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INTRODUCTION



- ZHZRODUHTION

Juber erops forn gn important gwoup that produces
abundent food materials at low cost aad honoe they have
becone favourits apticles of fond in the %@W&@%ﬁg@ gountrios
5% the world, Hodently published figures indieste that
global preduction @f tuber -@@pg is of the order of 170
miilion tond per annun of which ‘tapioca slone acqeunts for
more than 105 million tons %ﬁhmh ig about twoethird of the
total tuber orop production (FAD, 1573)s o

Tapioen, which 1o also called ag cassava, manicc,
aipi, mandioss, ywz_ﬁa ﬁ’%éﬁ in differont pards of the world,
' has & pivotal volec in the economy of the State of Kevala
with an sunual production of about 53,9 lokh tons fron
an aves of about 2423 lakh hooterce. In Kerala, majority
of the farners belong o %ﬁé ggézzpv of marginal faraerg
and faralng is & means of oubslatence rather than ‘iazxsf,::‘;neéﬂ
2or thens ’E&ﬁia&a being o eubsidiary food erop for the
middle and 3;%%@?"@1&5 people of The State, requires much

attention in the foprovement of its production,

Tapicon ig noinly s cavbonydrate pich orop with
very 3“@*@ gontent of pyoteinses It hag been gugeested that
one of the several ressgons for the protein deficlepcy of

people in the tropies is the lorse seale consumption of



tapioca by them (Soursecy and Haynes, 1970). Therefore
it is cmphaelsed that some protein ich food items should

| also be included along with taplocas | Ag wmmaéé by the

fact thet ﬁegmém are rieh sowrecs of protein (Jainm, 197%)
it iz nutritionally sound %o oupplenent tapliocs with some |
grain xag‘c‘zw@a 1ike puloes, |

Ag already stated, bulk of the faploca gvowers ave
pubsietence faywers and camnot afford to go in for the
eultivation of puises on a lerge seale in frogh lands BSo
gaitable &ﬁrﬁhﬁéﬂhﬁi%&ﬁﬁ have to be adapted in ‘order to
onable the cullivators to grow pulses without any additional

~16nd or expenditure so as to cnsble them to include pulees

also along with tapices in their dally dlet,

Intereropping iz a teram that is being widely used
1 aggmumixmi goientiste in recent yeavs, In M@.lii:y,‘
intercvopping ig o practics of intenpive land use ‘to take
tue or more orops similioacously ecach year. This system
-ﬁ@t only inorcases the production from unit ares per unit
time but alse provides additiomsl work to the agricultural
isbourers heaides giving an additional ingomes Again,
mﬁﬁmz*@z&mg systens invelve growlng together two oF movre
specices of e¢ropg with the apoumption that two spocies ceuld
exploit the emfimmaant botter than one.



The intererops selected sheuld cneure mawimun

- produetion or mazimum returns per unit input to the favmer

and should be compatible and able to cowexist with the

main erope IT should be able to utilise and harness

efficiently the light that is £iltered through the leaf

@gﬁﬁgy-ﬂﬁ the main erap. Fhe rooting potterus of the

intoraropa ghould be guch that they can wtilize the water

- and autpients which are not utilized by the uain rop.
Tapiocca,; being a ton monthe duration orop, the

initial growth ;?aﬁé uf the W@aé ig oomparatively olow

and it generall

takes 2% %0 3 momtha to develop the f£ull
canopy (Mohankuwnar and Heisnd, 1974)¢ 1t bas also boen
reported that most of the %ﬁb&?a.ﬂﬁﬁﬁl§§,ﬁﬁly by the third
month affber plenting, Favther tapioca is plarved at a
spaging of 75 = 90 éﬁ(ﬁa both wnye which reoulits in leaving
" a eonslderable ares 3&&%}11@&& during the ¢urly part of
@wap.g?awﬁha ,

| Baged on the above facts interoropping in tapioca
will be an ceonomically and proctically feasidle ventuve
It ﬁ@% only gﬁvas*&m;a&éiﬁi@na& income buat also utllizos

- the natural resogrces of sunlight, wataﬁ-amé natrients to
the fullest extent. Iwperimeunts conducted &@.Qéﬁiﬁmﬁaxti
 Zrivandvan {8ingh st al. 1967) bave showved that o combina-
tlon of tapioea and pulses will be benefieial with regawds



to income anﬂ soil Lertilitve

&'wiﬁa variety of pulcos has @mﬁn Pound to cowsmist
with atﬁ@ﬁ fie&&*ax@pg'iﬁ indereropning aﬁ%ﬁé@%e %ﬁ&y
were alse found to be benefieial to the wain crop. Adong
the pulses, saw@aé, g&a&agﬁam7&mﬁ blackoran were used in
large scele by the people  of Eerala. Devides, groundmut is
another leguminous oilseed erop which hap hig &'gﬁﬁﬁﬁﬁiai. |
for growivg in Kerald ag an inbererop.

fhe mnurisl reconendations for the orp reised ag
intercrop will be different fren that resommended for the
Gane éﬂﬁﬁ’ﬁﬁﬁﬁ’ﬁﬁiSﬁﬁbaﬁ'a_gﬁwﬁ grop. This wis necossiiated
due to a déerease in plant pepulation when it was grown
a5~aﬁf$a®ﬁr@f@pg Detailed @%ﬁ%&@ﬁ'?&@&ﬁﬁiﬂ@iﬁﬁa gffect of
intorerepping tepioch %iﬁh.&%ﬁfewaaﬁ'pula%g and groundnut
wers laéking in Kevala. The fertiliser recovamendatiosns
for the interoveops were alse not worked cat, Hence the
present &nﬁ@ﬁ%ﬁg&ﬁ&@ﬁwa$'%&Kﬁﬁ ay'with,%h@ folloving
objoctivegi- | | |

{1} %o atuﬁy the effoct of iﬂﬁﬁﬂﬁ?ﬂ@?iﬁm; wi%h
| ﬁifﬁ@rent ?ﬁi&&& and %Eaun&ﬁat, on the ggaﬁth,
| yi&i& amé quality of %ﬁ@i@&ﬁ.

-ig} ity gﬁaﬁg thﬁ eammarapive efficienoy of &iﬁﬁerﬁat
Leguninous erops as intercrops in tapiocn end
to seleet the gont suitable intererop Loz tapioca.



{3}

)

To £and out the optimum and econouic dose
of fortilizers for the inteoreropss

ma—sﬁu&y %h@ e@a@amiﬂﬁ of 3&%@?@§@§pﬁﬁ§ éx@i&a&

~ with different leguuinous ovop a&gyliai with

aifﬁef@at ﬁer%iliaer éna@ﬁ,

io sﬁaﬁg the effest of iﬁ%@ﬁ&fﬁ?@iﬁg on the
fertility status of tho golle



'REVIEW OF LITERATURE



REVISY OF LITERATURE

¥uch oxperimental ovidence is not available on the
performance of tapioca grown in mssoeistion with leguues,
in India op éﬁr@aﬁg However, differont legumes are being
grown in association with different £icld crops by the
enltivators, Although different legumes have been tvied
as intererops with taplocs, the eozparative pecformanee
of tapicen with these intererops supplied with different
ﬁe&ﬁiliﬁ@z dogen &&v@ not been studied very extensively.
Iiterature available on the above appects has bsen reviowed
h%x%; Sinee inforeation pertoini ing to the above work is

limited, similar works on related erops are alac reviewsd,

Xe &ﬁ&ﬁ@ﬁwﬂﬁUiﬁt&?&§ﬁ§§§§§“g§ th@ Zrowth and g;@lﬁ af
tapigca

The practies of intercropping in tapicea has besn
?ﬁpﬂfﬁ&ﬁ:£§$$'§£3311 a$ cavrly ag in 1935 (Morcus, 1935).
The practice of inteveropping %&giﬁea with cotton wae
reported by ?eiaﬁﬁﬁeﬁ {1952} in Colombia. Reporis from
Panzanyika indlented that when early sown groundnuts were
interczopped with late planted tepicea, the yield of cagsava
was reduced to leas than one-Pifth of what it prodseed

when growa alone [Anon., 1960).

sinsh and andal (196%) noted thet growing groundmut



aa iuntererop in tapiooa 4id not substantially affect the
growth ond yield of tapiosa but on the contvary provided

an additional gross lacome of M.1150/ha. In their cxporiucnt,
topicce was planted rﬁ"x,ﬁﬁ agéﬁﬁ”&aﬁ‘gﬁﬁaﬁﬁﬂﬁﬁ ¥as sown

in the centre of 2 rews of tapicca at one £0ot aparts

- #he tubew yield of *i?éz3iﬁa&e wag not much affected by
‘growing legumen Like gPoundnut and aawgaa‘&a intererops
bat on the other band gave an additional lacome (Singh
ok alv, 1969), giﬁgﬁ,aﬁ@fﬁgnéai\(ig?g} reported that horac=
gran and sepemun reduced the tuber yield of tapioea |

etagidorablys

Hobagiousor and Heiohi (1973) tried cowpsa, sunflowem,
groengram, soybeon, sroundnst and maize as intercrops in
tapioga. They found that tuber yield in the plot without
@ﬁﬁér@ﬁé@ wae significantly higher than that in the inter-
grepped ploto.  Tuber yleld was reduced significantly when
snteroropped with greengram, malze, soybean, swnflower and
gromdnuts The diffcrences were on par in the greengran,
maize and Soybess plobe. Though groundmut plots recorded
the lowest tuber yield of taploes, it was found superier to
other intercrops from the met Petuen point of view, Infer-
cropping with greengran and soybean were found to be
aneconomie as the net weturns were less than thai of the

gontrol plot (Mohonkumar and Hrishi, 1974).



o ﬁeats (%@?5} rﬁ’?i@%ﬂ the m@aﬁampgmg practice
.m*%h m@ima in imsimagm and noted that intererepping in
tapicoa wag nore @raﬁmme than monoculture, In Nigeris,
when ﬂamm was imammppa& with yam. ﬂw tuber yield . ?
was m{mﬁme&, This @aa aﬁ%:t*imtea to the residual effect
of manuves and xafﬁm.meza applied to the yam (Zrving, 1875)s

| ‘Growing of groundnut and amaa in betwaen tepioca
cows did not affect the normal ymm of the maln srop ami
“was found o be very @mﬂ%&ma (mﬁyal aﬁa mgta, 19763
Pubor length of ‘t&zxiﬁs&x Mf&m@m wﬁ.ﬁh 5t _'_las{amhaa gayar .ém:{ :
wan 16,098 per eent msra thaa "aﬁat f.a: tagziaaa grawz alonse |

tapioon/atylo mixture pmaug:@& 180 pex ceﬁ‘& grea%ﬂx: %sgs

0 ylelds than tesaim a&am (zmm and Sm’&m, 19763

smtayrm {1 @?é*} mpm'ea the practice of intere

| _erﬁwmg in tﬁyﬁ.ﬁﬁ& in Thailand and found it g&*ﬁi’i@%ﬁlﬁ
witﬂ%m Mfa@tmg the gmw&h and yield of the oalin GYODs
Growth and yiold of tapioca was redueed aamié@vamy when
'inmrcmg@aﬁ with oveps guch ae lab ?Lab, paall onion, '
Jellary onion, @wgeai bhindi, grrsmdmt and bengal sraw
{(¥hamburaj and Muthukrishnan, 1976), They also noted that
the gfgz'mrx of %apioes was affected Ly intereropping as

|  adjuiged by the height of the planba. ﬂn;awa%r, it @ta

" found thot the tuber yield of tapioca wag aot seriously
aﬁﬁe&teﬁ by grawwg gmm&m% as interorop (Aﬂﬂn., 1375 )




de

II. Bffeet of interorspnine op the srouih ané;g*elﬂ af
othez Eubsy orops

Among the other tuber eﬁﬁps* intevoropping studieg
have been nuderiaken in potatoesn,; sweel potatoes and yamss
Roregave (1964) studied the ccomomic aspects of garan garan
{elephant 3 aa%;am) aized with verious other field erops and .
found that intergropping guran with padiah and methi gave
?éﬁ@&?v@anﬁy roturng followed by groundnut and cluster

. beang.

»aﬁaﬁa y&alﬁ. were ingrcased from 2.94 to 6.7 ¥/ha
when mai 8 way zrown in alternate single or double rows
ii&ﬁ@& Eﬁ.&lfg.ié?ﬁ};: Tatercropping had no significant

i\

effeat on the chamieal ﬁ&w@@ﬁwtfﬁﬁ of thﬁ potato tubers.

Iﬁﬁ@?&f@?@iﬁg a&%& es in sweet potatoes showed that
total anaual production was inereased vhen sveet potatoes
Wers Zrown iﬁ aspogiation with saize (Anens, 19730 It
was aloo found that iﬂi@ﬁ@p@?@iﬁglﬁysﬁema had & @ore
effislient light &%iliz&tiaﬁ.gattaﬁﬂ.aﬁﬁ a highax'affi@iéaay
. of utilisation of %ﬁﬁl&@& Ha

Tield of potatan %%axﬁxﬁggaﬁ with &agéﬁgan@ WA
inereased £rom 10.8 to 27.9 tiha'@f fubers (Rathi gl al.s
1974)e Akhade gt gl. (1975) also noted that interevopping
¢ potatoes in fveizated sugarcsns gave gouod yiclds of

potatoes without adversely affecting augarcane yieldse .o




ot
[}

On the other hand the yield of potato tubera was reduced
cousiderably when grown in assdeiation with maize (Pishery
1975)s Kav gt al. (1975) got maximan cane yields and the
highest net reburns when potatoes were grown with antaan
planted sugavesne. Fhe beueficial effects of intererupping
potatoes with mg@@m@ were reported by &g«ﬁ:‘&:@l and Hathur
(1976) and tathur (1975). Sinsh gt gl. (1976) sascesafally

intercropped potatoss with vheat without any edverse effeot

on the potato yields

Pigher (3977} compared the productivity of potato/
maige mixture with pure stands of the gomponent orops in
four cropping seasons and found that yield from the mixturce
201l ghort of that froa pars stends in low rainfall seasong,
whéreag in high weinfall geasons there was uot much reduction

in the maive yields

IIt. Effect of legame intercronping on the duy mablex

% Sl My

Tevari and Seumid (1960) found thet Dimothy or suooth
brome grase aixed wi%z Lycerne in adjacant rows 67 awmy |
yicided nore dvy wmatier than grown in rows 12" away from
the lucerne plant. There was & less in the quantity of dry
natier gzi*ﬁﬁaae& in the nized crovping of eorshum and cowpea
- {Singh and Sogani, 1968)., Prasad and Chaudhary {1975} found
'an increase in the dry matter yields of Qenehrus sebimerus

by growing greengran veristics in the intevspaces.



Hitis and Swnatea (1976) oboerpved an intreass in the
dey mattor content of the tapioea tuber when ‘undersown with
iyanensis. The tubsy dzy m‘ttex yield for
ized %&?ﬁ@é&f&tyi& wns 16.8 per cent greater than for

gtrlesenthes g

taplosa orown alono.

iVe Gffect of losume intevemgnning on the staven contunt
%ﬁ@ﬁiﬁg  §§%$iiﬁ;&ﬁ$ﬁ@i&%i$ﬂ'ﬁiﬁh legumes like
¢owpes inervased significantly the starch equivalent ag

compared to gﬁ&&ﬁﬁ“ jowmr elone (Dey 2t al., 1958},

When maize waﬁ~§waﬁﬁvwz%& potatoen in alternate
gingle ve double wowsy the stareh eguivalent yield wag
inovcesef. ¥he stavch eguivalent yield was bigheoot with
one Pow of paise alternating with twe rows of ggﬁﬁﬁﬁﬁg‘

{Lunzu gt o mg,, 19723

Ve ,Jgﬁﬂaﬁmﬁfbléﬁﬂy§miﬁﬁﬁﬁér&@ﬁiﬂﬂ on grude Qfatexm

Ingrease in the erude p&a§@~m,@@atenz of cxops
when intoreropped- @iﬁﬁ iegumes was recorded by @@v@rai
‘ﬁﬁ&ﬁﬁﬁg @ﬁa&ﬂ%ﬁlﬁ Q?@é?ﬁ found that o mixture of
brone g@a@ﬁ and alfelifs yi@lﬂeﬁ nigher content of erude

- probein fron hg@meﬁwaa& when gonpared to its gzre ahand,

Gwawir "v;{ and @@@p@& in 3:% ﬁaﬁi& ingﬁawae& grude

protvein contend ﬁiﬁﬁifaﬁ&ﬁﬁly'ﬁs @amgam@ﬁ to their pure
gtand (Pey gt al., 1958).

The a&a&a protein aﬁﬁuaﬁi of ! ;ﬁ by grans or

11



12

gmooth %mmma@;w wmg mig%;a’r wmn grown in am@ammm with

lugerne %%mz @m;m &i@m {’i‘emﬁ sm& Sehmid, 1969} %ﬂ%ﬁm

af legumes and nmmgnmﬂ alwma taly in double 3’5@?}3 '

. produced betber Lodder yield and an ingrease in the orude

- protein ¢ontent of 7.5 g@? cent in the wminture ag ﬁ@@m@éi

| t0 445 pew cont in pure MePe Chori voviety of sorghum ‘was noted
(Manither and Sawcla; 1974)e o B

?}’Za- ﬁf&a mzs ,mﬁﬁm@wg )] tﬁﬁ ;zrw‘eh and
,ziaz:&.ﬁ, @f. mm LoD,

By

{a} zszaaswmf
Pathak and Sahani {‘3 960} obperved that ﬁma%mm

as an intererap with redgram gave higher profit. Blackeras

was found %o be the »’ae:«a%, a{aﬁf&a i im@m@@g with eotton in
Piranelveld aﬁf&ﬁ?ﬁﬁ?&ﬁﬁ of Yewmil Hedn (Guruswenyrajas 1962).
Singh and Premghand (1969) noted that gvowing blackgram in
botween the rowa of &ﬁa@ aftor the final earthing up, 4id
not affect the grain yield of meises On the contrevy, in
cotton, the amé wﬁ%@n yiclkd wap siznificantly reduced .
when it was iﬁ%étéé%g};{iéﬁ yith blagkeron (Versa and Zanis,
1960)s | |

:%%zmﬁmw&a gondacted et iaﬁ #ReTey Hew Delhl showed
thet an additional yield of T to B g/he of pulse graln
from upd could bo oblained by interoropping with pigeon~pea
without any asdverse cffeot on the yield of the latter ‘
(Anome, 1971)s Sobti and Bains (1972) reported that 7 e




h&&eﬁg@m intereropped in maise depresged the maize yieldo,
wat the totel grain yield in the intercropped field was
higuer than thelr pure stands. |

‘\*@m@m gt al. {1977) noted that the yield of
sorghug was not affcoted by growing blaskgran as an intere
crop. Purther, the intercroppod plots gave a net return
of %e1436/hs as easzzg}amﬁ to M,739/ha fron pupd SUCZRUN.
(0} gowpea.

. meperiments conducted at I.4.R.Te, New Belhi, shousd

higher yiold of mim whon gowpen was grown 8o an intererop
‘with 4% (Anom., 1951). Gupte (1952) and Halik (4952) also

reported the feasibil i%g of grwmg cowpea as: an im@"*cmg
with other é}s’“?m&.

Doy gk ale (1988) ﬁ%éa‘r@e& a suppression ;;f ggm*azsf‘;h
of sorghua due to the intewtwining effeet of intergown
Gowpeas. 4 23« per cent inersnes m yi@la af g@m w&@ noted
whan cowpea was intercropped with m m:f.am, ‘3%@}.
sanleker (1960) veported highor profits when ¢owpen was
uged ag an intarerop with sorghums |

vmturity and ssed production in cowpea were aiffected
zmﬁgﬁ eonditiona of intevercopping it in maize (Gautan
et aley 1964 ). ieddy eb al. (1963) found that gowpea when

grown ag an intercrop with cestors reduced the yleld of the

latter gignificantly. Uoupen, grown in the sage row as

13



', sugarcane or at 20 en fromt 4t gave bigher yields then grown
at a'gma"{:w &isﬁmam fi’zmm yielded 520 k«g&a of seed -
apd there was 1o bad effect on the main crop or vice versa
{krutman, 1963). | |
| Singh and Sogeni {1%3) got higher ylelds by growing

gowpen. in assosiation with jowar while Singh gt al. (1969)
aﬁﬁ Singh and mxz@aﬁ& {1970) found thet cowpea cun %e |
profitably zroun as an mt@mmy with ta.pmea without nmueh
affecting the tuber ymla. Saxena and Yadav (1971) abaa:fma
ng éigzz&:ﬁim& rodaotion in arhar yield by growing cowpea
as an intererop. |

erorop reduced the tuber yisld of
tapices significantly (dohawcusr and Hrishi, 1973;

' fhouburaj and Hathakeishnan, 1976). Intercropping cowpea

~ 4n cotton was found not profiteble (Singh and singh, 1973)

'iﬂerem anal anid Kale €1 975) found no significant

Oowpes ae an ind

_ﬁiﬁfa&ma in t&m yi.em ai.‘ cotton due 10 growing cowpea
‘a8 an intererop. Ratyal and Dutta {1976) reported that
growing cowpea 3.33 betyeen taploca rows did not affect the
noraal yicld of the latters

Inteveroppling of amea A:&zx awhar dia n&t prolong
the maturity of arhar but cowpea d1d not show any promise
and xe&méﬁ the net return by 16,;53 pey sent (Singh gt g;z,w
1978). ferashan et al., (1977) reported that cowpes as en
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mtemm@ aes.%h semghwn did nais af:.afzt the maiu s&mp yisld
and thise maatie@ fotehed o not retm of ta. 2@93/*2& c@mgxsmaa :
to ?3.789/1@ :m savgha&x m.nns, Cl - |

(e) gmeg@amo

‘fﬁm (1958) repwtaa the gaaaﬁ.ﬁi&iﬁy of growing
@ﬁeagmm in assogiation with dowan anfi mﬁ@ Hung when
groum as an intererop with hybwid mim digd na‘e affect the
~ yield of mize {Gauten gk alu 1964)e ‘Bains et Ble {1970}
z*epwisesa pung aa the most mitama mi:eremp with suzarcane
which f:etehea an additional naﬁ x'@twa aﬁ 150698/has

| Wm the trials conducted at I.&,R.I;, Hew Delhi,
it vas f@.mé tmt an a&&itmnal yé.ela of 7.8 g,/ha of
@uls@ gmm ‘?mm mung . amm %se ebtained by intemm@pm,
'ws.'&h pigaaﬂwea, without ang' aﬁveme eff.‘eet on ymlﬁ of
the latter {Ancn, ’3@?? Je ai.mnm? reaults were roported
bsr Saxens and Yadav (%'3?1}. K

_‘ Ppials conductod at the I&.H.I., Manila showed o
:t&a@ the Philippine aung ‘bezaa W. ﬁ-%—*tm and (B9=55 when
iﬁ%&r@mga@a& mth maize, 4id not a;f.f.‘ee:t the flowering K
tine, but cauged the plants to arow tal}.ar, to have heavier
infogtation of leaf diseases, to “mwev fewer pods and to
sonesce earlicr. Sced size i&s alao reduced olightly
(Anon., 1973)s Stagh and Singh (1973) found a sligl




geduotion in cotton yield when greengrram eval-63

wan gerovm
8¢ an inlercron.

Pevotta and Uhoudappan (1375) reperted an inersace
in the seed cotion yield vhen cobton ov./CU=5 was intor
aropped with greemgram. An additional income of about
Be %ﬁ&%@ﬁ&?ﬁ}ﬁ gould be realised by interorapping groengran
in avhay (Savaf of al., 1975}« Interoropping gung in
aﬁg&&mﬁ a1d not show any visible mpe@a%im on the
pm&a@%miﬁy of wmmwz@ crop (Anona, 1?‘?5}; Bimilay
m;mlta were obtained by Usyahond and Goowani (1976).

Grooncran ag an inteverop m arhayr did mﬁ prolong

the moturity period of the latter {singh 8t g}__., 1976

rorachan £% als (1977} found that growing greengvam aloug
with sorghum was pfofitable and 4id not affect the main
orop yield.

Seehadrd gt al. (1956) reported that yield of groundnut .

was refuced when grown with cotton. But when the economics

wan worked out, the mizture gave the meztiaum x{avzwme it

was most profitadle to raise groundnut as en intercrop with

zagl then growing ragi alons {Pillal &b al., 1957}

shawghwar (1958) peported that grousdmat and sorghum srown

in altornate rows yasg oore cconomical than pure cTop.

16



S Eﬁﬁamf@g}mg gEoundnuts in nalse o sorgaun
‘mm}s‘:@ﬁ in ixwhw yields than when either was grown 81lonocs
he pmaama% ot woeds in the row caused the saue a&ﬂ@m‘%&%‘
| <mﬁwmm in yﬁ? elds of puxe s;tamg of ﬁmmﬁmw as %ih%ﬁ
another @m;; wan ggwmm (Bvansy 1%533. wrmmam%: E%ms?ﬁ :S.zz
&lﬁwmw z@?@w with @&gk@r reduecd asm‘&ms yw}.ﬁ ze&s‘a i??”aﬁ
ﬁ@'ﬁﬁ?&ﬁﬁ{i to 23‘2‘%1@1‘ legumes (Reddy gj;, @;, 19653, @izi;m%
(1965) raported that ‘eereal yleld was considerably bighey

with @ﬁmﬁmﬁ B9 im:emmza.

An wgmli inepeage in profit é.agpi%:ﬁe of & &@ama%
in sugaveshe yield due to gmaﬁéim% in‘%@t?ﬁﬁ&*ﬁﬁiﬁ@ wag
ghaerved by Tae and Shive {ﬁ%i, Singh and vandal (¥963),
Singh gt ale (*%%%) and sz‘,&x and Handal (1‘3?@} found %:me
gzzsmﬁmﬁ: grown with ﬁa@ima aid ﬂ@% affam: the lattew
much. On the aﬁmmry, Hohnaicunay and weishi (1973)
mg@mﬁﬁ a aiznificant poduction in tuber vield of tapicca
by intevaropping ;@m&ﬁﬁﬁ%ﬁ Eﬁﬂ@v@x, they found from the
cconomics of intercropping, that groundnut had recorded the
maxinun net return valeh ves sigalficently move than all

the orops trieds
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" Gbandresekharan et al. (1974) observed that groundnut

whon roiced ag intercvop with sesamim, reduced the yield
of the latter. Oroundout eould be interoropped in cotion
in order to ntilize the intevgpace aven for egonomig return

(beyel oad Kale, 19753).



yal and Dutta (1976) reported that groundnut
when grown with tapicca 4id not affect the normsl yield ef
the latter. On the other hand, Thamburaj and Muthukrishnan
(1976) noted o sigaificont reduction in the yield of tapiocca
by groandout iﬁgagggﬁgying“ o h . ' |

ﬁf‘fertiligew'mwgiieatien te the intererdns.

yhen cowpea wag iuterercpped in malze, the nitrogen
dose pould be refnced from 300 to 50 kg of amuonium sulphate,
whereas an additional dose of z&e kz superphoaphate por
h%ﬁﬁ&?@ W&ﬁ reguired to get better yields fron both the ﬁaiﬂ
snd xn$@$¢£@§a {Baing, 1961 ). xanais and Dover {(15065)
se%&atﬁﬁ that the losses caused iﬁ the yield of cereals due
5o iatereropping could be minimised by applying mitrogen
to ﬁhﬁ iﬁﬁ@ﬁﬁf%@&g 7he grain yield of rye grown ag an
interorop with bevaude grass, Lncreased with incveased
ﬁmrégm ayzalma‘fsiaﬁ to the formew (vWeleh gf al., 1567}«

‘Baing et al. {1970) observed that there wes no need
of additional fertilisers for the short duration intercrops
such ag qang, ued, cowpea etas when grown with sugareant.
Phe inteverops ustured with the fertilisers and irrigation
applied to the mainm orap. ‘%&iﬁe interevopped wilth legunse
zovs am«f@ayﬁﬁ%&’%& application of nitrogen uplo 50 leg/bo.
Maipa wi%%‘l&gaé&a but no fertilivers yiclded almost a8



weld as waise grown with fertilizers but no leguaes
(hg m@m and Tageni, 1971)e | |

She need of aﬂﬁiﬁi&n&& ﬁﬁf@iﬁiﬁ@fﬂ for the intors
ara@a;.in_ar&@ﬁ‘ﬁa.g&% econonie yields £rom prhar nived
with cowpos, 1
and Yadav (1972). Singh gt al. (1972) zecozmended the sane

o and groundaut, was steessed by Saxena

pevtilizer dose for intorevope as was used for the respeo-
£ive pure cropss ligher phosphate 1evsel to . the leguninous
intererops in maize inoreased the gross and net incone

sver lower dose (Sobti and Saine, 1972).

Hehanoumar and Briski (1973 ﬁ@g@rtaﬁ that appllicas
%&aﬁ of fertilizers to both the wain ag well as intereraps
prodused highey yield which was significantly suporion to
%ﬂﬁl&&&ﬁiﬁﬂ of fertilizers to main crop only. OSeparate
a@giiﬁaﬁiaﬁ of feortilizors was required fop chillles when
it was grown as au intererop with eotion (Sheelavanthar
ot @le, 1974). Dut fesnakohi gt ale (1975) observed thad
there wes 1o need. of extra fertilizers for the shoxt durae
$iom vezstables like bhiamdi, cowpesy ¥adish, claster bean,
beotrook, carred olc., whea goowm as intercrops with maize.
They applied the rocommonded doss of Fertilizers Loy the
unige grop aﬁ%yg

The effects of %aﬁefér@mying in sugarcans wilh exitra

dose of fertilizers to the polato interevon wag ctudied by

ek



skhade et g_,‘é;.,a (1975)s They found that application of
eertilizer to the interevops was beneficial os ecompared to
no fory i,imw to thé interersps, The aﬁ&iﬁiaﬁﬁl guontity

of fertilizers to intorovoeps in order to got profitable
poturns £rom the intercropping system was also gtregsed by
Jevotta and Choudappan (1975). Toyal and Kale (1975) found
no benefioial effeet by application of additional f@mnmwﬁ
o the interciopsy

Growing oae Tow o8 groongram either with or withoub
extra dose of fertilizers 4id not advérsely affeqgt the

SugEreany ymmg rather, 30 to 40 qfha move yield of sugare

.. pansg wos @"%}mm@ﬁ in addition t6°'4 qfba of gﬁ‘ﬂﬁﬁmﬁ“mﬂ.

However, two Tows of greeny am without ax*&*m fertilizer

rodaced the yield of sugarcane whilch gould be sustalned by

the applicatica of exira fertilizer Yo greengrdd, wiich
gove ndditional grain yield of 6.3 afte (Jayanand and
Gogwaml, 19760, '

 VIIL, v:sf«@m af ;memmmmw on the fortility atatus
of ths soll. _ :

A W R KRR M R et

mirghandani et al. (1953) ghgerved that blackgram
wag prown ag on inbergeop in the Damodar Valley ares Lo
reducs aoil loss. It was also grown as an inkerovoy in
yarione parts of India to iluprove soll fevtility (lora,
1952, Roy and Zmhanl {1969} and Singh (1958} mmai that
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gwm%wm when grown ag interersp not only m@m&sﬁaﬁ the

uny retura %m% alan left behind e reserve of z&i‘waﬁvw
f£or the use of the sucdeeding OLOD.

‘i Groundnat az;a cowpea as interercps with tapioca
enriched the aeil fertility by adding nitrogen through the
organie matter added to the 80il (5ingh gt ale, 1969)e
Snagyaraj end Chalapathy (1970) found that growing of
. potatoes in asscoiation with sorghun resulted in small
imaaaaa of ﬁaﬁm@z‘m& zmmla’%im and reduced ae‘émmgeeteg

. ond asatobacter population, The beneficial effscis of

cowpen &8 an inteverop with maize in reduelng losged of
-ﬁmer, aéi.&.; miﬁmvm aﬁé ghmagmwa in Waipux were
seposte by Jatn aud Jais (1971)e -
i}wﬁnﬁm’a helped '1:;@ eover iﬁw seu and peevented
_ mxx oZf in slopes when gewn with ghallow rsat d and low
_ mtear requiring short &nzatma erops like jowax or hajra
. {Isxshninareyana and iaa:a&y, 1972). Thosar and Mahalle
ﬂ%??) Pound thet soil fertility was ineveased without lose
of -erop by inteveropping fhassolug ;%*.l.«‘é;‘?. as A green manure
arop in sorghua and by plosghing at the floworing stages
Morachan ¢t al. (4977) obsezved s rednction 9f
%0 kz/ba in the nitregen requirenent for gorghws when
inteperopped with pulses, thus saving an eppreciable amount '



in the faviilizer eosts They elso found o slight
¢nerease in total and available nitvogen content of

the sell due to leguwse inbereropping.

N
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MATERIALS AND METHODS




MATTRIALS ATD MERHOLS

Tho pregont investigation was underfaken to
find out the coupavative performance of tapioea with
four Giffevent loguninous interorops nauely blacksram,
@awgmgz, m&agmss and grsmmis wmﬁ and without f@mi«r

‘1izer epplication to the mmmmgaa The lesumes were

peovwn in between tapiocs Tows

7

‘The experiment was carried oub in the Instrugtional
Parn attached to ihe m}zx&gﬁﬁa of g@i@u&%@e, Yellayasoi,
The @oil of the experimental aven was red loam. The
chemieal analysis of the poil before si

rting the exporie

ment was ag follows

pH ‘ , - G400
?i*me;i nitrozen « 3:0455
Availlable fiiﬁﬁﬁgﬁﬁ - 00465
Total 20 = Out15
hveilable 2,05 = 0001467
Total Ky0 - 0eOT8%
Scacon .
The exporiment was mmmtaﬁ during the peviod
Eron %zay 1577 to Mareh 1978, ALl £hé crope were raised
as rainfed,
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Tha mgmﬁm and mininugg ﬁﬁwmwmg rainfall and
mlw;v &ﬁmﬁiﬁg é@iﬁ% the entive erop poriod wers
- vesorded from the meteorological observatory of the Farm
and Qﬁééﬁﬁ%@@ as weckly averages in Appondlx I,

The experizental arce way lying fallow for the

‘providus 3 months and before that -ﬁ?agémm&fs wore raissds

The variety used wng Med, an intredustion from

- Maloyasia, It 1s & tAllegrowing, nonebranching variety
with moderate yields and matares in ton uonths. Tt shows
- rosistanes to @mi@ dimoase and produces medium sized
tubers with low How contents . Phe planting material
required for this investigation was obtained froa he
College Yarm, |

Blacle reom : ‘
| Blackgran 002, o short duretion variely with
lesger foliage dus te detevainate growth hablt and whieh
bag 2«3 productive brenches and fair amount of tolerance
%o pests and divenses was used. Thie vaviety hao aleo got

ynifora maturity due to synchronised floworing, Thers vas
S Lo




. aloo no tendril formation,

The vari&ﬁy of oowpna used wae PLS-370 which was 3&@%@
in stature and m@mi»apag&a inz, I% wag a wagetable aua svain

varicty with o high yield potential end somss to havvest in |
- T3 .to 80 daye. The green pode an vegetableg wo&i& be r@ﬁﬁy
For @k@himg iﬁ;%ﬁ'§a¥$a Phe variety was photoinsensitive,

greenoranm o
éf@@ﬂ@ﬁ&ﬁ'ﬁ@~2;rﬁh@ @ayiéﬁy uﬁ&er‘gﬁﬁﬁy, s & ﬂﬁaﬁé
- duration &m&, maturine in 55 to 75 ﬁayn‘ The plants were
sﬁﬁwﬁ with e@@at habite It has got %ﬁ% gynehroncue fealting .
&ﬂﬁ.&ﬁﬁlﬁ be ﬁ@&?asta& in two pleitings. 2he varioty was
photoinsengitive aﬁ& 3@%@@@ for @amgaﬁiﬂm g @@@iﬂgt
Groundnut ' »

PiV=-2, '8 short duration high yielding variety with
a buneh tyge habdit, was useds It was also yﬁe%&ims&aaitiv&
and eomes o harvest iﬁ 10 2o 115 iy g

@h@»ymanﬁiag uaterial vequired for all the four
leguanincas inﬁeﬁérépa,f@r this study was obiained from the

Pulses and Oilseeds Reseaveh Station, ‘Joimbatore.

™y

nurog

ﬁ@m@nﬁa& g2iphate analysing 20,1 per cent My
ﬁgpefgéaanha ¢ analyeing 16 por cont ?2$p$ muriate of potash
aﬁgxyaimﬁ 60 per con® X,0 and fara yard manude {dry basis)



i&nazy@iﬂg D446 per cent By De3 per gent B ﬁs and 0,27
;@éx gont Kg@ were &@éﬁw '

The ﬁﬁ%wﬁm@ﬁ%@ gongisted of tapides alone and tapioca

vvw&th Tour iﬁ%@t@ﬁ@gg at three diffevent fortilizer combinge
- tiens, |

{zops

@ ™ Paplong

o) - Blagicgran
, ﬁ = Sownes

& 5 Gresngran

s Sroundaut

Hlacigvan
Cowpea

&
&

$reengran @3 =
ml o= o 8 0
a2 = 10 15 20
% = . 20 30 40

Groundnut

M = T = Tapiocea slone

2 = T+ Bl » Toplocn + Blackgrem {0s0: ﬁ}
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LAY OLUT P.LAN - RANDOMISED BLOCK DESIGN

C- CONPEA.
Gn- GROUND NULT-

G- GREENGQRAM®

ey

’ 'm.é.- ‘. RECOMMENDED DOSE-
M3~ FOLL RECOMMENBED DoSE

k—G.3Mm—
T+G@m, [|T+® m, T T+ B My [| T &M | Te & mj T+ my
T+ Q m, T+ C mg T+Gn my TaGn Ny T+ Gn mg T+ C Mz
T+ B m, T+ CrTn1 T4+G my T+ G Mg T+G m, T ++C“‘3
"l'-c-'B'n;\; - T;o- Br ne || T+Gn my "T+Gﬂ7m1 T+v;_mz ' T‘-" Gn mny
T+Gn My T+ C Mg T+ B Mg T+ Gn my x'v'\'+-6|"fh4 | T+ Cm, T+ C m,
' T‘+BM4 _"-""Bma., T+ @ my T T G m gy T m,
INTER<ROPS FERTILISERS To_INTERCROPS
TAPIOCA. B- BLACK.GRAM.. M wo- FERTI\LISER -

k- ws: -l

FiG: 1.




3 = T+ Ba2 = Uapioca + Blackgras (§0:15:5)
T4 = 2 ¢ Bo3 = Toploce + Hlackgean (20:30:10)
5 = 7 + 0n¥ = Yaplooa Gowpen {0100}
6w T e (02w -ii*agweéé {i"wzma {(1051515)

7 a T+ O0ud = Popioss + Cowpea {20:30:490)
8 = T + Gut = Taploca + Greengram {0:0:0)

29 = T s+ Go2 s Yaploca » Greengram (10315:5)

-

MG = ¥ » 603« Tapioen + Groengras (20:30:110}

3

£

11 = 7 + Cunl o Tapioss » Groundngt {00300

P12 5 T + Gom? = Tepisen + Groundnut (40:15:20)

&

M3 = 0 5 0ond » Yopicea + Groundaut (20:350:40)

The cxperiment woe lald oat in Rondomised Hlook
besign with three roplinationse The layoul plan of the
-experiment iy shown in Pigeds

2,

Spagine and v

A spacing of 30 om x 90 ¢m vas given for tapioca.
The g;més plot size was 6¢3 m = 445 ™ and net plot size
wns 445 8 ¥ 2,7 @ with 35 pimz%g por grose plot and 15
plants per net plote |

The im@:ﬁw@w wore mown in two rows at a spacing .

of 15 em 2 15 eu in bebween the toplons mounds,

27
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il of eulbivation

The axp&%imént&l area was dug twice, stubbles were
romoved, clods were broken and the fiold was laid out into
blocks and plots. Mounds were raised at o distance of 90 om
on both ways. 5ige at the sate of 1 t/ha in the form of
$a§®?>%a@‘a§§§i§é at the time of land preparation and well
incorporated into the soil.

af f@f@;yaxﬁ manure was applled and well incorporated inte

An uniform dose of 490 Bz H, 50 kg B0y and 50 kg

Kgﬂlha wag applied to the wnain arop %apiﬁai@ The different
matrients were supplied in the fora of somonian gulphate,
puperphosphete and @ﬁ&iﬁﬁ@uﬁf potash regpostively. Halfd the
doos of I and full dese of P and & were applicd as basal,
The romaining hal? ¥ was %@§1§é&~a$ top dressing in dande
on the sides of the wousds 120 dayo afer planting.

-For blackgram; cowpea and greengrem turce different

T eonblaations wers given to cach nanely $:10:0, 1031915



and 20130190 kz/ba in the foram of asmoniwn sulphnto, Supere
@h@ggaa%&:@mﬁﬁm@miéﬁa ok ?ﬁﬁ@§h ¥@ﬁ§@$%i?$l§w Phe fertiliscrs
.ggfa~aggli&ﬁ as bagal in lineg in botween the tapiosca mounds,

%@n,gra%ﬁﬁﬂﬁﬁ @%é'ﬁﬁﬁﬁiiiﬁér combinations were 0010,
10315120 and 20830140 le/na of Ui, ¥ aud X respsetively. Zhe
fertilicers weve applied as in the case of other intercrops,
lanting, |

E@&ﬂ% ing of tay&aaa s vall as the sowing aﬁ intore
erops waq fone on ﬁéwﬁmiﬁ??. Tapioce setin of 20 em length
wore ﬁl@ﬁ%@ﬁ on the top of %h@'wmanﬁf inserting 4 cm below

g&éilg mﬁ% aa@ﬁsvég &&E&?&”&?ﬁ uere sown al fha rate of 2 to
3 g@aﬁﬁ/ﬁ@lﬁ. The pecds were @re@s@& in the soil by hand

o a ﬁ@@%ﬁ 6% 1.5 o and covered with soil.

After suitivation. _

Germination of sebis vas satisfactory. Unzerminated
aetts were vepluecd by frosh setis one week after yiagﬁimgi
E&ﬁeﬁa\a§ﬂ@g%$'wmya ramoved aftier retaining one healthy
aﬁﬁ.éigéﬁamg pprovut.  Germination of the intercrops was
.Eﬁﬁﬁg on soventh day alter sowing, thianing and gap
£i1ling wore dono.

The Lirgt covtning up for taploca was glven on
12+3=1977 along with the top dressing of ¥ 4 light zaking

and weeding was given on 24=-10<1577. The ecxop received



one more carthing up on 2A=-11=1077. The ooil was slightly
sthaﬂad in groundnut gl@%g at 3 wosks after sowing,

Prophylactic uprayings of O.1 per cent Realux and
1 per aén@ Bordeasx mimture were given to the intererop on
25=6=1977. There was no inecidence of any past or ﬁiﬁ@@é@.
Harvest.

Sowpes aud ur@@n m were harvested on =819
biagkgran on €=3-1977 and groundnut on 10=0=1977. The
houlng were allowed to decompose and incorsorated into the
goll in aitu. "%hﬁ'm&iﬁ»sgag tapiosa was harvested on
B4=3=1078; ten %ﬁﬁ%ﬁé_&fﬁﬁﬁ planting. The plants Q&i@@ﬁ@@v .
for biomctric studies weve harvested on 23-3-1978 and

negessary observations recorded,

¥ain cvop {Tapicca)

Three @lanta %%ﬁﬁﬁzﬁw ﬁiﬁwaagilg &ﬁAtﬁa snme ﬁx&@g%i@n
were seloeted ot random from coeh pilot ¢a$ taking the
observationa, Averazes of the observations weve used fop

statistical analyeis.

growth charackers

(2) HNamber of leaves per plant,

The total nuwber of leaves was r@@@féuﬁ &y a&amﬁ;ng
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the awnber @f £a9lly @?ﬁﬁﬁ@ 1@%?@& as wa&l as %he leaf soars
ﬁxam the bage to the tip of %ﬁ@ atem on the @hﬁﬂ%; Thisg
observation wag rosorded at mﬁﬁﬁﬁiy'iﬁ§3$vai4fraa the firgt
Bonth af%ez ﬁiﬁﬁi%ﬂﬂ o naﬁﬁam%e

W

@aﬁa&aﬁiVG height of the shoot of cach nlant,

iﬁ@iﬁ@iﬂw %”ﬁﬂﬁﬁ%ﬁg wag measured feon the %age of the sprouty
to the top of bﬁ@ iﬁ&@%ﬁﬁﬁ bud at monthly in&axvaﬁ @“%”% ing
£rom the fiﬁ&% m&nﬁa after gi&ﬁti&w %@ hosveate

{a} matal Aunber of xaaﬁﬁ ney aﬁ%ﬁﬁa
. The ‘total number of roots 3&&&@&1&@ productive and

unproductive oues were recorded,

(v} Hamber of tubers per plant.

. The total aumber of fully doveloped tuders fyom the

net plot was reesvded and a&g&aga per plant vorked out.

(o) Zevcentase of vrolzctive roots.

The percentage of produchive roots in each plot wie
worked out using the number of tubera per plant und eorrege
ponding totel nuaber of xoots per plaat.

{4} ZLeongth of tubers.
 The avaxég% length of fuber was worked oub by
wmeasuring the length of mediun pized tubers Lron the obgope

vation plants snd exprossed in ons.
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(e} Givth of tubers.

: Girth acasurements were recorded fron the amﬁa{a tubers
kkat were uged for 1@@&#& neasurenontgs Girth vaia&a were
:mx;we%% at three places, one at the centre, and *é'ﬁe ather
tuo at half way between the centre and both éuds of the
‘gaﬁém. The average wag taken aif;ﬁz the tuber girth and

wprsaged in Cmge

(£) Rind %6 £lesh zatio. .

| gﬂraﬂé@@‘ﬁamgia a£ £rech tuberg were %ak&nfﬁxam.ﬁaﬁﬁ
plot: The tubers were pseled and tho vind waigﬁ% and flesh
wolght were Pound geparatoly. Then the pind t6 flesh ratio

was worked out.

(g) Perccutage of edible portion,
| & randon sample of fresk tubers (1000 g) were weighed
from each plot. The tubers were péeled, the welght of
Lioghy edible p@@tiﬂn.raa@rﬁﬁﬁ and egpressed ag pergonbage
on the tﬁtal wed ghﬁ af %&e tubaza. |

(b) mﬁ%ﬁﬁr iﬁl g

After the harv&sﬁ of %ﬁ@ plaata, the yield of tuber

pex net plot was ﬂ@ﬁﬁ@&@&_&ﬁ%@w ropeving the soil adhering
td the tubers and converted to tomnes of tubers per hectare,
(1) Zop yiseld. |
The totel weight of the sten and leaves of the plants
- per net plot was rocorded st the time of havvest and

converted to tonneg per hectarvae,



(37 Ubilizatlon fndoex,
This 1s he ratio of the tuber woight to top (stes
.@néjkea@@ﬁb m%ig%%'aﬁﬁ.ia an, faportant yi%lﬁ deterainant

(Obigbosan, 1973). Taia was found out from the three

chservation plants and avernzed,

Uniform guantity of flesh from the tuders woers taken
fron each plot and chopped into swall pleges and ﬁf&ﬂ@ B0
congtoant wolght in an air oven at 1057, The welght of the
‘L dry wather cblained wab SX@?&%S&&)&% poraentage of the
fresh woight (4.0.4.0.4 1969)

(b} Staxeh content of tubers, -

Stavoh content of the flesh wod estimated by using
Potassiun ferrieyanide method (WYerd and Pisoen, 1970). The

values ware egprecsed ag percentege of the frech wolghb.

{e} Goude proteln sontent of tubers,’

The total nitrogen of aven dried samples fron each
plot wa eaﬁﬁé&ﬁa@'ﬁﬁﬁﬁg Modified mievokjeldahl method
(Jackaon, 1964), The altrogen values vere multiplied by
the factor 6,25 to set the erule protein gontent of the

£ubers (A,0..0., 1969),

(4) Hydeogvanlo anid sontent of tubera,

The hydrocyanic acid (HCH) content of fzesh tuber

Yo

~ In e
P
Prturn e
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sanples were ostimated by calorimeirie ,sﬁnaiz%mﬁ suggested by
indire and Sinha (1969) and expreesed im mg per kg of fresh
tober,

}L;fiﬁ%ﬁgéiilic
fooking quality of the tubers was assessed by judglug

the bitterness, @he sengory method of analysis by o taste
panel was used in %ﬁ;fzﬁmé@n%ﬁ.a%mg, cooking quality
(Fellinolk, $964). Singe the sensitivity in taste dsterw
miﬁ&%ia@ tent i@>1i§$l? to be affected by &%@?ﬁéﬁiﬂg the
musbey of sauples, only five treatments (Tepices with no
intororop, toplocs with blackgram, tapioea with cowpesn,
topiseh with gz:’ssmgmm and tapioccs with groundnut) weve
tested for cocking guality (Prema ef sle, 1975).

| Presh tubers frem the sbove five treatments were
combined over replications. A random aamé&e of about 3 kg
of fresh tubers wes tolen from each of the five treatuentas
These senplos were used for quality eveluation test. @he
gamples wore @&finﬁ%ﬁ, gut into pleces of § 4o B em long,
yaohed clesn and enoked in five differcnt eapthern pois
411 the flesh become goft,

The menbers of the taste panel were served with

gamples in randdm ovder. Taste wae asgessed on a disorote
seala, The best %&&%%,waawaasexibeﬁ ag sweet and vas

allotted a goore of {2)¢ The other scores in the deoreasing
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order of taste werc watory sweet (1)y starchy (0), bitler (=1}
and watery bltter i?”?;?i‘. The results were statistically
1&&{1@1@8&&&@ |

‘ Tor. x&eﬁrﬁiﬁv growth and yield @b&eﬁmzmm, fen
plents of easch Interowop from cach plot was seleotol rondouly
 and obssrvations reeopdsd, The average of the observationo

vag used for statistical analysis.

Iin %ﬁg mﬁ*&%m@s, the heigh% of plant was yeeorded
on the day of hervest. The height was measuced from the / -
hage of the p%ﬂfﬁ: to the growing tip of the tallest ‘é:w;meh

and %%mmaﬁ in on.

Phe seed yicld from eash plot was recorded and

gonverted to yield in %m’%&&q

{e)

Beisht of ox j%ggg mﬁ%ﬁﬁ (haulnsl.
She vﬁigi?é‘@ af the hanlms in cach of the observation

plant wae recorded, avereged and eonverted to ka/ho.

(8) Ageunt of nitrozen imeorporated into the soil by, haula.
She smount ﬂf nitrezen ineorporated into the soil

by sicans of havlus of the legumes in onch treatment was
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found out wamg the corresponding dx’y matter porcentage
and total gﬁ‘@mgif;m pereentage of the plant sample. The
‘éry mattor pergentase was worked oul using the A,U.4 s
{1“’69) mt‘fm& and the total nitrogen %memzwea was foand
out by Modified nieroikjeldnhl method fffam;eam, 1964},

{e) Hespor

sg gurve and eeonomics of fertilizer application.
Quadratic fééﬁwmé enrves were £itted to the yileld
data of intercrops obtained fron the three fertiliser.
iovels mf, o2 and o3 (P.8.0. 1966). The optioua and
eoonoale dssen of forfiliszers were worked out Irom the
¥esponse ourve. Using the ozpscted yield at different
sosbinntions the ceononics of fertillzer application was

- worked oute

Soil saanles.

S50l sﬁm;g&mé were taken from each plot befowe
| ghorting the @xgmz?mmﬁ and analysed for tetel and available
My Polly and B0 and pie |

Soil ganples Lrom e&@% plot were taken after the
cxpeviment ond atalysed Sor total nitrogen using the

Hodificd micvokjeldah) wathod (Jackeon, 1964} and coupareds

asing the amlmisg af variance toohnique suggested by

Snedeeoy and Cochran (1967).



RESULTS



REsunrs

~ The cbeervetions recorded were statistically
analysed and the snalysis of variance tables are given
in Appéndices II te RI and the meteorologleal data ave
‘given in Appendiz I, The mean values of obpervations are
given in Tables 1 to 25 and the vesults are presented
balov,. |
| Z88T00A
Growth eharagtorg
{(a} Hunber of 1&&?@ﬁg

The mesn valuss @x %h@ obgervation ave given in

Zable 1 and ﬁﬁ@‘%ﬁﬁlfﬁkﬁ of variance %table in Appendix IIs

Prow the @@j?ﬁ%ﬁ it is meen that = there was no |
pignificant dilference botwedn %ﬁé treatments with respeet
to the nwabor of lenves throughout the stages of gﬂﬂ%ﬁh
as well as at the time of harvest, It is obgerved that
memlmm nagber of leaves was recorded by pure orop of
tanioon fﬁliag@ﬁ by inmberceopping with greengram, a@wgaa,
blackgran and grounduut, at the time of harvoesis '

Phe mean hoight of plants as influended by the
ireataents is pregented in Yable 2 and the amlysis of

variance table in Appendiz IIl.
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tapioea
Eﬁﬁ%%th Preatments
(aays ' -
aftuf ’ o ‘ ;
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The vogulis showed no significsnt difference between
the %ﬁ@a@&@ﬁ%% %ﬁ%ﬁ rogard to the height of fapiooa planisS.
However, m was obgerved that pure crop of taploca reoorded

40

maxinum height vhon compared te the interovopped treatmenic.

(2) EZotel puambor of roots per plante

The moan values. of the a%ﬂaﬁvaﬁiaﬂ.aﬁé ?f&&@éfa& in
Table % and the cnalysis of veviapece tabl @ in ﬁ?@%ﬁﬁiﬁ IV

z% i seen from the vesalis that there was ﬁﬁ gigni-

Sionnt difference bobtwesn trestuents with veaspeet o the
total nunber of roobs por plank. Among the intevercps
gxﬁﬁﬁﬁnﬁﬁ rvegorded the highest gaméeﬁ'af taploca rovts per
?&a&%,ﬁ@i&&w@é.hy’ﬁaaa%g?aég greopzran and aawp@&;

(v)

iuber of tubsrg per plant.

. The mean number of tubers pep plant ls given in

oable 4, and the analygis of variance teble in &ppendix IV,

Tt is oeen from the dats that the t&é@%ﬁ@ﬁ%ﬁ
differed azg&iﬁi&a&z@y in %hﬁmﬁ ‘effect on the nunber of
tubera per plont, Pure crop of fapiocca was on par with
the gﬁ@aﬂﬁ&mﬁ'iﬁéﬁm@xa@ vegeiving the highest fertiliser
dosa (m3) with rospeet o %ﬁa pumber of tubers per plant.
Howasver, the other interorops at ell *béir foptilizer

combimntiong showed a aiﬁﬁifieayily lower number @ﬁ uzﬁewa



fable 3, Effeat of intercropping on total numbor of roots
per plaut in taploca

Enﬁ@r&rags

ot 296 30,6 2741 3046 -
nZ 25»3’5 : 359? 2‘?‘6 234 ]
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‘igﬁﬁ plant ap compared teo the pure crop of taploca.
%1ae%gﬁamﬁ'§ré$&g§é&, &ﬁ&.ﬂ@%@é&-m@ﬁﬁ on par in their
effect om the nusher of tubers per tapioce plant.

in all the inbtororops the highest fewtilizer doas
{u3) gave %hﬁ‘mag&mﬁm nam%&x of tmbefa per plant exeept
in cowpen wherein the nlddle dose (m2) zave the maximun
aamber of bubers per plant. |

The mean values of the obssrvetion are given in

Table 5 and the amalysis @f.vériaﬂza table in Appendiz IV,

The repults showed that there was aigﬁiﬁiéaﬁ%
difference between the treatments with regard o the
poraentaze of productive roots in tepiococa. Puve crop of
tapicca vocorded the highest éﬁ?@@nﬁage-@f productive roote
whioh was significently higher than all other inteveropped
twentaents, |

Among the Llnbercropped plots there wag not much
differenge in the 3@&&%@%&@@ of productive roobs. Hub the
@i@t@‘@éﬁh-g@@ﬁﬁaﬁgﬁ‘aa intevearoy at the higheat Ffertilizer
dose (m3) recerded the next highest percentage of
productive voots afteor pure crop of tapiocn. 311 the
iﬁ%éréraﬁa axe&pﬁ.ﬁﬁwgéa'ﬁ&ﬁaﬁiaﬁ the maxinum pereentazge
of g&@&a@ﬁiﬂa roote at the highest feortilizer dose of W3e

Koy
L oea S
‘ s
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Pable 5, Fffegt of iﬂﬁﬁ%&f@@gzﬁg on percentage of pra&a?ﬁiv@
#oots in tapioea

ia%ezaxaﬁa ) o
- ; : « o intcle
A@x@g@@ﬁﬁ“ %iaakgwam Gawgea uxeeagxmm %?@ﬁﬁﬁﬁaﬁ éﬁﬁg o
ot 23&4 , gfiruﬁ ’ e'i ‘ 2’%&§ | - “
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' Hean 258 2549 283 Bile B 5043

3.0,(0.05) for vomparison betwesn treatuents = 104370
Za0.{0.058) for gompariscon between inteporops )

and pure taplocs @ 8,469
U.Ue{0s05} £or coupavieon betwesn intorcrops = 5989

Table 8, Lffect of zﬁxﬁﬁarﬁggiu& an laﬁgth of ﬁa%ags {em)

i
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The mean length of the tubers is givea in Table 6
and the analysis of vavrisnce table in Appesndix IV,
There was no significant difference in the lensth of
fubers botween treataents, However, most of the ilotereropped

vlote recorded a plightly bigher lengih of tuberss

(e} gixth of %ubors

é,‘*i‘zza mean girth of tubsrs io ;@?@g@ﬂ%@ﬁ in Table 7
and %h%‘&ﬁﬁi§giﬁ_@£ voviance table in égyanéﬂxlgﬁf

Theve wag n@v@%ﬁﬂiﬁiﬁ&ﬂﬁ.ﬁiffewéga& bgéﬁaﬁa the
‘ﬁﬁﬁaﬁmﬁﬁﬁa~wiﬁ&;&@garﬁ to the tuber girth. ﬂ@éﬁv@r, all
, %h%liﬂﬁerar@?geﬁ.@&aﬁglgﬁﬁaréeé,a‘ﬁiigﬁéxy higher girth
. ﬁﬁgQ%&%‘@aﬁgvgqgs gonpared %@,tﬁa pure erop of %&gié&ai

tmong the inteverops blackgram vecorded the maxinun
#Eﬁ%ﬁuﬁﬁrlﬁﬁﬁ’ﬁﬁﬁéﬁﬁ folloved hyAgraeﬂgrag, cowpes and
@ﬂ@ﬁﬁéﬁ%@t ' | '

In 8i) the interorops except Gowpes, the highest
fovtilizer dose (u3) given to iuterervps yrecorded the
masinun girﬁh«aa §am§are§'$@ the middle (a2) aﬂ§~1$%a? {mi)
dosess
{£)  Rind %o flesgh rotioe, -

Thne vesults of the chboervations are presented in

Zable 8 gnd the

anglysic of variance table in Appeniin V.
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Phe tremtuenis differed significantly in their
gffect on the Pind to flesh ratio. Pure crap @f tnpioen
recopded the highest 7ablio. @ﬁafzéﬁaaﬁkwaﬁié wﬁ@ veoorded
from the ploie with spounduut as im%@mm;s at the mﬁfé, level

of fertilisars.

Pure o¥op of tapiocea réaorded piznificantly @ig%ﬁ@
rind to flech watio than when it was intevoropped with
sroundnnt, greengran and blaelgram. There was no sigulfi-
cont differcnce between the pure orop of taploca and
intererepping 1t with cowpes ag regard to the rind to flesh
ratics

The highest dome of fertilimers (u3) wecorded the
lowast ratio in cowpea %ﬂﬁ greenzzan whereas in groandnut
the niddls daze ém?} regorded the Lowest rind to fldsh
ratic, In blackeras the rind to flesh retio wase nuol

- poducsd by applying fertilizeps to it.

(g) JPereeniaze of edible poEtion.

Phe mean values of the dshservation ave given in

Pabiec 9 and the amliyels @ffvarianga table in Appendiz V.

There was shanificant differdnoe between the
treatoents in thelr sffect on the percentage of edible
portion in tubers, Pure ewop of taploca recorded the
lowost percentage of edible portion and groundnut lntepe

erop at a2 level of Fertilizers regorded the highost
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Toble 9. %Wﬂﬂa% of inteveropping on g@“@aﬂﬁmwa of adi%le
portion iﬂ bﬂ%ﬁﬁa o

| zﬁ’%ﬁm&ﬁﬁgg _ -
%waa%gﬁﬁ% %zaﬁk&r@m hﬁ%@%& &raamwa&m m@@ﬁﬂmnu* ‘ﬁaviﬁteragﬂg
ot 8450 8248  82.8 8246 -
W gﬁ&ﬁ 82,7 = 8%.0 Bhe2 -
a3 834 82,9 840 82,6 -
mean 8BS 828 835 83 82
%g€§«ﬁ%} for eonparison between treatments =  Da935%
A$@¢€§s@§§ foir ¢omparicon bebweon intercrops
and pure teploca a 04767
G204 (0.05) fox &@ﬁ}ﬂfia@n between intercrops s D542

Table 10. HEfoot of intercropping on tuber yield (t/he)
of tapioen : | R

' ”r%éfe$a§a o

iwe&@ a%% ﬁi&shwhaﬁ @aw@ma w@%@ﬂﬁ@&& Groundmut o interewop

o 14,31 13,86 14,16 12,49 =
w2 18466 14487 16,57 14451 -

- m3 20,70 16450 17443 17.86 -
??ﬁ%%?i 7‘?‘@..5 1%»@% : 1&»@7 M;?% 1?:2‘3@

Q@%J& mmxz W&‘%ﬁaﬁ” ﬂﬁ%iﬁﬁ#m&m = ’5‘3233;.. :m-zmaa mgz@mzz@a mm i&@ »awmzs:amu :ﬁue:m:m:::anz @tzf@@

el

at - O 0 &
m2 190 15 5
a3 20 30 10

Blackgran
Sowpesn
Grecnoran

Y | 8} O 0
w2 10 15 20
a3 20 30 40

Groundnut



pergontage of =dible portion,

Among the interorops, blackgran, gveengras and
geoundnud %&Qﬁ?ﬁ&ﬁ‘ﬁ@g&iﬁiﬁantly higher gaée@mxag@'aﬁ_
edible poriion in tga&& ag compared to pure crop of tapluogas
Gowpen was found %ﬁ~%&*@ﬁ>§aﬁ with %he pure crop of %ﬁgiaﬁa
iu this aspeects Thewve was no QiﬁLifiﬂﬁﬁt differenge
between greengrem, groundnut and cowpes in %h@i@ effeat on

the edible portion in ¢aplocn tuberss

The hizheat feriilizer dogze (m%) recorded the
anzimen pereentage of odible poriion with cowpea and groen=
gram whérens the widdle dose (m2) rocorded the maximum
norsentage of edible portion with groundnut intercrop. In
blackaran the percentage of edible portion wae not inereased
by applying fertilisers to ite

The mean tubep yield per heetave is given in Table 10

and the snalysis of variance table in Appeundix Ve

There ﬁ§§~ﬁa significant difference in tuber yield
between the treatuentss However, intereropping with
blackgran ot w2 and u3 levels of fertilizers recorded &
glightly himh&r %&%@f‘&iﬁl& ag gompared to pure crop of
tapioots iﬂ?&@ﬁﬁﬁE? nz of groundnut st w3 level of
ﬁ@fﬁiliﬁﬁﬁﬁ gave a tuber yield which was slmost egual o
that obtained fronm puve arop of taploca., The puber ya@l&



W @;na %@ iﬁaﬁa@a@ wi%ﬁ iﬁ@?@&@%§~f@§tilzéﬂx aagliaati@a _

ﬁﬁ@ﬁ %ﬁ ﬁ@ mﬁ; ﬁ@ th@ iﬁﬁ@t@v@gs.
(1) ‘Lwic&ﬂ. |

The m@&ﬁv%@ﬁ,§ie1&.p@x'h@at@re is given in Table 11

and the analysig of varlange table in Appendix V.

There was no significant difference betweon the
‘ﬁ%@&ﬁ&@ﬂ%ﬁ»iﬁ.%ﬁ@iﬁ effect on the top yield,  Howevep,
- inteperopping of groundaut at the =3 Lovel of fertilizers
vecorded the meaximun top yield, Intercropping of blackgran
recorded the a&%iﬁam top yield in teploco mmong the intore
_orops followed by gnoundnut, sreenzvan and COWeRs
The highest feyrtiliszer dose (a3) vecopded the

yexiaun top yield ﬂf tapiocs with bLlacksran &m&.gr@aﬁ&nﬁé

whereas the m?a@l% dose (a2) chowed the mazimua top yield

- with goypen and gredugans

(1) Uilisation Lnder.

The mean ?&lﬁ@ﬁ of the obgervatieon are given in
Tuble §2 -and the aﬁmifsza of varisnge table in ﬁ?p%ﬁ@ﬁk Vs
The vesults showed that theve vas no sigaificant
‘difference betweon treatunents with vespect te the ubilization
index. Among the iﬁ%@?ﬁ@ﬁgﬁ blaskeram roecorded the highest
atilization index followsd by greengvan, cowpea and groundnut.

Phe highest fertilizér dose (m3) recorded waximum index with

o
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Table 11 Bffect of iﬁﬁ@ﬁ@@@g@iﬁgvaa top yield (%/ha) of

taplioza

Tﬁ%exerﬁys

Treatuont El&e%ayﬁﬂ @amy@a

%E&&%gﬁ&m uraaﬁ&mﬁ“ Ho inter

mﬁv ‘ylﬁggﬁ
w2 7460
n3 Rt

Mann "3‘*@‘? 8]

605

642
5469

6405

5473

Te18
643G

6457

5,58 0 -

671 -
Be15 -

5,18 7464

Table 12, &ffect of intoreropping on utilizetion index of

taniocs

\ .

ad i

Xmﬁercr&gs

Prentunent gzankwnaa 3@%@@&

%feeﬁgﬁam

Bo inﬁaxm

$raamﬂn3t @r&p

@ﬁv | 2‘%?
@2 2468
ﬁg . 2§§5

Hean 2451

w»ﬁﬁ
ggﬁg
274
2@45 

:aéﬁ
2e3%
2456

24458

?Q?g e

2413 -

P35 B .
2422 235

T N R G N R S R S S A TS NI DT S B I IR SRR R G e R R AR RS

Elaakg@am
v@%@@&

Srecnstam

fGroundnut

e Ee S Y S

mt
153
at

w02
~m5

m2




cowpen, srecngran anl groundnut whereas in blackgran the
niddle dose {u2) rogorded the muximum indeX.

(a) Peveontaze of dry ma%%ex in bubers.

The mean dry watter percentage of tubers ise given

in Pable 13 and the somlysis of variauce table ia Appendix Via

whe treatuente differed significontly in their effcet
on the dry mbler percentage. ©The highest pevcentage of
diy aatbeyw in %ubesa wag pegorded bv groundnut and cowpes
intererons at thelr himaegﬁ 1@?@1 of fortilizers {(m3). The
lowvest pereentoge of dry matter in tubers was ﬁ@a&?&ﬁﬁ by

the pure crop of Yapioda.

Anong the intererops groundnut rocorded the highest
percentage of dvy %ﬁ@é@ﬁ in tubers which wap significantly
higher than that obtained from the blackgrem interoroep ag
well as from the pure cwop -of taplocs. greengran aad gowpes
yere of par with groundpub iﬁ.%hair afﬁsgﬁ«@av%h@ dry matter
§€r§$?%ag§~@§ tabord.

‘ﬁhe‘high@at fertilizer dose (m3) vecorded the
mascimng dey matter percentage of tubeprs with greengian
whéreas the aiddle dose (m2) was found to reoccrd the mazmimid
. dvy wattsr percentags of rubors wikth blacksran, sowpes owd

groundnui.



Tahle 13,
of tubeors

o
Do

Bffont of interoropping on dzy mabter content (F)

Ia%&&arav&

do intere

ﬂxeataam% ﬁ@&ﬁkéﬁ&m @mg@@a | @reengyam ﬁr@aﬁ&aa@ apop
0} 33,0 36,6 335 39 -
A 6.7 = 4042 38.5 4342 -
5] 38,5 383 3944 4041 -
Hean %4~? N 3?¢¢ ~ 38.8 3§@§~ 2946
' ,ﬁ.{@.§§§ ﬁﬂ%ﬁéﬁiﬁﬁﬁ hetwoon treataenia - 3,898
@.ﬁ.{ﬁ.is iﬁz somparison betwsen iﬁ%@r@&@g@

o 4 and pure tepicca a 5%%
§.0.{0:08) for ecomparison between intercraops & 2424

Table T4¢ #feet of intereropping on st&ﬁ@h ﬁﬁﬂi@nﬁ
of freah %&%@r&

iﬁﬁararagu , ~
o : flo intors
? res %m@ﬂz ﬁla@qéf&m %agwa& mweaagram @raanﬁnﬁﬁ fexgei]
ml 28,8 300 2544 25,8 = 0w
02 272 2Ge2 30e3 X % -
- u? 2549 2045 2943 32,5 -
Hlean 26,6 2949 293 299 211
L ﬂf#,(ﬁfﬁﬁa far gonparison %eﬁw&%ﬁ trbatmenﬁgr n 24255
J.3.{0.05) £or comparison betwesn invercrops
and pure ﬁa@iﬂaa : = o 1,840
0.0.{0.05) for comparison between intercraps = 1301

frirtirten g BontmRoocion v T CReE R sy e S e e s iy ey o U SR L S TR SN Y S IO R R I e AR S s W

B E,05 Ky keg/ha
Blacyupran § wl o 0 0
Coupea § w2 9 15 5
Grgengran 4 a3 20 30 10
i ot 0 6 O
groundnut f m2 ¢ 1% 20
§ n3 20 30 40



a

- Perecentumg of ataveh in tubersg.

The mean v&m@&z ¢ the a%servatim are given in
Pable 14 and the analysis of variance table in Appendiz VI,

Phere vae significant difference in the ;@;mmﬁage
of @Emsgh in tubews betwoen the treatments. Inteperopping
- of grounduut éﬁs the highest doge of fertilivers (u3) recorded
the highest peroentage of %Mﬁh in topione tubers spd the
- lowosk @@r@mm@e of gtarveh wag ghown by the pure cérop of
%&gﬁiﬁﬁ@f '

Groundnut and cowpea were found to regord the '
hfi@heaﬁ peccontage of stureh in tubers among the intercrups
gollowed by gﬂ‘%& 3
recorded siznificantly higher percentage of sitarch in tubers

pam and blachzrame A1 the intererops

as gompared to the puze grop of teplosa, Uowpea, groundnut
" ond greengrom wore on par in their effect on stareh
pereentage of tubors, | |

Phe highest fertiliszer dose (a3) vecorded the saxinum

stareh content in tubers with groondnat whereas the wmiddle
f@ﬁi‘iizzw dose (m2) reeorded the maximum starch content |
with eowpea and graengran. with blaclgrem, the atarch

aontant aﬁ tm@m was not inereased with fertilizsr applie

cations



Parosntasze of ee a@&ﬁza protein in fuborg.

ﬂ?’m mean volues e;f the observation are given in

mbm 15 and the mtysm of vavianee iable im Appendix Vie

Phere wps no glanificant difforence betuson treae
ments with vezard Yo cvude protein contont of the tuberse
However il the four inteverops resorded a a&igiﬁ;l{y nigher
erade protein content in tapioea tubers as compared to the
;m?zé erop of taploons Interoropplig of groundnut revorded
jf;-%;z%} Mgﬁmﬁ peveontage of crude proteim in taploca tubersy

auong the Sour Leguioss

svanie geid gontent of tuberd,

Pha mean valunes of the choervation ave praesentsd in

fable 16 and the smalysisc of ’szmﬁ,ame gable in Appendiz Vi

Ghe treatsents differed aignifisantly iu their
offest on the hydvogyanic aocld é@n@am af %a@@méi The
fmiﬂm hydrosyenic-acid pontent woe m@r&eé from the plots
_with groundnat ap intercrop at the lowest leyel of
fertilisors (o) which was significantly higher than all
@'%?3%‘}:4.2’ tma‘emm:g; Phe lowest hydrocyaunio seid content wao

- shown 133,? blackgran mﬁ% rorop at the m2 level of fertilizelss

Amonz the intevepeps groundant resorded the ;nzng&e:;s
sontont of hydrocya wnie seid in tapioen tubers which was
significantly higher than that regorded by all othew
interersps a5 well as by pure oxop of tapiccas Sowpes and
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Pable 15, Effect of imﬁ%@eﬁap@iag~@ﬁ erade @rakeiﬁ
content () of tubers

w fagﬂrerﬁpa .
- | : - S — Ho intor=
an&tﬁggﬁ‘ 3laakwfwm %afﬁaa ﬁme@mg@ r@¢ﬁaﬁn& ~erop
mf : 2453 2&??: z ‘%1 , Egbﬁ' N“VV
n2 3&@% umgj' ﬁ@%@ 3@%@1 -
@3 249 - 2496 2435 2452 -

Hean 2450 2449 2040 2,51  2.32

Table 16. HEfoot of inbereropping on HOR a@ﬁ%aﬁ% {mgfkg)
of ftuberg

Iﬂ%éﬁﬁﬁ@@ﬁ )
‘ ' i Ho intepe
Treataent 31&6#%%%& u@m@%& : @P?@E@ﬂ m@@ﬂﬁﬁﬂa% erap
ol J?o% ﬂ%eﬂ 4447 4 %@a? -
ma - 24,7 BRJY 4723 7.7 -
o5 » 5047 ‘ 490 41,5 534 -
' ﬁ{:ﬁﬂ ‘ . éﬁtﬁ ) é‘%a% 55’ 65&1 ‘ %@b?} o
(Qg@¢‘ “af ea@p@”A@@m bet mﬂ@ﬂ ﬁgeatﬁwﬁuﬂ w719
sg{aqﬂaé far gomparigon betwsen intercrops |
- and pure ftapiocn Ge36

5 3
&gﬁ@{ﬂﬁ@ﬁ} ﬁﬂ&'@ﬁﬁ%&ﬁ SO mhﬁw@&ﬁ.iathaya§a w 4SO

SR R ey e e at el g en i et ery o st M M o v T 0 S e SR WS e oy NSRS MR MR S e s NN

| H Ezgﬁ K0 wefha
Blaslhoran i at O D
Coynea ] e %@ 15 5
grecnyran § @m5 @ 20 30 10
i w1 ¢ o 0
Groundnut ¢ w2 10 15 20
: i w3 20 30 40 .
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greengram, greengrawm and blackgram and blaekgran and pure
erop of topicca A1d not show any significant diffevence
between then with respect Yo the bydrooyanle acid content
of tuberas |

The highest feriilizer dose (u3) recorded the lowesy
hydeocyanis ooid content of tubsre with cowpea and gz*gaaﬁggmﬁ
whereas the niddle dose (m2) wecorded the lowest hydroeyamle

aold contont with blackzren and groundiout.

(o) Gogling Qu

The gunmary scores obtained in the orgend-leptic

tegt L given in Zable 17 e and *é:i:ze mean seores in Pable 17 B

and the analysis of variancge table in Appondix VIl

There wag uo significant difference between the
tpentnentss ALL the legunoe redused the cosking quality
of tubops, thougsh not sigoificantly se compared to pure
evop of tapiccas Auong the intorerope groundnat reduced the
'mﬁzﬁw iza%z&i%y of mhsa:w woet ond blackgran lLeasts
W@mﬂmt; sowpen and greengran were on paw in theiy effect
on the cooking Guality of tubers. Blackzram and grecpgram
, mm also on pa in thoir offeot on vhe covktiny Quaiitye

She mean velues of the total nitrogen conteant of the
- @0il in kofhs, alfter the ezperiuent, avre gimzz in Table 48

and the annlysis of variance teble in Appenfiix Vie
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Table 17a. Snumary soores obtalued im the argonoleptic
tent of tapiocon fubsra

i

aﬂﬁ&ﬂ& Qpa

- Toeatuent © Blacks ﬁaww Green~ Groundnut Ho intere Total

gmam opan gram - oron

s

pa

W@}
e
©

Sweet {2) . %

g;&ii"*" ‘
%§y€£} 4

Stareny (9) 4

Bitter (=1) -

Watery

bitter (<2} - - s - - -

3

§ W

§F W

3 oy
R <
e
o

¥
¥

total M. ¥ W 11 4% 55

”a%l@ 176, Hean scores obtained ip the ﬂﬁg&ﬁ&l@ﬁﬁi@
tend of %ﬁgaa@a twbahg :

‘ - Inteforopa , : )
N y - S P s s . ..' o v . . ; - V s;%& lﬁt@g*
Treataent Black= |, Uowpes Greengram Sroundnut  erop
L3

‘Hean o Ge 073 D682 Qe82 127
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The treatuents differed significantly in their effoot
on the totel nitrogen eontent of the soil after the experie
ﬁa@ﬁﬁ. "‘m pia'i;a with growmdnut ag mﬁéﬂ&m}z at w3 level e:sﬁ‘
zmum ers f@a@r&@& the maximun amount of total nitrogen
:m ’sm ﬁ@ﬁ {1356.5 un/ba}. The pure crop of tapiocen
m@ama& ikm 1@&5@% am@m of total mwsyen in the goll:
ﬁ‘i““‘&‘fn§ E@ﬁl&}q

"“*%1@ mgﬁmm%: dose of fertilisers {m;»} ‘reeorded the
mwm afsmm% of ‘tﬁtﬁl 50il nitregen in all the four

1@@%&3&%&? GRODH

Intercrops o ‘
(=) ?iggh@ of plant ab hervest.

 2he mmz'ﬁ of %he @%@zﬁ% tion is. given in *’i’ah‘i& 19
and ﬁw anplyois of vamimae %&b&.ﬁ in Appendix VIIT,.

It is observed that in b&a&kg@%,— cowpen and greengran,
the freatment u3 has recorded maximunm %zaigﬁz jf@iiﬂ%ﬁa_ﬁ. by m2
and @i which were all significantly different £rom one
anothery o o N

In groundmut m2 has reeorded mggmm height and was
found t¢ De on par with -mi’i”#g i*h@ 'h@igm; s ﬁig;liﬁﬁmﬁy
lover with ui as conpared to m2 and me

(b) Seod y |
The meen valucs of the obgervation are given in

fable 20 and the snalyeis of variance fable in Appendix T, .
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Pable {8, Affeot of 1@%&%@ra§gi@§ on total ﬁztvaw@ﬁ gontent

(zzfba) of a0il

Xﬁtarcrﬁmg

Treatment Blackeran

@’if 3&&

ot [0 Antete
- Geouandout orop

m - 1234.5
ma 1239.0
03 18390

fman 12575

12375
15075
15799

PN

TR
21 Gy oM
L% w3 e

Py B
w‘
-
»

©
& w16y

.

i

%Eﬁﬁqﬁ e
1523,0 b
135645 ' v

13020 100565

0.0.{0408) for comparison between treatuents
TeDe (0408} Por compurison between intorerops

o and §ara tapioga
G0, {0,058) for compavrigon between intererops = 42435

= T30

= 59480

Table 19 lioan héight of plante (en) ot havveégt {iantexcrops)

Treatuent 31@&@3?&%

Cowpsa

&feangr&m : Gﬁgagxagt

at,

31,40

e ‘ 42485
it .. 55457

7137

108463
131647

2 ﬁﬁ . &3 * 5@
BB,9% 62,57

Q ;?}Q %Qwﬁ%} §4‘n1 2 10637 Se12 4D
T s S R T e S ey S o o N e TR I e 2

Blaclgraa
Gowpea
FGreengran

Gromdnat

WS CLRNINA WA RIS

il
m¥ 0
w2 10
mH 20
al G
me 0
m3 20

R S TR TR M A R I A S e v e SRR

Kgﬁ ka/hn

0
5
10

0
20
40



In blackoron u% has recorded the highest seed yield

f£ollowed by 12 and @l which were all significantly diffevent
from one ancthers - ‘

n eowpea, gréengras end groundnat, eventhough w3
gave the mazimuy soed yield, it was found to be on pav with
w2, both boing significantly superier to uls

(6) Cusamic matter (beulw) vield.

The mean velues of the observation ave proegented in
Qabie 21 and tho anslysie ef variapee table in Appendixz Ze

It was obgerved that in Plackoran and groengramn, md
vosopded pignificantly higher orgaule metter (haulm) yield
followed by w2 and wle

In cowpea and groundnut u3 gave the moxiuun ergenie
matter (hauln) yiold which vas on pas with w2, both being

significantly supeeior to al.

{4} ﬁ%ﬁ@@ém oE 1 inpovpozated by houlms.
- The mean values ¢f the sz‘émex*mﬁ: on are given in
Pable 22 and the analysis of varienee table in Appendiz XI.
T4 wae seen that ﬁ.:n» blackaren the i:;mazﬁmezﬁ iy
:ﬁ‘ééﬂi@i’iﬁ*’i the maxinuwa amount of | nitrogen incorpurated into
ﬁm mﬁ, fiﬂ?r?i. mﬁéﬁ by w2 end mly all ﬁh@ three belng sig Dl

ﬁi&a&%&y %ﬁﬁeﬁmﬁ from one an@%mxm

Tn cowpen, greongran and groundaul md vegorded the
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Pable 20. 3Seed yield of iﬁﬁﬁéﬁfﬁﬁﬁ\ﬁkg/ﬁ&}

Drastuent

| B rgrem &awge&_' ﬁyéaagzam:r ﬁréaﬁﬁﬁﬁ%
wl '. 32455 196444 56,53 441.4%
w2 114448 634,28 16,48 972457
w3 243406 70182 118,55 1002,92

Table 21e Opganie mattor (haulm) yield of intercrops {kafba)

'%mMmmﬁ | _fﬁggwﬁm‘ 'ﬂﬁﬁﬁi iﬁﬁwwﬁm; Sroundnut
at 1086467  9850,33 60322 994333
m2 305000 24010433 1659.24 17446467
w3 ' GOB6LET ~  25191.67 5659.20 18122.55

- Ueby{0,03) 1441416 355230 745419 3210447
T U A SR e O 0 P S S e e S T I S S S B T e SRt g B S T A T T e S

‘ ¥ @2@5 K&%Z& ke fha

Bleokgren § 0 0 0
Cowpes 8 =m2 19 15 35
Greengran ¢ m% 20 30. 10

Q 0 O
10 15 20

Groandnut , :
20 30 40

TR S
gga



9able 22. Amount of nitrogen (in kg/ba) insa?paraﬁéa by
the haulug - : S ,

Gowpea _' i}mengmm Gxé@mémﬁ

w408 4756 0 234 4264
L - : 13,76 . 136.68 746 854437
wi 26458 14701 16,79 9032
0.0, (0,05) 625 19.T3 G 1837

Blackgram g ol 0 0 0
- Qowpen § w2 %0 15 5
- Grecngran § =3 - 20 ‘30 - 10

- mit 98 0 90
w2 - 19 15 2

‘Groundmit 2 1d
R ws 20 30 40

Table 23 Optiman and egononie doses of fertilizers for
S dmbererope 0 0 s

Intererops “ ' i“ g . 8 P 0g | Kﬁﬁi

Mackgram = . IR T
Gowpea i 4BeBT 23,00 ¢ 7469 14,55 21.83  7.23
Greengram 15,37 2300 7.69 12,79  19.13 6440
Groundnut 18,03 27.05 36,06  17.56 26434 35412

2N
o

DO



maaima@ valae but was sa,yar wﬂ%h m&, both being gignifio'

'eaﬁtlg 83@6?3@? vﬁ mﬁ‘ '

{e} xﬁﬂ?%ﬂﬁ@ ourve aaﬁ egenomicy of fev%ilig@r application.

e 1iﬁea§ fﬁﬁﬁﬁi@& in blackgran aaﬁ th@ q&gﬁgatiﬁ
_rcsg@ﬁmﬁ eurves £itied o the a@aa%i@n in snua@@, zresngyay

and groundnut are given ba£ﬁw:m |

_— - |
Yleld = 307.3% + 571,3
Vet profit »  643.85% + 641,95

Cyield = 972,06 5 350155 = S34.28x%

fet profi o 1657432 + G12.5% = 668,56x°

e = 390,89 4+ 88,27 - 82,1352°
Net puofit e 540,03 + 114.7% = 2054345

| _ﬁx‘gzmﬁfﬁg@g : ) | .
¥ield = 2637.23 » B54.01% = 531.81%°

Net profit . = 6236.25 + 2008.73x = 1329,5%

4%hﬁ-a§%%m&m-ﬁaa@ and egononic doae of fertilizers
for the intepgrops ﬁﬂﬁ?&éw greengran and groundnut are
é&v&& in Tabie 23, Por bloekgran the econonic dose of
ﬁ%@%&lﬁﬁﬁﬁg'gﬁﬂiﬁ not be found out since the pesponse to

fertilizers was lincav.



Table 24. ' Eponomies of fertiliser agmuﬁaﬁm to intererops

Teveis of Ficld of seed valuoc of increane Txita., GOSt  Proiit aue

T Py0gK,0 (kg/ha) produge OVer BEro of fortili=  to the fer-

(ke/na) o (%s/ha) level gers (B/ha}  tiliser
/ha) . - {ms/ba) application

_B}‘.ﬁekﬂxaa " . ‘.
02020 , 32, 55 - N 91.14 - ' ‘

$0:15:5 . 114448 320,57 229 .43" . f@4.§n ,\1 24. 93
20£30:10 . 245,08 6g6.17  1595:03 209,00 8605

Gowpea | . T
03050 196414 | 392.28 - -
10:4585 634,28 1363.56  976.23 10430 . B7L.73
1455221483172 23 1066.23 - 2132.36 1740418 152400 1583.40
20130210 . 70182 . 1405.64 101,36 ‘209,00 - B02.36 -

gresngrag - . .

0:0:0 56033 1414335 - ' - -
10:15:5 116,48 - - 291,20 149487 104.30 4937
m.?%zwa%a.zs o 349.11 872.78 T3 45 - 133.69 59776
25*31:} ‘ 118458 296448 155.15 202460 «3385
O30 ' T 44te48 o 1103.55 - g
10:1535 - - 972,37 2430493 132?‘4*3 | 125,50 - 120190
1745672634255 12 2473.66 6196465 5093512 220438 - 4872.T4
20130340 1002.92 2’50%3@' | Mﬁ.’u?’? : } 25% «00 152,77

Gost of fertilizers: § @ 4.5/kz. | i’aiﬁ O Ba3e5/lcs o nuteafie
Value of profuser L -, treengranand Groandnut & &.acﬁfﬁg
' ﬂmyaa @ aa.z.m/m.{ Black gram @ fs.2.8/kg"

S,
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The economico of fertilizer applicatien vwas vorked
out and prosented in Table 24,

Fgononiog of

*_intereropping
The eeononigrn of intereropping over pure oropping

was worked out and is @%ﬁ&&ﬁ%%ﬁ in Pable 25, It was seen
‘@hﬁ% the net profit fwom the ia%exeﬁspnea plots wan nore
ﬁﬁm& that from pure crop of tapiocn when the ilutercrops
wezs given additional fertilizers except in the case of
BYeenITan, “ﬁ@”aiﬂhasf'ﬁe% g?éfit‘@@'%y§$8§§73!aa wo
recorded by interoropping gran@éxat at mﬁ laval of
ortilimerss |

Among ﬁ%&~@f@§'asaaaia%i§&s; imt@rééﬁgﬁiﬁg'wit&
groundnut receorded the highest net profit of %.4198.62/ha
az conpered 1o M3427.50/ha oblained from 3mr% evop of
tepigeas Eﬁ,ﬁﬁfm@ of net profii, grﬁwnﬁﬁaﬁ waa £ollowed
by blachkeran with %.3505.16/ha 28 nel profite Intereropping
tapioce with cewpoa %ﬁﬁAﬁfé@ﬂQ&&m recorded & net profit

which was less then that obtained from pupe 6rop of tapiooa,

' In sll the intercrops application of fertilizers

$o the intererops resulbed in an increase in the net profit.

oo



Table 25. Heononigs of intereropping

%rﬁa%a@nta Qost af‘cmﬁ%iva%i@n; Yiel& ,' Valuae of pr@ﬁa@@

Fot

A43itio= ¥ean
Tapioon Intex- (g flez) pal pro- profit  net
ka/hn  crop ?agiaﬁa‘imtaru Total £it ob= (M./ha) profit
kel ba " evrop tained Lrom the
by intope intepe
eropping cropa
_ (Rsﬂm) (%e/ba)
T ?%@2;;& R 1342.55 1790 ~ 5370.00 5370600 - ' 342T7.50
T#2ml T 18050 29123.00 140%2 . 3?&}% ‘%Zggkgﬁ 9.4 . 4%7&34 =982, 30 22@*&3«;?@ '
ToBmD . 236,30 2228430 18.66 114.48 5593,00 320,57 5913.57  +543.57 3683.77 3505.16
- T+Dm3 25 | 59210 2334.60 20.70  245.06. 6210.00 68617698617 #1526317 4561.57 ,
2+Gat s . . 8050 2123.00 135.86  195.14 4155,00 392,23  4350.28 ~-330.72 2427.28 -
L:0m2 - 206,30 2223.90 1487 634028 4401.00 1365.56 9320.56 +459.56 3600.,T6 3343.00
Tem3 ‘ 23 33210 2534.60 16.50 - T01.82 4550.00 1&95@%%-*§§§§w§ﬁ +383.56 4018.96
Teomi . 9 - ?&?uﬁ@ 2%23&@3 %@a?g 56&53 @2‘?30% %4@0 . 5’3@%053 “ggﬂsé? Eggﬁn 35 o
T+302 " g 236,350 2223.80 16.57 116,43 4371.00 29&.2@ 526220 =107.30 3033.40 2835.20
D+Gm3 ! 55 392,10 2354.60 1748 ~119.59 5244.00 206448 - 5540643 +170.48 3205.33
Tanmd . oy . TB0.50 2123400 1217 . 441471 365100 1103453 475453 =515.47. 2631.53 |
T+Gna2. e 30630 2249430 1431 97237 4293.00 2430.93 6723493 +1355495 44T4.63 4193.62
T+Gnm3 sy 433050 2375.60 17.36 1002.92 5353.00 250730 * 730530 +2435.,30 54389.70
T = Tapiloca . ”Bia@kwram e Cowpen % = &re&nz&am ~ Gn = Groundnu
Value of iaplocas 3@fq?@, / - Greengram and Sroundnut @ P50 2e 5 S5/iz. Couwpen @ Be2.00/kg
- = 5088 g Profit " [Black gram @ B.2. 8/kg | -
U OB A X0 teefh
| B B,05 Kn0 kwfa;é H P05 K50 kg/ha
Hlaskgran ] it | g O 0 i mt g o ¢
Cowpea. - % 1 0 15 5 groundnut Fom2 10 15 20
Greensran g w3 20 30 10 : § w3 20 30 40

39



~ DISCUSSION



DISGTSSION .

.‘:ﬂa inv&sﬁ*gaﬁ&an.wa& ea&riaﬁ out at the u@ll@@% of
ﬂgrzeg&tazag Vezﬁa@ani during ﬁ9?7~&97$ ta study the |
perforasnse of tapiona iﬁ%&feﬁgggéﬁ wi%h:ﬁifﬁax%nﬁ logumes
(%1a§k§ram, eowpen, sreengron and gxaam@a&%} aamyli&ﬁ with
aifferent fertilizer doses (no fertilizger, half the
‘ xeéﬁmm@n&@ﬁ.éaae and falz.ﬁeﬁ@mmeaﬂea dose)s The experiment
was gendacted under rainfed conditions. 7The resulis

gataiaeé fﬂ@ﬁ the study ave ﬁi&aagge& @elﬁw*

1

%@amm

gzouth chozacters
(a) g

. @%am th& zaa&a 1 and ?igvg it wae seen that inter-
eropping ta@laea witn crops such as blackgran, Cowpea,
gr@a&m?am.aﬁﬁ araaﬁﬁﬁat did not aﬁﬁ&aﬁ the leaf ?ﬁﬁﬁéﬂﬁl@n'
in the wmain 3@@@ of tapicea ﬁlgﬂlﬂi@&ﬁ%ly.. This shows
that there was no ﬁ&l@%@ﬁi@ﬁ& eLs ast of prowing leguminous
intercropa on the lead @x@émetian 13 %ayi@ea. Thip may
be duc to the enrichment of soll nitrogen by the leguness
| This observation is in agﬁ@@@ﬁnﬁ with the fi&ﬂinga of
Praged and Choudhary {1975) who noticed no adverse effect
to the prineipal orop due to legumes in grass-leguue

asgogiations
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{b) Helsht of plant.
- It was observed from the Pable 2 and Fig,2 that

| éiﬁfemﬁt int ‘@ﬁéﬁﬁ@'@i% trentmonts did not show say signle

| :%‘iezm% difference in plant height ag compared Lo the pure

tapiooas fhis ehowo thet theve was ne havaful effect on the

hoight of tapioces plents by growing the leguuinous intercrops.

This %g‘iﬁiﬁ aay be due to the benefleial effect of legumes

thwough enrichaent ézz"r 8oLl nitrogene @Lﬂiiﬁiﬁ“ results were

obtained By Prasad and Shoudhary (1975) I

Yield :ﬁ%‘%ﬁ%}iﬁ%@ and 3 i@m

(2) Zotal nuaber of g’e@‘ﬁ,__ DAL zal&?s‘ﬁt

Phe weoulis (Table 3 and Plgd3) indicated tm't the
 gotal nweber of Toots 3:4#32# plant in tapicea was aot affected o
by growi
greengvan and ngwm&t. However, there was an inereasing

g leguminous inwmm@s such -as blackgvam, cowpen,

trond in the number of woots pow plant in %ﬁ;ﬁ.w&. dus to
lemine interoroppinge This may be attributed Lo *ézhé siinu=
lation of the ma*& viidgordie by the nitvogen excreted from
the legunss (Russel, 1961) or thé enrichment of soil nitrogen
by tho incorpovaticn of haulme inbo The moll (Singh gt al.,
1969} %ia ghows that the leguminous intererops were helpiul
4n immam% the number of roots in mgsiaea; Phis finding
is in line with the observation of Witis and Sumatza (1976)s



w SEAA o EFFECT OF INTERCROPPING ON THE WEIGHT,

NUMBER OF LEAVES, TUBER YIELD, TOP VVELD AND
UTIIZATION INDEX OF TAPIOCA
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- {b) zmza‘%mz' of %&bmrﬁ ner ;ﬂaﬁw

3:::@&% the mmlm {3 Pable 4 and ‘iﬁ.ﬁ} it m; a%sze;we@;
%ﬂm éim%mmg;gm@ m§m@a wﬁﬁsh f«mm&m@ w@@}.ﬁw ﬁ@*ﬁ@ 4@
:lmmﬁ. of &eﬁ.‘»i&iﬁﬁ?’ﬁ was on g&? wﬁ%h gaum wm sf »ay,ma
| with mm;me‘:‘% to the number of mmm por gmm. Houever,
‘&3,1 *ﬂm wizw tr@%m@m{s r@a@m@& a ﬁif‘*ﬁiﬁi@?ﬁtﬁ&? Sm»:@r ‘
puzber of tubers pew g&mn@ an %xmam& o the pure %am.mﬁ.
‘gne inerease im the number of m&a}m per plent in the pure
" erop may be attributed to the lavger unit eves obtained
by the crop ag cogpaved to the mt‘;@mmpp%& plota {f@m&g&m
and Hrighi, ??3?33. Howaver groandnut at 20230:40 leovel of
fortiligers ess%mwe& an almoat aﬁu&l nunbeyr 6f tubers per
plant, 7Whis ooy be atiel mm& <o %m sdequate anount of
m%m@%a applied w “%%:m gmmﬁm% whieh would h@.w Wﬁmcﬁ
 the @@izaz:sﬂimm f@?ﬁ mtmm@;@ m‘i:h the ‘%:mima, rsmlﬁmu

incroased nunbor of f:axﬁﬁm m %&ﬁiﬁﬁ&a

Simileriy all the vompining im«amrém naaely
Blackgran, cowpes and groenglan ghowed an increased nusiber
of *@ag;;&@@a gubers per plant with jneveased ferbilizer
- applieation {2@}:‘%&3:%}; & é@ig&%- e W@zﬁ ponaible to avoeld

 vodaction in the number of tubere in intsrorepped plota

- by applying mgﬁzérf auaunte of fertilizers te the interckopa
than thet added in thip experiment. This iz in agreement
. with the findinze of Sexona and Yadav (1972 in a&h&r*




Singh ef ale (1972) in sosamun and Hohankumay and Hpishi

(9973} in taploca

mﬁa mml'ﬁ @Euﬁ%ﬁ:% in ¢ 'af%;:le g and %ﬁ;g‘? shows that
pure crop of tapiocca was Wove effisient in converting the
soote into tubera. The rexults also indicated that the
inteccrops interferad with the m@w@z@im of the rools
pegalting in 2 Jower perceuntnge of profuctive TooLS.” Phe
resgon for the higher porcenisge oFf productive poots la pure
| ﬁmf;g} of tapioca way be dus to the highey lond area available
ner gﬂaﬁ% of tapioen and also the jack of c¢oupetition froa
intersropse

fﬁ’&mgﬁa the percentage of productive roots wes lover
in igtoreropped plots, it wae conpensated by the size of
the tubers. The %:ai%mm in the intercropped plote ghowed

Hore 2,%;3@?1 and glzth {f“ﬁa@m% & and ‘?’} as gompared to the

tubers in the pure tapiocad

The plote with groundmat as interevop vecorded the
next lower perceniage of preductive roots then pure tapioct.
"‘”‘%“iia ahows that the gompetition was less betyeen tapicea
and ﬁﬂmmamﬁ ag conpaved to other intererons, probably
aue to the adequate amount of putrients received by wx:'maﬁm%
and ito root distribution characters



7he highest fertilizer Jose ggivm’ to nost of the
tntererops incveased the number af tubers (Pable 4) which
regulied in a nigher percentage of produgtive roots. ©he
ingrengs in the peraontage of profaetive poots by adeguate
patrients hag been aﬁmgwﬁ by Mobankuoar and triohi (1973}

jeading to less eompetition by inberoTonss
(4) Zength of tabers.

Poon the Table 6 and Fige3 ‘Hz was obsezyved that the

~1

lenzth of tubars in meost of the intercropped plets wap showed

an inovensing ivend as ‘compared to the purc crop off tepiota.
Phis nay be due to the gsimlating effect of the isgunes

on the root prinmcbdia of impleca by weans of the nitrogen
oxevetion (Sen, 1958). 2bhis is in agreement with the

- £indinzs of Witis audl Sumatire {1976) who veporied an increass

_in the length of Lubers in ﬁagisﬁmaﬁyl@aﬁﬁﬁms nintules

(ez} Gdrth of &
- The dete (Table 7 and Fige3) revealed that the givt

uhaws@g

. of tubers tended to fucrease by intereropping teploca with
all the four legumes namely blackerom, cowpea, greengran |
aud groundnut as compared £o the pure erop of tapiogca. Thus
tepume inbevoropping wag found boneficial in ineresging tﬁa
girth of taploca tubers. ‘

Anong the intererops blaghkglen r@ﬁw&@& the magioud
girth for tapioca tubere, This may be due ‘2&@ the poor

performance of blackgren as svidenced from the fable 20

i
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EFEECT OF INTERCROPPING ON TOTAL NUMBER OF ROOTS,NUMBER OF TUBERS, PERCENTAGE
~_ T oF PRODUCTIVE ROOTS AND LENGTH AND GIRTH OF TUBERS.
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remltmg in f:‘m d’kii&ﬁ%‘ﬁi@ﬁ; of ‘ﬁiiﬁ mmmma asplied
._..*E:a the iutercrop, by mgaima m ad uﬁ;wﬁ to ’%‘;m nutrionts
‘regeived by the GRme e znm:emw in the gisam of mmw by
ag:@lm@:ﬁmn of HPE wap ﬁ@g@mm %y Ratarajen {‘i%?ﬁ).
‘The inmerease in '%zkm airth at the ‘ﬁzﬁ.gmaiz level of
 Fortilizers iaaﬁgﬁﬁ o f:ar blackgram, cowpes and greengram
anzz 2& éﬂ f@f @mﬁﬂmﬁ ﬁ’ﬁm the mﬁw&‘ms& zay be due

to the aag%cmﬁ@n of @@é@uﬁ&a ammn*& of f@mimﬁ&m 0
the iﬁ%&remga.‘

From the repults (@aﬁﬂa 8) it wno obgerved that

fai.l the intercropped treatments ghowed a conslderably lowex
rin& to Pflesh ratio us ‘cazagweﬁ to the puve grep e}if taplocas
Groundnut, greengram end blackgraa reduced the rind to flesgh
ratio m m’bem mfm&fmmﬁw. Cowpea aloo redneed the
ratio cm&i&e%m:f thmwim ?zm: mgﬁwim&ﬁ?.

Phe low vind to f£lesh mﬁi@ obtained frow ﬁ%ze legune
 intereropped plota was due e the production of higher
m@peﬁian of Plesh than the zind, This ﬂh&m that the
legumes {grounduat, greengean, blackgram and eowpen) wewe
helpfui in reiweing the '@f@gﬁm% on of rind fo flesh, which
ins a ﬁa@im‘i} e eézamemx‘*.v m W?&W@Eﬁﬁ the mmamg were
fwma %a m&raaﬁae "Eﬂ& %ﬁ&ﬂ'ﬁi‘%} of flasn gw unit mmm:

of ‘m@ %‘&Jeﬁﬁ.



| The %@&Aﬁ@i@ﬁ in the rind to flesh ratio %J inereased
ﬂar%zlzﬁ@r applieatiaﬁ #0 thé intererops may be ﬁzﬁ to less
‘éaﬁ@ﬁﬁlﬁiaﬁ for nat%iaﬁﬁg by the intererops which would
have eﬁ&bzﬁa tapioca +o produce more of flesh rather than
xanﬁ per unit w&iﬂhﬁ of Guber. Sinilar ingrease in the
Liesh g;tszﬁ:»im que to-nutrient applieation was reported by
vatarajan (1975)e

ig}' Eéﬂa@ﬁﬁage of eashiegg;m?i@a; _

As in the case of rind to ficsh ratio, Tbe Loguminoss
lﬂﬁt&@”@g% ghowed a @ﬁnﬁiﬁ&xa%la inorease in the perceutage
of @dible portion in taploca tuburs as shown in Table 9
and Fig.4. The perceatage of cdible portion was least in
pure crop of tapioog. Ginee the vrind to flesh ratio and
the perﬁgntaﬁs of edible portion were related a&aa&%s, th@
pesilis were alse siumilar.

"ﬁimiléély; ﬁi&ﬁ&gﬁ&@ was found to be the most
'eféiaisat intererop in iﬁ@fé&ﬁiﬁg the pepeentage of edible
@@@tian‘f&ll@w&i»ayfgreangr@mg<$@aﬁﬁﬁ§uﬁ and cowpeds ALBOy
hiﬁh%ﬁ'ra%es‘afﬂfeﬁtiliwer«aggligaﬁian;%@,%ﬁa‘iﬂ%aﬁara§s
gave h&g&eﬁ percentage of edible portion, as observed In tha

pind to fiesh ratics




- (n) Zuber yield,

~ FProm the Table 10 and ¥ig.2 it was seen that intore

| eropping taplosn with the four leguses {blackzran, oowped,
greengran amﬁ groundnut) at different fextiliger levele (mi,
02 and m3) to the inteverops 4id not deprogs the tuber yield
ae eounpared ¥o the @ﬁf@iaxap of ia@iaaa., On the other hang,
intereropping tapioca with blackgram with additional
fertilizers to ﬁh&'imﬂaxeragg,ﬂeagrﬁa&'ﬁighsﬁ Guber yield
then that abtained fragbpaﬂg tapioca. S&milarlyiiﬁxegéﬁaﬁgiﬁg
of prouwndnat miﬁh ita r@@amw@ﬁaeé doge of feprtilizers
(20:30:40) gave a tu@@r yield {(17.86 t/ha) which was almag%
squal to that @bﬁainﬂﬁ ﬁwam ﬁare tapioce (179 t/ha).

The yield of tapioves tubers was not reduced in the
intercropped plots whén compared to non=interoropped plotas
This was made possible by the increased length and girth of
tubers (?a%l@é 6 aﬁé ?} in iﬂ%&?@?ﬂﬁp@& plota. AB already
| noted tﬁe @e&matiam in tﬂa n&@@@? @f tubers por plant was
a@mp@mga@@é hy th@ @i?e @f ﬁh@ %abaws. Begides the length
and mmﬁh, t%w dry matter content of tubers {Pable 93)
_@iﬂh& al@@ aﬁnﬁribaﬁmﬁ ta aain&aia the tuber yield in
 interevopped yl@%a.

it was aloo obsexved that the tuber yield was increased
by iner&aﬁing-%he'fﬁr%ilise& appliention to the intererops

in all the four legumes, ALl those show that by applying



adequate fertiliszers to thoe iﬁ&@&asgéa as well ag to the
main erop, it might be possible to maintain buber yield in-

 tapioca=legune aggoelation as that ia:§a§a %@ﬁ&ﬂ@&g

sinsh ot al. (1969) and Katyal and Dutte (1976)

peported thot growing leguninous intercrops such as groundnub

and gowpea did net affoet the tuber yicld of tapioscas

: wl&;

The mean top yields presented in Zable 11 and Fig.2
‘phowed that intercropping taploea with the legumes did not
depress the top yield in tmpioca, On the other hand inbove
sropping of groundnut at the veeommended dose of fertilizers
{20:30240) reaar&aﬁ.a hi”&ﬂr top yleld (8415 t/uz) as
&ﬂﬁg%ﬁ&é to %hat in pure &r@g of ﬁagiaa@ (?.6? tfaa}.

As in the ease of tuber yield, the top yield of
tapliocas was also iﬁaﬁgaéaé,éiﬁh inoreased Pertiliczer applis
eation to the intercropss This slious that the top yield of
ﬁa@i@ea'ig tapioca~lesune agsociation gould be m&imﬁaﬁn@& |
by ag@lyiﬁg adequate Pertilizers o the main erop as woll as

the ilnterenscpge

{3

ﬁ%giiﬁ&ﬁﬁﬁﬂiiﬁdﬁf
The dats presented im pable 12 and Fiz.2 pointed out

that the atﬁkizaﬁ%@ﬂ inﬂ@x of @a@aﬁea was not weﬁgeu& by

the iaﬁa&a&ag@ ng treatnents aﬂ diffevent levels of R

~.}

Ui

ro@d



afertxlizaxs to the &n&@r@zﬂgﬁ. Howevor, élaéfvfaﬂfiﬁ%$§a§@@§%§~

.'giﬁ&@ found %o give ‘the hiwha@t m@i&igﬁﬂzaﬂ inﬁag iﬁ.@apiﬁéa

f&% goupared to gﬁy@ tapiﬁga@ Thie aiwat ﬁc due o the &iwh%ﬂ
produdtion of tgﬁawa fx@m,wla@k&fam iﬁ%@yﬁf@ppaé ﬁlat&

{i&@l& 103 @a&@a@a&ﬁ% of p@ﬁz perforaance of ﬁl@ekgﬁam

(Table 20)s |

spplication of fertilizers to the in@emmpzéﬁw&
. inaﬁeas@a'thQEiﬁ@éx ia-ta@i@@a¢ .§h&a»agaim might be due to

 the incroased tuber.yield as seen from the Table 10,

{a) “ggggatam@ of .%gdﬁa%ﬁﬁwwinmzuaﬁr”’

Tne regulte ﬁiable i3 am& ﬁig.&} sﬁ@w%& that laﬁ&ma
iﬁtararﬁyyiag im@r@aa&d %ha dﬁy @atﬁar sontent of aai@@a
%&a@%g 8Ly aiii@axﬁifg z@ @&s ahaevvad %hai @&@&adnzﬁ and
eoupes at their r@e@mmana@é &ag@ sf f@r%iﬂﬂﬁana (9@33@ 40
and @@*SQ'Q@ f@a@@aﬁiﬁ@&ﬁ} meaa@&@& %g@ max;mam éfy wnttoy

aantant in *aﬁiaea ﬁahars as @amaafa& %a ggre t&pi@aaq

@wiﬂﬁ ggﬁdﬁﬁﬂéﬁ, aﬁwaeag gu eeamram ‘and ﬁlaak&ram
.as iﬁﬁmﬁ@fﬂ?& wx@h ﬁayiaa@ ineﬁeaa@& the dey %&%ﬁew gontent
a? the tubsrg avew gﬁ@wxng tapiaﬁa alaﬁ%. $he ingrease in
_ﬁh& dry &&?%@ﬁ eantan% ai t&aeﬁg ik.iht@fﬁrapgeé plots
migﬂ% be &ae to %he mxﬁrienﬁs aﬁﬁe& ay m@ans of the incor-

yawatlan of haulns in to tne soil (Misre and Hisva, 1975)e .



-
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.%aillm* inorease in the dry matter content of tubers by

mtx*ient /apzalmamm wao :*apar%ea by mllai (1%‘?} in
tapioca.

The mmimm dry matter amten%: in tapima mﬁem

. regorded by ngmamt and cowpea aight bo due to %hﬂ larger
_ qmﬁtity of haulas added W them (Table 21) teo the soil

and t%;egeﬁag addition of nutrients (Table 22), “i‘he_ nutrients
in the hawlns would have been utilizmed by the tapiosa in
dry matter production. Similar increamse in the dry Matter
content of tubers due to legume intercropping has been |

| ?agpxtéﬁ by Hitis and Sumatra (1976).

~ The increase in the d=my matter content of tubers
by the application of fertilisers to the intercrops might

. be due to the higher guentity of haulas produced at increased

fortiliser levels {Zable 21). This would have contributed
to an. inarease m the ﬁry matter gontent of tubors as

ﬁimuaaaa abovey

?mm the rasalta (fﬁam.e 14 and 2‘13;4) it ms

gbmerved that the percentage of starch in taploca tubers

was. eignificantly inereased by intereropping logunes.
Intereropping tapioca with groundnut at the pecomuended dose
of £m1n3era (29: 30140} recorded the maxiaunm pemantage




of stareh in tapices tubsrs waen compared to all other

troatnonts.

E rure erég of tapiocca showed the lowest percentage
of starch in its tubers. Among the intererops groundnut
- and eaw@aa.xeaaréea_%ha higheat pereentase of stareh in
‘topiocs tubers followed by groengram and blackgrom. ©Uhis
wﬁ&iﬁ have beon due to the %ﬁriaﬁéﬁm%-af soll nitrogen
by the legumes which aight have'raaultaa in %hé increased
top ypield in tapiooa g%aﬁka‘ii) @ﬁ@ﬁl&ﬂg nore a&r@a@&ﬁﬁaﬁ@
&?ﬁ%ﬁ@ﬁi&‘fﬁ@%é@lg 1961)e %he inereased ctaveh content
dne to nitrogen snrichuent was xepésﬁeé by #illei (1967)
in tapioces. Inex@aaa in stareh gontent by leguminous
intercrops ha@ alsa %can @bﬁaﬁngﬁAhy an =14 ai. (195%)
in aawaw.

In wost @f the in%araxap&, the &taﬂ@ﬁ @anﬁeﬁt @£
ﬁagi@@a tubers was iﬁ@r@aa@a by epplieation af Lertilicors
to tﬁa,imﬁarar@ps‘ Phis mizht be due Yo the beneficial
- effecta of HPK gﬁé@é to the intereropse.’

(e) Eercentage of orude protein in tuborg,

Ag eeen from the Table 15 and Fig.4 the orude
protein content of tapioca tubers was glightly iﬁﬁf@g%@&
by the leguminous i@ﬁ@&éﬁﬁ?ﬁg Amﬁng~%ﬁ@ interorops, ground-
nut recorded the highest pergentage of crude protein in

‘the tubers, All these show that the envichwont of soil
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nitrogen by the legumes would have increasged theinitwaw%n
uptake by the planta which in tarﬁ would have resulted in an
 inorease in the erude y@a@eiﬁ,aaniant of the ~Aﬁaxa |
{(Malavolta, 1955)e

Increased crude protein das to legume inﬁererﬁayinw
has been reported by ey gt al. (1938) in jownr, Towars and
| Sahﬁié {1§§ﬁ}_iﬁvﬁ£méﬁhy grase and Menitkar and Shukla
(1974} in fodder sopghun, | |

- (d) Hydrosyanie acid content of Eéﬁ@ﬁﬂﬂ

The results yr&s&uzea in, Eab&e 16 and Pig.4 xn&iaateﬁ

- that the hydrﬁayania acid content of the %ubefﬁ_xaéxeage&
sigﬁifiganﬁiy by the legume intareropping. Inxergregpiﬂg
tapioea with groundnut resaiﬁaa in the highest hydroeyanic
acld contont iﬁaﬁa@iaaazta%erg‘fallﬁwa& by intercropping

w&%ﬁ gowpes, greengram and biaékgrém, Pure ?ag%éaa showed the

lowest hydrocyanic agld content.

| Hitrogen applicetion to tapicca was found to inorease
the hydrosyanic neid content of tubere (Indire gt gle, 1972)s
ﬁinae'ﬁh@ legumes have enriched the soil ngzéagen by
syablotic fixation (Kumar and Pandey, 1962) and incovporation
of the hauwlms in situ (Singh ﬁt 8ley 1959), the thus added
aitfﬁm@a yould have caused an inax&asa in the hy&r@@yanie

aeid eontent of the tubers,

~.1

o
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The amplieatian of fertilizers t@ the anxer&r@pa
was found to reduee ﬁh@ &yﬂraayania acid econtent of the
ta@iﬁca tuberse Application of potash either alone or in
combination with niﬁx@gen<ana §ha@@hazaa bas ﬁeea'féuna
to roduce the hyé:égyanie‘aeiﬁ contont of tabaré in tapiosa
(Iﬁﬁir& et als, 79?2}4 S0 in tﬁis‘casa the p@t&sh'&aaea
in combination withiﬁi%ﬁ@gantanﬂ phosphorus to the intepw
ercps would h&vé.héenvﬁaﬂa éﬁailab&e té @ae main orop
after the inccrporation of thelr baulns inte t&é soll
thereby reaueinw the hyﬂraayaaie a@iﬁ eontent. @ha@-
aygliﬁaﬁian of fev&ili ers to the intaxaraps was also.
found benefieial to taplosa by means of a redustion
in the hydrocyanie acid content of tubers. |
(e) Qooking

wality of fubers,

it was cbaar?ea_féaﬁvth@ Tables 172 and 170 that
fatercropping with leguneo 3id not affect the oooking
quality of tapioca as measured by the hittewness of tuberse
Howowver, & alizght reduction aa cooking Guality of tubews
was noted in the intoreropped plots, but not aiga&fi@anﬁ.
The rcduction in the gooking quality of tubers ﬁﬂﬁ*t@
inoreage in'ﬁitﬁérnaaa.may be due to the nitrogen uptake,
by the tabers, enriched by legumes thfsagh ﬁheir h&a&w&&




Reduction in the cooking guality of tubers due to hizher
1evels of nitrogen was reported by Préma gt al.(1975).

ZLotal nitwosen eontent of the soil after cuporiment,

The %@%ﬁi?ﬂiﬁﬁ@g@ﬁ-@&ﬂ%ﬁﬂﬁ~@f<%%ﬁ'%Qil'&f?@i*%hﬁ~

oxperiment (Table 18) revesled that the itoeateenits insreased

the total nitrogen eﬁﬁt@@%'af the goll siznificantly as -
- comparved to %ﬁé ggrﬁlexag‘ﬁf'taéiﬁea.<1&w@mg~%he intercyops
" groundnut and cowpea rocorded the maxlmus total soil nitrogen
{1302 kp/ha and 1285.5 ka/ha respectivelyl, :ﬁhé-éﬁereaa&
‘in the tolel moil aitregen in the iﬂﬁeﬁaﬁﬁgpéé«piatafgayibe
due to the enrichment of soil nitvogen by the legunes.
Enrichment of soil nitrogen by growing these leguninous
intererops im tapiosa had been eavlier reported by 3Singh
ot al. (1969). |

Similar iﬁ@?@ase,;a the soil nitrogen by legume

intereropping was alse reported by Morashon gt -al. (1977)e

Intererops

(a) Height of plant at harvegt.
The results (Pable 19) revealed that there was signi-

fisant diffevence in the height of all the legam@a'uﬁﬁﬁr
different feztilig@rrtmeat%@nia.'\iﬁa highost fertilizer
doge 20:30:10 produced anziagum height in blackgram, Coupes,
and greesgram whereas i groundnut the mlddle dose 1013220
produeed the tallest plants eventhough it waso on par with
the highest dose 20350340.



In the case of leguminous orops it takes some time
for the plante to obtain nitrogen by ayﬁhiaﬁia fixation
(Jainy 1975)¢ Duving this initial stage of growth the
plants have to depend on fertillser nitrogen for growth
| (seﬁanaagﬁ; 1943). In the cace of the other two nuirients
'-nameiy phoaphorus and potassiuva, the plants ha?a'%@'&egemd‘
nostly on the applied source. The height being a ﬁaﬁéi@m%
. dependent chavagter, the amount of ﬁﬁ@éﬁﬁﬁﬁs.agg&zaé through
fertilizers would héve eﬁééﬁxag@& 8 ﬁigheﬁ‘ﬁaﬁe af”nmﬁ&i&&ﬁ
ahaaﬁyﬁi@ﬁ zéauiting in aﬁ‘iaereaae in the plant heizghi.
Howover, iﬁ the case of groundnut the middle dose 10:15:20
seens to be‘@afﬁiaiamz for produeing the maximum height.
Similer inorease in height dus to Lfertilizer application
wae obtained by Sen and Bains (41955%) in gowpea; Deshpande
and Bathkel (1965) in greengran; Xurup anﬁ §aiia@§an (1269)
in sunphemp and Yahetanya (1976) in beans.

(b) geed yielde

Prom the results (Teble 20) it was seen that the
reaaam@ﬂéeawﬁéaa a£'£6wti1iz@rs (20:30:10 for blackgram,
eowpea and preengran and 20:30:40 for groundnut) has given
the maximun Sced yield 1ﬁ‘a11 the four legumes. Howaver,
in the case of @@ﬁ@aa, greengram and groundnut the middle
dose (10:15:5 for cowpea and greengranm and 10815:20 for
gﬂagnﬁﬂ&%} wag on par with the regommended doses



éhe inerease in seed yield obbailned with the applicas=
Biaﬁ of fortilizers can be attributed to the beneficial
sffeet of the nutrients U, P and K. %he beneficial eﬁﬁa&t
e N in imﬁ?e@,@mg the geed yield may be due to its relation
to earbohydeate utilization and ibs relation Yo phospherus
metabolism. Phosphorus also holps in root growth, flowers
 ing; pod formation ond seed aaé%iaga Horeover, phogphorus
might bhave stimulated the rhizobial setivity in the root
nodules lepding to jarger fizetion of atmospherie nitrogen
{ﬁﬁﬁéﬂrg 19487, in nddition to ite effect in the uptake of
m@haﬂ makri&nas ?rom the soil (Robert and Ols en,-?ﬁ@@).
E@taa@i&m %ighﬁ have contributed to the vield by means of
i%o influence on ph@tasyathﬁai@ {(?isdale and Nelson; 1975).
Inercase in gﬁﬁiﬁ yield with increased Fertilicer mpplication
waa reported by Rao et al. (1984} in cowpea and ﬁ@aﬁy&nﬁa |
and Bathkal (i?éﬁﬁ in groengvan.

The influence of autrisats in enhaneing the y&em wag
alsa cbserved by ioolani and Jama (1965) in greengton;
| Rajendran gt al. (1974) and Subremanian gf 4l {(1977) in
blaekgran and Pande gﬁ,g@w (1971} in groundaut. |

() Ousenie patter (haul

‘ Ag evidenced from the. m@ﬁalta {Pable 21), the organic
matter (haulm) production was maxioum ot the highcat ferii-
lizer dose in all the four intererops. In all these



interorops the hishest fertilizer dose (203303106 fox
blacgkaran, @wgaés andl groengram; 20830:40 for groundnut)
@Eaﬁﬁ@eﬁ eﬁ.gniﬁmﬁ%iy higher guantity of green m%éze
él@&am} wm?i a@aagam& to the iww domsog of fertilisers
e:s@ayé in cowpsn cnd groundnut ‘wiz@ﬂam the middle dose
'(wm 5 and m.wug@ reppoatively) of fertilisers was on
pas mﬁi the highest ﬁ@a@- ' ' '

f“h@ inorease in the ﬂi‘gﬁﬁl@ m&%w {haulm) @xaﬁuctim
aue to g@mn&.m application may be due ta the @ffefs@ of
the nutrients on vegetative growth of the plaants. This
may be due to the m@ea% in available nit:wgem {ﬁmh
and &mam@z’abmi&@, 1@%‘7} and the stimulatory effeet @i:‘
phosphorus on the mﬁy@g@n figs.n@ bagterin (Porr and Dose,
1945; Sen and Zains, ‘I%&ié&; Rao gt al.; ?95!%3» The benefie
eisl effect of potassiuvm m m@%&emg haula @x@ﬁwﬁ:wx
way be atizibutod to its role in ‘ém gxw@%& and nmerigtenatie
tissues and activabion of varicus ensymes (P4edale and
Helgon, 1‘975)@ | | o

The data (Table 22) showed that the highest fertilizer
dose (20130340 for grouwndnut and 20:30:10 for, others) for
all the four legules resulted in the incorporation of mobe
nitrogen in thé goll through the hauwlms, as compared to



the lower fertilizer doses, Among the interercps blackgrem

showed mignificant difference between the fertilizer doses
with i«'ﬁes@agg to-the amount of nitrogen insorporated into |
the goil by the haulus. In the remaining inteporeps the
middle dose (40115520 for groundaut; 1011515 for others)

of fertilizers wag on par with the highest dose. when no
fortilizer was given to the imtevcrops, all the four inters
Qrops wWors mﬁs gfficient m a&ﬁim nitrogen by means of

m@arge@mﬁmza of hmlm&

Among the | mm legwaen ﬁm.aﬁ, cowpea wag faaa& 1;43 be
more efficient m am*mnmu g the seil. nitzogsn by mmzms cvf’
ineorporation @f the mmm into the £ield after Em?ﬁiﬁ@q
C;arszmam% gane m-m; :m this asme'z fa&}.wea by biachgren
and gresngvan, “he m am amount of ni.i;mg% added by 'E:i:g,é
Emzx‘ms of oowpea my be m;‘émb&%a m the m@g@r qmﬁiﬁy
of %zamm production {"‘mma 21) by ite *”‘k:ea &sagsemam*ag
@f cowpen over the other l@gumimm in‘t*‘-‘»\rfzz’wa with 2‘@3@;@&
%o the @mz@h@e% of soil nitvogzen was reported by Jingh
ot ol 31‘, {1959%, ‘Em me&a@a rate of envichoont of soil
nlirogen at. mgms &%@3 @f i‘@rm% izors umy be attributed
to the inoreaged production of organic mttﬁx (haalm) at the
i&aiaﬁ@r fertilizer domeg ag seen from the Table 21.

{a) Regoonge eszax‘?e and_geonomiog :)f f@rtilizer a%malim iv:m.

. TE is ovident frum the Figures 5, & T and 8 and
robles 2% and 24 that the Fouwr leguminous interewops chosen
for the present imvestisation responded differently undes
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ﬁlﬁf@?@ﬂ$ f@ﬂtiﬂiﬁﬁr %&aa%aeﬂts. in hlaakgram 1% was feanﬁ
thet the x@agﬁnﬂe ta fertiliﬁer anp1i@a%ian was llnear

and the yiald anﬁ(pwafi% imeraga&ﬁ wita inareaainm f@rtllizer
appligstion (Fig ‘53 and the optinu ﬁe@%i&izen &@a@ waa not
obtainad. In cowpea, groensran. and g@@ﬁnﬁﬂ&t %h@ gptinaa
dose ond ecenonie ﬁ@as.af fertilizers wera worksd out

{able Eﬁ)a Gowpen pya&ﬁﬁﬁévaasimwm géaéﬁ.giela @i%h a
f@ﬁ%&ilﬁ@ﬁ dose of 15&37; 23.0t 7‘69 kgfba of N, PpOg and
E,0 whereass the e@@aamle doge was only 1@i§§#2§§@3 7.28 kg/ha
af N, w9@r,aa& Ky 0w in 4%@@@3?%@ 15‘5?*23;§:?.@9 kel/ha

anﬁ fﬁ‘?9g1@‘%9&6té k@fﬂ& off H, 2,05 and £50 were found

0 ha the optimua and @éﬁﬂﬁm&@ doses regga&ﬁively. in
5xﬁunaﬁ¢ﬁ m&xi&am,yw@&é wai obteined with 18.03:2T.05:36.00
‘&@jﬁ& ot Hy FQQE gnd . Kaﬁ whereas miginun profit was obtained
;w&%&.ﬁ?gﬁﬁ ﬁﬁﬁé*ﬁgn%g k@faa of @, ﬁéﬁr and X, Q. '

. the st&ﬂg on %ﬁ@ @ﬁgaﬁ&itaxe &ﬁﬂ iﬁ@ame mf gapioca
@1@&8 @nﬂ in iﬁ%@ﬁ@?@ﬁ@éﬁ situntions iq ﬁiven 1& Pable 25,
‘@h@ net ﬁfﬁﬂ&t and %emsfi@!g@s% ”ﬁﬁiQ xr@m each treatment
ig ghown in Pig.%. % was fauaﬂ tha@ &ﬁz@rexapyin@ of
groundnut, blogkpren and GOWpea with aﬁﬂiﬁi@n&l fortilizers

ragopded un aé&it;@ﬁhl iﬁﬂ@@& av&x tagi@@& alaa@.

Anong the inﬁ@xexmgs; groundnat intareraaga& al@&@
regorded the maximun net profit (%.4198g§§ﬁﬁ&}:asgﬁg%},aﬁ

86
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additional profit (%.1077.92/he) over pure tapiooa and
blackgran cane next to groundnat ir’s this pespect, Inter=
eropping tapioca wiﬁh_grgangram regaiﬁeﬁuin a loss at all
the thweo fertilizer doses as compared to pure taploca.
Thia isfi@;&gxeemaﬁ% with the findings of Mohankumar and

Heishi (1973) whorein intereropping with geeengram resulted

in & net lose chowing that 1t was not an economic intexawop
with tapioéa in frivendran District, |

E%'Qﬁﬁ»aanalasive;y @zﬁﬁéa'ﬁhaﬁ intereropping tapicca
with gﬁ@uﬂﬁngﬁ, alaakg@am and aawpga with additional
Per%ii¢zar$ (both halg aﬁé faﬁl regoumnended éeaec} to the
&azﬁxeﬁaga was nowe gxafiﬁa@ia than gﬂ@ﬁiﬁw tapioea alone.
ﬁha‘é&ximumxaét"pr@fi% ﬁf'@;S4SQ§?/havwaa‘a@%aia@ﬁ by
inteveropping tapioca with grsanﬁﬁuﬁ at i@g'xacamm&naeﬁ

fertilizer dose of 20230840

zn the prag@mx 1nﬁﬁ$tig&tiﬁn, i vas seen that three
1ﬂ£er@r@ps nanely grﬁun&ﬂgm, ﬁiaehgram and cowpea oan be
u&eeaafﬁlly ?&iﬁ&é with t&@iﬂ&& by, giving additional
| fertilxve?s to the iﬁt@f@y@p | The @g@&m&m daa@ ﬁf Lorlie
1izevs far gowpea aﬁ& groundnit %&g %Q@ﬁ worked out Whareaa
a 1iﬁﬁﬁ$ response for f&fﬁi&iﬁ@&@ was abtained in

blaekgxam, aa s&w&l&r @s@erimcwt ¢an be taken up ﬁiﬁh
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blackgran as intercrop to work out the optizum dose of
fertilizers for @m@ t‘his as an intercrop with tapiocea.
The optioum f‘&%i@.&é@ﬁ regaivenent for tapicea in 'th&aé
type of associstions szmam also be worked outs Similarly
the optimum secason of glmﬁiug the intercvops and optimum
spacing for the iptepcrops and tapisea may alse be found
out by sultable cxporinents.







SUMMARY

An experiment was conducted at the College of
Agrlculture, Véllayani to study the performance of tapioea
intercropped with different legumes (blackgram, . eewpea,
greengram and grounﬁnut) snpplled with different fertili-
mer doses. The experiment was carried out, in a randomised
block design with three replications, under rainfed

conditions. The'results obtained are summarised bﬁlcw.

1; The growth of tapioca plant was not suppressed
by legume intercropping as adjudged from the height and

proﬂuctlon of leaves.

2.> Legume intercropping in tapioca sllchtly
ingfeased the number of tapieca roots per plant.' Among ,
the intercrops, graandnu£ recorded the maximum nﬁﬁber of
“tapioca roots. |

3. Intercroﬁpinc of legumes with tapioca tended
to reduce the number of tapiaca tubers, but the size of

tabers were increased. Increased dose of fertllizers to

the intercrops, increased the number of tuberse.
4o Ihiercrdpging of legumes such as blackgram,
cowpea., greéngram and groundnut wiﬁh tapioca reduced the

percentage of productive roots in tapioca.
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"5, A tendency to inerease the length and girth
of tapioca tubers was noticed due toﬂgrowing legume with
tapioca. o |

6o Iﬁtercropping of ﬁhe legumes lowered the xrind
to‘flesh ratio of tapioca tubers as campared,to fhs pure
tapioca. Grewing of blackgram as:iﬁtercrop with tapioca
gave the lowest rind to ilesh'ratio,éf tapicéa tubers;,
Application of fertilizers to the intercfops feduced the

" rind to flesh ratio.

7. The percentage of edible poriion in tapioca -
tubers was increased«due‘ﬁo‘gﬁawing the legumes as inter-
erbpsa Blackgfam with tapiaea.causéd the highest percent-
age of edible portion in tubers. Application of fertilie
zers to the interecrops also‘ineieaSédAthe peﬁcentage of

edible portion in tubers..

8., The tuber yield, top yleld and utilization
index of tapioea were not affected by growing the

intercrops.

9. The dry matter content of %apiocavtuber was
increased due to legumedihxencropping. Inﬁércrppping of
groundnut recorded the highest dvy matter content in
tapioea -tubers, 4pplication bﬁﬁferfilizers to the inter-

crops increased the dvy matter content of tapioca tubers.
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10. Higher percentage of starch was recorded by
fapioca tﬁbers when grown in association with the legumes..
Among the interercps groundnut and cowpea were found to
fecorﬁ'the highest ﬁarcentage of stgreh in tubersg.‘Apﬁli-
cation of fertilizers to groundnut, cowpea and greengranm

increased the starch content of tapioea tubers.

11. Higher crude protein content in tapioca tubers
was obtained by legume intercropping. Groundnat reeorded

the highest percentage of protein in tapioca tubers.

; 12. BegﬁmE‘inﬁercropping‘was found to ingréase“
the hydéoqyanic acid content of tubers., Intereﬁepp;pg
of groundnut recorded the highest“content ef‘hydfacyanic
acid in tapioca tubers whereas application of fertlllzers .

to the intercrops reduced the hyarocyanle acid contenﬁ.

13. Cooking quality cf tapioca tuhers‘was not

affected by growing the legumes as intercrops.

14. There was an imprevemént in the fertility
status. of the soil due to legume interc;Opping in tapiocas -
The total nitrogen content of soll was significantly
inereased by grawing leguminous interereps,and_incorporating
their haulmes into the soil. Groundnut intercrop was
su@erior to other interqraps.with respect to the sqil

fertility.
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15. In,blaekgram, cowpea and greengram the
,rgegmmendea dose of fertilizers gave the maximum plant
height when they are grown as intercrops whereas in groundnut

half the recommended dose gave the maximum height. of plants. .

16, The recommended dose of fertilizers produced
the highest seed yield in all the intercrops, though it
was on par with half the recommended dése in cowpea, green-

gram and groundnuta

17. The organie matter (haulm) yield was maximum
'with the recommended dose of fertilizers in all the fcur
intercrops. But in cawpea and groandnat half the recommended
dose of fertllizers was Qn par with the recommended dose in

thls respect.

18.» The ameunt of nitregen zncerporated into the -
soil throuQK haulms in the case of the four inxercrops
was maximum with the recommended dose of fertxlizers. In -
cowpea, greengram and aroundnut half the recommended dese ’

of fertllizers was on par with the reeemmended dese.v

19. The optimum doses of N, P205 and K20 for cowpea,
greehgram and grcundnut, when grown as’ iatercr9ps,w1th
tapioga, were 15;37323:7,69; 15437:23:7.69 and 18+03:27.05:
36406 kg/ha respeetively.and the écohomie doses of the
nutrients were 14.55:21.83:7.28; 12.79:19,19:16.4 and



nﬁ 17. 56 26 344354 12 kc/ha respectively.

: 20, - Intercroppinb was found to be profitable “than -

pure cropping., Additional profit of 15.548.57 and %.1526 17
by iatercropping blackgran (frem 10:1535 and 203 30:10 kg /ha
of Wy Py0g and K, 0) Rse459. 56 and R.983.56 by intercropping
| cawpea. (from 10:15:5 and 203 30310 kg/ha of N, P 295, and K o)
anﬂ k.1353 93 and 1502495, 30 by intercropping vroundnut
(from 10815’@0 anﬂ 20:30:40 kﬁ/ha of Ny PZQb and K 0)

were obtalnﬁd ever the pure crop of tapiaca.

Maximum net profit from the crop was obtamned

(845489 70) when tapioca was inxercreppea with groundnut

supplied with 26,30,40 xg/ha of N, P 5 and K0

2’
- From the results of the abqvé experiment it has been
eonclusmvely proved that 1ntercropp1n° 1egumes’in the
inter~row spaces of tapioca would increase the inceme from
unit lanﬁ area per unit time without reducing the normal

growth, yield and quality of tapiocas

groundnut was found to be the ‘most sultable
leguminaus lntercrop for graw;ng with tapioca, To obtaln
maximun tuber yield from tapioca and seed‘yleld from the
intercrops, separate applicat;gnﬂnyfe:t;lizers to the l?ﬁe?p
”crops, was found neeessarye - | | -
An improvement in the fertllity status of the so;l

was noticed due to0 intercrepping tapioca with legumes.
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APPERDIX I

weathor data for the period frow Hay 1977 to rareh 1978
(Weerly averages) regorded at Yeollayand

"§é§i9&

~ fain

£all
{in
o)

Haxinun

" pomperature (%0)

Minimun

nclative
humddity

4

2o=GeT] to 28=5+77
0=B=TT £ 477
Sabe?] 10 11=6=TT
{2677 Lo 18-8=T7
19=G=TT to 25=6=TT
26e67T £0 2=T=77
FuTaTT 10 G=T=T7T
10Tl to 16=T=T77

17177 $0 25=T=77 .

24T 7T 6 F0=T=TT
BquTeT] to BudeTT?
TBe]? t0 13+8-T7
F4=BmTT B0 208=T7
29=8=77 t0 27=3=77
25377 to HedwTT
4umTT to 10=0=77
119=T7 to 17=9=T7
483477 L0 24+9=T7T
25077 t0 1=10=T7
Di0eTT t0 Gul0=T7
Guf0aT? 10 15-10=77

16=10=T77 to 22+10=77
9%ei 077 L0 20«10-T77

B3Ot 0=T? to G=11=77

GeT
93
1547
844
- 8BeY
163

740

460
Sel

00
00

Ted

540

0

0s0
1649
0.0
Tot
6249

- 440
2547

314
2949
B0e6
2944
2946
3043
297
3361
2860
30«1
5044
e
Bt
2940
20,9
29T

503

a3
311
0.4
903 |
2346
28«9
el

2349
2364
2545
23.0
252

24,1

230

2346

220
2%:6
2440
24e%
2440
2545
231
254
235
2346
2549
2363
259
2563
2346
234

866
894

81ed
876 -
89T

8544

86.3

25«1
2941
%535;& A
: {3%{5
823
847
897
8540

8844 .

B40

151
BT
2647
83«7
9249
G0.0
8584

*ﬁﬂ'ﬂg .



-

APPENDIX T (GOWTIHUED)

pepiod fein _ Zewperatwre (70)  Relative
a1 e it nualdity
{in Maxinum HMinigunm o)

SR . ) S
GellwTT B0 121177 Ged 3040 2341 8949
13a4177 to 19=11=T] 460 3048 233 89«4
2C=11+T77 ta 26=11T7 Yu 50ad 2249 8540

- 27-11=TT to 3=12=77 G0 51ad 2344 8141
Ll 2aT? to 10=12«77 Gald 3 P2 2361 SieT
19=12=77 0 1T=1277 DeO % oB 4.7 75t
43=10-TT to 241277 0eD 3243 250 | TheT
251 27T t0 Fi=12=77 VR 2244 i
1.l=78 1o T=t=78 e Bl e 2047 N E
SuiaTd Lo 14t =T5 Q63 54 ub 2245 Gt

| 454178 to 21=1«T8 Ded 3.7 2244 76kt
2owl=Td to 20«1=73 B 516 20.9 7460
20t =TB £0 4m2eT8 1ol e 231 vy
5278 to 11-2-70 0s3 B2 218 8745
1202473 50 18=2«73 0O 3160 2149 8445
{0ngeTB to 25-2=73 04 3047 22s7T 3361
26e2-T8 to 4=5-73 D40 Ble8 22,5 4B
GutaTd 10 11=3=73 0.0 51 e P12 BheT
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APPENDIY IL

table For awaber of Leaves @%ﬁ plant at

Abatzact of analyeis of varianee
: _ g@aw@& in taploon

Aifferont pinges of

i%&'ﬂ ﬂﬁ%ﬁ?&%

az_30 mp 60

24P 90 DAZ 120 "'m 150 DAY 180 BAP 210 mm 240 B

Goureo

Block

proptodnt

fypor

5 25.37e% 2,99 9704 ;‘?fi‘iﬁ.‘?&ﬁ 205475 P16 . 320,95

42 1483 5.39 46,05 102,59 345,72 963,23 2296459
94 1.85 6468 23.36  T3.66 333.73 675.97 1319.92

306,86 505.2t 489461
2298.59 . 2405.02 2472.53

4343.91  1350.48 152339

Dhel = Dayo after planting
wSisnificant at 5 per esnt lovel
ssignificant at 1 pox @anﬁ lﬁ?@l



APPERDIX IIX

Avptract of epalyais of. vm&i&raa teble fop height of @1@@%@ Qam} ot different

atages of geowth in taploes

Bouree

L ’i@@éﬁ @@ma

42 50 DAP 60 DAP 90 DAP 120 DAY 150 2 A 180 AP 240 DAD 240 DAP p—y

Bt

ﬁﬂ&ﬁ&ﬁt.

Biook

Prentment

2 %%wﬁﬁﬁ@ 54%.86%%  443.58%% ??5a?%% 558496 73995 eiﬁ?.ﬁa éﬂﬂﬁpﬁﬁ 589544
12 1301 38,70 124.73 188,90 139106 172328 7541439 T496.70 7436.53

a1 650 41428 70,85 145,62 G§51s90 456993 131400 422Te40 4205492

5768435
T57512

gaP = Doys nfber planting

#5ignificant at 5 5 per cent level
sogignificant at 1 per cont | leval



APPERDEE IV

Abstzact of smalysis of variance table for total maaber of roots per plant,
numbsr of tubers por plant, pereentage of productive ¥oout, length of Tubek,
" and girth of tuber

Hean SINADS

Source ag Total number Humber of papoentage of Length of  Givth of
of roots tubere prodagtive tubex Laber
per plont per plast vooks | {em} | {om)

Dlock 2 T9.58% 4068 : 26497 07T ' | Teion®
Prentment 2 13.22 1,00 141527 ol2 De30
Leror 24 1@“3 9 442% 55443 «T1 DeT2

S5

Wi




4PPONDIE ¥

shotract of enlyois of varpiance table for pind o £lesh ratic, porgentege.
abilization dndexg

of edible pe

2ion in tuberm, tuber yield, top yield and
: in tapioccs ,

Sgures

a¢  Ried to  Devcentage of  Tuber yield
£iegh edible portien  (%¥/ba)
- patio in tubers

{t/ha}

fop yield  Utilization

index

Blesk

Ppeantmons

Bopar

04005%%  2led5R 3173
42 00003 fa23% 47410
24  0.00009 085 1131

g

,@§§ﬂ?

.351@§§

0054

23ienificant at 5 pew gont lavel
sagienificant ot 1 per cent lavel




APPISDIN VI

abetrast of emalysis of variance tabie for dry matter percentage 0f tubsre, ‘starch
content of tubers, crude ptotein content of tubors hydvocyanic acld content of
tubers in teviess and the total nitdogen content of the soil after the ewperiment

Souroe 42 ey watber Stareh grude protein Hydvocyanis Total O
. perosalage pontent -  content of acid contenk pontent.
of wuber ~  of tobews tubers (%) of tubecrs of the
£lesh (%) {mgfkz) soil
- . {kg/ba)

Blosk 2 40.29% © 6508 - Betaws 224.16%% 26753 40%%
proataent 4§z BB 0608 2’?&5@*%‘ - Dett TOEe TORE 20734. 0475
P  TeT2 2460 306 3113 - 275744

#5ignificant et § pex cout level
- swgignificant st 1 per cent level



APPENDIX VIT

Aualysis of variance table for eoviing
guality of toploss tuoers

Souree - BB g8 - HeBs F

Total 344550 G4 - -
Troatments 2008 4 0501 0. T70
324545 50 0+651 -

 APPENDIX VIIL

Abstract of analysis of varianes tavle for
neizht of plants in Loterorops {on)

 Hean equare

Soures ag E&a@ﬁgﬁé&qr, ﬁgﬁgéa  i &y@&ﬁgﬁ%ﬁH :éﬁgaﬂﬁnaﬁ }

Hlogk 2 12343 37472 5,85 65¢34%
440.25%%  2761,00%% 447,690  69.45%

‘%ﬁ@&tm&@ﬁ~ 2
TrRoT 4 5,85 35449 8464 Te94

#8ignificant at § per gent level
weginnificant at 1 per cent leovel



APPENDIX Eﬁ

Abstpast of cnalysia of variance teble fow araln or seed yield of
| inteverepe (kg/ha}

ﬁ'mﬁ 3?3%3 mx%

Boures ag Blasksran tmw sweengpan  Grousdant

Sloci 2 250 1090.296 W 154428
Preatment 1 34462.90%F  207M45.2T 5747433% 24907296%%
seror 4 327125 | 84426 é%%-%?’ ,'rﬁ%ﬁﬁaﬁ?

#34znificant at 5 per gont I&mf@i
Bl &&%’iﬁﬁ.ﬂﬁ'ﬁ at % ner am@; 1evel




APPENDIY X

Abgtroot of aﬁ&&y&kw @ﬁ’varian%ewﬁfnga for haglm yield of Intorevops
’ ’ 'gﬁ‘t’ FEet

Yienn 54uare

Baurce 8¢ %i&&&gm%g B b@ﬁyﬁﬁ | G&@ﬁﬁgﬁam gromningt

Block 2 13086677.78 10525848445 479586497 15428
freatment 2 18638677793 21862852245 346705095 243072.96%%
Error 4 685394444 164272478 . 183203.85 5262427

sgignitionnd at % pev cent level
wxgisnifionnt at 1 pew sent level



APRENDIE X1

Abstyact of anclysis of veriance table for The

aneunt of nitvogen incovperated by haulme
- {eg/ba) C

" Mesn suuare

Souree

- af Blagkgran Gowpen - Greengran

Groundnut

| ‘Bloglk -2 25442 329,90 9,42
gpestment & 39256 8970.22¢% 161,164
. ¢ 1292 128450 333

RS

61577
114434

*Bignifionnt at 5 pexr cent w@él

#u3icnificant at 1 per gent level




" SBSERAC

An experiment was ‘conduated in the College of Agris
culture, Vellayani during the year 1977-1978 to stuly the

parformme of m;)iaaa. inﬁamwgapeé with different legumes |

{blackgran, SOPEDy gmmgmm and groundnut) supplied with
different fertilicer ﬁases (no fertilizer, balf the
recommezxﬁeﬂ dose and fall recomnended dose), The experie .
nent was mm out in a mnﬁomiaea blook design with %:twes
repliaa%ima. ﬁw meﬁm@m was esaﬁmma under minfaa
aeﬁaztiam¢

mm reaa&ts m»?«ealaﬁ that the gxwt!& as meamre&
£rom helight and number of Leavea and yiem of t@.@tm an
adjudied W the mi&ns ymm attribatea was m‘t depreaaaﬁ
by ,grm:mg :f:ha fmxr mm@w at i;he *t:hre& Bmvals af fertilie
serse On the other hand tha tmalﬂy and size of tapz.eaa
Fubers ws:ee imnraveé ﬁu& w legune mterammung. The
doy mﬁmr amtenﬁ, staroh mntem ama the HON content 9;8
i:apim tubers wexe memaaeé ai.gnz.fmaaﬂy dzza ’ea gmwmg
of wnumas in assm&at% cm wi%h tanim. Phe e.ruﬁe zﬁrmein

- 'wa*wm m‘ ‘@aﬁwxs aa well as %he 3.angth ami girth of

tabers were also incressed slightly due to the legume
intereroppinge C | o |

“‘kzmgh tﬁa hyamcyaMa; -agid maten% of-the. mr:ima
tubers waa found to increase ai.ﬁmfiﬁmﬁy dus to legame



intercroppiug, the cooking quality of tubers wes nob

affecteds | | '

| The xiam:iiﬁ:y sﬁams.af ‘the sbil was lmproved by
growing the legwies as inteverops, The total nitrogen

sontent of the soil after the experiuent wns considerably o

higher in the intereroppsd plots wasn compared to the

nonsinterevopped plote . | '
Application s'?;i‘ aﬁéi*&ié@ﬁl feptilizern o 't:"%:w‘ in'&éizf-

waps in adaiti@n m that azapx.ieﬂ to %he nain erop Wes

Lound beneficial to the intéporcns as well as for the mata . '

eroDs ﬁ*he _growth, yield and @zmzﬁy of tepioce wewe
higher when ;i*axtnmwa were applisd to intereropas.

..ntemrapgﬁng m ta;piwa wag fmn& to be tpsrafimhle _
when blaez:grm, mmp@a am groundnut were razssesi ag intepe
ngs with additional. mz:'tiumm to tm?ss; Intereropping
of gr@undmt wi%h the reaamanﬁaﬁ dose of fertilizers gave
the highest net iﬁwfﬁ af e 5489;76}1&& £pom the'
asswimi&m as compaved to &:31.542795&/!1& from pure tepiocas
i}reengwm was xm"’c a ﬁmmisaino m*i;esrvmp with tayiwa.
hmong the m%@mmpa gxamﬁnﬁ was the heste

he :&’extimse:a: requiremont nf the legumes when

growa as intorerops was found to be slightly less than
£nat zequired for their pure standade



	image51156
	image51157
	image51158
	image51159
	image51160
	image51161
	image51162
	image51163
	image51164
	image51165
	image51166
	image51167
	image51168
	image51169
	image51170
	image51171
	image51172
	image51173
	image51174
	image51175
	image51176
	image51177
	image51178
	image51179
	image51180
	image51181
	image51182
	image51183
	image51184
	image51185
	image51186
	image51187
	image51188
	image51189
	image51190
	image51191
	image51192
	image51193
	image51194
	image51195
	image51196
	image51197
	image51198
	image51199
	image51200
	image51201
	image51202
	image51203
	image51204
	image51205
	image51206
	image51207
	image51208
	image51209
	image51210
	image51211
	image51212
	image51213
	image51214
	image51215
	image51216
	image51217
	image51218
	image51219
	image51220
	image51221
	image51222
	image51223
	image51224
	image51225
	image51226
	image51227
	image51228
	image51229
	image51230
	image51231
	image51232
	image51233
	image51234
	image51235
	image51236
	image51237
	image51238
	image51239
	image51240
	image51241
	image51242
	image51243
	image51244
	image51245
	image51246
	image51247
	image51248
	image51249
	image51250
	image51251
	image51252
	image51253
	image51254
	image51255
	image51256
	image51257
	image51258
	image51259
	image51260
	image51261
	image51262
	image51263
	image51264
	image51265
	image51266
	image51267
	image51268
	image51269
	image51270
	image51271
	image51272
	image51273
	image51274
	image51275
	image51276
	image51277
	image51278
	image51279
	image51280
	image51281
	image51282
	image51283
	image51284
	image51285
	image51286
	image51287
	image51288
	image51289
	image51290
	image51291
	image51292
	image51293
	image51294
	image51295
	image51296



