ® HeSae cemal n N.Se
Se. gpacing x cereal interaction o N.3s S« spacing x ceregal interacticn NeSe

Table 36(b). Thousand saed weight (g) of cowpea and blackgram (second year)e.

Blaclgram

Coupma

‘Malze Sorghum Bajra Mean Maize Sogghum Bajra Mean
3zx1am 88,0  90.06  87.0° 3646  37.9 35,3 3646
4X1m B5.4 84,9  B5,.1 35,9  37.8 34,9 36.2

Hean €6.7 87.4 8640 36.2  37.8  35.1

Suﬁabul spacing S Ne3e - Subabul spaecing = NeSe
Cereal = MNaSe CD (0,05) cersal = 1.1 .
_Se_spacing x cereal interaction = N.S. = NeS.

8. spacing x cer=al lnteraction

Ne3. = lNot significant.

V6
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The effect of cereals on the thousand seed
welght of coupea was not significant inm any of the vear.
ssed welght of blackgram was significantly influenced
due to cereals during both the years. Thousand seed
weights of legumes were more when intercropped with.
sorghum, though the effect was significant only in the
blackgram during the second vear. Bajra showsd a
depressing effect on the weight of seeds in all the.
cases. The lntepraction effects were not significant

on this character.

(7). Dry matter yield

The data on dry matter yield of cereals, legqmes

and their total yield at the 30°

h. 60th day and at the
harvest stages are presented in Tables 37'(a). 37 (b},
38 (al, 38 (b}, 39 (a), 39 (b), 40 (a), 40 (b), 21 (a),
41 {b), 42 (2), 42 (b), 43 {a), 43 (b), 44 (a), 44 (b)
45 {a), 45 (b) and 48 (c) and the respsctive analysis of

variance in Apperndics VIII, IX, X and XTI,
(a) ® O;Greal.

The effect 0f gpacing of subabul on the dry matter
yield of cereals Qas slignificant at all the stages of

growth., Pooled analysis of data at harvest stage also



Table 37(ale

pry mattgr yield (kg/plot) of cereal at 30

eh day '(£irst year).

R Cowpea Blackgrain talze - Sorghum Bajra Hean - laize - Sorghum. Bajra
3xim 2437 - 2.62 2,25  1.88 3,35 249 Cowpea 2020 1435 293
4x1m 1,96 2.38 2.15 l.31 3.04 2,17 Bplackgram  2.21 1.04 346

¥oan 2.16 2.50 2,20 1,53 3,19 2420 1439  3.19°
CD (0403} subzbul spacing, legume = 0.1¢4 CD {0.03) Be spacing X cereal, N
CD {0.08) cercal = 0417 bwes) legun: X-coreal interaction » 0,24
8« spacing x legume interaction 2 Hede C) (0.05) 5. spacing x legum x . -
- ceveal interaction : = D35

Tablae 37(b).

Dry matter yleld {(kg/plot)

of cepeal at 30

th day {second yocar).

Cowpea Blackgram Mzize sorghum Bajra Mean Malze Sorghum 8sjirs

dx1inm 2456 2456 2o 32 1,97 3.34 2e55 coupea 2a3i) 1.88 299

4% 1m 2423 - 2.,4€ 2,23 1.6% 3.11 2.34 BlacRgram 2,27 1,78 3f46

¥=an 2039 250 2228 1.83 3.22 2,28 1.53 3.22

CD (0.05) subabul spacing = (0,12 CDh (0,05) 5. spacing x cereal, = ¥N.S.

Iegums = Ne.3e CD(0.05)kegume x cereal interaction = (3,22
Co (0.05) corcal = 0,15 S. spacing x legure x cepeal.

5. spacing x legume . interaction = HeS. interaction = 0:32

He 3o

= ROU S2gnAXiAlile

Vo)
@



Table 38(a).. Dry matter yield (kg/plot) of cereal at 60th day (first year).

‘Cowpea Blackgram Maize gSorghum Bajra Mean Maize Socrghum Bajra
3x1m 3.98 4.54 3.:25 3.94 5.58 4,26 cowpca 2,94  .3.86 4,97
4x1m 3,87 3.74 2,86 3.59 24,96 3.80 Blackgram - 3.17 3.67 5458
Mean 3.92 4,14 3.05 3.76 5.27 3.05 3.76 5.27
CD (0,05} subalbul spacing = 0.35 S. spacing x cereal, legume X cereal
Laoume - = N.S. interaction = MeSe
CD (0.05) cereal = 0,42 cb (0,05) s. spacing x iegume X
S. spacing x legume interaction = NeSe cereal . interaction = 0.85
Table 38(b). Dry matter yield (kg/plot) of cereal at 60" day (second year).
Cowpea Blackgram Masize Sorghum ' Bajra ifean Maize Sorghum Bajra
3x1lm 4.52 4.53 3.68 4,72  5.17 4.52 Cowpea 3.20 5,00 @ 4.24
4 x1m 3.78 3.71 3.22 4,38 3.63 3.74 3.70 4,10 - . 4,57
vean 4.1i5 4.12 3.45 4.55 4.40 | 3.45 4.55 4.40
Cco (0.05) subabul spacing = 0.26 ¢D (0.05) s. spacing x cereal,
Legume - = N.S. legume x cersal interaction = 0.45
D (0.,05) cereal = 0,32 ¢ (0,05) S. spacing x legume-x
~ S. spacing x legume interaction = N.S. cereal interaction = 0,64

K.S. = Not significant.
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Table 39(a).

Dry matier yvield (xg/plot) of cerﬁa.. at harvest (first year).

sorghum Bajra

Covpea Blackgram EMQQ sarghum Baj ra M2an valze
31w 5440 6428 6.23 5.78 5.50 5.84  Cowpma 5.07  4.92 4,68
(2470) (3.14) {3.11) (2.89) (2.758) ({2.92) (253) (2446) {(2434)
4xim ‘_15-33 4.90 de03 % 456 Aed3 4.64 Blackgram 6,09 5.42 5.25
' {3019) (2'45) ‘2.‘16) . (2.28} 52021) .30) 3-04) (zsvl) (2.62)
' Hman 4489 5.59 5.58 5,17 .26 5,56 3417 4,96
_ {2e44) {2.739) _ 12.'?9) " {2458) (2.483) (2,737 {2458) (2.48)
CD (0405) subabul spacing, legumb: = 0043 3. spacing x cereal, logume X
Careal = Ne3a caraal interaction . = Wele
8e Spacing x logun2 interagtion = NS« 5. spacing ¥ legume = ec:.t:ea'*
interaction = HeSe
Table 32(b). Dy mattcr vield (ka/plot) of cerzal at harvest (second yesar)s
"~ Cowpea Blackgram Haize Sorghum Bajra H:an vedze sorghum Bajré
Axim 5481 707 Te26 . 7.16 4450 6.44  Cowpoa  5.40 8,78 405
(2.90) {3¢53) (3.63) (3,58) (2445) (3.22) (24707 (2.82) (2.,02)
4x1im 4 ¢35 5041 5,54 5,03 4.06 .88 pBlackcram 7.40 6.41  4.51
(2.17) (2470) (2:77) (2,51} (2.03) (2.44) (3.70) (3.20) (2.45)
san 5.08 624 6&40 6.2 4.48 Ge40 6.09 4.48
~(2454)  (3.12) (3.20) (3.04) {2.24) (3.20)  (3.04) (2:24)
¢D (0.05) s. spacing, legume = (0,60 S. gpacing x cereal, legume x
CD. (0.05) cexeal = 0.74 cereal interaction = NeSe
S. spacing x legume interaction = N, 3. 3. gpacing & lagums ® cereal
interaction = e Se
Figures within parenthesis indicate yield in ¢/ha, HN.S. = Hot significant. é‘g



Table 40(a). Dry matter yleld (kgblot) of legums at 3g™h day (£irst year).

Coupea 3lackgram

Maize GScxghumb Rajra Mean

-
Malze

sorghum Bajra

3x 1w 0.81 0.062 0.67 D83 0.65 0.71 Cawpea 0.73 0.91 0,732
4x 1m. 0.76 0.62 0,65 0,76 0«65 0.69 Blackgram Ge59 0.67 0.59
Tsan U.78 0.62 G.65  0.79  0.65 G.66  0.79 0465
subabul spacing = NeSe S. spacing x cereal, legume x cereal
CD (0.05) lagume = 0,04 interaction 2 HeSe
Co (Ca0%5) cermal = 0.05 Se. SpPacing X logume X cereal
S. spacing x legume interaction = NH.S. interaction = NeSe
Table 40(b). Dry matter yisld (kg/plot) of legume at 30°P day (second year).
Cowpea Blackgram wMalze gorghum 38ajra M2an Mailze Sorghum Bajra
3 x1m 0.83 0.66 0.73 U892 0.68 0,77 Coapea 0.20 0.97 G 76
4x1m 0.81 0463 Q.G 0.78 0.68 0.72 Alackgram 0,63 0,70 0.60
Moan Ce84 0.64 Go71 083 Ca58 0,71 083 .08
CD {0e05) 3. spacing, legums a 0,04 3. spacing x cereal, legums x ceraal
CD {0.,05) cereal = 0,05 interaction = KeSa
S. gpacing x legume interaction = MNaSa C.D. (0,08) 5. speciny x legume x
cerezl interaction = 0416
No.Se = INot significant.
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Table 41(a).. Dry matter yield (kg/p}ot) of legume at 60D day {(first vear).

Cowpea Slackgram Maize sScrghum Bajra Mean : Malzoe sScrghum Bajra
2x1m 1.67 1445 1455 2413 1,01  1.56  Cowpea 161 2405 1.26°
¢dx1m 1.61 i.52 1,61 1,75 1.33 156 Blackgram 156 1.83 1.08

‘Hean 1.64 1.49 1.5  '1.924 1217 ' 158 1,94 1.17
subabul spacing, legﬁmﬂ = N Co {0.05) 3. spaci : = |
«Be . 3e Spuclng i ceresl = D29
D {0.03) cereal : = 0420 Lagume ® cereal interaction = NeS.
Se spacing x legume &nteraction 2 NeSe 'S« spacing x legume x cereal
' interaction = NeSe
Table 41(b). ry matter yleld (kg/plot) of lequma at 60th day (seconi year).
Cowpea  Blackgram BS5jra  mean ' MElZe Sorgnam - S8iEa

Malze Sorghum

3xim : 2.33 1.89 2,13 2,63  1.58 2,11  Cowp2a 2416 2455 187
4x1m 2,06 173 i.80 2e52 1.44 1.92 3lackgram 1.76 252 115
Mean 2.19 1083 1&96 2.57 1.51 ) 1996 2057 1.51
o (0.05) sS. spacing, legume = 0.12 3. spacing x cereal interaction = NeSeo

CD (0.05) cereal = Dl.158 Co (0.05) legume x cexcal
= NaSe inte;.acticn = 0, 21

S. spacing x legum2 interactlon

3 Sa ing » legume X
ggréai, %nteracéi g 9 = 0,30

He3. = ot significant.

GOT



Pable 42{a)e Dry matter yield (kg/plot) of legume at harvest (first yaar) .

=it

_ Cowpea Blookgram  Moize | sorghum  Bajra  Mean raize sorghum
. : : : 2,00 1,38
3z im 1,75 143 1.52 2408 110 1459 Cowpea 158 H2 2
re (0.87) {0:?1) (D.79)° (1.04) (0,55) £(0.72) (0,79) (1.02) (0.63)
4 x 3. m - 1457 156 1.56 1.94 1a22 ‘ 1.57 Blackgrém 1.6 1.98 0.97
. {0.78) (C.72) (0e78) (0,97 (0.61) (0,73) . {0.78) (0.95) (0.48)
Taan 1.66 1.50 1.57 201 1.16 ‘ 1e57 201 1416
(0.83) (De75) (0.78) " (1.00) (0.58) : (0.78) (1.00) (0e73)
susabul spacing, legumns 2 BeSe '3. spacing x cemal. legume x cseraal
CD (0u05) cersal =2 J425 - intepraction 2 HeSe
Se 8pacing x leguma interaction = HeSe Se Spacing = lagume x cemal .
, : : intosraction = iSe
Table 42(b)s Dry matter yield (kg/plot) of legute ot harvest (second year). -
Cowpsa  Bigckgram Maize sSorghum Sajra  Mean tamide soerghum Najra
3x1m 2.31 1,85 2430 2,55 1,55 2.05 Gowpea | 2412 2,53 1.83
(1.15) (0.52) (1.05) (2.29) (0.77) {1,04) , T {1400) (1.26) (0.91)
éxi1a | 2.01 1.72 1e74 2448 1,37 1,86 3lackgram 1.72  2.5¢ 1.09
© . (2400)  (0.86) (CeB7)  {1424) (De68) (0493) (086) (1427} (0.54)
Mean 2s16 1e78 1.92 . 2.53 1.66 1.92 2453 1466
(1.08)  (0.39) (0.36) (1.26) (0.73) (0.96) (1.26) (0.73)
e 8pasing¢--.legm CE i & i oEL g.s;_-_-._-. s -8 Spacing ®x. Corgal, legume .2 Cersal.. - L. L.
D {0,05) ¢areal s 0,51 intoraction = HeSe
Se gpacing x legume intoraction R HeSe Se spacing x legume x cereal
- . inter=ction - = NuHe

Figures within parenthesis indicete yiald in t/ha, leSe = l"'bt‘. significant.
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Téblﬁ‘éﬁia). Total vield (cerecal + legume) of dry matter {(kg/plot) at 3 day(first year)..

_ CUapea Blackgrgm Yaize Sorghum Bajma Mean ' Maize - sorghun Bajra
3x1m © °  3.18 3.24 2,91 12,71 4.02 3,21  Coupea 2492 2427  3.66
4$xim - 2,72 2.8 2,82 . 2,08 . 3.68 2.85 plackgram 2.80 2451 4,04

ean . 2,95 3,12 © 2,86 2,35 3.85 2,86  2.32  3.85
CO {0,05) subabul spacing. laguma = 0,15 C0 (0.05) s. spacing x.cereal.
¢D {0.05) cexsal = 0,19 legume x cereal =0,27
3. spaeing x legurke interaction = N.S. CD (0.05) se spacing z cereal »
C ' legume interaction ) =0.44

fﬁh&o 43(b). Total yleld (cersal -+ legums} of dry matbef (kg/plot} at 3oth day fseccond year).

Cowpea Blackgram Maizg gorghum Bajrae Mean : Malge sSorghum Bajra
2x1im . 3.44 - 3.20 3.08 2.86 4.02 3.32 Couwpea 3.10 - 2.8B5  3.75
4x1nm 3,03 3.09 © 2492 2,27 3,79 3.06 Blackgram 2.90 2.47 4.06

Mean ' 3,23 3.14 " 300 - 24865° 390 : 3,00 2466 3.90
Ch (0.05) subabul spacing, legume a 04,13 - Subabul spacing x cereal 2 MeS
D (0.05) careal - = 0,16 CD (0.05) legume x cereal

CD {0.05) 3. spacing % leguma interaction= 0.19 interaction - 0,23

CD (DQOD’ Se spaﬂir}g A
leguma-x-= cereal -intersetion = 0733

HeS. = NOt significant.
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Table 44(a). Total vield (cereal + legume) oOf dry matter

(ka/plot) at the 6077

Cowpea dlackgram taize Sorghum Bajra

Mean Maize

GO
<

da Ha
* »
58

~)

B.58
. Ba.31

5.82 Coupza  $.54
5,37 Blackgram 4.72

3Ixim 5.65 5,253
4x im 5048 5.27
Mpan 5.56 4.53

-
(43
W

(K2

6444

a.€3

D (0.05) subabul spacing
Legume :

o {C.08) cerzal

Se Spacing x legume lateraction

Table 4%(5). Total yield (cgraal + legume) of dry

[HI I

S. gpacing X cers2l, lagune x
cereal interascticn

5. gpecing-x legure x cereazl
interachtion

matter (kg/plot) at the 60

th

Coupaa Blackgrem

¥alze Sorxghum

Bajra

Maan Haloe

Ixim d.91 843G
4dx1nmn 7+59 715

8,73
G.60

8464 Cowpaa 6.27
7.37 Blackgram 7.10

*oan 8,25 T 75

7.69

7.03

CD (0.08) S. spacing, legune
co (Q.05) cereal : '
5. spacing x legums interaction

CD (0.05) 3. spacing x ceréal,
legume x coreal interaction

CO {0.,0%) 3. gpacing x legums X

careal interaction

‘Mot significant.

day (first vear).

sorghum

day (seccmd

Sorgham  Bajra

I

€0t



Tabls 45(a).

Total yleld (cereal + legums) of dry matter (kg/plot) at harvest (first vear).

_ Cowpea Blackgram Maize Sorghum Bajra Mean . Malze sorghum Bajra
"3x Lm 7.14 771 7.81 7.86  6.50 7.42 Cowpea 65466 6496 - 5,02
X \ (3.57) (3.85) (3.30) {3.93) (3.29) 3.71) (3.33) (3.48) (3.01)
4x1m 594 . . 6448 5.48 €50 5465 6.21 -Blackgram 7.64 7.41 422
‘(2.97) (3424) (3.24) | (3.23) (2.82) 3.10) (3.82) (3.70) (3.11)
Mean 6.54 7.09 7.15 . 7.18 6e12 7«15 Tel8 6412
D (0.05) subabul spacing. legume . =, 0454 S. spacing » cersal, laqume % cer=al
Cl (0.05) cereal = 0,66 interaction = NeSe
8. spacing n legume irteraction 2 NeSe 3. spacing x legume x cowveal:
inberact*on = HNeSe

‘I‘able 45 (b) .

Total vielgd (c@:aal + legums) of &ry matter (kg/plot) at harvhst (second year).

Cowpea Blackgram Maize sorghuan .Baj ra Mean ) HIai.ze Sorghum Bajra.
3x1m 8e11 8,91 9.35  9.74 6.43 B8.51° Cowpea 730 8.31 5,85
' (2.05) (4.45) (4.67) (4.87) (3.21) {4.25) (3.75) (4.15) (2.,92)
4 x im 6.34 7.13 7.27 751 5,42 6.73 pBlackgram 9.12 Bl.94 6,00
___£3.37 _ (3.56) (3.63) (3.75) _ (2.71)({3.36) (4.56)  (4+47) (3.00)
Hean - 7.22 8,02 Be321 8.62 592 8.31 Beb2 5492
(3.61) (4.01) {4.16) (4.31) (2.96) (4.26) " (4.31) (2,96)
CD (0,05) subkabul spacing, legume - & = (.68 S. spacing x cereal, legume X ce:eal
G (0.05) cereal , -= 077 interaction = NeSe
8. spacing x legume interacticn = HaS. Se spacing x legume x ce:eal :
: interaction = N.S.

Figures within parenthesis indicate yield in t/ha,

HeS. = Not significant. _
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showed significant effect on thig character.
Intercropping of cereals in 3 x 1 m gspacing of subabul
recorded significantly higher yield than intercropping
in 4 % 1 m spacing.

The affect of intercropping legumes on the dry
matter yield of cereals was significant at the 30th day
during the first year only. at the 30°" day cereals
_;ntercropped with blackgram recorded moro yield thaﬁ
those intercropped with cowpea. At the 60°° day,
intercropping of legumes showed no significant effect on
the dry matter yleld of cereals. At the harvest sta&e.
intercropping ﬁith blackgram had significant effect bn
it, -D;y matter yield of cereals intercrcpped with
blackgram was higher than with cowpea, during both the

years.

There was significant differsnce on the dry matter

vield of cereals at the 30th th

and- 60 day after sowing
during both the years. at thec 30th day, hajra recorded
the highest yield followed by maizo and sorghum. Bajra
maintained this trend on to the Goth day as well during
the first ycar. But during the second year, sorghum
recorded more Ary matter production, which was on par

with bajra and both ware superior to maize. At the
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harvest stage, the difference hetween cereals on dry
matter yiecld was significant only in the second year.
_Dry matter vields of maize and sorghum were on par but
superior to bajra. The interaction affect of spacing

of subabul and cereal was significant at the 30th day

th

during the first year and at the 60~ day, during the

second year, respectively. The interaction affact of

legune x coreal was significant at the 30th

day on
both the years, while at the Goth day the effect was
significant during the second yzar only. The
interaction of spa&ing x legure x cereals was

significant at the 3000

day during the first vear and
at Gﬁth day during both the years. The dry matter
vield at the narvest stage was significantly higher
during the second vear and the interaction effect
cereal x year was significant on this character.

(b). iLegume,

spacing of subabul showed significant effect‘on
the dry matter yield of lequmes at the 300 ama 60" day
after sowing during the second year only. Lagumes
interplanted in 3 x 1 m spacing of subabul recorﬁed:
significantly higher dry matter yield than those

intercropped in 4 x 1 m spacing at these stages. Though
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not significant, tho samrs trend was noticed at other

stages also.

significant difference was noticed in the dry
matter yield of legumas at the BOth day during both the
vears, Cowpsa racoried higher dry matter yield than
blackgram.  g&xcept in the first year at tne 60th day.

the same trend was noticed till harvaste.

The effect of cereals on dry matter yield of
lequmnas was significant at all stages of growth during
both the years. sorghum was signlficantly higher than
bajra and muize in increasing the dry watter yield of

B and 60th day after planting. At the

legumas at tie 30t
harvest stage, analysls of the pcoled data also

indicated the same trend. Legumes grown along with bajra
always recorded tha lowest dry matter vield., The dry
matter yleld of legumes was signlficantly higher during
the seceond year, at the harvest stage. Interaction
effects wera not significant and sorghum + cowpsa

combination recorded the highest dry matter yield at

harvest.
(c). Total yield of Ary matter (cereal. + legumna),

The effect of spacing of subabul on total yield of
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‘dry matter was significant at all tie gktages of growth.
Pooled analysis. of data at the harvest stage algso showed
the samz trend. Intercropping of annual crxopa in 3 x 1

m spacing of subabul was significantly superior to
intercropping in ¢ % 1 m spacing in increasing the total
vield of dry matter in all ghé cases. AR incpease of 23
per cent in‘ary matter vield was realized by inte:ctopping

in 3 x 1 m spacing of subabul over 4 x 1 m spacing,

The effect of legﬁmas on the total yield of dry
matter was not consistent. At the BOth day blackgram
recorded significantly more yleld than cowpea during the
first year while cowpza cut yvielded blackgram in the
-.secomd year, though'it uas ot significﬁnt. At the soth
day'in the second year, the effect <f cowpona was
‘significan:ly higher ﬁhan that of blackgram. 3But at the
.harvest stage, the influence of blackgram wés significantly

higher than cowpea in both the years.

There was significant differonce on the total

vield of dry matker dua-to the effect of cereals. At the

th th

307" and 60" day in the first vear, bajra recorded the

highest yield followsd by maize and sorghum. The same

trend was noticed in the second year also at the BOFh day.
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But at the 800 day in the second year, the yield of

sorghum was higher than that of malze and bajra.

The combination malze + blackgram recorded higher
total dry matter at harvest, though it was mot
significant, Dry matter yield recorded during the second
year was significantlg higher at ﬁhe harvest stage thab
that dufing the first year.

(8). Grain vield

: The.data on maan grain ylelds of_cexeals; legumes
and their total yield are presented in Table 46 (a), 46
(5), 27 (a), 47 (b), 48 (a), 48 (b) and 48 (c), and the
respective analysis of variance in appardices ﬁIII, X, X
ard %Ii.
{a). Cereals.

Bubabul gpacing recorded significant difference
on the yield of intercropped cersals during both the
years. Intercropping of cereals under 3 X 1 m spacing
of subabul recorded significaﬁtly higher yield than
1nterc£Opping under 4 x 1 m spacing. |

Intercropped legumes showed significant effect on
the gfain vield of cereals. The effackt of intercropping



Table 46(a). Grain yield (kg/plot) of cereal (£irst year).

Cowpea Blackgram HMalze sorghum Bajra Mean

Maize sSorghum Bajra
3x1im 1.74 1.90 2.13 1435 1.99 1.82 coupea 1,77  1.22 1.52
4 x1Imnm 1.32 1.73 1.90 1.3% 1.32 1.52 3lackgram 2.26 1,32 | 1.79
laan 1453 1,81 2.01 134 1.65 2.01 1434 1465
_ (0.76) (0.90) (1.00) (04,67) (0.82) (2.00) (5.67) (0.82)
CD (0,05)_subab‘ul spacing, legume s 0,26 S. spacing x cereal, legume x
CD (0,05) cer=al = 0,32 ¢careal interaction = NuSe
8. Spacing x legume interaction = NeSe S. spacing x lagums x cereal
' ‘ = NeSe

fnteracition

Tabla 46(b). Graln yileld (kg/plot) of cersal (szcond y=ar).

sorghum Bajra

Cowpaa 3Slackgram Malze Sorghum Bajra M’E’--’:’B talze

3x1m 2.20 2.49 3.10 ° 1.95 1.98  2.34 - Cowpea 2,22 1.73 . 1455
(1.10) (;.24) {1.55) (0.97) (0.99) (1.17) {1.11) (0.88) (0477)
4xim 147 2.24 2421 1.87 1.49 1.85 Blackgram 3.08 2,09 1,91
{0.73) (1.12) {(1.120) (0.93) (0.74) (0.92) (1:56) (1.04) (0495)
4=2an 1.83 235 2.65 1.91 1.73 2465 121 . 1,73
(0:91) (1.18)  {1.32) (0.95) (0.86) {1.32) (04558) (D«86)

CD (0,08) gubabul spacing, legume = 0,36 S. Spacing ¥ cereal, legume x
CD {0,05) cereal | = 0.44 ceresal intersction - - m NeSe

--S. spacling x leguma interaction =, NeS. —-- .- Se.Spacing x legume = careal .

’ = NQS.

Figures within the parenthesis indicate yield in t/ha,

interaction

H.8. = Not significant,.
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Table 47(a). Grain yield (kg/plot) of lagume (fifst year) .

Cowpea Blackgram Malze Sorghum Bajra Mean Maize Sorghum Bajfz
3xim " D461’ 059 0.56 = 0.80  0.45 0,60 Cowp2a 0,56  0.71 0447
) . " {0e30) (0e29) ~ (0.27) {0.40) (0.22) .(_0.30) ) . {0.28)  (0,35) (0.23)
4dx1im . 0.55 0.56 = 0456 065 0.45 0.55 Blackgram 0,56 0,73 0,43
' _ (0.27) (C.28) (0.28) (0.32) (0.22) (0.27) - (0.28) (0.36) (0.21)
Yzan 0,58 ' 0.57 . 0.55 0.72 0.45 0.56 0,72 0.45
(0.22) (0.28) (0.28) (0.36) (0.22) . (0.28) (0.38) (0.22)
subabul spacing, legure = NeSe Se. spacing x cereal, legume x
CD (0.05) careal = 0,07 careal interaction = NuSa
5. spacing 7 legume interaction = HaSe S. spacing x legume x

L\.So

i
4

cercal’ interaction

Table 47(b). Grain yiecld (kgplot) of legume (secand year).

_ - Cowpea Blackgram. Maize -Sorghum BJBajra Mean Maize sSorghum Bajra

Ixtm . Da56 0,52 " Ded4 0484 . 0.33 0.54  cCowpea. 0.44 0,69 0,32
(0.28)  (0,26) .(0.22) (0.42) ~ (0.16) (0.27) (0.22) {0.34) (0.15)

4x1m 041 0.43 0.43  0.54 0.29 0.42 Blackgram 0.43  0.68  0.30
(0,20 (0.21) (0.21) (0.27) (0s124) (0.21) (0422) (0.34) (0,25)

vean . 048 0.47  0ed3 ~ 0.69 Oe31 ' .43 0e69_  0.3%1
(0424) {0.23) (0.21) (0.34)  (0.15) {0.21) (0.34) " (0.15)
D (0.05) subabul spacing | = 0,10 - CD {0.05) S. spacing x cereal 2 0,18
Legums = NeSe . Legume x cereal interasction = NeSa

- CD {0.05) -cereal - a 0,12.. -.- - .-S. spacing x.legume.x cexeal . . .. . _

5. spacing x legume interaction = N.Sa. interaction a Ne.S.

Figureg within parenth;sis irndicate yield in t/ha, N.S. = Kot significant.

[Tt



Table 48(a). Total yield (csreal + legume) of grain {(kg/plot), (£izst year).

Cowpea Blacksram Maize.  Sorghum Bsjrz Mozn ' faize Sorghum  Bajra ;
3x1m 2.35 2449 2,68 2,15  2.44 2.42 Cowpea+ 2,24 2,00 1.99
e ' (2617) (1.24) . (2,34) (1.07) (1.22) (1,21) (1.12) . (1.00)  {0,99)
4rio 1.8 2029 2437 1,92  1.78 2,05 Slackgram 2.81 - 2,13 - 2,23
| (0,90) - (1.14) (1.18) (0.99) (0.39) (1.092 (1,400 (1.06)  (2.11)
- Maan 2.08 2,39 2;5-?. 2,08 2.1% 2,52 2.06 2,11
€5 (0.05) subabul ap:.cing, leguna = 0,26 submbul spacing x cereal, .
Co (0,05) coxeal , = (0,31 legume x cereal imteraction = N.Se
Se Spacing x legume interacticn = Ne3a Se Spacing % lagume x cereal |
intcraction = NeSe

2able 48(b), Total vield (cereal + legume) of grain (ko/plot), (second yeard.

Cowpea HBlachgram Halze sopghum 3Sajra ltean falve Sorghum  3ajra
3xam . 375 3.01 3452 2,79 2431 © 2.88 Cowpen 2466 2,43 1.87
o - {1.87) (1.50) (1.76) (1.39) (1.15) (1.44) (2:33) {1.75) 0.93
4xim 1.88 2.66 2264 - 2,40 . 1.78 2427 Blackgram 3.51 2277 2e21
’ (0.24)  (1.33) (1e32) (1.20) (0.89) (1.13) _ (1.75) (1.38) (1,10}

Moan 2431 2,83 3.08 2,59 2.04 ‘3,08 2,59 2.04

(1.15) {(1.41) (1. 54) C{1.29)  (1.02) . B {i+54) (1.29) (1.02)
CD. (0405) subabul spacing, logume = 0433 3. ..pac:.ng x cereal, '
_CD (0.05) cexeal IS, _ T « PY-5 A legum ® cereal interaction, . . NaSe
~S. spacing % legume intaract:ian - = HeGe Se spacing x legume = cereal

: intaraction T WeSe [T

. | -
Filgures within parenthesis indicate yield in t/ha, N.S5. = Not significant. 0o




Table 48(c). #ean table for pooled data of ar:y mattey and g:a..n yisid of &ma-'h
lagume amd ttisir total (kg/plot) at hamst. _

Dry matter yield ' : Grain yisld
. _ Cereal Legune Total * Careal legun® Total
Spaeing o
3x1m Ga.l4 1.83 . 7297 ) 2.08 " 057 = 2465
4dx1nm 476 1.72 £ 448 " 1,69 . D48 . 2.17
CD (0403] 0,36 Wes. 0440 0.21 . 0.04 . 0.20
Lacums ]
Cowpea 4.+98 1.91 6«89 T 1.68 0453 24231
B@ackgr.'am 5491 1.65 756 2.09 Os52 2.61
CD {0.05) 0.36 0422 040 0.21 PsSe  0a20
Caraal : ' _ _
.H&ite' 5«97 1.75 ‘ T34 2433 0,50 .23
serghum ' 5.63 2.28 791 . - 1463 - Q.71 - 2034
Bajra 472 1.31 6.03 \ 3,70 0e38° 2,08
cD (0.,05) O.44 Qa7 045 ~ Qe26 . 0.05 " 0e25
-1 yesgr 5e24 1«58 .82 . 1,67 0.58 2425
Ir year 5.66 1.97 763 . 2«10 Oe45 2e58
€D (0405} 0436 0.22 0.40 Oe2l 3.04 020

He3. = IO Bignifiﬁaﬁtt

eTT
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blackgram in increasing the yleld of cereals was
significantly more than that of cowpea during both the
years. The combingtion of maize + blackgram recorded
the highest.yielé of cereals than the othar‘coméinations.

‘though it was not significant,

There was significant difference in the grain
vield among cereals during oth the yaaré. Malza
rocorded significantly higher grain yield than sorghum
and bajra, and the latter t&c were ¢n éar. Soprghum
recorded the loﬁest yield during the first year but out
vielded bajre during ﬁhe second year. Grain yield of
cereals was significantly higher in ths second'year as
compared to the £lrst year. None of the interacticn

effects was significant.
(b). Legumes.

Interplanting of legumes under 3 X 1 spacing of
subabul recorded higher yield of legumes than urkier 4 x 1
m spacing. This effeclt was more prominent during the

secord year,

There vas no significant difference in the grain
yvield cf different legumes. However, grain yield of
cowpea was slightly more than that of blackgrame.

Significant difference in the yield of legumes was noted



due to the effect of coreals durlng boeth the years,

Among the cereals, the effect of sorghum was significantly
batter thgn malze and bajra in increasing the yieldzof
intercropped legumes. Grain yvield of legumes was |
coﬁéistently depregsed by intercropping with bajra.; The
combination sorghum + blackgram or cowpea racorded ﬁigher
yield though the differsnce was not significant. ;
Significantly higher grain yleld was recorded during'the
second year. The interaction effects of spacing of
suibabul x cereal;: and spacing of subabul x cereal x ?
legume were significant on the-grain yield of 1egume§

during both the years.

(c)e Total yleld of graln (cersals + legumes). |
spacing of subabul showed significant effect on
the total yileld of grain during both the years. Pooled
analysls of data also indicated significant effect of
spacing on the total yield of grain, Intercropping ?
cereals and legumes urder 3 x 1m spacing of subabul’
i
recorded higher total yisld than intercropping under
4 x 1 @ spacing, |
Legume intercrops showed significant effect on the

total yield during both the years. Durin§ hoth the years,
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the effect of bléckgram was signlificantly higher than

thatt of cowpea.

The effect ©Of cercsals on the total grain yield
wag significant. !aize recorded the highest total yield
and it was superior to sorghun and bajra during both the
years. Sorghum registered the lowest yield during the
£irst year but out yielded bajra during the second yesar.
The combinpation. malize + blackgram recorded the highest
yield than the othef combinatiogs though it was not
significant. Total yield of grain recorded during the
second year was signiflcartly higher then that of the

first year. None of the interaction effect was significant.

{3). 2Potal biomags yield of thez system.

The data on the total blomass yleld of the system
(dry matter yvield of anmual crops during the first §na
second year at harvest + the total blomass yield of
subabul during the same perlod) are presented in Table 49

and the analysis Of varlance in Apperdix XVI,

_ Subabul spacing showed significant effect on the
total biomass yleld of the system. Spacing of 3 x i m
recoxd=d significantly higher blomass (11.63 t/ha) than



Table 49, 7Total biomass yield (kg/plot) of the system
(first and second year anmual crops + subalul).

Cowpea ' Blackgram Maize sSorghum Bajra IM3an , ‘Malze Sorghum BRajra
3x1m - 22,39 24.16 28423 24.50 21.08 23,27 Coupea 20455 20.3¢  19.04
(11,19) '(12.08) (12.11) (12.25) (10.54) {11.63) {1027 (10.17) (9.52)
dx1m - 17.57 20,36 19,47 153,05 18439 18.97 Blacl:gi‘am 23616 234,20 20.43
- {8,78) (10.18) {9.73) (9.52) (9.12) (9.48) - (11.58) {11.60) (10.21)
Faan 19,58 22425 21,835 21477 19,73 21,85 21,77 19,73
(9.92) {i1.13) (10,92) (10.82) (9.86) (10,92) (10.88) (9.86)
CD {0,05) subabul spacing, legune = 1,72 3. Spacing X cereal ard legume x
Cereal . = NaSe cereal interacticn = Hola
Se 8Bpacing x legun: interzction = HNaSa 3. Spacing x legume x cereal

interaction 2 Male

Flgurese within parenthesils indicate yieid ia ¢/ha, N.3. = 0C significant.

LT
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the spacing of 4 x. 1 m (9.48 t/ha) ic., an incrcase of
23 per cent in biomass production was recorded under.

3% 1 m opacing over 4 x 1 © spacing.

Intercropping of legumes showad significant .
effect on the biomass yleld. Among the two legumes, thas
effect of blackgram was superior to cowpea in increasing
the biomass yield. Intercropping of csreals had no
-influencz on bicmass yield, The combination of sorghum/
Lmaize + blackgram racorded higher vield than other

" combinations, though the differance was not significant.

C, Uptake studies

(1). Uptake of nitrogen

The data on the uptake of nitrogen by cereals and
;egumes ard thelr total uptake at the harvest stage are
presented in Tables 50 (a), 50 (b), 51 (a), 51 (b), 52 (a),
and 52 (b{,and thelir respective anaiysis of variance in
Appendices XII, ¥III and XIV.

{(a). Cereals.

The efiect ©Of gpaecing of subabul on nitrogen uptake
by cereals was signifiéant during both the yoars.
Ritrogen uptake by cereals planted under 3 x 1 w spacing
of subabul was significantly higher than under 4 x 1 m



Table 50{a),

Uptake of nitrogen (kg/hia) by cereal at harvest (first year).

. Cowpea Slackgram Malze sSorghum Bajra Maan Maizma Sopghum Baira
3% 1m 32,24 36,88  34.09 35.61 . 33.97 34.56  Cowpea  27.53 33.52 27.04
4x1m 26,53 29,18  27.70 29,93 25.93 27.35 blackgram 34.20 32,02 32,86
Mean 29.38 33,03  30.89 32,77 29,95 30.89 32,77 29495
o (0.05) subabul spacing., legu = 3427 " 8. sbacing X careal, legutrle 2 -
Oemal = HeSe cer&al int?.“aCtlon = HaSe
S. spacing x legume interaction ®= NeS. 8. spaeling u legume X cereal
intoraction ' 2 NeSe
Table 50(b). Uptake of nitrogen (ko/ha) by cereal at harvest (second ysar).
Coupea Blackgram Malze Sorghum Bajra Meon Malze Sorghun Bajra
3x1m 37.96  44.17  44.95  47.22 31.02 41.06 Cowpea 32,25 42,29 23.84.
¢dx1m 27463 35.16 33.50 38,23 23.95 31.89 plackgram 40419 43,16 31.13
Mean 32.79 40,15 3222 42,72 27,48 - 39.22 4272 27,48
CD (0.03) subaml spacing, legume o 4426 - S. spacing x ceyeal, legums x
CD {0.05) cercal = 5,52 cereal interaction @ {JySa
Se spacing x legume interaction = [fofa 3. ppacing x legume % cereal
intoraction = HaSe
NeS. = Not significant.

6TT



Table 51{a). Uptake of nitrogen (kg/ha) at harvest by legume (£irst year),

Cowpea Diackgram  Malze Sorghum  Bajra  Mean ¥aiza Sorghum Bajca
3x 3o | 23,12 24,45 21.79 36,02 15.54 23.78 cCowpea 121,01 26,38 18.40
d=xz1m _ 20,74 24,07 21,33 20441 19.49 22.4%1 Blackgram 22.11 34£.05 16_,63
Mean 21.93 24426 21.56 30.21 17.51 21,56 30421 .17.51
Subabul spacing, logume = MeSa- 8. spacing x cereal. legune x
€D (0,05) cereal = 5,04 czpeal interaction = e
S. gpacing x legum intzraction & NeSa. . 5. spacing x legume x czrcal
i interaction 2 NeSe
Table 51(b). Uptake ©Of nitrogen {kg/ha) at harvest by legume (second yzar).
Cowpsa 3lackgram Malme Sorghum Bajra IM2an Malze gSopghum Bajre
3x1im 30,29 - 25,96. 25.67 37407 21.63 28.12 Cowpes 25,34 31.64 25,83
4x1m 25.05 23.86 22.89 32,00 18,47 2d.45 Blachgram 23422 37.23 14.28
Maan 27.67 24,91 24.28  34.53  20.05 : 24428 34.53  20.05
Subabal spacing, legume = MNeSe 3. spacing x cereal imteraction = NaSe
CD (0,05) corsal 2 6.4 ‘ Iegwez x cereal intoraction = 9,13
Se 8pacing x legune lntaraction = HaSe S. spacing x legume X cersal C
' interaction = MN.Se
NeSe = lNot significant.
bk
Do



‘Table 52(a). Total uptakas (legume + cereal) of nitrogen (kg/ha) at harvest (first year).

Coupza Blackgram Malze Sorghum Bajra Mzan _ Maize ,Sorghuit Bajra
I x1lnm 55.35 61.34 55,88 69,64 49481 58,35 coupaa 48459 52,90 45.44
4x1m 47.27 53.25 49,03 56433 45,42 50.26 Blackgram 56,32 66,07 49,48
vean 51,31 57.29 - 52445 62,98 47.46 52,45 62,98 47.46
CD -(0,05) subabul spacing, legume - = 5,39 S. Spacing X cereal, lsgune x -
CD (0,05) careal = 6460 cersal interaction = NeSe
Se spacing x legume interaction = NeSe. S. spacing x legume x cereal
Lo Intaraction = NeSe

Table S2(b). Total uptake (leguwe -+ cercal) of nitrogen (kg/ha) at harvest (secord year).

Coupea Blackgram Malze Sorghum Bajra Moan &aize sorghum Bajra

3xim  68.26 70412  70.61 B84.30 52,65 69.19 Cowpea 57.60  74.18 49,67
4x1mnm 52.68 60.02 56439 70,24 42.43 56.35 Elackgrhm 69.41 804,40 45.41

Mean 60.47 65,07 63.50 7727 47454 63.50 T7.27 47.54
cd (0405) gubkzbul spacing, legume = 5,395 Se. Spacing x corzal, legume x
Cb {0.05) cereal , = G455 cereal interacticn = NeSe
Se gpacing x legume interaction = W.S. ' S. spacing x legume x cereal
: : interaction = e Se

N.Se = Not gignificant.

[cT
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spacing.

The gffect of legumés on the tptake of nltrogen
h& careals was significant, Cereals grown with blackgram
recoxded higher uptake than those grown with cowpea
during both the yearvo. Intersction effects were not
significant. #Maize + blackgram ccabination registered
the highest uptaka &uring both the yearg, though 1€ waa
nok significant. During the secomd year a higher rate of
uptake was noticed.

{b),. Legumes.

Intercropping legumss under 3 % 1 m epacling oF
subabul did not show any significant increase in the
uptake of nitrogen by legumes duiring bothli the years.
Significant difference was not cbserved in the uptake OFf.
ni§£ogan among legumes, though blackgram and coupea
recorded higher uptake in the first and second years

‘pagpectively.

Cercals showed significant effect on the uptake
of nitrogan by legumes during both the years. The uptake
of nitrogen by legunzs was gbre due tc the effect of
gorghum thén due to maize ana_ﬁajra during both the years.
Legumes intercroppsd with bajra recorded the lowest:

uptaka, thiouch it was on par with those intercropped with
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maize. The interaction effects of cereals x legumes

wag significant on niérogen uptake, during the secoﬁd
pearsonly. The combination sorghum + blackgram recorded
the highest uptaie and it was on par with sorghum +
cowpea combination during the secord year. Though not
significant, simllar trend was observed durlng the Eirst
vear alsos Bajra + blackgram combination recorded éhe
lowest uptake of nitrogen by legumes during both the

Yoars.
{(c). Total uptake of nitrogen {cercals + legumes).

There wvas significant difference in the total
uptake of nitrogesn by cereals amd legumes due to
spacing 62 subabul. Crops planted under 3 x 1 m spacing
of subabul registered significantly higher vptake than
those planted under 4 x 1 @ spacing during both the
years. legumes showad significant influence on the uptake
during the first year only. The gffect of blackgram in
influencing the uptake was higher than that of cOwpea
during the first year and this trend was maintained

during the second year also.

Cercals showed significant influenge on the total
nitrogen uptake during both the years., sorghum recorded

the highest uptake an? it was superior to malze and bajra.
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Bajra showed the lowsst uptake during both the years
and was on par with maize during the first year only.
The combinétion sorghum + blackgram showed consistent
higher uptake than other combinations, though it was

not sigalficant.

(2). Uptake of phosphorus

The data on the uptake of phosphorus by
cergals, legumes and thelxy total at the harvest stage
are presented in Tables 53 (a), 53 (b), 54 (a), 54 (b),
..55 (a) and 55 (bb and thelr rzaspective analysls of

variance in Appendices XIT, XIII ani XIV.
{(a). Cereals.

The @ffect of spaclng of subabul on the uptake of
phosphorus by careals was significant, Cereals
intercroppad under 3 x 1 w spacing of subaiul recorded
significantly higher uptake than these intercroppad

under 4 x 1 m spacing during both thae yesrs.

The intercropped legumes showed significant
influence on the uptaike of phosphorus. Intercropping
blachgram was more efféctiva than intercropping couwpea
with cereals in enhancing the uptake during both the

years.

3igntficant difference was noticed in the upﬁake



T&:iblﬁ_ 53(a)e

Uptake 0f phosphorus (kg/ha) at harvest by cersal (first year).

HeZe =

Cowpea  Blackgram HMaize: sorghum Bajra Mean Malze sorghum: Bajra
3xim 7e15 8447 Bo11 5497 11438 7.82. Cowpoa. 4495 . 5.28 8,97
4x1m "B465 €486 4.88 S5.12 B8.74 6.25 Blackgram ©6.04- 5-51 11.12
. teen Ge40 7466 5,49 S5.5¢  10.04 5.49 ~ 8.54 20,04
CD (0405) =zubabul spacing, lmguma = 0,93 s. spacing ® cereal, legume X%
¢ (0405) cereal a 1.14 cereal intersection - @ NeSe
Se Bpacing x legumo interaction w NeSe S. spacling = legume X ¢ereal
1nmgxaction _ = NeSe
Table 53(b). Uptake of phogphorus (kg/ha) at harvest by cerezl (second yearl.
Cowpea Blackgram !Maize Sorghum Bajra M2an Malze Sorghum Bajra
3xim’ 8.55 9.83 7:.64 8.31 11.62 9.1° Cowpga  Se54 6.82 9.25-
421m’ 5484 7.83 5456 6.01 9,02 6,86 slackgram 7.66 7.5% 11.39
Mean 719 8,85 6.60 7.16 10,32 6.60 7615 10,32
CD (040S) subakul spacing, legums = 0e75 Se opacing X cereal, legumza x
CD (0.05) cereal = 0,92 cerceal intersction = HeSe
Se spacing x legume interaction = NaS. Se spacing X loguma x cereal
: interaction = NeSe

Fot signi £icant.

'
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Table 54{a). Uptake of phosphorus (kg/ha) at hervest by legume (£irst year).

Cowpea Blackgram Maizc Sorghum Bejra vean Malze sScrghum Bajra
3x 1M 2,67 O 2,05 ' 2,48 2,96  1.68 2.36  Cowpea 2438  3.03 . 1,94
4x1im 2.23 1.83 2.07 2.42 1.59 2.03 3lacwxkgram 2432 2436 1.33
‘Yean 2445 1494 2.25 2,69  1.63 2425 2469  1.63
¢ (0.,05) subabul spacing, legums 20432 ) S. spacing x cereal, legume x C
co (0.05; cereal =, 32 - ceraal interzction = HeSe
Se spacing x legume interacticn = M S, S. spacing x legume x careal
interaction = NeSe
Table 54 (b). Uptake of phcaphoras (kg/he) at harvast by legume {second year).
Cowpea Blackgram Maize Sorghum Bajra  Moen Malze Sorohium Rajra
dxln 3402 _ 2.156 2,36 3.47 1.95 2.59 Cowpaa 2454 341 2431
4 x1m 248 1,76 2.900 2.63 1,72 2,12 Blackgram 1.82 2,89 1,37
mean 2,75 1.96 2,18 3.05  1.B4 Ze18 3,05 1.84
Subabul gspacing = Ne.S. Se Spacing x cereal, logumes x
cn. (0,05) legume = 0,54 cereal interaction . = HeSe
Ch {0,05) carcal = 0,67 S. spacing x legume x
S, gpacing # legume interaction = NeSe cereal interaction = NeSe

&

Kot gsignificant.

T



Table 55(a). Total uptake (legume + cereal) of phosphorus (kg/ha) at harvest (first year).

ligize Sorghum Bajra

Cowpea Blackgram Maize Sorghum 3ajra lMean
Ix1im’ 9,79 10,51 8.48 8.84 13,02 10.15 Cowpea 7.26 8,31 10,91
Moan 8.83 9,59 771 8.24 11,68 7.71 B.24 11.68
Ch (0,05) subabul spacing = 1.04 Se spacing x cersal, legums x
lagume = NeSe cercal interaction = NeSe
CD (0.05) cereal means = 1.28 S. spacing x legume x cereal
Se sSpacing x legume interaction = NeSe. interaction = HeSe

Table 55(b). Total uptake (legums +

cercal) of phosphorus (kg/ba) at harvest (secord year).

Sorghum Bajra

Qowpea Blackgram Maize Soxghum Bajra UVean Mgize

3 x’ 1 1 12019 1.8 2,98 124,69 13.40 12003 CO'Wpea 8.07 11.1‘3 11.57
4x1lnm B8a34 9.64 7.56 8.65 10.76 8.29 Blackgram 9.48 10,20 12,59

“ean 10,26 . 10.76 8477 10.57 12.08 B.77 10.67 12.08
CD (0.05) subabul spacing = 1,03 S. spacing x cercal, legums x
Iagume = [HeS3e cereal interaction m NeSe
CD (0.05) cereal = 1,26 Se. spacing x legume X
S. spacing x legume interaction = NeSe cereal interaction = N.S.

.S,

ot significant.

| S
N
~1
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of phosphorus among cereals during both the vears,

Bajra recorded significantly higher uptake than malze
ard sorghum and the iatter two ware on par. Maize
reglstered the lowest uptake in all the cases. 'Bajra +
blackgram' combination showed the hlghest uptake of

_ phosphorus by cereals, though it was not significant.

Uptake tended to be highe; during the secomd year.
(b). Legumes,

Significant differance in the uptake of phosphorus
by legumes was notlced due to spacing of subabul during
Ehe first year only. Lagumes interplanted betuween 3 m
wide rows of subabul showed higher uptake than those
interplanted betwean 4 m wide rouws of subabul and the

effect was not significant durihg the secomd year,

There was marked differcnce among legum=s on the
uptake of phosphorus. The uptake was slgnificantly

higher by cowpez than by tlacikgram during soth the years.

Q

eroals exerted significant influaznca on phosphorus
uptakz by legumes during both the years. Sorghum
favoured increased uptaie and was superior to maize amd
bajra during the second year and to bajra only during the
£irst yoar. Interaction efiects .Wore not significant on

phosphorus uptalc.
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(c). Total uptake of phosphorus (cereals + legumes).

The effect of subabul spacing on the total uptake
of phosphorus was signiflcant during both the years;
Intercropping cereals and legumas in betwesn 3 m wide
rows of subabul resulted in signifiecantly higher uptaks

than intercropping hetwecen 4 m wide rows.

There was no significant effect on the total uptake
of phosphorus due to legumes. Cereals had significant
influence on the uptake during both the years. Bajra
registerzd the highest uptake and was superior to maize
and sorghum. The lowest uptake was recorded with malze,

which was superlor to sorghum during the second year only.

dNone Of the interactiocn effects was significant.
However, 'bajra + blackgram! combination recorded

consistontly more uptake during both the vears.,

{(3). Uptaka of potassium

Tables 56 (a), 56 (b}, 57 (a), 57 (b), 58 (a) and
58 (b) show the data on the uptake of potassium by
cereals, legumes and their total uptake, and the
respective analysis of variance are presented in

Apperdices XIl, XIII and XIV.



Table 56(a).

Uptake of potassium (ko/ha) at harvest by cereal {first yeaw).

smize sorghum

Cowpsa BRlackgraua Maize Sorghum Bejra Mean Bajra
3x 1m 26.66 31.55 21,91 21497 43.57 29.15 Cowpea 17.84 17.69 37.31
ax1lm 21,30 22,95  16.91 15.99 .37 22,42 Blackgram 20,98 20,28 40,64
2an 24,28 27,30 19.41 18.98 38497 19,41 18,98 38,37
D (0.05) aubabul spacing. legums = 2,17 S. spacing x cercal, legume x
¢D {0.05) careal = 2,65 cerenl intaraction =2 NeSe
Se spacing x legume interaction = .S 8. spating x leguma ¥» czyeal
interaction = NeSe
Tabkle 56 (b)., Uptake of potassiuvm {kg/ha) at hiérvest by cersal (second year).
Covpea Jdlatkgran iaize so:ghﬁﬁ Bajra tean aize sorghum Bajra
3 xim 28,79 32,57 24.71 27.08 21.76 31.18 Coupea 18426 20,21 34,92
4x1m 20,13 22,79 19.687 16.57 28.94 21,46 Blackgram 285,33 23.44 35,78
¥ean 24 446 22.13 21,79 21.82 35,35 21,79 21.82 35,35
CD (0,05) supabul spacing = 4,42 S. Spacing x cereal, legum: x
Legqume = Ne3. cereal interaction = NeSe
CD {DeD5) cerezi = 5.4 S. Spacing x lecune x cersal
S« Spacing x legumz interaction = HeSe interaction s NeSe
NeSe = Not significant.

—
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Table 57(a)e. Uptake of potassium (kg/ha) at harvest by

legume (first year).

Coupea Elackgrégl Maige Sorghum Bajra Mean :ezgizé 2orghum RBajra

Ixim 10.74 5.1 7.70 10.63 5.85 7«96 Cowpaa 9«55 12.94% 383
¢x1m 9.37 5.26  7.31 9,23 6.15 7.56 Blackgrem 5.46 6.92  3.28

Mpan 30.30 5 22 7.50 9,93 5.85. .50 .83 35.83
subapul spacing = Nede $. Bpacling x cereal, leguie x
Cb (0.05) legume = 1,30 ceraal iateraction . @ Ne3,
CD (0.0%8) cereal = 1.59 S. gpacing x leguie x cercal
5. spacing u ieguie interaction = FHeSe interactidon = WeSBe

Table 57 (b). Uptake of potasgium (kg/ha) at harvest Sy legume (second vear).

Cowpea 3lacikgramw Malze Sorgnws 3zjra Mean valce Soxghum 2ajra
3x 1m 13.93 G.01 10432 12.%0 7.80 10,27 Cowseza 12.54 15,107 10.5C
4x21lm 11.439 5,33 798 10.58 6.22 Y.26 Dlackorzm 570 g.18 Je52
subabul spacing = NeSe S. opacing % cersal, legume =
CD (0405} legume = 2.08 cereal interscticn = NaSa
cD (0.05) cereal = Z,55 " 8. spzeing ® legume x ceraal
Se Spacing x legune interaction S KeSe interaction z Ne.3e

' —

Co
NeS, = Kot significant. =



Table 53(a). Tokal uptake ('legﬁmrs + cexeal) of potassium (kg/ha) at hagvest (flrst year).

Cowpea Rlackorsm HMaize

Sorghum Bajra Mean

Malz2 Sorgaum Bajra

45.75

3x1im 37.3% 36.85 " 29462 32,60 - 49.13

4xim 31.71 28,22 24,12 25,22 | 40.55 29,96 Dlackgram 26445 27.20 23.93
Mean - 364565 32,53 26.87 28,91 44.84 25.87  28:91 44.84¢

D (0.,05) subabtul spacing = 2494 Se apacing = czrozl, legura »

lagumne .o = WeB. cereal interaction = Nolie

CD {0.05) cereal . 2 3a61 3e spacing x lagume x gczeal

S« gpacling x legume interaction = eds intevacion : = Haile

Table 58(b)., Total up‘hr«.ﬁe (legume + careal) of ootassion (ko/ha) at harvest (secord yearl.

Cowpua Blackgram MNaize Sorghum Bajra il@an Moize Soxghue Bajra
3xim 42.72 40,421  35.02 39,81 49.56 41.46 Cuwpse  30.78  35.31 45.43
4 x 1w 31.63 27.92 26,84 27,31 38,17 29,77 Blackoram 31.08 31.82 38.29
iean 37.17 34.06 30,93 . 33.86 42,36 30,93 33.56 42,36
€D {0, 05) subabnl ssiaci g = 445 Se .sgaci ny ¥ cexgal, lagume X
Isgune 2 HeSe careal litaraction = KaSe
CD (0405) corsal = 5.45 3. spacing = legquma x cereal :
T8V spacing ¥ ‘legumeTinteraction” s S “intersction- - N Se =
[
%]
x no
He3. = Kokt significant.
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(a). Coraals.

Spacing qf subabul showed significant influence
on the uptake of potassium by cereals during koth the
years, Cereals planted in bstween 3 m wide rows of
subabul recorded significantly hicher uptake than those

planted between 4 m wide rows.

Intercrcppad legumes showed significant influence
on the uptake of potassium during the first ycear only.
Intercropping of blackgram increased the uptake of
potassium by cereals than cowpea, though the effect waz not

significant during the second year.

Marked difference was observad in potassium uptake
among cereals during both the years. Bajra recorded the
highest uptake and was superior to wmaize and sorghum and
the latter two were on par during both years. The
combination 'bajra + blackgram' resulted in thé highest

uptake though it was rnot significant.
(b). Legumes.

The effect of spacing of subalul was not significant
on the uptake Of potassium by legumes in both the years.
Uptake tended to be higher whep legumes wers intercropped

under closely spaced subabul than under widely spaced onas.
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Significant difference was recorded in potassium
uptake among legumes. Cowpea recorded the highest
uptake which was superior to blackgram during both the

Ye8rg.

The effect of cereals on the uptake of potassium
by intercropped lagumes was signlficant. The effect of
sorghum in increasing_the uptake of potassium by legumes
was superior to mailze and bajra during the first year
and to bajra only during the secord year. -None of tpe

interaction effectis was significant on ik,

(c). Total uptaka of potassium,

q

The effect Of spacing Of subabul was significant
on total uptake of potassium bv annual crops during'pOth
~ the years. Intercropping cereals and legumes in between
3 m wide rows of subabul recorded higher totasl uptaké
than intercr0pping betwean 4 m wide rows., The effedp of
legumes was not significant on tha total uptakes durﬂng
both the years. There was significant difforance iq:the
total uptake of potassium due to cerzals. Aamong ceéeals
bajra recorded highest uptake during both the yearsi

Rone of the interaction effects was signlficant

D. guality aspacts

{1). Crude protein vield.

The data on crude protein yield of cereals,
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leguméé and thelr total at harvest and the total of the
systea (crude protein éf the first and the secomd year
arnmual crops + crude protein from subabul fodder during
the same period) are pressented in Tables 59 (a), 59 (b),
60 {(a), 60 (b), 61 (a), 61 (b), amd 62 and the respective

analysis of variance in apoendices XV and XVI.

{a). Cereals.

. Intercropplng cereals in Ixgtween 3 m wide rows of
" subabul recorded significantly higher yield of crude
protein than intercropping in batween 4 m wide rows during

both tho vears.

iegume intercrops raocorded significant difference
on crude protein yisld, Growing blacﬁgram in association
with cereals resulted in higher yield than growing cowpea,
during both the years, Thers was no signiffcant
difference in crude protein yield among cereals during the
firsg year, During the second year, sorghum recorded the
highest yield and was superior to maize and bajra while

the. latter two ware on par,

The inmteraction effect of legures x cereals was
significant on crude protein yield during the first year
only. The combination 'maize + blackgram' recorded the

highest yield ard was on par with sorghum + cowpea,



Table 59 _(&;)‘. Crude protein yield {g/plot) of cereal {(first vear).

Cowpea Blackgram Malze sorghum Bajra HMean Maize Sorghum 2Sajra

3x1m 391,99 461,05 409,73 445.22 424.62 426,52 Cowpea 327.43 419.04 338,04
(0.13) (0.23) (0.20) (0e.22) (0.21) (0.21) : (0.16) (0.21) (0.17)

4§xim 331.02 364.71 345,44 374.08 324.08 347.86 Blockgram 427.74 400,25 410.66
- (0.16) (0.18) (0417) (0419) (0.16) (0.17) (0.21) (0420) (0.20)
M@an 361.50 412.88 377,58 409,565 374435 37758 402465 374,35
(0.18) (0.21) (0.18) ({(0.20) (0,18) (0.18) (0420) (0,18)

CD (0.05) subabul spacing, legum o= 38,69 S. Spacing x cersal interaction o N.S.
Car=al 2 NeS. Lagums X cereal interactlion =67,00

S. spacing x legume interaction ) = NeSe S. 3pacing x legumz x ce:cal

. ’ interaction 2 NeSe

Table 52 (b). Crude protein yield (g/plot)of cereal (secomd yearl .

Cowpea Blackgram Malze Sorghum DBajra Mean Maize sorghum Rajra
3x1m | 474,52 552,59 562.66 590,25 3B7.73 513.56 Coupea 403.16 528,72 298,05
(0s24) (0e28) (0.28) (0,292) (0,19 ,—0.25) ‘ (0.20) (0.,26) (0.15)
¢xXx1m . 345,43 452,00 418.75 477.91 299.48 398, 71 Nlackgram 578.25 53249 369,16
} . (017} {0.23) (0.21) {0.24) (0,15) (0.20) (0.29) (0.27) (0.19),
Maan 409 .47 502.29 490,70 534.10 343.05 490,70 534410 . 343.05
: {(0.20) (0.25)  (0.24) (0.26) (0,17} , (0e24) (0.,26) (0.17)
CD (0405) subabul spacing, legums = 53,82 S. spacing X cereal, legume x
-CD- {0.,05) - cerzal = 65,92 cersal interaction . 2 HeSe
8. spacing # legunz inceraction = NeSe S. spacing x legumz x ceresatl
interaction 2 eSe
. i
Flgures within parentiiesis indicate yield in t/ha, N.S. = Not significant. Co

p]



Table 60 (a).

Crude protein yleld (g/plot) of legume (£irst yeoar).

Cowpea Blackgram Malze sorghum DBajra Mean

xt‘aiza Sorghum Bajra

3x1m 289,00 305.67 272.41 425.33 194,25 297.33 'wapeﬁ . 262,58 329,82 229,99
(0.14) {(0.15) (0.14) (0.21) (C.03) (0.14) , (0.13) (0.16) (D.11)
4x1m 259,26 300.91 266.56 330,07 243,63 280,08 Blackgram 276.40 425,59 207.89
(0.13) {0.15) (0.23) (0.16) (0.12) (C.14) (0.14) (0.21) (C.10)
Ban 274,13 303.29 269.49 377,70 218,924 269 449 37770 216.94
(0.13) {0.15) (0.13) (0.18 (0.11) {0.13) (0,18 (0.11)
Subabul apaclnug, 1egurne 2 NeSe S. gpacing x cereal, legun® x
CD (0+05) cercal = 653,05 careal interaction = NsSe
Se specing x legume iu‘-.eraction = NeSe S. spacing X legune x coreal
interaction = NeSe

Tabla 60 (b).

Crude 'prot@:ln yield (g/plot) of legumn (second year).

T Cowpea Slackgram | Waize  Sorghum  Bajra  rean Malze sorghum Hajra
3x 1m 378.61 324.55 320.84 463.44 270443 351.57 Coupea 253.16 397.97 322,84
(0.19) (0.16) (0.16) {(0.23) (0.13) (0.17) - (C.13) (0.20) (0.16)
4xlm 270671 284 .40 222,55 400,02 210,09 277.55 Blackgram 290,23 465,50 157.69
(0.13) (0.14) (Ce1l) (0.20) (0.10) (C.14) (0e14) (0o23) (D.08)
Maan 324 .56 304 .47 271.69 431.73 24D.26 ' 271.62 431.73 240426
(0.16) (0.15) {0.13) {0,21) (0.12) (0e13) (0.21) (0.12)
CD (0.05) subabul gpacing = 64,22 9. spacing x cereal = NeSe
Isgure B NeSe ch (0.05) legume x cerzal = 111,23
- -CD-{0.05) -cereal . .. = 78,65 ... .. _S..spacing x legume x cersal _
S. spacing x leguma interact:l.on = HeSe interaction 2 1o Se”

Flgurag within parenthesis indicate yield

in t/ha, N.S. = Not significant.

AET



Table 61(a). Total vield (g/plot) of crude protein (legume + cereal) (first year).

Cowpea  Slackgram. Malze Sorghum Bajra Mean ' Malzg  Sorohum Bajra
3x1m 692428 766.74 698,60 871,07 618.87 729,51 Cowpea 628,19 749,38 568,03
. {(0.35) (0.38) (0.35) (0.43) (0.31) (0.36). . {(0.31) (0.37) (0.28)
4% 1m 604.78 665,63 633,72 704.18 567.71 635.20 Blackgram 704.13 825,88 618,55
- (0.30) (0.33)- (0.30) (0.35) (0.23) (0.32) - (0e35) (0.41) (0.31)
Mean = 548,53 716418 666, 16 78?.63 593.29 666415 787463 593:29
: (0.32) (0.36} {0.33) (0.39) (0.29) : (0.33) (0,39) (0.29)
cb (0.05) aub:zbul spacing = 62,95 5. spacing = cercal, 1egume b 4
Legums .27 NaS, . cercal interaction = NeSe
CD (0,05) careal = 85467 . S. spacing ® legume x cemal
Se 8pacing x legume interactlon = NeSe intaraction S NeSe

Table 61(b}. Total yield (g/plot) of crudc protein (legume + cereal) (second “year).

Cowpea Blackgram Malze Sorghum Bajra Mzan Malze Sorghum Bajra

3xim 853,16 919,00 882,70 1050.‘70 724.80 885,03  Cowpea 720,00 926,70 620.80
4x1iam | 658450 747.30 704,90 B73.40 530.40 702, 20 Blgckgram 867,60 997.40 634 .40
. . (De33) (037} (0.35) (Ou44) (0.26) (0.35) (0ed43) (0.50) (0.32)
Maan - 755,83 833.15 793.80 962,05 627.60 T 793,80 962,05 627.60
(0.38) (0.41) (0.32) (0.48) (0.31) (0,32) (0.48) (0.31)
€D (0.05) subabul spacing = 85,08 Se Specing x ceregl, legume X
Legumns , = Ne3. carcal interaction = HeSe
CD {0405) cereal et S c—- 2104 ,20 - ~- -Be-spacing.x legue x = . . . .
Se "spacing x legums 1n!:eraction = 1eS5e cereal :I.nt;ar:action _ = NeSe
Figures within parenthesis irdicate yield in t/ha, Ne.S. = Yot significant. et

G



Table 62. Total yiglﬂ of crude protein (kg/plot) of the system.

Covpea Blackgram Maize sSorghum Rajra Mean Maize Soxghum Bajra
3x1m 2424 2,48 2.32 2,70 2,06 2.36 Cowpea 2405 2425 1,30
(1a12) (1.24) (1.16) (1.35) (1.03) (1.18) (1.02) (1.13) (0.90)
4% im 184 2,08 2,01 2.09 1.77 196 Blackgram 228 2,53 2404
(0.92) (1.05) (1.00) (1.94) (0.88) (0.98) (1.18) (1.26) (1.02)
Hean 2«04 2428 2,15 239 1.92 2.16 2439 1.92
(1.02) (1.14) (1.08) (1.19) (0,96) (1.08) (1.19) (0,96)
CH (J.05) subabul gpacing, legume = 0,171 Se. spacing X cereal and legume X%
cH (0.,05) ecereal _ = 0,210 cereal interaction @  NeSe
Se gpacing x legumes interaction = NeS. Se spacing x legume x cageal
interactlion = NeS.

Figures withbin parenthesis indicaste yield in t/ha, '

Ne3. = Not slgnificant.

6eT
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bajra + blackgram and sorghum + blackgram, but superior
to the other two combinations. sSimilar trends were

obaerved durlng the secord year also,
(b). Legumas,

Crude protein yield of legumas intercroppad
vetwesen 3 m wide rcws of subabul was significantly higher
than that of legumes intercropped batwcen ¢4 m wide ﬁbws

during the second year only,

Cereals grown with legumes recorded highly
significant influence on cn—tde‘ protein yleld of 1eggms.
The effect of sorghum was superior in enhancing the yield
- than maize ard bajra which wera on par during both the
years. The interaction effect of cereals i leguméé was
significant on crude protein yleld during the second year.
o:ély. The combination 'sorghum + blackgram' recorded i‘the

maximum yield which was on par with ‘sorghum + cowpea'

conbination,

(c). Total yield of crude protein (cereals + legume.é).
i

Planting cereals and legumes in between 3 m wide
rows of subabul was superior to planting in batween ;4 m
wide rows in increasing the total yiesld of crude prétein.

during both the years. There was no significant effoct of
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logumas on the total protein yleld. Cereals showed
 slgnificant influsnce on it during both the years,
sorghum recorded the naximumn crude protain yield milch
was guparlor Lo bajrma, but on par with malze,
Interaction affects wore not significant. The
cczbination, 'sorghum + blackqram® recorded the maximum
vield of crule protsin though it was not significant. |

(3)s Total yield of crude protein from the systen,

Total yield of crude protein from the system was
bigher when annual. Qrops were planted in betwsen 3 m
wida rows of subabul as compared £o planting ind o wide

LOW3

Anmual legumes and ceresals grown aloﬁg with
aubabul significantly influenced total yiem of cm.ads
protein of the system. Ililghar yield was ochtainad with
black gram than with cowpea. Among the careals aarqhum
registored hicghest yiald and was suparior €0 naize arx:
bajra, and bajra recorded the lowest yield, Inte:actlon
effects ware ot significant and the combination

- 'gorghun + blackgram' recorded the maxwimun yield of [ orude
protein of the aystem. - ’

B. 'S0il Pertlility studies

{1}e Eotal nitrogan contant of soll.
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The data on total nitrogen content of soll after
the experiment is furnished in Tab 63 and the analysis

of variance in Appanﬂix XvI.

There was slgnificant difference in the total
nitrogen content of the soll due %o spacing of subabul,
The nitrogen content of goll was significantly higher
when subabul was planted at 3 x 1 m spacing. The effect
of intercropping lequmes and cereals was also aignificant
on nitrogen content of soil. Intercropping of blackgram
as well as bajra resulted in the higher nitrogen coﬁbent
of the s0il, The influence of malze and gorchum was on
par. The combination 'bajra + blackgram' register=sd the

maximum nitrogen content though not sigmificant.,

(2). Avallable phosphorus content of goil.

Table 64 shouws the data on available phosphorus
contont of soil after the experiment and the analysis of

variance is presented in Appondix xvi,

Subabul spacing showed gignificant difference in the
available phosphorus content of the soll. Planting;
subabul at 3 x 1 m spacing rosulted in higher availéble
phosphorus content in soll than planting at 4 x 1 m

spacing. The effect of legumes was significant on



Tabls 63. Total nitrogen content of soil (kg/ha) after the exporiment,

o Coupea Rlackgram Maize sSorghum Bajra Mean Maize sSorghum Bajra

3 x im  21544.41 1777.78 1733,33 1566,62 1833,33 1711.11 Cowpea 1566067 1433433 1733.33
4% 1@ 1511.11 1688.89 1500,00 1533.33 1766467 1600,00 Black 1665,65 1666467 1866467

——

Msan 1577.77 173333 1616.66 1550.00 1800.,00 1616 .66 1550,00 1800,00
CD (0405) gubabul spacing, logums = 84.81 Se si::ac:.i.ng % coereal amd lggume 2
cd {0,05) careal n103,87 carcal interaction = .S
S. spacing x legume Aintoraction o KeSe Se. spacing x laguns x cercal
interaction w 1y Se

Table 64, Avallable pliogphorus content of goil (kgs/ha) after the experiment.

Cowpea Blgckgram Maize Sorghum Bajra IMean raize gSorghum Bajra
Ix1lnm 424,10 42458 42.49 42.38 42.20 42,34 cCowpca 41.62 41.68 40,95
4xi1a 40,73 4172 41.02 41.36 41.31 41,33 Blackgran 41.88 42402 42455
Mean 41441 42,15 41.75 41.85 41,75 41.75 4185 41,75
CD {0.05) subabul spacing, legume = 0.698 8. spacing x cersal and legume X
Cereal w NySe careal intersction . @ NeSe
Sa spacing x leguma interaction = NaSe '+ 5. spacing ¥ legum X careal
interaction 2 NoSe

N.S. = It significant.

EvT



fhosphorus content of the soil., Blackgran aignificéntly
increased the available phosphorus content of the egoil.
than cowpea. There was no significant difference in the
801l phosphorus content due to the effect of cerealé.

Interaction effects were also not asignificant,

(3). Availabla poiasaium content Of soil

The data on available potassium content of sofl
gfter the experiment is furnished in Table 65 and the
analysis of varlance:in appendix XvVI.

There was no marked difference in the avallable
potasgium content of the amcil dua to spacing of subabul,
Intercropping of legumas showed significant dlfforonce on
avallable K content of the solil, Potassium content was
more due to 1nt§rcr09ping with blackgram than with cowpaa.
‘Cersals also showed significant influence on K content in
the aogl. Malze recorded the highost K content of the
soll amd was suparior to sorghum and bajra. Intera’gtion
effects were not significant. The combination maize +
blackgram recorded the highest available K contzent of soll,
though it was not significant,



Tabls 65. Avallable potassium conteuntc

of soil (kg/ha) after the experiment.

Cowpea Blackgram Malze Sorghum 2ajra Mean tialze 'Sorghum Bajra
3xim .36.0‘? 36476 38,80 36,20 34425 30441 Coursa 37,80 35,86 33475
4 x1m 35453 36.75 38.3C 36.20 33.92 36.14 Rlackgram 39,30 35.55 34.41
TMean 35,80 36.75 38455 36 .20 34,08 38455 36,00 3_4.08
Subabul spacing 2= HeSe Se Spacing x cervl,
¢ (0405) legums = (0.821 legume x cereal interaction = 4S5
Co {0.05) cereal = 1,008 s, spacing ® legume x cersal
subabul spacing x legume interaction = Ne.S. interaction = HeS.
N.Se. = Not significant.
N
o

.an
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F, Economics

The economics of production of grain, fodder Snd
fire.wood by different combinations of careals and
legumes undér Varying plant spacing of subabullaze qﬁven
in Table 66. | |

Iilis sean frém the table that all the

combinat:lons of cereals and legumes grown in betwaeﬂ

3 x 1 m spacing of subabul recorded highey profit than
the correspording ongs grown in ¢ x 1 m spgcing, ihe
highest net profit was recorded by maize + blackgramn
combinaticn under 3 x 1 @ spacing Q0f subabul, where %he
nat prafit was R.5447.28/ha over a period of 20 months._
This was followed by the same carbinaticn under 4 x 1 m

spacing of subabul (R.4395.68/ha over the game perie@).



Table 66. =conomics ©f ggroforestry systen involving f£ood and fodder crops.
_Cost of Total Value  Green Yalue Fire value
product-  grain of fodder of ool of Toial ikt
Treatments- ion yield grain GE grsen ' fire income profit
(over two subabul fodder wood
Seasons) : : ' , . ' :
e tB5e) (efha)  (3s.} (&/ha)  (Rse.) (t/ha) (Rs.) _ (Ra.) {Rs.)
A 2 ] ~ 3 4 5 6 7 B 2 10 '
maize &
Coupe
under 3 X1
spacing of ‘ .
ubabul 5496 .22 2.4 6025,00 . Bel8 256,00 2.1 892,20 9523,.,2 2
subg > B4, {1350.90) 2 1256.0 5 8 523,20 4026,58
surghum + ‘ ’
caupaa
under 3xim
spacing of : . .
subabul . 5013.37 1.57  2826.00  7.16  1432.00 1.77 734.50 7572,30 2559.13
: (0.86) (2580.00) '
Bajga +
cowpea
under 3x1im
spacing of s
aukabul 5070.60 1.94 4326420 537 1074.00 2,38 987,70 767190 260730
saize + (0.43) (1290.C0)
bilackgram
apder 3xim
spacing of : E - : .
subabul 5502,22 2.81 7025.,00 6425 1250,00 1.50 622,50 10948.50 5447.28
(0.54) (2052 ao) '

Figures mithin parenthesis indicate grain yield and value of. legumas.

abT
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'

sorghum +
blackgran
undar ¢ x 1m
specing of '
subzshbul

Bajxra +
blackgzam
uniler 3 x1m
spacinmg of
subaibhul

Malae »
Gowpea
urder 4x im
spacing of
subabul

sorghum +
gowpea _
under ¢x 1o
spacirg of
subabul

5013.37

5015437 172 3096.00

(0.77) (2926,00)

6.76 1352.,00 1,92

204 45495420
{04335} (1330.00)

5084.41 5464  1328,00 2.36

5496,22 159  3975.00 4.39  878.00

(0.54) (1620.00;

133

(0.533 (1593.30)

3.20 640,00

10
796.80 8170.80 3151.43
954.50 5161.70 3076.29
561,95

7024.95 1522,73

239,90

527390 266,53

- Figures within parenthasiswiﬁaiCata-grainvyield

aﬁﬁ:éalug of legumes. .

8T
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A1

i

m)

Bajra +
covpea

wiler 4x1 m

spacing of
subabul

alzme +
P | s S
Blackgram

cumder 4 xlm

-spacing of
subabul

sorghum +
blackgran
urder 4x 1 m
spacing of
subabul

Bajra +
blackgram
uxder 4x1m
apacing Oof
subabul ‘

5502422

5019437

5084 .42

115
(0.37)

2475
(0.45)

1.76
(6.65)

1,65
(0.38)

2664 ,50

(1110.50)

6875.00

{1710.00)

3165,.50

(2470,00)

3673 .50

{1444 .00)

' B.01

5,62

5422

5478

1002.,00

1124.00

1044 .00

1156.00

2006

1.66

1466

2425

854,90

688490 -

68820

233475

5531,40

. 10397.90

737G.20

7213025

460,80

4835.,68

'2351.53

'2126,86

AFiguzes within parenthesis indicate grainm yinld and value of legumss.

6PT
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DISCUSSION

Tﬁs present investigatioh was unrdertaken to £ind
out the bilomass production ©f an agroforestry 9ystemfand
also to sélect the most éuitable-comhination of food*
crops like cereals and legumes that can be grouwn under
aifferent plant densities of subabul { L@ucaena

leucocephala (Lam,) de wit) which ig used as & greeni

~mamure cum fodder plant. The data collected on variéug
growth characters, yield components, vield and quality
aspacts of all the crops in the system were analysed:
~ statistically and the results of the experiment are
discussed below,
I.SMm&ﬂ
A. Growth Characters ard Yield

{1). Height of trees.

The results in Table 3 revealed that plant density
had no significant effect on the height of trees, i
However, trees planted at 4 x 1 m spacing were found to be
taller than those planted at 3 % 1 m spacinge. xn.thg case
df widely spaced plants, competiﬁian for erop growth: g

resources is minimum (Van Den Beldt, 1382), This lo& level
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of competiticn at 4 x 1 m spacing in the preseht

study might have rasulted in marginal increase in the
height of trees.' similar findings were also reportad
by Dutt (1981), Relwani et al,(1983},ana-v1suttipit§kul
et al.(1983), | |

Intercropping of cereals and legumes with “
subabul did not influence the height of trees. This
‘may be attributed partly to the diffarence in '
worphology and growth habits of annual crops grown in
the prasent study and wocdy spacies like subabul és
reported by Mishra and Prasad (1980) in the casé of
groundnut, soybean and Sesama 6n ﬁhe growtia oﬁ'Tecﬁcnia

grandis and Dalbergia sisso;

{(2) Diam@tsr-at breast height-

The raesults Qrbseated in Taﬂu& 4 ravealed thah plant
density of subabul had no appreciawle Anfluence on the
DBH of trees. However, therQIde mdrglnal increaselin
DBH at wider spacing cﬁér closer\spacing,' Thig might be

»due to ghe_lessai competition between plantg for grqwtﬁ
resources gt wider spacing.:_van Pen Beldt and Brewbaker
(1280) and mtt (1981)‘also‘réyorted non:significanﬁ
iﬁc;ease in DBH of subabul trses of similar ageé gro%n at

wider spacing,
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(3)s ILeafestem ratio.

The results shown in Table 5 revealed .that plant
.density had profound influence on the leaf~stem ratio .
of fodder, Trees planted at\wider spacing of 4’ x 1 m
recorded significantly higher ratio than those planged at
cloger spacing of 3 x 1 m. This may be attributed ﬁo the
less rumber of branches or stems produced at wider épacing
as ccﬁpared to those at closer spacing. This resuit is
in agreemsnt with ﬁbe £firdings of Guevarra ot al.(lé?a)
and Pathak et al.(1980}, wherein they founli that thé leaf=

stem ratio decreased with increasing plant densitiles.

The significant interaction between spacing Gf
subabul x cersal;- and between spacing of subabﬁl X
cereal. x legumes may be due to the difﬁer@ntial growth
of cereals under differ@nt‘plant denslities of subab#l on
account cof different quantiﬁies of pruﬁings inqo:pcfated

in to these treatments.

{¢)« Creen foddexr vield.

The results ?resaht@d in Table & revealed théﬁ
green fodder yield was significantly influenced by
spacing of subabul, Trees planted at 3 x 1 wm spacing

produced significantly higher green fodder yield théh
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those planted at 4 » 1 m spacing. savory (1979)
fobserveﬁ a negative ccrzelation-beéweeq the plant
éensity:ana ﬁhe nunker of brancheé per piant as well as
the fdkage vield per branch, but atAhigh~planE
densities the losses in forage vield from individua%
'plaﬁts were upset by tﬁ& increased number of plantsh

ard the total yvield increased wlth increass invplané
density. Thus, the higher vield at 3 =z 1 m épacing;
realizéd in the present investigation, may be attfiéuted
o the mafe numbef of brénches and high plant prulétion
as compared to those at 4 x 1 m spacing. Similar ‘r
£indings of increased green fodder yield at high plant
densities have been r°§Orted by anon. (1978), cQstilié
et al. (1979), Werraris (1979) and ?rasad et al, €1983 .

(5). Dry fodderAyield.

The results given in Table 7 indicated that the
affect Of subabul Qaclng on dry fodder yield was
' significant.' The yield from trees pla ted at 3 x 1 m
épacing was slgnlficantly highex than from those planted
at 4 x 1 ﬁ spacing, 'r%lenuez and zivena (1981) observed
that forage dry wattes production in subabul

anarse iy proportional to the leaf—sbem ratio. the lower
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ratid being assoclated with higher'dry matter yleld.;
The lsaf~stem ratio at 3 x 1 m spacimg in the present
;nvestigation. was significantly lower than that at )

4 x 1 m spacing, which might have rasulted in higher.
dry fodder yield at closer spacing than at wider i
spacing. Moreover, the green foddsr yield was higcher
{Table,6) at closar spacing and hence the dry fodder
viald also showed the same trend, Increased dry fodéer
vield at closer spacing have bzen reporfeé b§ Guevarra

et al.(1978), Pathak et al.(1380), talendez and Rivena

(1981), Ghatnekar et al.(1233)} and Torris (1383).

. Interplanting of bajra and black gram showed hon
significant incresse in dry fodder yield over other
combinations, which may be attributed to the mutual

beneficial effect of these species with subabul,

(6), Firewood vield.

The results shown in Table 8, ravealed that fire
wood yield frbm subabul was not markedly influenced hy
spacing or by intercropping of cereals and legumés ér by
their interaction effects. The marginal increase iq
dia@eéer at breast height and helcht of'trees.at wi&ér
spacing ( 4 » 1 wm ) might have nesgated the effect of high



155

plant population at clogser spacing ( 3 x 1 m ) in
significantly influsnecing the f£firewood yileld. This -
might have resulted in the non significant increase 1in
flrewood yield at closer spacing than at wider spacipg.
This observation is in agrsement with the £indings gf

Hu et al, (1980) and rRalwani et al (1583).

The marginal increase in firewood yield due to

the effect of bajra + blackgram combination over other
i

combinations may be attributed to the mutual beneficial

effaect between these species and subabul,

(7). Total above ground biomass production.

The results furnished in Table 9 pointed out that
there was no significant increase in total biomass
production at closer (3 x 1 m) spacing over wider
(4 x 1 m) spacing. Although dry fodder yicld was
significantly higher at closer spacing, the same trghd
was not obtainad in the cagse of total biomass yleld ;hicb
may he attributed to the non significant effect of plant
densities on firewood yield (Table,8). The result of the
present investigation show;ng an increasing trend o%
biomagss production at cloger spacing is shpported b?ithe‘
£findings of Lahiri (1283) and Visuttipitakul et al.(1983)
in subabul, '
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Be Quality Aspects

{1). Nitrogen content of subabul stams.

The results in Table 10 revealed that there waé
significant difference in nltrogen content of gtems ?f
subabul trees planted at different spacings. High
nitrogen content of stems was recozded from trees grown
at 4 x 1 m spacing as compared to those grown at |
3 X 1 m spacing. Dry fodder yield recorded at closer
spacing was significantly highér than that recorded gt
wider sédcing. The reason for the low nitrogen conﬂent
of stems at closer spacing may be malnly due to the |
‘@ilution’ effect. Ferraris (1979) mantioned an inverse
relationship of dry matter vield with nitrogezn conte;t
suggesting a dilution effect at higher levels of dry,

mgtter production in subabul,.

{(2). Ritrogen content of subabul leaves.

The results prasented in Table 11 revealed that
plant density had significant influence on nitrogeng
.content of leaves, MNitrogen content of leaves was high
in trees grown at 4 x 1 m sp;cipg than those grown é#
3x1m spacing, This micht be on account of higbe;

yields of drf matter obhtained at cioaer spacing in the
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prasent study, vhich resulted in the dilution of

nitroyen as suggested by Ferragis (1979),

(3). Cruds sretein content of leayes and gtema,

~ The presults presented in Tables 12 ard 13 shoged

that significant diffarence in protein cantqnt of léavea
and steﬁs was observed among trees planted at diffefent
spacinas. Trees planted at wider spacing recordsd 60:6
crude proteln content in leaves and stems than tﬁosé
planted at cloaeb spacing. Ferraris (1979) nengion%ﬂ
tha; there was a negative correlation betveen tha y%ela
ard quality characteristics like protein contant in?
subabul fodder., Due to incwveased production of dry:fcﬁder.
pzrotain content wicht have been reduced ccﬁsidexab1§ at
closer spacing than at wider spacing. similar?resu;ts of
high crude protoin content of leaves and stoms at 1§w
plent density have been repsrted from IGFAI by »athak
et aly (1980) in subatal.

(4) . Phomphorus content of subabul stens.

The rasults shown ia.Table 14 reovealed that there
- was significant differsmce. in phosphorus content of ‘
stena of Erees plantoed ot different spacings. Phoﬁpherus
content of stem was significantly higrer in trees plqnged

l
at widor spacing than in trees planted at closar spacing.
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The dry fodder yield under wider gpacing was lower

than under closer spacing, This might have resulted in
high stem phosphorus content at wider spacings. At
closer spacing, stem‘phosphorus might have been mobilized
and utilized for the production of more leaves and sStems,
resulting in lowef phosphorus content in stems. similar
£finding of increaséd'phosphorus content Of stems at

wider spacing was reported by Pathak et al. (1960),

Phogphorus content of subalml stem was high when

" blzckoram was interc;qppnd with subabule’ This may be due
to the . complem ntary effact of blackgram and subabul on
phosphorus uptakae. It can be noted from Tablas 54 (a) and
54 (b) that the uptaﬁe of phogphorus by blackgram wés
lower than that of c?mpea. which might have resulteé-in
a highor quantity of ileft over chosphorus in the soil for
the subabul tc concume. The significant interaction
between plant density of subabul x legumes, plant

density x cereals and cereals x'légumes may be

attributed to the differential growth patterns of tﬁese
cxops at differont spacings of subabul brought aboué by
differant quantitiss of pruninos incorporated into thase

trzatments, aspeclally during the early pariod of growth.
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Interplanting of ‘malze + blackgram' with
subabul resulted in the highest phosphorus content in
stem, which may be due to the complementary effect of
these food amd fodder cxops used,

(5). Phogphorus content of subabul lezves.

The rasults given in Table 15 showed that there
was significant differance in phosphorus content oE;
leaves in trees grown at differsnt spacings. Trees}
groewn at closer spacing racorded significahely highér
phosphorus contentlthan those grown at wider spacing.
similar £irmdings of increased phosphorus.content in.
leaves =2t closer gpacing have bzen reported bwlpathgk
et al, (1980). Intercropping of blackgram xesultea:in
higher content of leaf phogphorus than intercropping of
covpea, which may be due to the complementary effecé of
thess spacies. The increass in phosphorus content in
leaves of subabml trees due to the inter cropping o%
'maize + black gram' combination though not statistically
significant, may ba due to the mutual beneficial effect
ﬁf these gpecles in utilizing the available phosphorus

in the soil,

(G} . Potassium content of subabul atems,

Tha results precented on Table 16 ravealed



1 60

oignificant difference in potassium content of stems

in trees planted at different spacings. Potassium
content 0f stem was higher in trees planted. at closer
spacing. At closer spacing, the compatition batwesn
plaﬁts is mere as reportsed by Van ﬁan peldt (1982).

Due to this compatition the plant roots might have
extended deeper, exploiting greater deptns Of =oil which
in turn might have rssulted in increased upt&ke and
content ©f potassium in stewms of closely spaced trees.
Besides, the lncreased photcsynthetic activity at
closer spacing for prrducing more dry matter wmight have
stimulated increased uptake of potassium, because the
stimulation of stomatai opening 1ls gunerally accompanied
by stimulation of potassium uptake {(Humble and Hslao,
1980). 7The above finding holds gésd in the pregsent study

also,

Intercrepplng of bajra and blackgram together with
subabul resulted in the highest potasaium content in
stems Of subabul and it was on par with maize + cowpea
combination., This may be on account of the complementary

effects of these species.
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(7). Potmasium content of subzbul leaves,

The results shown in Table 17 ravealed that
thers was no significant increass 1n potagsium conbént
in leaves of trees plantad at closer spacing, as
comparcd to those planted at wider spacing. The
significant interaction between caraals ard spacing?of
subabul manifgsted that malze and sorghum favoured ;
increase in potassium content of leaves, whils bajra

showed a negativs effect on it at closer spacing.

(3). crude protein vield from aubatul fodder.

The results 1n Table 18 showed that total yield of
crude protein from subabul fodder did rot vary
significantly due to gpacings. Howaver, crude protéin
vieid ternded to be higher among tress planted at |
closer spacing. although the total drv fodder yielé
was higher at closer spacing (Takle 7), signifieant
difference in cruae proteln yield was not obtained due
to the negativa correlation between dry matter yield ard
cruda protain content as sugcested by Perraris (1979).
Thia might have resultod in slight increase in crudé
protein yield at closer spacing es compared £0 wide%
spacing. Simlilar results-have baan reported by Gueﬁarra
8t al. (1978) in Subabul- | |
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1T Annual Ceré

A. Growth. Characters

(1). Helght of plantsa.
{a). Cereals,

¢ could be seen from Tables 19 (a), 19 (b), 20
(a), 26 (b),21 (a) and 21 (b) that spacing of subabul
showed.significant influence cn the helght cf ‘
interplanted cereals at the 30th day. Cereals growﬁ in
between 3 m wide rows of subabul recordszd more haigﬁt

than those grown batween 4 m wide rows at the 30th

day
during both the years, Significant increase in the
height of planﬁs was malntained uvpte the 508 day i# the
case of sorghum during both the years. 1In the,case:of
maize, the same trend was noticed till harvest duriﬁg
the siEcomd crop séason only, In gensral, there was )
increase in plant neight in the case of all cergals:
planted in botusen 3 m wide rows of subgbul. It GO&ld
be seen that at high plant densities (close spacing) of
subabul, the cquantities of prunings incorporated 1n§o
the soll were more and the plant height beirng a é
character deperdent on nutrition might have been b

influsnced by increased éﬁplication of prunings. The
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increased application of prunings mdght have

encouraged the root_growth in cereals resulting in
higher rate of mutrient absorption which is manifested
in increased height of plants. Increase in plant gécwth
due to the application of subabul prunings waslreported
by siaglan and Mabbayad (1280).

(b). legunes,

Raising legumes in between 3 m wide rows of
subabul recorded slgnificant lncrease (Tablés 22 (ai. 22
(5), 23 (a),armd 23 (b) ) in plant height of legumes at
the 30th day during the first year only, Cowpea plants
maintained this increase in height on to the harvest
stage. During the second year algo, similar tremnd was
noticed though not significant, At the early stage,'
legumes might have utilized the nitrogen from the

prunings taus showing the response at the 30tk

day. At
~ the later stages, nitrogen fixed by legumés might have

been sufficient for thelr growth and hence the effects

were minimal at the later stages of growth,

The effect of cereals on the height of 1ntercropped

legumas was not consistent, At the BOth

day blackgram
grown wi;h sorghum recorded wore height, which may be

attributad to the slow érowth of sorchum at the early
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th day and after that also maize

staga. at the €0
and sorghum had positive effect on this character due
mainly to the less ccmpetitive effect of these species.
It would bz seen that nodulation was better dus to the
effect of sorghum and malze (Tables 24 (a), 2¢ (b) )
which might have resulted in increased height at the
later stage of growth, Plant height of cowpea also
showzd similar trend except that at the second year it
had more height with maize at the 30th day and with
sorghum at the 5oth day. Similar fipdings were peported
by Anon. (1273) and saraf et al, (1975). Bajra depressed
the height of legumes in all the cases due mainly to

its shading on the legumes, wilch resulted in reduced -

nedulation and growth ard hence reduced height of plants,

(2). mamber of nodules/plant.

It is evident from the results presented in the
Tables 24 (a) and 24 (b) that significant reductiom in
the number of nodules/plant of legumas waé noticed due
to intercropping of legumes between 3 m wide rows of
subabul. The lncreased availability of nitrogen in the
rost zone due to the application of more prunings might
have reduced the nodule formation in this treatment,

small and Ieonard (1969) opired that the inhibitory
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effect of combined nitrogen was on account of the
diversion of photosynthates to the roots and the
deprivation of the nodules-of.carbohydrates.
Inhibition of nodulaiion due to tha application cf
higher guantitics of subabul prunings was prorﬁed by
Pahwa and Patll (1983).

Intercroppling cowpea or blackgram with sorgh@m
and malze resultsd in increased number of nodules,
The effect of gsorghum was superior to maize on number
of nodules/plant of cowpea during the first year and
‘that of blackgram during the second year. A depresging
effect was noticed dQue to bajré on this character. In
association with sqrghum or maize, the nitrogan released
by legumes in the root zoné might have.been depleted by
£hese cereals rapidly, creating low nitrogen
concentration near the nodules and thus étimulating the
formatgpn of adéitional nodules as suggested by Thonpson
{1977), wahua (1984) and Willy {1979). In the case of
bajra due to its fast growing and early matﬁring habit
among the cereals, excassive shading to the intercropped
legumesJat early stages might have caused adverse effect
on bhotosynthesis and the supply of photosynthates for

the formation of nodulas, - Reducadrnbdulation1iue to the
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effect of shading was reported by Reddy and Chatterjec
(1973), wahua and Miller (1978) and Rabic and kumazawa
{1980).

(3). veight of nocduleg/plant.

The results in Tables 25 {a) and 25 (b) revealed’
that signiiicént increase in the welght of nodules/plant
of legumss were noticed when they were planﬁeﬁ in batween
é @ wide rows than batween 3 m wide rows-with an exception
in the case of blackgram during the first Year. subabul
prunings a2pplied in lesser guantities at the wider spacing,
nmight have increased the ncdule weiéht of legqumes,

(4). Number of days to flower.

‘(a). Corsals,

Thé results pregented in Tables 26 (a) and 26 (b)
revealed that the mumbayr of Jdays rEquiraﬁ'from planting
"to the 30 per cent flovering of bajra and sorghum wag
reduced due to the effect of growing them batwesn 3 m wide
rows of subabul durilng both the yeara, The inoreased
évailability of. nutrients due to the incorporation of more
prunings might have resulted in faster vegetative growth
which ultimately resulted in hastening the £lowering in
these crops: Pal et al. (1985) observed that increased

application of nitrogen hastensd flowering.in scxghum,



In ths present investigation, the increased availability
of mitrogen due to more prunings might have hastened the

flowering of these cereal crops.
(b). Legumes,

Results prasented in Tables 27 (a2) and 27 (b) has
shown that the nunbter of days regqulred for 50 per cont
flowering of legumes was significantly raduced, when
grown between 3 m wide rows Of subabul, during both the
years. This may ba due to the faster vegetative grouth
of legumes whichkmight have enabled them {o guow taller
amd initiate early f£lowerling.

Significant delay in the flowering of cowpea due
to ilntercropping with maize noticed in this study may be
on account of the iphibitory effect of maize on cowpea.
Delayed f£lowering invéowpaa.due to the effect of maize
was reported by Remison: (1982) and Wanki, et al, (1982).

(5). Mumber of daysto mature,

(a)., Cereals,

The results in Tables 28 (a) and 22 (b) show that
maturity of maize was delayed due to intercropping it
between 3 m wide rows of subaul., The greater availablility



168

Cf nitrogen in this treatment dve to more prunings,
might have resulted in prolohging the post f£lowering
period and the maturity of maize., Singh and culeria
(1979) also reported delayed maturity of malze due to
ﬁigher level of applied nitrogen.

The maturity of sorghum was delayed significantly
due to intercropping with blackgram during the first
vear. This may be on a&count of the fact that root
nudulag of early harvested blackgrem might have
disintegrated, and decomposed in‘;he soil and enriched
the rhizosphere of assoclated sorghum with higher
avallable nitrogen, which in turn would have delayed its
maturity. Similar finding was reportea by Ibprahim
et al, (1977).

{b). Legumes.

ﬁaturity of blackgram was delayed (Tables 29 (a)
and 29 (b))when planted in between 3 m wide rows.of
subabtul. wahua and Miller (1978) reported thatldecrease
#n the number of nocdules 1s accompanied by an increase
in the activity of nodules for nitrogen fixation for a
longer periéd which delays the senescence of leaves.

In the present investigation nodule nﬁmber was raduced at



closer spacing, which might have resulted in prolonging
the duration of nitrogen f£ixation and delaying the

senescence of leaves armd maturity.

There was sigrnificant influémg in the maturity of
cowpea and blackgram due to the effect of agsociated
cereals, Haturity of cowpsa and blackgram was hastened
by bajra, Qhere as the sprghﬁm delgyed the maturity.
This may be Que to the.adverée aeffect of bajra when

legumes were grown in association with it.

Be Yield Componenta and Yield

(1). Bumbsr of pods/plant.

Intercrqpping legdm;s with sorghum resulted iF more
nunber of pods than intercropping with maize or bajra,
though it was significant only in the cas®s of ccwpea
during the secoml year;f-aajra réco:ﬁad the lowest
nuuber of pods in all the cases. Since bajra ard . the
legumes matured almost at the sawms periodl, it bacame more
competitive early in the season and this might havel
reduced the height and nodulation which ultimately
reducad tﬁa number of pods/plant. The €avourable effect
of sorghum and maize on mmber of pcods/plant may be Que
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to the difference in the maturity of these cersals ard
legumes. The present result.- of increasing trenﬂs!in
nunber of pods/plant due to sorghum and malze, amd
decreasing trends due to bajra is in agreement witp

the findings of Mancka and Doto (1980), Hyambo et al.
(1980) and Elmore and Jacobs (1984),

(2). Ear length of cereals.

it 1s clear f£rom Tables 31 (a) and 31 (b) that
grouing cereals in between 3 m wide rows of subabui
showed significant increase in the earlength of sorghum,
while the increase was not signlificant in the case of
malze and bajra during both the years. This may be on
account of the favourable effect of tha application of
higher quantities of subabul prunings into this treatwent.
The increase in earlength of cersals with lncreased
avallability of nitrogen is in agrecment with the
£indings of Gautam et al. (1985),

among legumes, blackgram was found supefidr tp
coupea 1In increasing the ear length of associated c;op
maize during the first year and that of gorghum dur@ng
both the years. The nitrogen fixed by early maturing
blackgram was probably made available to the assoclated
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maize énﬂ sorghum by excretion and decay of nodulas

as suggested by Agboola and Fayemd (1972), which might
have resultsd in incressed ear length of these ce;eals»
Because Of its late maturitf cowpaa appearad to have
offered little bonefit to the assoclated cereals. The
present £inding is in agreement with those of
Jagannathan et al. (1974), Singh dnd Guleria (1979) amd
Singh (1981).

(3). Pod_length of legumes.

The data in Tables 32 (a) amd 32 fb[ demonstrated
that there was no significant difference on pod length
of blackgram or cowpea due to the effect of plant |
denslties of subabul, assoclated cereals ard their
interaction effects. Pod length is a character dependent
on genetic contzol and had little influencse due to,
treatment effects. ‘ h

{(4). Numbar of grains/ear Of cereais.

. A perusal of the results in Tables 33 {(a) and 33
(b) revealed that growing cereals in between 3 m wide
rous of subabul resultea in significantlg more number of
gralns/ear of bajra during tho secomd year ard in non

signiflcant increase in other cersals. The increasgd
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availabilitj of matrisnts due to higher quantitieé of '
prunings applied might be responsible for the increase
in the nnﬁhar of grains/ear of bajra. Malze and
sorghum might not have utilized all the nitfogen
released by decomposition'of subabul prunings, because
of relatively faster rate of decompositiocn and the
comparatively  long duratiop of these crops, which

resulted in non significant increase in gralins/ear.

. Raising blackgram in assoclation with careals
produced more grain/ear of maize ard bajra during the
second year and that of sorghum during both the years.

It ‘could be seen from tables 24 (a) and 24 (b) that the
effect of éorghum was mﬁra favourabhle in increasing the
nodule numbers/plant of legumes in the early stages.

in the later staées,lin raturn sorghum was bznsfitted by
the same leguing érobably due to the excretion and decay
of its nodules which is manifested in terms of more
numbar Of gralins/ear éuring both the years. The superior
perﬁofmance ¢f blackgram over cowpea may be attributed
to the differences in quality and auantity of excreted
nitrogen by these lggumes as suggested'by Virtanan ot al.
(1937) and Rewarl et al. (1957). similar £inding was
reported by wWanki et al, (1982).
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(5). Mumber Of seeds/pod of legumes.

It is clear from the results in Tables 34 (a) and
34 (b) that the legumnes planted in between 3 m wide rows
of subabul produced significantly more mumber of seeds/
pod in the case of the second year.cowp2a. This may be
due to the benaficlal effect of increased availability
of nutrients in the treatment as is evident from the

uptake data (Tables 584 {a), 54 (b), 87 (a8) and 57 (b) ).

There was significant diiference in seeds/pod of
iagpmes due to the effect of asgoclated cereals. Sorghum
was more efficient in increasing the seeds/pod of covpea
during the first year and that of blackgram during the
gecond year., 7This may ba attributed to the leas
competitive effect oi scrghum on these legunoes durlng the
pod development stage, as is.evident from the increased
nodule numbers/plant., Bajra showad a depressing effect
on number of seéds/pcd during both the years, This may
b2 on account of the savere compatition of bajra oh
legumes, due to its fast growing amd early maturing
characters. These. results are in agreerment with the

 findings of Elmore anﬁ'Jacobé (1984), Varlestion noticed

in differant seasons, may b2 due to the variation in the



174

gquantities of prunings applied amd consequent rats of

growicth of thess crepg,

“{6)e aelght cof thousand grains.

(a) « Cereals.

The data pressntad in Tables 35 (a) end 35 (b)
1ndicated that thare was marginal incresse in thousand
grzin weight of cersals dus to the offect of spzeing of
subabul. The guantity ci subabul prunings 1ncorgbrated
into the soil was probably not oncugh to bring about a
sighificant change in thougsand grain welght in the
prasant study. This is?éontrary to the firdings Lﬁ
Siaglan and iabbayad (1980}, wherein paéicive and
sigulileant =£fact: on thousand grainfweigbt cf mq}ze

hias been recorded due to the effect of subabul prunings.

Intercropping of legumes showed significant
diffarénce in thousand grain weight of sorghum,
Sorghum grown with blackqgram :ecp:ded siénificantiy
more weight of thousand grains than that grown with
codped. Tinls may be probably due to the soii
anrichment brougiut about by substantial increase in
nodulation (Tables 24 (a), 24 (b) ) of blackgzam. In

the case 0L cowpza, the nltrcgen flxed might have been
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utllized for its own growth leaving little for the
benofit of assocliated coreals. Similar £indings have
bean :aéorted by singh {1981) and Nalr et al, (1579)

in gsorghum and malge respactively,
(b)e Logumas,

The results outlined in Tables 36 (&) and 36 (b)
indicated that blackgram grown 1n association witﬁ
sorghum recorded hicher welcht of thousand grains than
that grown with maize or bajra. This effcct was
slignificant during the secord year only, Similar trend
though not significant was recorded in the thausa@? seed
waight of covped. The increase in weight of legume
seeds grown in association with sorghum may bo at;:ibuted
o the cogplemanﬁany affect of scrghum as suggest#ﬁ by
willey (197%). simi;ar results were reported by singh
(1981} in coupea. The consistent trend of decreass 4in
welght of ceeds of legume grown in association with
bajra may ba attributed to the more competitive nature of
bajra during the grain £illing stage of legumes, These
rosults aro in agreement with those of tanska and boto

(1980) ard mlmore and Jacobs (1984).
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(7). Dry matter yield,

(a)s Carsals.

Results presented in Tables 37 (a), 37 (b), .38 (a)
38 (b), 39 (a), 39 (b) and 48 (c) revealed that cereals
grown in between 3 m wide rows of subgbul produced
higher yield than thosz grown in between 4 m wide rows
at all the stages of growth., Pooled anaiysis of data at
harvest stage also showed the same trerd. The inéreaéed
availability of nutrients due to the application of
.higher quantities of prunings might have facilitated a
favourable effect on the growth and developmeznt of
' cereals which manifested in increas=d yield in this
traatwent. .The uptake of nitrogen, phosphorus anﬁ:
potassium by ce;eals.(Tables 56 (a), 50 (b), 53 (as,
53 (b), 56 (a),and 56 (b) ) also clearly irdicated, that
the uptake was higher at 5 m wide rows of subabu1;' This
increased uptake of major nutrients might have resplted
in batter growth and hence higher dry matter yield;
Siagian and Mabbayad {1960) and werdoza et al. (19S1)
have also repcsted increased drv matter productionﬂin
malze due to the application of higher gquantities of
prunings. WMarihede et al. (1984) obgerved similar results

in sorghum,
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Dry matter yield of careals grown with blackgram
was higher at the Soth'day. This may b2 due to less
commeatition by blackgram which enabled capzals to grow

faster arnd accumulate more dry walght at the early atage.

At the harvest stage also cereals grown with
blackgram reglsterad significantly higher yield than
those grown with cowpea. liitrogen fixed by blackgram
was probably made available to the ceoreals at the later
stages by excretion and decay of nodules as suggested by
Aghoola and Fayeml (1972) which might have resulted in
higher yield. The cquality amd the quantity of excreted
nitrogen vary among legumes (Virtanzn et al., 2937 amd
Riwari et al., 1957), This may explain the differences

ohserved in the legune associatlons,
(b) » E&Egums .

Results in Tables 49 (a), 40 (v}, 241 (a), 41 (b),
42 (a), 42 (b) and 48 (c) chowed that the legumes grown
in betwe2n 3 m wide rows of subabul preduced mors dry
matter at the firs: two'stagzs during the seeond yoar
only and the increase was not significant at the harvest
stagz. The highepr dry matter yleld obtaineﬁ'at earliier
stages @3y b on account of the increased growth and

development of legumes due to the availability of more
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mitrients at the early stageé in this treatment.
Unifof?results ware not recorded in differont seasons

on account ©f £luctuation in the growth pattern of thess
crops due to differences in the ancunt of prunings

incorpornated.

Dy mattsy vield of legumes was higher when grown
in association with sorghun at all the stages of growth
in poth the yoaws. This may be hecsuse of the f£favourable
effoct Of scorghum on plant height and nodulation of
legumes which resulied in increased growth and
accuirzlation of dry matter, Longy durgtion cereal crdps
like sorghum by avoiding compatition. induce a favourable
effect on the agsociated short duration legumas (wWilley,

1279)

Dry matter yield of logumeg was found to bes highes
during the seconi yecar especlially at ¢he harvest stage.
This may ke due to the favourable gffact of more quantitles

of subabul prunings applied during the saconi year.
{c}. Total dry natter yield {cerzals + lzoumssl,

From Tableos 43 (a), 43 (b), 44 (3), 44 (b), 45 (a),
45 (b}, and 48 (e) it could ke seen that the dry matter
vield of anmual crops were bhigher when geown in between

3 m wide zows of subabul ab all the gtagss of growth.
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Pooled analysis of data at the harvest stage also showed
the same trend, Significant increase in the.dry mattar

vield of cercals and rarginal incresase in legumes in this
treatment might have resulted in the increagad total dry

matter yisld,

Sigrificant effect of blackgram was aoted in |
‘Ancressing the total yleld at the 30°° day and at harvast
which may be probkably on account of increasad growth ard
development of cereals at cthese stagss. At the early
stage competition from blackgram to tha assvolagted cercals
might haye been less and ﬁence tlicy werld have used soil
nitregen efficiently. At the lataer stages, tha £ixed
nitrogen becawe available by the death and dacay of
rcdules, thus benefitting the cereals in rezlizing higher
y:i.eel:d.

The contriution of bajra to totel dry matter
Yyield was more at the sarly stages, while at the later
stages, sorghum and malge coatributed. more to the total
dry matter yield on account of differential growth

patterns and longer duration of these Crops.

(8). Grain vield,

(z). Cereals.

it could be seen from Tables 46 (a), 46 (b) and
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48 (c) that gzain yvield of the cereals grown in between

3 m wide rows of subabul was significantly higher during
both the years. Perusal of the Tables 31 (a), Bi {b),

33 (a), 33 (b), 35 (a) and 35 (b) could reveal that the
growth and vield attributing characters like grains/ear,
ear length and 100C grain weight were favourably
influenced by closer spacing. Tihils favourable e@ffect on
vield contributing characters, due mainiy to the
application of increased quantities of subaiul prunihgs
might hava resulted in increased vield. Guevarya (1976),
Kang et al. (1981 a, 1981 b}, Slagian ancd ratvayad (19C0),
Mondoza et al. (1981), Alvarez and Alferez (1982) and
Topris (1983) have also reported increased grain vield of
maiza grown batween closgely spaced subabul plants and due
to the incorporation of increased quantities oi subabul
prunings. Narkhede et al. (1984) obtained ailmilar resultg

in sorghum.

Cereals grown with blackgram reccrzded significantly
higher yield than those grown with cowoea durxing both the
Years. Foolcd analysls of data 3ict showed thes same trernd,.
It could be seen that blackygraw exarted a faﬁou:able effoct
on the ear length amd grains/ear of cereals substantially
and on 1009 gralin welight maroinally, which might have
sesult=zd in increased grain yvizld of cereals. Dusad end

vorey (1979) repcrtzd yield inecrsase in sorghum due to
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the offect of blackgram on account of more-éxcretion,of
nitrogen from the podules and better efficiency of
nitrogen fixation., Similar £indings were reported by
Das ard Mathur (1980), chauvhan and bungerwal (1982) and
waghmare and gingh (1984).

The comparatively lower yield of coreals grown}in
association with cowpea may be attributed to the more
compatiéiva effect of cowpea on caereals as reported ﬂy
D=2 ot al, (1978). This may also be due to its longef
duration and it might not have contributed substantiél
quantity of nitrogzn t0 carseals at the later stages,
Dacrease in the yield of maize and sorghum due toc the
effect of cowpea was reported by Enyi (1973) and Sinéh
(1981).

thalze recopded significantly higher yield amd was
superior to sorghum and bajra which may be attributed to
the species differences. The effect of years was
significant on grain yleld of cetaéls. Yield was higher
duging the second year on account of-the higher qﬁanﬁities
cféprunings appliad, and the favourable effect of timély

rainfall,
(b). Lecumes.

Growing legumes in batween 3 m wide rows of subabul
gave higher grain yield (Tables 47 (a), 47 (b) anmd 48 (c) )
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than growing in between 4 m wide rows, which may be
attributed to the bemaficial effect of larger cuantities
of prumings applied cn the growﬁh ard develcopment of
legunas. Increaszd yisld of'beans due to the application
of high quantities of subabul prunings was reported by
Kluthcouski (1380) and Chagas et al. (1983),

sorghum was superior to maize and bwajra in
increasing the vield of intercropped legumes. Favou§able'
effect of sorghum on the nodulation, number of seeds/pod,
number of pods/plant and 1060 grain weight of légumeé
might have resulted in increa;ed grain yizld. Due'té_its
longer duration, sorghum might have avocided competition
with agsociated legumes, which enabled the latter ¢o
expraess their production potential, Emyi (1973) also
raported favourable effect of sorghum on the grain yield
of legumss. Oorain yleld of legumes groun in associaéion
with bajra was lower due to the competition for 1igh€
batwean legumes durlng thelr growth stages. Agboolargni
Fayemi (1971 observed that grain yield of cowpeca was
significantly reduced due to the shaaing £rom tall

associated crops.

Grain yield of legumes was significantly higher

during the second year on account of the increased
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availability of rutrients brought about by the application
of mora quantities of pruningé. The significant
Interaction betwesn the spacing of subabul amd cereals
suggested the nhegative effects of higher plant dénsiéies
on leguma yiald, due to the favourable effepts on

cereals,
(c)e Total grain yield (cereals + legumea).

It is evident from the Tables 48 (a), 48 (b) and
48 {c}‘that the total grain yield of the system (cer%als +
legumas) was significantly higher duelto intercrqppihg
in between 3 m wide rows of subalml. Pooled analysis of
data also showed the same trends. The significant and
positive effeck on the grain yleld of cereal ard 1egﬁme
componants due o the closer spacing ©f subabul was
probably responsible for increase in total yield of the

gsystem.

slackgram recorded higher total yield than GO%pea.
due malnly to the positive effect of blackgram on thé
yield and yield componsnts of cereals. This might have
been possible due te the mutual boneficial effeci of:
thase specieg. Maize and sorghum offered less compa;ition
to blackgram, which resulted in bstter ncdulation ard

fixation of nitrogen. 3ut since it was harvaested earlier
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the fixed nitrogen might have been made available to
tha coreals at the later Stages as suggested by Agboodla
and Fayeml (1972), This increased availability Of
nitrogen together with the absence of competltion at the
later stages might have resulted in the increase in the

grain yield of cereals and hence the total yield.

The differences in the total yleld aﬁong the cereals,
may be attxibuted to the spacies difference ard theirp
vielding abllities. Higher total yield was obtained from
_maize + blackgram ecmbination (Fiq. 6) which wmay be
attributed to the compatibility of thess specles with
subabul.

(2). Total blomass vield of the gystem,

The results in Table 49 revealad that the total
biomass yield of the system (total dry matter vield at
harvest of the first and the second yecar annual crops +
the total blomass of subabul) was significantly
influenced by the spacing of subabul. An increase of 23
per cent in the biomass production in éavaur cE3xim
spacing of subabul‘over 4 x 1 m was racorded. This
increase in biomasé vield mey bo attributed to the higher
blomass productlion of subabul and the other components

during both the years, st higher plant densities. Higher
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biomass yield of subabul recoxded in this study at
cloger spacihg may be due to the increased number of
plants/ha and the higher blomass yleld of anmsl crops
wag the rosult of ingreased application of prunings in
this treatmonts and the interaction egfects between the

gpegies.

~ Intercropping of annual leguses showed significant
influsnea on the bliomass yleld énﬂ influenco of blackgram
was significantly superior to cowpea. Thé combinati@n
sorghum and plackgram péoduced mora blorass (Fig, 7) than
the other combinations which may be due to the
complementary effects of these speeles on subabul,
palasubramonian et al. (1984) also reported favourabie
- gffzct of gomghum and bajra on the blomass yield of
subabul,

C. Uptaks Studies

{1). ggtéka of nitrogen.

("3.) . %mals,

It was observed {(Tables,50 {a) and 50 (b) ) that
coreals grown in betwesn 3 m wide rowa of subabul showed
significantly highar qytaka of nitrogen than thosge grown
in between 4 m wide rows. The increased availability of
nitrogen on account of higher amount of prunings applied,

might have encouraged better growth and developmont as is
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evidant Lrcm the dry metter yield, which ultimately
resultsd in the higher uptake of nltrogen. Increased
uptaks of nltrcgen due 0 the aspplication of higher
quantlties of subabul prunings was alsa.repbrted by
3iagian éna tacbayad (1989) and Kang et al. (1981 a,
1551 b). |

~

Careals grown with blackgram recoxded significantly
higher nitrogen uptaks than those grown with coupea.
The early ncdulatiﬁn and excretion and decay of nodules
sz sugsestsd by Agbool§.anﬂ Fayemi (1971) might have
stimulated the growth of cereals in these treatments and
this night have resulted 1n'signiﬁicant dilfference in dry
éatter yield ard the uptake of nitsogén at hazvastf
#orachan et al. (1977) reported increased nitrogen uptake
by malze and waghmare and. §ingh (1984) by sorghum due to
1ﬁterérquing. YR

The higher uptake cﬁ‘ﬁitscgan by sorghum and maizo
in the second ysar may be on account of the 1ncr§asea

dry matter production of these crops at harvest.
(b) - lﬁms.

Rasults presented in Tables 51 {a) and 51 (b) showed
that during both the years there was sigonificant difference

in the uptaks of nitrogen by legumes due to the effect of
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cereals. Legumes intercroppsd with somghuwe recorded
higher nitrogen uptaks than those intercropped with

maize or bajra, The effect Of maizs was on par with
bajra. 1Increased nitrogen uptake of legumes grown in
asscelgtion wlth sorgnum mey b2 due £o its £avourable

@ifects oa nodulation and dry matbter production of legumes.

The significant interaction.bztwcen cers=als and
lagumas uoticed during éﬁe gecond yeér i3 an imdication
of maximum_uptake by thz combination 'sorghum + blackgram!
wiiieh was on par with ‘'‘sorghum + coupex's This may be due
o the diffexence in the dry matter production of these

varying combinations.
{e). Total uptake of nitrogen (legumes + cereals),

It could e seen f£rom Tables 52 (a) ard 52 (b) that
the total uptake of nitrogen was significantly higher
when annual crops were planted in bacween 3 m wide rows of
subabud. 3gince the total Siomass production in this
treataant was higher and the uvptake of nitrogen by the
cereal component wag also higner, thie migﬁt have resulted

in higher total uptake at closely sgpaced subabul rows,.

There was significant differencs in the total .
uptake of nltrogezn dus to the effect of legumas, during
the first year only. Blackgran recorded more uptaike than

cowpad. The total dry matter and grala yields were hicher
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with blackgram, which may explain the higher uptake

in this treatment. The variation noticed botween

. years may be due to the differences in subsbul prunings
appliad and’also ln the quantity ©f rainfall recelved

dufing the crop growth periods,

among the cersals, sorghum Qecorded the highest
uptake amd was superior to maize and bajra. This may
ba due to the higher dry matter produced in this
treatmont, The presgent £fivding is in agreomont with ﬁhe
rasults obtainzd by Agcerwal 2t al, (1278) uhisreln tctal
nitrogen uptake was signifieantly rolated to the above

ground biomasa.

(2). Uptake Of pPhosSpNOIUS.

(a), Cereoals,

Tables 53 (3) arnd 53 (b) showed that phosnhorus
uptake was signifiicantly high=r when cercals were
plantad in between 3 m wide rows of subabul than.when
planted in retwean 4 m wide rows. The favourabie affect
of higher quantities of subabul prunings in this
trecatmant might have stimulatzd tas ecarly growth ard
graater ramification of roots ©f coreals. This together
with Increased availability of phoapiicrus dus teo the
effect Of green manuring, might hava helpad in more
uptake of phogphorus. Increased uptake of phosphorus

due to the application of subabul prunings at higher
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rates wae reported by siagian and Mabbayad (2980) in
malze and Nerkhede et al, (1984) in sorghums

Thero was significant difference in the phagphﬁ;us
uptaks Of cereals due to the effect of ;egumes-
Coreals grown with blackgram recorded significantly
hiighor uptake than those grown with cowpea. Blackgram
grown in association with coreals might have helped in
greater raniflcation of root gystems in cersals as
suggested by Gangwar and Xalra (1978) and this might

have helped in mozu uptake of phosphorus, .

The eignificant differsnce in phosphorus uptake
obzervaed among coreals may be on account of the

differential phosphorus requiremsnt of theoe crops. -
(b). Legumnes,

It wag ohserved ffom Tables 54 (a) and 54 (b) that
the uptake oOf phosphorué was higher when lagumes wers
planted in betwsen 3 m wide roWws of subabul than 4
wide rows an? thes effoct was significant during the
first year only. Thz increased dry matter and g:aiﬁ
yield production in this treatment mighé have necessitated
a higher uptake of phosphorus. taloth and Prassd (1976)
roportad that application of phosphorus almost doubled

its untake by cowpea. 1In the presont case, green
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mamring might have made more phosphorus availab&a in

the soil and this might have resulted in higher uptake.

There was signlficant differorce in the phosphogus
uptake ©f legumes dus £o the effect of cereals, though
it was not uniform between years. Iegumes intercropped
with sorghum reccorded more uptake than those intercroppsd
with maize and bajra during the second year ard with
bajra during the first year onlv. This may be due to the
difference in dry matter production of legumes in these

treatments,
{¢). Total uptake of phosphorus.

as seen from the Tables 55 (a) and 55 (b) the total
uptake of phosphorus was sigrnificantly higher when annual
Crops were grown in between 3 m wide zows of subabul,
The uptake of phosphorus by individual componants of the
system (cereals and legumes) was highesr., This may be the
reason f£or increased total phosphorus uptake in this

treataznt,

Bajra registered the maximum phosphorus uptake and
was superior to malze and sorghum, which may be related
to the differential requiremant of this mutrient element

for their growth ard developmant.
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(3). Uptake of potasaium.

(a) + Corealse.

Results presented in Tables 56 (a) and 56 (b)
showed that corsals planted botween 3 m wide rows of
.subabul recorded higher uptake of potassium than thése
planted in batween 4 m wide rows. The increased dr§
matter and grain yieldg togather with the 1ncreased}
uptake of nitrogen amd phosphorus in this treatuent:;
might have resulted in imcreased uptake of potassiu@
also, Siagian and Mabbayad (1980) alsc reported more
uptake Of potassium when the rate of applied subabul

prunings was increased,

Legume intercrops produced significant difference
in potassium uptaks by cereals, Cersals in associa;}on
with blackgram recorded more uptake, than those witﬁ
cowpea. This increased uptake of potassium by cereais
may be attributed to tha non~utilization by blackgram
(Tables 51 (a), 51 (b) ). According to Drake (1964)}
legume roots have higher cation exchange capacity than
cereal rcots. Roots having low catlon exchange capabity
have greater affinlty for monovalent cations like K+;
Hence in the present case, cersals might have competed
effectively with blackgram for potassium resulting i%

increased uptake by cereals,
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The significant differénce obsarved in the uptake
of potassium among cersals may ba on account of the
difference in dry matter and grain yields amd their

recuirements for the same.
(b) e Lagumes.

significant difference (Tables 57 (a) amd 57 (b) )
was observad in potessium uptaks by legumes., Coupea
. recorded higher uptaks of potagsium than blackgram due
probably to the difference in dry matter and grain yields,

Cereals grown with legumes hz=d significant influence
on the uptake of potassium by legumes, Lagumes
intercropped with gorghum raglstersd hicher uptaka than
those intercropped with maize ard bajra during the first
vear and with bajra only during the second yesr. This
may be due to the complementary effect of gsorghum ard
legumes as suggested by Willey (1973), because tha uptake
of pctassiﬁm by sorghum was lower, that enabled legqumes
to express higher uptake,

_ (). Total uptake Of .potassium,

The results in Tables 58 (a) and 58 (b) indlcated
that cerecals plahted in between 3 m wide rnﬁs cf subabul
recorded significantly higher uptake than thosc planted
at 4 m wide gpacing. It could be gean firom Tables 56 (a)
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56 (b), 57 (a) and 57 (b), that the uptake ©of pctassium
by coreal and legumae comoonsnts was.. highor in this

troatment ard hence total uptake was also highoz.
Be. {uality agpacts

(1). Crude protein vield.

(a). Cerzals.

It could ke geen From Tableg 5D (a) ard 39 (b)
that cereals grown in botwsen 3 @ wide zows 0fFf gubabul
recorded gignificantly more vield than those grown in
batween 4 m wide rowa. The increased yield of crudg
protein may bs attributed €0 the incrsased drv matter
production and ilrcreagsed uptake of nitrogan. Higher
amount of pruninos might haye made morse nitrogen
available to the crops, resulting in more dry matter and

cruds protein vields.

Grouwing blackgram in agscciation with cersals
resulted in highsr yield of crude protein, which may be
attributed to the trarsfer of £ixed nitrogen to the
cereals, resulting in higher yields. Agbcola amd Fayemi
(1972) moticed that the current tranafer of fixed nitrogen
was morxe due to blackgrawm intercropping. sorghum recomded

the meximum yileld Auring tha sccond year which may by due
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to more efficient utllization of ths applied prunings.
The comizination maize + blackgrat pecorded the highest
vield during the first year ard similar trend was

maintained during the sa2cond year alsc,
(b} iegumes,

Crude protein yield (Tables 60 {(a) and 64 (b) )
was significantly highar when lecumes ware grown in
between 3 m wide rows of subaoul during the second year
oniy. During the second year the £ixed nitsogon might
have boen utilized for produclag dry matier and grain
vizld, Tnis inecreased dry matter vield at harvest during
the second yzar wmight have resuliced in sore yield of

crude prokeln im this treatment.

Cergals produced marked difference on the crude
protein‘yield of legumes., Legumes grown with sorghum
preduced more yield than those grown with wmalzs and
osjra, which may be duve o the complementary effect of
sorghuam ard alsc du? to the increased nodulstion of
legures with sorghuna (Tables 24 (2), 24 (b), 25 (a) ard-
s (b) J.

(c). Total yield of crude protein (leguuce + cereals),

Thoe data presented in Tables .61 {a) and 61 (b)
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ravealed that the total yield of crude protein was
higher when amnual crcps were planted in between 3 m
wide rows, which may be due to the higher yields of
crude protein of cereel and lagume componznts of the

system during both the vears.

Careale exibited marked influence on the vield of
crude proteln, Sorghum recorded maximum total cruds
protein yicld and was suparior to bajra, it wag on
par with malne, which may be due to the increased dry
matter preduation and uptske of nitrogen. The combination
sorghum + blackgram recorded the mexisum total vield,

though not significant.
(), Tozal yield of cruds praveln from the gysben,

Total crude proteiﬁ vield of the system (Pable 62)
over a period of 20 months was higher when anmal crops
were planted in botwesen 3 m wide rows of subkabul. The
increased crude protein yield of annual ¢zops and that
of subabul (Taoble, 18) in this trwatmsnt may be the reason
for increased yield. Blackgram ameng legumss, ani sorghum
among cereals recorded higher crude proteln vields., The
combination of sorghum + blackgram (Fig. B) tenﬂéd tb

produce higher crude protein yileld of the system though
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not significant, Thig may be duc to the favourable

effect 0f thesoe gpecies when grown with subabul,

By S01l Pertility studies

(1)« Total nitrogen contant of soll,

The results in Tabkla 63 rovaoled that the total
nitxovgen content of zcll after ths experimant was
maximmt when subatnul trees were plantasd gk 3 x 1

srpacing. &t closer spacling, gheater quantities of

LY

runinos were incorporzted in the soll, which might have
resuleed in the build vp of nitrogan in the soll.,
Sinilarp finéangs have alsc ba2en reported by Kéng et al,
(1281).

Analysls of the soll after experlment showed that
hlackgram was superior to cowpea in enhancing the total
nitrogen content, This migﬁt b2z due to tha fact that
nitrogeon fixed Ly cowpea mighd have baen utilized by the
eron ltself, bacause of its longer wmaturity pericd as

suggastad v singh and Chand (19272},

{2}s Avallable shosohiorus content OF goil,

The results in PYable 64 revsaled that avalilable

phosphnorus content ©of 101l was hignest when subabul
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trecos were blanted at the gpacing ©o£ 3 ¥ 1 m. The
irncrease in the quantity of prunings in this treatment
might have resulted in more aveilable phosphorus 1# the
soll, Blackgram was more efficient than cowpea in
increasing the available phogphorus contant of soil,
Increage in the availlable phoasphorus content ﬁﬁe to the
offect of legumes was also reported by chandini amd
Raghavan Pillai (1980) and Guillas and Van diest (igal)-

(3). Available_ggtassium content of soil,

Avallgble potassiun concent of soll (Table 653 was
recopdst maximum whon blackéxam wag interc£OPPEd_wi¥h
cersalgse The uptalke of potassium by blackgren was ;esg
és compared to thag by cowpsas, which might bave resﬁlted
in more availatle potassium when blackgraz waa
intercropped. Potassium corkent in-the soil was hiéhest
due to the efiect of walse, and lowest due %o the eéfecb
of bajra. 7This may be due to the higher upta¥e ard’

removal of potasslum by bajra.

F. Economics

The pesuleés in Table 66 and ¥Flg. 9 revealed that

all the combinations Of ancual cersale and legumes grown
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in between 3 m wide rows of subabul recorded higher

net pmﬁié than the corresponding ones grown in botween
4 n wide rows, The maxioum ret profit from the
agroforegtry sgsystem was secured by ’\r_liai:;:e + blackgram’
combination grown urder 3 m wide m-'.-.rs of subabul

where the net profit was m.5447.28/ha. This was closely
followed by the sams combination under 4 m wide rows of

subabul (83.4895.68/ha).
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SUMMARY

an investigation was carried ocut in the
Instructional Farm, College of Agriculture, Vellayani,
Quring 1984 -amd 1985 with the 6bjectives of firnding out
the biomass production in an agroforestry system
involving focd aml f£odder crops ard also to select the
most sultable cercal-legume combination £0 ba grown gs
intercrop urder different plant densities o0f subahul.
subabul was planted at 3 x 1 m and 4 x 1 m spacings, 6
months prior to the planting of annual cropé. Anmal
legumes (cwwéea armd blackgram) and cereals (maiszs,
sorghum and haira) were planted in alternate rows betweenh
the rows of subabul. subabul follage was pruncd ard
applied as greon manures 15 days prior to the planting
of annmual crops, anxd at every 15 days interval after
planting uvpto the sotB days to supplement the nltrogen
requirement of anmual cropse The trial was laid ocut as-a
factorial experiment in Rardomized Block Design with three
replications, The results of the study are sumnarized
below: |

1. Plant height of annual cereals and legumeg was
the highest when grown botween 3 m wide rows of subabul,
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2, The number of days required £or flowering in
sorghum, bajra, cowpea and blackgram was reduced, when
these crops wera grown in betwsen 3 m wide rows of

subabul than ¢ m wide rows.

3¢ Maturity in maize and blackgram was delayed,
when gréwn in bstwesn 3 m wide rows of subabul,

4. Bar length of sorghum, ths number of grains/ear
off bajra and sgeds/pod of cowpea were higher when
intercropped under higher plant density of subabul,

5 The number of noduleg/plant and weight Gf
nodules/plant of legumss were rsduced, due to higher plant
density of subabul. - J

6. Leaf-atem ratio of subabul fodder was highest
under lower plant density. '

7. RNitrogen and crude protein contents of gtem and
leaf portion of subabul fcdder wera highest under lower
plant density,

8, Phogphorug content of stem was higher at low
Plant denslty, whareas phosphorus contant of lcaves was

higher at higher plant density.,
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9, Potassiua content 9f stem was highast dus to
highér plant density. Highest potassium content in the
gtem Of subabul was noticed when bajra and blackgram

together were grown as its-intercrops.

10, ¢Green fodder and dry fodder yield of subabul

wers maximum under higher plant density.

11, Dry matter and grain yiald 0f annuel ceraalu
and iegumes, the total blomass yield of ¢he syastem and
the total crude protein yicld of the aysisem ware more

under nighar plant density of subahul,

i2. The total uptake of nitrogsn, phosphorus and
potassium by annual cercals and legumas together were the
higheat under highecr plant density of subabul,

13. Total nitrogen content and avallabls phosphorus
content of soil were the highest under 3 x 1 m spacing of
. subabth. .

14. Malze + blackgram combination gava the highast
grain yield.

15, Highest biomass production was zrecorded by the
agroforastry system involving subabul + sorghum and
blackgram which was closely followed by subabul, maize

and blackgram.
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16, Intercropping annual corecals and lagumes
between 2 m wide rows _cf subabul was found to be more
profitgble than intercropping beotween 4 m wide rowsa
The combination wwaize + blackgram urder 3 m wide rows
of subabul was the best combiration in terms of grain
vield and profitablility.
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FUPURE LINE OF WORK

From the study it was clear that the combinat%cn
maize + blackgram"gzown h@twéen 3 m-wide rows of aépabul
was the bast combination. Higher grain yields as ; '
compared to other combinations in this study vere o#taiéaﬂ
at 50 per cent of the recémmenﬂea dose-of nitrogen énﬂ
supplemented by subabul prunings., In this study, since
only 2 levels of subabul densities were used, it woﬁlﬁ ba
proper to test different levels of plant densitiss éo see,
if imorgenie nitrogen could be skipped off by incorﬁo::ation
of subabul prunings, |

The performance Of other foodercps of the regicn
a8g. colocasia, tapioca, bamana, yam, &tq.. lntercroppzd
with subabul ard using -subabul as green manurs can be

investigataed.

In the present study, the cutput from the livestock

component was not taken into consideration, In futéne
studies, the output from animal component may also 5@
included@, so as to gt the full benefits £rom

agroforastry practices.
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APFENDIY - I,

weather Gata during the crop pericd and lts variation £rom the
. average Zor past five years

Stard- Falnfall (mm) Temperatyse °C rRelative humidity
WE;;IG:S Pﬁ'ri‘:‘ﬁ e p————— 1 R ST ey ( %)
Maximum M4l nd wum
1984  varlation 1984 variation 1934 Variation 1984 Varlatiocn

) 2 3 ) 5 T 8 9 10
28 July 9-15 64 +348 29,29 ~0.58 23.36 +0.76 B5.78 =2427
29 1622 18 +4 o2 28,62 ~1.3 23.53 +0.85  88.78  +2.18
30 23-29 00 -15,1. ZB.85 ~0.34 23,60 #1e64 18,54  ~11.42
31 30 aug-5 S ~4.452 23,75 0.9 23.60 1062  Tde14  ~23.67
32 6=12 12 ~18.64 2939 -0, 11 23,10 +0e93 65,71 ~23.67
33 13-19 3 ~58,92 30.10 +0.84 23,17 #1.29  6E.57 ~21.44
34 2026 00 ~27.66 30417 +0.52 24,38 +246 65.00 <28.31
35 27 sept-Z 8 +0e2 29,43 ~0e91 23.96 +1 029 72.12 =~14.53
36 39 a0 ~15.4 30,21 ~0.25 24039 +1eB5  T4.14 =13.64
37 1016 00 ~38.62 30,33 ~0605 23,85 +1e31 - 79.78  =7.29
38 17-23 3 -85.08 31.17 +iel 23.82 +1.72  69.64 -18.8

Poaitive sign (+) shows

increase over the: average data and nagative sgign (=) the dscrease



APFSIDIR - I. Conbd.

B A ' 3 - ) z =i ~3 B D <
39 2630 7542 +56.06 30,03 40,80 23,10 40,62 78,85 ~Ded7
.40 Got  1e7 172.3 +149,9 28,46 =1,78 22,03 «0e38 £7.64 +1458
41 14 946  ~d2e1 2066 #1406 23,10 40,88 78,92 «6.45
42 1523 Ge0 =546 30,10 =0.88  21a71 0,56 $5435 «20.75
43 2228 29,9 =320 30425 «0017 22486 +De07 6457 12487
44  29=1oved 040 ~32432 30,32 +0.13 23471 $2a12 74421 ~14.96
45  5=11 425 ~3.06 30475 $0,89 23,92 4188 75,92 3.9
46 12+18 2542 =5544 30.64 40.28 26403 41,78 73,78 ~6e25
47 19=25 S6e3 . 443.24 30.21 ~0e32 23,5 4095 O1471 44455
48 26=Dec~2 daG =257 . 30.3% ~0,15  23.85 4161 BS.00 | +1495
49 32 58 -2449 30.53 =0,28  23.5 41426 55.07 44402
50 10=16 040 =10.8 30,78 0.0 21457 ~0.42 80,24  ~D.93
52 17~23 0e0 ~10,15 - 30417 «0e61 20421 =2.00 75,00 ~13,73
53 24=31 0.0 ~1248 30,87 +0e28 20,78 =0s77 U756 ~Ted1
I  Jan 1«7 6le2 +54.2 30,53 ~0e36 2146 40482 78,00 42461
SR 8=l 000 040 | 30,85 . =0,34 22,30 1435 82,14 8402
3 15=-22 0.0 502 30,77  +0a21 22,85 1,89 84,07 T 45.97
4 21=28 Ue0 Ca0 30482 © 0e2B 21,18 +0.25 79450 +5 72

Positive gign (+) sho

wn increase over tho average data and negative sign (=) tho decreass, -



APPEIDIX - I Contd,

Rainfall {mm) Temperature °C Relative humidity (%
82?23 Pariod  Maxdimum #51 nd rrum
weeks 1885 Variation 1985 vVariation 1985 vVariation 1985 Variation
1 2 3 1 3 5 7 ) 5 10
28 July 9=15 10.0 -50,2 29487 0.0 22,2  =D.4 76621  ~11.85
29 16=22 27,2 +14.1 30,3 +445 22,46 ~0422 71457  =15.03
30 23~29 2.6 ~1645 30,53 +1.3¢ 22,47 +0.51  79.78  ~=10.21
31 30~puge5 25,0 -25,62 29,99 0433 22.77 4079  82.21  ~ Bal
32 612 2143 = 9.5 30446  +0,96 22,98 40,81 98,28 ~2410
33. 13=19 0.0 61,92 3036 2112 - 23467 41.60  B84.78 -5.23
34 20-26 0.0 -2748 30455 40,90 23,62 4129  B83.57 2474
35 27=gept 2 0.4 4ot 30.62 40,28 26424 41,57  81.35 -5.30
36 3-9 0.0 -15.4 30,62  +0.16 24,30 =1.77 8135 ~5443
37 10-16 0.0 ~38.6 30.41  +0.23 23.22 +0.68  83.28 ~3.79
3g 17=23 0.0 -88.1 30.38  +0.31 23,46 +1.36  83.76 2.68
39 | 24-30 . 0.0 ~21.1 . 29,92  +0.33 23,40 40,91 83,14 ~5.18
40 ot 1= 7 De0 ~22.4 30.25  $0.01 22,39 =~0.02  B4.14 ~2.18

Pogitive gign (+) chows increase over the average data and nzgative sign (-) the decrease



APDPEEDIX ~ I Contda

1 2 3 g 5 ] yi 8 ) 10
41 8~14 0.0 «5147 30,38 ~0ul4 22,85 +0.63 80.25 =5.03
42 i5-21 128.0 +121 .4 29,54 ~1e41 22444 40,17 79,00 =7.10
43 22-28 155.0 +104,1 20,57 " =0e58 23,07 - 40,68 82,50  =7.00
44 29-rov 4 311.0 +26846 29.19 ~1400 22,58 =0,01 78,00 =11.17
45 . . 5=11 28,8 ~1647 ‘30,07  =0,21 23,99 41,91 80,28  -4.93
46 2218  152.2 +71.5 ‘20463 © =073  23.30 .41.05 . 80,71  ~5,32
47 19~25 45.8 ~30.7 120470 =0.83 22,78 .40,23 77,00  =0.26
48 26-Doe 2 8.0 ~22.3 129,98 ~0s52 21421 .=1.03 77,00  =G,0S -
49 . 3-9 7041 -5742 " 29,90 ~0,91 2244 .+0.19 77,00  «4.05
50 10-16 " 4.1 " 6444 20,80 . . =0,98 22,50 +0.51 76.00  =5.07
51 17-23 040 = 10.1 . 30,10 =068 21,20 ~0,31 79.00 -3 473
52 24-31 . 0.0 - 15.3 32,30 +1e81 20,60 * =0,95 75.00  =9.97

i Jamn. i=7 Oe0 =149 | 32,30 +1e41l -+ 20,7 . =0.48 T4,00 41,32

3 15-21 © 040 . =662 . 32.8 +0.82 20,8  =0.35 75,00 @ <4,00

4 21-28 0.0 0.0 32.5 +1e82 | 23,1  +2.21 78,00 #4422

Positive gign (+) shows increase over the average data and negative sign (~) the decrease




APPENDIX =~ II. Abstract of analysis of varlance for
height of trees {m), diamater at breast
height (cm), leaf-gtem ratio and green
fodder yisld (kg/plot) of subabul

Maan squares
Helght Diameter  leaf-stem Green
source DE o at ratio fodder
trees breast yield
height .

Block 2 0.073 * 0,038 0e1574% 13,757

A 1 0.019 0.024 0e388% % 854597+

B 1 0,013 0.000 0,001 23,922

(1 2 0,00002 0,001 0.008 0el56

AXDB 1 0.001 0.044 00,0001 9316

Bx C 2 0,005 0,005 0.0006 0,531

Ax C 2 0.040 0.G017 0s0177%% 14.676

ax 3xcCc 2 0,014 0.017 Q0237 6400

Brror 22 0,011 0,012 0,003 i4.540

i

au

Significant at 0.05 level,
Significant at 0.01 level,

& =

G

=  subabul gpacing
= lLegunes
= Cergals



APPENDIX <« IXl¥. Abstract of analysis of variance for

dxy fodder yield (kg/plot), firewood
vicld (kg/piot), botal biomass yield
(kg/plot) and cruda protein yvield
(g/plot) of subabul.

Mean squares

Dry Fire Total crude

Source bf  yieia  wiela  yieid  Tyieqs”
‘Block 2 1,138 0,390 2,379 86998,0
A 1 5,473+ 4,084 18,993 14148840
B 1 3.563 0297 5,918 89038,0
c 2 0.148 60111 8,000 13619;0
Ax B 1 0,080 2,889 3,982 294,0
Bx C 2 0,246 0,867 1781 20171.0
AxC 2 0.638 0.272 1.502 49299;q
AxBxC 2 0,647 0.405 1.704 33169.0
Error 122 1,108 3.517 74605 5281447

% Sigm.ﬁicﬁnt at 0:.05 leveln

4 =

subabul spacing
- B = Legumes
C = Cercals



APPEINDIX = 1V,

Abstract of anslysis of varlance for
nltrogen content (per cent) ard crwide

protein content (per cent’ of stea and

leaf portions of subabul f£codder.

T izan sguares

Nitrogen content Crude p&étain content
soures DE stem Legt seem Leaf
Alock 2 0.097%% 0,140 3,600 % 4,960
A 1 0.084% 0,437 24646 # | 17,162+
B i 0,002 0,003 0,212 0.131
c 2 0.015 0,032 0.870 = 1,807
AxB 1 0.003 0,123 0.023 4,747
B c 2 0,025 0,190 04735 7 ¢ 459
AxC 2 0,005 0,015 0e211 2,327
Ax oxC 2 0,012 00232 0.390 2,350
Expor 22 0,011 0,080 0,423 3.163

* gignificant at 0,05 level,
#r  sigrificant at 2,01 level,
A = Subabul spacing

8 = lLegumas
C = Cereals



APPENDIX - V.,

Abstrzet of znalysis of varianos for
phosphorus and potassium content {par cont)
of atem and leaf portions of subabul £odder

MEan aquareg

Fhogphorue rontent

Polbasaium content

gource DE stem Ioaf stem Leaf
Block 2 0.000004 6.000003 D.00372¢  3,0027
A 1 0,00179++  §.002L.%¢  0,08423*+ 0,0044

B '1 0,000087#%% 0.00021%w | 0,07934+% (0,00003
» 2 9,4500036 2,030004 0,06760%=  0,00038
AX B 1 0.00056%% 0,0007.%  0,02832%« 0,00007
BxC 2  0,000092%* 0,000009 0,05429+» 0,00603
AxcC 2 2,00018v  §,000008 0,01382%* 0,13900%=
AXBXC 2 0,00004% 0.0D00D04  0,01964=* 0,00517
BELor 22 0,00001 3.000008 0.0003132  0.00270

* Slgnificant at 0,05 level.
% glgnifilcant at 0,01 level,
A = Bubabul spacing

B = Legumes
C = Corezls



APPEIDIX = V1. abstrzct of analysie of verlance for growih charseters

and yield components ¢f cercal

¢

¥ean squares

sl. S _
no, Flant charactsr 3loek A ) ARB BLror
M_SZ) (13 {1) {1 {6)
1 2 3 4 . 5 6 7
i Helcht of the plant (cm)
Malzs
ae. J0th day z 11.554 b 5 i S9C R T 20136 0.0252 2e564
Iz T4 .558%% B.L07* 00164 0,057 1227
b, 60th 2av I 102,043 d.312 96 4,335 75.800 Tae203
Iz 30,324 179,814 %2 15.875 44312 106274
C. AL hearvest I 95,367 24,250 E83.22¢ 82,15G 32,330
IZ 25;890 152.;789 ¥edr 4'90593 1:101 9-108
Sorghun
a. 30th day I 20,542 % 69¢118%* 00517 0.0322 2.177

- Figures in parenthasis indicate degrees of froedom.,

* significant at 0.03 level
*% gignificant at 0,01 lavel

i =

Iz

First year,

Szeond yoars



APPEIDIX = VI. Contd,

1 3 3 z 5 B 7
be 600 asy : T 694341+ 88,023 %% 13,023 24,933 5,957
11 28,066 = 76.507 +% 124203 174519 3,548
c. at harvast T 65.200% 12,406 0.156 130.680#% 9,005
Bajra '
a. 30" gy I 154023 %4 99,187 %* 10148 04906 0.801
: 31 15.781 82.472 0.105 0.515 15,673
be 60" Qay o x 168.175 19,460 14273 12,328 46.5i3
II 137.765 13.625 10,812 0,078 904677
ce AE harvest 1 167.726 264125 44203 18.000 57.263
11 129.453 25,812 12,421 3,625 - 74.195
2e Daye to 50 per cent -
£louering
a. talze I 0,000 0,082 0.032 0.085 0.323
It 0.083 0.085 0.085 0.078 0,750

Figupes in parenthesis imdicatz degrees of freedom.

W SigALELEARt at 0,05 16vEl”
*v  gignificant at 0.01 level

I e ~Figst ysar

IT =

Second yeax



ARFEIDIX = VI. Contde

1 3 3 Z 5 6 7

b. sorghum I 1.323 Be335¢ 0.000 04332 ' 0,888
T 1750 144033 %% 2,083 0.086 0.750

c. ‘Bajra I 2,083% 4.082%w 04750 0.083 0,305
II 1,750 4.083% 0,750 10.820 0,638

3.. Dayz to matucity .

8. iHalze I D332 16,7504+ 0.078 0.085 0,222
II 0,025 10.085%* 04035 0.978 04250

be Sopghum I 0.085 0,750 2,093% 0.078 0304
1z 0.083 04085 0750 0.082 . 0305

4s Ienath of ear (cm)

a. Halze 1 0.422* 0,001 5,161 %% 04001 0,057
11 0.821 11,273, 24622 1,710 2.197

be Sorghum I 0.975% 4 1540%+ 34167%% 0.020 0,054
II 1.440%% 547404 % 16,100% % 06240 - 0.070

Figures in parenthesis indicate. degress of freedom,

* agignificant at 0:.05 leval
%  gignificant at 0,01 level

I = Plroe yeaco
II = Second year



599323312{ -~ "J’Ig CDntdc

) 3 3 2 5 E) ) 7
co Bajra T 2.470 1.763 God53 1.919 2,622
iz 0.138 04929 14.383 0e116 2,750
5.: Moo Of sezds/ear

as Malze i 399,148+« 0.500 158 4559 0,734 34,604
| 11 364,062 413,031  2257.731+ 215.032 368,375
be soxghum 1 123,713 13,406  6594.15%« 4,468 177.947
I 1855,554 734,843  19416,600#% 14 .G56 1566 .860
¢ Baixa 1 2544 ,000 9284 ,000 58344000 1352,000 2300000
1 8278,000 36673.000% 87313.000%+ 73,000 3971.000

6o wWolght of thousand - |

" grains (g)
ae Maize I 116,023 2,656 24 4656 10593 264119
: TI 51,406 2,556 28,531 7e531 38.223
be SOrghum I 1,181 04292 7o TO Ik 0,498 04553
Iy 0.218 0,004 9,083 %% 0,424 0.605
c. Bajra T 04207 0,070 0,006 040323 0.045
11 0,670 0.492 0.243 0.043 0,188
Figuresiln parenthesis imdicate degrees 0f frcedonm.
* glgnificant at 0,05 level I = giESﬁ year
## significant at 0.01 level 1T = Second yeaw



NPPEIDIR ~ Viie
a1l yield comspononts of

lagumn

abstract O£ Analysis of variance for growth choracters

Sle

Hean SQUAres

Plunt charactex

10 alock A c AxC gpror
(2} (1} (2) {2) (10)
..l 2 3 4 5 & 7
1. delight of the plant (cm)
CQWP@;&
a. 307 Qay I GeC74 * Fo67Ie 5,104+ 04302 14161
1 2,001 34678 5.463 1,911 2,005
be 60°% Qny x 57.3520% 1442228 3,540 24750 2.631
11 82,208 6. 355 3,385 210,368 #% 2,464
Cs At hapvest 1 74454 27.632%¢ 54252 2,808 2,404
11 24687 11.05¢ 4,355 10.414 3.665
Biagkgram
a. 30°% agy I 04400 3.379# 3,0024 0.180 0edS4
b. 605 qay 1 0.775 0347 15268 0.034 04243
71 12,7024 3.468 0.987 5,068 10444

Figures ip parertiiesis irdicate éggrees of Eresdom,

+ gignificant at 0.05 level
#v glignificant at 0.01 level

1+

" 71 = Pirst yasr
31 = Second year



APPSNDIN = VIX . Contd.

i —

-4, 2 3 4 5 G vl
Ce At harvest 1 0.671 0,043 2.220% 0,123 0¢276
1z 12,732% 3,135 0,939 0,022 14456
?a Runbsr of noduleg/plant
a. Cowpea hy 1.400 63.343 ¢ 464388 un Ge185 0,791 -
. $) 0.522 5843200 454893 «w 1.833 1.751
b. Blsckoram I 1.826 0,055 9,664 * 2,827 1.836
' 11 0,406 37.0¢4 %% 9,105 v+ 0.222 0,863
3. woight of nodules/plantc
(mg) -
g« Coupea I 14 48B4 % 32404674 1.273 5.330 2,064
11 44352 0141264+ "24355 26,054« 3,499
be Slackgram I $.267+ 3.647 14747 9e493u e 0.544 -
31 14235 45,1254 0.875 3.625 2.33¢
4. Days to 50 per cent
flcuring
ae Cowpea 1 04389 3,554+ 24056+ . 0054 0.389
] II. .. .0.166 . 0.830+ . 2.166% . 0.388 0,166 -

Figures in parenthesis  .indicate degrees of Lreedom.

* gignificant at 0.05 leval
+r significant at 0,01 leval

I

I = First Year
I © Second year



ﬁ??ﬂﬂglﬁ - V!I. antd-

N 2 3 3 5 3 ¥
b. 3lackgram yi 04666 22,7224 1.266 0.054 0e300
II 0.888 3¢534& 1.555 00222 0.&3@
Se Days to maturity
ae Coupea i 0,054 0,062 G054 e 0,054 D559
ix 0595 84000 . 23,3674 64164 54033
b. Blackgram z 0,722 2,000% 2.320% 2.167* 0,321
11 0.667 2,000¢ 34167t 1.164 % Oe 200
Ga Dunber of pods/plant
a. Cowpea 1 0,020 04077 1.027 0,053 04950
EZ 00490 1-075 .1:827* ’ 0-056 9.282
be Blackgram i 04375 0,500 3.375 04125 1675
1T 1020 1.535 0,093 04555

1.680

Filgures in parenthosis indicats degzoas of freodom.

= 3Bignificant at 0,05 leval
“#x pignificant at 0,01 level

I = Flesht year
IZ » Sgoond yeor



il 2 3 A 5 - 7
7. Length of pod (cm)
a. Coupaa I 0,245 0.0004 0.202 0.694 04756
11 0.327 0.0576 0.345 1,052 0.398
be Blockggam T 0,024 0,002 0.0150 0,003 0,020
IT 0,013 0eh13 0.0008 0,021 0,658
B8e Mumber of seeds/pod ' .
a. Coupea 1 0.661 0,579 7.126%%  B8,117* 0,940
b. Blackgram I 04900 0,079 1,139 14531 0,363
Ir 0.354 0.845 3,472 00725 0.181
9. Veight of thousand
grain {(g)
a. Cowpta ¥ 84,757 ¥+ 3,579 9.187 0,102 44920
Iz 80,375 56.531 51.851 9,585 25,270
b. 8lackgram I 4.381* 0.203 2,683 04243 1.010
' 131 Te724 % 1,503 31,457 0e813 0.857

Pigures ir pareonthesis indicate degress of frecdom.

* glgnificant at 0.05 level
*2 significant. at 0.01 lezval

I = First year

II = Second year



APPEMDIX - VIII,

Abstract of analysis of varianca for
the drv matiter yvield (kg/plot) at
differant growth stages and grain yield
{(ko/piot) of careale.

Maan oquarog

Dry mattor yield

sourcs DE 30¢th 60th at gigig
day aay harvest *
nlock 2 1 0,084 * 00329 1,008 0,105
iX 0,107 Je.022 1,549 1,398
A r I 0,958 % 1809+ 12,934y D785
ix 0.304%% §.476%#%« 22,039 24138%
3 I « 1,019%* 0,004 44354%% 0,735
Iz 0,103 5,728 12,155«% 2,684 wu
C e I TeB842%% 15,45G¢* 1,162 1,301 %%
Ix 62120 44.312%x% 124 725%% 28374
A X B i I 0,064 1,073 0,287 0.135
IX Qe146 0,152 0,83¢ 0,512
Bx ¢ 2 I De244 % 0,488 0.228 Q.112
T 0.285% & 1,744 mu 1.592 0,248
AR C 2 I Q,172% 0,531 0,368 0,337
Ir 0.021 J.341 %% 1.314 (e492
AxBxRC 2 I 0,723%%  0,95%7% 0,327 0,009
ok o 0.033%= 1.8587x i.349 0,109
gryor 22 i 0,040 0e257 <403 0.143
Il 0,038 Qo144 0777 0,273

* Slgndificant at 0,725 lavel,
*+ gignificant at 0,01 level,

I = Pizat voar.
1I = second yaear.



APPEIDIX = IX.

Abstract of analysis of variance for the
dry matter yield (ka/plot) at Qiffcrant
growth stages atd grain vield (kg/plot)

of lzgure.

Maai aguapes
Dry matitor vield §
' Graln

ATy i 30eh “B0tn ak .
gcurcy LE any day Narvest vield
zlock 2 I 0,002 Ge213 0e133 0e1170%

il 0,000 D112 Oel33 01724 %%
A 1 I 0,008. 0,008 0,001 0.,0193

Ix 34020 06344 0.402 0o 1230%

17 0e3234n 1.180%y  1.261* 0,0001
o 2 I 0,757 %% 1.802%%  2,192%% 0,2298+#

1 0,081 ~# 34450%%  3,488%r 0,44264%
AX B L I 0,005 0,382 0,253 0,0026

1Y 1.004 0.559 0.065 0.0031
Bx C 2 I 0.115 0e262 Cell5 0.0034

iI . 010 0ed22 0.422 0.,0782#
ArC 2 I 0,003 $u350 0082 (,0258

i1 DM 0,389 06040 0.0011
A BRC 2 I 0,095 0.098 0.022 0,06263

LI 04015 0126 0.133 0,0319
Error 22 I 0,003 0603 0,032 Q,0087

Ix 0,004 00323 0,357 040020

¥ 3igrificant at 2,03 level,
% zignlficant at 0.01 lavel,

I =

Tirst vear,

Il @ Second yoar,



APPEIDIX - X, Abstract of analysis of variance fior
total yield {(cersal + lagums) of dry
matter at different growth stages and the

total yleld of grain (kg/plot)

M3an SUanas

Dzy mattsr yiqld

Graln
day dsay tarvast ¥i
Block 0,122 o759 0,712 04111
04100 0.938 1853 2,350
. 0,108 %+ 1,783+ 13,135%4 1,249+
0,494 %% 14.4032% 20,3%96%* 3,369%
B Q.262+ 0,313 2.717% 0.,845%*
0,068 24284 %% §,700% 2,460
C 2 I 6,639 %% 0.853%x {,367+% 0,771
IX £,380%% 15,887 vh 26,147w%  3,292%
AX B i I 0:102 0.70% 0,015 0,259
iT 0.128%* 0,030 0,022 0,587
BxC 2 I y 210 0,568 0,483 0,156
Ir 0,374 % 1.131 1,622 0,256
AxXC 2 I 0,222% 0.182 0.156 0,199
IT 0,043 2.070%% 3,338 0.211
AxEzC 2 I 0u654 4k 0.135 0,239 0,011
L9 - 0.562%= 2.589%¢ «2.38 0,243
Brror 22 I 0,507 0,388 D622 0.142
ix 0.038 0,281 0.835 0e241
* gignificant at 0,05 level, I = Flpst year.
** significant at 0,01 level, II = Sacord vear.



APPENDIX = 21,

-

Abstract of pooied arcalysis of variance sxor the dry tatter anmd grain

yield of legums, careal and thair total (ko/ploi) at hanvest

Mear squares

Dzy matter yileld

Graln yield

souree LE Legaal Qaresal Total Legume Cereal Total
Block z Dol 109 0467 3400 0,57 Q.74
A i De23% 39427%  40,05% 0,12 2,75+ G,11%
B : 028 15,478 8,018 0,0003* 2,96%%  -2,04%
c 2 E 460 10424 26,07 C,67e 3.G654 Z.61%
D 1 24757 3411%  11.81%e 0.168* 3.314% ie16%
Ax B 1 0.29 0.33 0.0C4 04004 0,58 0.26
BxC 2 Ovd4 1452 1497 04004 0433 C.06
AXC 2 0404 0488 1.16 Oe10 0.54 0,49
AxD 1 Cel3 0459 1e44 0.02 0.16 Cu65
# sSignificant at 0.05 level, A = Subabul spacing
v+  gignlficant at 0.01 level, B = leguies
' C = Cereals
D = Seasons (years)



APPEIDIX - X1. <Contd.

2an S{uares
| Dy ﬁatter vigis | craln vield

-sourcea _ " DI Leguma‘- Cersal Totad " ) Lequrs Cereal Totzd
Bx D 1 0,23 0,55 0425 | 0400 0,25 9.05
CxD 2 0.08 3.7 4456 * 0.01 0.34 0442
AXBxC 2 0.62 3,33 0,24 005 * 006 0.12
AXBxD 1 0,03 0,03 0,002 €.0001 0.0 0,036
AXCxD 2 ‘0.0'59 3450 0.27 8.005 .28 0.60
Bx Cx D 2 0.089 0.3 0,17 0.961 0.02 0,03
AXBxCxD 2 04090 1.18 1417 0,003 0.05 0,007

Pooled Zrror 44 0.239 0,590 0,728 J.008 C.208 o151

WA e ) S it 1 A NS

% gignificant at 0.05 level,

A e  gubzbul spacing
&%  sSignificant at 0.0i1 lavel, B = Legumnes
' C = Qerasals

D = _geasons (vears)



APPENDIX = XII, Abstract of analysls of variance for the
uptake (kg/ha) of nitrogen, phosphorus
snd potassium at harvest by cexeal

¥3an squares

sousca Do ridtrogen  Fhosphorus Potassium
Block 2 I 0,420 Ze518 +251
1I 121,790 7 o546 * 35,759
A 1 I 405,000% - 214734%% 405,005«
i 756 4014 % 48,594 %% 350,850 %=
3 1 I 119,670 % 14.268% 82,197 %%
©IX 487,941 0% 24,520 % 124,71
c 2 I 24,717 81,891+%  1566,114%«
II 164477 5% 48e331%%  T34,2G%¥
Ax B i I 9.031 0029 34,927
. II 12,158 0,283 10,126
Bx C 2 I 60,218 2,017 0.445
it 1284296 7,085 29,706
AXC g T 4,376 2,559 = 14.296
II 14.501 0,210 37.874
AX B C g Y 0.927 0-242 2.320
.11 34,530 04495 35,050
I 39,024 1,208 40.954

* gignificant at 0,05 level, I = rirst year,

**  significant at 0.01 level, 1I = gSacord yeaé.



APPENDIR = XI1I, Absatract of analysisz of variance for the
uptake (kg/ha) of nitrogen, phosphorud
and potassium at harvest by legume

¥Moan squares

i L, Wi

source DE Vitrogen Fhosphorus Fobtagsium,
Block 2 1 44 403 0405 14469
IX 33.65 Q.47 - 526
A 1 I 17,138 1,005 #% 1461
oy 4 121,160 2,010 36.52

3 1 I 48,98 2,354  232.614%

IT €8,33 5464 %% 427 5 %%

c 2 I 505,294 % 3,42 5037w

II G65,7T%» 340D A% 54,037 ¢
AX S 1 I 8.98 0.10 1,99
CIX 22413 0,04 1457
BxC 2 T 70407 0.15 2,80
i1 216,28%« 0,04 0429
AXC 2 I 102.26 0.16 2495
11 4455 0,32 0,46
AxBxC 2 T . 2730 0459 2419
I 28,00 0,42 2,27
Eerf 22 I 35 .‘8 0021 3.54
o S 58,21 0463 3400

w Significant at 0,0H level, I e First yoar.

#*% glgnificant at 0.01 level, If = Socond year.



APPEIDIX -~ XIV. Abstract of amalysis of variance for,
the Botal (cereal + lsgume) uptake
(ka/ha) of nitrogen, phogphorus ard
potassium at harvest

X

' M2an squares

gource DE Mitrogen  Phosphorus Potassium
Block 2 1 37,90 2,40 5468
1I 242,96 13496 124,36
A 1 I 588,56 2% 51-43"** _4699‘34"*
_ I - 1482,483# B3.13%% 1220,94e%
8 i 1 321,854 5430 37,09
I 191,04 2,19 66498
c 2 1 753,79 v 65,6148 $161e24%%
_ T 3655433 %% 32,98%%  430,07w¢
A B s 0402 8,15 - 19.38
. Iz 67.10 . - 5.78 3.18
8% C 2 1 10,35 L 2,193 5,10
1T 199,82 4,76 31435
T 15.38 2,29 30,38
AXBXC 2 T 24,453 0,30 ' 8466
II To62 0,88 40,87
Zrror 22 X 50,81 2.30 18419
' iI 60,00 2.22 41.46
* gignificant at 0,05 level, I = First vear.

«+ Significant at 0.01 level, IT = Sacond yoars



APPEFDIX =~ XV.

Abstract cf amalysis of varliance for

the crude protoin yield of ceoreal, legum
and their total yield (g/pleotlat hazvest

F2an sGuares

T Cereal ‘ ‘
. Lzgume Total
Source DE ' (careal + legums)
Blogk 2 i 301,08 6672 .05 6199,.85
: Iz 13%9 .86 20237.,05= 177752409
A 1 T 56832,3 2676 ,29 800368,46
Il 118636 ,3 % 40315,12+ 301899,30 w#
2] b4 s 23752,93* TOLE 4 T5 413224,52 -
¥ T0705,33 6% 3664,.73 55796,50
C a 1 45608,.,27 73947.95%%  115676,15**
iT 14022,902%  126518,15#% 33501, 80+
AR E 1 T 2816.81 2003 .82 215,89
g 2 1828,08 10328,62 1179,90
B xC 2 £ 116357.89 15390,.21 661,60
I3 20253,2% 1332,75« 13509,.90
Ay O 2 i £3113.20 11254,23 11991 .34
Ik 2337,72 47374 .54% 285,68
A SR C 2 K 670,85 3962,94 552240
II 5274 .32 392,20 3020,99
Error 22 I 3131.69 5544 ,63 10237.,92
Ii 060,95 5623,.,62 15145.,40
# Sdgndficant ot 0.05 level, I = Firat yvear.
s 80.01 lavel,

Signlficant at:

II = Saconl yzar..



APPERDIX = XVI.

abgtract of analysis of variance for total biomass vield ard
total crude protein yield (kg/plot) anmd total nitrogen, -
available phosphorus and avallable pottassium (kg/ha) content

- Of goll after the experiment

Mean sguares

Total yield of gystem

soll content of

Source Df Blomass Crgde protein Togal AMaé;able avaiiablé
plock 2 54379 0,272 38440 14517 0.402

A 1 167,042 %+ 1,460 1111112,0% 11,167 %% 0.5695

B 1 46,593 %% 0.537%% 217776 .,0%% 4,767 8e230*
C 2 17.373 04676 ** 2011112,0#*% 0.033 59 o900 &+
AxRDB 1 2,401 0.000001 4448.0 - 04593 04605
Bx C 2 1.869 0.0023 14444.0 1,730 0.666
AxGC 2 64196 0.093 3444.0 0.291 0.193
AxXBxC 2 1.926 0,023 707640 0.611 0.152
Error 22 64335 15050.5 1.020 1.411

0.0615

* sfgnificant at 0,05 level,
Significant at 0.01 level,

i

A = Subabul spacling

B= Lagumas
C = ‘Cereals
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ABSTRACY

An experiment was conducted in the Instructional
Farm, ¢ollege of Agriculture, Vellayani, during ths
pericd from Apr. 1984 to Hov. 1985, with the object of
findiﬁg out the hiomass production in an agrofoprestry
system involving food and fodder crops amnd also to
salect the most guitable cercal-legums combination to
bz grown as intercrop under different plant denaitieg
of subabul. Subabul was planted at 3 x 1 m and 4 X 1im
apaclings six months prior to the planting of annual
crops in 1984, Annual legumes (eowpea amd blackgram)
and cereals (maizs, sorghum and bajra) were planted in
alternate rows in the gpace between the zows ©f subabul.
Subabul foliage was prunsd amd spplied as green meﬁures
to the annual crops 15 days before planting and at every

15 days interval after planting upto the 60°0

day in
the first ysar., BSubsequent prunings at every 15 days
interval till the planting of annual crops in July, 1985
were recorded as green f£edder. Subabul f£ollage was
prurad and applied as gresn man;res to the annual crops
at every 15 days imtervsl after plan;ing upto the sbth
day in the second year also, subsequant prunings at

every 15 days interval till the harvesting of annual



crops were recorded as green fodder. The experiment was
laid out as a factorial experiment in randomised block
design with three replications.

Results from the investigation revealed that the
leaf=stem ratlo of: subaibul foéder was highest when
subabul was planted 4 x 1 m sp,acing.} bf‘té,*hﬁogen and crude
‘protein content of lsaf and stem, and phosphorus content
of staem portlons of fodder were the highest at 4 x 1 m
gpacing of subabul

Green foddar and dry fodder yvileld wore maximum
urder 3 x 1 m spacing of subabul. Phosphorus content of
lzaf and potassium content OFf stem portions of. fodder
were the highest under high plant densities of subabul,

In the case.of annual cropsp\ear length of soxghum,
nunbar of grains/ear of bajra and mumber of seeds/pod
of cowpea warg the highest undepr subabul planted at
3 x 1 m spacing. ny' matter and grain ylelds ¢of anmual
legunes and ceréals were the highest when grown under
subabul planted at 3 ¥ 1 m gpacing.

Maximum total biomass production was recorded
from the Agroforestry -gystem consisting of subalml,
sorghum amd blackgram, In terms of grain yield,



'maize and blackgram' was found to be tho bast
combination of anmual cersal and legume that can be

arown g3 intercrop with asubagbul.

Intercropping annual cereals and legumes urder
3 x 1 m spacing of subabul wag fourd to be mors
profitable than intercropping under 4 x 1 m apacing
and maige + blackgram uﬁder 3 %1 m spacing of subabui
was the best combination in terms of grain yleld amd
profitabllity,.





