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INTRODUCTION

The soil is the principsl reservoir of plent
nutrient phosphorus. It is present in the soll as mineral
deposits and in the form of plant and anivel residues.

Indian soils are generslly poor in phosphorﬁs and deficiency
ic rather widesproad. The average total ?205 content of
Indian soils is 0.102 per cent and the available ?205 content
is 0.021 per cent (%es,S.1945). I is clear from these
figures that very little of the total reserves of soil
phosphate ig sveilablo for growing crops. $The phosphorus
otatus of the soils of Keraula is even more unsatisfactory.
Results of fertility surveys and soil test data or sbout
50,000 samples reveal ihalt over 80 per cent of the cultivated
s0ils in the State are very deficient in this criticel plant
food. It 1s thus obvious that these golls badly need
phosphorus and libersl phosphate fertilization is absolute%y

esaential if better crop yields are to be gecured.

Lven in soils containing lsrge amounts of total
phosphorus plants may frequently exhibit a deficiency of
this element, This anomalous behaviour is due fo the
phenomenon kmown as phosphate reversion or 'Tixstion',
Mxation of phosphorus in solls is Lifluenced by various
factors. Of theso Zactors, the presence of hydrdus oxides

of iron and aluminium, high secidity, low phosphorus status



of the soil, and depletion of caloium are mainly responaible
for the fixation of this nutrient under Rerala conditions.
The problem of phosphate fertilization ie therefore far more
serious in Xerala than in most other partas of India.

The fixation of added phosphates in the soil should
be xeduced to the minimum for better utilisation of this
element by crops. Of the varioua methods recommended to
combat fixation, supply of phosphate in conjunction with
orgenioc matter appears very promising. The increased availaw
bility of phosphorus when applied along with organic mattexr
1s attributed to:

i.The formation of phosphohunic complexes that are
more easily sssimilable by planta.

ii.Anlon replacement of the phosphete by the humate ion,

11i.The coating of sesquioxide particles by humus,
forming & protective cover end thus reducling the phosphate
£ixing capacity of the soil.,

~ It has recently been suggested that the acide formed
during the decomposition of organic matier will form stable
complexes with dron and eluminium, thereby preventing their
reaction with phosphate, and also by releasing previously
fixed phosphetes for plent use. (Struthers and Siebing 1950).




Application; of phosphates through leguminous green
manure crops is considered a still better method of enhancing
phosphate availability in the soil. As reported by De Turk
(1942) legumes have the unigue capaclty to utilise insoluble
forms of phosphorus., Purther, the application of phosphate
to leguminous green manure crops stimulates root nodule
bacteria and fixation of nitrogen with consequent enrichment
of the soil (Xhen, Bajpai andlua.thur 1954). CThis is all the
more imporiant under Indian conditions because of the poor
nitrogen and organic metter stetus of our soils. The average
level of nitrogen in the soils of this country 1s about 0.05
per cent as against 0,14 per cent in temperate regions.
Iikewise, orgenic carbon comtent of our soils is of the order
of 0.6 per cent as against 3.0 per cent in Burope.(Mariakulandai
1961).

The application of phosphates in conjunction with
leguninous gree menure crops not only increases the nitrogen
status of the soll, but also enhances the availability of
phosphorus for the benefit of the succeeding crops. This has
been established by several investigators like Venkata Reo and
Govindarajan (1960}, Singh (1961) and Reo et al.(1962). Though
considerable research has been carxried out in India on
phosphate manuring in conjunetion with leguminous green manure
crops, on different moils, very little information is
avallable with respect 0 the laterite and red soils of Kexrszla.

Green manure crops commonly grown differ considerably in their



ability to take up phosphorus and make it avallable for
succeeding crops. In the llght of the above observations,
the present investigation was undertaken with the following
two main objectives:

i. To study the effect of application of

phosphate to leguminous green manure crops.

11i. To devermine the comparative efficiency of
different legumes grown in XKerale in
inoreasing the =aveilability of phosphorus

and enhancing symbiotic nitrogen fixation.

It is hoped that the results of this study will
help in formulating sound recommendations for the bettor

vtilisation of phosphates by indirect application through

legumes.



EEVIEY OF LITERATURE

Importance of legumes in soil fertility:

From time immemorial legumes have been recognised as
s80il enrichers. According to Cook and Miller (1944), Columella
a Roman agriculturist of the first century, advised the farmers
to ralse lupins to enrich the soil. The role of bacteria as
nitrogen fixers, found in tﬁe nodules of legumes was recognised
in 1886, Hillreigel end Wilfarth (1886) and Beijerinck (1888)
started systematic research on nitrogen fixstion by legumes.
(quoted by Cook and Miller 1944). They proved that leguminous
plante are able to obtain atmospheric nitrogen for their growth,
development and seed production in symbiotic relationship with
specific bacteria growing in the root nodules.

Collesson (1933) found that the nitrogen firing
capacity of elfalfa ranged from 188 to 260 pounds per acre per
Year. Iyon and Bizzell (1934) found that the amount of nitrogen
fixed by various legumes varied conslderably. It ranged from
48 pounds per acre per year through field beans to 251 pounds
through elfslfa., Buckman snd Brady (1960) estimating the
quantity of nitrogen fixed by clover reported the flgures as
100 to 150 pounds per acre,

Another fact worthy of consideration regarding legumes
is thelr ability to utilise relatively insoluble phosphatic
minerals from the soil. Ue Turk (1942) reported that sweetclover



wag capable of rapidly utilising phosphete directly from
rocit phosphete, e phenominon which cereals like wheat and

com failed to sccomplish.
Growth and yield of legumel as_influenced by phosphatess

As pointed out by several investigators, phosphate
plays an importent role in increasing the yield and dry
matter content of legumes,

wing (1913) observed that growth of elfalfa markedly
inoreased by phosphate fertilization, Truesdell (1917) proved
that fertilization of elfalfe with phosphate resulted in rapid
growth in seedling stage.

Fellers (1918) Seported striking inorease in yield and
dry mattor content in Canada field beana, by the application of
phosphate. Ineressed yield snd dry matter content in Canada
field beans, by application of phosphste was reported by
Me Taggart (1921). Heo (1922-23) concluded from experiments

carried out at Mysore, thaet dailncha (Sesbanie gevleamta) showed
better growth by the applijcation of super phosphate,

Blaser, Volk and Smith (1941) and Stitt (1944) obtained
bvetter growth in clover, with phosphate fertilisgation,
Robinson (1944) showed that the yileld end dry matter production
in elfnlfa were increased by application of acid phosphate,

Farr and Bose (1947) reported thui application of super
phosphate produced luxuriant growth in berseem, and more than
doubled the yleld. This was subsequently confirmed by the



same workere in 1948,

Sen end Dains (1951) found that among phosphatic
fertilizers viz. ammonium phosphate, super phosphate, basie
slag and bone meal, best response was shown by cmmonium
phosphate. Celino {1950} reported that the growth md green
natter production of alfalfa and red clover showed considera=-
ble incresse due to phosphete Pertiliszation, .hen grown in
clay lozn soils of pH 5.9 in Phillippincs.

Tamaieh (1952) recorded an increase in yield of green
matter of sannhemp due to the application of super phosvhate.
Sen and Rao (1953) reviewing work done in India on phosvhate
fertilization of legumes, reported that in solle where the
phosphoric eeld status waes low, there was marked resoonse to
phosphate application in the growth of cow pea, sannhemp and

daincha,

Bureou (1953) proved that application of super phosphate
at the rate of 50 pounds I’205 per acre increased the yield and

dry matter production of soybeans.

Reo gt gl.(1954) found that phosphate manuring of
berseem ot the xate of 60 pounds 1?205 per acre increaged the

yield considerably.

Raycehaudhari and Subbaish (1954) reported that the
application of phosphate especially to winter legumes,
resulted in the improvement of their yields.



Crofte (1954) obaerved that application of 4 cwts,
of super phosphate per acre showed coneiderable increase in

the yield of garden pea.

Towell (1954) found thual soybeens had grown taller
and produced higher yields, by the increase in phosphute
level from 2-10 parts per million in nuirient solution.

Singh and Verma (1954) observed that application of
phosphatic fertilizers at the rate of 193 pounds P205
por acre increassed the yield of berseem on ll the three

cuttinga.

Chendanani and Oberol (19%6) and ¥han and Mathur
(1957) in their studies on manmuring of sannhemp with super
pvhosphate at the rate of B0 pounds per scre recorded an
inersagse in yield of green matter to an extent of 3.5 cwi,

per acre.

On similar studiee by Rao gt al (1957) the yield end
dry matter content of sannhemp were found to be increased by
the application of euper phosphate, at the rate of 80 pounds
and 160 pounds P2°5 per acre.

Verghese gt al.(1957) reported that manuring of
Crotslarin striata witn super phosphate at the rate of 60
pounds phosphoric acid per acre increased the yield of green

matter upto 26 per cent over control.



Sikka and Jain (1958) reported that phosphate end
mieronutziente like boron and molybdenum increased the green
matter yiseld of guar by about 31 per cent over control.

Fketen and Beyers (1958) concluded that phosphate
fertillzation increased the yleld of lupins considerably.

Rao and Sankar (1960) in their investigations on
phoephate umuring the senmhemp conclufed that the application
of super phosphate at the rate of 80 pounds P205 per acre
Increased the green matter yield considerably,

In en experiment to study the effect of rock phosphate
and super phosphete on height, weight of lopping and fresh and
dry weight of shoot and xeote of Crotalaria ide, Datta
and Sharma (1961) reported that the application of super
phosphate at the rate of 90 kilograme ?205 pexr hectare had
a pronounced effect on the growth of the crop. The effect
of super phosphate wes eignifloantly superior to finely ground
rock phoephate on equal phomphate basgis.

Ballal and Hatu {1961) reported that application of
P,‘,Os to groundnut crop showed increase in the yield of the crop.
The response of groundnut per pound of 1?205 for three doses of
10, 20 and 30 pounds per acre came to 18.9, 11.1 and 7.1 pounds
raspectively.

Sen, Bzins and Mathuxr (1962) found that foldexr legumes
1ike sen)i and berseem showed marked increase in yield due to
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the application of super phosphate. Of pulees, peas ros-
ponded significantly, whereas gram showed only litile response.

Rao gt al.({1962) oboerved that application of supex

phoaphste to green manure crops like phillipesera, sennhenmp and

indigofere at the rate of 22.5 pounds :9205 wr acre showed con=
siderable increase in green matier yield.

Sen (1963) in his investigation on building up to soil

fertility through phosphate menuring of legumes under irrigated

conditiona, showed that the application of super phosphate to
berogen increased the green matter production, Best results
were obtained with 72 Kilograms of PZOB per hectare,

Some investigators falled to get any response %o
phoaphate fertilization of legumes.

Deeal, Rao and Rao (1957) found that phosphate monuye

ing of green msnure crope in sandy loams with available 17205
content of S0 pounds per ecre hnd no effect on green matter

production.

Hair gt si.(1957) falled %o obtain any significant
incresse in green matter production in Sesbenia gneclosa by
the application of phosphoric acid singly at the rate of 30

pounds per acre.

Investigations carried out by Relwsni and Ganguly
(1959), on green menuring in conjunction with application of
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fertilizera, indicated thot the response shown by daincha
to the application of super phosphate was not significant.

Influence of phosphate on noduwlation of legumess

Application of phosphate has shown to have marked
influence on nodule formation of legumes, by seversl workers.
Wholtman and Bergene (1902) concluded thet while potassium
phosphate stimulated nodulation, ammonium sulphate had the
opposite effect of supressing nodule formetion in alfalfa.

Elchinger (1913) and Wilson (1917) found that super
phogphate stimulated nodule formation in soybeans.

Prucha (1915) observed good nodulation in field boans,
when small quantities of potassium acid phosphate and calcium
monobasic phosphate were applied,

Trusdell {1917) proved that phosphate fertilization
of alfalfa resulted in increased nodulation. Helz and Whiting
(1928) concluded that phosphatic fertiligsers incressed nodu-
lation in soybeans, when applied in quentities which were not
inhivitory to germination.

Swell and Gainey (1930) demonsitrated that in soil
deficient in lime, application of super phosphate were more
beneficial in inducing nodulation in alfalfa, than application

of calcium alone,

Franklin, Davis and Brewar (1940) carried out
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experiments with phosphate manures on innoculated vetch and
Australian peas. They held thet “eince the nodule orgenisms
are associsted with legumes, which relatively uee larger
quantities of calcium and phosphorus, they are adopted to a
comparatively high level of caleium and phosphorus autrition®.

Ludcke (1341) found that inoreasing the smount of

vhosphorus incressed the number of nodules in soybesns.

Smith (1944) observed that application of super
vhogphate stinulated the profuction of large number of healthy
well developed nodules in clover.

Celino (1950) reported that phosphate fertilization
of alfalfa and redclover showed considersble increase in
nodulation end nitrogen content of plents.

Khan, Bajpsil and Methur (1954) end Sen and Bainse
(1955) found that appliecation of super phosphate to barsesm
Increased the mumber of heslthy nodules,

Wair et gl.(1957) coneluded that application of
gsuper phosphate increased the nunber of nodules on Seshania

gpecioss under Kerala conditions.

Fhosphete snd nitrogen fixation of legumes:

\
Ample evidence hes been obtained from large number

of experimente conducted all over the world to show that

phosphates stimulate nitrogen fixation by legumes. Several
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workers proved that due to phosphate fexrtilization, the
increame in nitrogen fixation tales place, not only due to
increased growth of the crop, but also due to the increase
in percentage of nitrogen in the plant materisl.

Truesdell (1917) found thet phosphate fertilization
of alfalfa crop inereased the total nitrogen fized, through
increased ylelds, and the increase in the nitrogen content
of the plant naterial,

Fellers (1918) veported that, the protein content of
soybeans increased with the application of super phosphate,

Me Tagegart (1921) proved that phosphates were res-
ponsible for inovemsing the totel nitrogen in the soil, and
the percentage of nitrogen in the plant material of soybveans
and alfalfa.

Iuduke (1941) noted that the amount of nitrogen fixed
by legumes increased considerably in presence of phosphorus.

Sammet (1942) obsexrved that the development of
bacteria snrd fixation of nitrogen by nodules of ao&beana,
increased with the inercased application of phosphate.

James et al. (1944) reported uniform increase in the
rate of growth and quontity of nitrogen fixed by legumes due
to phosphate application,

Parr and Bose (1945) found that aince the smount of
nitrogen fixed ie proportionel to thelr ylelds, the applicatlon



of phosphates to legumes, inoreased their nitrogen fixing’
capacity.

Mercer (1948) olaimed that "the cheapest method of
supplying nltrogen is by stinmulating the growth of legumes
with phosphate fertilizers".

Figher, Sammet and Poschenriedar (1950) showed that
phosphate fertilization favoured the formation of nodule and
led t0 increased nitrogen fixatlon by legumes. The uptake of
nitrogen wes simulteneounsly increased, whieh resulted in an
increase in nitrogen content in all plant parts. MFurther they
noted that the quantity of atmospheric nitrogen assimilated
by the nodule was highest with phosphate application.

Vyae (1953) conoluded that all the phosphatic manures
tried incressed the nitrogen content of pea plants; the
increase in nitrogen percentage over control bveing 47.6 pexcent,
3545 percent, 24.8 percent and 18.4 percent for super phospbate,
Trichy nodule phosphate, Singhhum phoophate and bone meal
respectively.

Acherya, Jain and Jha (1953) found thet where berseem
wag grown 1n rotation, manuvred with super phosphate had 40
percent more nitrogen after ten yeare, and 17 percent where
berseem wes grown without phosphate, over the control of

continuous cropping.



Vyas and Desal (1953) studied the effect of phosphate
on nitrogen fixation by pea plants. Two doses viz. 60 pounds
and 120 pounds of phosphoric acid were utilised for the
trial. They reported a significant increase equal to 51,7
pexrcent and 109.0 per cent ‘11'1 the quantity of nitrogen fixed
in azerial parte of the plant by the two doses respectively.
However the increase in the quaniity of nitrogen in the soil
was not eignificant, where the aerial paris were not incor—
pgratea as compared with pre legume soil niltrogen value.

ence of vho i £ _green mayures on
succeeding crops.

Investigators all over the world found thet phosphate
fertilization of legumes has considerably increased the yield
of succeeding crops.

Tayloxr and Ghose (1922) found that application of
super phosphate to dainche (Sesbania aculiata) not only
inoreased the green matter production, but also improved the
yield of succeeding paddy crop. The effect of super phosphate
wes found to be more congpicuous than bone meal as shown by the
yield of daincha sn well as the succeeding paddy crop.

Iutchings (1936) obsexved that phosphate fertilization
of legumes represevted a higher level of fertility as indicated
by the yileld of the succeeding crop.

Parr and Bose (1947) concluded that wheat grown in plots
to which phosphate had been applied to berseem in previous years,



produced 100 percent more yleld than wheat followed by une

manured berseem.

Tarr and Sen (1948) showed that in the pormanent
manuriel trials conduoted for a perdod of 36 yeavs, green
manuring with sennhemp in conjunction with super phosphate
recorded the highest yield.

Sen and Raine {1951) observed that phosphate ferti=
lization of berseem at the rate of 120 pounds of super-
phosphate per acre, increased the yield of succeeding wheat

and maize crops.

¥han (1952) recorded higher ylelds in paddy, neize
and wheat by indirect application of phosphate through berseem.
Ramich (1952) reported incweased rice yields at Irvin canal
farm in Mysors and Labhaudhl form in Madhya Pradesh by phosphete
fertilization of preceding sannhemp ©rop.

Govirderajen and Venkata Rao (1952) obtained signie
ficant incresse in rice and ragl ylelds, by applying 56 to 112
pounds of bone meal to the preceding green manure Orov.

Mirchendani end RXhan {1952) while reviewing the works
dore all over Indie on phosphate manuring of green menure
observed that in Biher green manure plus super phosphate &t
the rate of 224 pounds per acre gove 96 percent increege in
paddy yleld over no manure, while it was only 18 percent

when green manuring alone was done. In Orissa an increasse of
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37.8 percent in the yield of paddy was obteined when green
manuring was done in conjunetion with ?205 at the rﬁte of

32 pounds per aore over no manure control, while in t,he eane
of green manuring alone it wes 34.9 percent, In Nadz*be aleo
green manure plus guper phoaphete at the rxate of 50 pounde
?205 pexr acre gave an increase of 25.7 pq#cem; over}u\no nanure,

while it wae only 2,9 percent in the case\fbf green %Sanure alone,
i
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wee manifested by the incresced yields of succeeding crops.

Wnile reviewing the reports of the Model Agronomic
experiments conducted at various centres during Radi 1957/58
and succeeding ¥harif 1958, it had been found thet, the
residual effect of legumes grown varied differently, while
the reaidual effect of the phopphate applied through legumes
responded aign!.ficantly on the succeeding crop. (Annonymous
155758 and 1958),

Vonkata Heo and Govindarajan (1960) showed that
spplication of green manure glone produced marked increase in
the yield of both grein and strew in wagi. The application of
phosphorus alone through green menure further inereased the
yieldd,

singh (1961) reported that spplication of super
phosphate b0 legumes at the rate of 40 pounds 9205 per acre,
increased the yleld of the succeeding wheat crop.

Fanwar (1962) found thet phosphate fertilization of
beracem at the rate of 20 pounds P205 per ecre not only
incroesed ite yield, but the succeeding maize crop was highly
benefited as indicated by higher yields.

Rao et 8l.(1962) established that application of super
phosphate to leguminous green menure crope at the rate of 22.B
pounds P2°5 per acre was more advaniegeous than direct appli-
cation to paddy.
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Patel, Ghosh and Sen (1963) concluded that appli-
cation of super phosphate to berseem at the rate of 72 kgs.
per hectare increased the yield of succeeding wheat crop,

Contrary to the previous findings in 1951, Sen and
Baine (1956) found that the application of 80 pounds ?205
per acre through cow pea showed no beneficial effect on
oucceeding wheat. Direct application of superphosphate
inoreased the yield of wheat by asbout 16 percent over the
pame quantity arplied through cow pea, which was as good as
no manure control,

Experimonts conducted by tha\ Division of Agronomy,
Agriculiural College and Research Institute, Coimbatore
(1956-5T7) revesled that indirect application of phosphate to
paddy through leguminous green manure orops did not give any
significant beneficial effect (Annonymous 1956~57).

Sen, Beine and Mathur (1962) reported that direct
application of phosphate to cereals was superior to indirect
manuring through legumes, except in the case of berseem,
which compered favourably with direct menuring.

Responeé_of cereals to phosphorua.

Phe relationship of phosphorus to growth has Jong
been recognised, but ite importent role in plant life 1ls
being fully reslised only recently. This element hao long
been known as a constituent of nuclio acid, phytin and
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phospholipide. It ims assoclated with early maturity of orops,
particularly ceresls end a ehoriage of this element is mani-
feasted by a wmarked reductlion in plant growth.

0f the three esmentiasl plant nutriants, next to
nitrogen, phosphorus is found to be very important, Sethi (1959)
estimated that 60 percent of the agriculturel soils in India
do not contain high reserve of phosphorus and out of the total
quantity of nutrients present only one-fifth is available to
plants,

Sircar end Sen (1941) growing paddy at three levele
;f phosphorus found that greatest intake of nitxogen was
asnoclated with highest phosphorus level, Brenes, ¥iller and
Schnehl (1955) and Grones et sl (1958) veported that the
absorption of phosphate was etimlated by the presence of
nitrogen.

Phosphorus is known to influence the dovelopment of
roots, meturation of crops end the composition of the crop in
general., Noll, ae guoted by Collings (1954) found ithat phos-
phorus hastened maturity of emall grzins snd corn in Pennysil=-
vania Experiment Station, Panikker (1958) reported that
Indian golle are deflcient in phosphorus and recorded positive
results on phosphate fertilization of sorghum.

In paddy there are several experinments to prove the
positive response of phosphoric acid invarisbly in combination
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with nitrogen., Raheja (1960) in disouesing the eimple ferti~
lizer trials conducted on paddy and the respective response
of the crop to both nitrogen and phosphoric acld steted that
at 40 pounds per acre level, the response %o phosphoric scid
and nitrogen was 1.5 times more than that at 20 pounds per
aore levels. The response to a combination of 20 pounds
nitrogen and 20 pounds phosphoric acid per acre was almost
equal to 40 pounds nitrogen slone per acre in paddy and wheat.
Further, results as reported by Okada (1931) prove the effiw
clency of phosphoric acid for accelerxating the absorption of
nitrogen by rice and thus hastening the maburity.

However, there are several parallel findinge also
showing partial or total lack of response to phosphoric acid
fortilization, Stewart (1947) aiscusaing the monurial experi-
ments in India, observed that numerous experiments of bLroad-
cast dressings of phosphate foritiligsers have falled to show a
vesponse in yleld, dut meny conflieting results obtsined showed
thet shallow rooted orops responded better than the deep rooted
crops, Te slso recorded that in many instances though phosphate
elone had little response on yleld, its combination with
nitrogen might bve markedly superior to nitrogen alone.

Chin (1958) stated that the response of paddy to
phosphoric acld wes little significant in red soils low in
P205, but there was little reesponse on alluvial solls higher
in phosphorus. Takijima, Shiojime and ¥ormo (1959) reported
that an increase in the amount of phosphoric acid accelerated
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$11lering, bub inhibited panicle growth.

Raghavan (1959) discussing the model agronomic
experiments on sorghum found that at all centres the response
to phoephoric aocld was absent or low, except at Akola, where
it was moderate with 2,3 maund (188,6 1b,) increase in yield
of grain for 20 pounds of phosphorie acid.

Kapp (1935) stated that though the addition of
Ca (32?04)2 at the rate of 500 pounds per acre increased the
phosphorus content of rice planis at $7 and 88 days of growth,
aid not affect the final yield of rice favourably.

According to Mahapatrs and Sshu (1961) the response
to phosphoric acid was lower then that of nitrogen applied at
equal level. Three levels viz. 0, 20 and 40 pounds phosphoric
per acre were tried and the optimum dose appeared to be 20
pounds, though the difference in yield due to levels of
phosphoric acid was not slgnificant,

Angledette gt al., as quoted by Ignatieff and Page
(1961) reported that in India where millets ave most success-
fully grown in black moils, gave the greatest vesponze to
nitrogen but phosphorus hed only very little effect. They also
reported that on the whole, for millets 2 balanced nitrogen
phosphorus fertilizer appeared to be most satisfactory. In the
presence of adequate dose of nitrogen bvetter response is

generally reported for phosphoric acid. Persuing their
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investigations on this basis in Bombay &tate, Pandya, Chavan
end Shendge (1955) showed that there was considerable response
to nitrogen and phosphoric acid at 40 pounde and 20 pounds
respectively per acre, wiih a basal dosc of 3 cart loads of
ferm yoxd manure for shich btreatment the highest yleld was

rocorded in paddy c¢rop.



HATVRIALS AND HETHODS

The inveatigaiion was carried out to study the com-
parstive merits of ihe three common leguminous green manure

crops of this State namely, Cxotalaria junces, Sesbanie

speciosa and Crotalaris striats in their rospomse to different

doses of Péos gnd their effect on the succeeding ragi crop.

1. Dxpeximental site.

The experiment was carried out in the garden land,
with red loem soils at the Agriculturel College and Resecarch
Institute, Vellayani, from June 1963 to December 1563,

2. Izestments and layout.
(a) Zroatmonts.

i. Vhole plot treatments - Creen manured.
G1 - Sesbania speciosa
G2 - Crotalerie Juncea
G3 -~ Crotalaris styiate

G4 ~ No legume
ii. Sub-plot treatments-~different levels §Ff P205
\
PO - To P205 \
P1 = 20 Yb. (9 /g.) Py05 per acre
P2 - 40 1b.{18 ¥g.) 3205 per acre
The following were the 12 combinations of treatmeuts
included in this trial,
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Sesbania specioga -~ 61?0, GyPqs G4Fpe
Crotalaria juncea - GQPO. 6291, GQPZ.
Crotelaria striate - GBI\O' 6’3?1’ 0'3?2.

Control - G4P0, GyPqs G4P2.
(v) Iayoub.

The plots wexe laid out in split plot arrangement,
in yandomised block depign with five replications. 7Plan of
experimental layout is given in Fig.ZI.

(c) Size of vlot.

Gross - 21 x 21 ££.(6.40 x 6.40 netre)
Heb - 20 X 20 £5.(6.10 x 6,10 metre)
Total area - 60 cenis.

3. Materiale.
{a) Seed rate:

i.Green manures.

Sesbania spaciosa

Crotalaria juncea
Crotalaria striatia

—————

4i.Ragi. -~ 4 Kg. per acxe.

15 X8+ PEr 8CXC.

15 Y. DPOY acre.

12 Kg. per acre.

The ragi strain selected for study was Co.7. This
variety conbines in itself the desirnble characters like
adaptability to wide range of e0il types, climatic conditione
and high fexrtility.

The seed material was obtained from Agrﬁculﬁuré&
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College and Research Institute, Coimbatore.

(v) Fersilizera.

Phosphoric acid was applied in the form of super-

phoaphete analysing 16 percent P205.

Potash was applied in the form of muriate of potash

analyeing 60 percent Kgo.
J

4, cultivation,
/(a) Sowings
Green manure seeds were sown broadeast on 20th
/?June 1963. The three legumes were apsigned to main plots
/ and manurial treatnents to sudb plots,

/
/

]

The ragl seedn were dibbled in rows with a spacing

of 6 inches betueen rows on 19th September, 1963,

{ (v) Avpliestion of fertilimers:

g

Ho basal dressing was given, P205 was applied at

, ‘three levels ie. 0 1b,, 20 1b. (9 tg.) and 40 1b. (18 ¥g.)
{
nper acre, one level graded above and one bhelow the dose

éecommended by the fertiliser worlt shop held in ladras (1960)
” for ragi. It was applied ne a basal dressing before sowing
the green menure seeds. In control plots phosphate was
// applied as a basel drossibg before gowing ragl seeds,
/4

/ The level of KQO selected for study was a uniform

" f;dose of 40 1b., (18 Xg.) per acre, for 21l treatments based
T

/ /

/ /

r//
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on the above recommendetions and was applied as & basal
dressing before sowing ragi.

(o) Crop growths

During the perdod of growth the meteorological
conditions were normal and the general condition of the
crops was satlsfactory.

(8) Haxvest:
The green menures were incorporated when the orop

was 60 days old.

Ragl orop wae harvested in two stages with an
intervel of ten days. First harvest commenced on 15th
December 1963.

5. Charactors gtudliefs
i. Green nmanure plants.
{a) Height of yplantss

Twenty standing plan'éa were selected per plot at
vandom and the height was yecorded on the 60th day stage
after sowing. All measurements wewe talen fyom tho base of
the plants to the highsst terminal leaf hud.

{b) Number of noduless

The nunber of nodules present on the rcot system of
the sample plants was counted on the day of harvest, The
plants were osrefully 1ifted with the use of a spade to
avoid mechanicel dislodging of nodules and injury to the

root gyetem. The root system was washed free of soll



particles. The nodule count was token and recorded.

(c) Green matter yield: ‘

The pample plents in e‘r.ach plot were separately
harvested and weirhed. Afterwards the entire crop from each
treatment was separately bundled and weight recorded.

{
{a) mattor contents ‘

The sample plants were dried at 70°C, for 48 hours,
)/ lfollaweﬂ by drying at 107°C, :'m‘
,}/Weighinss tallied. The welght of the material was recorded

air oven till consecutive

j /! end the dry matber content per plot thus asseseed.

" 1. et azon |
/ % 11, Ragl orops
/ Swenty plants were selected from each plot at random,

/ labelled and the following chara\ctem were studied,

{ (2) Helght of vlantss
} The helght of plants was taen on the 60th day siage

~I

after gowlng. It was measured from the base of the plent to

/ |

/ the tip of the panicle,

’) (b) Xumber of produciive tillers.

/
/ Total nurber of product‘ ve tillers were taken from
!
; \ the semple plents on the 90th day after sowing.

|
| {c¢) Sumber of fingere per ear head,

\ The number of fingers in the year heads of the

sample plants were counted and rocorded.
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(4) Meight of grains
The yleld of grain from marked plants in each troate
li
ment, and the total yield from each treatment was vecorded.,

(o) Weipght of straws

The straw weight was 2lso recorded treatment wise.
6. Uhemical analysiss
Ao Soil.

Before starting the experiment soil samples were
collected and analysed for the following constituents,

(i) Zotal nitrogen: By Kjeldahl's method according to the
procedure suggented by A.C.A.C.(1958),
{1i) Available phosphoric acid:~

By Dickman and Brays method as glven by Jackson (1957).
(114) Soil resctions By glass electrode method.

Soll samples were again collected before the incore
poration of legumes and anslysed for totel nitrogen accord-
ing to the method clited above.

Finally a third set of s0il samples were collected
one month after the incorporation of green maxmures end
enalysed for total nitrogen and available 1’205.

B. Plent material,

(1)Green wanure orop: From the alr dried plant material from esch
treatment, repregentative samples were taken and nitrogen esti-
mated by Kjeldahl's method, and -expressed in percentage on

dry natter basis.

(i) Regl,
The totel nitrogen and total 9205 in the grain and

X




30

straw determined separastely, as per standard mothods glven
Piper (1950),

7. Statietical snalvels and intervrotation,

The blological and chemical date were teoted for
elgnifioance as pexr 'Analysis of variance' desoribed by
Pange and Sukhatme {1957).




EXPERIMENTAL RESULTS
The obpervations mede on the crops grown, and the
data collected pertaining to this investigation, analysed
gtatiatically are presented in the Tables below:

TABLE I
Soil enelysio values
Totel nitrogen - 0,065 per cent
Available phosphoric acid - 0,00207 ¢
Sodl pH - 5.2

Anelyeis of varience tables for the characters studled
were worked out and are furnished in the appendix (I~X¥)
TABLE IX
Meon height of green mawure crops in centimeters at 60 days

Sesbania Crotalaria Crotalaria Nean

ap?gigsa jz(:g;t)m e?{z}';?'ba
Yo P04 (2g)  70.39 148,32 96.24 104.98
20 1b. B0y (Pq) 80.61 164,22 106,12 116,98
40 1b. Py0g (pp) 86.82 176430 119.80 127.64
Hoan 79.27 162.95 107.39 —
C.Ds (at 5 pexr cent) for legumest 3460, @, 85 6y

€.D. (at 5 per cent) for levels of phosphorus: 1.17. B, By B,
C.D. {at S per cent) for levels of
phosphorus in the whole plot: 3,096

€.Ds {at 5 per cent) for combination of green
manures and levela of phosphoruas 4,524
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At 60 days stage Crotalarla juncea recorded the

maximum height, followed by Crotalarie gitriata. Sesbania

specilosa recorded the least height.

Application of phogphoric acld resulted in taller
plants when compared to control plots. The difference in
height at different levels of phosphoric acid was statisti-
ecally sigrificant.

TABLE III

Mean number of nodules per plant at 60 days

Segbania Crotelaria Crotalaria Percentage
specicsa  juncea striate Mean  increase
G1) (GE) (G3) over
control
Yo P205 (Pb) 24.26 50.92 18.46 31451 -
20 lb.P205 (P1) 37.94 59.72 28.24 41,97 33.19
40 lb‘P205 (Pé) 39.58 62,38 " 30.00 43.99 39.60
Mean 33493 57.64 25.90
C.D.(at 5 per cent) for legumes: 1.821 6, G, G5

¢.D.(at 5 per cent) for levels of
phosphorus: 1.568 Py Py By

It is seen from the TPable that the number of nodules
produced by Crotalaria juncea was greater then that produced

by Sesbenia specioss and Crotelaris giriata.

The average number of nodules produced in plants, grown
in plots receiving phosphate was significantly greater then ro

phosphorus control.



TABLE IV
Mean welght of green matter in Kilograme at 60 days

Sesgbanila Crotaleria Orotalaria Mezn Percentege

speclosa juncea gtriata increase
{64 Gs) (63) over
control
No ?205 (Pb) 49,40 44.80 39,96 44,72 -
20 1V, P205 (?1) 54.30 52420 45.20 50,57 13.08
40 1bv. P205 (PZ) 63,10 68,80 51.92 61.27  37.01
Mean 55.60 55027 45’69 e X
C.De (at 5 per cent) for legunes: 4.470 &y 52 63

C.Ds {2t 5 per cent) for levels of
phosphorus 2.646 Py Py Pq

The values in the Table indicated that the diffexrence

between yisld of Seebenla specioss end Crotalaria juncea vas

not statistically significant. But the green matter yiold of

these two legumes was superior to that of Crotalarie strista.

The yield obtanined from plots treated with phosphate
was higher than that from control plots. The difference in
yield obtalned from plots treated with different levels of
vhoaphoric atid was statistically signilicant.



TABLE V

Mean weight of dry matter in Filograms

fegbania Crotalaria Crotalaria

speciosa Juncea atriata Hean
Gy (G5) (63)

Yo P05 (By)  10.870 8,980 8.838 9,562
20 1b. 205 (Py) 11,850 10,880 10,194 104950
40 1b. P05 (By) 13,372 14,448 11,634 13.152
Yean 12,032 11.412 10,222 -
C.Du{at 5 per cent) for legunes: 1.097 GG, G5
C.De(at S per cent) for levels of 1.548 P, ]Tf"o

phosphorus:

The difference between the dry matter production of

Sesbaniz specioss and Crotalaris junces wes not agtatisticelly

slgnificant. However, they were superior to that of Crotalasris

gtriata, and the difference wes significent,

Applicetion of phosphorus influenced the dry metter
yield. The difference wes siatisticelly significent only at
the highest level (40 1b. P205).



TADLE VI

Difference hetween aveilable phosphoric acid in the soil in
percentage, before stariing the experiment and one month
after incorporation of legumes

Sesbania Crotelaris Crotalarie

speclomae Jjuncea striata Hean
(6q) “(ep) (&)
Yo P205 (?O) 0.00102 0.C0111 0.00096 0.00103
20 1be P205 (®4) 0.00135 0.00163 000174 0.00177
40 1b. P05 (Py) 0.00267 0.00279 0.00237 0.00261
Nean 0.00188 0.00184 0.00169 —
CeDs (At 5 per cent) for legumes: 0.000138 'G..-'-Trrz G

C.D. (at 5 per cent) for levels of J—
phosyhoruss 0.00144 Py 24 ‘PG
The difference between the percentage of available
phosphoric acld in the soil, incorporated with Segbania speciosn
and Crotalaria junces was not significent but they weze superior

to Crotalaria striata.

Regarding the levels of phosphorus, meximum availability
was recorded from the treatment Py. Difference between treatments

Py and I’o was not statistically significant.
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TABLE VI

Amount of nitrogen edded by green manure crops irn ¥ilograms per acre

Sesbanie Crotalaria COrotelaria Mean Percentage

specilosa Juncoa gtrlats increase
(64) (Gy) (G5) over
control
¥o Po0g (Bp)  27.652 24,532 20,144 24,110 -
20 1b. P05 (Pq)  30.130 28,800 23,440  27.457 10.4
40 1be Py0; (2p) 34.440  37.612 26,884  32.978  36.7
Meen 30,740  30.316 23,480 . .o
C«D. (2t 5 per cent) for legumes: 3.08 Gq G5 (}3

C.D. (at % per cent) for levcls of
phospnoruss 1.34 I’2 P1 Pe

Segbania speciogss recorded the maximum asmount of nitrogen

added followed by Croteleris Juncea and Crotslarxia giriata. The

difference vetween the firet two ireatments was not siatistically

slgnificent. DBut they were superior to the third one.

Begoxding the levels of phosphorus, maximum eddition
of nilrogen was recorded by the ireabtment 92' Tevels 'P2 anrd Py

were significant over control (Po).



TABLE VIII

Difference in totel nitrogen in perecentage, in the soil before
the experiment and after incorporation of legumes.

Sesbania Crotalarla Crotalaria Hean
speclosa Juncea gtriata
(G1 ) (Ga ) ( G3 )

o Py05 (By)  0.00274 0.00278  0,00208  0.00253
20 1b, P05 (Py)  0.00312  0.00298  0.00228  0,00275

40 1b. Py0. (B,) 0.00342 0.00344 0.00272 0.00319
275 ‘e

Hean 000309 0.00318 0.,00236 ase
C.D. (at five per cent) for lesumes 0.00078 64 G G

CuDs (at five per cent) for levels
of phosp_hoz'uss 0,00021 32 P1 Po

There was no significant difference heitween the treatments

Seshauia speciose and Crotalaris juncea in enrlching the soil. But

both of then were superior to Crotalaria striata.

Regarding the levels of phosphorus, it was found that
there was progressive incremse in the percentage of nitrogen in the
80il corresponding to levels. Maxinmum percentage wes recorded by
level By, and the level Py the minimum.



38
TABLE IX
Hedght of vegl in centimeters at esr~head cmergence (60 days)

Sesbenia Crotalaria Crotalaria Ko Mean

apeg:.oaa 3ur(1§;:§ stﬁ.:?a l?é;me
Fo P205 (By) 62.48 70.13 60,94 51.19 61.18
20 1b. Py0, () 63.15 70.70 61437 51.74 61.74
40 1v. P05 (B,) 63.87 71,06 62.46 52.35 62.43
Mean 63420 70.63 61.59 51,76 oes
C.D. (at 5 per cent) for logumes (G) 1,39 Gy Gy G5 Gy

C.D. (at 5 per cent) for levels of phosphorue (P) 1,274 7, 351 50
CuDe (at 5 per cent) for levels of

phosphorus in the whole plot: 1,823
CoD. (8t 5 per cent) for combination of
legumes and levels of phosphorus 2.270

The height of the crop was influenced by the different
green manuye treatments. Hagl grown in plots incorporated with 62
recorded the maximum helght and no green manure plot the least.
Difference betwesn differsnt green mamire treatments was stetlsti~
cally significant.

Regarding the levels of phosphorus, it was seen that, none
of the treatmente was effective in incressing the height of the crop.

Indirect application of phosphate through legumes influenced
the height consilderably. Meximum height was obteined from the applie
cation of 40 1b. 3?205 through G, and the minimum from treatment of
no phosphate applleation through ({-3.



TABLE X
Mean number of %illers (at the time of oar head emergence)

Sesbania Crotalsria Crotaslaria WMo Porcentage
speciosa Junces striata legume Mean  increesse
Gq) (65) (65) (G over
control
Bo  Pg05 (Py) 5.06  5.26 4.58 3.70 4.65 ..
20 1b. 9205 (P,) 5.28 5.66 4,94 .94 4,96 6.5
40 1b,. 2?205 (?2) 6.04 6.62 5484 338  5.72 23
Mean 546 5.8% 5.12 4.01 - -
Percentage
increase over 36,15 45.83 27.68 - - -
control
CeDe (at S per cent) for legumea 0.283 6, G, 63 G,

CeDe (at 5 per cont) for levele of phosphorus 0.122 Py By By

0.Ds (at 5 per cent) for levels of phosphorus 0.246
in the whole plot

C.D. (at 5 per cent) for combination of 0.377
legumes end leovels of phosphorun

The treatment Gy recorded the maximum number of t1llers,
followed by Gy, 63 end 64. The differences were glgnificant
statistically.

There was progressive increase in the mean numbeyr of
tillers corresponding to levels of phosphorus. Levels Py and 2y
were statietically eignificant over Ppe



TABLE XX
Tield of grain in Xilograns per plob

Sesbanie Crotalaria Crotalaria Yo Yean Percentage

specioss  junces striata legume increase
{(aq) (65) (63) over
control
20 1b. By0g () 34366 3,691 34336 1,789 3,045 27.08
tean 24347 3,753 36173 12901 o ma
Percentage
increase
over control 76,06 97.42 66,92 . - -
Cale (@t 5 per cent) for legumos 0.252 ¢, Gy ﬁ's’ G4

CoBe {2t § per cent) for levels of phosphorus 0.1508 Py By By

CGuDe (at 5 per cent) for lovels of phosphorus
in the whole plot 00,2955

Oebe (8t 5 per cent) for combination of
legune and levels of phoophorus 02527

The treatment Gy recorded the maximun mean yield per plol.
The difference between &4 and C}3 was not stalistically cignificents
buv €ll lue green wenure btrestuents were statistically significand

over no grecn marure conbrol ((}4).

Progressive incrcase in the neen yield was noted for levels
of phogphorus. Levels Pp end ¥y weve statistieally eignificant over

no phosphorus conbrol (Po)
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TABLE XIX
Yield of straw in Tilograms per plot

Sesbania Crotalaria Crotalaria No

epeciosa Junces striata legume Hean
ey (@) (Gy)  (gy)
Fo 1’205 (Po) 8,045 9.097 7.296 54631 T.517
20 1b. Py0g (2,)  8.300 9,281 7.499 5.823  7.27
40 1b, P05 (By) 8,453 94504 7.705 5,981  7.911
Hean 8,250 9300 T+ 500 5.810 7715
Parcentage
incroase
over control 41,98 60.07 29.08 —— ——
CoD. (8t 5 por cent) for legumes 0.405 G, G, Gy 64

8.D. (&t 5 per cent) for levels of phosphorus 0.721 P, Py B,

C.D, (&t 5 per cent) for comdination of
legume and levels of phosphoyus 1.394

€,D. (at 5 per cent) for levels of
phogphorue in the whole plot 0.0815

The treatment G, recorded meximum yield. All the treatments
wore statiebicelly significant over control (34) and the difference
between breatments was slgnificant.

Wone of the phosphoric acid treatments was found %o be
significantly superior to cntrol.

Application of 2205 indirectly through legumes recorded
significantly highor yields then direct epplication. Applying 40 lb.
2205 through G, recorded maximum yield, 0 1Y, Paos through the troat-
mentd (}3 the leaot.
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TABLE XIXX

Nitrogen content of Regl grein in percenlage

Segbania Crotalawin Crotalavia o Heang
gpeclonn Juncea atriata legune
(64) Gq) (G5) (G,)
e PZOS(FO) 1.252 1268 1.258 1.268 1.262
20 1b.205(2¢)  1.872 1.290 1.286 1.266  1.279
40 lb.?»‘aﬂsilﬁg) 1.272 Te314 1,300 1.286 14293
Mean. 1,265 1.291 14290 1.273 -
¢.De (at 5 per cent) for legumes 0.,02767 G Gy E‘4 4
¢uDe (at 5 pox cent) for levels of C.0839 Py Py Py
phosphorus “

Hone of the treatments was found significantly superior in contri~

bubing to the nitvogen content of the grain.
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TABLE XIV
Nitrogen content in Ragi straw in per centage,

Sesbania Crotalaria Crotalarie No Mean
speciosa Juncea giriate legume
&y (€p) (e5) (&)
Yo 9205(P0) 0.347 04355 0,353 0343 0.349
20 10.Py05(P;)  0.356 04356 0.358 04348 0354
40 1b.1°205(1’2) 0355 0.369 04356 0.3558 0.359
Hean 0352 0.360 0.356 0.349 -

C.De {at 5 per cent) for legumce (G) 0.0062
C.De {at % per cent) for levels of
phogphorus (P) 0,00839

None of the tremiment was found significantly superior
in contributing to the nitrogen content of the straw.
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TABLE XV
Phosphorus content of the grain in percentage.

Sesh?ia ciotalaris cr:gilr:z-ia N Yo ¥eans
speciose jJuncea striata egunes
6,  “(ep) (65) {6,)

Yo P205 (I’O) 0.784 0.797 0,783 0,782 04791
20 1b-P205 (P1) 0,816 0,801 04797 0.784 0.799
40 1b.2,05 (Pp) 0,834  0.834 0.808 0.806  0.811
Mean 0.811 0.810 0.796 0.783 -
C.D, (at 5 per cent) for legumess (G) 0.0295 51 52 §3 54

C.D. (at 5 per cent) for levels
of phogphorus () 0.0237 52 ?1 By

Different green manure treatments andé lovels of phosphorus
had no effect in increasing tho phosphorus content of the grain
significantly.
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TABLE XVI
Fhosphorus content of ragl straw in percentago

Sesbania Crotalaria C(rotalaria Ko Meane
spoolosa Juneea strigta legume
Gq) (e5) (G5) (G,)
1 2 ] 4
Ko 9205 (PO) 0,2936 0,2944 0.2908 0.2868 0.2914
20 117.?205 (P.‘) 0.,2962 0,2984 0.2958 0,2878 0.294
40 3.b.}?205 (PZ) 0.2974 043018 0.2994 0.2892 -
Hean G.2953 0,2980 0.2953 0.2879 —

¢,D. (at 5 per cent) for legumes (G) 0.6725 52 5., G5 Gy

CoDs {8t 5 per cent) fox levels
o phosphorus (P) 0.0089 Fe Py ?0
Percenbage of phoaphorus in the straw was not significantly
influenced by the different green msnure treatmonts and levels of
phosphoxus.




DISCUSSION

An investigation was carried out at the Agricultural
College and Resesrch Institute, Vellayeni, %o find out the
effect of indirect application of phosphate through three
common 1eguninous green manure crops of this state viz.
Sesbanis speciocsn, Crotalaria juncea and Crotslarig striate
on succeeding ragl crop, and to make a sultable recommendation
based on the findinge. Phosphate was applied at three levelsa,
indirectly through the grecn menure crops mentioned above, and
directly to the ragi crop. A wniform basel dose of potash was
alpo given @irectly to the zagi crop.

The findings obteined in the investigation are dis-

cussed hereunder,

I. Heirht of lepumes

Prom the observations recorded on helght of legumes
{Pable IT) it was found that, there was significant difference
among the different treatmente. Crotaleris juncea recorded
the maximum height, followed by (rofalaris strista and Sesbania
spegiosa,

Since varigtion in height within the legumes is

purely a funciion of the genetic meke up under identicel con-
ditions of growth, the variation noted in the present study may
be attributed to the inherent charscter of the legume concerned.

A comparison between the offect due to the applieation
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of phosphoric acid at different levels indicated the followw
ing. Application of super phosphate at the rate of 20 1lbs.
(9 Xg.) and 40 1b. (18 Xg.) P,0g per acre was found to have
aignificant influence over ocontrol for the factor studied.
This could be due to the effect of phosphoric acid in increa~
sing the totel leaf aree, which consequently had pronounced
effect on photosynthetic efficiency of the plant, as proved
by the classelcsl sxperiment at Rothamstead, reported by
Russel (1961), Again this observation finds support from the
findings of Hallowel (1943) and Stitt (1944) who observed
that the vegetative grouth of legumes increased considerably
by the applicetion of superphosphate.

IT. Green matter production of legumess

A study of the comparative green mattexr out put
(Table IV) ranked the legumes in the following order of
superiordty. Sesbania specioss > Crotalarie junces >

Orotalaria striata. The first two legumes were found to be
gigniflicantly superior to the third, le. Crotalarie gstriats.

However the yield of green mottor for the first two lagumes
did not differ significantly smong themselves. Since preen
matter yield is mainly a funection of vegetative growth, by
virtue of inhervent genetic make up of each individuel legume,
the superiority of the {fizst two over the third can e

explained s o natural phenomenon.

The results presented in the Table IV fuxther
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revealed that the green matter production was influenced by
phosphate application. Super phosphate applied at the rate
of 20 1b. (9 Xg.) and 40 1b. (18 Kg.) phosphoric acid per
acre produced 13,08 per cent and 37.01 per cent reapectively,
more green matter than no phosphorus control. This indlcates
that with the higher levels of phosphoric acld there was
corresponding increase in the green metter production. Sigh
and Verma (1953) Varghese gt al. (1957) and Sen and Baine
(1962) also reported the same trend.

The importance of phogphoric acid in the nutrition
of legumes has been established by earlier workers. The in-
crease in green matter yield could be ascribed to the increase
in the utilisation of nitrogen by the crop in presence of
phosphoric acid 29 reported by Rao g gl. (1957). The response
of added phosphoric acid appesrs 10 be congpicuous, only under
conditions of very low level of avallable phosphoric aecid
in the soil, as concluded by Parr and Bose (1948). In the
present study also the positive response obtalned in green
matter production under phosphate trestment could be attributed
to the poor staltus of aevgilable phosphoric acid of the soil
a8 given in the Table T.

IIT. Dry matter content of lcsumess

A gtudy of thoe dry maitter production of the different
legumes {Table V) showed that the treatments Sesbania speciosa
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and Crotslexia Juncea wore supsrior to Crotalaxia strista.

Howevey there was no gignificant difference between the

first two legumes,.

It may be presumed that, under wniform conditions
of growth, in which the investigution was carried oud, the
trond of dry metter production should be more or less simi-
lar to that of green matter oudtput (Table IV). This variation
may also be due to the variation in the maturity of the
different legumes at the stoge of harvesi, viz, 60th day.

4a regards the influence of phosphoric acid at

different levels, on the dry matter production of legumes
tried in this investigation, it wae observed that {Table V)
higher values for the factor studied were contributed by the
applicaetion of 40 1b, (18 ¥g.) of phosphoric acid per acre.
4% the same time, the application of phosphoric acid at the
rate of 20 1b, {9 ¥g.) per acre was not found to contribute
materizlly, compared to the valuee of dry matter obteined
from plots, wherc no phosphoric acid was spplied. TBoth of

them were found %o be stetistically on uar.

Properties like increased cell division, fat and
albumin formation and photo synthelic efficiency through an
increaned leaf ares, could reasonably bo presuned to be the
cauge for the higher rate of dry netter production, Similar

observations had been reported by Bureen (1953) in his studies
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on soybeans and aleo by Tesal gt al,(1957) on sannhenmp.
IV, Sodule cownts

Data as presented in Table IITI indicate that
Crotalaria junces produced the maximum nwmber of nodules

followed by Seehanis spegicsa and Crotalaoria strieta.

In the study undertaken, the legumes included were
clansified as belonging to different gomera and species.
Tegunes aro found to differ widely in thely inhevent capacity
to form noduien. Even the specific strain of inoculam rege
ponsible for nodulation in a particular genexrn or epecles,
vary in thelr capacity to produce effective nodules among
ite different menbers.

From the vesults shown in the Table III, it wag
seen that application of phosphoric acid at the rate of 40
1b. per sove (18 Kg.) was eignificantly superior in nodule
formation to 20 1be (9 ¥g.) P,0g per acre. Both the levela
tried were found to be significently superior to no phosphoe-

rus control.

Application of super phosphate to the soil has the
effact of stimulating the microdial population; as reported
by Whyte gt al. (1953) and Sen and Bains (1955). Phosphoric
aeld induces the formation of greater numbser of root lete
and root haiye in plants. (Russel,1961). The infection of
rhizobium for the formation of nodule, meinly tskes place
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through the root heirs, nms reported by Nubtman (1958). This
explains the reason for the formation of greater number of
nodules in planis grown in plots applied with phoephate.

The resuvlt obitained in the present investigetion was in
asgociation with the finding reported by Neir et al. (1957).

V. Soil nitrogens

From the study of the data presenied in the Table
VIIT it was found that Sesbania gpeciosa was the most

effective green manure in enriching the s0il with nitrogen,

followed by Crotalavis juncem and Crotslaris strists, How-

ever there was no significant difference between the firet
two,.

The quantity of ritrogen added by legumcs, depends
on many factors viz. the kind of lesgume, the condition of
growth, stege of ploughing in and soforth. (Wirchandari and
Khan, 1953). The legumes tried in this study were of differ-
ent types. Their growth habii, nodule production end green
maetter production varied considerably as discussed earlier.

8o the difference in the total nitrogen in the soil before
atayting the experiment and after :l.ncorpora,‘tion may reagonably

be attributed to the factors mentioned above.

From the data presented in the table clied above,
1t was seen that the application of phosphate to legunes
significantly influenced in increasing the nitrogen status
of the eoil. According to Sen and Rao (1953) the nodule



bacteria require an adequate supply of phosphorus for their
norzal development and nitrogen fixation in symbiosis with
the legume. 5o the increase in the amownt of nitrogen fixed
at higher levels of phosphorus can be reasonadly attributed
t0 this phonomenon., This observation was in line with the
{£indings reported by Sen zmd Baine (1955 end 1957) Varghese
et £1.(1957) Panos (1959) and Patel, Ghose and Fen (1963)
who found thaet the smount of nitrogen added to the soil by
legumes lnereased considerably at higher phosphate levels.
Thus the result in the present investipgstion indicategthat
with higher levels of 1'—'205 applied, nitrogen in the goil elso

increased.

VI, Available phosphate in the soil:

From the figures preseonted in the table VI it was
geen that the availability of phosphoric acid in the goil
inercased conslderably by application of phosphate through
the legumes. Seabanis speciosa and Crotelaria Jjuncea increased

the avallable phoephoric acid status in the soil, mwore than

Orotelaris striata. But the difference between the firet two

wag not significant,

Hoger (1942) showed that the availability of phosphoric
acid increased due to the decomposition of groen rmanures. In
the present study also the variation in the ability among tle
different logumea tried in increamsing the availability of
phosphoric acid can b atbtributed to the difference in 1he green



matter production by them (Table IV) and slso to their
i
capacity to get decomnosel in the soil.

There was & progressive increase ln the aveilability
of phosphoric acid corresponding %o levels. Differences
between treatments :92 and Pys and 2, and PO were not aigni-
flcant. Bubt there was esignificant difference between the
treatments Py and Py Thus the results obtained in this ine
vegtigation indlecated incresse in phosphate availebility with
indirect application through legumes. This is m conformity
with the observations made by Govindarojen (1951) Sen and
Bains (1955 and 1957) and Patel, Chosh and Sen (1963).

The increased availability of phosphate as veported
by Sen and Pains {(1955) may be due to the production of lawvge
quantities of carbon di oxide during the decomposition of
orgenic matter, leading to the lowering of the pH of the soil
solution and aleo due to the conversion under the influence
of decomposing orgsnic metter, o organic phosphates which
are better available. Struthers and Siebing {1950) favour
the latter view and showed that, the orgenic acids produced
by bacterial decomposition of organie manures form compounds
and complexes with phosphate inhibitors such ss iron and
eluninivm in the 20il and there by release phosphate for the
benefit of erop growth. Considexing the fact that the soil
under lnvestigation was laterite, with pH 5.2 this view appears
to be more reasonable. Verghese et 8l.(1957) obtained the same
trend under similar soll and climetic econditions.
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RCSIDUAT, BEFECT ON SUCCEEDING RAGI CROP

1. Helght of i:

Prom the date presented in the Table IX it was found
that mexioun height was recorded by the crop grown in plote
incorporated with Crotelaris Juncem. In order of superiority,
the legunes were pleced in the following order. Crotsleria
Junces > Segbania mpecioss > Orotsleris girista. The

differences noted among them were statistically significant,

ginoe height of the plant ie a vegetative character
and nitrogen has significant influence on vegetative growth,
it could be presumed that the added niirogen, through the
incorporation of legumes, had contributed to the incresse in
height., Grist (1955) and Ghosh et al. (1960) recorded similar
observations in paddy at higher levels of nitrogen.

From the data presented in the tebles for values of
nitrogen added (Table VII) soil enalysie figure for total
nisrogen after incorporation of legume (Table VIII), green and
dry matter production of legume (Tables IV and V) it was found
that the treatments Crotalarie juncea (G,) and Sesbanis speciosa(G,)

S —————-

were on par, but superior to Crotalarias striata (GS)‘

Since G4 and Gy were statistically on par, it is
regeonable to persume that the inerease in height of the crop,
grown 1n plots treated with G,, may be due to the increased
sveilability of nitrogen from that ireatment.

There was no signifieant varlation in the height of




55

the plant at dlfferent levels of phosphoric acid tried.

IX. Number of tllleras

¥rom the observations recorded on this factor
(Table X) it wes found that, rasgi groun in plots treated with
legunes recorded significanitly higher number of tillers then

no green manure control, Crotelaries junces (Ge) Yesbanis

sveclose (G4) and Crotslaris gtriste (G;) recorded 45.83,

36.18 and 27.68 per cent more numbser of tillers, respectively
than control (64). P?iller production, being a vegetative
character is influenced by nitrogen, as reported by Narasirha
murthy (1960). Nitrogen aovplied to the plots through the green
natter added, by the treatments 62 and G1 were on par end were
significantly higher than G3 as shown in the Table VIX, 8o
the difference in the rumber of tillers from the different
green manure treatmenis could be ascribed to the variation in
the amount of nitrogen zdded through them. This trend acain,
ip in agreement with the findings of Relwani and Ganguly (1959)
in paddy.

Application of phosphoric mcid increascd tho tiller
production in yagli, At 40 1b. (18 Xg.) level the number of
tillers formed was significantly bigher than that of 20 1b.

(9 ¥g.) level which agein was superior to no phosphorus level.
Similar response waa reported by TPakijimas, Shiojime and lonno
(1959) and Ven!itegwaran (1956} in peddy. In the present gtudy

indirect application of phosphoric acid through legumes influ-
enced tiller production considerably.
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Among the combinations, epplicaetion of 40 1b.(18 ¥g.)

rhosphorie acid through Crotalaria junces recorded the meximum

nunber of tillers. The minimum number was for no phosphoric

aoid with Crotalexia gtrista. Tillerirg, being a vegetative

character, vas influenced by the availability of nitrogen.
¥rom the table VII 1t could be seen thet the amount of niitrogen
added through the treatment Crotelaris juncea at 40 1b.(18 ¥g.)

level was the highest, Sirear snd Sen (1941) growing paddy

et three levels of phoephorus found that the greastest intalke
of nitrogen was associsted with the hlghest phosphoxrus level.
So the increased number of $illers from plote receiving higher
level of péos through legume may be attributed to the increased

amount of nitrogen absorbed by the crop.

IZY. Grain yield:

4 study of the comparative effect of various treatments
on grein yield (Table ¥T) indicated ihat higher yields had
been obtained from plote ireated with green manure crops.

Maximum yleld was obizined from the treastment Crotalaria

Juncen (Gz). It was followed by Segbania speciosa (61) and
Crotelaria striste (GB) and the difference between them was
not significent. But all the green manure treatnents gave
eigni ficently higher yield than no green menure control.(G4).
The trestments Gg, 61 and G3 produced 97.42, 76,06, znd 66,92
ner cent higher rield res.ectively over ¢,. The variation in
the produetion of grain by the different green manure treat=

ments could be'ﬁue to the variation in the effective tillexr
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1
production, as influenced by the difference in the amount of

nitrogen added through them (Table VII). Several experiments
conducted on }rggs. have conclusively proved that the crop resw
ponded well ?!:o nitrogen. Sanyasiraju (1952) recorded response
in ragl crop for nlirogen. Narasimhemurthy (1952) reported

progressive lncrease in yleld of regl for nitrogen levels upto

50 1b. per acve.

e for the different levels of phosphoric acid tried,
on the yield of vegl (Table XI) it was found that the level P,
recorded the maximum grain yield followed by Py and Pye ANl
the treatnents were significent auong themselves. Tho treat=
ments Py and Py produced 53.7 and 27.08 per cent more grain
yield respectively over control (Py). Chin (1952) weported
that the vesponse to phosphate wee significant in red soils low
in available P0g. From the table I it could be seen that the
available }?205 atatus in the soll, where the inveatigation was
carried out, was very low end hence the significance due to
added phoaphate. Again the results obtained in the present
otudy was in conformity with the findinge of Bains (1949) who
reported signiflcently higher ylelds in wheat, at higher
levels of onb"

The table cited above further reveals that indireet
application of phosphate through green menures incressed the
grain yield of ragl. sAmong the combinations,application of
40 1b. (18 Kg.) of Paos through the treatument G, produced the
maximun yield followed by G, and e #inimum production was



from the combination of PO and 63. This finding is in agree=
ment with the resulis reported by Vemimtarao snd Govindarajan
{1960) who recorded higher grain yield in ragi by the appli~
cation of phosphate in conjunction with leguminons green
manure crops. In the present study also the aveilebility of
phosphoric acid incremsed due to the indirect application
through legumes (Teble VI) and henee the increase in grain
yield may be attributed to this reason. Singh (1961}, Rao

ot al. (1962) have glgo reported the same trend.

Ve Straw yield:

L L )

In the study on the siraw yield of ragi (Table XII)

it was observed that the crop treated with Crotaleris juncea(Gz)
recorded the weximuwm, followed by Sesbania gpecicsa (G‘l)

and Crotsleries strists, Control plot (64) recorded the lowest

yield, Tercentage incremse for different treatments (}2, G1
and G3 was found to be 60.07, 41.98 and 22.08 respectively over
control (G4). The increase in the yield of straw may be

aseribed to the increased tiller production. (Table X),.

This finding is in line with the observations made
by Venkata Reo and Govindarajan (1960) who reported hisher
gtrow yield in ragli duc to green manuring with legumes. Same
results bad been reporited by Venkitasubreomaniyan ond Dorairaj
{1952).

Regerding the levels of phesphorus, ne significant

difference was obtained between the different trestments,



This result is in line with the finding reported by Rair
(1963) in ragi.

Indirect application of phosphate through legumes
produced higher straw yield than direct application. Among
the combinations 40 1h. (18 vg.) P205 with G, recorded the
maximum output, The difference in the straw yield in different
green manure treatments could be due to the varlation in tle
amount of nitrogen made availlgble by them, Sivcar and Sen (1941)
reported that in paddy increased up take of nitrogen was
apsociated with higher levels of phosphoric acid. In the
prosent investigation also the influence of phosphoric acid
applied indirvectly through green menures, on straw yield of
ragl, could be due to the increased uptake of nitrogen at high
levele of P2°5'

V. Chemical analysis of arain and siraws:

(a) Nitrogen.
Chemical anglysis of the grain and strsw {Table XTIT

and XIV) chowed that none of the treatment was significantly
superior in inereasing the nitvogen content., The different
green menure breatments and levels of phosphoric acid tried
showed considerable variation in yield, (Tables X and XT) dbut
the nitrogen content was not affected. This fainding is in
line with the observetion mede by early investigators 1like
Sturgis (1952) Panos (1959) and Setki, (195%) who reported
that the yield of cereals increased at high nitrogen levels,
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but the percentage of the element in the grain and aetraw was
not affected significantly.

{v) Phosphorus:
This factor also waes not significantly influenced

by any of the treatrents (Table XV and ¥VI)., From the tables
cited atove, it was seen that, there was & genersl trend of
inerease in the percentage of this element in the grain and
straw at increasing levels of phosphorus though not statisti-
cally significants Neir (1963) observed that, the different
levels of phosphoric =20id applicd to ragl, did not sffect
gignificantly the phoaphorus conlent in the grain and straw,



SUMBARY AND CORCGLUSIONS

An investigation was csrried out 1o study the response

of three common leguminous green wanure crops of this State viz,

Sesbanie speciosa, Crotelaria juncea and Croteleria gitriata to
different doses of ons and thelr comparative residusl effect
on the succeeding vagi crop, The experiment waee laid out in
the Farm, attached to the Agriculturdl College and Research
Institute, Vellayani. Phosphate wae zpplied at three levele
viz. 0; 20 and 40 1lb. per acre. This wap applied direetly %o
the ragi crop, and ¢lso indirectly through the preceeding green
menure crops., 4 uniform beesl dose of potash (40 1b. K0 per
acre) wae applied direectly to ragi in a1l the treatments.

The following plant charzoters were siudied, for the

green manures and ragil orop.

Graen manuxrs orop.

1. Mean height nf plants in centimeters on 60th az;y
after sowing.

ii. Hean number of nodules pexr plant.
111, Veight of green matter.

iv. Yelght of dry matter.

v. Amownt of nitrogen added through legumes.

Ragl exop.
1. Helght in centimeters at earheed emexrgence

ii. Hean number of tillers
4111, Yield of grain
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iv. Yield of stxaw
v. Nitrogen content of grain end straw.
vi. Phosphorus content of grain and ptraw.
The fotal nitrogen and svailable phosphoric acid in the
8011 were determined before cormencement of the experiment and
on¢ month afber incorporation of the legumes.

The c¢onclusione are sunnarised belows:

1. (a) Crotslaris Juncea recorded the meximum height at
60 days followed by Crotalarie striaste and Sestenia specioss.

(b) Application of phosphate resulted in teller
plants, Plant height showed significant difference between
the various levels of phosphorus tried.

2. (a) Crotaleris juncea recorded the maximum number of

nodules while Crotalevia striets recorded the least.

(b) There was & progressive increase in the number of
nodules formed with increasing levels of phosphate.

Fe {a) The difference in green matter production between
Sesbanis specloss and Crotalaria juncea was not significant.
However they were better than Qrotaleris striats in green

natter production,

(b) TPhosphate treatments inerease the green matter
production of the legumes.
4. (a) Sesbanis gpeciosa znd Crotalaris junces were
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significantly better them Crotalaris gtriata in dry maiter
production, with no slgnificant difference between themselves,

(b) Phosphate applications influenced the dyy matter
production significantly, dbut only at the 40 1b, level.

S {a) The amounte of nitrogen sdded to the soll by

Sesbanin gpeclosa and Crotalards junces in the foxnm of green
matter were greatex then thet sdded through Jrotslaria striata.

(b) Application of greded domesm of phopphorus to the
green manure crops increased in a graded mamner the total amount
of nitrogen, added through theom.

Ga In enydiching the soll nitrogen, ploughing in of
Sesbenin gpeciosa and (robelaris Juncea was found to be better
than Crotalaria pitriata.

Te Incorporating Crotelerie jJuncea end Sesbanis speciloss
in poil considevably inoreased the available prosphoric ecid in

the s0il while frotalaria mtriata could not do so to such a

narked extont.
Bagl.
1. (2) Helght of ragl was significantly influenced by the

different green manure trestmente,

(b) Diffevent levels of phoaphorus wewe found to have
no effect on the height of plants.

2. (a) Production of tillers was found to be higheat in
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plots incorporated with Crobtaleris Junces, followed by
Sesbanis ppecions and Crotaleris striata.

(b) There was progressive increase in the number of
tillers corresponding to levels of phosphorus.

Je Ragi crop, grown in plota incorporated with Crotalayis
Juncca recorded the maximum yield of 375.3 kilograus of grain
and 930.0 kilograms of straw pexr acre.

Application of 40 pounds of 1’205 per acre recorded &
maximum yield of 368.3 kilograme per acre of grain only.

Applying 40 1bs. of Fp0g per acre t¢ Crobalaria juncea
and subsequently raising & ragl crop in the plot was found to
produce 451.3 kilogrems of grain and 9%0.4 kilograms of strow

POr 8Cre.

4. Chemlesal snalysis of the grain and straw brought oub
that the nitrogen and phosphorus content wes not influwenced by

any of the treatments.

From the reswlts of the present investigation, it may
be concluded that the application of P205 at 40 1b. per zcre to
QOrotalaris juncea, produced maximum grain and straw yleld in
the subsequent ragi crop under the soil and climatic conditions
of Vellayani,
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APPENDIX I
Helght of green manurve ¢rops in 60 days--Anelysia of variance

Source SeSe PP Variance 'F
Block 21,14 4 5.285 0.29
Legunes 54384.71 2 27192.35 1504 d
Error 1 144,69 8 18.08 e
Phoephorus 3378, 19 2 1939.09 340,78 *
Interaction 212,01 4 53 931 ¥
Error 136,71 24 5.69

* Jgnificant at 5 per cent level.




APPENDIX IX

RNumber of nodules--Analysis of

variance
Source Batle D.F. Variance 1yt
Block 100,10 4 25,03 5435 *
Legunes 8170,88 2 408544 872,96 *
Exror 1 37.42 8 4.68 ——
Phosphorus 1344.68 2 672.34 143,74 +
Interaction 48,21 4 12,05 2.68

# gignificant at five per cent level




APPENDIX ITX

Teight of green matter--Analysis of varisnce.

Sonrce. Sa8. DePe Veriance. b
Block 124,87 4 21,22 1.10
Legumes - 949.51 2 474,76 16.75 *
Brrox 1 226.80 8 28.35 ——
Phosphorua 2114.,14 2 ' 1057.07 85,66 %
Interaction 237.72 4 59.43 4,82
Error 2 296.13 24 12434 -

#+  Significant at five per cent level.




Welght of dry matter--Analysis of variance

APPENDIX IV

Source. SeSe Do Variance 'E
Block 4.812 4 1,203 04703
TLegume 254383 12,691 T3 *
Irror 1 154653 1.706 —
FPhosphorus 98.318 2 49,159 116,20 *
Interaction 14.665 4 3.666 B.66 *
Lrror 2 104161 24 0.423 -

* Gignificent at five per cent level.




APPERDIX ¥
Pifference in available I’205 in the s0il -~ Analysia of

variance

Souxrces. eSe D.P. Variance R
Bloek 0.0000003508 4 0.0000000877 3.6
Legunes 0. 0000003063 2 0.0000001532 6.2 #
Frror 1 (. 0000001253 8 0.,00000002441 -
Phcg phorus 0.000013307 2 0,000009403 2.619
Interaction 0.0000004989 4 0.0000001247 0.035
Brxror 2 0.00008615 24 0.00000359 -

* Significant at five per cent level.




APPENDIX VI

Amount of nitrogen added by green manure crope in Vilograme per
acye - Analyaie of variance

Source Sea D Variance Qe
Block 34-11 4 8. 527 0063
Legunen 496,83 2 248.415 18.5 #
Lrror 1 107.24 8 13.405 -
Phosphorus 601.72 2 300.86 57.5 *
Interaction 54.6% 4 13,657 2.6
Trror 2 125.45 24 5227 -

# Significant at 5 per cent level,



APPENDIX VIX

Difference between total nitrogen in the soil--Analysis

of variance.

Source. SeSe DeP, Variance, R
Block 0.00000076 4 0.,00000019 2.2
Legunes 0.,00000424 2 0.0000021 24 42%
Exror 1 0.00000069 8 0.000000086 —
Phosphorug 0.00000463 2 0.0000023%2 Q,28%
Inveracsion 0.,00000031 4 0.0000000775 0451
Txror 2 0.,00000591 24 000000025 ——

* Significent at five per cent level.




LPPENDIX VIIX

Height of ragl at 60 days - Analysis of variance

Source. FeBe DeFe Varlance A
Bloek 30423 4 Te55 2446
Legunes 2712.43 3 304,16 295,47*
Error 1 36,75 12 3.06 —
Phosphorus 531 2 2,65 1e51
Interaction 935,66 6 15,61 8,92%
Lrror 2 55,90 32 1.75 -

% Significant at {ive per cent level.




APPRODIX IX
?iller count of Ragl - Analysis of variance

Source. Se8a Dol Variance e
Block T.25 4 181 13,824
liegumes 28,24 3 Sl41 T2.38%
Error 1 1.56 12 0.13 o
Phosphorus 12,16 2 6,08 164 ,30%
Interaction 077 6 0.128 3.40
Brror 2 1,19 32 0.037 -

* Significent al five per cent level.



APPENDIN X
Yield of grain in Kilograms——fnalysis of

variance

Source SeSe D.F. Variance rpe

Block 1.2877 ] 0.3219 3.15
Legunes 28,7524 3 G.5841 94,12%
Exror 1 1.2225 12 0.1018 -
Phogphorug  16.6778 2 85,3389 150,20%
interaction 2,13866 6 03564 6,412
Lrror 2 1.7784 32 0,0555 ——

# glgniflcant at five per cent level,



APPERDIX XT

Yield of straw in Frlograms per plot-inelysis of

variance

Source GeBe bh.w, Variance. e
Block Te49 4 1.872 Te1T *
Degunes 9735 3 32,45 12430 v
Phosphorus 0. 10 2 0.05 1.36
Interaction 9.09 6 1.515 56.11 7
Trroy 2 0.8¢ 32 0.027 ——

* Significant at five per cent level.



APPENDIX XII
Nltrogen content of Ragl grain--Anslysis of variance

Source. Sa8. DePe Variance. Ry
Block 0.0085 4 0,00112 0,933
Tegumes 0.,0053 3 0.00172 1.46
Errvor 1 0.0148 12 0.,00120 o—
FPhosphorus 0.0010 2 0,00050 2494
Interaction 0.0024 6 0.0004 2435

Exrror 2 0.0057 32 0.00017 —




APPENDIX XIIX
Bitrogon content of Ragl etrew - Analysis of variance

Source Se8e D2, Variance e

Block 0.000299 4 0,000074 1.17
Legunes 0.000565 3 0.000188 3.08
Exvor 1 0,000757 12 0.,000063 -
FPhosphorus 0.,000952 2 0.000476 3.06
Interaction 0.000509 6 0.000084 0,70

Error 2 0,003834 %2 0.000120 —




APPINDIX XIV
Phogphiorus content of Ragi grain - Analysis of variance.

Source SeBe DeFo VYarisnce. *pe
Block 0.0021 0.0005 1.21
Legumes 0.,0020 0.,0006 1.46
Exror 1 ©«0050 12 0400041 -
Phosphorus 0.003 0.0015 245
Interaction 0.002 0.0003 e




APCENDIXE XV

Phosphoruo content of Ragl straw - Anelysis of varisnce

Source SeSe D P. Variance e
Block 0.000246 4 0,0000615 1.93
Legumeg 0.0000889 3 0,0000296 0,715
Error 1 0.000475 12 €.000040 -
Phosphorus 0.000320 2 0.000160 0,015
Interacvion 0.00063 6 0.0000105 0.0010

Trror 2 0,35127 32 0.010977 o




APPENDIX XVI

Meteorologicel data for the period of crop growth

Mean Relative Potal
Month temperature hunidity fain fall

in 90 % in mm,
June 1963 27.6 91.8 50.5
July " 26.6 92.3 91.5
August " 27.4 90.8 168,0
September " 28,0 90.1 137.0
October w 27.0 90.8 215.5
November " 27.0 £9.8 184.5
December " 27.0 92.3 52.0
January 1964 26,7 37.0 .
February " 28,4 90.8 38.0

March " 28.7 91.8 36.0
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FICURE §
yleld in kilograms pexr &acre

Sesbania gpsciopa~incorporated

Crotalaria juncea i
Crotaleria gtriasts "

Oontrol - no green nanure
o P205
20 b, :Pao5 per acre

40 1b. ]?205 per acre



PIGURE 8

Grain yield in kllograms per acre.

Sasbanie speolosa-incorporated

Crotalaria Junces “
Crotalaria striata "

Control - no groen menure
No P205
20 1b, Paos per aoxre

40 1b. P205 per acre



PIGURE 6
Height of xegi on 60th day
91 - Sesbonio speoioga-incorporated
Gy =~ Orotalsria junces "

63 ~ Crotalaria striaste "

G4 = Contrel — 10 green mpanure

Po - No ?205
By - 20 1b, P205 per acre
P, = 401D, P205 per acre

PIGURE 7
Number of tillers per plant.

{Treatments same as above)



PIGURE 4 & 5

Green and dry matter yield of green manures.

G4 - Segbonia speciose
Go - Crotainris juncee

G3 - Crotalaria gtriata

94 - Control--no green
menure

PO - NO P205

Py - 20 1b. 13205 per acre

Pe - 40 1b. 2205 per acre



FIGURE 3
Kodule counts

- Besbania speciose
- Crotalaria Juncea

~ Crotalaris striata

- Control--no green
menure

- 20 1b. 1?205 per acre

- 40 1lb. ‘P205 pPeEr BOYe



PIGURE 2
Helght of green manures

- Seeg ociog
Bpscloss

- Crotalaria Juncea

- Crotalarie atriata

- Control - no green
nanure

- o ?205

- 20 1b, I’fat)5 per acre

- 40 1b. ?205 per acre



FIGURE 1
Ieyout of the Experiment
G4 - Sesbania gpecioss
6, - Crotalaria juncea

03 ~ Crotalaria striata

64 - Control - no green
nsnure

Pg~ To P205
Py = 20 1bs P0g per acre

Py ~ 40 1b, 3205 per acre



WEIGHT OF STRAW IN KILOGRAMS PER ACRE
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PLATE VIII
~Gxetalaris girists incorporated,$,-20 1v.2,0,/s




siriata ineorporsted.P,-40 1b.P;0./ae,

£
;i
1
:

Gy-Orotaleria




PLATE XX
@,~%o legume.P,-20 1b.1'20/¢c.




PLATR XIX
‘4"‘" 1‘8\1“;?2"40 1b.?205/¢c.




