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INTRODUCTION



INTRODUCTICN

The legume - Rhizobium pymblosis is considered the
nost promising plant becterla essoclation for immediate
nitrogen enrichment of soll through biologlcal nitrogen
fixation in the troples. Hermessing such blologleal |
fixation of nitrogen for sgrioculture in tropics is gaining

importence in recent yeers in view of chemically fixed }
nitrogen becoming more and more scarce end costly. }
Addition to the total pool of soil nitrogen through |
fizatlion by legumes may vary depending upon the efficlency
of the components of the symbiotlie pysbem. 1t 1s related
to the genetic potentiel for nitrogen f£ixation of the
aymbiont o8 well as the Rhizobium sp., the prevailing
environnental fe.c‘a;:;rs and solil mutrient sbtatus. It ls also
deternined by the type of utilisation of the legvme, 1l.e0.
whether they are being woed as & green manure or fodder,
vegebeble or grain.
Common legumes like oowpea, greengrom and calapagonium
have been reported to eccumlate nitrogen in excess of
300 kg per hectare in 12 to 14 weeks (Agboolae end I'eyomi,
1972) « Accretion of goll nitrogen wnder a mixed legunme-grem
cropping systerm may comeé to an average of 200 kg/ha/yeer
(Moore, 1962). Much lower emomnts of nitrogen is known
40 be fixed by several other legume crops (Alexender, 1978) f
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in temperate reglonn. TFor conditions in the humid troplcs,
there is vory little Information regarding the fectors
determining the quantlty of ¥ fixed by any pertlcoular
legume = Rhizcoblum symbiosis.

Grain legumes form a najor componert of tropieal
agriculture. They ere bestowed with an ebility to grow in
depleted poils end mey at times contribube a medicum of
fertility to the oucceeding croﬁs through their unique
gymbiotlc compatability with nitrogen fizing Rhilzoblum sp.
The inpat of soll nitrogen from grain legumes is iimijed
aes they are grown only over a comparatively smaller area
then the cereala.

In Kerala, pulges ere cultivated ln eboubt 37,000
hectares iim:*ing Kharif, Rabi and Sumner seasmms. Cowpes
(v'ima wmegniculeba) io a very populay pulse vaevlety
cultiveted in Kerala in all the three seasons over

comparatively larger areas in the uplends as well ag in
fallow paddy flelds in summer. It is used both as a
vegetoble end grailn.

The actuel beneflt derived from the cultivaetion of
cowpea or eny other legume in terms of the flzation of
nitrogen and incx'éasa in the content of soil nitrogen may
depend on geveral other factors such as periocd of growth
of the orop,extent of lncorporation and subsequent
wineralisation in the =moll aswell as on the initial nitrogen

gtatus of the soil aso has been emphasised by several



vorkers (Vincent, 19653 Jomes, 1972; Henzell and Vellls,
1975). Hence the residual benefit imparted by a leguminous
arop to the succeeding plente algo will depend on the above
factors. A major fraction of‘the nitrogen £ixed by the
legune is ptored in the different plant parts and the rest
is kmoun 0 be excreted into the soll. It may be roused
by the legumme 1ltself ab o later stage under moncculture or
by the companion erop or orops in a nized oropping system.

In devising and developing such systemns vhich make
substential addition to the nitrogen cconomy of soll, it
is important to toke Into account the actual estinates of
nitrogen contribution made by the legume = Rhizobium
gytibliosis wdey various situetions,

Since the emownt of nitrogen boken up and exoreted
into the soll 1s known to very e.t-different ntages of growth
of & legume plent, 1t ié imperative to meke a quentitative
agoesament of these foctors at the prescribed stoges. It
is Justifiable that once these factors arc ldentified end
better wderstood, oonsiderablg improvenent in the megnituvde
of nitrogen fixation perhaps could be menipuleted.

Keeping these ideas in view, thé present Investigation
wes taken up with the main ob,jecti.ve:a of

(1) Eotimating the quentity of nitrogen £ixed by cowpee
(Viene wneulounlate) at three different stages of ite

growth corresponding to the periodé when it noy be




utiliced as a fodder/green menure, vegebeble and
graine.

(11) Quantifying the effect of residusl soil nitrogen
on & gucceeding crop of fodder molze.

A atudy of the upteke and utillsation of phosghorus,
potapsium, ccoleium end megnesivm in comparison to nitrogen
at the dlfferent stageslof growth of cowpea wag aleo
envigaged. -

The results obteined from the study may provae
helpful 'ir o better understondlng of the rate end exbent
of fixatlon end ufilisation of nitrogen by coupea and
legomes in genexal.
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REVIEYW OF LITERATURE

Grain legunes form o major component of the cropping
systen in tropical egrioulture. They are important in their
ability to flz atmospheric nitrogen and t0 conserve the
limited supply of this element in the soll, besides providing
a source of proteln »ich food grain. A brief review of the
gelentific literature on the contribubicn of legumee in the
meintenence of soil nitrogen wnder different utilization
syptens and their residunl effect on cucceeding crops is

given below.

1. Hitrogen envichment of soil by legumes

Hartwell snd Pember (1911) reported a gein of neavrly
one ton of aoll nitrogen per core from the results of pot
culture experiments where cowpes aund soybeoon were grown for
e period of five years.

Sen and Reo (1953) reported that 251 kg of nitrogen
wag fixed annually per hectare by the action of gymblotio
nitrogen fixing bacteria in posocistion with legumes wnder
nost favourable conditions.

Buckmen and Brady (1960), while estinanting the quantity
of nitrogen ecdded to the ooil by a crop of red clover reported
the figures as ranging from 100 to 150 kg nitrogen per

heetara.



~ Nutmen (1971) estliuabed the fixzaetion of nitrogen by
cowpes as T3 30 240 kg per hectars per snnum,

Agboola and Tayemi (1972) in an imvestigntion showed
thet calapagonium, cowpen and greengrem P£ized nitrogen atb
the rate of 450, 354 end 324 kg per heotares respectively
vien grovn in a complote nutrient culture devoid of nitrogen
a8 compared to 370, 157 and 65 kg nitrogen per hectare
rogpscetively vhen they vwere grown in a unfertilized soll.

Sahu and Bchera (1972) obgerved that culdivation of
cowpea, grouwndnut end greengran increosed ths nltrogen
content of soil. '

Vincent (1974) has reported e high nitrogen fixestion
rate of tha order of 550 kg N per heotare per annum in peas.

foswani and Paveek (1976) from ficld studles

reported that 256 kg N per hectare could be £ized by

goybean.

Alexander (1978) reported that the quantity of
“nitrogen fixed symblobicslly by cowpea renges £rom 65 40
130 kg per hoctare per year.

Fngleshem (91981), in a fieild triel vith different
" verieties of cowpea reported nitrogen fizetion retes as
ranging from 49 %0 107 kg per heotarec.




" The eotual benofit in terms of the fization of
atmbaphéria nitrogen and the galn in soil nitrogen content
nas been found to depend on severél factors such aas the
parlod of growth of the legume crop, whether it is being
incorporated into the soil or not end also the nutrient
status of the soil, eagpeclally nﬁ;rogen.

Fellers (1918), after intensively studying the
offect of growing alfalfe continuously for e long period,
rgported thet it only depleted the soil nitrogen when ‘
compared to e goll thet wes left under sod,

In another s tudy Greaves and Jones (1950) besed on
tile ptrangth of 2 16 year old stuwdy on alfalfa gave gupport
£o the view that the removel of the crop after harvest did
-no’o significantly increase the nitrogen status of the solld
vheresn returning the crop to the soll significently
Inercased the soil nitrogen conbent.

Thompaon {1952) considered that the emoumt of nitrogen
edded to the soll by o legume depended upon ites age,
photoayntheblo rate and presence or shbsence of combined
aitrogen in the soil.

Veksman (1952) reported that if a legume crop i8
heyvested and renoved from the golil, the amount of nitrogen
edded to the soil thromgh ite cultivation might be negligible
gince ths amount of ni‘bz'og_en‘ essinilated £rom the etmosphere
is mostly present 'in the £0Dp8.

Mirchendenl end Khen (1953) found that the smomnt of



nitrogen f£ixed by & logme depanded upca 4o age, condibtion
of growth end stoge of ploughing in. They suggested that
‘the amount of nitrogen in a leguminous plent is the sum toteld
of nitrogen it has obtalnmed from the alr end soil. They
£4xed 1% as two thirds from the alr ond ome thind from the
.Boil. | '

Rusgell (1961) hoe veported that legomes mey not
increase the soll nitrogen combtent wnder all conditions. In
the cage of well noduloted legumep like peas, beons, coy=
beemis and’ grownds, o lerge proportion of the nitrogen £ixed
ig removed during havvest, ’

 Black (1968) hog exprensed the view bhat there is o
decreese in the fizetion of atmosphicric nitrogen as the,
nitrogen supply in the soll ig inoreascd,

Heneell end Vallis (1975) found thed whore grein or
foroge 1o harvested, as much as 60 to 90 per cent of the
legume nitrogen mey be removed from the land. He emphsaioed
the feot that the somownt of nitrogen removal will be
further enheonced L1f $he ploant topn ave harvested as green
forage or hey or when the whole plant .i's reuoved for threshing.

In o £ficld esperime:ﬁs to compare the nitrogen fization
by four coupes wvarieties emd two goybsan culiivars in the



pregence of different levels of applied nitrogen, Engleschen
et ai. (1982) fowmd that ganerally soybesn fized mozxe
nltrogen then coupes.

Engleshen et gl. (1983) observed & synorgistic
effact in ooybeon bebtween applied nitrogen end nitrogen
f‘i:;at.ton especially with urea application at 30 mg N per pot.
He found that for every mg of urea nitrogen absorbed, om
additional quentity of 15 mg N was f£ixed by the plank.

2. DBiffecht of Rhizoblum inoculation on yield and nitrosen
fixabion in cowpga

Kettd et al. (1970) found that Rhizcbium inoculation
of soybean Increased the yield of the succeeding crop of
wkeat and ragi.

Rotimi (1970) fownd that inooulaticn of cowpea with
Fhizoblun inereased the number of effeetive nodules, plant
dyy mebtter end nitrogen content of the blasues,

Chatterjee et al. (1972) observed that the variations
in the gmount of nitrogen fixed by diffevent legumes ore
due to the differcnces in the Bhizobium strain associated
with then.

Deghomkh snd Joghi (1973) foumd that inceulation of
cowpea with Rhigcbig incressed the yield of dry matber end
orude prof,ei.n content. Ib was also seen vhat the inoculated ‘
piots yielded more than 400 kg of probtein per hectarc.

Lapinskag (1973) found thet the nitrogen requlirement
of bean plents vas satisfied betbter by the nitrogen fixed
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by Raizoblis than by the applicetion of large emowmbts of
mineral aitrogen. '

" Splm (1973) reported thet Rhigobium inoculation alone -
could enhonce the nitrogen content of the moil by 20 to 36
per cent in the ease of bengalgren and by 7 to 19 per cent
in the case of horsegram. |

Gogwami and Pexeek (1976) from field studles have
shown profuse nodulabtion in soybeen following inoculation
with five straing of Rhizobium jancnicun which aubseciuently :
geve upto 135 por cent inorescse in ylelds. '

From en experiment conducted wnder the I.G-A..Rn
Co-opdinated acheme on "Micromubtrients in plante and soils”,
it has been reported that inoculation of bengalgrem
veristlies with Bhizobium etralins helped to increase the
avallable nitrogen status of the soll (Anonymous, 1978).

Zery ot al. (1978) observed significent differances
in the efficiency of mitrogen fixation in pulses following
the apyplicatlon of staﬁﬂarﬁ commercicl mized strain
Rhlgobiwm lnoculant.

Eeycer et 2l. (1979) in o glass house trial on the
symbiotié offectiveness of Rhlzobio and ite ability o
nodulete Vigme wnenioulats reported thet while ghoot nitrogen
content varied from 120 to 140 mg per plax)_.t with good
noduletion 1t ranged Ifmm 5 %0 7 ng per plant only with poor
nodulation. '
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Mughogho (1979) reported that the mean nitrogen yieldo
in goybeans renged from 40,6 %0 03%.5 kg per hecters and in
coupea from 12.9 to 17.1 kg per heotare after inoculation
with Rhizobiwum.

Reo (1980) reported en Ancrease in grain/seed yield
regulting from the inoculation of legume geeds with
Bhizohiwn straine.

Srivestave and Teuarl (1981) observed that most of
the stralns of Rhigzobig caused au incremse in the nitrogen

contént in cowpea and greengram.

%, Nodulation in couves ab different steges

-' Dart and ¥ildon (1970) . observed ﬁhe&b primery root
nodulation of coupea Iwas sbimileted by a low nitrogen conbtend
of the goil, while it was inhibited by a high nitrogen level
in the @oil. |

Sumer£ield et al. (1975) suggested that effectively
nodulatéa cowpéa would produce very high seed yield under
troploal conai‘bionsl without nit::;'ogenl :Eertiiizar application.

Sweraj end Gerg (1977) from studics on the effects of
‘ aging of the hogh encl senesoence or the nodules on the
content and composition of the proteins of leghoenmoglobin
in cowpea obaei'vea that the hoemprotein content was highdst
in red nodules and it decreased with the cueet of nodule
seﬁeécénce In fully senescent green nodules, the fotal
protein deéreased t0 &8 very low level vhile haemproteins

were abaenb.



Minchin et al, (1981) reported thet providing
inorgenic nltrogen during the vegetobive perlod stimulated
nofulation ond nitrogensse eotivity. Zlants wero more
ieai‘y end produced e larger number of potential reproductive
sites (nodes) end higher seed yields,

Nerves et al. (1981) in & otudy on cerbon and
nitrogen nutrlition of cowpes foumd that plants dependent on
nitrate vera much nors efficient during the vegetative
periocd than thuse reolying on nodules.

Zablotowicz (1981) obscrved e nazlma nodule welght
of 175 ng per plent ab the flowering atage.

Mgleshem eb al. (1982) reported that the welght
of noldunles in cowpen was mazximm &t the early podf fill
otage when .the level of noll nitrogen was low. UWith a
high nitrogen contont in the soll, neximm welght of
nodules wos cbtained ab lete pod £ill gtage.

4, Mobillsation of nitrogen in plonto ot different ghtegen

Substantlial quentities of nubrients, primarily nltyrogen
were tromelocated from the vegetative plemd parta to the
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developing secds during pod £illing in coybhean (Ohlrogze,
1960) .

Rupaell (1961) reporbed thet the entire nitrogen fixed
by a legmme plant is trensforred to tops end seeds as 16
natures. ,

Jacquinot (1967) showed that nitrogenous substances
are conoenbtrated in leaves during the vegetaiive period and
transported 30 the seeds during grein filling period.

In trials with coupes, Singh and Jain (1968) found
that the nltrogen apnd phoaphorug cortents of plants decreased
with aga upto the stage of hevvegb. |

According to Hanway and Yeber (1871 2) approximately
. half of the nitrogen In mature pods wes tranélocéted from
other plent perts.

Agbqola and Fayemi (1972) reporied that cowpea
(Vigne wmnzuleulata), greengrem (Yigna rsdista) énd calapagonium

(calamon_;m nnconoiden) can accuzmlate nitrogen in thelw

tigsuee ahb rabes more them 300 kg por hectare in a periocd of
12 to 14 wecks. , 3

In p study uslng acetylenc reduction nethod for the
estinetion of nitrogen fixation in seversel graln legumes. \
i% was found that cowpea fixed the maximum amcunt of
atmogpaeric nitrogen during its vegetative glnges, During
the reproductive otoge, _goybean fixed more nitrogen them
coupea (Anonmymous, 1973). |
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The ancmat of nitrogen fixed by variebies of cowpea
decrganed markedly afber flowering stage and mung bean fixed
vory little nitrogen because of poor nodulation end orop
gband (Anonymous, 1974).

According to Pal ond Sexene (1976), the nitrogen
concentration in the sbem, leaves and petioles decreased with
plant age. The nitrogen concentratlion in pods increased
with age due %o continued nitrogen assinmilation and trang-
location f£rom vegetative plant ports. The accumalation of
nitrogen In vogebative plont parte Lollowed a slgmold
pattern wlth plent development while in the pods it linearly
increaged. The rabte of nitrogen sccumuletion was meximm
during pod f£illing stags.

Sinclalr and Dewit (1976) susgeoted thed during seed
filling stagoe nitrogen must be trenslocaoted Lrom vegebative
tissuss b0 seeds and half the nitrogen pregent in the seed
night be devived from the vegetative tissues.

Borges (1977) reported thab while the major proportion
of the abtmospherio nitrogen fixed was located in the roots
52 per cant of the total nitrogen in the plent was present
in the ebove ground pario.

According t0 Englesham et al. (1977) gymblotie
Pixation significantly contrzibuted to the total nitrogen
econtent of the plant duving eerly growth period and o the
seed nitrogen content during the late pod filling stege.
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Perrington et el. (1977) indicated a repld mobillsation
| of nitrogen from tﬁe vegetative eompanénts to the seed

aﬁring seed £iliing in lupine at a time wben the nitrogen
£ixstion hod ceaseds |

buring seed f;iling in coupes, gll_vegetative parte
lost nitrogen and mﬁbiliss_z.tion of nitrogen oocurred from the
leafleta (Herridge emd Patel, 1977 .

Hoclr:hzg and Pe.t_e- (1977) obeerved that 60 to 90 per cend
of the nitrogen was  transferred frc}am} the leaves of peas
aﬁd lupine quving thelr fxuit?.ng periods.

Summerfield et al. (1977) reported thet conben‘hraﬁion
of stem and ieaf nitrogen in cownea planta generally inoreased
by nodulation end wi‘;;h various lovels of applied ﬁit._rogena.'
Atleast 95 per oent 6flthe' plant nitrogen wes present in
the seed. ' '

Dermen ot al. (1978) indicated e clear redistridubion
of nitrogen from leaves to the seeds in soybean.

According to Minchin cod Swmmerfield (1978), nitrogen
gecumilated afber flowering was htranslocated to post flowering
veget'ative and reproduchive aomponents._. _

| I?ulver end Wien (197@) fowmd that cowpea accumuleted
43 per cant of its Total Reduced Nitrogen (Tﬁ:@) in. the pre-
flovering stege. Meximum rate of TRN was observed at
floyering ond decveosed rapidly during pod development.
The péi—rré eb y;hich niﬁrogen.demmﬁ oxceeded the nitrogen
supply coinclded with leaf semescence, indicating thet ths
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nitrogen demand was being fulfilled by redistribution of
nitrogen' from othoy plant orgens. Most of the TRN produced
during pod £illing wos trsnslocebed directly to the geed.

Willdems (1979) reported that nitrogen present in
leaves end stems of groundnut started to decline shortly
efter the stm o.f:’ reproduetive growth,

Huxley (1960) estimated that 40 to 50 per cent of
stored nitrogen moved from the structural perts to the seeds
in COWPER., '

5. Exeretion of nltrogen by cowpes

According to Wallace (1937) there is tramsfer of
nitrogen from the legumes 4o the non legumes when they are
grovn together. However, Wilson end Wyss (1938) obtelned
no cvidence for ezudation of nitrogen from 1egmnaa grown in
aaam:iaﬂm with the non legumes. They suggested thab
exndation of £ixed nitrogen from the leguminous plants grown
' in the £1ield might be expected to oocour in regions where

veather during growing season is cool and cloudy..

Buclmen end Brady (1960) reported thet part of the
nltrogen fixed by legsume may pass Inbto the soll itself elither
by excreticn or more probably by sloughing of the roots and
noduleg..

Evidence of substentigl excretion of nitrogen by
legume roat:;. haa been furniched by Virbdnen end metirien
(1963) « Theiy results clearly indicate that the rate of



17

exeretion is maximum before and abt the beginning of flovering
vhan the nofdules are stlll young and fully aoctive without,
aven a algn of degeameration.

in @eenhoua.e experimento, Whiitngy end Konpehiro
(1967) found thet nitrogen i transferved from the legme to
the soil by ezcration from rbéte, by leaéhing from the leaf
gurfaces and by the decsy of leaves, roots end nodules.

Henzell end Vallis (1975) auggested that the concen~
tration of nitrogen ln the legume rcoidues varies uidély
and -heg a mejor influcnce on the trensfer. The initial
flugh of minerslization from legume reraidue‘s_ which provides
nost 0f the transfer is related directly to the percentage
of nitrogen in theme residuss and to the guontity of these
residues.

The beneficizl effect of mixed cropping ls often
attributed t0 the excretion of nitrogen by legumes, the zo00ts
actively Uberating nitrogen obtained from the atmosphere
(Alexender, 1978). He hes also suggested that only smell
amounts of nitrogen wes released by legume roots and only
a portion of the nitrogen neceded by adjaceut plantes cen be
rovided by thie mechoniemnd

Methen et al. (1979) concluded that e congilderable
quantity of the nitrogen fixed by the legume has been
redistributed in the soil depending on the fertillty status
of the soil,
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Varghese (1982) has reported a decrepse in the totel
nitrogen content of the moil at the meximm flovering stage
of coupes whicli wes later made up by the excretion of ni‘brosan
into the goil,

6, Residual nitrogen end ite effoct on & succeeding oxop

Hyden ot al. (1957) obgerved that four years of growing
Euizuvine in Mlesisslpl geve an eversge inerease of 43 per
cent more of soil nitrogen compared té f£ields where corn 'waa'
cropped contivuonsly for four yosrs. They have shated that
the oultivetion of legume preceding e cotton orop wae
equivalent to the appl:lcétion of 24 kg of commerciel
nityrogen to the corn crop.

Helr ot al. (1957) while investigating the nitrogen
balance in laterite soils of Pattarbl by growing Sesbenia
gpeolcosn feiled to get any eignificent incresse in soil
nitrogem., |

Buckmen and Brody (1960) reported thet when a legume
1s tumed under some of the nitrogen become evallable to the
succeeding orop. They pointed out thet the nitrogen content
of the goll will chow a decrease when the soil hasg e high -
nitrogen content or when the %ops are harvested ema Yenoved
‘Zrom the lend, | |

Rusgell (196)) heg reported thel legumes mey not
inorease the g01l nitrogen wnder all conditions..

Agboola end Feyemi (1972) suggested that legumes are
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inbagyable of hemelitiing egsociobed non legunce during
the same growing pericd., Thoy also found that the legumss
£iz more nitrogen when intorplented with corn than whea
avown 2lcne. |

Henzell and Vallls (1975) vere of thé viey that
there iz not much cooncmic justlflcation for growing legumes
solely os green menures. The nogt effeciive relesse of
nincral nltrogen for use by other crops occurs when legune
repidues with a high content of nitrogen decompose in the
soil. It bas been noted that the nitrogen in decaying
legume residuss after the initial :z'lush. of minereligaticn
is nmede gvallable at a glouer vate.

Soxcne apd Tilelk (1975) found that the yield of
wheat following incculaoted goybeon wap inereaced by 65
per cent ovar that following anm winccuwlaobed soyhesn orop.

Cogweni ond Pareek (1976) have veported on inereass
0f 5 = 7 quintalg in the yield of whent following an
Insculesed orop of coybean,

Singh and Singh (1976) cbporved that kheprif legumes
pignificensly increased the grain yicld of subsequent whead
compared o the oontrol fields which were kept fzllow or
plonted $0 sorghwm foddey. They aloo cmphasised that the
effect of different groin end forage legumes wes not
olnilay in terms of thelr legume. effact.



20

In the experiment coﬁﬁue‘beﬁ wnder the 1.C.A.R.
Co~ordincted ocheme on "Micromubvients in plents and golls”
en incweose in the content of the availebls nitrogenn stotus
vas obbained by eulbivabing bengelgran ofter inoculating
with Rhizobis stwein (Anonyuous, 1978).

Residual nitrogon effect to the tune of €0 kg ¥ per
hestere for cowpea hes besn reporded by Girl ead De {1979)
wmder Indlan ccaditiong,. |

Mathan et ol. (1979) rcported that vhen s leguminous
evop like cowpen was included in o rotation of maize og.
Gengn 5, the Hotel nltrogen content of the esoil wes |
conciderably incrcased even in the nfersilized plots.

Rao (1979) consideved thet legumes leave behind
gone auount of nitrogen in the soil. He hoo ebated that
the repidual effect of 'g'cwmg legunss could be judged

by the yield of & gubseguend crop of uheob oy zdcs,

Sprent (1979) foumd thet the altrogen £fixed during
vegetablve growth 0f logumses may remain in the goll and
becone avalleble t0 the gubscquent crop., He enphasised
thot nltrogen left over Ly the roote ond nodules of
soybeaon may  contribute am equivelent of 20 kg N per

hectarse 40 a subgeguent oxop of rye.



Residual nitrogen cffect to the tune of 40 ky
nitrogen per hectare has bean reported by Kumar Reo and

Dart (1980) for pigeon pea under Indian conditions,

Mughogho et al, (1981) have reported that the yield
of 2 suhgequent maize crop was increased by the
incorporstion of cowpea residues which made available the

equlvalent of 40 to 80 kg fertilizer nitrogen per hectare,

Varghege (1982}, based on the results of a pot
culture experiment has emphasised the need for the
incorporation of tops and haulp into the site of cultivation
itzelf to ensure a substantial residual effect of nitrogen
for the suceceeding crops, He has also reporiod a variation
in the residual effect depsnding on the stage of harvest

ef the crop,.



MATERIALS AND METHODS



MATERTALS AND MELHODS

in lnvestigation was carried out with the maln
objective of estimatlng the nitrogen fized by cowpea ab
dlfferent steges of growbth, corresponding 46 varylng perlods
in its uwse as e foddor/ereen manure, vegetable and grain.
The residual effect of nitrogen in the solil at the three
oboges was studled by Irai.alng a succeeding crop of fodder
naiza.

A, Picld Dxperinent
1. Experinentel site smd soil

The £ield experiment was canducted at the Instructionel
Term attached to the College of Agriculture, Vellayani
during the kherif seagon of 1982-8%. The soll in the
experimentel field wag analysed for its nubrient status and
the results are glven in Table 1,

2. Depipgn and treatménts
The experinent was conduected in tvo pario in

guccession in the pame field,

Experinent I
The £irst part of the experinent weg lald oub ag
Rondomiged Bleck Deaign with three treatnenis and elx

replications. The plan of the experiment is showm in Pig.i
euil the detnils of the lgyout ere given below.
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Table 1, Futrient stetue of the soil in the
experimental field,

Totel nitrogen | - 0;050 per cent
A'_vailable nitrogen - 271 kg/ha
Avalleble phosphorus ~ 32 kg/fhe
Exchangeable potessiim = 100 Xkg/he
Exchangeable calciun - 1,15 ne/100 g soil

Exchengeable mognesium -  0.28 ne/100 g soil




FIG.1. LAY OUT OF THE FIELD EXPERIMENT.
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Treatnento
Ty ~ Cowpes harvested abt noximm flovering stage.
T2 -~ QCowpsn hervested ab mid pod £illing stege.
T.j - Qowpea harvested at naturlty stage.

Spacing - 25 %15 om

Size of the plot
Gross plot - Ax10mnm
Net plot - 3.2 %294 1

Potal mumber OF plobo - 18

3. DExpeyimental procedurs
The experimentel arce wasg dug, cleared of weeds,

loevelled and divided out inbo blocks and plota.

Burnt lime was applied in the soil two weeks prior
t0 the soulng of cowperm spseds at the rate of 250 kg per
hectare. Pertilizers sz per the Package of Practices
Regormendations of the Kerala Agricultural Upniversity (1982)
vere apialied in the plote on the dey before sowing.

The dates of sowing of cowpea sceds for the three
treatnents were sieggercd in cuch o maaner that the date of
harveat of the plente from the different treatments wes
on the samne day (2-‘]0—198’5) « oSeeds of cowpea var. Kanakameni,
efter treatment with Rhizobium culture were aown on the
following debes for the three treatments.

Cowpea harvested at mabturity stage (T3) - 22?7-1983-
Cowpea horveated ab midpod filling sta?gq) - O=3=1083
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gowpoa hervested abt meximm flowering « 16=8=1083
stage (EE1)

Irrigation wes glven onoe in two deya in the inttiel
stages and later once in e week. The thi.nni.nganﬂ intere
culturzl operetions were dothe two weeks after cowing.

Carbaxyl {Sevin) was sproyed to control the flower -
and pod borer during the flowering period.

'Pho pods in the trentment T, were harvested as ond
vhen they reached the vegotable stege, Thoe wslght of the
pods in the different pickings were recorded and pooled
together. Similarly the nature peds in the treatment T.p,
were harvésted o end when tley metured and the total velght
wes Yécorded. The welght of graln as wvell as pod wall were
debermined geperately. Samples of vegetebla pods, grein
end pod wall were dried in an air oven at 70°C and stored
in labelled envelopes for chemlcal analysis.

Four plants were sclected et remdom from each plot
for the Alfferent trestments and the helghti of the plants
weg neagured from the bage to the tip of the tommost leaf.
The £ield wes put wmder irrigation and the selected plants
ware carvefully 1ifted.on the following day with the help
c;f & sypsie btaking care t0 sae that §lglodging of nodulea
end dapage 0 the root system d%d not tske place. The Toots
weré woghed free of efhering soll with a glow jet of weter
through e hises The root nodules from each plant were
soperately ocollected, counted and the fresh u}eight wag
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reconded. The welght of the enbire plants was then taoken
and kept apart for further chemical. enalysls efter drying
in an alr oven at 70°C. The vemaining plents from each plot
were algo lifted outy the adhering soll particles ranoved
end the total fregh and dry welght recorded. ’

The goll in each plot wes mized well and representa-
tive panples wexrs collected in polythene baga. The soil
was air dried, powderecd, sieved and stored in sealed bottlesn
for chemical analysisa. '

Expeximent IT

The experiment to study the reolduel effect of nitrogen
on 2 succeeding crop was laid oub as sgplit plot design with
pix replicatima. ;Bhe plots in Experiment I with the different
treatzents (I4, T, and TS) were divided into fouxf sub plots
each,; recelving the following trecatments.

B, - To nitrogen appllied (harvested $ops not incorporated)
n4 =< Ho nitrogen applied (harvested tops lneorporated)

9 -  Witrogen applied abt 30 kg/ha
(harveoted tops not incorporated)

n. - Witrogen applied 8t 60 kg/he
(haxvested topo not incorporaded)

Ircotment combinationg

‘13113:? Tano T3n0
T4n4 Ta4 T84
Tymo Ton, Tl

40 Ty T
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The individuel plote were dug end the harvested tops
of the acuwpea crop were chopped end incorvorabed into the
soil by thorough mixing in plots recelving the treatment nq.
Thees plota wers wateved once in two days to pernit the |
proper decomposition of the alded erop residucs. Aftey
‘w0 wacks, fertiligers except nitrogen werc appl‘ied 40 @1l
‘these plotg as per rccommendations in  the Packese of
Practices (1982) for fedder melza. Mﬁrogen at the rate of
30 and 60 kg por hectere was eppliedd as ures in plots
receiving the treatmenis Do end n respactively. All the
ploto wers levelled properly end soil pemples were collected
for annlysls before the sowing.

Sowing of the maice seeds in the differant plots .wais
done on 23--10{@83 at o spaecing of 30 x 15 cm..' ISeedlin:g
emergence waé completed in 5 40 6 aa.vs. Thimming waas done
to retein two plants per hill on 4-1 1-1983.

Irrigat.tpn was given dally in the initial steges
and Eter once In two days $111 flowering. Hend weeding wes
dane %o clenr off weeds. The orop weg harvested inm bulk
on 27~12=1983, when it reached the milky sbage. _

Four plents ab randon were selected from each plob
end thelr helght and welght vere J::-eeorded.-- They were
chopped, Gricd in an alr oven at 70°0 in lsbelled envelopes
and kept for chemical enalysis, The remaining plants
f£rom each plot were algo harvested and thely fresh and dry
welght; Tecorded.. | '



The soll in eack plot wes mixed well end represen=—
tabtive samples were colleeted in polythene begn. The soil
psenpleg were alp dried, powdered, sleved and stored in
cloéed bottles for further cheniecal anelysis.

B, Chemical Anslysis

a. Soil _ ‘

The soll gamples collected from the different plots
before the starting end after the complebion of the two
exporiments were enalyged for 'ﬁhe following. -

Total nitrogen

Totel nitrogen in the poll was estimated by modlfled
micro=kjcldebl method as described by Jeckson (1967).

Availeble nitrogen

Aveileble nitrogen wes estimated by the alkaline
rermanganate Bethod suggested by Subbiah end Asija (1956),
Available phogphorus

Aveilable phosphorus conbent in the soil was egtimabed
by Bray's extractant No.t (Jackson, 1967). The colour
intenslty was resd in é Klett=Sumerson Photoelectric

Colorimeter,
Avellable potassim

Avalleble potassium was extracted by ammonivm acetate
(JTackson, 1967) and detcrmined by the flame eﬁisaion of an
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EEL Fleme Photometer.,
Exchangeable calolum and megnesium

Exchengeable calelun end megnesium were eastimabted fronm
ammoni'tm scetate leachate using Atomic Absorption spectro=-

phot o:ﬁeter .
be. Plant

Oven dry samplee of plents collected £rom the two
fiold experiments were homogenised end anslysed for its
metrient composition by stendard chemical methods aa outlined
by Jeckaon, 1967. | |

From these values the total uptalke of nitrogen as
woll as phosphorus, potaseivm, ealeiuvm end megnesium in tho
daifferent plont semples wes caloulated., '

ae. Nibrogen balance

Nitrogen beleonce was calceuleted at ench sbege of
geowth of cowpea from the followlng expression. '

Nitrogen belence =  (Tovel N in dry patter + N in bthe soil
+ opeelfic stage)~(T in oceedn sown +
_ ¥ in soil before sowing)
as worked oub by Dart end Wani (1982).
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D: BStatistical Mnslyaip

Date relating to the different obgervetions of the
two exporiments were statistleelly enelysed using enslyais
of varisnce technique for RBD ond split plot design and

slenificence wes t ested hy F teot (Snedecor and Cochran,
1967) » '



RESULTS



. RESULTS

The results of the experiment to find out the
ni"c.rogen fixation by cowpea as infiunenced by the stege of
growth and duration of the crop end ito residusl effect
on a succeeding crop of fcdder nmaize ocre presented in this
chapber. |

1. Hitrogen fixabtlion by cowpea et dlfferent steges of
growth

a) Growbth end nodulatiom pabiern

The mesn values of the helght of the plent, number
ond fresh welght of nodules, fresh weight of tops and
total dry natter yield at the time of hervest corresponding
to the different steges of growth of cowpea are presented
in Table 2 and the snelysis of variance in Appendix 1.

Height of the plant

The aversge height of the plent corresponding to
meximm flowering stege, mid pod £illing stage and maeturity
stege showed an increasing trend towards maturity. Though
there is apparent difference between the height of the
plent at mid pod £illing and maturity stages, they are
statisctioally not different. The helght of plant was
A7, 54 end 50 cm respectlvely at the meximum flowering,

mid pod £illing and maturity stege of the ocrop.



Teble 2. Growbth and nodulabion pettern of coupen at different steges of harvest.

HMean  Height of Number of Weight of I'resh welght Dry matter

the plent nodules nodules of tops production
Treatnents _ cm fis kg/plot kg/plot
&)) (2) (% - €] (5) (6)

Maximm 47 24 0.51 26.6 - 164
flovering
stage (Ty)

- Mid pod 54 20 0.39 3443 21.3
filling (T,)
Maturity 56 14 0.32 41.6 28.6
stage (T.)

2

C.D. 7 2 0.09 2.0 0.9

3%
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Nunber erd welght of nodules

It is seen that the stage of the crop has signi-
ficently influenced the mumber of nodules per plemt.
Hodule number is bighest at meximum flowering stage and -
it decreeses as the crop ettains maturity. The number of
nodules was 24, 20 and 14 et the maximum flowering, mid
pod filling end meturity stégea of the crop respectively.

| The fresh welght of nedules is observed to be

higheat at the maximm flowering stage (0.51 g). The
value decressed %0 0,40 g ab the mid pod Filling stege and
10 0.32 g at the maturlty stage. The welght of the nodules
et naxinun flowering stage was foumd to be higher than that
et the other two stages of growth of the plent. Thimgh
there 18 ar apperent difference between the fresh weight of
nodvrles abt mid pod £illing Istage and maturity cteges, they
gre pbetistically on par.

Fresh welght of gtem and leaves

Significant differences between the fresch weight of
stens end leaves haorvested at different steges are observed.
The welght showed a shorp incrsase with increage in the \
age of the crop. Thus, meximun frech ﬁeight of 41.0 kg
ver plot 1s obtained for cowpee at the meturity stege
followed by the plents at the mid ped £illlng (34.3 kg)

end maximm flowering stages (26.6 kg).
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Dry natier yleld per plot

The totel dry matter yield including the welght of
pods and root obtained Lfrom the plants at different steges
of growth elso ghowed en increasing trond from the maximm
flowering stage upto the meturity otoge. Dry mabier yield
corresponding %o the morimm flowering, mid pod £llling
end maturity stege vere 16.4, 21.3 and 28.6 kg per plot

respectively.

b) Nutrient content and totel uptsele of nutrients

The mean valﬁae of the content of nitrogen,
vhogphorug, potassium, calcium and megnesium in different
plant parts end the totel upbake of these nubtrients at
different steges of geowtl; of cowpea are presented in
Tablés %5 8, b, Cp 4 204 0. Tho snalysis of variancs ls
given in Appendix II, III and IV,

Nitrogen

The content of ni‘ﬁrogen in the gtems and lsaves was
formd to be highest at the maximum flowering ebege of
coupe2. It recorded a value of 3.67 per cent which
decrecsed to 3.74 per oent at the mid pod filling stage
and 40 2.10 per cent ab the maturlty stege. The decresse
in the nitrogen content besween the different stages is
highly significent and a reduction of about 14 znd 40
per cent in the nitrogen content wes notlced between
meximm flowering and mid pod f£filling ag well as between



Table 3 a. Ultrogen content and total uphake at different stages. of growth of cowpea.

Hean Maximm flowering stage

Mid pod £1illing ghage

Maturity stage:

Plent Dry Ber cent Witrogen Dry Per cent Nitrogen Dry Per cent NWitrogen
parto. welght nitrogen upitoke welght niitrogen uptake welght nitrogen upteke
kg/plot g/plot kz/plot plob kg/plot g/plot
(1) (2) (3) (4 (35) (6) 7 (8) (9) (10)
Stem and 15503 3167 560 1705 5014 545 23.0 2019 502
leaves : . : | :
Roots 1.1 1.90 19 1.2 1.3% 17 1.1 1419 13
Vegebable - . - e 2.6 1.43 37 - - -
- pods '
Grain - - - - - - 3.0 . Se71 134
Pod wall : - - - - - - 0.9 0.20 8
C.D. for nitrogen content in shoot - 0.20
G.D. for aitrogen content in root - (.28
C.D. for total nitrogen upteke - 32

435




FIG. 2 . NUTRIENT STATUS IN SHOOT AND ROOT AT DIFFERENT STAGES
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paxinum flowering cnd naturlity stoges respectively.

In the cage of roots algo the content of nitrogen
yas highest at uaximm flowering s’cagé (1.90 per cent)
followed by mid pod £illing (1.33 per cenbt) and maturliby
gtoge (1.19 per cens). Aboub 30 per cent reductlon in
the nitrogen conteﬁﬁ of roots waesp noticed from nmeximm
flovering stege to mid pod £illing stege and ebout 37 per
cent reduchkion from maximm flowering to the maturity
stage. The difference in the nlirogen comtent in the root
at dlfferent stoges was found $0 be slgnificant.

Tha canbent of nitrogen Iln the vegeteble pods wap
1.43% per cent gnd that of the mebure grein wves 7.71 per
cant. The pold walls recorded a nitrogen content of 0,20
par conb.

The total uptske of nitrogen on & whole plant basls
ghowed on increagling trend from the maximm flowerlag to
the maturity stage. The totel nitrogen uptake amocunted
to a velue of 657 g per plot at maturity stege followed
by 599 g at mid pod £illing s'?:;age and 579 g abt ‘the maximm
flovering stage. The difference i.n ‘ﬁhe .tcstal upteke of
nitrogen was gigificent between the matuwlity stege and
the mid pod filling ghege and between the maturlity end
meximun floyering ostsge. Though there is apparant
'aifferenee in the totald ﬁme_‘:e betueen the maximm Llowor—
ing and the mid pod £iliing gbege, the diffaerance was not
atatistically significent.
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Phosphorus

The conbtent of phosphorus in bthe sten and leaves
wag highest (0.30 per cent) at the maximum flowering stage.
The value decreased 0 0.27 por cent at the mid pod £illing
end recorded a slight increase when the crop reacked the
maturity stage vhere the phosphorus content was 0.31 per
cent. However, thse differenoe iun the content of phosphorus
batween the different atoges of growth of the plant wes not
slenificent,

The oontlent of rhogsphorus in the raote was 0.25,
0.24 and 0.26 per cant respectively et the meximum flowering,
nid pod £illing and maturlty stege, recording only merginal
difference between the stages.

The phosphorus content of tﬁe vegetable pods was
0.22 peyr cent,that of the grein 0.34 per cent and of the pﬁa
wall 0.07 per cent. |

As in the case of the totel upteke of nitrogen, the
total uptake of phoasphorus algo showed en inoressing trend
toyaxds the moturity stege of the erop. The total upteke
of phopphorus at the mezximm flowering otege was 49 g
per plot which increassed to 57 g per plot at the mid pod
£11ling end to 68 g per plot at the maturity siage of the
crop. Uptake wes found 0 be highegt at the meturity stage
and was superior to the values at the mid pod £filling and
the meximm flowering steges. No statisticel difference
in the uptake of phosphorug between the mid pod £illing and




Pable 3 b. FPhosphorus content and total upteke at differcnt staeges. of growth of cowpea.

Mean  Maximum flowering stage Mid pod filling stage Haturity stege
Plant Dry Per cent FPhospho= Doy Per cont Yhospho= Dry  Per cent Phospho=
parts welight  phospho= rus wolght phospho~ yus weight - phospho- xyus
kg/plot rus - uptake kg/plot rTus uptake kg/plot rus upteke
&/plot &/plot _ g/plot
(1 (2) (3) - (4) . (5 (6) (7) €3] - (9) (10)
Stem and 153 0.30 - 46 175 0.27 48 2340 0.3 T2
leaves _ _ . —
Roots 1.1 0.25 5 1.2 0.24 3 1.1 0,26 3
Vegetable - - - 2.6 0.22 . 6 - - -
pods | ' '
Grein - - - T - - 346 0.34 12
Pod well - - - - - - - 0.9 0.07 1
Total 16.4 - 49 21.3 - 57 2846 - as.
S.EBE. for phogsphorus content of shoot - 0.02
S.8. for phosphorug content of root <« 0.02
C.D. for btotal phosphorus upbeke - 9
S.E. for totgl phosphorus upteke - 4 ‘ag
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the meximm flovering stoge could be observed.
BE/P »atio

The mean value of the N/P ratio presented in

Table 4 and Appendix IV ig found to be highest at the
meximum flowering stage vhen it recorded o value of 12.2.
The value then decreaged 40 11.0 et the mid pod £illing
stage and t0 7.8 at the nsturity stege. The decreasse in
the ratio from the maximum flowering to mid pod filling
stege was nob statistically significemt while that from
the maximun flowering %0 maturity stege snd from the mid
pod £11ling stage to maturity was highly significent.

Potassim

At the meximm flowering stage, the shtens end leaves
recorded a value of 1,90 per cent potessium which decreaged
30 1.70 per cent ab the mid pod £illing atage. A% the
neburlty stege it ogain decrcased t0 1.65 per cent. A
reducticn of about 10.5 snd 15 per cent in the contend of
potagelun was coboerved at the mid pod £illing end the
maturity steges compered t0 the maximum flovering obegs.
However, the reduction from the maximm flowering to the
mid pod £illing stage and from the mid pod £1lling to the
matwrlty otage wag not eignificent end the decrease was
only merginal,

The content of potassimm in the roote aleo shoued a
decreasing trend from the meximum flowering to the maturity




Table 3 c¢. Pobegslun comtent and total uptake at different steges..of growth of cowpea.

Mean Maximum flowering stage - Mid pod filling stage Meturity stage

‘Flon Dry per cent Tobassimm Dry Per cemt  Potassimm Dry Pér cent Potassiumn
7arss welght  pota=— uptoke welght  pota- uptake velght  pobas uptalke
kg/plot ssium g/plot kg/plot sgim g/plot kg/plot ssium &/plos

() (2) (%) (4) (5) 6 (D (8) (9) (10)
leaves - :
Hﬂots 1 .1 2.08 22 1 -2 1 .72 ) 21 1 .1 1 .50 17
VYegetable - - - 2.6 1.50 39 - - -
rods : : . ) )
Grain - - - - - _ - %40 1.87 67
Pod’ wall - - - - - - 0.9 1.07 90 -

S.E. for potagsiunm content of ghoot - 0.04

C.D. for potassium content of root - 0.%1

3.E. for potsssium content of root - 0.14

C.D. for totel potassivm uptoke - 62

S.BE. for total potassium uptseke - 28

Ob
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stege. The potaseivm content of the :;'oct wag 2,08, 1.72
ead 1.50 per cemt et the meximum flowering, mid pod filling
and peburity otage respectively. The reduction f£rom the
maximm flovering to mid pod Pilling stage (17 per cent)
wae found to be highly slgnificant while the reduction of
15 per cent in the content of potesoiun from the mid pod
filling %o the naturity stege wag not statistlieally signi-
fleant.
‘ The content of pobassiwm in the vegeteble pods was
1,50 per cent, that in the grain 1.87 per cent and in the
pod wall 1.07 per cente

The totel uptaoke of potessivm in the plent showed en
increase f£rom the neximum flowering to the mid pod filling
gtage (316 g to0 356 g per plot) which wes not statistically
gignificant. On the other bend, the total uptoke of
potagsium ot the moturity stege wes fmm& b0 be slgnificently
higher (472 & per plot) then thet at the other two shteges.

N/K ratio

The N/K ratio presenbed in Table 4 end Appendixz IV.
" ghow that the retio of nitrogen %o potassium Lo maxlmum -
at the meximm flowering stage (1.9) whioh decresses to
1.7 at +the mid=-pod filling and t0 1.4 et the masturity
gtage of the c;*:op._ The reduction in the rai;io betwean
different stoges 1§ highly significont.

Calcim

The combtent of csloium in the ptemn and legves wag



Table 3 d. Calcium content end totel upteke at different sbteges. of growth of cowpea.

Mean Mozl mm flowe:éing obage Mid pod filling stege ' Haburity stege
Plant Dry Per cent Caloiwm Dry Per cent Osleivm  Dry Per cent Caleium
parts welgnt ecaleiun  uptake velght calelum uptake weight calcium uptdke
kg/plot g/plot kg/plot plot kg/plot g/plot
(1) @ » (4) (5) (6) 2 (8) (9) (10)
Sten and 15,3 257 388 1745 2.36 413 23.0 2.45 504
leaves . : |
Root 1.1 0.25 3 1.2 0.20 3 1.1 034 4
podo: :
Grain - - - - - - b 0.14 5
Pod wall - - - - - - 0.9 0.42 4
Total 16.4 - 391 21,3 - 418 28,6 - - 577
S.F. for calciiwm content of ghoot - 0.22
S.E. for caleium content of root - 0.05
C.D. for total caleium uptoke - 95.
5.5, for total caleiwm upbeke - 42
%N
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highest et the meximm flowering stege and amounted'to

2,57 per cent which decreased to 2.36 per cent at the mid

pod £illing gtege. AL the maturity stage the content
alightly increased end was 2,45 per cent. The difference

In the content of calelum between the three shtages was not
gilgniflcant though a reduction of about 8 per ceant was
noticed betueen the maximum flowering and the mid pod filling
stage end 5 per cent bhetween meximum floweriﬁg end maturlity
gboge. ' '

Content of calelum in the roots showed a marginagl
Incresge from 0.25 H0 0.%4 per cent as the crop attained
moturity. The differance between the different stageswas
not elgnificent.

Celcimm content of the vegeteble pods, graln end pod
wall wes 0.07, 0.14 eud 0.42 per cent respectively. Pod
wall contained the highest amomnt of celelum when conpered
t0 nitrogen, phogphorus and potagsium,

An Increcasing trend in the totel uptoke of caleiunm
vas noticed from the maximm flowering to the meturity
stage. It emounted to the highest value of 577 g per plod
at the maturity stege followed by 416 g at the nid péd
filling end 391 g at the meximm flowering stage. Signi-
floent difference in the totel upteke of calelum was
noticed between the maturity and the mid poed £illing end
between maturity end the meximm flowering stegos. Butb
there wvas no pignificant différence in the totel uptske of
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calelum between the mid pod filling end maximmm flowering
Btage.

N/Ca ratio

'The N/Ce ratio presented in the Table 4 end Appenfixz IV
is founi to be higher at the maximm flowering and the mi§
pod filling stege. At the maturity stege 1t is decreased
to 1.20. Though there is apparent differcnce in the ratio
between steges they are not etatlstlcally algnificant. |
Ha@eéhm -

At the maximun flowering shage the nmegnesiun conbent
of the stem end leoves wes 0,40 per cent and it decrecaged
to 0,37 per cent at the mid pod £illing and to 0.38 por
cent at the maturity astege. The decrease wes 8 per cent
fron the maximam . flovering to mid pod filling and S poer cent
fron paximam flowering to moturlty stege. There was no
statistical significence in the reduction of magnesium
content in the stems and leaves bebween the stoges.

Not much diffsrence was notliced in the magnesium
content of roots hebwesn the various steges. The content
of nognesiwn in the roots was 0.25, 0,24 end 0,24 at the
maximm flowering, mid pod filling end moturity stege of-
the crop reapsctively. |

The oontent of megnesiun in the vegetable pods was
0.17 per cent,that of grein 0.24 per cent erd of pod wall
0.52 per cemt, As in the cage of caloium, the pod wall



Table 3 e. Mognesiun content end total uptake st different steges. of growth of cowpea.

S.E. for botal mognesium upbake

Heen Moximam flowering stege  Mid pod £illing stage Maturity stege |
Plent vry Per cent Mogne-  Dry Per cent Megnesium _ Per. cent Mpgne-
AT weight nagpesium simm welght megnesiom uptalke weight megne- siun .
. kg/vlot - uptake kg/piot - kg/vlot siun.’ uptake:
&/plot ' . ] &/plot
(1 (2) (3) (4 (5). (6) . (D (3) 9 (10)
Stem end 15.3  0.40 62 175  0.37 67.0 23.0 0.38 - 89
Vegetable - - - 2.6 0.17 . 4.0 - - -
Gr&ixl ) - - - - - - 3 .'6 0 ,24-_. 8.
Vegetable - - - - - - 049 0432 3
pod wall ‘ - . - : S : .
Total 1644 - 65 21,3 - T4.0 28.6 - 103
S«E. fOr negnesivm content .of shoot - . 0.01
S.EB. foxr wegnepium content of rToot - 0.02
C.D. for totel magnesivm uphaie - %
- 3

41
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recorded meximm value for magnesium.

The totel upteke of mogneciun in the plant increased
from the maximm flowering towards the maturity of the crop.
The upteke wag found 40 be highest at tho maturity stage
.(103 & per plot) followed by the mid pod £illing stage
(74 g per plot) onfd lowest at the maximm flowering stege
(65 g per plot). The differcnce in the total upteke of
megnesium between the maturlty ond mid pod £illing, the
naturlity end naximm flowering end also between the mid pod
Pilling end maximum flowering shage was found t0 be highly
slgnifiocant,

"N/Mg ratio

The WAz ratio presented in Table 4 and Appendix IV
ghow a decrecesing trend from the meximm flowering 4o the
naturity stege of the orop. The ratios are 9.1, 8.% and 6.5
respectively et  the meximm flovering, mld pod filling
and the maturity stages of the orop. Though there is
apparent difference between the maximm flowering and mid
pod filling stage they are sgtatistically on par. But the
ratlo at the maturity stege is found to be inferior to
-the other two stngen. ’

Status of renld nutrients in the soll et tha different
gteges of growth Oof cowpea

The mesn values for the contents of total and

available nitrogen, avallable phosphorus, exchangeable
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Table 4. ©Status of phosphorug, potassivm, calclum and
magnesivn in relation to nitrogen et different
stages of growhth of cowpseg.

Mean T/P rablo N/K ratio H/Ca ratio N/Mg ratio

Treatmnent

Maximum 12.2 1.9 1.5 9.1
lowering
stoge (T1 )

Mid pod fillimg  11.0 1.7 1.5 843
gtage (T2) .

Maturity
stage (1) 7.8 1.4 1.2 65

CaeDe 1.3 0.2 - -
S.B. 0.6 . 0.1 0.2 0.4
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potassivm, celeivm end megnesium In the experimentel slte
afber the hagvest of the vowpea are presented in Table 5 and
the analysis of varience in Appendix V.

Total nitrogen

It has been obgerved that there is significent varie-
tion in the conbent of totel nitrogen in the soll at the
different atages of growth of cowpea. HNHitrogen content in
the soil wes maximm (0.0558 per cent) when the cowpea wes
harvested at the naturity stege followed by the mid pod
£illing (0.0536 per cent) end the maximum flowering stoge
(0.0514 per cent) compeved to the initisl status of nitrogen
(0.0510 per cent). |

Avallable nitrogen

The evellaoble nitrogen status of the soll wag found
0 be not appreciably affected by the differént stages of
harvest of éowyea. It ghowed g significant decrease frdﬁ‘i
the initiel level of 274 kg to 249 kg per hectare at the
meturity stage, 257 kg per heotare at the mid pod f£illing
end 255 kg/ha at the meximm flovering stage.

Avellable phosphorus.

The ayaileble phosphorus ghtatus of the soll before
the sbarting of the experiment wes 37 kg per hectars. The
content of evelleble rhosphorus in the soil at the
different stages of harvept of cvvwpea showed & general



Table 5. Residusl status of total and avellable nltrogen, available phosphorus,
exchangeable potassium, caleiun end megresium in goll at different
gteges of growth of cowpea,

Mean Total Available Aveilable Exchange=  Bxchenge= Exchange=

Treatment nitrogen nitrogen  phosphorus able . gble ghle
Per cent kg/he kg/hn potassium calcium epiun
kg/ha ne/100 g me/100 g
goil ooil
(| : 2 3 4 5 6 T

Maximm floucring 0.0514 255 28 83 1.14 0.23

stage (T1 ) .

Mid pod £illinge 0,0536 257 35 68 1.00 0.23

stage (I,) ‘ _ . .

Maturity stage 0.0558 249 21 s 0.67 0.21

C .D. 0 00006. - - - - -

S« 0.0003% 10 6 11 0.20 0.04

6%
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decresse from the inltiel level. DBub the changes bolueen
tho different oteges of grouth vere statisticelly nob
gigniflcant. The content of availeble phosphorus was 28,

75 end 21 kg/ha respectively ab the maximm flowering, mid
pﬁd filling and the maturlity atege of the crop. A deorease
of 9, 2 end 16 kg P/ha wap noticed at the maximm flowering,
mld pod £illing end meturlity etege of the crop compared 40
the initial statug of available phosphorus in the soll.

Exchangeable potessium

The initlal content of exchengesble potassium in
the goll recordad a value of 10% kg/he. No significant
difference in the pobtassium conbtent of g0ll was noted between
the otoges Oif harvest of cowpea, although the decreasge, when
compared to the initisl level was signiflcant. A slight
deorease in the level of exchengeable potassiuvm was noticed
from the meximum flowering (83 kg/ha) to the nmid pod £illing
(68 kg/un) end en incresse from the mid pod £illing to
75 kg/ha towerds the meturity stege of the erop,

Exchengeable caleium .

in the case of éxohamgeable caleiun, the content wes
not mmch affected by the stege of harvest of the crop.
Though there is a deerease from the initiel level of
1.18 me/100 g s0il et the different oteges, the difference
between the steges wes not significant. The recorded values
wers 1+14 me/100 g soll et the moximum flowering, 1.00 me at




Toble 6, Total nitrogen balance at different siages
of growth of cowpea (g/plob). |

Treatment

Soil Plant Total

1 2 3 4
Control 40800 - -
Maximm flowering 41120 579 41699
stags (I4)
144 pod £1lling 42880 589 43479
stege (Te)
Meturity stege (T.,i)' 44640 657 45297
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the mid pod illing end 0.97 me eb the maturity sbtoge.

- Bxchsngeable mognesium

No apﬁreciable difference in the leval of exahmge;
eble nggneslua in the soll wvag noted betveen tﬁe three
steges of harvesy of edupe,é.. Bub, whan camparéd to the
Initisl level of 0.30 me/100 g megnesinm in the soll, the
difference wag appreciable. The magaeslum content abt bthe
meximm flovering, mid pod £11ling end the maturity steges
were only 0.23, '0.23 gnd 0.21 me/100 g soll respectively.

Regldual effoet of nitrogan in the goll on & succeedi_:;xg
exrop of fodder maize ‘

The reoidual effect of niirogen fized by the cowpea

crop harvested ot different staeges of lis growth wes studiled
by raising a bhulk crop of feodder meire. The importent
findings ave given below.

growth end fodder produchion

The mean values for the kelght of fodder maise, its
frogh weight and tobal drxy matter produced ave ‘presentecl in
the Tables 7 a, by ¢ end the anglyspig of variance in
Appendix - VI. -

Height of the plent

It nay be peen that the height of fodder malze as
im’.‘.’!.uenceﬂ golely by the repidval effect of nljrogen ab
different shages of growvth of cowpea (no) vas me.rilmn fox
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Table 7. Repidugl effeot of nitrogen on the growth and
fodder production by fodder maize.

a. Height of the plant (cm)

Iy ny B, 113 Mean
1 2 3 4 5 6

Maximmm 81 95 94 99 oz
flovering
stege (T4)
Mid pod 20 57 102 100 95
£iliing
obage TQ)
Maburity 87 498 105 112 101
stage (T3-)
Mean 86 93 100 104

C.D. for T - 7

C.D., for n - 4

C.Di for T x 0 - T
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the mid pod £1lling stege (T,) folloved by the meturity (T)
end the maximum flowering stage (T4). Similarly the effect
due to the resldunl nitrogen plus nitrogen derived from

-$he incorporated residue (ny) was highest for 75 (98 en)
followed by Ty (95 om) end T, (87 em)s The effect of 30
end 60 kg N/ha over end above the reesiduel nitrogen, in the
aifferent plots (n, end na) vas alego highost for ‘r3 (105

eod 112 em respectively). TFox the four lsvels of nitrogen
Tgs Bye Ny end oy alego, Significent differences in the
plent helght could be noticed. The helght of the plent
tncreaged from o minimm velue of 86 om in the control
plots (ny) to & maximm velue of 104 cm in the treatment Bge

Fresh welght of foddex

The Presh welght of fodder as ﬁfluezmed by the

- residusl effeot of nitrogen in the soii alme at difforent
'gteges of growth of oowpes increased from 7 kg/plot for
the maximm flowering (24) sbage to 8 and 11.5 kg/plot for
the mid yoi £1lling (2,) and meturity stage (T,) of the
crop. In the game mapmer the effect due tio the residusl
nitrogen end nitrogen derived from the incorporated vesiduca
(ny) aleo ehowed en incressing trend from 9.2 kg/plot for
‘.E1 10 10.2 kg/plot for 'bhe nid pod filling stege ('1‘2) snd
14.3 kg/plot for the usturity stage (Z5). A sinilar
pattermn wag obgerved for the plents vreeelving %0 kg (ny)
and 60 kg (n’a') N/be over end above the residusd effect of



Table 7.b. TFresh wveight of fodder (keg/plot)

55

2 Iy q ) Bz Mean
1 2 3 4 5, 6

Meximun flowering 7.0 9.2 12.0 13.8 105
otage (T‘I)
Mid pod £illing 8.0  10.2  13.3  15.7 11.8
stege (T2)
Matmity 8'{38@;’3 11.5 14.3 . 1605 20,7 15.7
(T5)
Mean 8.8 11.2  13.9 16.7

¢.D. for T - 1.3

C-D. fGI' n - 1 .1

Cde fOr T 2z n
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the previous crop. In the casd of Diye nadmm fresh welght
of 16,5 kg/plot was obtained from the plots where the
previous crop wes havvested at the maturity stege. This
ims folloved by 13.3 kg of fresh fodder for T, ead 12 kg
for T4, ' For ny £1so neximm fresh weight (20;7 kg/plot)
was obtained from plots vrecelving the major treatment ‘r3
followed by 15.7 kg/plot for T, end 13.8k/plot for Iqe
Generally the fresh welght of fodder increesed with
increaging level of nitvogen and it was highly sigaificsnb.
But the Interaction between the wmaln plot and subplot

(T = V) was not significant.

Dry matter yleld

Dyy metter yield from the plots solely imfluenced by
the residusnl effect of nitvogen (no) shoued en increasing
trend from 2.9 kg per plot for the meximum flowering to 3.9
&d 4.7 kg per plot for the mid pod £illing snd maturity
stages of the orop. Similarly, the effect due to the
residual nitrogen ond nitrogen derived from incorporated
residue (n,‘) wes highest (5.2 kg/plop) for the naturity
stege followed by 4.2 and 4.0 keg/plot respectively for the
mid pod £illing and the meximum flowering gtages. The
effeot of 30 kg N/ha over gnd above the residusl nitvogen
(ny5) in tue difforent plote was highest for T3(6.5 kg/plot)
followed by ’1‘2 (5.3 kg/plot) and I, (4.9 kg/plot). dust
1ike nye  the offact due 1o 60 kg N/ha over end gbove the



Teble '7' . Dry notter yield (kz/plot).

a7

CeD, for T z n

b 501

B, nm Iy Moen
1 2 3 4 5 6

Moaximm flOl‘fGring 2-9 406 4‘.9 600 404
stase.(T1)
Mid pod £illing 349 42 5.3 6.3 1.9
shege ('132) .
Haturlty stoge 447 5.2 65 7.9 . 6.1
(Tg)
Mean %8 405 545 6.7

'C.D. for T - 5.8

5.0, forn - 3.0
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residusl nitrogen in the different plots (ns). on the
dry. matter yield inoreased from 6 kg/plot for T 40 6.3
end 749 kg/plot for '132 and T I, respectively. Hera elso
the dry matter yi.eld incraased with increasing lavela of
nitrc:gen applied and ves highly significent. But the
oombineﬁ effect due to the different shages end lsvels of
nitrogen wes not significant., '

Tutrient content end totel upteke of nutrients

The mean vilues of the totel upteaké of nitrogen,
yhoaphorus end potassim in fodder meice are presemted in
Tables 8 a, by ¢ snd the snelyels of verience in Appendix VI,

Nitrogen

Total upteke of nitrogen in fodder malze s influenced
only by  the repidual effect of nitrogen et differemt
‘gtoges of growth of cowpea (no) ves found to be meximm .
for waturity stege (46 g/plot) fﬂﬂfﬁfd by the mid pod
£illing (37 g/plot) emd mekusimy stage {23 g/plot) of the
az-op rospaetively. The efZect due to resldusl nitrogen
plus nitrogen derived from the incorporsted residus cm
the uptake (n1) w2g highest for maturity stege T.5
(62 g/plot) followed by T, end T, (38 end 37 g/plot
reapectively)s The upteke of ultrogen by fodder malsze
for %0 kg N/‘J_a.a epplied over and chove the residusl ciféct.

of nltrogen (na)!'imreasea fron 53 g per plot for 74 to
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Table 8. Upteke of nutriente by fodder maize (g/plot).

‘a. Witrogen

Yy By ' n, n; Mean
1 2 3 4 5 6
Mo mm 25 31 53 72 46
flowering stege
(T1)
Mid pod 33 38 60 79 53
£11ling stege _
(Te)
Maturity steage 46 62 75 116 75
()
) . -

Mean. w a4 40 63 89

G.D. for T - 7 '

¢.D. for n - 5.

C.D, for T x # - 9
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60 end 75 g pexr plot for T, end ‘15 respectively. Similarly
for €0 kg N/ho applied over and above the residunl effect
of nitrogen (n3) . higheot vptcke woa notlced for T3 (116 g
per plot) followed by T, (79 g/plot) and T, (72 g/plot).
Tmag, upbeke of nitrogon increased with lncreaosing levels
of nitrogan.

Fhosphorusg

Ag in the case of nitrogen, the total uptake of
phosphorus algo ghoued a slunllar patbern. Tor Tiye the
uphoke was maximum Pox T’;" (B g P/plot) followed by 6 g end
5 g for T, ond T, respectively, The effect due to residual
nitrogen and nitrogen derived f£rom the incorporated
realdus (n,) on the totel uptoke was en incresse from 6 g
per plot ab meximum flowering stege to 7 g per plot ét
naturity stege. Similerly for 30 (112) emd 60 (n3)‘ kg 8B/he
applied over end above the residual nitrogem from {he
provious crop, the upteke of phosphorus inoreased from 6 g
to 10 g/plot and 9 g to 12 g per plot regpectively from
tho maximum flowering to the maturity stage of the arop.
Uptaoke of phosphorus vas foumd 40 be highly significeni
for level of nitrogen.

Po*ﬁasa:hm .

Total upteke of potassim was also found b0 inorease
with Incrensing levels of nitrogen. Uptake of potassiwm
es influenced only by the residusl effect of nitrogen at



b« Fhogphorug

%9 e e Hoan
1 2 3 4 5 6

Moximom 5 6 0 9 T
Llowering
stage (I4)
Mid nod 2} 6 8 g T
Pilling
3tego (Ta)
Maturity 8 T 10 12 9
obage (”-5) :
Meen 6 6 8 10

0.D. for T - 2

C.De Zor - 1

C.D. fOTr T X - 2



c. ZPobagoclium
nq 4 n, 113 Mean
L 2 3 4 5 6
Meaximm 40 52 67 75 59
flowering :
sbage (T1)
Mid pod 58 56 82 80 71
£il1l
gtace T2)
Maturlty 66 73 84 a7 18
shage (T.)
e
Meon 55 00 78 83
CeDe fOr 7T ‘ 1
C.D, forn i

C.Dy £Or T x 12

11
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different etageé of gvowth of cowpea (nU) increased from
40 g ver plot for mexinum flowering 4o 58 snd 66 g per plot
for the mid pod £illing end the naturity stoges of the
erop. In the csame monner; the effect due to the residual
nitrogen plus nitrogen derived from incorporated residues
(a,) elso showed en inorsesing %rend from 52 g for T4,

56 g for T, and 73 g per plot for T, Tor 30 (ny) end 60
(n3) kg N/ha applied: over end above the resldual nitrogen,
the same potterm was followed. The upteke for n, Increased
from 67 g for T4, B2 g for T, and 84 g for T For oy
also the upteke chowed an incressing trend from 75 g for

Ty to 86 g end 8%.5 gz per plot for T, end '1.‘3 respeetively.
Among the different levels of nitrogen tried, the total
uptake of potassium showed significeont effect. There was
no interaction effect betvween ths stege of the orop amd

different levels of nltrogen.

ggiidual status of nutrients after the harvest of fodder
Ze

The mean values of totael nitrogen, available nitrogan
end phosphorus as well es exchengeable potessim status
of the soll after the harvest of the Lodder malzo gre
prezented in Tables 9 e, by, ¢ and the snalysls of variance
In Appendix VI,
Total nitrogen

It moy e geen that the content of total residual
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Table 9. Rescldual stetus of tobal nitrogen, available

nitrogan, phoaphorup, exchongesble potessium
after the cultivatiom of fodder malgze.

a. Total nitrogen (per cent)

g m  mp  m;  Mee

1 2 3 4 5 6
Meximm 0.0509 0.0503 0,0510 0.0510 0.0510
flovering :
Mid pod 040530 0.0527 0,0528 0.0528 0.0528
fillm%
shege (T5)
Maturlity 0.0549 - 0.0549 0.0548 0.C548 0.0549
stace (T3)
Mean 0.0529 0.0528 0.0529 0.0529

C.D. for T -  0,0001

G.D. for n - 0.0002
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nitrogen in the soll after the harvest of the fodder meize
was highast for maturity stage (T'a') which recorded a value of
0.0549 per cent nitrogen. The goils at the mid pod £illing
end maximm flowering stage (T2 and T.,) recorded 0.0530

ond 0,0509 per cent nitrogen respectively. The effect due
t0 residual nitrogen plus nitrogen derived from incorporated
residue (d;) was maximm for maturity stage (0.0549) which
was followed by the mid pod £111ing (0.0527 per cent) and
mex{ rum flovering stoges (0,0509 per cent)., The effect of
30 kg H/ha (n,) over eni ebove the residual nit.rogeﬁ wes
maximm for the maturlty stege (0.0548) followed by 0.0528
per cent for the mid pod £1lling and 0.0510 for the meximm
flowering otege. Similarly, the effeot of 60 kg N/ha (113)'
over eni sbove the residuel nitrogen in the differsnt plots
was highest for the maturlty stoge (0.0548 per cent)

followed by mid pod £illing end maximum flowering steges
{0.0528 and 0.0510 per cent respectively). Among the
different levels of nitrogen tested no significent difference
was notloced.

The differance in the level of total nitrogen per cent
was 0.0005 for the meximm flowering, 0.0006 for the mid pod
£111ing end 0.0009 for the maturlty otege compared to the
orlginal level for plots i*eceiviﬁg treatment ny. For plote
racelving the trestment n, (residuel nitrogen plus nitrogen
derdlved from incorporated resldues) the differemce from the
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origingl level of nitrogen per cent wed 0.0006 for moiimm
Llowering end 0.001 f_or the mld pod £illing and neturlty
steges. In the case of plots recelving 350 kg N/he over
and above the residual nitrogen, e difference of 0,0006
vas noticed for maximm flowering, 0.C01 for the mid pod
£11ling end 0.0012 for the maturity stege of the crop.

For the plots receiving 00 kg N/ha over end above the
repidunl nitrogen, & reduction of 0.0008 per cént. vas
noticed Lor the meximum flowering 0.001 per cent for the
mid pod £illling amd 0.0014 vper cent for the maturity
sbege of the crop. Maximm differcnce was noticed for the
treatment T3n5 from where the f:r.-ésh welght of the crop
was highoot.

Aveileble nitrogen

The residueal s%atué 0f avalloble nitrogen in the
goll as influenced oniy by the different stages of growth
of cowpea (ny) wis maximum in plots wherc the cowpea wes
harvested, the maximm flowering stege - T4 (240 kg/ha)
followed by mid pod f£illing (234 kg/he) and maturlity stage
(215 kgrhn) The level of nitrogen for the plots receiﬁ.ﬁg
the residusl nitrogen from cowpea plus nitrogen derived
from incorporated repidues (n1") was highest for the
moximm flowsring stage (247 ke/ha) followed by the mid
pod £illing and mebturity stages (240 end 228 kg/ha respece=
tively). Tho level of nitrogem in the plots receiving
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Sele :Eq:e Txn

By . 1‘1'1 D, ny Mean
T 2 3 4 5 b
 Maximm 240 247 228 215 233
Llovering
stege (T4)
Mid pod 274 240 225 225 231
fillin% '
Btage Ta) ‘
Moturity 215 228 234 234 228
gtage (T.)
e/
Mean 230 238 229 225
§.E. for T 5
Sele fOor n
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30 kg W/ha over and gbove the residusl nitrogen of cowpea
(n,) wes highest for the maturity stege (234 kg/ha). The
residual status of aveilable nitrogen was 228 and 225 kg/ha
respecbively for the maximm flowering and mid pod £illing
stege. For plots receiving 60 kg N/ha over smd sbove the
residuel nitrogen from cowpea (53). the value was hlghest
for the maturity stage (234 kg/he), followed by the mid pod
£11ling and maximun f{lowering stage (225 and 215 kg/be
respootively). Though there is spparent differenco in the
avalleble nitrogen sté.tus between different levslso of
nitrogen they are -statistically on par and not significent.,
The conbent of availasble nitrogen after the harvest.
of the fodder malze was lower then the initlal level. For
the treatment n,, neximm reduction wes noticed for plotg
reeeliving the treatment 'l‘2 (mid pod £illing stege). Tor
the treatment n,, o difference of 21 kg/he was notlced for
the ploto recelving the treatment 2 (noturity stege) end
19 kg/ba egoh for Ty (meximm flowering) and T, (mid pod
£111iing stege) from the original level. IFor the treatmont
n, neximm reduction of 32 kg/ho wes notleced for plots
reoceiving T4 followed by meturlty (17 kg/ha) and nid pod
£illing steges (13 kg/ha). Por the treatment gy 2 reduc-
tion of 23, 9, 31 ke/ha was observed for the plots
receiving the treatnents Tqe T2 end '.E.:; respectively.
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Aveilable phosphorus

Availeble phosphorus confent of the soll solely
Influenced by the different steges of cowpea wos maximum
for the maximum flowering (37 kg/he) followed by naturity
(31 kg/he) end the mid pod £illing stage (29 kg/he). For
- plots recelving the treatmeat gy the content of phosphorus
‘was 29, 32 end 31 kg/he for the maximm flovering, mid

pod 2illing snd the nmaturlty atege of the erop., For
treatment 1, the content was 25 kg/ba for the maximm
flowering, 55 kg/he Zor the mid pod £f1lling end 39 kg/ha
for the maturldy sta;ge of the crop. The phosphorus comtent’
of the soil in plote recelving the trestment Ny was 28; 46
and 37 kg/he respectively for the maximm flowering, mid
pod £illing end maturlty stege of the crop: The differaence
in the content of phosphorus was stetisticaelly not eigi-
ficant end they are on par.

Brchangeable poﬁasaium

It hos been observed that the content 0f potassium
in the goil solely influenced by dlfferent stages of growth
of cowpee was meximm for the maturity stege (89 kg/ha)
followed by meximum flowering stage (78 kg/ha)' end mid pod.
£41ling stage (69 kg/ha).  For plots recelving the treatment
Bys the highest value wag recorded Por mid pod £illing
stege (86 kg/ha) and 83 amd 75 kg/ha for maturity sbege end
neximm floweriﬁg stage. The content of potassiunm in the
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Pable 9 c¢. Aveilable phosphorus (kg/ha)

n, n,y Ly 2 Meen
1 2 3 4 5 6

Maximm . Y . 29 . 25 28 %0
flovering -

Atege (1‘1)

Mid pod 29 32 33 46 35
£111

gtage TE)
. Meturity 31 51 39 37 35
stage (T3)

Mean 32 21 32 37

. s.Ee fﬂr T “"‘

JeBas for T 2 = 6
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Table 9 d. IBzchangesble potagsium (kg/ha)

ng | Iy o, 1'13 Mean,
2

1 3 4 5 6
Yeoximm 78 75 86 8¢ - 8
Plowering :
stage (T4)

Mid  pod 69 86 78 69 76
£illing

stege (T,)

Maturity 89 83 a7 77 84
otage <T'5)

Mean 7 81 84 77

BeBe for 0 . - 5 ;

S.E. fOI‘ 1’1 -

Ui

S5.B. for Txn 8




cage of plote receiving the treatment n, wes 86, 78 and

87 kg/ha regpectively for the maximum flowering, nid pod |
£illing end maturity stege of the crop. In the case of
plote recelving the treatment n, higheat value of 84 kg/ha
was recorded for the maximum flowering otage followed by
maburity and mid pod filling gbage (77 end 69 kg/ha
respectively). However, the content of potassium wes

abebistloally on par in the different trestments.
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DISCUSSION

Hlgh nitrogen fixation capaclty by a legmme is bhe
nost desiveble plent charecteristic to be exploited singe
the legumes are known t0 largely differ In this respect
even. mnder slmost uniform soil and climatic conditions.
Therefora, it iz imperative that we mmderstend the
development of the nitrogen fixing system, the upteke of
nitrogen and fization at diffevent stoges of growth of the
legume particulerly uvnder tropical situntions. Iegumes
are uged elther as green panure at the maximum flowering
stage, vegetable when the arop ig harvested at the end of the
vogebabive thase or as grain wvhere the plent is permitbed
to atbein maburity. The megnitude of envichment of soil
nitrogen at cach gtage is also directed by utiligsbion -
of the otems and leaves. vhich contein more then 80 per cent
of the nitrogen sccurmleted by the plent. The quentifica-
ﬁion of nitrogen gelved by way of fixebion at each of these
obeges 1o thus necessary t0 evaluate and reorgemise the
ubilization pattern of & particular legume.

The results of the experiment to gtudy nitrogen
fixation by coupea es influenced by the stage of growth
and duration of the crop end its residual effecct on a
guccecding orop of fodder malze ore discussed here.

An inorcese in zoll nitrogen end a simultanebua
increase in the nitrogen contemt of the gbanding crop or
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in the aiisrogen romoved in erops caen be messured and teken
an an index of the 'amownt of nidrogen fixed’® by & legume =
Rhizoblun gymbiotic association (Greenland, 1975). This
oo be computed by ceareinl determinablon of the vaerioug |
components which ulbimately declde the balanee of nitrogen
in a given soil-plemt system. |

From the vegulbs presenbed on the growth and nodulatiocn
vattorn of cowpea as well as the nitrogen content of the .
g0ll~plent aystem ab the three stages of harvest, a critleal
evaluation of the emownt of nitrogen fized by the crop oen
be mede,

Grouth end nodulabion of gowpsa

The results preseated in Table 2 show that thore i
en inoreasge in the totel dvy matier yleld of coupsa with
an increage in 1is Quration of growth. Eventhough the
total dry metter content showed on increase with the ags of
the plant, the per cen®t nitrogen in the vegetative plant
parts such as stemg, leaveo awd roots showed a gradual
decreese. The highest nitrogen conbent vag noticed for the
plent parts at the meximum flowering stage followed by the
2id pod £illing end moturity sbages. Specific deta an the
digtribution of nitrogen in veriocus plant perts is nob
available in reporbted literatura. Howeﬂrver, e decrease im
nitrogen counbent with eging of leguminous plants has been
reported (Fred et el.; 1932, Whitemen, 19713 Muva end
Burhan, 1974).



The decline in the nitrogen content of the plemt is
peen 0 run parallel with 2 decrease in the number and
frech volght of noduleg ab the corresponding stogess . Any
logune plent at 1ts meximm flowering stoge is oonsidered
0 be at ito poak efficiency perlod of nitrogen assimlilation
a3 ceen from ample evidences clted in literature (Mummeak,
195% Nutnmen, 19713 Anonymous, 1973; Summerfield, 197T7).
Thege obgervations have led t0. the practlice of ploughing-in
of leguminouns pleats as e green monure at theiy maximm
flovering. ghage, Loy enrichnent of the goll nibtrogen as
well ag for improving the physico-chemical and blologleal
proparties of solil, ‘

The dinminutlon in the number of root noduvles after
the mazimm f£lowering stoge of the crop has besn conpidered
by meny es one of the reasona for tho decline in the
nitrogen content of jche plants efter this otage. The
duindling nitrogen ﬁ}:ati_c;n activity in scveral of the
logmmes hog been esgoclated with e decresse in the nofule
mrber, as wvell as a decrease in the nitrogen content of
plant perts (Sinka, 1976).

It 1o often felt thet the full nitrogen flzing copacity
of the legume 1o reached by lte mawimum flowering stage
end laok of appreclsble nitrogen fization after this stage
hos been consldered o be gngoclabed with a deézreasa in the
- number of root nodules (Zablotowlcz, 1981). The correlation
coofficient values (r=0.548, 0.369, 0.156) between the
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nitrogen content of plond parts and the number of nodules
b the three oteges of growth of cowpes did nob however
roeveal any olgnificant relationghip to suppord thi:e view.
Buty @ significent posliive relationship is notlced between
the nean valueg of the nodule numbey and nitrogen content
Zor the three different steges (r=0.842) vhen eansiaergd
| together. | | | _
A decline in the mumber and fresh welght of nodules:
with inorensing ege of the crop might be due 10 the sloughing-
off of the genile nodules which 18 not comterbalanced by
~ fresh nodulation (Buckmen end Brady, 1960; Alexander, 1978).

i %rogem geing by coupes g,‘ii di Pferaont shoges
Bventhough the percentege of nitrogen in the varlous

plant perts chowed a decrease with increasing pge of the
oxop, the pattern of totel upteke of nitrogen revealed a
plgnificont incrense from the maximm flowering stage to
the maturlity stage of the crop. 0On a whole plant besis,
the toﬁai nitrogm upbake was highest (657 g per plob) ab
the ma;;urity atage‘-. .Whilf.a the upteke of nitrogen ab
mozimm £lovering stage (579 g)s eventhough significently
‘lover than the upteke of nitrogen at the ﬁxawrity otage,.
accounted for nearly 88 per cent of the totel nitrogen.
g2ined by the plant.

It mgy be seen from the resizl‘ij,& prepented in Tebla 9 e
that the deorease in the pexjcezg.tagq of nitrogen in the
Plent parts vith advencing growth has been compensabted for
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by a gain in the total dry matter content which has helped
to maintein a higher rate of nitrogen uptcke by the plent.
Tha decresse in the nitrogen content of stem, leaves end’
roots might be dus 36 the tvanslocation of nitrogen to the
developing pods snd graln as has been polnted oubt by aavéral
workers (Ohlrvogge, 19604 Heawey snd Weber, 1974 e, end Pal
and Saxena, 1976). The nitrogen ecoumlated in the tender
pods  (havvesbed for vegetable ypurpose) and nature grein
was only © snd 22 per cent respectively of the totel upteke
indiocabing that tremslocation s;lcme carmot be the only
reason for e lowering of the nitrogeﬁ content in the vege-
tative parta. In view of the higher dry matter preduced.
after the maximm flovering stege; it might be reasmmeble
to attrivute this lowering in nit.rogen content to a dilution
effect on the nitrogen yreviocusly aessimilated by the plent.
The results alsd bring to light the significance of
the stage of hayvest in deoiding the quality of non-cdible
portions of & legme %o be used as a green neymre. The
variation In the nitrogen content of the roots io more
oritical then that of theo . stem and leaves. Vhlle the
nitrogen conbent of the siem and leaves ranged bhetueen _
5.07 and 2419 per cent, the values for the roots were 1.90,
1+35 and 1.19 per ceut at the maxiom fiwering,. nid pod
£illing and msturity stages respeotively..




93 "

it is 2 common practlice emong farmews 0 havveat eway
the t0ps and leave the »0oots alonse in the soll for decom=
positlion. The proportion of nitrogen released during the
deconposition of the residues ls governed by the chemiecagl
composition of those wesldues, ecspeclelly the niltrogen
catent. A nitrogen contemt of 1.33 per cent has been
£ixed (Mlexenier, 1978) as critical for preveanting the net
immobilisation of nitrogen during orgenic mabter decomposi-
tione The nitrogen content In the roots of ocowpea at
naturity gtege is oanly 1.19 per cent, which is much below
this criticael level. Duvring the decompogition of such
nitrogen poor root resifiuaa having & wide C:l.mtio, the
entire nitrogen ney not get nineralised in o short time
and rey create temporary lmmobillzabtlon of nitrogen in the
20il vwhich cem becoms a ssriocus rroblem £or the meeeeding
crops. Similar inotences of nitrogen immobilizetion due to
incorporatlon of legume roots have Leem raported by Ganry
et al. (1978). Appropriate solil menegenent mcasures are
nee@ed for ths gradual release of thae imnobllized nitrogen.

Uptake of other nubtrients

Unitke the nitrogen content, the phosphorus content
of the plent parts 41d not show any significent varlation
at different astoges, eventhough lts total uptake wes
moximm at the maturity stege. This shows that wmlike
nitrogen which suffered a signiflcont dilution offect in
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the plent, the phosphorus ¢ontent wes maintained by the
continued phosphorus ehporption even after the meximmm
flowering .stege which led %0 a higher nebt accumilation of
phogphorue in the plant.

Houever, it may be noted that the N/P retlos registered
a deorease from 12.2 to 11.2 at the meximm flovering ebege
t0 the mid pod £illing stoge and from 11.2 to 7.8 from the
‘midpod £illing to0 the maturity otege. This decrease in the
rotio inspite of an increase in the uptake of both nitrogen
cpd phosphorus, might be ceused either due 0 o proporsicna-
te:}.y louer uptake of nitrogen then thopphorus or to en
Increaged utilisation of phopphormig in relation to nitrogen
Lyon the maximm flovering stage onwerds. Singh end Jain
(1968) and Latha (1984) heve reporked & decreose in the
navcentage of phogphorus with age in  cowpea. The resulia
from the present gtudy also indicate 2 decreaming trend
in phosphorup content with ege which wes not significont.
However, the tobal uptcke of phosphorus continued to
increans with the age of the plent.

The content and upheke of pobtemeivm, calcimﬁ and
eogneslun in cowpea ab different stages of harvest zlso
2cllowed the same trend es in the case of phosphorus., Ths
ratlos of thesc elements with vospeet 4o nitrogen revealed
& decreasing trend pr‘b‘bably pignifying = higher upteke of
these nubtrients with ocdvencing bge of cowpeca. Ustimento
end Popov (1978) hove reporied such a @aaual. deoreasge In
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the NFK conbentes of the plant parts during the growth and
developnent of the plent, waximum upteke of nutrients
being observed during Intensive pod formetion. The total
upteke of all plent nutrients by cowpea also increased with
age, eventlhicugh in termo of percentape, the values ghowed

a decreaning trend. |

501l nitrogeﬁ gtatus at different stoses of growth of cowvea

From the results progented in Table 5, a pgradusl

» Inorecge in the content of total nitrogan of soll is
avident with igczjease in duration of the oron. Since the
total nitrogen conbent of the soll 1s found to0 inecrease

abt and beyond the meximmm flovering stage without & corres—
pondingly very high Inereases in the plent nitzogen, 1t
night be premmeﬁ that most of the nitrogen fized by the
legume - Bhizoblum symblogis after the maximm flowering
stage has been exoreted into the soll, The ni‘erogcm elreedy
assimi;l.ated by the plent elong with & comparatively ongller
fraction ebgorbed fyrom the so0ll night have been
gufficient 4o meet the nitrogen demends of the plant boyond
‘the maximm flowering stoge.

The evalleble nitrogen content of the soil, eventhough
it registered a remavrkeble decreese from the initiai level,
was not eppreciably different et the three tages' of growth
of cowpea. This might be due to o comparatively lower
uptake of s0il nitrogen by the plant after 1t hos passed the




naxinmum flovering stage.

Ingpite of the increase 111 the total nitrogen cantent
in the soll at the three stages, the level of availeble
nitrogen did not show any inecrease aa could be natwrally
expected. A slow mineralisation of the fixed nitrogen on
account of 1ts stabllisation by resctions with aromatic
poly phenols of micrcbial or plent origin (Bartholomew,
1965) or with montmorillonite type of cloy minerels present
in the soil (Sorensen, 1975) might be a probable faoctor
which hag prevented a ziet increase in the status of avall=-
able nivrogen,

The continued increese in the totel nitrogen content
0f soil is not on par with the prevalent view that after
maximm flowering stege, the nodule number decreasss and
the plent koses its canaclty for nltrogen fixation
- (Anonymous, 1972; Anonymous, 19745 Sinhs, 1976). The
evidence fron the resent study clearly indicates that
nitrogen fivation rate ecturlly galns intensity from the
maximum fiowering stags onvards end recches a peek value
abt the grain or matucrlty stage. The total nitrogen galned
by the plant at the maturidty stage o significently greater
than that at the other two shtages where comparatively
cnaller anounts of nitrogen ere exeroted into the soil.
The greater enriclment of sell nitrogen after thao mazimm
flovering sbege clearly shows that the nitrogen which i
contimiously fized by the plant end vhich lo probably in




excess of the plant's denand is being excre’aela mfo ﬁhe
goil, Lagk of aarbohydzéte' Bupply resulting from a wening
of the photogynthetic activity of the plant due to the
onget of genesceance in the leaven afier the maximm flower=~
Ing sbege may prevent the nitrogen fixed by the Bhigobis
fron being fixed by the plent as proteins (Dary, 1975;
Alexender, 1978), It has glgo been pointed out thab
pitrogen fixation activity cen contimue in the resting
baoteriods quring the static phase in the life oyole of
Rhizobia (Dam. 1975). It is poamsible that the becterioda
that ave still present in thekncdulas'leven after the
obssrved decline in the number of nodules may be responsible
for this ﬁmeticm. , _

The net nitrogen gzin in the so:l.l-plant aystem.
congidered as & conbinuous unlt is highest ‘at the maturity
_ stage which 15 sucoessively followed by the other two
stagea. The 1noraase in total nitrogen balamce a’a naturity
phese suggests ths posaibility t.hat nitrogen ﬁ.xing
mechenions still continue to operate beyond $he maximmm
Llouering and pod £iliing stegess As the plant is neble
t0 utilise the enbire enount of nitrogen fixed,the
umatilised nitrogen in all probability is bémg excreted
intc the soll, eurlching the same, Si;nce fhe nl;ﬁragen
egoreted by the legwie is utillsed by the different plents
under mized culture, there is every 1ikelihood of the |
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repidual cffect in the soil to be muech less (Henzell and
Vellis, 1975; Whitney, 1975).

The totel nitrogen gein by way of fixation by coupes,
computed from  the total plent upteke end increase in the
total nitrogen content of the goil ecomes 4o 2%, 67 end
112 kg per hectare ot the nmaximm flowering, mid pod
£11ling and maturlty stages of growth respectively. These
velues are much ebove the remge of 30 to 60 kg N/ha
estimated mder aversge Indien conditions (Mehta, 1970).

Remidual shotus of other nutrients In the soll after the
ccwaa crog

The status of ovaileble phosphorus ogwell as thet of
exchangeable potassium, celcium and magnesiun in tha goils
which ghowed a sheedy decreese with increassing duvation of
the crop, suggests e noturel depletion dus o the ircreasing
plant upbake, The glight increase in the availeble
phosphorus shatus of the soll at the mid ped £illing stege,
aven though not slgnificantly higher than that at the othor wo
gtages, might be due 4o more of the insoluble moil
phosphoyus getting transformed into avallable forms. Such
increase in available phosphorus can cocur due %0 the
greater solubliliggtion of phosphorus x'esultj.ﬁg from a
feyourable aativi’ty‘ of the rhizosphere microflora
(Alexender, 1978).




Residual effech’ of n.i'urogen in the soil on e smceeﬂinﬁ,
arop 0F fedder maize.

The general growth and yield pattorn as well as
nitrogen upteke of fodder wolze ghowed an increasing
trend in the plols where Gowpea wag grown for a loager
duraticn. Thns, maximen vy netter from foddexr malze wag
obtained from the plots where cowpes was grown upto mabturdity.
The regults ave in confirmetion of the Linding that the
maximm galn in  goil nityogen is aohisved when the acouwpsa
la permitted b0 grow gpto meturity.

At eny of the gbeges, the effect of residual nitrogen
end the combined effeot of the residual nitrogen plus the
incorporated hanlm wag not ca par with the edded effect of
%0 kg W/ha over and ghove the residusl goil nitrogen. This
indicates. that the nitrogen mede avallable from the
deoomposidlon. of plant residues was not eguivelent even to
that of %0 kg N/ha, AL the oome time, c¢ffect of resnidual
nitrogen alene at the ;aturity stoage of cowpea io almost
o par with the effect of 30 kg W plug the residual effect
of nitrogen at the nmaxlmm flovering stage. The iqo's?eaaa
in the yicld of fodder melze due to the incorporated houlm
io almopt egual at the threc stages, while the effect due
to the residusl nitrogen in the goil is much higher et the
maturity stege compared to ths other two shages.

The regulis thus Indicete thot eventhough cowpea con
be utiliged ag & vegetable and 2lgo ag grain, the more
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inportant function of nitrogen enrichmeﬁt of soile is
attained only when 4t is utilised as grain. The continued
increags in the nitrogen content of soll demonstrate a
viable mioroblal eggociation in cowpea which is able to fix
nitrogen even beyond the meximm flowvering stage. Such
legunes whioh retain a high degree of nodule 'viablli.ty
between flowering snd graein filling steges and which ara
gble to0 contribute 0 soil nitrogen end heneflt the crop
grown in the following season will'definitely prove best in
tho nitrogen economy of our solls,

Very few experinenters have éxamined the residual
benefit for subsequent orops of the nitrogen fixed by a
leogmme crop. The highest fodder yield of 20.7 t/ha was
cbtained from the plots whioh recelved an edditional smount
of 00 kg nitrogen per hectare over the residual nitrogen
in plots where cowpsa wag grown 4o maturity. This yield is
on por with the reported yield of 20.2 t/he for fodder malze
in Vellayeni (Meroy George, 1981) obte.hied by the application
of 120 kg N/ha. Based on these £indings the residual
effoct of nitrogen hy cowpea grown to maturity ney be
reckoned as cquivalent to a minimm of 60 kg of nitrogen per
hectere. This Pinding is in egreement with the reports of
Giri and De (1979) end Kumar Reo end Dart (1980) who
reported a residual effect of 60 kg nitrogen from growmndnut
and 40 kg nitrogen from plgecon pea respectively.
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SOMMARY

A f£ield study was carried cut to quentify the total
nitrogen gein ot varlouns steges of grovth of cowpea with
e view of finding cut how best we cen utilise the legume
Rhigobium symbloals t0 trep the nitrogen reserve of the
étmosphere. The residusal effeot of the fixed nltrogen in
the il was studied by growlng a succeeding erop of fodder
maize., The important findings of the study are summaerised
belowe.

1. The growth ohavecters and dry matter production
of cowpee incressed with imorcosing sge of the crop. Howe
ever, the number end welght of the root nodules deoressed
vith advencing age. Haxinmm nodulation was observed st the
naximm flovering stege, whidi declined from the midpod
£11ling to the. maturity stage,

2. The contend of plant nitrogen decreesed with
advencing age of tha orop eventhough the total upteke of
nitrogen showed an inoreasing trend from the maximm
flovering to maturity stege. The nitrogen upteke lnoreased
from 579 g/plot o 2 oignificently higher level of 657
g/vlot at the time of harvest.

Js Dy the meximm flowering stege, neerly 88 per ownt
of ths totel nitrogen sssimilated by the plant ves
acoumilated in the tops At this stage 96 per ceant of the
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$obel nitrogen aessimilated by the vhole plant was dlatribubed
in the tops end rest in the roois.

4. The uptelke of other nutrients like phosrhorus,
poiesaiun, calelium anﬁ magxeaim showed an increasing btrend
‘with Guration of the orop end recorded meximum velue b
méturity gtage of the crop. Ths comparative status of
phogphorus, potagsiun, caleium end megnesium assimileted by
tha plent with Tespect to nitrogen also revealed en incressing
trend with the advence in growth of the orop. The ratios
of ¥/P, B/K, B/Ce and §/Mg were narrowed with age indleating
& higher upteXe of these mutrients with .respect to nitrogen
towards the later ptages of growbh of the crop.

5. A grafusl increese in the content of total
residusl nitrogen of the soil was roted with increasse in
duration of the oerop. The aontent wes ma.ximim end eigni-
ficently higher than ths initial level at the maturdty stege
(0:0558 per cent) followed by the mid pod £illing (0.0536
par cent) and the maximun flowering stage (0.0514 per cent).
This indicates thet the nitrogen fixing processes in cowpea
are actlve during 1ts entire pgriad of growth gelning paoa‘
after the maximm flowering stage. It also mekes clear that
gn ectual gain in soil nitrogen is obtalned cnly efter the
meximm flowering stoge when most of the nitrogen fixed by
the legume ~ Rhlzobium symblosie is excreted into +the soll.

6. The evailsble nitrogen status of the soll at ths.
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" yarious ghagea of grouth of ocovpea imaiﬁed rathef maltéi-eﬂ.
eventhough 1t deoreased appreciebly from the initiel status.

- 7. Net positive gain in total nitrogen in the soile
plehﬁ gysten waa of ‘the order of 899, 2679 end 4\479 g pér
plot equi«‘mlmt 'to 23, 67 end 112 ke/ha bémg‘m‘cd:ﬁe'& at
'the maximm flowering, mid pod £1lling end maturity stoges
of the cro,p respeotively,

8. The finding that the net nitrogen in the soil
' plant asysten, aoﬁsideﬁed a3 a8 sinéle wnit continued t0
increase and was higher at the naturlty aﬁége followed by
| the other two stages suggests that nitrogen fixing mechanism
' gt41l contimue to operste beyond the maximm flovering end
mid pod filling stoge. |
9. The highest rosiduel offeot of the nitrogen Pfixed

by tha ocowpes on a ‘suscesding orop of fodder melze was
noticed in plots where it wes grown upto inaturi"oy.' This
vas revealed by the highest content of dry mabter end totel
yield of fodder. The general growth characters es vell s
nltrogen uptake by fodder malze shdwea an inereasing trend
in the plots where cowpes was grown for a longer duratidn.'-

"10. At any of the stages, the effect of the residusl
nltrogen plus the nitrogen derived from the incorporated
havim wea not on par with the effeet of 30 kg N/h.é. sdded
over end sbove the residual soll nitrogen in incressing tho
fodder yleld or its n.i.t:.;o'geis. upteke, This ghows that the
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nitrogen nede avallable from the decomposition of plent
residues at any of the stages may not be considered as
equivelent to that of %0 kg N/ha.

1%« The effect due 10 residual nitrogen in the soil
vwas highest at the mabturliity stege compared to the obher two
oteges, a8 wes evident from the higher fodder yield and
nitrogen uptske in these treaiments.

12. The highegt fodder yield of 20.7 t/ha obteined
fron plots which wecelved en edditionzl emownt of GO kg N
per heetare over the residuel nitrogen in plots vhere cowpea
wos grown 0 maturity was found 0 be equivelent to the
yield of fodder maizelobtained by the applicagbion of 120 kg W
per heotorae. The residual cffect of nitrogen inm the soil
fmperted by oowpen groun to maturity moy thus be reckoned
a9 egquivalent to the benefite obtalned by the appliecation
of a minimnm gnount of 60 kg N/hae.

| 13. The uptake of nutrients such es nitrogen,
phosphorus and potassium by fodder malze was also highest
in ‘the plots where cowpea was groun upto matuiiﬁy.

The repulis of the present ctuly thus enphasise the
fact that oowpen is continuing the process of nitrogen
fixatlon beyani 1ts meximum flowering sbage. The nitrogen
fixetion rate actually gains intensity from the maximm
flowering stage onwards and reaches & peék volue abt ths
grain or the maturlty ctage. It 1s also ouggestive that



meximm nitrogen gein through fixation by growing legun}e.
erops in generel can be achieved only if the plent le
elloved t0 complete its full growth period. Usse of grain
legmeg for in situ green manuré.ng or aa vegebabls moy In
effect be curtailing the plant's ability to eoniinue
fization of atmospheric nitrogen, Eventhough cowpes and
oibhé:e iegumea are conguned ag & vegeteble, the more
importent function of nitrwogen enrichment of solls can be
attained only 1f the plent is permitted ti) grow upko
maturity. In fact, the sbabtus of nitrogen in the grein
is mooh higher than that in the vegetables,

Incorporation of such legumes which eontinue nitrogen
Pixation even upto the greln stage into our farming aystem
may Zo & gregt way in improving the niltrogen stgbus of
solls by netural processes of biologlcal nitrogen fixablon.
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APPENDIX 1

Abgbract of the analyses of varisnce for the height of the plant, number of nodules per plant,
weight of nodules per plent, fresh weight of bhorxvested portion apd dry matter yield per plot
at different stages of growth of coupea.

Mean squares

Source as Helght of Kumber of Welght of . Fresh weight Dry matter
the plont nodules pexr nodules per of bharvested yleld per .
plant plent portion plot
Block 5 98.1165 17,2650 0.0195 59 81565 25,9475
* 34 % * R
Treatnent 2 146.8499 1508859 0.0566 336 .5051 227.8817
Error 10 26,8538 1,8222 0.0049 2.,5205 0.4776

*Significent at 0.05 level

##8ignificant at 0.01 level




APPENDIX 11

Abstract of anmlyses of variance for the nitrogen content of shoot, oo}, uptake of nitrogen,
phogphorus content of shoot, root, upteke of phosphorus at different stages of growth of cowpesa.

HMean squares

Source af Nitrogen Nitrogen Uptake of Fhogphorus Fhosphorus Uptake of"
content cantent nitrogen content of content of phoaphorus
of shoot of root shoot root

Block 5  0.0762  0.0543  13082,9054  0.0052 040037 7261358

) .  ae . P nw

Error 10 0.0245 0.0462 619.6167  0,00093%

0.0018 53.4400

11

*Significant at 0.05 level
##33gnificant at 0.01 level



APPENDIX III

Abstract of the analyses of variance for the potassium content of shoot, root, upbteke of
potassiun, celeiun content of shoot, root, uptake of caleium at different shkages of .

growth of oowpea.

Meen squaores

Calecium Upteke of

Scmrc_:e at Potassium Potagsium Upteke of Calcium
content of ccntent potegsiun content  content of calecium
of shoot roo0%
Block 5 0.0463 0.0133  10784.8855  0.0955 0.00804 9124..6545
Treatmont 2 0.1050 0.5237 39025.4640  0.0653  0.0174 602359865
10 0.0060 0.0570 2322.9387  0.1451  0.0086 5201.7672

Error

*Significant at 0.05 level

##5ignificant at 0.01 level



APPENDIX IV

Abstract of the analyses of variance for the magneslun content of shoot, root, upteke of megnegiuu,
status of phosphorus, poteoosiuvm, caleium and nagnesium in relation t0 nitrogen at different stages
of @owth of cowpesq.

Mean squares

Source ag Megnesitm Megneciua Upboke of N/P ratio N/K rgbio N/Ca ratio N/Mg rabic
- oconbent content =~ wmagnesiwvm ' ,
of ghoot of root

Block 5 0001 0.00052 720,621  12.9286  0.059% 0.0687 2.3442
Treatment 2 0.0011 0.0002 2396.6812 31.3655 0,207 0.2252 10,1187

Frror 10 = 0.0004 00010 30,7610 0.97561 0.0166 0,0753% 0.3786

2Significant at 0.05 level
*#5imificent at 0.01 level




APPENDIX V.

Abstract of the analyses of varience for the residusl staetus of totel and availeble

nibtrogen, svaillsble phosphorus, exchangeasble potessium, cgleium amd magnesium in

soil at different stoges of growth of cowpea.

Meen squares

Source af Total Avallable Aveilable Exchange- Exchange-~ Exchaonge=
nitrogen nitrogen  phosphorus eble able able
potagsim caleium nagnealim
Block 5 0.00000002 846.7479 18.8887 143.8379 0,1561 0.0018
Treatnent 2 0.0000257  119.0286  300.1681 3345067 0.0498 0.0009
Error 10 0.00000018 290.9650 9%.1637 375 9855 0.,0038

0.1148

*#Gignificent et 0.01 level



APPTIDIX VI

Abstract of the anslyses of varisnce for the height of the plent, fresh weight and dry mabter
yield per plot, uptcke of nitrogen, vhosphorus ard pobtaggium by fodder nmalze at the time of harvest,.

Hezn sauores

Source azg Height of  Fresh Dry matter Upteke of Upleke of Upbake of
the plant welght yield nitrogen phosphorus potassivm

Block 5 111.5988 15,6139 0.7051 181,4348 18,6354 511.5005

Main plot 3 428,4696 ©  179.5972  17.4358  5301.9205 52,5138 2233.4354

Error (a) 10 116,2029 4.1639 0.3487 113.0880 8.6767 271.3979

- ) ® "5 » ¥ * 5

Sub plot 37 115%,1180  209.1620 . 20.1331  10396.5457 51,1104  3314.3341

Main plot ¥ 6 118.8620 - 2.0251 . . 0.3157 243 ,2574 4.4589 119.4246

Sub plot ) . _ .

Erzror (b) 45 41,2914 2,4604 0.1936 " 55,2793 3.8623 95.7741

*Slgnificant at 0.05 level
#*Significant at 0.01 level



APPENDIX VII

Abgtrach of the analyses of variance for the residual status of totel end gvalleble nitrogen,
evaileble phosphorus amd exchamgesble potessium in soil affer the cultivation of fodder malze.

Meann squares

Souree ar Total Aveilable Aveileoble Exchangeable
nitrogen nitrogen phoaphorug potassiun
Bloglk 0.00000096  723.3707 155 .3278 1439 .6005
Main plot 0.000051 148,6264 202,9908 416 ,0967
Ervor (a) 10 0.000000035 2947422 165,5529 293.1645
Sub plot 3 0000000025 * 570,4268 128,0821 169.1371
Ié!ua%nl}%gt % 6 ofaoooooo43 709 ,0580 238.5T43 2779754
Error (b) 45 0.000000021 3435477 124.2189 212.6523

*¥Slgnificant at 0.05 level
®u5ignificant at 0.01 level
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ABSTRACT

A f1ield experiment was conducted in the College of
Agriculture, Velleyani to study ths quentity of nitrogen
fixed by co@ea at verious steges of growth and slso to
£ind its residucl effect on a succeeding crop of fodder
malze. The field trial wae laid out ag RBD and eplit plot
design with six replications. |

The atudy revealed that the growth cha.ranters and ary
natter proﬁuo’aian of cowpea increascd Hi‘bh incraasing age
of the erop. The content of plent nitrogen decreased with
advaneing age eventhough the _tm‘sal upbake of nitrogen
ahowea\ en increaging trend ffom 579 g/plot at the maximm
flowering to 657 g/piot at the maturdiy gbage of the crop.
Uptake of other nutrients like phosphorus, potasslium,
caleivm and magnesium algso ghoved an increasing trend fowerds
the moturity stage of the crop. The ratios of these
nubrients with respect 0 nitrogen narrowed with inerease
in the duration of the ciop. | '

The totel residual nitrogen status of the soil
recorded a gradual increase towards the moturlty stege of
the crop. The velue increased from 0.0514 per cent at the
maximm flowering sbage $o 0.0558 per cent at the matuxrlty
ptage. The availsble nitrogen status of the soll ab various
gtages of growth of cowpea remained wnelbtered., The quentliy
of nitrbgen f£ixed by cowpes was found 40 be 23, 67 end F




112 kg/he at the maximm flowering, mid pod filling end
naturity steges of the crop respectively.

A1l these indicate that nitrogen fixing processes in
cowpea are active during 1ts entlre growth period geining
pace afi;er the maximm flowering stage of the plent.

The highest residual effect due to nitrogen fired by
aowpea was obtained from plots where 1t was growm upto
naturity as seen from the gemeral growth characters and
fodder production of meize., Upbteke of the x}utrients such
as .nitrogen, phogphorus and potassium in fodder maize was
also highest in plc;ts where cowpéa ‘was @'&m upho maturity.
The nitrogen m=2de a:vaiiable from the decomposition of plant
residues at any of the three -stages of cowpea was slways
lower than that obtained from the addition of 30 kg N/ha,
.The highest fodder yield (20.7 t/ha) was obﬁdne@ from plots
which received an a&diﬁionel amount of 60 kg W/ha over and
above the residual nitrogen in the soil where cowpéa wag
geown upto maturity. The residusl effect of nitrogen in the
s0il where coupea was grown upto nmaturity was reckoned on
equivelent to the effect of 60 kg N/ha.

The: study has brought cut the fact that maximum nitrogen
galn through fization, by growing legume crops cen be
achieved only if the plant 1s glloued %0 couplete its full
growth period.



