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BiffBOMOSIOg

She soil is the principal reservoir of plant 
nutrient phosphorus* It is present in the soil as mineral 
deposits and in the form of plant and animal residues.
Indian soils are generally poor in phosphorus and deficiency 
io rather widespread. 2he average total content of 
Indian soils is 0.108 per cent and the available content
is 0.021 per cent (Xias,S~ 1945). It is clear from these 
figures that very little of the total reserves of soil 
phosphate Is available for growing crops. The phosphorus 
status of the soils of Kerala is even more unsatisfactory. 
Results of fertility surveys and soil test data on about 
50,000 esamples reveal that over 80 per cent of the cultivated 
soils in the State are very deficient in this critical plant 
food. It is thus obvious that these soils badly need 
phosphorus and liberal phosphate fertilisation is absolutely 
essential if better crop yield© are to be secured.

Even in soils containing large amounts of total 
phosphorus plants may frequently exhibit a deficiency of 
this element. Shis anomalous behaviour is due to the 
phenomenon known as phosphate reversion or ’fixation*. 
Fixation of phosphorus in soils is influenced by various 
factors. Of theao factors, the presence of hydrcfus oxides 
of iron and aluminxum, high acidity, low phosphorus status



of the soil, and depletion of calcium are mainly responsible 
for the fixation of this nutrient under Kerala conditions, 
fh® problem of phosphate fertilisation is therefore far more 
serious in Kerala than in most other parts of India.

the fixation of added phosphates in the soil should 
be reduced to the minimum for better utilisation of this 
element by crops. Of the -various methods recommended to 
combat fixation, supply of phosphate in conjunction with 
organic matter ê pears very promising, fh© increased availa­
bility of phosphorus when applied along with organlo matter 
is attributed tot

i.fhe formation of phosphohumic complexes that are 
more easily assimilable by plants.

ii.Anion replacement of the phosphate by the humate ion

iii.fhe coating of ©ee<jui©xid© particles by humus, 
forming a protective cover and thus reducing the phosphate 
fixing capacity of the soil.

— It has recently been suggested that ths acids formed 
during the decomposition of organic matter will form stable 
complexes with iron and aluminium, thereby preventing their 
reaction with phosphate, and also by releasing previously 
fixed phosphates for plant use, (Struthora and Siebing 1950)



Applioationi of phosphates through leguminous gpeen 
manure crops is considered! a still better method of enhancing 
phosphate availability in the soil. As reported by Be lurk 
(1942) legumes have jfche unique capacity 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 
©f the soil (Khan, Bajpai and HSthur 1954). Ihis is all the 
more important under Indian conditions because of the poor 
nitrogen and organic matter status of our soils, fhe average 
level of nitrogen in the soils of this country is about 0.05 
per cent as against 0.14 per cent in temperate regions.
Likewise, organic carbon content of our soils is of the order 
of 0.6 per cent as against 3*0 per cent in Europe.(Hariakulandai 
1961).

She application of phosphates in conjunction with 
leguminous gree manure crops not only increases the nitrogen 
status of the soil, but also enhances the availability of 
phosphorus for the benefit of the succeeding crops, fhis has 
been established by several investigators like Venkata Kao and 
Govindarajan (1960), Singh (1961) and Rao et al.(1962), fhough 
considerable research has been carried out in India on 
phosphate manuring in conjunction with leguminous green manure 
crops, on different soils, very little information is 
available with respect to the laterite and red soils of Kerala. 
Green manure crops commonly grown differ considerably in their



ability to take up phosphorus and make it available for
succeeding crops. In the light of the above observations, 
the present investigation was undertaken with the following 
two main objectivesi

i. To study the effect of application of 
phosphate to leguminous green manure crops.

it. To determine the comparative efficiency of 
different legumes grown in Kerala in 
increasing the availability of phosphorus 
and enhancing symbiotic nitrogen fixation.

It is hoped that the results of this study will 
help in formulating sound recommendations for the better 
utilisation of phosphates by indirect application through 
legumes.



REVIEW OF LITERATtffiE

Importance of legumes in soil fertility*

From time immemorial legumes have been recognised as 
soil enrichers. According to Cook and Miller (1944), Columella 
a Homan agriculturist of the first century, advised the farmers 
to raise lupins to enrich the soil. She role of bacteria as

i
nitrogen fixers, found in the nodules of legumes was recognised 
in 1886. Hillreigal and Wilfarth (1886) and Beijerinck (1888) 
started systematic research on nitrogen fixation by legumes.
(quoted by Cook and Miller 1944). They proved that leguminous 
plants 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 (1935) found that the nitrogen firing 
capacity of alfalfa ranged from 188 to 260 pounds per acre per 
year. X»yon and Bizzeli (1934) found that the amount of nitrogen 
fixed by various legumes varied considerably. It ranged from 
48 pounds per acre per year through field beans to 251 pounds 
through alfalfa, Buckman and Brady (1960) estimating the 
quantity of nitrogen fixed by clover reported the figures as 
100 to 150 pounds per acre.

Another fact worthy of consideration regarding legumes 
is their ability to utilise relatively insoluble phosphatic 
minerals from the soil. Be Turk (1942) reported that sweetclover
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was capable of rapidly utilising phosphate directly from 
rock phosphate, a phenomlnon which cereals like wheat and 
com failed to accomplish.
growth and yield of legume! as influenced hy phosphates*

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

Wing (1913) observed that growth of alfalfa markedly 
increased by phosphate fertilisation. Truesdell (1917) proved 
that fertilization of alfalfa with phosphate resulted in rapid 
growth in seedling stage.

Fellers (1918) reported striking increase in yield and 
dry matter content in Canada field beans, by the application of 
phosphate. Increased yield and dry matter content in Canada 
field beans, by application of phosphate was reported by 
lie Taggart (1921). Bao (1922-23) concluded from experiments 
carried out at Ifysore, that daincha (Sesbanla aculeata) showed 
better growth by the application of super phosphate.

Blaser, Volk and Smith (1941) and Stitt (1944) obtained 
better growth in clover, with phosphate fertilization*
Robinson (1944) showed that the yield and dry matter production 
in alfalfa were increased by application of acid phosphate.

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



7

same workex0 in 1948*
Sen aid Bains (1951) found that among phosphatic 

fertilisers vis* ammonium phosphate* super phosphate, hasic 
slag and "bone meal, beet response was shown by ammonium 
phosphate. Celino (1950) reported that the growth aid green 
matter production of alfalfa and red clover showed considera­
ble Increase due to phosphate fertilization, ahen grown in 
clay loan soils of pH 5*9 in Philltppinoe.

Bamaiah (1952) recorded an increase in yield of green 
matter of sannhemp due to the application of super ohosohate.
Sen and Rao (1955) reviewing work done in India on phosnhate 
fertilization of legumes, reported that in soils where the 
phosphoric acid status was low, there was marked response to 
phosphate application in the growth of cow pea, sannhemp and 
daincha.

Bureau (1953) proved that application of super phosphate 
at the rate of 50 pounds PgOg per acre increased the yield and 
dry matter production of soybeans.

Rao et al,(1954) found that phosphate manuring of 
berseem at the rate of 60 pounds PgO^ per acre increased the 
yield considerably.

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



Crofts (1954) observed that application of 4 cwts. 
of super phosphate per acre showed considerable increase In 
the yield of garden pea.

Ilowell (1954) found that soybeans had grown taller 
and produced higher yields* by the increase in phosphate 
level from 2-10 parts per million in nutrient solution.

Singh sna Verma (1954) observed that application of 
phosphatie fertilizers at the rate of 193 pounds PgO^ 
per acre increased the yield of berseem on oil the three 
cuttings.

Chsn&anani and Oberoi (1956) and Khan and Mathur 
(1957) in their studies on manuring of aannhemp with super 
phosphate at the rate of 80 pounds per acre recorded an 
increase in yield of green matter to an extent of 3.5 cwt, 
per acre.

On similar studies by Rao et al.(1957) the yield and 
dry matter content of sannhomp wore found to be increased by 
the application of super phosphate* at the rate of 80 pounds 
and 160 pounds per acre.

Verghese et al.(1957) reported that manuring of 
Crotalaria 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.



Sikfea and Jain (1959) reported that phosphate and 
aicronutriente like boron and molybdenum increased the green 
matter yield of guar by about 31 per cent over control*

iksten and Beyers (1958) concluded that phosphate 
fertilisation increased the yield of lupins considerably*

Bao and Sankar (1960) in their investigations on 
phosphate manuring the sannhemp concluded that the application 
of super phosphate at the rate of 80 pounds P2°5 Per acr® 
increased the green matter yield considerably.

In an experiment to study the effect of rock phosphate 
and super phosphate on height* weight of lopping and fresh and 
dry weight of shoot and roots of Crotalaria. anagyroids. Batta 
and Sfearma (1961) reported that the application of super 
phosphate at the rate of 90 kilograms BgÔ  per hectare had 
a pronounced effect on the growth of the crop* the effect 
of super phosphate was significantly superior to finely ground 
rook phosphate on equal phosphate basis*

Ballal and Hatu (1961) reported that application of 
BgOg to groundnut crop showed increase in the yield of the crop* 
the response of groundnut per pound of P2°5 $OT three doses of 
10* 20 and 30 pounds per acre came to 18*9# 11*1 and 7*1 pounds 
respectively.

Sen* Bains and Slathur (1962) found that folder legumes 
like senji and bereeem showed marked increase in yield due to
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the application of super phosphate* Of pulsesf peas res­
ponded significantly whereas gram showed only little response.

Kao gt al.(1962) observed that application of super 
phosphate to green manure crops like phillipesary sannhemp and 
indigofera at the rate of 22*5 pounds PgÔ  per acre showed con­
siderable increase in green matter yield*

Sen (1963) in his Investigation on building up to soil 
fertility through phosphate manuring of legumes under irrigated, 
conditions9 showed that the application of super phosphate to 
berseem Increased the green matter production. Best results 
were obtained with 72 Kilograms of Pg0^ per hectare*

Some investigators failed to get any response to 
phosphate fertilisation of legumes*

Besal* fiao and Bao (1957) found that phosphate manur­
ing of green manure crops in sandy loams with available Bg0g 
content of 50 pounds per acre had no effect on green matter 
production*

Hair §& gl. (1957) failed to obtain any significant 
increase in green matter production in Sesbania aneoiosa by 
the application of phosphoric acid singly at the rate of 30 
pounds per aere.

Investigations carried out by Eelwani and Oanguly 
C1959) t on green manuring In conjunction with application of
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fertilizers. Indicated that the response shown by d&incha 
to the application of super phosphate was not significant.

Influence of phosphate on modulation of legumes3

Application of phosphate has shown to have marked
influence on nodule formation of legumes, by several workers. 
Wholtman and Bergen© (1902) concluded that while potassium 
phosphate stimulated modulation, ammonium sulphate had the 
opposite effect of supressing nodule formation in alfalfa,

Eichinger (1913) and Wilson (1917) found that super 
phosphate stimulated nodule formation in soybeans.

Brueha (1915) observed good modulation in field beans, 
when small quantities of potassium a d d  phosphate and calcium 
monobasic phosphate were applied.

Truadell (1917) proved that phosphate fertilisation 
of alfalfa resulted in increased modulation. Hels and Whiting 
(1 9 2 8) concluded that phosphatic fertilisers increased modu­
lation in soybeans, when applied in quantities which were not 
inhibitory to germination.

Swell and Gainey (1930) demonstrated that in soil 
deficient in lime, application of super phosphate were more 
beneficial in inducing modulation in alfalfa, than application 
of calcium alone.

Franklin, Davis and Srawar (1940) carried out
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experiments with phosphate manures on innoculated vetoh and
Australian peas* fhey held that "since the nodule organisms 
are associated with legumes* which relatively use larger 
quantities of calcium and phosphorus* they are adopted to a 
comparatively high level of calcium and phosphorus nutrition"*

hudolce (1941) found that increasing the amount of 
phosphorus increased the number of nodules in soybeans*

®aith (1944) observed that application of super 
phosphate stimulated the production of large number of healthy 
well developed nodules in plover*

Celine (1950) reported that phosphate fertilisation 
of alfalfa and redclover showed considerable increase in 
nodulation and nitrogen content of plants*

Khan* Bâ pai and Msthur (1954) end Sen and Bains 
(1955) found that application of super phosphate to berseea 
increased the number of healthy nodules*

Hair et al.(l95?) concluded that application of 
super phosphate increased the number of nodules on Sesbania 
aneolosa under Kerala conditions,

Phosphate and nitrogen fixation of legumes 8

Ample evidence has been obtained from large number 
of experiments 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 fertilization, the 
increase in nitrogen fixation talyes place, not only due to 
increased growth of the crop, hut also due to the increase 
in percentage of nitrogen in the plant material.

Truesdell (191?) found that phosphate fertilization 
of alfalfa crop increased the total nitrogen fixed, tfcraugh 
increased yields, and the increase in the nitrogen content 
of the plant material*

Fellers (1919) reported that, the protein content of 
soybeans increased with the application of super phosphate.

Me Taggart (1921) proved that phosphates were res­
ponsible for Increasing the total nitrogen in the soil, and 
the percentage of nitrogen in the plant material of soybeans 
and alfalfa.

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

Sammet (1942) observed that the development of 
bacteria and fixation of nitrogen by nodules of soybeans, 
increased with the increased application of phosphate.

Barnes gt al. (1944) reported uniform increase in the 
rate of growth and quantity of nitrogen fixed by legumes due 
to phosphate application.

Parr and Bose (1945) found that since the amount of 
nitrogen fixed is proportional to their yields, the application



of phosphates to legumest increased their nitrogen fixing' 
capacity.

Mercer (1948) claimed that “the cheapest method of 
supplying nitrogen is by stimulating the growth of legumes 
with phosphate fertilisers”.

Fioher, Sammet and Poechenriedar (1950) showed that 
phosphate fertilisation favoured the formation of nodule and 
led to Increased nitrogen fixation by legumes. Ihe uptake of 
nitrogen was simultaneously increased, which resulted in an 
increase in nitrogen content in all plant parts, further they 
noted that the quantity of atmospheric nitrogen assimilated 
by the nodule was highest with phosphate application.

Vyae (1953) concluded that all the phosphatic manures 
tried increased the nitrogen content of pea plants? the 
increase in nitrogen percentage over control being 47.6 percent 
35.5 percent, 24.8 percent said 18.4 percent for super phosphate 
frichy nodule phosphate, Singhhum phosphate and bone meal 
respectively.

Aoharya, Jain and Jha (1953) found that where berseem 
was grown in rotation, manured with super phosphate had 40 
percent more nitrogen after ten years, and 17 percent where 
berseem was grown without phosphate, over the control of 
continuous cropping.
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Vyas end Desai (1953) studied the effect of phosphate 
on nitrogen fixation by pea plants, Ewo doses viz. 60 pounds 
and 120 pounds of phosphoric acid were utilised for the 
trial, fhey reported a significant increase equal to 51.7 
percent and 109*0 per cent In the quantity of nitrogen fixed 
in aerial parte of the plant by the two doses respectively. 
Hcmever the increase in the quantity of nitrogen in the soil 
was not significant, where the aerial parts were not incor­
porated as compared with pre legume soil nitrogen value.
Influence of phosphate manuring of green manures on 
succeeding crons.

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

r
faylor and Ghose (1922) found that application of 

super phosphate to dainoha (Seabania aouliata) not only 
increased the green matter production, but also improved the 
yield of succeeding paddy crop, the effect of super phosphate 
was found to be more conspicuous than bone meal as shown by the 
yield of daincha as well as the succeeding paddy crop.

Hutchings (1936) obeerved that phosphate fertilization 
of legumes represented a higher level of fertility as indicated 
by the yield of the succeeding crop.

Parr and Bose (1947) concluded that wheat grown in plots 
to which phosphate had been applied to berseem in previous year®,
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produced 100 percent more yield then wheat followed by un- 
manured berseea,

Karr and Sen (1948) showed that in the permanent 
manorial trials conducted for a period of 36 years? green 
manuring with saanheap in conjunction with super phosphate 
recorded the highest yield.

Sen and Bains (1951) observed that phosphate ferti­
lisation of berseem at the rate of 120 pounds of super­
phosphate per acre, increased the yield of succeeding wheat 1 
and maize crops,

Khan (1952) recorded higher yields in paddy, maize 
and wheat by indirect application of phosphatê  through berseem, 
Eamiah (1952) reported increased rice yields at Irvin canal 
form in Mysore an* Labhaudhi form in Madhya Pradeah by phosphate 
fertilisation of preceding sannhemp crop,

Oovindarajen and Venkata Kao (1952) obtained signi­
ficant increase in rice and ragi yields, by applying 56 to 112 
pounds of bone seal to the preceding green manure crop,

Mlrchandani and Khan (1952) while reviewing the works 
done all over 2hdla on phosphate manuring of green manure 
observed that in Bihar green manure plus super phosphate at 
the rate of 224 pounds per acre gave 96 percent increase in 
paddy yield over no manure, while it was only 18 percent 
when green manuring alone was done. In Orissa an increase of
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37.8 percent in the yield of paddy was obtained when green 
manuring was done in conjunction with PgÔ  at the rate of 
32 pounds per aore over no manure control# while in the ease 
of green manuring alone it was 34.9 percent. In Madams also

i /green manure plus super phosphate at the sate of 50 \pounde 
?2°5 Per aero gave an increase of 25.7 p̂ rckit overjjno manure, 
while it was only 2.9 percent in the oase>jbf green tWure alone.

 ̂I ) !Sen and Hao (1953) found that the Vield cjf wheat 
increased as a result of indirect applijoatjlî  of phosphate \ 
through sanhhemp. Application of 120 pounds of mxmb phosphate  ̂
through sannhejBp produced 36.6 percent^oljease inJiŷ Old than ^ 
green manure alone. / M  I  ̂ \

I \\}x \\ x
Khan, Bajpai and Sathur (1954j reputed tkjat maize \ 

and wheat grown in rotation with bereeem fertmisek \with V
r v \  i r i V nphosphate at the rate of 120 pounds super phosphate per acre, \ 

showed higher yields than from plots rotated unfertilised v
berseem. / \ In

\ H v
Bayehaudhuri and Subhiah (1954); fl̂ undjthat application

of phosphate to winter legumes, not only rCsmiled in th^ioprove- 
raent in yield and quality of the directly sjanur̂ d crop, W t  
beneficial effects could be noticed on ŝ cd̂ edink cerealI crops
also. , \\ 1  ^

signiChandnani and Oberoi (1955) reported significant rosi- 
dual effect for different forms of phoŝ hâ est on\legumes, which



was manifested by the increased yields of succeeding crops*

While reviewing the reports of the Model Agronomio 
experiments conducted at various centres during Babi 1957/58 
and succeeding Kharif 1958» it had been found that, the 
residual effect of legumes grown varied differently, while 
the residual effect of the phosphate applied through legumes 
responded significantly on the succeeding crop. (Annonymous 
1957-58 and 1958).

Venkata Bao end Oovindarâ an (1960) showed that 
application of green manure alone produced marked increase in 
the yield of both grain and straw in xagi, $he application of 
phosphorus alone through green manure further Increased the 
yield.

Singh (1961) reported that application of super 
phosphate to legumes at the rate of 40 pounds PgÔ  per acre, 
increased the yield of the succeeding wheat crop.

Eanwar (1962) found that phosphate fertilization of 
berseem at the rate of 20 pounds P2°5 P03f acre not only 
increased its yield, but the succeeding maize crop was highly 
benefited as indicated by higher yields#

Rao lit al .(19621 established that application of super 
phosphate to leguminous green manure crops at the rate of 22.8 
pounds PgOj- per acre was more advantageous than direct appli­
cation to paddy.
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Batel, Ofcotih and Sea (1963) concluded that appli­
cation of super phosphate to bereeem at the rate of 72 kgs, 
per hectare Increased the yield of succeeding wheat crop.

Contrary to the previous findings in 1951* Sen and 
Bains (1956) found that the application of 80 pounds 
per acre through cow pea showed no Beneficial effect on 
succeeding wheat, Direct application of superphosphate 
increased the yield of wheat by about 16 percent over the 
same quantity applied through cow pea* which was ae good as 
no manure control,

apertoents conducted by the Division of Agronomy* 
Agricultural College and Research Institute* Coimbatore 
(1956-57) revealed that indirect application of phosphate to 
paddy through leguminous green manure crops did not give any 
significant beneficial effect (Anrtonymous 1956-57),

Sen, Bains 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 compared favourably with direct manuring.

Response of cereals to phosphorus,

the relationship of phosphorus to growth has long 
been recognised* but its important role in plant life Is 
being fully realised only recently. This element has long 
been known as a constituent of nucllo add, phytin and
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phospholipids. It is associated with early maturity of crops, 
particularly cereals and a shortage of this element is mani­
fested by a marked reduction in plant growth.

Of the three essential plant nutrients, next to 
nitrogen, phosphorus is found to be very important. Sethi (1959) 
estimated that 60 percent of the agricultural 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 and Sen (1941) growing paddy at three levels 
of phosphorus found that greatest intake of nitrogen was 
associated with hipest phosphorus level. Brenes, Miller and 
Schnehl (1955) and Crones jt al (1958) reported that the 
absorption of phosphate was stimulated by the presence of 
nitrogen.

Phosphorus is known to influence the development of 
roots, maturation of crops and the composition of the crop in 
general, ffoll, as quoted by Colling® (1954) found that phos­
phorus hastened maturity of small grains and corn in PennysiX- 
vania Experiment Station, Panikkar (1958) reported that 
Indian soils are deficient in phosphorus and recorded positive 
results on phosphate fertilization of sorghum.

In paddy there are several experiments to prove the 
positive response of phosphoric acid invariably in combination
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with nitrogen* Baheja (1960) In discussing the simple ferti­
liser trials conducted on paddy and the respective response 
of the crop to hoth nitrogen and phosphoric acid stated that 
at 40 pounds per acre level 9 the response to phosphoric acid 
mid nitrogen was 1*9 times more than that at 20 pounds per 
sore levels* The response to a combination of 20 pounds 
nitrogen and 20 pounds phosphoric sold per aero was almost 
equal to 40 pounds nitrogen alone per acre in pa My and wheat* 
Further* results as reported by Okada (1931) prove the efft- 
clency of phosphoric acid for accelerating the absorption of 
nitrogen by rice and thus hastening the maturity*

However, there are several parallel findings also 
showing partial or total lack of response to phosphoric add 
fertilisation* Stewart (1947) discussing the manorial experi­
ments in India, observed that numerous experiments of broad­
cast dressings of phosphate fertilisers have failed to show a 
response in yield, but many conflicting results obtained showed 
that shallow rooted crops responded better than the deep rooted 
crops* He also recorded that in many instances though phosphate 
alone had little response on yield, its combination with 
nitrogen sight be markedly superior to nitrogen alone*

Chin (1958) stated that the response of paddy to 
phosphoric acid was little significant in red soils low in 
PgOg, but there was little response on alluvial soils higher 
in phosphorus* fakijima, Shidifims and Konno (1959) reported 
that an increase in the amount of phosphoric acid accelerated



tillering, but inhibited panicle growth,

Baghavan (1959) discussing the model agronomic 
experiments on sorghum round that at all centres the response 
to phosphoric add was absent or low, except at Akola, where 
it was moderate with 2.3 raaund (188,6 lb.) Increase in yield 
of grain for 20 pounds of phosphoric acid.

JGapp (1935) stated that though the addition of 
Oa (fy?o4)2 at the rate of 500 pounds per acre increased the 
phosphorus content of rice plants at 57 and 88 days of growth, 
did not affect the final yield of rice favourably.

According to Mahapatra and Sahu (1961) the response 
to phosphoric acid was lower than that of nitrogen applied at 
equal level. Shree levels vis. 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 significant.

Angladette et al. as quoted by Ignatieff and Page 
(1961) reported that in India where millets are most success­
fully grown in black soils, gave the greatest response to 
nitrogen but phosphorus had only very little effect. Ihey also 
reported that on the whole, for millets a balanced nitrogen 
phosphorus fertilizer appeared to be most satisfactory. In the 
presence of adequate dose of nitrogen bettor response is 
generally reported for phosphoric acid. Persuing their

^2
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Investigations on this "basis in Bombay State, Pandya, Ohavan 
and Shendge (1955) showed that there was considerable response 
to nitrogen and phosphoric acid at 40 pounds and 20 pounds 
respectively per acre, with a basal dose of 3 cart loads of 
farm yard manure for which treatment the highest yield was 
recorded in paddy crop.



h&tebials and m m orn

the investigation was carried out to study the com­
parative merits of the three common leguminous green manure 
crops of this State namely, Crotalaria ,1uncea. Sesbania 
speciosa and Crotalaria striata in their response to different 
doses of and their effect on the succeeding ragi crop*

1. Ibcuerimmtal site.

the experiment was carried out in the garden land, 
with red loam soils at the Agricultural College and Hesearoh 
Institute, Vellayani, from June 1963 to .December 1963*

2. treatments and layout.
(a) treatments.

i* ??hol© plot treatments - Green manures.
61 - Sesbania apeeiosa 
(3-2 - Crotalaria .iunoea 
G3 - Crotalaria strlafca 
64 - No legume 

ii. Sub-plot treatments— different levels ^f 3?20^
H> - No PgO^ \
FI - 20 lb. (9 /g.) "PgO^ per acre 
P2 - 40 lb.(18 Kg.) per acre

the following were the 12 combinations of treatments 
included in this trial.

V
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Seebania eroectoaa ~ G-jP-j, G-jPg*
Crotalaria iuncea - GgP0> GgP^, GgPg*
Crotalaria striata - G^Pq , G^P^» G^Pg*
Control - G4P0 , G4P1, &4Pg.

(b) Layout,
She plots were laid out in split plot arrangement, 

in randomised bloclt design with five replications. Plan o£ 
experimental layout is given in Pig.I.

(c) Size of slot.

Gross - 21 x 21 ft.(6.40 x 6.40 metre)
let - 20 x 20 ft.(6.10 x  6,10 metre)
Total area - 60 cents.

3. Itatoriale.
(a) Seed rates

i.Green manures.
specloaa - 15 Kg. par acre.

Crotalaria .iuncea - 15 Kg. per acre.
Crotalaria striata - 12 Kg. per acre.

li.Ragi. - 4 Kg. per acie.

The ragi strain selected for study was Co.7. Shis 
variety combines in itself the desirable characters lifee 
adaptability to wide range of soil types, climatic conditions 
and high fertility.

She seed material was obtained from Agricultural
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College and Research Institute, Coimbatore.

(fe) Fertilizers.

Phosphoric acid was applied in the fora of super­
phosphate analysing 16 percent PgO^.

Potash was applied in the form of muriate of potash 
 ̂analysing 60 percent y O.

4. Cultivation./  r ■ " '' '
(a) Sowings
 ̂ Green manure seeds were sown broadcast on 20th

>\ June 1963. The three legumes were assigned to main plots 
and manurial treatments tp sub plots.

/
The ragi seeds were dibbled in rows with a spacing 

 ̂of 6 inches between rows on 19th September, 1963.
{
( (*>) duplication of fertilisers:

JIo basal dressing was given, i y >5 was applied at
f three levels ie. 0 lb., 20 lb. (9 * g.) and 40 lb. (18 Kg.)
1 per acre, one level graded above and one below the dose 
recommendod by the fertiliser work shop held in Iladras (1960) 

; for ragi. It was applied as a basal dressing before sowing 
the ^reCn manure seeds. In control plots phosphate was 
applied as a basal drossi.bg before sowing ragi seeds.

The level of KgO selected for study was a uniform
 ̂ jdose of 40 lb. (18 Kg.) per acre, for all treatments based
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growth the meteorological 
general condition of the

on the above recommendations and was applied as a basal 
dressing before sowing aragi*
Co) Grow growtht

luring the period of 
conditions were normal and the 
crops was satisfactory.
(&) Harvests

The green manures wesf® incorporated when Ukrn orop 
was 60 days old.

Bag! crop was harvested in two stages with an 
interval of ten days, first harvest commenced on 15th 
December 1963.
5* Characters studieds 
i. Green manure plants.
(a) Height of plantsi

twenty standing plants were selected per plot at 
random and the height was recorded on the 6oth day stage 
after sowing* All measurements were taken fro© the base of 
the plants to the highest terminal leaf bud.

(b) Humber of nodulest
The number of nodulem present on the root system of 

the sample plants was counted on the day of harvest. The 
plants were oarefully lifted with the use of a spade to 
avoid mechanical dislodging of, nodules and Injury to the 
root system. The root system was washed free of soil
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particles • th© nodule count was taken and recorded*
(c) Green matter yieldg

the sample plant® in &ach plot were separately
harvested and weighed. 4fterwalrds the entire crop from each 
treatment was separately bundled and weight recorded*

(d) ftgy matter contents
/ the sample plants were dried at 70°0* for 4S hourst

; followed by drying at 107°G* in air oven till consecutive
/’̂ Weighings tallied* She weight of the material was recorded
/

j r and the dry matter content per plot thus assessed*

twenty plants were selected from each plot at random, 
labelled and the following characters were studied*
(a) Height of plantsi

the height of plants we® taven on the 60th day stage
after sowing* It was measured from the base of the plant to
the tip of the panicle.

(b) lumber of productive billers!.
total number of productive tillers were taken from 

the sample plants on the 90th dapr after sowing*

(©) lumber of fingers ner ear head*
the number of fingers in the year heads of the 

sample plants were counted and recorded*

I



The yield of grain from narked plants is each treat-
imeat, and the total yield from each treatment was recorded,

{©) Weight of straws
The straw weight was also recorded treatment wise*

6* Chemical analysiss 
A* Soil.

Before starting the experiment soil samples were 
collected and analysed for the following constituents*
(i) gotal nitrogens By K^eldahl’s method according to the 
procedure suggested by A.0*A.0.(1955),
(ill Available ohosnhorlo acids-

By Bickman and Brays method as given by dackson (1957), 
(ill) Soil reaction! By glass electrode method.

Soil samples were again collected before the incor­
poration of legumes and analysed for total nitrogen accord­
ing to the method cited above*

finally a third set of soil samples were collected 
one month after the incorporation of green manures and 
analysed for total nitrogen and available BgÔ .
B. fflant material.
(i)Green manure crops from the air dried plant material from each 
treatment* representative samples were taken and nitrogen esti­
mated by K3e!dahl*e method, and expressed in percentage on 
dry matter basis*
(it) lagi.

the total nitrogen end total Bg0g in the grain and



straw determined separately, as per standard methods given 
Piper (1950).

7. Statistical analysis and Interpretation *

She biological and chemical data were tested for 
significance as per *Analysis of variance* described by 
Parse and Sukhatme (195?)*
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the observations m&& m  the crops grown, and the 
data collected, pertaining to this investigation, analysed 
statistically are presented In the fables below* 

tASXS 1 
SOU analysis values 

total nitrogen - 0.065 per cent
Available phosphoric acid • 0.0020? ®
Soil pH * 5.2
Analysis of variance tables for the characters studied 

were worked out and are famished In the appendix (X-3S)
m m  ix

Mean height of green manure crops In centimeters at 60 days

Sesbania
speelosa

CO,)
Crotalaria
dunces
<%>

Crotalaria
striata
C%)

Kean

Ho P205 0?G) 70.39 148.32 96.24 104.98
2 0 lb. P20 5 (P,) 80.61 1 6 4 .2 2 106.12 1 1 6 .9 8

40 lb. Pg0 5 (pg) 86.82 176.30 119.80 127.64
Mean 79.87 162.95 107.39 —

C.D. (at 5 per cent) for legumes I 3.60. 0g 0̂  61
C.D* (at 5 per cent) for levels of phosphorus* 1.1?# P2 P1 B0
C.D. (at 5 per cent) for levels of

phosphorus in the whole plot* 3 .0 9 6

e.S. (at 5 per cent) for combination of greenmanures ana levels of phosphorus* 4.524



At 60 days stage Crotalaria .juncea recorded the 
maximum height, followed by Crotalaria striata. Sesbania 
speclosa recorded the least height.

Application of phosphoric acid resulted in taller 
plants when compared to control plots. The difference in 
height at different levels of phosphoric acid was statisti­
cally significant.

(FABLE III
Mean number of nodules per plant at 60 days

Sesbania Crotalaria 
speciosa juncea
(ty (o2)

Crotalaria
striata
(O3)

Mean
Percentage
increase
over
control

ITS
o5§ Ob) 24.26 50.92 19.46 31.51 -

20 lb.P205 (pp 37.94 59.72 28.24 41.97 33.19
40 Tb.PgGg (pz) 39.58 62.38 ' 30.00 43.99 39.60

Mean 33.93 57.64 25.90

C.D. (at 5 per cent) for legumes: 1.821 Gg
C.D.(at 5 per cent) for levels of

phosphorus: 1.568 PQ
It is seen from the Sable that the number of nodules

produced by Crotalaria fomcea was greater than that produced
by Seebanla sneciosa and Crotalaria striata.

The average number of nodules produced in plants, grocvn
in plots receiving phosphate was significantly greater than tlo
phosphorus control.
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TABLE I¥
Mean weight of green matter in Kilograms at 60 days

Sesbania Crotalaria 
speoiosa Juncea 

(Gn) (G2)
Crotalaria
striata
C%)

Mean Percentage
increase
over
control

m  ?2g5 <p0 > 49.40 44.80 39.96 44.72 -

20 lb. £205 (P i> 54.30 52.20 45.20 50.57 13.08

40 lb. P205 <p2 ) 63.10 68.80 51.92 61.27 37.01

Mean 55.60 55.27 45.69 *  • # •

C.D. (at 5 per cent) for legumess 4.470 ^  &2

CvD. (at 5 per cent) for levels of
phosphorus 2.646 P2

The values in the Table indicated that the difference 
between yield of Seebanla apeciosa and Crotalaria .iimcea was 
not statistically significant. But the green matter ylold of 
these two legumes was superior to that of Crotalaria striata.

The yield obtained from plots treated with phosphate 
was higher than that from control plots. The difference in 
yield obtained from plots treated with different levels of 
phosphoric acid was statistically significant.
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2ABLE ?
Mean weight of dry matter in Kilograms

Sesbania
epeclosa

Crotalaria
;Juncea

(c2 )

Crotalaria
striata

(O3 )
Mean

Ho ?205 % ) 10.870 8.980 8.838 9.562

20 lb. P205 0^ ) 11.850 10.880 10,194 10.950

40 lb. P205 (P2) 15.572 14.448 11.634 13.152

Mean 12.052 11.412 10.222 -

C.D.(at 5 per cent) for legumes* 1*097 G2 Ĝ

G*B.(at 5 per cent) for levels of 1.548 P2
phosphorus*

fhe difference between the dry matter production of 
Sesbania snecioaa and Crotalaria .luncea was not statistically 
significant. However, they were superior to that of Crotalaria 
striata, and the difference was significant.

Application of phosphorus influenced the dry matter 
yield. She difference was statistically significant only at 
the highest level (40 lb, PgÔ ).
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Difference between available phosphoric acid in the soil in 
percentage, before starting the experiment and one month 

after incorporation of legumes

M L B  VI

Sesbania Crotalaria 
speciosa iuncea 

(0,) (Qg)
Crotalaria
striata
(Sj)

Mean

Ho P205 (p0> 0 .0 0 1 0 2 0 . 0 0 1 1 1 0 .0 0 0 9 6 0.00103

2 0 lb. Pg0 5 (pp 0.00195 0.00163 0.00174 0.00177

40 lb. P20 5 (p2) 0.00267 0.00279 0.00237 0.00261

Mean 0.00188 0.00184 0.00169 —

C.D. (At 5 per cent) for legumes: 0 * 0 0 0 1 3 8 G,| Gg ^ 3

C.D. (at 5 per cent) for levels of , -■
phosphorus: 0.00144 Pg P1 Pq

The difference between the percentage of available 
phosphoric acid in the soil, incorporated with Sesbanla anecioaa 
and Crotalaria .iuncea was not significant but they weie superior 
to Crotalaria striata.

Regarding the levels of phosphorus, maximum availability 
was recorded from the treatment P2“ Difference between treatments 
P-j and Pq was not statistically significant.
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SABLE VII
Amount of nitrogen added "by green manure crops in Kilograms per acre

Sesbania
apeciosa

C^)
Crotalaria

iuncoa
(%)

Crotalaria
striata
(O3 )

Mean Percentage
increase

over
control

No P20 5 (P0 ) 27.652 24.532 20.144 24.110 -

2 0 lb. P2 0 5 C^i) 30.130 28.800 23.440 27.457 10.4

40 lb. P205 (P2 ) 34.440 37.612 26.884 32.978 36.7

Mean 30.740 30.316 23.489 • * # «

C.D. (at 5 per cent) for legumes: 3.03 Ĝ  Og G^

G.B. (at 5 per cent) for levels of
phosphorus: 1.34 Bg Pq

Sesbania anecioaa recorded the maximum amount of nitrogen 
added followed by Crotalaria .iuncea and Crotalaria striata. The 
difference between the first two treatments was not statistically 
significant. But they were superior to the third one.

Regarding the levels of phosphorus, maximum addition 
of nitrogen was recorded by the treatment Pg. Levels P2 m B-j 
were significant over control (Pq).
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Difference in total nitrogen in percentage, in the soil before
the experiment and after incorporation of legumes.

SABLE VIII

Sesbania
speciosa

(»,)
Crotalaria

3uncea
(g2)

Crotalaria
striata

(Oy)

Mean

10 Pg05 % ) 0.00274 0.00278 0.00208 0.00253

20 lb. Pg05 CP,) 0.00312 0.00298 0,00228 0.00275

40 lb. P205 <p2> 0.00342 0.00344 0.00272 0.00319

Mean 0.00309 0.00318 0,00236 • • •

C.D. (at five per cent) far legumes 0.00078 Gg G^

CUD. (at five per cent) for levels
of phosphorus* 0.00021 Pg P^ Pq

fhere was no significant difference between the treatments 
Sesbaitia sneciosa and Crotalaria .iuncea in enriching the soil. But 
both of then were superior to Crotalaria striata.

Eegarding the levels of phosphorus, it was found that 
there was progressive increase in the percentage of nitrogen in the 
soil corresponding to levels. Maximum percentage was recorded by 
level Pg, and the level Pq the minimum.
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TABLE IX

Height of ragi In centimeters at ear-head emergence (60 flays)

Sesbanis
apeclosa

(G-|)
Grotalarla
juncea
<«2>

Crotalaria
striata

(g3)
Ho

legume
<ty

Mean

Ho ?205 <P0 > 62.48 70.13 60.94 51.19 61.18

20 lb, ?g05 CB,) 63.15 70.70 61,37 51.74 61.74
40 lb, ?205 (?2) 63.87 71.06 62.46 52.35 62.43

Mean 63.20 70.63 61,59 51.76 ...

C.D. (at 5 per cent) for legumes (6) 1,39 Gg G^ G^
C.B* (at 5 per cent) for levels of phbsphorus (?) 1,274 Pg
C.D. (at 5 per cent) for levels of

phosphorus in the whole plots 1,823
C.B. (at 5 per cent) for combination of

legumes enfl level© of phosphorus 2,270

The height of the crop was Influenced by the different 
green manure treatments. Bag! grown in plot© Incorporated with Gg 
recorded the maximum height and no green manure plot the least. 
Difference between different green manure treatments was statisti­
cally significant,

Regarding the levels of phosphorus* it was seen that* none 
of the treatments was effective in increasing the height of the crop. 

Indirect application of phosphate through legumes influenced 
the height considerably• Maximum height was obtained from the appli­
cation of 40 lb, BgOg through Gg ani ^  minimum from treatment of 
no phosphate application through Gj.
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fm m  x

Mean number of tillers (at the time of ear head emergence)

Sesbania
speciosa

C§i)
Orotalaria
junoea
<%)

Orotalaria
striata
C%)

lo
legume lean 
(«4>

Percentage
Increase
over
control

m  FgO§ <»0) 5.06 5.26 4.58 3.70 4.65 * «

20 lb. 1»20$ (Pt) 5.28 5.66 4.94 3*94 4.96 6.5

40 lb. tgOg (P2) 6.04 6.62 5.84 3.33 5.72 23

Mean 5.46 5.85 5.12 4.01 - -

Percentage
increase over 36.15control 45.83 27.68 - «* *

0.35. (at 5 per cent) for legumes 0.283 6g 04

O.B. (at 5 per cent) few levels of phosphorus 0.122 £g P0

0.3). (at 5 per cent) for levels of phosphorusin the whole plot
0.246

0.35. (at 5 per cent) for combination of 
legumes end levels of phosphorus 0.377

the treatment 6g recorded the maslimam number of tillers, 
followed by and ©4. fhe difference© were significant
statist Ically*

fhere was progressive increase in fee mean number of 
tillers corresponding to levels of phosphorus* levels 2*g and Ej 
were statistically significant over P^.
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Yield of grain in t&lograos per plot

40

Sesbania Orotalarla Crotalaria Ho 
apeoiosa junoaa 
(Ot) «%)

Ho P205 C%) 2.511 3.054
20 lb. Pg05 (*,) 3.566 3.691
40 lb. P205 C*2) 4.164 4.513
Hean 5.347 3.753
Percentage 
increase 
over control 76.06 97.42

Mean Percentage 
otriata legume increase 
(%) over

control

2.347 1.675 2.396 —

3.336 1.789 3.045 27.08

3.836 2.240 3.683 53.7

3*173 1.901 —

66.92 imtm w**w

C.B. (at 5 per cent) for leguraos 0,2529 Gg (Î Ŵ  0̂

O.B. (at 5 per cent) for levels of phosphorus 0,1508 P2 %

C.B. (at 5 per cent) for levels of phosphorus
in the whole plot 0,2955

C.B. (at 5 per cent) for combination of
legume and levels of phosphorus 0,2527

She treatment Gg recorded the maximum mean yield per plot, 
fho difference between G-j and 0^ not statistically c&gnlfleant| 
but all the green manure treatments were statistically significant 
over no greon manure control (0^).

Progressive increase in the mean yield was noted for levels 
of phosphorus* levels Pg and were statistically significant over 
no phosphorus control (Pq)
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Yield of straw to Kilograms per plot

41

Sesbania
speciosa
fe,)

Orotalaria
ûncea
(%)

Orotalaria
striata
(0*>

Ho
legume
(%>

Mean

»  % %  <%> 8.045 9.097 7.296 5.631 7.517
20 lb. PgO^ (P^ 8.300 9.281 7.499 5.823 7*27
40 lb* BgO*| (P2) 8.453 9.504 7.705 5*981 7.911

% » 8.250 9.300 7.500 5.810 7.715
Percentage increase 
over control 41.98 60.07 29.08 — —

O.D* (at 5 per cent) for legumes 0*405 ©g ©<j ©̂  ©̂

0*®# (at 5 per cent) for levels of phosphorus 0.721 P1 Pq

0*35. (at 5 per cent) for combination oflegume and levels of phosphorus 1*394
C»®. (at 5 per cent) for levels ofphosphorus to the *&ole plot 0*0815

the treatment recorded meadwam yield. All the treatments 
were statistically significant over control (Q̂ ) and the difference 
between treatments was significant*

lone of the phosphoric acid treatments was found to he 
significantly superior to control.

Application of Indirectly through legumes recorded 
significantly higher yields than direct application. Applying 40 lb* 
% %  through ©g recorded maximum yield, 0 lb. PgÔ  through the treat­
ment ©2 i&o least*
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fABKS 1111
Hitrogen content of Hagi grain in percentage

Sesbania
speciosa
<&,)

CrotalariaJuneea
C0g)

Crotalaria
striata(O3)

Solegume
C04)

Means

!?0 2»205<1?o) 1.252 1,268 1.258 1.268 1,262

20 Ib.fgOgCEj) 1.^72 1*290 1.286 1.266 1.279

40 Ib.PgÔ CPg) 1.272 1.314 1.300 1.286 1,293

Mean 1*265 1.291 1.290 1.273 —

C.D. (at 5 per cent) for legumes 0*0275? %  c3 ̂4

O.B. (at 5 per cent) for levels of 0.0839 Pp %phosphorus
Son© of the treatments vim found significantly superior in contri­
buting to the nitrogen content of the grain.
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fABLB XXV
Nitrogen content in Ragi straw in per centage*

Seshania
speciosa
C^)

Crotalaria Crotalaria 
;}uneea striata
(g2) (g5)

Ho
legume
C®4)

Mean

HO P205(1>0) 0.34? 0.355 0.353 0.343 0.349

20 Ib.PgO^) 0.356 0,356 0.358 0.348 0.354

40 ib.P205(P2) 0.355 0.369 0.356 0.358 0.359

Mean 0.352 0.360 0.356 0.349 —

G.B. (at 5 per cent) for legumes (G) 0*0062

C.D. (at 5 per cent) for levels of
phosphorus (1?) 0*00839

None of the treatment was found significantly superior 
in contributing to the nitrogen content of the straw.
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fAB&l I?
Wa.QBph.Qrm oontent of the grain in percentage*

Sesbania Crotalaria Crotalaria Ho leansspeeloss Ounces striata legumes
0^) C%5 (%) <®4)

m  p2o5 <*b> 0.764 0.797 0.783 0.782 0.791
20 Ih.PgOg 0*816 0.801 0*797 0.784 0.799

40 lh.EgOg c%> 0*834 0.834 0.808 0.006 0*811

Mean 0*811 0.810 0.796 0.783

S.D, (at 5 per cent) for legumes* (£) 0*0295 1̂ 2̂ ̂ 3 $4
B.P. (at 5 per cent) for levels________________ _ __of phosphorus (£) 0*0257 O 7 l 0

different green manure treatments and levels of phosphorus 
had no effeot in Increasing the phosphorus content of the grain 
significantly*
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SABLE m
Phosphorus content of sag! straw to percentage

Sesbania Crotalarla Crotalaria So Meansepeciosa jtmcea striata legume
«*,) (%) C%) (l4)

Wo PgOg c%) 0*2936 0*2944 0.2908 0.2868 0.2914

20 lb*P205 <**> 0.2962 0*2904 0.2958 0.2878 0.294

40 lb*P205 0*2974 0.3018 0.2994 0.2892 —

Mean 0.2953 0.2980 0.2953 0.2879 —

0.B. (at 5 per cent) for legumes (0) 0*6723 Gg G,j €r ̂
C.B. (at 5 per cent) for levels

of phosphorus (P) 0*0089 Pg Sy P<)

Percentage of phosphorus to the straw was not significantly 
influenced by the different green manure treatments and levels of 
phosphorus*
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An investigation was carried out at the Agricultural 
College and Keeearoh Institute, Veliayani, to find out the 
effect of indirect application of phosphate through three 
common leguminous green manure crops of this state vis*
Sesbanta snecloaa. Crotalarla .iimcea and Orotalaria striata 
on succeeding ragi crop, and to make a suitable recommendation 
based on the findings. Phosphate was applied at three levels, 
indirectly through the green manure crops mentioned above, and 
directly to the ragi crop* A uniform basal dose of potash was 
also given directly to the ragi crop*

The findings obtained in the investigation are dis­
cussed hereunder*
1* Heirihtt of legumes

from the observations recorded on height of legumes 
(Table II) it was found that, there was significant difference 
among the different treatments* Crotalarla .iuncea recorded 
the maximum height, followed by Crotalarla striata and Sesbania 
sueoioea.

Since variation in height within the legumes is 
purely a funotion of the genetic make up under identical con­
ditions of growth, the variation noted in the present study may 
be attributed to the inherent character of the legume concerned*

A comparison between the effect due to the application
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of phosphoric acid at different levels indicated the follow­
ing. Application of super phosphate at the rate of 20 lbs.
(9 Kg.) and 40 lb. (18 Kg*) per acre was found to have 
significant influence over control for the factor studied. 
This could be due to the effect of phosphoric acid in increa­
sing the total leaf area* which consequently had pronounced 
effect on photosynthetic efficiency of the plant, as proved 
by the classical experiment at Rothametead, reported by 
Russel (1961). Again this observation finds support from the 
findings of Hallowel (1943) and Stitt (1944) who observed 
that the vegetative growth of legumes increased considerably 
by the application of superphosphate.

XI. Green matter production of legumes3

A study of the comparative green matter out put 
(Table XV) ranked the legumes in the following order of 
superiority. Seabania sneoiosa CrotaXaria junoea y> 
Orotalaria striata. The first two legumes were found to be 
significantly superior to the third, ie. Grotalaria striata. 
However the yield of green matter for the first two legumes 
did not differ significantly among themselves. Since green 
matter yield is mainly a function of vegetative growth, by 
virtue of inherent genetic make up of each individual legume, 
the superiority of the first two over the third can he 
explained as a natural phenomenon.

The results presented in the Table XV further
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revealed that the green matter production was Influenced by 
phosphate application. Super phosphate applied at the rate 
of 20 lb. (9 Kg,) end 40 lb, (1$ Kg,) phosphoric acid, per 
acre produced 13,08 per cent and 3 7 * 0 1 per cent respectively, 
more green matter than no phosphorus control. This indicates 
that with the higher levels of phosphoric acid there was 
corresponding increase in the green matter production. Sigh 
and V e r m  (1953) Varghese et aL. (1957) and Sen and Bains 
(1 9 6 2 ) also reported the same trend,

The importance of phosphoric 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 as reported by Kao et al. (1957). The response
of added phosphoric acid appears to be conspicuous» only under 
conditions of very low level of available phosphoric acid 
in the soil, as concluded by Parr and Bose (1948), In the 
present study also the positive response obtained in green 
matter production under phosphate treatment could be attributed 
to fche poor status of available phosphoric acid of the soil
as given in. the Table t.

III. Pry matter content of legumes s

A study of the dry matter production of the different 
legumes (Table V) showed that the treatments Sesbania sneciosa
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and Crotalaria .1\moea wore superior to Orotalaria striata. 
However there was no significant difference between the 
first two legumes*

It may he presumed that, under uniform conditions 
of growth, in which the investigation was carried out, the 
trend of dry matter production should he more or less simi­
lar to that of green matter output (Table !¥)* This variation 
may also b© due to the variation in the maturity of the 
different legumes at the stage of harvest, via* 60th day.

As regards the influence of phosphoric acid at 
different level®, on the dry matter production of legumes 
tried in this investigation, it was observed that (Table V) 
higher values for the factor studied were contributed by the 
application of 40 lb. (18 Ig.) of phosphoric acid per acre.
At the same time, the application of phosphoric acid at the 
rate of 2 0 lb. ( 9  Xg.) per acre was not found to contribute 
materially, compared to the values of dry matter obtained 
from plots, where no phosphoric acid was applied. Both of 
them were found to be statistically on par.

Properties like increased cell division, fat and 
albumin formation and photo synthetic efficiency through an 
Increased leaf area, could reasonably bo presumed to be the 
cause for the higher rate of dry matter production. Similar 
observations had been reported by Bureau (1953) in his studies
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on soybeans and also by Deeal <gt alt(1957) on sannhemp*
I?# Nodiile count*

Data as presented in fable 111 indicate that 
Orotalaria iuneea produced the mamlmum number of nodules 
followed by Seebania epecloaa and Orotalaria striata.

3h the study undertaken, the legumes included were 
classified ae belonging to different genera and species, 
legumes aro found to differ widely in their inherent capacity 
to for® nodules. Even the specific strain of inoculaja res­
ponsible for nodulation In a particular genera or species, 
vary in their capacity to produce effective nodules among 
its different members*

Item the result© shown in the fable HI, it was 
seen that application of phosphoric acid at the rate of 40 
lb. per acre (18 Kg.) was significantly superior in nodule 
formation to 20 lb. (9 Kg.) pg0^ per acre. Both the levels 
tried were found to be significantly superior to no phospho­
rus control.

Application of super phosphate to the soil has the 
effect of stimulating the microbial population? as reported 
by Whyte jt a^. (1953) and Sen and Bains (1935). Biospheric 
acid induces the formation of greater number of root lets 
and root hairs in plants. (lussel,1 9 8l)* the infection of 
rhlzobium for the formation of nodule, mainly takes place
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through the root hairs, as reported by Mutman (1 9 5 8), This 
explains the reason for the formation of greater number of 
nodules in plants grown in plots applied with phosphate.
She result obtained in the present investigation was in 
association with the finding reported by lair et al, (1957).
?* Soil nitrogent

from the study of the data presented in the fable 
VIII it was found that Sesbania eneoiosa was the most 
effective green manure in enriching the soil with nitrogen, 
followed by Crotalaria ,1uncea and Crotalaria striata. How­
ever there was no significant difference between the first 
two.

fhe quantity of nitrogen added by legumes, depends 
on many factors vis. the hind of legume, the condition of 
growth, stage of ploughing in and soforth. (¥lrchandari and 
Khan, 1 9 5 3)• fhe legumes tried in this study were of differ­
ent types. Their growth habit, nodule production and green 
matter production varied considerably as discussed earlier.
So the difference in the total nitrogen in the soil before 
starting the experiment and after incorporation may reasonably 
be attributed to the factors mentioned above.

Bcom the data presented in the table cited above, 
it was seen that the application of phosphate to legumes 
significantly influenced in increasing the nitrogen status 
of the soil. According to Sen and Rao (1353) the nodule



bacteria require an adequate supply of phosphorus for their 
normal development ana nitrogen fixation in symbiosis with 
the legume. So the increase in the amount of nitrogen fixed 
at higher levels of phosphorus can be reasonably attributed 
to this phenomenon. This observation was in line with the 
findings reported by Sen and Bains (1955 and 1957) Varghese 
et al.(195?) Banos (1959) and Patel, Ghose and Sen (1963) 
who found that the amount of nitrogen added to the soil by 
legumes increased considerably at higher phosphate levels.
Thus the result in the present investigation indicatesthat 
with higher levels of PgOj- applied, nitrogen in tho soil also 
increased.

VI. Available phosphate in the soils

From the figures presented in the table VI it was 
seen that the availability of phosphoric acid in the soil 
increased considerably by application of phosphate through 
the legumes. Seebanla snecioaa and Crotalaria .junoea increased 
the available phosphoric acid statue in the soil, wore than 
Crotalaria striata. But the difference between the first two 
was not significant.

Moser (1942) showed that the availability of phosphor!o 
acid increased due to the decomposition of green manures. In 
the present study also the variation in the ability among the 
different legumes tried in increasing the availability of 
phosphoric acid can be attributed to the difference in the green
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matter production by them (fable IV) and also to their
capacity to get decomposed in the soil#

Shore was a progressive increase in the availability 
of phosphoric acid corresponding to levels. Differences 
between treatments Dg and and D-j and were not signi­
ficant# But there was significant difference between the 
treatments Pg and J»q. fhus the results obtained In this in­
vestigation indicated increase in phosphate availability with 
indirect application through legumes, this is in conformity 
with the observations made by Govlndara^an (1951) Sen and 
Bains (1955 and 195?) and Patel# Ghosh and Sen (1965).

Tm increased availability of phosphate as reported 
by Sen and Bains (1955) may be due to the production of large 
quantities of carbon di oxide during the decomposition of 
organic matter# leading to the lowering of the pH of the soil 
solution and also due to the conversion under the influence 
of decomposing organic matter, to organic phosphates which 
are better available. Struthers and Slebing (1950) favour 
the latter view and showed that# the organic acids produced 
by bacterial decomposition of organic manures form compounds 
and complexes wifeh phosphate inhibitors such as iron and 
aluminium in the soil and there by release phosphate for the 
benefit of crop growth. Considering the fact that the soil 
under investigation was later!to# with pH 5*2 this view appears 
to be more reasonable. Varghese et al.(1957) obtained the same 
trend under similar soil and climatic conditions.
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RESIDUAL IfffKCf 01 SUCCBESHfG RAGI CRQR

1* Height of ragls
from the data presented in the Table IX it was found 

that maximum height was recorded by the crop grown in plots 
incorporated with Crotalaria .luncea, In order of superiority, 
the legumes were placed in the following order, Crotalaria 
.iunoea SesbanAa suaeioaa /> Crotalaria striata. The 
differences noted among them were statistically significant.

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

Rrom the data presented in the tables for values of 
nitrogen added (Table VII) soil analysis figure for total 
nitrogen after incorporation of legume (Table VIII), green and 
dry matter production of legume (Tables IV and V) it was found 
that the treatments Crotalaria .luncea (Gg) and Sesbania aueoiosa(Ĝ ) 
were on par, but superior to Crotalaria striata (G^)•

Since Ĝ  and Gg were statistically on par, it is 
reasonable to persume that the increase in height of the crop, 
grown in plots treated with Gg, may be due to the increased 
availability of nitrogen from that treatment.

There was no significant variation in the height of
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th© plant at different levels of phosphoric acid tried.

II* Humber of tillerss

From the observations recorded on this factor 
(fable X) it was found that, ragi grown in plots treated with 
legumes recorded significantly higher number of tillers than 
no green manure control. Crotalaria .juncea (Gg) Sesbanla 
soeciosa (Gj) and Crotalaria striata (Gj) recorded 45.83,
36.18 and 27.68 per cent more number of tillers, respectively 
than control (G^)• filler production, being a vegetative 
character is influenced by nitrogen, as reported by Naraslnha 
murthy (1960). nitrogen anplied to the plots through the green 
matter added, by the treatments Gg and G<j were on par and were 
significantly higher than as shovm in the fable VII. So 
the difference in the number of tillers from the different 
green manure treatments could be ascribed to the variation in 
the amount of nitrogen added through them. This trend again, 
is in agreement with the findings of Kelwani and Ganguly (1959) 
in paddy.

Application of phosphoric acid increased tho tiller 
production in ragi. At 40 lb. (18 Kg.) level the number of 
tillers formed was significantly higher than that of 20 lb.
(9 Kg*) level which again was superior to no phosphorus level. 
Similar response was reported by Saklyima, Shiojima and Lonno 
(1959) and Venliteswaran (1956) in paddy. In the present study 
indirect application of phosphoric acid through legumes influ­
enced tiller production considerably.
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Among the combinations, application of 40 lb.(18 Fg.) 
phosphoric acid through Crotalaria iuncea recorded the maximum 
number of tillers. She minimum number v/as for no phosphoric 
acid v/ith Crotalaria striata, Tillering, being a vegetative 
character, was influenced by the availability of nitrogen, 
from the table VII it could be seen that the amount of nitrogen 
added through the treatment Crotalaria .Iuncea at 40 lb.(18 Kg.) 
level was the highest. Sircar and Sen (1941) growing paddy 
at three levels of phosphorus found that the greatest intake 
of nitrogen was associated with the highest phosphorus level.
So the Increased number of tillers from plots receiving higher 
level of PgOfj through legume may be attributed to the increased 
amount of nitrogen absorbed by the crop.

III. Crain yields

A study of the comparative effect of various treatments 
on grain yield (Table XX) indicated that higher yields had 
been obtained from plots treated with green manure crops.
Maximum yield was obtained from the treatment Crotalaria 
.iuncea (Gg). It was followed by Sesbania sneoloea (G^) mid 
Crotalaria striata (G^) and the difference between them w as 
not significant. But all the green manure treatments gave 
signi ficantly higher yield than no green manure control•(G^)♦
The treatments aTlS ^ 3 produced 97*42, 76.06, and 66.92
oer cent higher yield respectively over G^. The variation in 
the production of grain by the different green manure treat­
ments could be due to the variation in the effective tiller



production, as influenced by the difference in the amount of 
nitrogen sdd^d through them (fable VII). Several experiments 
conducted on ̂ragl have conclusively proved that the crop res­
ponded well po nitrogen. Sanyasiraju (1952) recorded response 
In ragi crop for nitrogen. Haraeimhamurthy (1952) reported 
progressive increase in yield of ragi for nitrogen levels upto 
50 lb. per acre.

is for the different levels of phosphoric acid tried, 
on the yield of ragi (fable 3d) it was found that the level 
recorded the maximum grain yield followed by P1 and Pq. ill 
the treatments were significant among themselves, fhe treat­
ments Pg and Pj produced 53.7 sad 27.08 per cent more grain 
yield respectively over control 0PO). Chin (1952) reported 
that the response to phosphate was significant in red soils low 
la available BgOg* the table I it could be seen that the
available PgÔ  status in the soil, where the investigation was 
carried out, was very low and hence the significance due to 
added phosphate. Again the results obtained in the present 
study was in conformity with the findings of Bains (1949) who 
reported significantly higher yields in wheat, at higher 
levels of BgOg.

fhe table cited above further reveals that indirect 
application of phosphate through green manures increased the 
grain yield of ragi. Among the combinations, application of 
40 lb. (18 Eg.) of BgOj. throu^i the treatment Gg produced the 
maximum yield followed by G.| and Ĝ . Minimus production was
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from th© combination of VQ and Gy Shis Ending is in agree­
ment with tii© results reported by Venkatarao end Govindarajan 
(1960) who recorded higher grain yield in ragi by the appli­
cation of phosphate in conjunction with leguminous green 
manure crops. In the present study also the availability of 
phosphoric acid increased due to the indirect application 
through legumes (Cable VI) and hence the increase in grain 
yield my  be attributed to this reason* Singh (1961), Rao 
et al* (1962) have also reported the same trend*
XV* Straw yield>

3fc the study on the straw yield of ragi (Cable XII) 
it was observed that the crop treated with Grotalaria Jtmoea(Gg) 
recorded the maximum, followed by Sesbania aneclosa (Ĝ ) 
and Crolalaria striata. Control plot (Ĝ ) recorded the lowest 
yield* Percentage increase for different treatments Gg, Ĝ  
and 6^ was found to be 60.07, 41*98 and 29*08 respectively over 
control (Ĝ ). She increase in the yield of straw m y  be 
ascribed to the increased tiller production* (Table X).

This finding is in line with the observations made 
by Venkata Hao and Govindarajan (1960) who reported higher 
straw yield in ragi duo to green manuring with legumes. Game 
results had been reported by Venkltasubramanlyan and DorairaJ 
(1952).

Eegarding the levels of phosphorus, no significant 
difference was obtained between the different treatments.
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This result is in line with the finding reported by Hair 
(1963) in ragi.

Indirect application of phosphate through legumes 
produced higher straw yield than direct application. Among 
the combinations 40 lb. (18 ^g.) with Og recorded the 
maximum output. She difference in the straw yield in different 
green manure treatments could be due to the variation in the 
amount of nitrogen made available by them. Sircar and Sen (1941) 
reported that in paddy increased up take of nitrogen m s  
associated with higher levels of phosphoric acid. In the 
present investigation also the influence of phosphoric acid 
applied, indirectly through green manures, on straw yield of 
ragi, could be due to the increased uptake of nitrogen at high 
levels of PgO,j.

V. Chemical analysis of *grain and straws
(a) Nitrogen.

Chemical analysis of the grain and straw (fable XIII 
and XIV) showed that none of the treatment was significantly 
superior in Increasing the nitrogen content, fhe different 
green manure treatments and levels of phosphoric acid tried 
showed considerable variation in yield, (fables X and XT) but 
the nitrogen content was not affected, fhio finding is in 
line with the observation mode by early investigators like 
Sturgis (1952) Panos (1959) and Sethi, (1959) 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 straw v/as 
not affected significantly,

(b) Phosphorus;
Shis factor also was not significantly influenced 

by any of the treatments (Table X? and XVI), Prom the tables 
cited above, it was seen that, there v/as a general trend of 
increase in the percentage of this element in the grain and 
straw at increasing levels of phosphorus theugfa not statisti­
cally significant. Hair (1963) observed that, the different 
levels of phosphoric acid applied to ragi, did not affect 
significantly the phosphorus content in the grain and straw.
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An investigation was carried out to study th© response 

of three common leguminous green manure crops of this State via* 
Sesbania sueeiosa* Crotalaria iunoea and Crotalaria striata to 
different doses of PgO^ and their comparative residual effect 
on the succeeding ragi crop* the experiment was laid out in 
the arm, attached to the Agricultural College and Research 
Institute, Vellayani# Phosphate was applied at three levels 
vis. 0, 20 and 40 lb* per acre* This was applied directly to 
the ragi crop, and also indirectly through the proceeding green 
manure crops* A uniform hasal dose of potash (40 lb* KgQ per 
acre) was applied directly to ragi in all the treatments*

The following plant characters were studied, for the 
green manures and ragi crop*

Qreen manure cron*
tt

i. Mean height of plants in centimeters on 60th day
after sowing.

11* Mean number of nodules per plant, 
ill* Wet^st of green matter, 
iv* Weight of dry matter, 
v* Amount of nitrogen added through legumes*

Ragi cron.
1. Height in centimeters at earhead emergence 
ii. Mean number of tillere 
ill. Yield of grain
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tv. Yield of straw
v. Nitrogen content of grain and straw* 

vi. Phosphorus content of grain and straw*

fhe total nitrogen and available phosphoric acid In the 
soil were determined before cosmeneement of the experiment and 
one month after incorporation of the legumes*

She conclusions are summarised below:

1* (a) Grotalaria lunoea recorded the maxisum height at
60 days followed by Grotalaria striata and Sesbanla soecioea.

(b) Application of phosphate resulted In taller 
plants* plant hei#t showed significant difference between 
the various levels of phosphorus tried*

2* (a) Grotalaria lunoaa recorded the maximum number of
nodules while Grotalaria striata recorded the least*

(b) fhere was a progressive increase in the number of 
nodules formed with increasing levels of phosphate*

3* (a) the difference in green matter production between
Sesbania aneoiosa and Grotalaria .timoea was not significant* 
However they were better than Grotalaria striata in green 
matter production*

(b) Phosphate treatments Increase the green matter 
production of the legumes#
4* (a) Sesbania sueciosa and Grotalaria lunoea were
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significantly better than grotalaria atriata in dry matter 
production, with no significant difference between themselves*

(b) Phosphate applications influenced the dry matter 
production significantly, but only at the 40 lb* level*

5* (a) ffce amounts of nitrogen added to the soil by
Sesbania auectoaa and grotalaria .luncea in the form of green 
matter were greater than that added through Grotalaria striata.

(b) Application of graded doses of phosphorus to the 
green manure crops increased in a graded manner the total amount 
of nitrogen, added through them*

6. In enriching the soil nitrogen, ploughing in of 
Sesbania sueelosa and Grotalaria luncea was found to be better 
than Grotalaria striata*

7. Incorporating Grotalaria .luncea and Sesbania eneoiosa 
in soil considerably Increased the available phosphoric acid in 
the soil while Grotalaria striata could not do so to such a 
marked extent*
Bag!*
1. (a) Height of ragi was significantly influenced by the
different green manure treatments*

(b) Blfferent levels of phosphorus were found to have 
no effect on the height of plants*

(a) Production of tillers was found to be highest in



64

plots incorporated with Crotalaria iuncea. followed by 
Seebania specioaa and Crotalaria striata.

(b) Shore was progressive increase in tho number of 
till era corresponding to levels of pho^horus.

3. Hagi crop, grown in plots incorporated with Crotalaria
,1uncaa recorded the maximum yield of 575.3 kilograms of grain 
and 930.0 kilograms of straw per acre.

Application of 40 pounds of P2°5 Per acr0 recorded a 
maximum yield of 368.3 kilograms per acre of grain only.

Applying 40 lbs • of PgQ^ per acre to Crotalaria .juncea 
and subsequently raising a ragi crop in the plot was found to 
produce 451.3 kilograms of grain and 950.4 kilograms of straw 
per acre.

4. Chemical analysis of the grain and straw brought out
that the nitrogen and phosphorus content was not influenced by
any of the treatments.

From the results of the present Investigation, it may 
be concluded that the application of at 40 lb. per acre to 
Crotalaria juncea, produced maximum grain and straw yield in 
the subsequent ragi crop under the soil and cliŝ atic conditions 
of Vellayani,
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APPENDIX 1
Height of green manure crops in 60 days— Analysis of variance

Source S.S. P.P. Variance •F»

Block 21.14 4 5.285 0.29
Legumes 54384.71 2 27192.35 1504 *
Error 1 144.69 8 18.08 —

Phosphorus 3878.19 2 1939.09 340.78 *
Interaction 212.01 4 53 9.31 *
Error 136.71 24 5.69

* Significant at 5 per cent level.



Ai>mm3x n
lumber of noaules— Analysts of 

variance

Source S. S. D.E* Variance *F*

Block 100*10 4 25.03 5.35 *
Legumes 8170*88 2 4085*44 872.96 *
Error 1 37*42 8 4*68 —

Phosphorus 1344*66 2 672.34 149.74 *
Interaction 48*21 4 12.05 2.68
Error 2 107*88 24 4.49 —

* Significant at five per cent level



APPENDIX III 
Weight of green matter— Analysis of variance.

Source, s.s. D.P. Variance. •F*

Block 124.87 4 31.22 1.10
Begumos * 949.51 2 474.76 16.75 *
Error 1 226.80 8 28.35 --

Phosphorus 2114*14 2 * 1057.07 85.66 *
Interaction 237*72 4 59.43 4.82
Error 2 296.13 24 12.34

■* Significant at five per cent level.



Weight of dry matter— Analysis of variance
APPENDIX I?

Source* S.S. B.P. Variance

Block 4.812 4 1.203 0.703
Begum© 25.383 2 12.691 7.73 *
Error 1 13.653 8 1.706

Phosphorus 98.318 2 49.159 116.20 *
Interaction 14.665 4 3.666 8.66 •
Error 2 10.161 24 0.423

* Significant at five per cent level.



APPENDIX ?
Difference in available PgOsj in the soil - Analysis of

variance

Source. S.S. B.F. Variance •P*

Block 0.0000003508 4 0.0000000877 3.6
Legumes 0.0000003063 2 0.0000001532 6.2 *
Error 1 0.0000001353 8 0.00000002441 ~

Phos phorus 0.00001880? 2 0.000009403 2.619
Interaction 0.0000004989 4 0.0000001247 0.035
Error 2 0.00008615 24 0.00000359 -

*  Significant at five per cent level.



Amount of nitrogen added hy green manure crops in L̂lograiae per 
acre - Analysis of variance

APPENDIX VI

Source S.S. P.P. Variance »j»»

Block 34.11 4 8.527 0.63
Legumes 496.83 2 248.415 18.5 *
Error 1 107.24 8 13.405 -

Phosphorus 601.72 2 300.86 57.5 *
Interaction 54.63 4 13.657 2.6
Error 2 125.45 24 5.227 <_

♦ Significant at 5 per cent level*



Difference between total nitrogen in the soil— -Analysis 
of variance.

APPENDIX ?II

Source. S.S. D.f. Variance. .pi

Block 0.00000076 4 0,00000019 2.2
Begumes 0.00000424 2 0.0000021 24.42*
Error 1 0.00000069 8 0.000000086 —

Phosphorus 0.00000463 2 0.00000232 9.28*
Interaction 0.00000031 4 0.0000000775 0.31
Error 2 0.00000591 24 0.00000025 —

* Significant at five per cent level.



APPENDIX fill 
Height of rag! at 60 days — Analysis of variance

Source. s.s. P.P. Variance *P*

Block 30.23 4 7.55 2.46
Legumes 2712.43 3 904.16 295.47*
Error 1 36.75 12 3.06 —

Phosphorus 5.31 2 2.65 1.51
Interaction 93.66 6 15.61 8.92*
Error 2 55.90 32 1.75

* Significant at five per cent level.



ASEWm XX 

filler count of lag! ~ Analysis of variance

Source. S.8. 3). P. Variance *p*

Block 7.25 4 1.81 13.92*
Legumes 28,24 3 9.41 72.30*
Error 1 1.56 12 0.13

Phosphorus 12.16 2 6,08 164.30*
Interaction 0,77 6 0.128 3.40
Error 2 1.19 32 0.037 —

* Significant at five per cent level.



Yield of grain in Kilograms— -Analysis of 
variance

APPENDIX X

Source S.S. B.F. Variance *P»

Block 1.2877 4 0.3219 3.15
legumes 28.7524 3 9.5841 94.12*
Error 1 1.2225 12 0.1018 —

Phosphorus 16.6778 2 8.3389 150,20*
Interaction 2.1386 6 0.3564 6.41*
Error 2 1.7784 32 0.0555 «...

* Significant at five pear cent level.



Yield of afcraw in Fxlograns per plot-Analysis of 
•variance

AB?£BBX£ XI

Source 0.S. Variance. ■ p i

Block: 7.49 A 1.872 7.17 *
Legacies 97.35 3 32,45 124.30 *

Error 1 3.14 12 0.261 —

Phosphorus 0.10 2 0.05 1,86

Interaction 9.09 6 1.515 56.11 *
Error 2 0 .89 32 0.027

* Significant at five per cent level.



APPEWBXX XXX
Nitrogen content of Ragl grain— Analysis of variance

Source. S.S. M * Variance. *F*

Block 0.0065 4 0.00112 0.933
Legumes 0.0053 3 0.00172 1.46
Error 1 0.014S 12 0.00120

Phosphorus 0.0010 2 0.00050 2.94
interaction 0.0024 6 0.0004 2.35
Error 2 0.0057 32 0.00017



APPINB2X H U
Kitrogen content of Bagi straw - Analysis of variance

Source s.s. B.F. Variance »F'

Block 0.000299 4 0.000074 1.17
Legumes 0.000565 3 0.000180 3.08
Error 1 0.000757 12 0.000063 —

Phosphorus 0.000952 2 0.000476 3.06
Interaction 0.000509 6 0.000084 0.70
Error 2 0.003834 32 0.000120



m m m  m

Ifeosphosras content of Bag! grain ~ Analysts of variance.

Source s.s. £.F. farlanee. •ft

Block 0*0021 4 0,0005 1.21
Legumes 0.0020 3 0.0006 1.46

Brror 1 0*0050 12 0,00041 —*

Hioaphorue 0.003 2 0.0015 2.5
Interaction 0.002 6 0.0003 0.5

error 2 0.021 32 0.0006 — *



APTEOTX X?
Phoaphoruo content of lagi straw - Analysis of variance

Source S.S. B.f. Variance *F«

Block 0.000246 4 0.0000615 1.53
Legumes 0.0000889 3 0.0000296 0.715
Error 1 0.000475 12 0.000040 —

Phosphorus 0.000320 2 0.000160 0.015
Interaction 0.00063 6 0.0000105 0.0010
Error 2 0.35127 32 0.010977



APPENDIX XVI 

Meteorological data for the period of crop growth

Mean Relative Total
Month temperature humidity fain fall

in °C $> in mm.

June 1963 27.6 91.8 50.5

July " 26.6 92.3 91.5

August M 27.4 90.8 168.0

September n 28.0 90.1 137.0

October n 27.0 90.8 215.5

November n 27.0 89.8 184.5

December n 27.0 92.3 52.0

January 19 64 26.7 37.0 • •

February ” 28.4 90.8 38.0

March « 28.7 91.8 36.0
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PIOUBE 9
Straw yield la Kilograms per ©ore

®1 - Sesbania sDeciOBa-ineoiDorated

®2 - Crotalaria rlnncea «*

®5 - Crotalaria striata **

®* - Control - no green manure

*0 - 3To ?2®5

Pi - 20 lb. PgOg per ©ore

P2 - 40 lb. PgOg per acre



Grain yield in kilograms per acre.
3?X®BRB 3

»1 m * Saabania speolosa-lncoraorated
S2 - Crotalaria .iimcea *

°3 - Crotalarla striata rt

*4 • Control - no green manure

?0 HO PgOg

*1 - 20 lb. per aore

*2 - 40 lb. Pg05 per acre



m m m  6
Height of ragi on 60th day

^eabania aneolosa^inooroogated 
6g - Crotalaria .lunoea *»

“ Crotalaria striata 
(fy - Control - no green manure

Pq *» Ho PgO^

- 20 lb, pgOjj per aer©

Pg - 40 lb. pgOg per acre
TOtlEE 7 

Humber of tillers per plant, 
(treatments same as above)



PXGtJBB 4 & 5 
Green and dry matter yield of green manures.

Gt
Gg - Crotalarla lunoea
$3 • Orotalarla striata
Ga - Control— no green
* manure

P0 - Ho P205

- 20 lb, PgO,j per acre

Pg - 40 lb. PgO^ per acre



1PIGUKE 3 
Nodnle counts

*“ Sesbanla speoiosa
02 - Crotalaria itmcea
%  « Crotalaria striata

- Control— no green
# manure

%  “ No p2°5
P-j - 20 lb, PgOg per acre

Pg - 40 lb* PgOg per acre



vmtm 2
Height of green manures

®1 - Mebaaia eueetosa
%  ~ Crotalaria .luneea
%  * Crotalaria atrtata
64 - Control - no greenmanure

%  -  So P205

^  - 20 lb. P01? aore

Pg - 40 lb. Pg©̂  per aore



FIGURE 1
layout of the Experiment
G1 - Sea'bania apeeioaa
Gg ~ Crotalaria ,1uncea
Gj - Crotalaria striata
0a - Control ** no greenmanure

P0 - Ho Fg05
- 20 lh. FgO^ per sere

Fg - 40 lh« FgO,- per acre



WEIGHT OF STRAW IN KILOGRAMS PER ACRE



PULSE I
* 3«ibania apaolaaa incorporated. P0-Eo *2°5

PULSE IX
1"fif appoioaa inoorporated.P1 -20 lb.P205/ae



PUTB m
*999199* incorporated.Pg-40 It.PgOj/ao





pmws ni 
ifoW* incorporated. P0-i* p2o$

m t i  n ix

p-SSSMSS&ft «$?*»*» ineorporatad̂ -20 X̂ .FgOj/i








