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PREFACE

THE purpose of the present review which has been written at the instance of Dr. W,
Burns, late Agricultural Commissioner with the Governme  “India, is to set forth as
best as possible all the available information on the green manuring work done in this
country. Wherever necessary, a reference has been made to some of the more important
investigations carried out abroad with a view to institute a comparison of Indian conditions
with those in the other countries. The review might also serve the purpose of indicating
the lines on which work on the different or more important aspects of green manuring could
be taken up in the different parts of India, so as to lead to an accumulation of data for
filling in the gaps in our existing knowledge and thus provxde a scientific background to the

_ raison d’elre of the entire practice of green manuring in India.

Our thanks are due to Mr. C. Maya Das, 1.A.8,, Director of Agriculture, United Provinees‘
for his interest in the present work and Rao Bahadur B. Viswanath, Director, Impena.l
Agricultural Research Institute, New Delhi for providing hbra.ry facilities to, the senior

author. -

Department of Agriculture, U.P. " B. K. MUKERJI
September 13, 1948. R. R. AGARWAL
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1. INTRODUCTION

G REEN manuring is by no rieans an inrovation

in India. From very ancient times the practice
of burying lexves, twigs and loppings from trees
has been fol'owed by the cultivators in areas where
the proximity of forests renders such material
easily available. In common, however, with
many other agricultural practices in India and
abroad, the listory of the scientific development
of the subject of green manuring dates back only
to very recent years. The agricultural excellence
of green manuring is now fully appreciated in the
‘major part of this country, and the practice has
established itself firmly in most of the provinces
and States. The phenomenal increase in the
acredge under the improved varieties of suger-
cane has specially given much impetus to this
subject, which now warrants considerable atten-
tion on both the part of the agricultural experiment
stations and the cultivators. -

The importance of nitrogenous and organic
manures in improving the fertility of the scil is an
established fact all over the world. Indian soils
‘lack particularly in nitrogen and organic matter,
containing on an average 0-03 to 0-07 per cent
nitrogen and Q-6 per cent carbon against 0-1 to
0-17 per cent nitrogen and 3-0 per cent organic
carbon in the European and Axerican soils. The
necessity for an extensive use of organic nitro-
genous manures to supplement the essential
nutrients specially lacking in our soils is, therefore,
' obvious. Artificials may play some part in
intensive farming but an extensive use of such ferti-
-lizers is generally precluded due to the poor econo-
-mic condition of the farmers in this country, and
also in consideration of the greater need of organic
_matter in the soil for betfer tilth and nutrient
status.

The destruction of farmyard manure, by its being
used as fuel, imposes very serious restrictions on the
available quantity of & valuable indigenous supply

"of organic manure. Even if the whole of the
“cattle-dung could be conserved and made into
manure, the supply would meet only about two-
fifths of the requirements for the total area under
« gultivation in India. In Sind, now in Pekistan, where
. ¢ue to the introduction of extensive irrigation
facilities the cropping intensity has considerably
" increased in recent years, the available supyrly of
- cattle-Gung can herdly meet the grewing demand

. of the cultivators, specially for such exbausiive
_ M/N23ICAB

orops like potato, onion and sugarcane. Similar
conditions prevail in Bombay where as a result
of increased cropping under canal irrigation, the
rate per cart-load of farmyard manure has moro
or less become prohibitive and even then it is
hardly possible to get enough suppliecs. In
Uttar Pradesh also, the shortage of cattle-dung
is acutely felt, specially where the introduction
of the newer and heavier yielding varieties of sugar-
cane coincides with the introduction of & ‘new
supply of water as following the opening of a new
canal system or tube-wells. More or less similar
difficulties are experienced in the other parta of
India as well.-

- These and other considerations led workers all
over India to search for some other form of organic
manure which could supplement the existing meagre
supply of farmyard manure. Composting, how«
ever simple the technique might be, has not yet
become very popular in rural areas due to many
difficulties amongst which the scarcity of water,
labour and time are some of the most important.
These difficulties are further accentuated in the
case of an average cultivator with smzll and frag-
mented holdings. The use of oilcakes as manure
has recently received some favour ; but the relative-
Iy high cost and uncertain availability of some of
the common oilcakes and also lack of enough_
experimental data to establish beyond doubt their
manurial efficiency have led to their being adopted
only on very limited scale,

Green manuring, therefore, seems to be the onl v

- suitable alternative which offers itself as an easy

means for meeting our manurial requirements,
The consepsus of opinion is thet green manurin ¢
can increase and even maintain the productivity
of soil. Experiments and experience have iu
general established the superiority of sunn over
other green manuring crops, and naturally, theie-
fore, sunn has reccived the greatest amount of
attention in this country from scientific workers
and cultivators alike. Dhaincha is another which
has also established itself as a successful green-
raanuring crop, specially in the Bengal and South
India. Pillipesara which is a recent introduction
has already attained much. popularity as a grien
manuring crop in Bombay-Deccan and Madras.
However, there are certain very imnportant con-
siderations which limit the univer.al adoption of
giecn manuricg as a general farm proctice.. Some
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of the most important factors determining the
feasibility or otherwise of the practice of green
manuring are ; rainfall ; irrigation facilities ; crop
to be used as green manure and main crop to be
green manured ; prevailing system of crop rotation
and nature of the soil.

Apart from the factors cited above, the question
of the economics of green manuring looms very
large, as for'any other scheme of farm husbandry in
this country. Dobbs [1915] in his excellent review
on green manuring laid considerable stress on the
question of green manuring versus an alternative
paying crop. Although there has been much dis-
cussion on this subject until very recently, very
little information is yet available on this important
point. Allan [1935, 1937] perhaps summarises the
position in its proper perspective, namely, that no
cultivator is out to grow a green manure crop if
there was any possibility of getting as an alter-
native a cash crop out of his Jand. It may, how-
ever, safely be mentioned that green manuring
sugarcane has practically become an established
farm practice, but for the common rabi crops the
question of the economics of green manuring re-
mains practically as obscure as ever.

Although & fairly large number of field experi-
ments have been carried out in the different parts
of India to assess the relative merit of green manure
and other forms of bulky organic manures, like
farmyard manure and composf, oilcakes and
artificials, yet very little has so far been done in
this country to ascertain the changes taking place
in the nitrogen balance of the soil as a result of
green manuring, or the ease with which the differ-
ent plant materials decompose in the soil under

_varying soil, temperature, rainfall and irrigation

conditions. The relative utility of legumes and
non-legumes as green manures has also not been
properly worked out. Again, the question of
suitable rotations providing for natural recupera-
tion of the soil nitrogen through the introdyction
of a leguminous crop in the rotation, has hardly
ever been touched scientifically in any part of
India. These are some of the most important
factors which yet await elucidation—both under
field and laboratory conditions. - At present we
have to depend almost entirely upon the results
obtained by workers in other tropical and sub-
tropical countries to glean whatever little know-
ledge that could be had on the scientific aspects
of green manuring, | . ‘

II. GREEN MANURING CROPS

M ANY species of crops, both legumes and non.
- legumes are grown and used as green manure,
‘But the erop of most universal use is sunn which
has established itself in the majority of tropical
counfries and has received the greatest attention in
India. Green msnuring crops may be actually
grown on the field and ploughed in or may be
brought from outside. The latter practice is gen-
erally followed in areas where, for certain reasors,
it is difficult to secure a good stand of the crop
to be raised for green manuring. In some tracts,
the leaves, stems and tender twigs of cerfain trees
are used as_green manure. (Green mMAanures may
" also be grown as cover crops with & view to con-
serving the goil moisture and bringing nutrients
from the subsoil to the surface soil, but this
does not as yet form a regular feature of the
general farm practice in India, éxcepting in limited
areas for plantation crops like tea, rubber and
uuffee, ’

Some commonly used green manuring crops

(@) Sunn. Sunn-hemp, sunn or samai is a
member of the genus Crotalaria and belongs to the
natural order Leguminosae. With the exception
of those areas which are apt to be waterlogged,
sunn has been used asa green manure in practi-
cally all the States of India. Theplantis of easy
culture and reaches a height of 4 to 5 feet. It has
erect growth with very little branching at the base.
In addition to being a valuable green manure it
furnishes fibre of fair strength. Its seeds are not

‘suitable for human consumption but may be fed

to cattle, although, the plant itself is not relished
by animals [Sornay, 1916].

Other varieties of Crotalaria are being used as
green manure to a limited extent, specially in the

" South and Ceylon. In cocoanut gardens and in

cvffee estates plants like Crotalaria striate and

.
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Crolalaria trifoliata are used. In Mysore and
Ceylon Crotalaria striata is freely used as & muloh
in tea, coffee and rubber estates. Rege [1935] re-

ports & new introduction from Ceylon, viz..

C. anagyroides which has been found to ba very
suitable for green manuring purgposes.

(b) Sesbanias. Next in order of importance is pro-
bably dhaincha (Sesbania aculeata). - According to
Dobbs [1915] dhaincha is an ideal green manuring
crop. It can withstand severe drought and will grow
on bedly drained land, and even on coils which are
slightly saline. The crop hardly requires any irrige-
tion if the germination has once started. Gadgil
[1937] menticne dhaincha and arother variety of this
species shevri (Sesbania aegyptica), also called
jayanti in Northern India, as suitable for green
manuring in Bombay. These are also legumes,
and being capable of growing under waterlogged
conditions are used extensively in Bombay, Madras

_ and Bengal as green manure for swamp rice and
in Assam particularly for acid soils. ~ These are
reputed to be valuable as fodder and yield a fibre
of medium strength {Sornay, 1916].

(c) Phaseolus. Many plants belonging to the
species Phaseolus have been reported to be useful for
green manuring purposes. Of the crops used as
pulses in India, mention may be mede of moth
(Phaseolus aconitifolius), urd (Phaseolus mungo)
and mung (Phaseolus mungo rad.atus), which are
used as green manures, although the actual
extent to which the plants are utilised for this
purpose is not known. In Madras and Bombay
arother variety of this species, called locally
pillipesara in Medras and ran-mutki in Gujrat,
viz. Phaseolus irilobus, has recently found much
fayvour [Ramiah 1935 ; Rege 1935].

(d) Other leqguminous plants. Cowpea (Vigna
catjang) sand Guar (Cyancpsis psoraliodes) are
also commonly as green manures.
Cowpea is suited to every soil and is a good
fodder for livestock, Guar is also used for

feeding purposes.

Dolichos biflorus called &ulthi in Gujrati is being
used in Bombay and ZTephrosia purpurea or
wild indigo in Madras. Arhar (Cajanus indicus) is
used in both Punjabs and Sind (now in
Pakistan). i

In addition to above many wild leguminous
plants like Cassias and weeds, e.g Lesmodium

diffusum (patada shevra) have been tried with

success as green manuring plants by some workera.

(¢) Non-legumincus plants. Amongst the non-
legumes there is hardly any well establiched
green manure plant, althouh Lander et ol.
[1923] found bhang (Cannabis sativa) to be rome-
what useful in the Punjab and Bal [1937]
reports using kodogira  (Vernoniar  cinereu)
in the Madhya Predesh. Sun flower (Helan-
thus annuus), jowar (Andropogon sorghum) and
maize (Zea mays) have similarly been tried by
Mukherji [1938—1940 ] in the Uttar Pradesh.

Winter green manuring plants

The plants mentioned above are generally grown
during the summer and rainy seasons (kharif)
and only very few crops grown during the winter
(rabi) are in actual practice ploughed in as green
menure. Excepting senji (Melilotus parvificra)
and pea (Pisum sativum} which are used to come
extent in the Punjeb ar.d Sind in Pakjstan as winter
green menure, no other rabi green manuring crop
hes so far been reported in India, Berseem (7'7i-
JSfolium alexandrinum) stubbles are, however, used
as green manure for cotton in Sind ju Pakistan.

Crogps suiled to different tracts

In Medras black gram (Phaseolus mungo), green
gram, pillipesara and dhaincha are used fairly
extensively as green manures. In addition to tLo
above Ramiah [1935] mentions sunn-hemp, indigo
(Indigophera anil), wild indigo, horse gram (Doli-
chos biflorus) and cowpea, each being suitable under
particular soil and climatic conditions. Ramiah
[1935] specially refeis to pillipesara which accoid.
ing to him is a recent introduction in the Goda-
vari Delt,a. Its chief advantages are :

(i) it can be sown in a standing crop of rice ;

() it is a crecper with good vegetative growth
. and possesses little hard woody tissue ;

(#i) it is a valuable succulent fodcer and hence

a few cuttings could be fed to cattle—tl.c
remainder being puddled in;

(fv) it decomposes easily when incorporat
into the soil ; and d Tporsee

(v) the plant is not so delicate as sunn-hemp
growing well on' clayey soils with little ir
rigation during the summer and produce
green  matter weighing  approximatel,
20,000 Ib. per acte,
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In.the Madhya Pradesh, sunnhemp, diaincha
or shevrt, tarole (Cassia tora) end kodogire, the first
three legumes and the last 8 non-legume are fre-
quently used as green manures [Bal, 1937].

At Pusa (Bihar), field trials conductcd over a
number of yeers with sunn, cowpea, moth and
guar established the superiority of sunn over the
rest, )

Dhaincha ard cowpea are sdvecated in Assam
for ecid coils erd cunn and scybeans (Glycire Fis-
pida) for pormal or limed toils.

In Bombay, kulthi and niger are used with con-
soicuous success for cane, paddy &nd maize,
snd dhdincha, and wild indigo are suggested
specielly for swamp rice. According to
Cadgil [1937), dhaincha snd shevri were best suited
to water logzed conditions who fcund the for-
mer to be-specially efficient. For dry erd irni-
gated lards he rcccmmended ran mulki which

- produess 15,000 to 17,000 Ib. per acre of easily
decomposable green maSter [Ramiah, 1935].

In the Punjeb senjt is recommended for improv-
ing alksline coils and guar for poor lends—sunn,
arhar and dhaincha being among the most common-
Iy used green manuring crops there [Lander, 1937].
Ia Sind (now in Pskistan) according to Barakzai
[1935] sunn and guar in the kharif and smatar or
peas in the rabs are the chief green manure crops.
Cowpea is also used there to some extent.

Velvet beans (Stizolobtum deeringianum) have
proved to be a rapid growing and easily decom-
posable green manure in Mysore, and in estate
practices Crotalaria striata and Tephrosia can-
dida are uscd as mulches. In Travancore due to
heavy rainfall (80 in. to 90 in.) growing of a green
manure crop is not usually possible, and jungle
growth and trees are cut and used for green wwanu-
1ing purposes along with Tepkrosia candida, suun
“and cowpeas which do well at some places.

Rege [1935] describing the most suitable green

manuring crops for Bombey, states that Crotalaria
juncea, Crotalaria anagyroides (a recent introducticn
from Ceylon), Sesbania aculeata, Tephrosia pur-
purea,
Vigra catias could be used successfully in gene-
ral farm practice. Recently summarising green
manuring practices in sugarcane cultivation,
Roege [1941), however, concludes that sunn is the

only crop which bas been studied in detail and

which has become really popular, Nevertheless

Plaseolus mungo, Dolickos biflorus and -

green manuring sugarcane with cowpea is common
in Jorhat (Assam), and in the Godaveri Canal.
area ran-mutki compares favourably with sunn.
At Pedagaon (Bomblay-Deccan) a new species of
leguminous weed celled patada shevra (Desmodium

“diffusum) has been found to grow well, though

slowly, and is ready for ploughing in a month
later than sunn, It has been suggested that tkLis
may be as effective a5 sunn for sugarcane.

In Orissa experiments are in prozress to utilize
plants like dhaincha, cowypea, biri (Phaseolus sp.),
kulthi and mung, and in Travancore leaves and
tender twigs of many wild plants for manuricg
rice. - The leaves used are of vaha (Albizzig lebbek)
avarai (Cassia auriculata), pungu (Pongamia glabra),
konnai (Cassia florida), margose (dzadirachta in- -
dica), arukka (Caltropis gigantea), portia {Thes-
pesia populnea) and nelli (Embelica officinalis)
[Sethi, 1940]. .

Legumes ad non-leyumes

The consensus of opinion is that both legumi-
nous and non-leguminous ercps could perhaps be
utilised for green manuring. Legumes which are
capable of fixing nitrogen from the atmosphere,
supply nitrogen o the soil in addition to organic
matter whereas, non-legumes supply mostly
organic matter. Sahasrabudhe [1935] is inclined
to believe that non-legumes are just as good - as
legumes on good soils, but on poor soils legumes
may exert a better fertilising action. This view is
shared by a number of workers in India and abroad.
Not much experimental ‘evidence in India; is,
however,available on this point. In Madhya Pradesh
where cunn, dhaincha, tarota and kodogira are used
&8 green manures, the Tesults obtained . from
kodogira, a member of the Compositae family, are -
obscived to be sumewhat similar to those fiom the
three legumes {Bal, 1937]. However, there is not
much experimental evidence to support this con-
clusion. Almost similar results have been obtained
in the Uttar Pradesh by Mukerji [1937] by
using sunn, dhaincha, joyants, jower, maize and sun-
flower on wleat, the difference in the yield of wheat
being, statistically insignificant for legumes and!
non-legumes as green manures. :

In the Funjab, Lander and associates [1923]
found from their pot culture and field experimerits

- extending over a period of five years that in the

barant aress non-leguminous green manures lke
bhang were as effeciive a8 leguminous dressings.

- In the opinion of these authors, the muin factor
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responsible for the beneficial effect of green manu-
ring being the improvement in the physical tex-
ture of soil, the utilization of non- legumes is jush
as effective as that of the legumes.

For paddy and garden crops green leaves from
wild trees such as vaha (Albizzia lebbek), pungu
" (Pongamia glabra), ete. are being used in Travan-
core [Narayan Iyer 1935, 1937]. 'For paddy a top
dressing of ‘some nitrogenous fertiliser like sul-
phate of ammonia or ammophods as a supplement
to greén niaruring is considered there to be special-
ly ‘beneficial. In Madras, too, Ramiah TI1935]
reports using leaveés for rice, the optimum -dose
being 4,000 to 5,000 1b. of leaf per-acre. Higher
dosés like 6,000 to 8,000 1b. per acre on some poor
goils have been found to depress the yield of rice
unless used in conjunction with some phosphatic
marnure.

Sethi [1946] reports the use of leaves, specially
those of nelli [ Embelica officinalis] or tamarind
in Madras for improving the alkaline condition of
some goils.

Studying the influence of green manures on
nitrogen fixation in the soil, Desai [1933] made the
importaht observation that although the legiumi-
nous plants were much richer in nitrogen at the
time of incorporation into the soil, the fermented
tissues of non-legumes fixed much more atmos-
pheric nitrogen than those of the leguminous plants
[Allan, 1937'; Hutchinson and Milligan, 1914]. It
appears that "the total nitrogen of the soil is, thus,
ultimately raised ‘to the same level in . both the
treatments. Joachim [1926,1, 2; 1927], studying
the nittate accuriulation in the soil as & result of
green manuring, observed that the use of non.
legiiminous leafy material resulted in as great an
acciimulation as when leguminous plants were used.
He, therefore, advocates the use of suitable nen-
leguminous material for green manuring, provided
it is'riot grown on the field which is to be manured
and is buried when it is ténder.

Composition of green manure plants

Unfortunately, ‘very little information is-avail-
able-on the chemical compos'ltlon of some of the
more important-green -manuring plants of India.
Hardly any data exist indicating either the rela-
tive ¢content of the’ fert:hsmg constituents of these
crops, or the .changes in their chemical composi-
tion along with variations in the'type of soil, the
variety of seed and the stage of maturity. A few
isolated figuires ‘found“in ‘the literature’ have ‘beon

tabulatéd in “Table 1,
M/N23ICAR

Singh and Singh [1936] analysed sunn at the
various stages of its growth, with a view to deter-
mine the period when the Plant could yield the
maximum amount of organic matter and contrie
bute most to the fertility of the soil in terms of
nitrogen content. The entire life period of the
plant was divided into four distinct stages, viz.

(1) juvenile or young stage (upto 30 days after
germination),

(%) adolescent stage (upto 75 da.ys),

(i%%) partial senescont stage (upto 90 days),
and,

() senescent stage (upto 105 days).

The maximum oytput of organic and inorganio
constituents was attained when the plant growth
was abt the partial senescent stage, i.e. 90 days
after germination. The authors, however, re-
marked that the hard woody stems at that stage
instead of leading to an improvement in the soil

would actually cause great damage when ploughed

in. On ‘the other hand, the quantities of the
majority of the fertilizing constituents of the leaves

-and roots attained their highest value only at the

time of initiation of the first bud. They, there-
fore, concluded -that green manuring either with
the entire plant or with tops and roots alone, at a

period coinciding with the initjation of buds,

viz. 75 days after germination, should result in the
maximum manurial value to the crop. The re-
sults of their analysis are given in Table II.

Regarding the relative manurial efficiency of the
different parts of the plant as judged by chemical
analysis, these authors further'express the view
that the leaf possesses the highest manurial effi-
ciency, and next in order of importance are the
roots and the stems. The fibre content, as shown
by the percentage of cellulose, reaches a maximum
when the plant is in its senescent stage ; but'the
quality of the fibre is improved, if extracted, when
the adolescent stage is reached. If both fibre pro-
duction and green manuring are desired, the stem
could be used for fibre when the plants are 75
days old, and the rest, viz. the leaves, tops and
roots ploughed in as green -manure. By this
method it is assumed that the fertility of the
soil remains practically the same as when the
whole plants are buried.

-Sethi et al. [1938] also conducted experiments in
Uttar Pradesh for two years in properly replicat-
ed randomised blocks and the amount of nitrogen
turned in per acre in pounds from sunn of differ-
ent ages is given in Table III,
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Chemical compasztwn of some of‘the green manure crops used in India

' On fresh basis On dry basis
LY N [N -
-g - E 2 - w e |3 =
8 g = |2 |5 |8 g g (888 |8 Rof
Beria} | DBotanical name Common Vernacular §. - §‘ b 3 E E ) E,. B §. ] s ngo §. ] & elerence
No. ' name name 3 8 ¥ B8 8. § 8 g g L 8. |24 a
2 = § ke . 58 8 g H [ b b 54| &g N
' S |& 5 )& 5 (sh| 28| 2| &2 12y 52 (®2)| &
S35 [z | 2|28\ 2813 |2|5|38(|88) ¢
4 |4 ([S | &) 8 A Z |l 418 | & | & (g7 |& =
1| drachis hypogace . | Groundnut | Mupphali 804 | 1-60 | 6-05 | 123 | 1-37 | 8-51 | 2-74 [ 044 | 8-¢ [20-70 | 5:50 | 6-4 [38:50 [13-30 | 210 | Sornay (1916).
2 | Oajonusindicus . | PigoonPea | Arhar . |70:0 | 2-64 |10-72 | 1-65 788 |71 (1a2| L L) - e | e | oe | Bomey (e eit)
3 | Orolalatiajunces . | Sunn-hemp | Sanai - . . o . A T I ..| 2:18 | Pioters (1827).
" 4 | Orotalaria striata . . 75:2 | 2-00 - .. |100]| 80| .. . .« | 4-07 | Joachim (1931).
6 Oé-olalan'aanagyrou'- . . 72-8 | 1:80 . . {1-32) 65| .. . . oo | 4+84 | Joachim (loc. cil.).
ea .
6 | Oyanapsie pacralei. cll;:t:r Guar (Hindi)| .. | .. A R . . 1271 (20-09 [ 193] .. |47-00 | 856 | 1-36 | Sen (1038).
]
7| Dolichos biflorus . | Horse Kulthi (Bom.) | 5-6 | 8-85 (28-01 | 2-63 | ., [48-10( g-81 | 1-08| .. .. . «« | <. | Leather quoted bY
gram Somay (loe. cil.)
8 | Desmodium diffusum . Patzda Skevra | 50+9 { 4-30 | . .. . . . 1-40| 8:7{ . . . «« | 2:84 | Joachim (foc. cil)
) {Bom.) .
9 | Indigophera anil . | Indigo Need (Vern.) | 74-7 | 8-%20 . .- . . 078 | 12-7| .. . . . . | 809 | Toachim (loc. cit)
10 | Melilotus parvi- - Senjs 84-4 1228 (4-28]0.38| ., |816]) 249 ) 043 053162 147 | .. [41-95 (15646 | 2-50 | Sen (loc. cit.)
flora : gﬁ.;:;d
ab.
11 | Phaseolus trilobus i Pillipesera 11-2 | 6-50 | 7-76 | 0-30 69-44 124-52 | 3-92 . .- . . . ++ | Leather quoted by
{Mad. ’ ‘Sornay (loc. cif, )
R Ren Malks
vBom. } ~
12 .Phauohn aconitifole Moth (Bihar.)| 9-94 | 4-02| 4-80 | 0-88] .. [56-21 [02.37 | 3-881] .. N R N Do.
13 Phammmngo . | Black Urd(U.P.) |15:4|14-9217.08'| 1-70 | .. [38.24 [12-68 | 2-03| . | . U N Do.
gram . .
14 | Phaseolus mungo Green Mung (U.P.)] 13+3 114-20 |18+65 | 262 | .. [39-67 |[11-56 | 1-85| .. .e e . . e . Do.
radiatum gram - ‘
B | Pisum sativum . | Peas Malor (Hindi} | 12+2 .| 2-50 |48-50 [ 1.20 | .. [20-00 | 5-60 | . -9 (2260 | 240 | .. [52:42[16:60 | 2-66 | Sen (loce .
18 | Sestania aculeata . . Dhaincha . | 78-2 | 220 8-32| 680 .. 9-80[2-62|0-48| 1201 [29-01 | 3-68| .. 45-06 112-15 | 1-985 Muke;]xd(Unpub-
lishe .
lz Tephrosia candida . . - 13-4 | 4-80 [13-65 | 8-60 | .. [25:90 133-27 . . . .o . . «s | Somay { los. cit.}
18 | Vignacatiung . | Cowpes AR 86-4 [ 1-25 [ 4:50 | 0-50 | 1-25 | 5-00 | 2-00 | 0-40 | 10-0 [32.20 | 3-00 | &8 [33-50 |12-70 | 2-40 Sornay( oe. cit.)
S N . . AP T S R A ++ | 10+9(33-10 | 2:50 | .. [36-16 [17-38 | 2-78 | Sem (foc. cit)

N.B.—Sen's (Joc. ¢it.) figures for orude fibre and nitrogen free extraot have been taken for cellulose and non-nitrogenous matter, respectively.
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GREEN MANURING CROPS 1.

- Fertilising constituents incorporated by sunn-hemp in lb. per acre [Singh and Singh 1935]

TABLE

II

B
'_3 Total -
| Sample Reduc- | Fats. | carbo- | Suc. | Cello- [ Nitro. | Ash Cal- | Potas. | bPhow | Mogne| Buil-
5‘, :l?gg'ars dml:ty.e; rose lose l gen cium sium | phorus sium phbur
Juvenile stage
1] Topsandroots .| 0-60 (-08] 1-6| 0:26, 03| 064 o0:62| 00| o05| 08| 0-03f o012
. Entire plant .| o8| 13 2.3 o0-33| o99| o-72) o0.79] o020 0c08] 003)] 0-04] 0-10
‘15 | Topaand rogts . 1-47| 267 544 o-92| 21| 1.58| 1.98( o0-46[ o0-28| O0-11| O-08] 0.82
Entire plant | 201 316| 63| 115{ 316 194| 227 o86| o20( 02| o0-00| 1-0%
30 | Topsandroots .| 18°0| 30-3| 09-9| 12:04] 13-3/ 229 327| 9-30) 397 14| 088 10.3
Entire plant .| o252 ss1( sos5{ 17.20| wo-9| 276} 37-8| 107y 4317 1-66) 1-23) 1U-%
' Adolesceni stage '
45 | Topsandroots .| 51-8| 46-1] 227-1( 47-87 ©69-7( 8I1-2 1085 42.0( 228 2% | 339 28.m
Entire plant | 641 i06-0] 3381 624) 191-1] 105-2) 122-2| 43-8| 23-9) 4-06| 4-21| 37-85
90 | Topsandroota .| 1767 | 467-4 | 12046 | 226-4 ) 282:2| 396-2 ) 601-3| 210-2} 1313 13-33 | 20-33 | 137.54-
. Entire plont .| o07.0( e70-3 | 2064.5 | 480-5|1376-9 | es3-8 | 962-5 | 332.9 | 20252 21-32 | 21.25| 168:11
75 | Tops snd roots . | 216-3 | 745-1 | .1667-1.] 4177 | 489-2 130 sa0-6| 276-1 | 188-30| 15-71 | 36-88 | 178-04
Entire'plant 0 313-5| 1056-2 | 2837-1 | 720-8 | 21631 | 781-1 [ 1204-0 | 431-4 | 300-94 28-51 | 5I-95 | 180:T)
: Partial senescent sage '
90 | Topeandroots . | 231-6 | 0542 1049-8 | 362:3 | 433-3| 447-3 | 6738 | 2327 197-07| 15-94 | 40-40| 130:0G
Entireplant . | 369-3 1607-8 | 33420 | 730-0 | 2863-3 | 1783.9 { 1351:1 | 502-1 | 424-85 | 34-08 | 71-41 | 337-00
Sencscent stage .
106 | Tops and roota . | 41-3 620-7| 006-9 | 145-9 | 300-9 | 168-4 | 201-5| 31.3{ 106-86] 8-48{ 10-48| 40-68 '
~{ Entire plant .| 151-9 | 2220-9 | 3065-8 | 600-6 | 3350-5 | 473-8 1204-2 | 170-8 | 455-43 31-01 | 43-60 | 10052 .'
Tasre IIL . Comparing the above results obtained by Sethi
Quantity of green matter and amount of mMilrogen  11938) with those obtained by Singh and Singh

turned in by ploughing sunn of different ages and
different portions of the plant [Sethi, 1938]

. Yield of | Nitrogen
green turned
- Agein days . matter under
g i dey per acro (ib.)
. {md.)
. . . . . . 183-4 51-6
ﬁg' . . . v . . 236-3 56-7
L 285-8 [ 738
60 . . . . . .| 8029 70-8
(a) Whole sunn plants including rootsi ~ 285-6 ;gg _
() Only top portion . . - 2322 g2

{c} Rootsalone . . )

[1936] it will be noted that the Ilatter workers
claim to have secured nearly 680 Ib. of nitrogeﬁ per
acre by turning in sunn 60 days old and 780 Ib. by
that of 75 days old. These figures are apparently
too high and have not yet been substantisted by
other investigators. The work of Singh and Singh '
[1936], therefore, requires repetition and confirma-
tion before any value could be attached to their

figures.
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III. CULTURAL PRACTICES TO RAISE OR BURY GREEN MANURING CROPS

THERE arepractical difficulties in growing a
green manuring crop, specially in those tracts
where irrigation facilities do not exist and early
rains in April or May are not received. In such
areas green manures may be grown with the ad-
vent of “the monsoon in fields which are well
drained and not waterlogged. If it is intended
to green manure paddy with sunn, and if sunn is
sown along with paddy, it may not be possible
to grow ‘the former under the usual waterlogged
conditions of the tice fields. This difficulty
could be obviated either by growing an alternative
green manure crop which may not be so suscepti-
ble to waterlogging, or else growing it in other
fields, cutting ahd applying later on to paddy
fields. The latter ‘practice may not, however,
be possible for an average cultivator having small
and scattered holdings, In Madhya Pradesh
plants like Sesbantas are grown on waste lands or
along the bunds and are used as green manure for
paddy [ Bal, 1937 ].
Time of sowing
“Regarding the time of sowing, Howard and
Howard [ 1915 ] expressed the view that under
Pusa conditions the best time for putting in sunn
was with the éarly rains in May. However, Sayer
[ 1935 ], on the other hand, maintains that sowing
of sunn for green manuring at the end of May or
early in June is risky. It should be sown only
at the actual break of the monsoon. In the
irrigated “areas of Madras, according to Ramiah
[ 1935 ], it has been found practicable to sow a
green manure crop for paddy as early as the middle
of March and invert it in June. Another practice
mentioned by the same author is to grow certain
types of green manuring crops in the standing
crop of paddy and keep it on until June, cutting it
down in the meanwhile once or twice for feeding to
caftle. ' -
Sethi et qal. [ 1938 ] summarising the practice
" followed 'in the Uttar Pradesh for sugarcane
describe that the field is ploughed twice and
sanas seeds are sown by broadcasting at the rate of
one maund per acie and then levelled off. It is
useful to sow the seed 23 early as the end of May

or the beginning of June, if irrigation is available,
but if the sowing is to depend entirely on rains it
should be delayed till the arrival of the monsoon.
In the former case the plants attain sufficient
height to resist the effect of  heavy. monsoon
showers, but if sown late in June the seedlings may
be damaged by heavy rains in July**,
Time of burial

The time at which a green manure crop is to be
buried is also important, since the resultant
beneficial effect depends amongst other things on
this factor. Coleman, Iyengar and Sampatiengar
[ 1912 ] working in Mysore found that the best
time for ploughing in green manure was when it
attained the flowering stage. Joshi [1922 ] finding
that leaves alone were mostly responsible for the
maximum manurial value, recommended that the
plant could be allowed to grow fully to maturity
and then buried under. Singh and Singh [ 1936 ],
in view of their data on the composition of sunn
at various stages of its growth, state that from the
point of view of adding the optimum amount of
fertilising constituents to the soil, the best period
for burying in the crop would be the partial senes-
cence or fully ripe stage. But considering the
woody nature of the stems at this stage of its
growth, which might delay decémposition, these
authors conclude that the stage coinciding with
the initiation of the buds, viz. 75 days after ger-
mination, should give the highest amount of
easily decomposable manurial constituents. How-

" ever, at Shahjahanpur the maximum amount of

nitrogen was secured from sunn at 50 days growth
followed by that of 60, 40 and 30 days [ Sethi
etal.1938]. Rege [ 1941}]is of the opinion that the
stage of growth and not the time factor should be
taken into consideration, and in the Deccan the
initial flowering stage is found to be the best period
for inversion. ~
Hutchinson and Milligan [ 1914 ] conducted a
series of experiments at Pusa on green manuring.
Their observations showed that in the csse of |
plants four and six weeks old, the amount of nitrate
nitrogen formed was the same and nifrification
in the soil was 67 and 50 per cent respectively.

v«At Padegaon in vrder to see which crops would sapply the maximum green maiter and which mo»ths wete invourable
to suwing thesn orops eix species ol green manuring plants were town duri.g April, May, Juue, July and Septomber for three
yeora (1933-1336) in duplicate plots during the first year and single plots luter. Th> reealts obtsined as summnarised by Repe
[ 1941 ] showed that while sunn and dha‘.icha supplied maximum green matier, sunn wus ready for plonghing in about three
weoks sorlier thun dhaincha. Noxt to these two, in the matter of the quuntity of green matter, was found to be wurd wkich
was even earlier thar sunn. Tho best menths for sowing, to secure maximum green watter, in the case of sann, dhaincha

and urd were found to be June and early July,
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But with ten weeks old plants the nitrification
recorded was only 34-5 per cent, They, therefore,
concluded that although the total amonnt of
nigrogen added 1n the latter caso was much higher
than In the former, the total amount of nitrates
formed was greater in the former. Their results,
after eight weeks of incubation, are given in

Table IV,
) Tasre IV
Nitrogen and nitrate-nitrogen in the soil as a result

of inverting green -manures ot various periods of
their growth (Pusa) ‘

. l Nitrogen Nitrato nit-
Age of plant mg. per 109 gm.! togening per
of the soil 101} gm. ot the
soil
4 weekold . . . 12-0 9-8
6 week old . . . 174 -8 ¢
10 week old 22-2 87

Experience and experiment tend to show that
although green manures when buried late add a
greater amount of organic matter and nitrogen to
the soil, the results on a succeeding crop may not
be proportionately better. This may be due, as
Sayer [ 1935 ] indicated, to the older plants deplet-
ing the soil moisture to a greater extent and leaving
more undecomposed organic matter in the soil
than the younger ones. .

Interval between burial and sowing of @ succeeding
crop
Generally, it is accepted that the interval bet-
ween burying a green manure crop and sowing the
succeeding crop should not be too long. Howard
*[ 1913 ] considered a period of eight weeks to be the
optimum for this purpose, and Hutchinson and
Milligan [ 1914 ] have shown that a decrease in the
nitrate content starts after the eighth week of
burial. Howard (loc. git.) in his experiments on
green manuring tobacco observed loss of fertility if
the interval between burial and transplanting was
too long. Allan [ 1915 ] also considers approxi-
mately two months’ interval between inversion and
p sowing of wheat and at least 12 in. to 16 in. of
rain or irrigation water essential for successful
results. Thus, according to him for green manur-
ing wheat the crop must be inverted in August.

Regarding the effect of berseem stubbles used
as green manure for cotton in Sind, according
to Barakzai { 1935 ], the stubbles are generally
left in the soil after ploughing in for about two
weeks £01 decom sosition after which cotton is sown.
M/NZIICAR

If a fallow intervenes considerable deterioration of
nitrogen takes place, and the maximum benefit
of legume cultivation may not be realized. How-
ever, there is lack of experimental data to support
these important findings. Hutchinson and Milii-
gan [loc. ¢'t.] referring to such losses remarked that
these could be avoided if the green manure crop
was more mature and buried deeper. However,
if rains fail the green matter may not decompose at
all and this practice is therefore considered to be
risky.
Depth of burial

The depth to which a green manure crop should
be buried depends upon the soil, the green manure
crop itself and its stage of maturity. It has been
the general practice to bury a green manure crop
deeper in light soils than in soils tending to be
clayey. Older crops should be buried as near the
surface as possible so as to provide more oxygen
for decomposition [ Hutchinson and Milligan
loo. cit.]. According to Sayer [1935 ] the burial
should be reasonably deep so us to provide a
suitable cover for the ploughed in crop.
Place of growth . ,

Rege[1935] from his experience in Bombay
mentions that growing of a crop, at a place
where it is to be ploughed in, is much more
beneficial than bringing it from outside. The
former practice also improves the tilth of the soil.
Lander [ 1935 ], on the other hand, thinks that
green manure carted from outside is a paying
proposition, although increased yields are obtained
if green manure is grown ¢ &tu. In Madhya
Pradesh where for paddy well-drained areas are
rare, monsoon sturts late and irrigation facilities.
are absent, the green manuring crop is always
brought from outside and puddled into the paddy
fields { Bal, 1937 ].

There is ample evidence in the literature to show
that green manure grown in one field and ploughed
in another is more beneficial than that grown
in situ [ Grazia, 1907 ; Lohnis, 1926.] This
seems to be due to the fact that the moisture -
with the green manure transferred from one field
to another helps considerably the main crop, and
this practice should be valuable for dry lands.
The plant nutrients taken up by the green manure
crop are also thus transferred to the soil which is
manured. "

Su:n green manuring

Galgil [ 1937 ] has published a comprehensive
note on sunn green manaring for the Deccan .
canal irrigated tracts, which deserves special
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mention. Extracts from this note are given
below : -

(@) Sotl. The sunn crop does well in light,

medium black and heavy black soils of the Deccan.
Maximum amount of green matter per acre is,
however, obtained on medium black soils. Sunn
crop may fail on very light shallow soils and very
heavy stiff soils. On waterlogged and saline soils
sunn does not germinale, but on soils which are
only slightly saline, a medium ecrop may be
obtained.

(b) Climate. The crop prefers a humid climate
and in the Deccan Canal tract-where the rainfall is
20 in. to 25 in. it grows well under irrigation. The
rainfall should be evenly distributed. Hot winds
and high temperature do not effect the cxcp unless
it is in its very young ttage, :

(c) Preparatory tillage. The land should be
ploughed up once at least and two harrowings given
in order to bring the soil in good tilth for sowing.

(d) Season and time of sowing. Sunn is generally
sown as a monsoon crop a week after the rains
start. It could, however, be sown towards the
end of the hot weather, i.e. between 15 May

" dnd 5 June when the vigour of growth would be

excellent and more green weight may be obtained.

It could be sown even earlier than this, i.e. in
April, if no hot winds are prevalent ; but sunn crop
sown in April is liable to attack by small cater-
pillars.  Under Bombay conditions 15 May
t0 5 Juneis considered as the best period for sowing.

(€) Seed rateand sowing. Seed rate varies from
60 1b. to 80 Ib. per acre, heavier soils requiring
higher seed rate than the lighter types. Sowing is
done cross-wise by & seed drill having coulters
10 in. to 15 in. apart. The field is first flooded till
the land is fit for sowing operations.

-(f) Irrigation. If thecropissowninhot weather
one irrigation is necessary a week after sowing. If
monsoon starts, no further irrigation may be requir-
ed excepting during long breaks, Three to five
such additional waterings may be necessary. If
the rainfall is evenly distributed no watering is
required. . : n

(g) Cutting and burying.  The crop flowers
2} to 3 months after sowing and should then be
buried. One watering may be found necessary
after burying if, rio late rains are expected.

Green manure turned into cmnpost

. Hutclinson { 1916 ] was the first in India to have

advocated on sciertific grounds a piclimiuery

GREEN MANURING PRACTICES IN INDIA

decomposition of the green manuring crops under-
artificial conditions before incorporting them into
the soil, specially for regions with too low a rainfall
to effect complete disintegration of the green ma-
terial in the soil itself. e considercd that nega-
tive results might be obtained from green manur-
ing if the crop was not properly decomposed in the
soil and organi¢ nitrogen converted into nitrate
nitrogen. Milligan, quoted by Huichinson {1916 ]
too supported the scientific aspect of this view
and further stated that meost of the rabt cereals
required a sufficient amount of available nitrogen-
ous matter at a very early stage of their growth .
for the maximum production of grain. The method.
of prelimirary composting of green manures as
given by Hutchinson [loc.cit.] is briefly as follows :

The green crop is cut, stacked in heaps, moisten-
ed with a little water and allawed.to.ferment for
varying periods after which the rotted manure is
applied to the soil. Tt was, at first found necess-
ary to water the heaps occasionally to prevent
drying out, but this was subsequently avoided
by plastering the outside with clay, some water
being added occasionally to prevent cracking of
the latter. ‘ | CoE

Milligan, however, doubted the utility of
this process’ on economic grounds. But, the
method has distinet advantagesfor areas where
autumn rains are not assured and will provide
available nitrogen during the earlier stages of the
growth of succeeding crops. Rege [ 1935 ] too
emphasized the desirability of preliminary decom-
position of green manures in heaps before applica-
tion, specially for tracts with scarcity of water,
and reported to have achieved good field results
thercby. On black cotten soilsin areas where the
rainfall is léss than 40 in. Allan [ 1937 ]
copsiders composting of sunn more beneficial,
giving the benefit of sunn stubbles in the
soil to the next wheat crop.

Barakzai [ 1935 ] cites some instances of using
sunn compost for potato and onion crops in Sind.
The compost was applied to the potato crop one-
and-a-balf month old as a top dressing and to
onion in the ordinary way before sowing. The
results of these experiments conducted for a period
of six years, showed that the crops receiving sunn
compost gave always slightly more yield than the
green .manured ones,

Green menure crops as inler-crops

-For those tracts where cultivators object to
devoting land entirely to growing green manure
crops, the practice of raising a green manure
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in-between some cash crop and subsequently
ploughing in the former seems quite workable.
Jenkins [ 1935 ] refers to such a practice in Sind,
where guar, is grown in between the rows of cot-
ton aud ploughed in just before the flowering of
cotton. Roberts [ 1935 ], on the other hand, has
found from experience of the Piinjab that
such interculture is harmful—the young plants of
guar competing seriously in their early stage with
cotton. - He has also observed that white-fly which
finds in some years a ready host in guar, subse-
quently starts damaging seriously the main crop
of cotton. Patel [ 1935 ] reports having used
dhaincha with success as an inter-crop with cotton
on Surat Farm, and lays special stress on the
shading effect of the crop on young cotton plants.
He further mentions that cultivators in Bombay
also grow a row of sunn or few rows of wrd in
between cotton for green mamiring purposes.

_Desai [ 1935 ] similarly reports using guar
in-between cotton for experimental purposes in
Sind, other crops like mung, sunn and soybeans
being also tested side by side with guar. His
observations are that mung gives better results
than suin. Next in order are soybeans and guar.
Green manuring in-between rows could, according
to Desai [ loc. cit. ] increase the yield of cotton
by about 30 per cent, and in some cases as much
as 60 per cent increase was obtained over the con-
trol.” This practice is becoming very popular with
the cultivators of Sind [ Thadani, 1937 ].
Experiments recently conducted at Surat and
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reported by Patel [1987 ] show that the strip
system of partial green manuring leads to anm
increase of 17 per cent in the yield of seed cotton
over the control ; "whereas, entire manuring
before jowar gives an increase of 24 to 41 per cenf
and green manuring fallow incresses tho yiold
of the next cotton crop by 122 per cent.

As has been reforred to by Allan [ 1937 ], in the
western Uttar Pradesh the cultivators some-
times grow metha in-between rows of cotton and
these are ploughed in after the cotton picking is
over.

Burning green manuring crcps

The practice of burning green manuring crops and
applying the burnt residue is not at all pre-
valent in India. No experiments have been
carried out anywhere to test the fertilising action
of such a practice. The efficiency of burning o
green manure crop ( pigeon-pea and sunn) as com-
pared with digging in has been the subject of sever-
al experiments at Yandev Agricultural Station,
Benne Province (West Africa). The results of
carly experiments show that as regards fertility
there is very little difference between burning and
digging. But on a poor sandy soil, with pH 5-6
and which has been under cultivation for ten years,
ploughing in has been found superior to burning.
The physical condition of the soil seems also to
have improved materially by the addition of organic
matter as an aid to rctention of moistuce
[ Briggs, 1938 1. :

A S has been shown in Chapter IT, a fairly large
assortment of legumes and non-legumes con-
stitutes the green manuring crops in India. The
majority of these, however, consists of legumes ;
different species of which are usually selected and
grown to improve or maintain the fertility level
of the soil. In deciding the agricultural utility
of any particular green manuring crop due regard
is generally paid to its suitability to fit into the
cropping system of the tract, and its seed rate and
habit of growth. There are, nevertheless, many
tracts in 1ndia, special'y in the South, where non-
legumes are extensively used with success for
green manuring purposes [ Ramiah, 1935 ; Bal,
1935 ; Narayan Iyer, 1937 ; Sethi, 1940 ]. Sahas-
rabudhe [ 1935 ] is of the opinion thas non-legumes

IV. USE AND VALUE OF DIFFERENT GREEN MANURING CﬁOPS

are just as effective ag legumes on good soils, but
on poor soils legumes may exert a better fertilising
action. Dore or less the same view is shared by a
number of workers in other tropical and sub-
tropical countries, specially in consideration of the
carbon to nitrogen ratios of the green manuring
materials and their rate of humification in the goil
[ Lyon~and Wilson, 1928 ; Eden, 1936 ; Roland
Mclkee, 1935 ].

Besides leguminous and non-leguminous crops
and indigenous weeds, leaves; twigs and loppings
from trees are generally used for green- mantring
rice in Mysore and Travancore [ Coleman et al.
1912 ; Narayan Iyer, 1937 . For tea the use of
leguminous trees like- sau (Albizzia stipulaia)
[ Mann and Hutchinson, 1905, 1907 7, dadap
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(Erythrina lithosperma) [ Wright, 1905 ; Holland,
1931 ] and a shrub Rogamedelea ( Tephrosia
candida) [ Holland, loc. cit. and Mann and Hutchin-
son, loc. cit.] are alsn very common. '

Quantity of green maller a@rd nilrogen added to

the soil

The beneficial effect of green manuring will
depend mostly on the quantity of the green matter
produced by the crop which is to be incorporated
into the soil. The yield of green matter from
particular green manure crop depends upon the
nature of the crop, the condition of its growth, the
stage of maturity and nutrient status of the goil. In
Bombay Presidency, for medium soils the average
yield of green matter varies from 20,000 lb.
to 25,000 lb. per acre. In the Nira Right Bank
€anal area where the soil is deficient in organic
matter the yield obtained approximates to 18,000
ib. ; whereas, in the area commanded by the Nira
Left Bank Canal where the soil is rich and has
been manured continuously, the green weight
goes up to as much as 69,800 Ib. [ Gadgil, 1937 ].

Bal [ 1937 ] reports the average yield of green
matter from three common green manuring crops
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used in the rice, wheat or cotton fracts of the
Madhya Pradesh. His figures are given in Table
V. It is not clear whether the lower yields of
green matter n the nice tract are due to early
harvesting or the nature of the soil.

) TaBLE V
Yield of different green manuring crops in
Madkya Pradesh ,
Grecn weigit per azra {ib.}
Fartiouiars -

Whest or cot-

Eice tract ton tract
Sonn . . « | 4,000 to 10,000(15,000 to 22,000
Jewri or dhainchs . . | 3,000 t0 3,000 (10,000 to 20,CCO
Cowpoa 3,000 o 7,000 [12,000 to 16,000

|

Mukerji [ 1939-42 ] recorded at Kanpur the .
following yields of green matter per acre from six.
leguminous and non-leguminous crops which
where used as green manure. The experiment
was conducted on properly randomised blocks for
three years.

Tasre VI
Yield of green manuring crops at Kanpur
(Green matter in lb. per acre)

Year Sown on | Harvestzd; Sunn Dhaincha | Jayanti | Maize Jowar Sun
‘ on fivwer
- 5 1739 | 25839 | 15900 | 12,080 500 | 12,060 | 14,700 9,800
%g::g-ﬂ DL 8-6-40 | 14840 | 15,340 8,950 420 1n100| 21000 | 13140
104142 . . . .| 10-6.41| 138411 17,950 1,300 370 | 8,850 | 182w | 1ol
Tt may be observed from the Table that Jayanti TapLe VII
(Sebania aegyptica) does not grow quickly under Yield of sugarcane by turning in sunn of different
Kanpur conditions. : _ ages
Sethi [ 1938 ] studied this problem at Shahjahan- (Shahjahanpur)
pur (U. P.). In experiments conducted for two ] —
years in properly randomized blocks, the yield of Ago uf crop in duys l ¥ield of cuna per ucro in md,
punn at different ages was determined. The © . . . T ot5.00 ¢
amount of nitrogen turned under was also estimated. 40 , . 39999
The results obtained have already been given in gg o Zgg:gg

Table III. °

The quantity of nitrogen turned in was clearly
reflected in the crop yield experimerts at Shah-
jahanpur during 1936-37. The hedviesb yield of
sugarcane (Co. 313) was obtained by ploughing
in sunn 50 days old. The results obtained are
tabalated below [ Mitra, private communication]

The amount of nitrogen added to the soil de-
pends upon the stage of maturity. However,
in the case of sunn it has been assumed that a
crop about ten weeks old under normal condi-
tions adds approximately 60 lb. nitrogen per acre
if inverted early in September [ Allan, 1935 }.
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_Allan (loc. cit.) further came to the conclusion
that after making due allowance for a poor crop
of -sunn under abnormal conditions, it may be
taken to add roughly 45 te 50 Ib. of nitrogen per
acre. Information on this important point for
the other green manuring crops is. particularly
absent and requires invertigation.

Application of different green manures to crops

The increase in the yield of a subsequent crop
,due to green manuring varies with the locality.
In general it has been estimated by Ramiah [1935]
that in soils above the averige level of fertility it
may amount to about 8 to 10 per cent, whereas, on
poor soils and lands of average fertility the increase
may extend to 20 or25 per cent. The beneficial

effect of green manuring becomes strikingly evident

during bad seasons. In Madhya Pradesh sunn
has been shown to add roughly 16 per cent
to the yield of paddy [Bal, 1935).

There are three principal crops for which green
manuring as a practice has been adopted in India,
viz,

(a) for transplanted paddy in areas where

~ early monsoon showers are received or ir-
rigation facilities are available ;

(b) for sugarcane in tracts where it was
customary to have a cultivated fallow, and

(c) for wheat under conditions where it
i8 possible to bury the crop by the middle
of August and irrigation water for de-
composition is available later.

_ There is, however, some scatiered evidence
of the use of green manure for crops other than
those mentioned above.

‘(a) Paddy. Dobbs [1915] mentioned that on the
heavy delta soils at Manganallur (Madras) the ap-
plication of a green manure crop in the ordinary way
resulted in a failure of paddy due to bad drzinage ;
whereas, at Samalkota (Madras) in 1909 increased
yields of straw were obtained asaresult of heavy
dressing of green manure, Thomasand Raju [1914-
18] reported an increase. of 474 Ib. per acre during
1915 and 426 lb. during 1916 as a result of green
manuring rice at Palur Experimental Station in
Madras. The green manure was, however, supple-
‘mented with bone-meal and potash. All these ex-
periments were done on unreplicated plots, In South
'India, Molegode [1918] similarly obtained 70 per
cent increase in the yield of rice a8 a result of sunn
green manuring, Table VIII records the yield of
paddy after green manuring at Marthur Farm

Rao, 1923]. :
M/N231CA
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TasLe VIII
Yield of paddy at Marthur Farm as a result of green
manuring
Graine Straw
Troatment Ib. Ib.
per acre | por acre
—__J
Control . . . . . 1,360 1,840
Greon manuring with sunn . . 1,840 2,660
Green manuring with cowpea 2,120 2,620

Ramiah [1935] points out that the value of green
manures on rice is doubtful on soils of good fer-
tility giving about 3,000 1b. of grain per acre, but
on soils of ordinary fertility the value becomes
apparent. He has given illustrations in support
of this statement from his experience in Madras
Presidency. On Coimbatore wet lands the yield
of rice increased from 2,000 to 4,000 1b. par acre as
a result of systematic growing of a green manure
crop in rotation with rice. Similarly, in Hospect
area of Bellary district the average yield of rice
as a result of green manuring has always been
above 3,0001b. peracre. The results of soil analysis
for these areas are, however, not available,

" In Madbya Pradesh similar beneficial effect
of green manuring has been observed with trans-
planted paddy in tracts where irrigation facilities
are available. But if sown ¢n situ with the rains
the green manuring crop generally suffers from
waterlogging. As pointed out by Allan [1937]
green manuring for broadcast paddy is not
feasible unless the green manuring crop is sown in
March or early in April and ploughed in before
broadcasting is done. This is a condition which
can hardly be realised in practice, specially in re-'
gions where irrigation facilities do not exist. A
partial effect may, however, be secured by sowing
a mixture of paddy and sunn, uprooting the latter
and puddling into the field after about six weeks’
growth. The green manure crop in that case is
also apt- to suffer from waterlogging ; hence this
suggestion of Allan has not been found practicable
in Madhys Pradesh. This difficulty may be
solved by sowing on the bunds indigenous weeds
or crops like sesbanias, cutting and puddling them
a8 manure [Bal, 1937]. Allan [1937], on the other
hand, does not consider this to be a practical propo-
sition. The -alternative of growing a green-
manuring crop like sunn on well-drained areas,
cutting and transferring to paddy fields bas also
never been popular with the cultivators, chiefly
because the scaftered nature of the holdings
reacts adversely against this practice. For
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transplanted paddy it is rather difficult to secure a

-good growth of the green manuring crop in situ
before the paddy seedlings are ready for transplan-
tation. But according to Allan [:bid] if the
puddling of the green manure is done even a week
earlicr than transplanting no ill-effect is notice-
able and an increase of about 16 per cent may be
taken as a rough addition to be obtained in'the
yield of paddy. '

As stated by Bal [1937] and Sethi [1940] the

difficulty of green manuring paddy is much less
in - evidence in Madras, Bengal and Uttar
Pradesh.

The experiments conduced at the Rice Research
Station, Nagina (U.P.), as described by Sethi
[1940] indicated that of all the green manures
tried for paddy during 1932 to 1937 sunn alone
ghowed consistently the best resulfs. Sunn grown
#n situ was ploughed in after nine weeks and allow-
ed to rot for two weeks before sowing paddy.
During 1934-1935 when the green manure was
brought from outside and ploughed in, no response
was indicated.

In Orissa (1933 to 1938), the effect of different
green manuring crops on paddy was studied on
light and heavy clayey loams. Dhaincha seems to
be best suited for paddy in that province.

(b) Sugarcane.—Green manuring for sugar-
cane .is probably the easiest and could be
done as late as September,
blished as a sound practice on any class
of soil varying from alluvial to black or red
goils. The advantage of green manuring over
no manure has been demonstrated at Shahjahanpur

This is esta-
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where an increase of 43-4 per cent was reported
by using sunn. The percentage of sucrose was, -
however, found to be low for green manured plots.
The results are given below (Sethi ef al. 1938).

TapLe IX

Comparison between green manuring and no manur-
ing sugarcane (Shahjahanpur)

Greon Non-
Particulars manured | manured
|
Yield of cane per acre in md." 801-66 |- 621-74
Percentage sucrose in juice 14-41 15-29

At Jorhat cowpea as a green ménure for sugar
cane during 1937-38 gave only a slight increase in
yield over no manure, At Kopargaon Farm on
the Godavari Canal, ran-mutks has been found to
give practically the same effect as sunn. [Rege, 1941}

(c) Wheat. TFor wheat sufficient interval (approxi-
mately two months) between inversion and sowing
and enough moisture usually 12 in. to 16 in. of rain
or irrigation water for decomposition are considered
essential by Allan [1915]). Green manuring wheat
is thus restricted to alluvial soils having irrigation
facilities and is not considered safe on heavy black
soils under dry rab: crop conditions. Allan [1915]
however, has recorded an increased yield of 223 1b."
of grain (wheat) after sunn and 203 1b. after sewrs
as & result of three years’ trials in Madhya
Pradesh. In an experiment conducted by
Mukerji [1938 to 1940] at Kanpur on the compara-
tive effect of five green manure crops on wheat,
the following results were obtained.

d : Taste X
Yield of wheat as a result of green manuring (Eanpur)
(Ib. per acre)
{6x 5 randomized blocks)
Sunn Dhaincha Control Maize Jowar Sun flower
Year -
Grain | Straw | Grain |Straw Grain l Straw | Grain | Straw | Grain \ Straw | Grain | Straw
1939-40 2325 | 5416| 2360 6360| 2435 | 5706 | 2403 | 5,207 ( 2,360 5538 2485 | 5,508
1640-41 2877 | 5064 | 2671 | 4,550 | 2,609 | 4361 | 2,358 | 3965 | 2,130 | 3,548 | 2417 4318 {

" The results have so-far shown that the differences

in the yield of grain from the six treatments are
not significant. '

(d) Other crops. At Lyallpur in 1932,
Lander [1935] got statistically significant
increage in the yield of cotton by using senji

as a green manure. The value: of different
leguminous crops when grown in rotation with
cotton in Sind has been reported by Barakzai
[1935] and Desai [1935]. The value of berseem
stubbles es soil fertiliser has been recognised in
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that province. Table XI gives the results
of a trial conducted during 1934-35 and
quoted by Desai [ loc. cit.Jon the relative value of
different leguminous crops as judged by the yield
of seed cotton, for bringing about recuperation of
nifrogen in the soil :

TaprLe XI

Yield of colton grown after leguminous crops and
jowar in Sind

Succeeding
orop
Previous crop cotton Remarks
. seed in

1b. upto

31-12-34
1. Mung 1,400 | The last picks
2. Soybeans 1,287 | ing was not
3. Guar . 1,147 | over.
4. Groundnut 1,064
8. Fodder jowar 821

Sahasrabudhe [1934] describing manurial ex-
periments conducted in the Bombay Presidency
during 1896 to 1931 reports that for maize, when
niger, sunn and kulthi were compared as
green manures against fallow or with each other,
sunn was found to be the best. In Africa the
results of three years’ experiments have shown that
sunn gives a considerable increase in the yield of
maize ; whereas, weeds alone as green manure do
not increase the fertility of the land [Fuggles-
Conchman, 1939]. ,

Green manuring does not show any effect on the
'yield of jowar and potatoes in the Bombay Presi-
‘dency ; whereas, on tobacco it was found better
‘than farmyard manure [Sahasrabudhe, 1934].
Definite depletion in the yield of arhar under the
influence of green manure, even in conjunction with
superphosphates has been observed at Pusa (1929)
in long term experiments laid out on duplicate
plots, and it has been suggested that green manur-
ing leguminous crops is harmful.

At Puss C. mujassi has been found to be the
best for oats [Iyer, 1939]. For tobacco, sunn,
cowpea and dhaincha were found almost equally
useful [Dobbs, 1915]. For jute at Mymensingh
sunn is reported to bring about an increased yield.
Since it never gets very cold there it is possible to
grow sunn in October and bury it in December.

(€) Garden crops. Greenmanuring as practised
in India for p]antatior_l crops and fruits has been

1
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reported only by a few workers, In their bulletin on
tea plantations Mann and Hutchinson [1906] have
described all the experiments on green manuring
tea, carried out in Assam up to that date. The
results on record afford ample evidence to prove the
beneficial effect of green manuring on tea. For tea
reference has alrendy been made to trees like saw.
The use of Tephrosia candida (boga medelea), a
shrubby plant, arkar, dhaincka and cowpea
generally leads to increased yield of tea. Besides
the above mati-kalai (Phaselous mungo) is also
grown for green manuring in the tea gardens in
Asgam. A significant fact, however, is that no
benefit to tea occurs whilst the legumes are growing
among tea, but following burial or loppings, and
specially after the leaves have rotted in the soil,
the yield of tea is markedly increased.

Green manuring is also reported as an aid to
fertility in cocoanut gardens, and is used effectively
for yam and betel vines. On coffee estates it is
now & regular feature to grow Crolalaria striala
and Crotalaria trifoliata, eto. and to cut and apply
these as mulches. Ramiah [1935] in describing
the importance of green manuring for cocoanut
mentions that a crop of cowpea grown under the
trees during the monsoon and inverted after the
rains brings about on an average an increase in the:
yield of the fruits by 10 per cent.

It is generally recognized that in newly planted
orchards green manuring by sunn considerably
improves the yield of fruits, Even for old orchards
of citrus in the Agra district of Uttar Pra-
desh green manuring with sunn in between the:
rows_of the trees is found very useful both for
‘growth and bearing. But it is now reported frorm
the Punjab ; [Punjab Department of Agriculture, .
private communication, 1941] that although
guar has proved tobe a very useful green manure
for ordinary crops yet it has given either negative
results or proved even detrimental to the growth
and productivity of citrus trees. The reason
adduced is that the water and plant food require~-
ments of both guar and citrus being at their
maximum in the summer, a competition is sef up
between the guar and citrus roots. Although
no experimental evidence is yet available, it is
presumed that this competition could be avoided
by using a winter legume like senji as green manure,
Different parts of green manuring crops

Attempts have been made to study th i
fertilising value of different parts of gyreez 1;1:1{1711::
mgcrops. Sunn hasso far received most attention
in this direction. Joshi {1922] was probably the
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first to have studied this problem scientifically and
has .done considerable work on this subject. He
found that roots and stems of green manures were
of little immediate value to fhe succeeding crop
which benefits chiefly through the decomposition
of leaves. With a view to test these points further
.pot experiments were carried out simultaneously

with field experiments for three years at Pusa.

The chief observations rocorded for six different
green manure Crops were :
(a) The application of leaves alone of all the
- plants used as green manures gave high yield
of oats.
(b} Burying the whole plant resulted in lower
. yields than those obtained by adding leaves
alone.
{c) The use of stems and roots had an injurious
effect on the succeeding crop.

According to the above author these results are
applicable only to the Gangetic alluvial soil and
not to black cotton soil in which cellulose material
‘may decompose easily and the decomposition of
‘leaves may not be rapid enough. Bal [1923] has,
“however, shown that the more tender the plant is
the better is its decomposition in black cotton soils,
which is a conclusion contrary to the above assump-
tion of Joshi [1922].
‘Lander, Wilsdon and Lal [1923] while studying
“the comparative value of a number of green manure
crops in the Punjab, observed that the 1:emoval of
the above-ground portion of a leguminous crop
caused a depression-in the yield of the subsequent
crop. These observations of Joshi, and Lender
et al. are not found to hold good in'the case of
berseem stubbles which have shown considerable
fertilising action on cotton in Sind. Barakzai
{[1937] from his experience in Sind has reported
marked increase in the yield of cotton after the
berseem stubbles are buried in the soil and left
over a period of two weeks for decomposition.
He advances the hypothesis that since the under-
ground portions of such leguminous crops are
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tender and easily decomposable, they- add a consi-
derable amount of humus and nitrogen to the soil.
Mukerji’s work [1937-41] on the effect of growing
berseem and ploughing in the stubbles after the
last cutting is over on the yield of subsequent crops
of jowar and cotton under Kanpur conditions has,
however, failed to substantiate the claims of the
Sind workers, No statistically significant increase
in the yield of cotton lint or jowar fodder was
obtained as a result of berseem cultivation. Singh
and Singh [1936] set out to analyse chemical-
ly the sunn plant at various stages of its growth and
concluded that the greatest manurial efficiency
could be attributed to the leaf, the stem being less
useful in this direction, The root, on the other
hand, stood midway between fhe leaf and the
stem. It has accordingly been suggested by the
above authors that the leaves and roots should be
ploughed in for green manuring and the stem used
for fibre production, No field data on crop yields
have, however, been cited to lend support to these
observations, -

Sethi [1938] studied this problem at Shahjahan-
pur. The results of experiments conducted for
two years in properly randomized and replicated
blocks afford quantitative data on the yields of
green matter and the amount of nitrogen turned
under in Ib. per acre for the different parts of
sunn and the whole plant. The results have been
summarised in Table IIT (p.7).

The total nitrogen per cent in the soil as a resulf
of ploughing in the different portions-of sunn was
studied at the same station throughout the season
in 1935-36 and the highest nitrogen accumulation
was observed in the treatment receiving whole sunn
plants, followed by those receiving tops and roots.
Actual crop yield data during the three years,
1936 to 1939, also showed the same trend. Whole
sunn plants consistently led to the best results
followed by tops and roots.  The yield figures for
each of the three years are given in Table XII
(Mitra, private communication).

~ TasrLe XII
Manurial value of different portions of sunn (Shahjakanpur)

4x4 randomi§ed blocks during 1936-38 and 4 x 8 during 1938-39)

1936-37

1937-38 1938-39
Treatments Yield |Percent- i Yield |Percent- Yield jPercent-1
of cane | ago |[Sucrose | Purity | of cane | age [Sucross | Purity | of csne| age [Bucrose | Paxiny
Ib, per | over |percent |percont | lb. per | over [percent | percont| Ib. per | over |pereent [per cent
acre | control acre | eontrol acre | eontrol
1. Control . 33,235 100-0 19-93 | 90-90 | 34,049 100-0 | 18-82 | B9-58 | 49,861 100-0 | 20-32| 03-11
2, SBunn tope onl 41,774 | 125-7 | 20-03 | ©0-60 | 37,038 | 108-8 | 18-05 ' 90-42 | 51,980 | 104-3 | 19-72 | 90-61
4. Bunnrootaonly . | 42,048 | 126-5 | 20-18 | 91-40 | 33,002 96-9 ) 18-67 | 90-78 | 51,280 | 103-2 | 19-48 | 89-50
4, 8unn whole plants . | 560,183 | 150-9 | 20-08 ; 01-45 | 36,601 107-2 | 18-68 | 89-62 | 53,4067 107-1 | 10-836| 90:10
aE . 2,244 67l .. .. 1,649 451 .. . 1,637 33| .. ..
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It will be noted from the above Table that remov-
ing stems from the whole plant and ploughing in
only the tops does not diminish the fertilising value
‘of sunn to a very great extent., A similar view has
. been expressed by a number of other workers in
India and it has even been suggested that the
profit accruing out of the sale of the fibre from the
_ stems will more than balunce the slight fall in crop
yield due to the stems being excluded for green
manuring purposes.

Green manuring plants for dual purposes

In view of the finding that the removal of hard
.woody stems from a green manuring plant does not
influence its magurial value to a great extent,
attempts have not infrequently been made to
utilisea green manure crop for dual purposes,
viz. @ part being used as manure and the rest
either fed fo cattle or utilised for production of fibre.
" Thus, asindicated by Joshi [1922], the stalks of
cowpeas could serve as a fodder for cattle and
considerable extra benefit might be obtained by
diverting even half of the crop to that end.  Guar
stalks also could similarly be fed to cattle. Accord-
ing to Joshi [#bid] better yield of a succeeding crop
is obtained if the hard woody stalks of sunn are re-
moved and utilised for fibre production. Dhaincha,
unfortunately, can not afford this dual purpose
[Dobbs, 1916] ; but Sornay [1918] mentions that
a fibre of fair strength could be extracted from this
crop too. This requires further investigation.

. Sayer- [1935] conducted an experiment at Pusa
in which the sunn crop was allowed o grow a
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little longer and the tops and roots were ploughed in
—the stem being used for fibre production. The
effect of this treatment on wheat was compared
against that of burying the whole plant. - The
average of two years’ yield showed that with »
slight decrease in the outturn of the wheat grain,
it was possible to get about 665 Ib. of suun fibre.
The economics of the two treatments showed a
slightly more profit in the case when fibre oxtrac-
tion was resorted to. For a similar experiment
on paddy conducted at Nagina (U.P.) Sethi [1910]
records that green manuring with the whole plant
showed a net profit of Rs. B3 as. 2 per acro;
whereas, tops, leaves and roots gave only a very low
margin of profit even after taking into account the
sale proceeds of the fibre.. Bal [1937] considers
that even if & sunn crop was grown exclusively for
fibre production it would prove benecficial to the
succeeding cotton crop, as theleaves fulling on the
ground and the root residues left therein would
improve the soil fertility.

The dual use of sunn referred to above, may not
be feasible for crops like wheat and paddy, since
the burial of the green manure can not be deluyed
too much in such cases ; but for sugarcane under
irrigation the ploughing in of manures could be
postponed for some time und the mature stems of
sunn utilized for fibre production. The Depart-

-ment of Agriculture, Uttar Pradesh, have done

considerable work on this aspect of green manuring
sugarcane and the main results obtsined are
briefly given in Table XIII.

TasLe XIII

- Green manw'mg sugarcane (Co. 312) by. sunn of different ages in

Ultar Pradesh (Yield of

cane in lb. per acre)

{4 X 4 randomized blocks)

—
Sunn Sunn plough. | Sunn cut Sunn cut
ploughed ed in 75 days for fibre for tibro
in 60 days after germi- 756 days 90 dayn
after ger- nation after germi- after geor-
‘Serial Locality Yenr mination nation, and mination
oria roots and tops | and roots
- ploughed in and tops
ploughed in
1 | Mainpuri Farm 1938-39 97,619 92,448 91,460 87,200
. 1939.40 79,070 79,063 78,816 76,991
1640.41 67,820 63.728 66,000 64,811
2 | Kalai Farm (Aligarh) . 1037-38 72,301 72,411 70,492 71,676
« 1938-39 72,169 - 77,387 73,964 71,482
.3 | Kalianpur Farm (Kanpur) . 1937-38 , 3,618 3,518 3,600 3,430
1638-39 1 0,742 3,887 3,740 3.830*
1939.40 L3,644 3,780 3,602 3,600*
4 | Atarra Farm (Bands) ¥ 1940-41 59,450 l 62,216 65,140 63,622

3i/N23ICAR

* Figures are for yield per plot snd not per acre.
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From the above results it is evident that har-
vesting sunn for fibre 90 days after germination
and ploughing in roots and tops, has in most cases
given a lower yield of cane than in the correspond-
ing treatment 75 days after germination. Simi-
larly, the yield of cane obtained with the whole
Plants being ploughed in bas in general been some-
what greater than when the stems were removed
- for fibre production 75 days after germination.
There are a priori reasons to believe, however,
that this slight depression in the yield as a result
of not burying the stems may not affect the total
net profit ; since additional income is apt to come
through the sale of the sunn fibre. The economics
of this practice as worked out in the Uttar Pra-
desh and elsewhere will be discussed in a subse-
quent section.

Residual effect of green manuring

Although in general the utility and value of
green manuring have been realised, yet there is
lack of evidence to prove the extent of the resi-
dual offect it leaves in the soil. On Pusa soils
sunn as a main source of nitrogen appears
insufficient in a two year four-course rotation of
maize, arhar and oats.
however, shows that increased yields of crops may
be obtained as far as five years after the original
application. Khan [1923] found that the beneficial
effect of green manuring sugarcane with bhang
(Cannabis sativa) lasted for four years. The re-
sults of field experiments at Rothamsted from
1899 to 1923, as cited by Nicol [1933], show that
legumes exert a considerable residual value over
a period of several years as evinced by increased
grain yields. Joachim [1931], however, states
that under tropical conditions the effect of green
manuring may be expected to last for only about
six months so far as the soil nitrogen is concerned.
Similarly, it has been reported by Fuggles-Con-
chman [1939] that ip Morogoro (East Africa) the
bereficial effect of green manuring with sunn re-
mains in evidence only for one year. These
differences are probably due to different soil and
climatic conditions, ard the problem requires much
further investigation,

Relative value of green manuring and farmyard
manure

Not much work on scientific lines has been done
in India to compare the relative efficiency of green
manuring and farmyard manure when used as
erganic manures. Since farmyard manure still
happens to be the chief indigenous source of orga-

Experience in the Punjab,
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nic matter and nitrogen to the soil, any change
from the existing system of manuring requires
careful studies. Rege [1941] has summarised in
detail recent oxperiments done on sugarcane in
which green manures -have been compared with
farmyard manure. It seems that many syste-
matic investigations on this problem are not on
record.

In Bihar at two stations, viz. Sepaya and
Musheri, in experiments conducted over a number
of years, sunn (green manure) and farmyard manure
were applied on the basis of 40 Ib. nitrogen and 20
Ib. phosphoric acid with and without top dressing at
Sepaya during 1932 to 1936 and on equal quantity
basis at Musheri during 1933 and 1934¢. In general
it has been mentioned by Rege [loc. cif.] that
farmyard manure gave better yield of cane than
sunn green manuring in these experiments, al-
though juice richer in sucrose was obtained through
the latter. In the Annual Report on Experiment-
al Farms vn Bihar and Orissa for the year 1934-35,
it has, however, been mentioned that *the fact that
green manure is better than farmyard manure as
an organic manure has been confirmed.’

At Padegaon an experiment was conducted
for two seasons (1936 to 1938) in which three basal
manures—sunn {(green manure), farmyard manure
and groundnut cake—with two levels of top dres-
sings at 150 1b.-nitrogen and 225 lb. nitrogen per
acre were compared for sugarcane. The results
obtained, as given by Rege [loc. cit.] are presented
in Table XIV.

Comparing the results obtained through farm-
yard manure with those obtained through green
manure, it seems that, although the differences in
the yield of cane by using these two manures
are not statistically significant, farmyard manure
with 150 1b. nitrogen has given, in both years, lower
vield of cane than green manure. With higher
nitrogenous top dressing the yields become meore
or less the same. The sucrose percentage figures
tend to show better availability of nitrogen in the
case of green manure.

At Kanpur during 1940-41 a similar eriment
was laid out by Mukerji [1940 to 1942] in which
sunn green manuring was compared with farm-
yard manure and compost as basal manures for
sugarcave. The experiment was conducted on
& split-plot factorial (7 X 4 X 3) design in
which the basal manures constituted the whole
plot treatments and niixtures of inorganic and
organic nitrogenous manures as sub-plot treat-
ments. The results obtained for the whole plot
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TasLe XIV
Comparison of sunn green manure, farmyard manure and groundnut cake as basal manures,
Padegaon 1936-38
{Lay out 6 4 randomized blocks)
1938-37 1937-38

Treatments Yield On per- Sue- Purity | Yield On per- Sue. Purity

of cane centage rose per of cane contage rose per .

b per basis per- cent ib. per basia per- cont

aore cent aore cent
I .
Sunn s basal
150 1b. N per acre 78,064 100-0 18-99 89-32 | 62,944 1000 20-53 02:55
225 1b, N per acre 99,088 126-9 20-18 80-67 81,088 | 1288 19-78 92.76
Farmyard manure as basal .
150 1b. N per acre 74,647 95:5 20-49 89-08 58,688 94-8 21-05 92-78
225 1b. N per acre 100,150 128-3 20-45 9018 81,884 130-2 18-58 88-56
Groundnut cake as basal N
150 1b. N per acre . . l 101,617 130-0 19-66 90-80 85,668 135-9 19-86 80-93
226 1b. N per acre . . 1. 108,102 .138-5 19-82 86-82 93,866 149-1 18-93 90-20
S.E. . ) 5,398 6-9 .. . 3,337 5-3 . ..

treatments for the year 1940-41 showed no signi-
ficant difference in the yield of cane between sunn
green manuring, compost and farmyard manure
treatments. Almost identical results were ob-
tained for wheat in the previous year at the same
station, :

In the black cotton soils of the Surat tract,
eXperiments have been conducted for a number of
years in which the relative manurial value of farm-
yard manure and green manuring with dhaincha
has been compared on cotton and jowar. These

experiments are described by Patel [1937] and
clearly show the beneficial effect of green manuring
as compared with farmyard manure.

Dhaincha was grown in strips between two rows
of cotton and was buried after a month’s or six
weeks’ growth when it was nearly one foot high.
The yield of green matter thus incorporated in the
soil was never very high (about 7,000 lb. per acre)
but the results obtained clearly show the super-
iority of green manuring as compared to farm-
yard manure at five cartloads per acre. The data
of the experimental results are given in Table XV.

TasLe XV
Cotton green manuring experiment, Surat (1934—39)
(4 X 4 latin square)

1934-36 1935-38 1936-37 1937-38 1838-39
Treatments Yield Por- Yield Per- Yield | Per- Yield Per- Yield P.r
of cot- | centin- | of cot- | centin-| of cot- | cent in-| of cot- | cant in-| of cot- | cent in-
ton lb. | orease |tonlb, : crease | tonlb. | crease | ton 1b. | crease | ton ib. | crease
per over per over per over per over per over
acre control | acre control | aore control | acre control | acre oontrol
1. No manure .’ . §593-4 5546 , 450-1 a82-7 522-7
2. Farmyard manure  at
five cart loads per acre. 651-0 9-71 | 684-0 65-30 | 480-8 6-8 | 382-2 0:-1| b566-2 8-23
3. Dhaincka plus farmyard | 647-4 9:00 | 658-0| 18-63 | B5B7-2 30-5 | 2373 37-0 | 646-1 23-8
mannre at five cartloads.
4. Dhainche alone . | 640-1 7-87 | 684-9 23-5 | 546-2 21-4 | 215-0 43-8 | 578-0 10-7

It will be observed that, if the results obtained is clearly shown. However, it may be mentioned
during 1934-35 are not taken into consideraticn, that in adding farmyard manure the pitrogen con-
during the remaining years the superiority of tent was not taken into considration. The treat-
dhatncha gre:n manuring over farmyard manure ment in whichboth dkaivcha and farmyard manure
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were used has given the best results e‘}identi-yA due

- to the double quantity of nitrogen which it received
from both farmyard manure and dhaincha.

Similar experiments were laid out for kharif
Jjowar during 1934 to 1939 and the superiority of
dhaincha green manuring over farmyard manure at
five cartloads peracre was aleo indicated in these
experimerts. An increase of 36-93 per cent and
9-41 per cent in the yield of jowar grains over
control with dhaincha green manuring was secured
as against 5-36 per cent and 0-34 per centwith
farmyard manure alone during 1934-35 and 1938-39
respectively. The yields of jowar grain obtained
during the remaining years were. not favourable
owing to deficiency of rains and in one year two
varieties of jowar were sown in different treatments,

GREEN MANURING PRACTICES IN INDIA

The results for thosc years are, therefore, not
comparable.

At the same station the residual effect of dhaincha
green manuring and farmyard manure was com-
pared on the next jowar crop in the case of cotton
green manuring experiments described above ;
and on next cotton crop in the case of kharif jowar
green manuring experiments. In general dhaincha
gave significantly greater residual effect than farm-.
yard manure.

From the results available, so far, it may be con-
cluded that the superiority of green manure over
farmyard manure has been indicated in some of
the provinces where such invesfigations have
been carried out.

V. GREEN MANURING IN CONJUNCTION WITH ARTIFICIALS

A pplication of fert;llizers to the green manuring
crop

One of the main objects of growing a green
manuring crop being to provide as much of organic
matter as possible, it is natural that every effort
ghould be made to secure the maximum yield of
green material. On very poor soils the outturn of »
green manure crop is likely to be very meagre ;
- hence, the benefit from the crop may be much below
expectation. The addition of nitrogen to a le-
guminous crop i3 not usually necessary since the
legume is capable of collecting nitrogen by itself ;
but an application «f phosphatic and potassic fer-
tilizers often stimulates the growth of the crop, and
thus enables the cultivator to obtain within a com-
paratively short period a large quantity of green
material and nitrogen. Moreover, the fertilizers
added serve the dual purpose of increasing
directly the yield of the green manuring crop as
well as that of the succeeding crop by being avail-
able after the inversion of the green material into

the soil. The addition of fertilisers affords an addi-
tional advantage of hastening the growth of the
green manuring crop ; thereby reducing the period

over which the crop otherwise would have occupied
the land.

Some notable work on a quantitative basis has
in this connection been carried out in the Bombay
Presidency in recent years. The necessity for
increasing the bulk of the green manuring crops is
now felt somewhat acutely in the Bombay-Deccan
where owing to a Jarge increase in the acreage under
sugarcane in the canal commanded areas, the
demand for organic manures has far exceeded the
available scanty supply of cattle dung,

An experiment was started in 1937-38 at Pade-
gaon (Bombay) to test whether any system of
manuring could bring about an increase in the yield
of sunn, The results as summarised by Rege
[1941) are given in Table XVI.

TasLe XVI
Fertilising sunn crop, Padegaon, 1937-38
Layout 8 x4 randomized blocks

] No basal manure F,Y.M. 10,000 1b. per acre
Treatment — \
Yield of green | Percent over | Yield of green | Per cent over
matter in 1b. no-manure matter in 1b. | no-manure
per acre per acre )
: 16,715 100 18,126 108-0
3. 20 1o N slane | . 17,376 103-6 17,776 1059
3. 50 1b, P,0Q, alone . . . 18,200 108-5 17,675 104-8 _
"4, 20 1b. N4+60 1b.PO, . . . . 18,476 110-1 18,5626 1104
o SE . 568-3 3-3 6683 3-3
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It would be noted that the treatment where
both nitrogen and phosphates were used has given
maximum yields both with and without any basal
dressing. Next in order of importance comes phos-
phate alone. The other treatments do not record
any appréciable increase, Padegaon soil is deficient
in phosphates, and this addition, therefore, seems
to benefit the green manuring crop. It may be

= observed that the increase in the yield has been

rather slight (10 per cent), and as the economics
of this practice have not been worked ouf, any
genera! recommendation would be risky unless the
problem is studied in a much more extensive form.

It has becn observed in Assam (Borbhetta) that
oowpeas, dhaincha and mati-kalai hardly grow
without some phosphate, but give excellent crop
with basic slag at 600 lb. por acre [Mitra, 1935].

Arnold [1931] carried out in Rhodesia an experi-
ment to study whether it was more profitable to
apply phosphatic fertilizers direct to & maize crop
after ploughing nnder an unfertilised green manure
crop or to the green manure crop itself which was
$o be followed by maize. A difference of omly
3:00 ¢ bags ’ resulted in favour of phosphates

being applied to the green manure crop in the -

case of raw phosphatic rock and only 0-57 ¢ bage’
in the case of bone-meal and super.

TasLe XVII

- Difference in the yield of * bags * of maize as a

result of applying phosphatic fertilizers (Arnold)

o —

Applied to Applied to
Treatment green manure | green manure
orop ] maize
1
1. Raw phesphatic rock . +14.1] 11-11
2. Bon>-moal and supor . +11-48 19-91

Rao [1923] in Ceylon found superphosphatos
edded to sunn at the time of sowing to be bene-
ficial to the succoeding crop of paddy, This was,
Lowever, not found to be the case when sunn was
replaced by cowpea. This is attributed to the
rapid growth of the cowpeas brought abous
by superphcsphate and thus involving the inver-
sion of mature stems, the nitrification of which
proceeds too slowly in the soil to keep pace with the
nitrogen requirement of the succeeding crop.
The results obtained are given in Table X VIII.

It may be noted from Table XVIII that the
growth of sunn in the unmanured treatment being
very poor the observed respouse to the addition
of phorphates is specially striking. Bal [1936] also

maintains, in view of the work carried out by him

M/{23ICAR

21

TasLe XVIII

Yield of paddy with super phosphale tn conjunction
with sunn and cowpea (Marthur Farm 1923)

Ib. per acre.
Treatmonts Groon Paddy Paddy
mattor grain straw

1. Control . .. 1,340 1,840
2. Sunn . . 2,920 1,840 2,560
3. Sunn stimulat~d by [ 15,680 2,520 3,400

super @ 240 b, por

aoro.
4. Cowpoa . . 1,640 2,120 2,520
5. Cowpna  stimulnted 3,560 2,089 2,680

by supor @ 240 1b. por

aern,

in . Madhya Pradesh, that phosphatic fertiliscrs
applied at the time of sowing greon manures con-
siderably intensify the bencficial effect of the lat-
ter and even increase the phosphate content of the
paddy grains.

Fertilizing effect of artificia’s with green manuring

The use of green manures in conjunction with
artificials has been studied in India mainly for
paddy and sugarcane, and the available data have
been claasified below according to the nature of
the artificial used.

(@) Nitrogenous artificials. Harrison and Aiyer .
[1916] suggested using green manures in con-
junction with cyanamide for paddy under
South Indian conditions. They believed that as

~ cysnamide on decomposition furnished ammonia

which could be utilised by the rice plant, the use
of this could produce better effect than any other
artificial. The addition of som> ammonium sul-
phate to any form of green manure at the time of
inversion has resulted in material increase in the
yield of paddy in Mysore. Narayan Iyer [1937]

“ reported a pot culture experiment in which an

increase in the yield of paddy was obtained with
ammonium sulphate used in conjunction with
greenmanure, His results are given in Table XIX.

TasLE XIX

Yield of paddy with sulphate of ammonia and green |
manure (pol-cullure trial, Mysore)

Tieatmont Por ernt ~
yiold
4. No manure . . 100
2. Groen manurs alonoe . . . ) 127
3. Grorn manure-+3.A. applied simultaneously ?gg

4. Greon manure-3.A. throe wocks later .
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The application of sulphate of ammonia at the
time of burial bas practically doubled the yield.
No field data are, however, available in this con-
nection.

GREEN MANURING PRACTICES IN INDIA

The results obtained at Shahjahanpur have teen
summarised by Sethief al. [1938] and the average -
yields for three years are given in Table XX along
with the sucrose percentage and purity coeflicient.

TapLe XX
Manurial trials with sugarcane at Shahjahanpur
(4 X 4 ran’omized blocks during 1933—35 and latin square during 1935-36)

1933-34 1934-35 1935-36
. Per Bua- | Purity | Yield Per Bue- | Purity | Yield Per Suc. Purity
‘Frentment Yield cont rose por of cane | cent rose per of cane | cent | rose Fer
of cano | over per cors Ib. per| over per cont | lb. per over per cent
1b. pexr | green oen acre green cent acro £reon cent
aore | manure manure manure
alone alene alone

L Green manure 69,6£0 100-0 | 17-26 | 88-82 | 74,808 | 100-0| 17-06 ] 89-78 | £4,671 100:0 | 17-32 | 87-37

2. Green manure -+ 75,022 1079 16-82 87-84 | 85,526 114-3 16-86 | 80-25 | 6507 | 119-8 17-14 | 86-99
S.A. (Total 120 1b, N).

3. Green manure - 73,044 | 105-9 | 168-72 | B87-81 | 83,2386 | 111-5 | 16-5¢ ] 84-43 | a5,710 | 120-2 | 17-21 | 86684
enstor cake (tatal 120 j
1b. N} :

4, Green manure - 76,022 | 108-6 ( 17-08 | B7-53 | 84,000 | 112-9| 18-22 | B88-53| 65,004 | 120-5| 17-88 | 87-57
Parmyard manure . -

({total 120 1b. N).
S.E. 1,283 1-8 1,659 3-2 1,000 18
It will be seen from Teble XX that the increase TapLe XXII

in the yield obtained with either sulphate of am-
monia, castor cake or farmvard mavure over
greon manure alone is slgmﬁcanf although differen-
ces between the three top dressings are not very
remarkable.

Rerults of field experiments recently available
at Kanpur [ Mukerji, unpublished ], both for
wleat and sugarcane, are summarised in Tables
XXI and XXIL

TasLe XXI
Manurial trials with wheat (C 13} at Kanpur
(7Tx4x3 split plot design)

Yicld+ F | Per cent
wheat over
Treatment gkt;ain in | green
b, per menure
acre alone
1. Green manure (sunn) alone . 1242-0 100
2. (.M. 4 castor cakeat 501b. N 1530-0 123
per acre
8. G.M. J-rape oske at 501b. N per 14784 119
acre.
4. G. M. 4 groundnut cake at 50 1b. 1555-2 126
N per acre.
5. G.M, -}-sulphate  of ammonia 1520-0 122
at 50 1b, N per scro .

It appears that addition of oil-cakes or sulphate
of ammonis to green manure leads to very marked
increase in the yield of wheat as compared with
greon manure alone. As a supplement groundnub

cake seems to be tho most effective followed by -

castor cake and sulphate of ammonia.

F .

Manurial trials with sugarcane (Co. 312) at Kanpur
7 X 4 X 3 split plot design

Yield of | Sucrose | Per cent
eane per over
Troatment 1b. per cens green
' ac0re mu#nuring
alone
1. Green manure (sunn) 66,040 14-88 100
alonn .
2. G. M. Jcaster cake nt 76,648 14-85 137
100 1b, N per acte
3. G. M.+ rape cake at 78,104 15-09 139
100 1b. N per acre
4. G. M. 4 groundnub 58,208 1440 104
cake at 100 lb. N per
acre
5. G. M. +su1phate of 61,738 14-90 110
ammonia at 100 1b.
N peracre

Very significant incroase in the yleld of cane has
been obtained by supplementing green manure
with castor cake and rape cake. It is also irterest-
ing tc note that the increased yields secured with
both sulphate of ammonia and groundnut cake
applied in conjunction with green manure are not
very striking.

From the results recorded in Tables XX, XXT,
and XXII it would appear that for wheat as well as
for sugarcane, under the conditions prevailing
in Uttar Pradeh, the addition of oil-cakes
to green manure brings about _a marked increase
in the yield. The economic aspects of this practies
require fuxther investigation.
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' () Phosphatic artificials. Viswanath [ 1937 ]
bas scrutinised the results of 257 experiments
conducted all over India and reported in various
Journals, Bulletins or Reports. He has found thst
cut of ten experiments oonducted with green
manures and phosphates eight. gave significant
increase in yield ; and that out of eighteen such
experiments on green manure with nitrogen and
phosphates ten gave significant increase in the
yield and in the case of the remaining eight the

yields were nct significantly higher than that with-

gre n manure alone, There are thus a priori
reasons to believe that the use of phosphatic
fertiliser as & supplement to green manures is
evidently bepeficial, end the most responsive
crop in this connection is found to be paddy.

There is ample evidence of the beneficial effect
of adding phosphates to green manures for paddy
in the Madhya Pradesh, Madras, Bombay and the
tract bordering the Bay of Bengal. The only
exceptions on record where such additions have not
increased the yield to a great extent are Nagina
in the western Utter Pradech and three sfations
in Madras (Aduturai, Smalkcta and Palur).

- During 1935 to 1938 at Nagina the addition of super-
phosphates slightly increased the yield of paddy
and the results obtaned are detailed in Table XXIII
(Mitra, private communication).

TapLe XXIII
- Yield of paddy n 1b. per acre ( Nagina, U. P.)
- Per
Treatment 1035 | 1936 | 1037 | 1938 | Aver-| cent
age in-
orease
1. Control |2,574 1,320 |1,350 [ 1,629 { L718 | 100
2. Green manure, 2,657 | 2,619 | 3,701 | 1,913 12,723 | 158
3. Green manuro
4-super-phos- |2,890 | 2,385 | 3,738 | 2,046 | 2,764 | 161
phate " '

Since at Nagina the addition of superphosphate
increases the yield only very slightly, as compared
with green manure alone, the extra profit is not at
all found to be commensurate with the cost of the
ferti]iser used.

Sethi [1941 ] in his monograph on * Manuring of
Paddy ’ has given & brief account of the experi-

. ments conducted at various experimcutal stations
where the addition cf phosphates to green manures
at the time of inversion has been tested. At
Gaya (Bihar) during 1936-37 increasing the dose
of superphosphatc resulted in better yields of both

.2

straw and grain. The results are reproduced in
Table XXIV.

TasLe XXIV
Green manuring with superphosphate —Paddy
experiments (Gaya, Bihar)

Yncreoase jin outturn Not
: profit
- Treatment Grainlb, | Btraw lh.
. per aore ib,
por acre
. 1936 Ra. Ax.

1. Green manures at 125 620 371 13 8
md.-}super at 20 1b.
per acre

2. Green manure at 125 869 457 17 13
md. 4 super at 401b. 1937
per aore .

1. Groen manure at 1256 676 427 14 @
md. +super at 20 Ib. .
per acre '

2, Green manure at 125 830 518 17 &

md, + super at 46
1b. peracre

At Richhai (M. P.) during 1930 to 1935 signi-
ficantly higher yields of paddy were obtained
through the use of green manures in conjunction
with superphosphates. Similar results have heen
reported from Dacca (now inPakistan), Berham-
pur (Orissa) and Cochin,

For other crops, too, long term work done on
duplicate plots at Pusa and reported by Sayer
{ 1935 ] shows green manuring with superphos-
phates to be more effective than green manuring
alone, except for arkhar which gave negative results
with green manuring. The data are summarized
in Table XXV,

TasrLe XXV

Green manuring alone and with superphosphates at
Pusa

Maijre Oat; :
Treatments B = Arhar
{Ib. per acro)
1. No manure .| 5780 509-0 836-5 .
2. Green manure (stinn) 8930 659+0 852-0 -
3. Green manure+super-| 1304-0 1405-0 86790
phosphates

It seems that for arhar green manuring even
with superphosphates brings about a depletion
in the yield of grains. A reference to this has
already been made in Chapter 1V,

Mukerji [ 1923-24 ] from his studies on the effect
of superphosphates in econjunction with groen
manures on Pusa eoeils showed that the addition
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of phosphates helped the decomposition of green
manures. It was also suggested by him that
phospbates in organic combination being more
beneficial to plants, increased crop yields could be
obtained by using greem marmures in conjunction
with phosphatic fertilisers. Benton [ 1927 ]
in India and Heintze [1909] in Germany have also
supported the above assumption. ' Recently Rege
[ 1935 ] has expressed similar views. He suggests.
that the application of superphosphates with
green manures makes phosphates more available
to crops, specially in soils deficient in that in-
gredient.

(c) Lime. According to Jeachim [1926, 1927,

1528] the addition of lime hastens the decompesition
of green manures in Ceylon. Imcreased yields
following the application of lime to green manure

have also been reported from Mysore (1919-20).

Lime added to gresn manures, according to
most foreign writers, increases the yield of the

. GREEN MANURING PRACTICES IN IRDIA

ucceeding crops, but there is lack of experimental
evidence to support this statement. The quantita-
tive data furnished by McCall [ 1924 ] on the.
effect of lime in conjunction with green manure on
wheat and corn are given in Table XXVI,

TapLe XXVI

Effect of lime applied with green manures on the
yields of wheat and corn. McCall [1924]

' ' Yield in bushels per
Treatment I acre
Wheat Corn
1, Control . . . . . 1£-0 253
2. Lime alone . . . . 19-6 31-3 '
3. Green manure alone . 14-4 25-6 |
4. Lime - green maomre . . 21-8 37-8»

It will be seen from Table XXVI that lime used
in conjunction with green manure has been found
beneficial to wheat and corn. Lime will particu-
larly be nzcded in acid coils.

V1. GREEN MANURING AND ROTATION OF CRCPS

NE of the most impertant factors contrelling

the adoptionof green manuring in actual
practice is the possibility of having as an alterna-
tive a definitely remunerative crop in the kharif
specizily when the green manures are meant for
sabs ciops. There a rabi crop is preceded by a
fallow, green manuring may not be difficult to
jntroduce ; Or even a green manure crop may be

grown in the rotation, and a part after harvesting .

buried under.

In the Modhya Pradesh it has been found that
cotton yields are better if followed by sunn or
groundnut ; whereas, the yield of wheat could be
befter maintained after lekk than after gram
[ Bal, 1937 }. The marked value of groundnut
as a recuperating crop has also been noted in
Medras. :

" Legumes in rolation

In Bombay (d4dnnual Reports 1932-33) it was
found that bajre after kulths yielded 25 per cent
more than bajri after bajri ; but economicslly
hairi after bajrs proved to be s more paying rota-
tion.,

Lander [ 1935 ] describes a few rotations follow-
¢d in the Punjab where leguminous. crops are in-
terposed in order to increase the fertility of the soil.

It is considered that a detailed investigation-to-
assess the relative merit of the above rotations as

affecting the soil fertility may yield very valuable
results,

Ramiah [1935] summarising the results of
rotational experimenfs carried out in Madras
indicates that if a greep manure _crop is
grown between rice and tugarcane in a two-year
rotation, the yield of rice could alw ay ; be maintain-
ed at a high level in spite of sugarcane being an
exhaustive crop. He further meations that in the
black cotton soil tracts of the former ceded districts
the usual two-crop rotation of cotton and sorghum
has been improved by the introduction of a legu-
minous crop of groundnut in rotation. Tae yield
of cotton is also increased by this pract'ce. The
beneficial effect of legume cultivat'«n could also

be secured by growing a mixture of a cereal and a
pulse. -

Ramiah [ 1936-37] further refers to the harmful
effect of sorghum on cotton ard mentions that
cotton after cumbu (Pennisetun & ptoidum) gives
15 per cent more yield than cotton after sorghum.
Similar results were obtained for groundnut at
Palakuppam (Madras) where groundnut gave
better yield after cumbu than after sorghum. Even
as a mixed crop groundnut fares better when
grown mixed with cumbu than with sorghum.
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With a view to study the role of green manuring
in crop rotation, experiments were conducted ab
Burat (Bombay) on the yield of cotton and jowar
after green manuring with dhaincha in the rotation.
. The results cbtained have been summarised by
. Patel [ 1937 ] and are given in details in the Annva!

Reporis of the Department of the Agriculture, Bemlay
Presidency 1939-40. There were eight treatments
in properly randomised blocks and green manuring
was done once in a cycle of six years. The resi-
dual effect was studied on the next jowar crop.
Two treatments, viz. (G) and (H) were used as
control where no green manuring was done.
Farmyard manure at the rate of ten cart-loads’
- per acre was given to the whole series once in 1933-

34. : - '

The avorage results for the years 1935 to 1939
gre given in Table XXVIIL.

Tasie XXVII
" Rotational ezperiments at Surat (1935-1939)
layout 8 X 5 randomised blocks

Average yield of | Average yield of
seed cotton Jjowar grains
Treatments
Ib, per | Percent | Ib, per |Per cent
aore over acre | over
control control
{A) Green manuring
fallow (18t year)
{B) Cotton after green| 1138-4 | 230-1
manuring (2ud year)
(C) Jowar after cotion 1035-0 | 116-8
- (3ed year). . :
(D) Cotton after jo-{ 529-9 ], 105-9
war (4th year),
(E) Jowar after cotton 927-5 | 104-8
(5th year).
(F} Cotton after jowar| 479-2 97-1
(Gth vear).
(Q) Cotton after jowar| 493:7 100-0
Control.
(1) Jowar aftor cofton :
control. 886-7 ) 100-0

It will be seen that the rotation cotton after
green manuring gave more than double the yield
of seed cotton than cotton affer jowar. The
residual effect of green manuring in the rotation
- was observed to la:t even upto the third year whan
higher -yields of jowar grain were obtained as
compared to jowar after cotton without green
manuring. These results are of considerable in-
torest to the cotton growing tracts of the Bombay
Presidency. '

Resalts cbtained at Sakrand (Pakistan) as report-
ed by Barakzai [ 1935 ] s!ow that in rice tracts
matar (chikling vetch) o:cupies an important
M/N23ICAR
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position as a crop growing in rice fields, and that in
light soils gram could easily replace matar, Ber-
seem crops ( Fahal variety) could advantageously
grow in rotation with rice, the crop being turned
i after taking one cutting. The same author
further reports [ 1935 ]that berseem cultivation
in  the " immediately preceding rabi season
invariably results in higher yields for seed cotton.
The stubbles left after the lant cutting of beracem
could be buried under 8nan and guar eown
thickly in. kharif season stand next to berscem.
Pulses like moong, soybean and mafe rank
third as rotational crops usef.' for cotton, Barak-
zai [ loe. cit. ], however, mentions that if a fallow
intervenes cong'derable loss of nitrogen takea
place and the beneficial effect of Iegums cultivation
is not fully realised.

During 1916 to 1927 an experiment was conducted
at Pusa over an area of 413 acres with a thres year
six course rotation. The scheme as detailed by
Sayer [ 1935] is summarised in Table XXVIII,

TasLe XXVIII

Rotation studies at Pusa [ Sayer, 1935 ]

Particulars let yoar ] 2nd year I 3rdy ar
Monsoon erop Maize for | Maize for | Leguminous
silage and | comn crops
fodder
‘Wintererop . ( Oata drhar Qats

* Steady increase in the yicld of oats in the area
where leguminous crops were grown was observed,
showing that the so:l fertility was thereby consider-
ably improved.

~ -
Rotations for sugarcane

With regard to rotations best fitted for eugar-
cano cultivation, the experiments conducted
by Sayer [ 1935 ] at Pusa show that the yield of
cane ir cons'derably increaged if three green pulses
intervene instead of two in a four year rotation.
The two rotations tried were as follows :

1t year 2nd year 3rd year 4th year
I Sugarcane | Maize+pul- | Green pulso
Do. ('ﬁ:.l Tallw Pulses
II Sugarcane | Pulses Maize
Do. Oata Beracem Fullow
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Mitra [ 1935 ] reports that on Jorhat Farm,
Assam, the following rotational system hes proved
very successful for sugarcane

In a four year rotation a green manure crop is
grown in the third year (after two yeare of plant
and ratoop cane) and this is ploughed in and fcl-
lowed by a winter crop. In the fourth year ar.cther
green manure crop is grown in kherif and
the land is kept fallow in the rabi when it js ready
for cane plantation.

The usual rotation fcllowed in Bihar is : sugar-
cane—monsoon, crop for fodder or seed (rabi)—
green manure—cane. Thus green manuring is
done once in three years. Maclean [ 1937 ] has
described the resulits of an experiment in Bihar in
which cane was grown after green manuring,
after inaize and after fallow. It is interesting to
note that the yield of cane after green manuring
was found to be lower than that after fallow.
The results of three years’ trials on two diffarent
places clearly showed that the practice of green
manuring sugarcane was harmful as compared
to having cane after fallow, and Maclean
suggests changing the usual rotation, green manure
—sugarcane—fallow—wheat to green manure
——wheat—fa.llow—sugarcane This s rather an
important observation” and these two rotations
require very careful study before attempting
any general recommendation.

Rege [ 1941 ] rightly considers that securing an
intermediate fodder crop curing the interval
between the ploughing in of green manure and
planting of sugarcane would be definitely harmful
and might even result in lowering the cane yield.
At Muzaffarnagar (U. P.) sunn green manuring
of sugarcane has been compared with having
cotton in the kharif for two seasons ( 1935 to 1937)
with and without top dressings. "It seems that the
outturn of cane after cotton is slightly less than
that.of cane after green manuring ; but this differ-
ence is eliminated on applying a top dressing of
farmyard manure. In the case of ratoon crcps
cctton appears to lower the yield of cane still
further.

During 1937-39 these experiments were repeat-
ed with modifications at Muzaffarnagar. - There
were three treatments of sunn green manuring,
"vir. sunn buried as such, sunn buried after takir.g
fibre and sunn biriel after taking seed and fibre.
These were vompared amongst themse]ves and
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with having cotton-pea, cotton-me’ha and cotton-
fallow in rotation. The results obtained are

given in Table XXIX (Mitra , private communica-
tion).

TABLE XXIX

Rotational trials at Muzaﬁarnagar (Plant Cane)
(6 X 4 randomised block) -

Yield of cane in md.
per acre

Treatmenta -

1937.38 1938-39%
1. Sunn buried in , 728 1,118
2, Sunn fibre taken . 27 1,112
3. Sunn seed and fibre taken 658 996
4, Cotton—m:thza 843 885
8. Cotton—pra 641 772

6. Cotton—ijallow 625 . 827
7. Critical difference 787 101-8

It will be observed from above that there is
practically no difference in the yield of cane
when fibre is taken from sunn and when the whole
plants are buried ; but that cotton in the kharif
is definitely harmful and lowers the yields.

All the three methods of green manuring
also proved superior to cotton treatments with
ratoon crop. ‘The results obtained during 1938-39
are given in Table XXX.°

TaBLE XXX -

Rotational experiments at Muzaffamagar (Ratoon
cane)

(6 x 4 randomized blocks)

: Yield of

Treatments oann in

md. per

rere

V. Sunn buried in - . 501
2, Sunn fibre taken . . 5138
3. Sunn secd and fibre taken . . 6509
4. Cotton—-mitha . . 483
5. Cotton— pen . . . . 435
6 Cotton—f.1low Y . . . . 208
. oritical difference . « . . . B85

At Padegeon, the effect of a variety of kkarif
woney crops hes been tested against fallow and
grcea manuring with patada shevra and sunn on the
succeeding crop of sugercane during 1937-38. The
results as described by Rege [1941] ere given in
Table XXXI.
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h TasLe XXXT
Effect of kharif crops, fallow and green manwring on sugarcane- ( Padegaon 1937-38)
(6 x 4 randomized blocks)
. Average Expreased Sucrose Purity
Previous treatment yield per on per cent per cent per cent
acre in b, basis
Sunn 73-194 1000 20+40 90-7
Cotton {N.R.) . i . 64-631L 83-3 - 20-36 89-3
Groundnut (big Japan) . 54-481 74-4 20-18 2.0
Jouar (fodder) . . . . 59-935 819 . 20-40 91-5
Fallow . . . P 68-063 92-9 20-66 21-8
Palada sheota . i s e s 76761 104-9 . 20-45 82-1
8. E. . . . 3-203 4-4 . .

¢ It may be noted that green manurmg stands
first followed by fallow, cotton, jowar and greund-
nut. The behaviour of groundnut is peculiar

in as much as it contradicts the general opinicn
about its recuperative effect on the soil [Ramiah,
1935 ; Bal, 1937].

VIL ECONOMICS OF GREEN MANURING

"N practically every tract the sole objection on
the part of cultivators to growing green man-
ure crops is that these occupy the land which
would otherwise be utilised for growing kharif
money crops like jowar or groundnut. Where the
land is left fallow in the kkarif green manuring
may not be difficult to introduce. Allan [1937]
stated from his experience in Uttar Pracesh
and Baroda that cultivators grew green manure
only when they had no alternative crop to cow. In
Sind, however, this difficulty about kkarif green
manuring is felt much less ; since no assessment is
levied there by Government on the cultivation of 2.
green manure crop, provided notice is given ahead:
to the authorities of the intention of using land for
such purposes [Barakzai, 1935},

According to Rege [1935] the actual replacement
of & paying crop by green manure crop can hardly
be economical unless the green menure is specifical-
ly mean for sugarcane. Lander [1937], however,
observes that taking info consideration the residual
efféct, green manuring has in all cases been found

" economical in the Punjab. There seems to be a
net saving of Rs. 50 to Rs. 70 on manuring sugar-
cane in the Deccan Canal ares if sunn green manure
is used [Gadgil, 1937}, Similarly, from the Ut.ar

Pradesh & net saving of Rs. 80 to Rs, 90 is report- .

ed in favour of green manuring with sunn. More-~
over, it may be mentioned that the usual method of

costing-on the basis of nitrogen only can hardly ke

justified in view of the cumulative and other bene-
fits derived from green manures. With the in-
crease in the cost of farmyard manure in Bombay,
Gadgil [1937) considers green manuring to be the
cheapest source of supplying organic matter and
nitrogen to the soil.

Cost of gréen manures

Allan [1935] hias calculated the price per Ib. of
nitrogen in different nitrogenous manures co-
mmonly used for sugarcane and paddy in Uttar’
Pradesh, (see Table XXXTI, p.28) Hoe findsgreen
manuring with sunn (assuming it to add roughly
45 Ib. of nitrogen per acre) to be the cheapest
[Sethi, 1940].

~ According to Allan [1935) the extra cost mvolved
for preparing the land for green manure may be
congidered to be negligible, since the number of
ploughings and turnings upto the time of sowing the
sunn seeds would be about the same as in the case
of land not to be green manured, Sunn will, more-
ever, stand for two months in the field and the
saving on ploughings that would otherwise have to
be given to fallow land during this period should
compeasate for the extra ploughings at the time of
burying the crop of sunn.

The ‘unit values of nitrogen from sunn green
manuring and farmyard manure for the Deccan
Canal area, as caloulated hy Gadgil [1937] are given
in Table XXXIII.
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TapLe XXXII
Price per lb. of nitrogen in different mitrogenous manures [Allan, 1935]
R M&nure = ' Current rate (1930) Por cent "Total N Annas per
No. N contained . of N
in col. 3
1b.
1 | Caator cake . Ra. 1-1-6 per md. £-0 3-20 5-32
2 | Neem cake . . . . | Rs.1-4 per md. 6-0 4-92 406
3 | Ammonium sulphate . . . . Rsl.b 4-11 per bag, of 78 20-8 16-07 4-687
4 | Farmyard manure . . . . Rs.l(-lll: per cart of 15 0-48 5-68. 3:52
m . . . .
& | Green manuring with sunn . . . | Rs. 2-8 for 1 md. of . * 45-00 0-88
seed required for an :
- acre
TaprLe XXXIII " Adding Rs, 22, the average of these two, to Rs. 43

Cost of green manuring with sunn in the Deccan

Canal area [Gadgil, 1937]

~
Particulurs Cost,
- Ps. as.

. . . . 2
1. One ploughing . . . 8 2
2. Two harrowings . . - . £ 4
3. Resd 80-80 1b. . . : ’ : 3 8
4~ Sowing . . . : : 1t
B, Trripation labour . - . . 0 8
8. Yerigation cost . . . . 30
7. Cutting sunn crop - = . . . 28
8. Plopghing in sunn . 10

Total . ig g

9. Rent of sugarcand nd - . . :
19. Int:rest on Rs. 20 @ 9 per cent 2 0
-2',000 “‘.I. Of 43 0
J1. Yield of sunn per acre 20,000 ﬂ:en 0
iil give
' L i N one dere of sunn Wi

12. At0-45 per oen N o N (appmx.mua)
13. 1012 1b, ¥ coar Re. 43 *3__=
14. Therefore, oue 1b. N. costs Rs. 15

as. 6 piesa 0.

One carb-load of farmyard maoure (about 800
1h.) having 0-5 per cent nitrogen and costing Rs.
9-8-0 gives the unit value of nitrogen at 10 annas

per lb.

From the above it will be seen that in the Bom-
bay-Deccan suun green manuring is cheaper than
farmyard manure. Roberts [1937}, howeveg:,
suggests that while assessing the nitrogen wunit
value of green manuring crops, apart from the
cost of seed, ploughing, irrigation, etc. one has
also to consider the value of an alternative legu-
minous fodder crop. Gadgil [1937] has teken into
account even this aspect of an alternative kharif
fodder crop and his figures are given in Table
XXXIV (p. 29)

already worked out above, sunn green manuring
involves a total cost of Rs. 65, which gives unit
value of nitrogen at 10 annas 4 pies per Ib. This
is slightly more than the calculated unit value of
nitrogen per lb. from farmyard manure in the
Bombay-Deccan.

Gadgil [1937], however, considers this economical
as ‘the sum arrived at is less than Ras. 75, the cost of
30 cartloads of farmyard manure’. Much further
data are certainly necessary to arrive at definite
conclusions on this important esonomic aspect of
green manuring. '

Green manuring roldy -

Sahashrabudhe [1934] summarising the results
of green manuring in the Bombay Presidency has
reported that green manuring has been found to be
economically satisfactory for paddy at Deohad,.
Karjat, Kumta and Ratnagiri. Similarly Ramiah
[1935] found green manuring to be the most econo-
mical method of fertilising rice fields in Madras.

Sethi [1940] worked out the economics of green
manuring paddy at the Rice Research Station,
Nagina in the Uttar Pradesh. If the crop
was grown in silu there was a net profit of Rs.53;
whereas, if brought from outside and ploughed ir
the net profit fell to Rs. 37 only. At the same sta-
tion during 1937-38 green manuring alone gave a
profit of Rs. 62; but when it was used in conjunictioa
with superphosphates the profit was reduced to Rs,
53 per acre,

At Nagina the effect of sunn manuring was
compared with artificials during 1935101938, and
the economics of the various trestments also worked
out (Mitra, private communication). It was
observed that sunn alone proved most profitable
followed by sunn plus superphosphates. The
figures are given in Table XXXV (p. 29),
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TasLe XXXIV
Net profit obtained by growing an alternative khorif erop in place of green manures [ Gadgil, 1927)
= Cost of
Crap onltivation Value of yield Net

- per aore profit
Rs. Rs,
Nilwa (jowar) . o e 40 Ra. 60 for 6,000 1b. dry fodder @ 100 lb. a rupee 20
.Groundnut 50 Ra, 75 for 2} khandis @ Re. 30 » khandé 25

TapLe XXXV

Ecoonomics of tunsn and other art{ﬁcizds Jor manuring paddy, Nagina (Average for the years 1935-38)

(50 1b, W and 50 1b P, O, per acre)

Total manur-| Yield per acre | Difference Value of in- | Total profit
Treatments ing charges in yield over | creased yield or losa
control @ Rs.2-12a
md.
Re. as. Ib. 1b. Re. o, Rs. 8B,
1, No manure 1718 e
9. Ammonium sulphate . 16 11 2106 388 13 1 810 lous
3. Green manure 10 0 2723 1005 31 23-11 profit
4. Nioiphos 21 156 2195 477 16 1 §-14
B. Green manure plwa superphosphate il:.) ¢
915
19 15 2764 1046 35 8 | 15.4 profi
8. Superphosphate - 916 1842 124 4 2 5-13 loes

{N.B.—Cast of growing, ploughing, etc. of green manure bas been taken at Rs. 10 per acre).

In Bihar the advantages of green manuring the
paddy crop has been well established, and an extra
profit of Rs. 10 to Ras. 15 per acre achieved at two
stations, viz. Sebour and Gaya [Sethi, 1940]. At
the latter station during 1936-37 the economies of-
the effect of phosphate supplements to green
manures and farmyard manure was also worked
out. The addition of superphosphate to green
manure (dhaincha) increased the net profit from Rg.’
14 to Rs. 17 per acre against the-contro]. This
result is contradictory to that obtained at Nagina
with sunn and -superphosphate. The table con-
taining the results of the sbove experiment at Gaya,
as given by Sethi [loc. cit.], is reproduced in Table
XXXVI (p- 20).

Grcen manuring sugarcane

'Sahasrabudhe [1935] has mentionec_l that green
anuring has been found to be economically profit-
able for sugarcane at Manjri .a.nd Kapargaoniin the
Bombay Presidency- Gadgil [1937] also reports

M/N23ICAR

sunn green menuring to be the cheapest for sugar-
cane, and & net saving of Rs. 50 to Rs. 70 may he
expected .through green manuring sugarcane in
the Deccan Canal tract.

At Shahjahanpur during 1933-34 an experiment
was laid out in which the profit accruing from the
use of sunn as green manure for sugarcane was
carefully worked out. The results of this trial, as
reported by Sethi ef al. [1938], are given in Table
XXXVII (p. 30).

It will be seen from Table XXXVII that at
Shahjahanpur an additional profit of nearly Rs. 69
per acre has resulted by green manuring cane with
sunn,

Green manuring other orcps

Barakzai [1935] has calculated the average ex-
penditure per acre on green manuring—for potato
and onion crops from the data recorded in Sind for
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TapLE XXIXVI
Economics of green manurmg paddy al Gaya (1936-37)
Increased outturn | Sale price of increas.
Trzatments por acre Yoar | Costof over-control in lb. od outturn per sore | .oy N?Lt
. manuring per acre . - . Pro.
A Grain - Straw Grain . Btraw
Rs. as. *  |-Re, as. p.| Re.as. p. | Re.as. p. | R, as, p.
b . . .| 1038 9 4 577 280 (14 6 9| 014 0|16 4 9| 6 0 9
FX. M@ 100md 1987 9 % 404 30 [101 7] 015 6 L1 113 0
. b. 1936 4 0 630 371 1512 0| 2 & O
S g{p(?rm md. and 201 1937 49 876 421, 11634 0| 210 0|19 8 0 1418 0
. b. 1938 11 6 007 280 6 2
F'sibeh:' st 100md ond €010 1090 | 11 & 504 B I 01 12 011512 0| 460
25 md. . 1936 6 11 869 457 [2111 o 213 o 24
G‘afé:rt 125 md. and 400 | 1087 6 11 830 513 (2012 0] 3 3 02315 0{17 4 0
Basir of calculation - Tasr XXXVIIL

1. F. Y. M. at Rs. 1-4-0 per cart of 12 to 15 md.
2. Cost of gowing and raising dhaincha Rs.

3-8-0 per acre.

3. Super phosphate at Rs. 4-4-0 per €0 b,
4. Paddy at Ra. 2 per 80 Ib.
B. Straw at as. 4 pex 80 Ib.

TasLe XXXVII

Showing comparative data of cost and profit as a
result of green manuring (Shakjakanpur, 1934)

-

) CGreen Not greel:'r
Particulars manured | manured

1-.- Yield of cane per acre md. . 801-66 621-74
2. Total yield of sugsr (md.) . 53-28 38-61
3. Total price of angar (Re.) . | 400-52 279-89
4. Total cost of produecing cane and

manufactaring sngar (Rs,} . 258-13 208-42
5. Trofit (Ra.) . . - 142-3% 73-47
0. Extra profit by the use of grecn . 68-92 s

manuring {Rs.)

» period of six years. - He has compared the cost of
green manuring with that of manuring these crops
with cattle manure and finds that under Sakrand
‘conditions the gain in favour of green manure is
Rs. 9-4-0 per acre. The actual details are shown in

Table XXXVIII. -

2. Cortage @ 4 as, A& care

Cost of green manuring potato or onion GTO}; as com-
pared with farmyard manure (Sakrand-Sind) -

Particulars Cost

A

Re, as,

- Soaking dose (ope man tor half dagy . .

. Floughing. sowingaud, lavoiling (3 wren for
& day snu 8 budlocks.)

. Cost of 80 Ib. eeed at Re, 3 a md. .

- Two subsenoent irrigations (ono man) .

. Cntting (four men for & day)

+ Burying and lavelling {4 men
and 4 bullorks) - . . .

7. Bubseqrent irrigation for decomposition {opo -

man for bail day)

SR BO

" for dn;;r

(-3 [F-0 RN ) <
- memok

Total .
N.B.—Wadges a* nrvas 8 per man and cost of
balluck annts 6 per Lullock. :
For Culits mnure
1. 30 carts of manure @ 8 as. & cart

115 4

H.
-3 ot
oo

Green manuring for dual pUrposes

Wheat. With a view tofind out the profit resulting
from the practice of growing sunn for the dual pur-
pose of green manuring and fibre production, experi-
ments were laid out at Pusa by Sayar [1935]. His
results showed that although by burying the roots
and tops and removing stems for fibre, the yield
of wheat went down slightly in comparison to bury-
Ing the whole plent four to five weeks earlier, the
difforence in the net profit for the average of two
years was Rs, 3-14-11 more for the treatment where
fibre production was resorted to  His results are
summarised in Table XXXIX (p. 31).
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The results given therein may be accepted with
some reserve since during 1932 the treatment where

fibre was extracted yielded less profit than during

1933 when the profit was more in comparison. How-
ever, taking the sverage for both the years the pro-
fit from treatment Tg wasmore than that from Ty

Sayer [ loc. cit.] further remarks that in both the
sessons there was sufficient aufumn rams to decom-

31

143 coolies were required for cutting, rotting and
extracting sunn fibre from one acre in Tj.

Poddy. Sethi [loc, cit.] reports that green
manuring with tops, roots and leaves alone (stems
for fibre) 'gave always a lower margin of profis
in experiments laid out at Nagina on paddy
during 1936 to 1938 as compared with burying
the whole plant. The expenditure on stripping

pose late buried sunn tops and that on an average and fibre extraction goes very high, and the extra
‘ TasLE XXXIX .
Economics of green manuring for dual purpose
) Wheat JFibre | Cost of Coat of
grain per | per acre | produce | oultiva- | Profit Total -
Treatment. Year | gorein | ia lb. tion, profiy
Ib. _
_ Re.s.p. | Re.a.p. | Re. 8. p. | Rs. . P
X, 1032 1340-4 66 6 0131 0 3|3 4 9
. 7% 6811
{whole plant) . . . 1933 1406-5 .e 71 0 913014 7|40 2 2
T, . . R . 1932 963-2 611-3 94 6 7;6313 4|30 B 8
‘Topaand roots and as Q.M. and stems for 7 810,
fibre 1933 1187-8 720-1 1111 0 4162 2 94815 7

profit obtained through the sale of fibre does nofi

traction in the case of paddy is worked ont in

balance the cost, The economics of fibre ex- Table XL (Mitra, private commumnication),

, TasLe XL )
Economics of fibre extraction from sunn in the case of green manuring paddy (Nagina 1936 to 1938).

Increase in
\ yield over Value of in- .
Treatmonta. Total control {aver- | oreased yicld | Net profis Romsrkas,
expenditure ago of 3 years) | and fibre
in Ib. .
Rs. as. Rs. as. Res. asn.
1. Whole Plants 10 © 1638 85 0 45 0 ! Cost of green manur.
) ing with sunn @ Ra.
10 per aoro.
2. Tops only .- 10 ¢ 1476 A9 8 80 8
3. Leaves, tops and roots 49 8 1393 48 12 9 12 | Cost of extracting
23 (8); fibre Rs. 50 as. 8.

* for fibro
T for sticks

Sugarcane. As mentioned in Chapter IV, s
large amount of work has been done m the Uttar
Pradesh to ascertain the relative manurial value
of sunn whole plants and tops and roots at differ-
ent ages, with & view to utilising the stems for
fibre production. The results in general indicate
that the yield of sugarcane is not much affected
if the stems are removed and only the tops and

“roots are ploughed in. However, the economics
of this project requires a carcful study and at
Shahjahanpur during 1937 to 1939 experiments
were laid out in which the expenditure and the
income derived from sall the products were calcu-
lated. The results of this investigation are de-

tailed in Tables X1.Y and XLII (pp. 34, 35) (Mitta
Private commu.nigation}. . _ _

It will be noted that during 1937-38 in the treat-
ment in which whole sunn plants 75 days old were
buried the ingreased profit, over the control, amount-
ed to Rs. 42 ; but if fibre was extracted and only tops
and roots were ploughed in the profit increased to
Rs. 55. Similarly, an increased profit has been
observed with sunn plants 90 days old in which
fibre extraction was resorted to. Much higher
profits were obtained during 1938-39 in the treat-
ments in which stems were removed for fibre pro-
duction. Securing an intermediate fodder crop like
pea or allowing'the sunn crop to seed seems to be
barmful for cane and the net profit is theraby
redaced considerably.
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Yild of come ond other produce along with profit or loss obtained through different treatments of sunn (Shahjakanpur 1937-38)

Ixcoun EXTENDITULE
Cane Fibre Pea-fodder Sunn.-seed
: - Prica{Viold | Prics | Yiold | Prico | Yiod | Prios | Total | Cost of
- Treatments receis per | rocei-| por | recei- | por | recei- [Income - |Harveat. Soad  |Harvest-{Cultiva- | Total .
i Yiedd lyed @ | acrelved @| acre [vod @ | sore [vod@ Sunn |ing angd | Burn- | Rott. and | ing poa | tion of en?n. Profib Iﬁ:::'
por as. b 6/8f- s, 4 2/8/- soed ?]"3}." ing ing sowing | fodder cane diture iy
wore | per md. per per per and [ingin punn sunn | irriga- and control
md. md. sowipg | of sunn |in tanks tion to irriga- i
ti .
md. Ra, md,| Re| md Rs.| md| Rs. Rs, | Ra, Re. Ra. Ra. %o:. Ra. “IJ;.“G Rs. Ras. Re,
1 A-Conuol g 80850 100 e .t .n . - . 190 2 .. -n e e e . 135 | 136 o 454 2 -
Bw80 days ms-sdfeze 8 | . ) . | | - o . | 226 8 28| .. . . .
| “whole sunn ' ’ ' . . " 135 | 143 8 [482 0 [+271¢
Con0 daystops | 726009 {227 1| oo | o | oo | oo | o ) - j227 1 6o . . . 2 1o
apd roote, ' : - ' 136 (146 0 |481 1 |+26 16
Dutbdays | 164:311288 & o | o ] o | e | e | o 28804 2 8| .. . . . :
whole suno ' ' 136 | 142 B [406 6 [4+d2 4
E~70daystopa |.776+28 | 242 42781714 | .. | .. | .. | .. | 2602 ¢ 0] 114| 28] .. .
and roots _ . 138 | 150 6 | 100 12 [+55 10
Fa='l8 days tops | $34+82 135 14 | 2-756 (1T 14 | 2030 (73 4 | .. - (227 0 50 14 2 8 : ?. i 136 | 162 B 464 B8 |+10 @
snd roola<-pes : v ] +
G0 days tops | 753-96 23510 | 8:88 | 211 " . .. - |257T O "8 0 114 2 8 . .
and roots .- . [ 136 | 150 8 | 107 3 |+58 1
Hepodsys [1881s (2616 | o [ oo [ o p o [ | o |24e1s 28| .. . . )
whola suna . . . 136 [4142—8|4-102—T|4-48—%
M—Sanasallow- | 51508 {16025 | .. [ .. [ .. | .. [366]9 2{170 1 28] .. .. . ‘ 1.
ed for sosd . . 136 | 142 0 428 o6~

wrs
* Ra. 4 seed and sowing and Ra. 6 irrigation,
GTea fodder taken before ¢ane,
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Tasre XLII

Yield of cane and other produce along with profit or loss obiained through different treatment of sunn (Shahajahanpur 1938-39)

E Inonue . ExrENDITURE ,
5 i
g Cano Fibre Pea-fodder  [Sunn-aeed
; Treatmonts g ) A . g
. - ross :
g Yiold Price Yiold! Price| Yield | Price | Yield | Price Income. | Sunn  |Harvest-| Burn- Seed |Harvest.| Cost
- per receiv- | per j recei- | per | rocci-| per | recei- seed [ingand| ing Rott. | and in of eulti.
g acre | ed @ |acre (ved @] acre [ved@ | acre |ved@ and | plough. | sunn ing sow- pei “&‘;nl Total Profit ‘
. as, 7-3 as 7 as 4 Ra, sowing | ingin |in.tank |sunn ing [(foddor |of cane expen- Devia-
por per por - 3-4 of aunn : extra and irri- | Citure tion‘l
md. md. md. md. . : . |irrigation gation, from
- to pea oto, control
. s ) ’
md | Rs. | md|Re | md{Rs. |md | Re| R Ra. Be. | Ra Re. Rs. | Rs Ra. Re. Rs. Rs
1 | A=no manure | 613.03 j 278-05 | . N O T 27805 | .. . .. . . . ) Tor.0 | 1xr.
(comtrol) 121-0 | 121-0 | 15705 .
o |R=r0 Anys saa-36 (87808 | .. | .. b .. ] .|| .. |smes| 4s{ 260 .. . 418 o |130.a1 | o, -
O vo V1200 [132-41 {24647 |+80-52
3 | CmbBOdoystops | 781-81 [ 354-20 | .. | .. | . . o | . |%54808| 47| 60 " . 41 . . .
=00 duye S b o : g 121-0 | 35-01 | 21835 [+61.30
4 | D=80 daye . : - . - . . . 4.7 | 2-50 - .- 4:16 - . Al .
whole sunn ] . . 121-0 | 13241 | 228-08 |+70-08
5 | Em80 dnys tops | 759-00 | 343-00 | 4-81 [s3-07 | .. w | o |emes| s a0 | 18] 20| aas| .. |ia - . -
and roots. - 2 .0 140-28 | 23735 |4-80-30
6 { F=75 danys 8381 | 87601 | .. | .. SRR IR [ . 476 250 .. . o-52| .. . . . ;.
whele sunn ‘ 121-0 | 13857 | 240-34 | 4-53-29
[ 4
7 | G715 doya tops | 813-64 | 308-68 | 6-40 [45-22 R . | 41300 4-76 80 1:87 2-50] 38-32 - 9] - . : .
and roots. , : 121-0 | 144-44 | 200-46 | 112-41
8 | HG.215 duyn tops| 054-54 | 296-50 | 6-10 {4270 [147-80(36-07 o | 97626 475 @0 | ‘1.87] 250 . 3 . . )
and roote-Bon. oo} 20-64 76 | 121-0 | 159-51 g;aﬂ'.*a +59:70
g | I=90 days whole| 700-860 [ 358-38 | .. . . . ae 1358-38| 476 2-50 . .32 . . .
s 0 _ 83 121-0 [ 136-57 | 22181 [+64-76
days topa | 768 . -8l 1707 | .. A P . . . ' . . .
10 ﬁ::ﬂm:ts: opa | 768:18 | 848-06 | 681 [47.6 305-76 | 4 »75 60 1-87 1 2.50 [ @32 1210 | 144-44 | 251-31 | 104-08
unn allow. | 663-83 . . .. | 90-38(30-22 | 331-23 . ‘2 . : '
11 lio:l-;“md 300-71 2 4.5 _2 0 . . 418 . 121-0 [131-91 { 199-32 |4+ 42-27
i o s

*Poa fodder taken before sugarcane,

DNIIONVR NIARO 0. 50TRONQOT



34

GREEN MANURING PRACTICES IN INDIA

VIII. SOILS AND GREEN MANURES

OJ Ltexture o
Tt is generally accepted that green manuring giv-
es the highest value on the.lighter types of soils

and least so on soils that are heavy or tend to erack -

on drying. On light soils better returns are
obtained from green manuring than from equal
quantities of nitrogen applied as fertilisers. Thus
the increase in the yield of paddy on heavy black
soils of the Godavari delta in the South amounts
to 80 10 per cent from green manuring ; whereas,
on lighter grades the increase may range from 20
to 25 per cent.

Dobbs [1915] was probably the first to observe
that in Madras the application of green manure
on the heavy delta soils at Manganallur resulted
in the complete failure of paddy, but at Samalkota
during 1909 the effect was only to increase the
yield of straw [Viswanath, 1937). He attributed
this failure to defective drainage conditions of
the soil. Similarly, Howard and Howard [1915]
‘reporting on the improvement of indigo in Bihar,
expressed the view that green manuring should only
be atbempted on light, high-lying lands which were
well-drained. If the soil was summer-ploughed,
the land became loose which proved detrimental
to the subsequent crop [Viswanath, 1937].

Tander, Wilsdon and Lal [1923] and Lander
[1935] confirm the above findings and state that
the Tesponse to green manuring is much greater
in sandy soils than in stiff soils. In sandy soils
they obtained greater yield in the green manured
plots than in plots receiving equivalent quantities
of artificial fertilisers.

Tt has also been noted in Sind that in the growing
of a green manure crop between the rows of an-
other main crop like cotton, the most marked
results were obtained on sandy ard leamy soils

[Desai, 1934].

Green manure considerably improves the texture
of the soil. I makes a heavy soil porous by
incorporatig & considerable amount of organic
matter ard a light soil more compact by binding
the lcose particles together. Sethi [1938] records
that the loose sandy particles of the soil of Kapur-
thala State could be bound together very sa-tig-
factorily as a result of sfnn green manuring,

Lander [1935] reports the results of an expermmen:
at Brucepur (Lyallpur) during 1929 where the soi
being very sandy no crop could be grown. Guaw
braught from outside and incorporated into the soil
improved the texture to such an extent as to
enable the plots afterwards to give excellent crop
yiolds. Similar results have been obtained in
other countries regarding the improvement in the
tilth of roil as a result of green manuring. Hardly
any notable quantitative data, however, exist oa
this subject.

In plantation crops and in orchards a large part
of the beneficial effect of green manuring is gen2ral-
ly attributed to the improvement in the texture
of the soil. When deep-rooted legumes are used,
as is common under estate practices, the roots
tend to make the soil more porous, breaking tha
hard pan and opening up the sub-soil. Thus in
Assam it ie found that the growing of deep-rooied
trees like Albizzias opens up the subsoil and the
plantation crop benefits considerably by this
treatmaent [Mann, 1907]. '

The purely mechanical effect of cover crops in
checking soil erosion both through wind and rain
has been well recognised in tropical countries,
especially in Malaya and Ceylon [Joachim e al.,
1930].

8.4l reaciion

According to Ramiah [1935] the increased yield
of cotton following green manure crops becomes
hardly noticeable when the green manure is
applied to saline areas. He, therefore, lays stress
on the soil reaction necessary to secure the optimum
beneficial effect of green manuring,

In an experiment conducted at Mian Channu
(District Multan) by Lander [1935] senji was used
as a green manure in an alkaline plot during the
successive years, 1928-39. This treatment rendered
the land capable of bearing an average wheat crop,
and the analytical data showed that the exchange-
able calcium contcn’ of the soil was increased con-
siderably [Singh, 1937].

Ir. Travancore different kinds of sour leaves and
stems are used to reclaim alkaline lands and in-
crease the humus content, of the soil [Narayan Iyer.
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1937]. The material used are : Phyllanthus leaves,
tamarind leaves, palmyra leaves, wvrali leaves,
peranda stems and plantain stems. The leaves
of Phyllanthus (Embelica officinalis) rank first for
this purpose. According to Basu [1937] dhaincha
tends to improve alkaline soils by effecting a redne-
tion in exchangeable sodium.

Soil nitrogen

Mukerji {1937] summarising the experiments con-
ducted in the past at Shahjahanpur points out that
in the green manured plots the nitrogen content
just after the monsoons was higher in the first
foot of the soil than in the second foot ; whereas,
in a neighbouring plot which was not green-
manured, the top soil contained less nitrogen than
the sub soil. The results of field experiments in
Bihar, as cited by Rege [1941] do not, however,
seem to support this conclusion. Considering
the data for maturity of canes in Bihar it appears
that in the greep manured plots during the mon-
soon there is always a depletion of nitrate-nitrogen
in the surface soils due to leaching. These differ-
ences may be attributed to Bihar having a higher
rainfall than is msual under Shahjahanpur condi-
tiong,

Soil meisture

The improvement in the water-holding capacity
of soils as a result of green manuring is widely
accepted. Lander, Wilsdon and Lal [1923), who
studied the effect of green manuring with a legume
and a non-legume cn sandy and stiff soils, found
that the addition .of green manures o sandy soils
increased the water-holding capacity by about 3
per cent over the control. The difference in the
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case of stiff soils was, Licwever, not significant.
The figures obtained were as follows :

TapLe XLIIT
Effect on water-holding capacity of sandy and stiff
soils as a result of green manuring (Lander and
assaciate, 1923)

Partioalars Water-holding (per cent) B
Sandy soil ' Stiff suil
Control . . . . 6.5 19-3
QGreen manured 10-3 20-2

Green manuring wheat crop on black cotton
soils in the Madhya Pradesh has always proved
injurious unless the annual rainfall exceeds 40 in.
and few showers are received about the end of
July or early in August.

After inversion of the green manure it appears
imperative that the soil should receive moistura
equivalent to at least 10 to 12 in, of rain to enable
the organic matter to decompose, or else injury is
likely to be caused to the succeeding crop. There
are some experiments on record showing that under
arid conditions the addition of green manures does
not bring about any improvement in the soil. At
the University of Pretoria, Theron and Van Wyk
[1933] found that under semi-arid and sub-humid
conditions green manuring every third year with
cowpea failed to effect any significant increase in
the crop yield. Definite injury as a result of
ploughing in green manures, under dry condit cns,
has been reported by Thorne [1929] in his hook
¢ Maintenance of soil fertility.” 1t has been sugges-
ted that as a consequenco to growing a green
manure crop the soil moisture is depleted, and the
moisture left in the soil may be totally inadequate
for the subsequent crop. Moreover, the layer of
fibrous material remaining undecomposed in the
soil may further interfere with tke free circulation
of the subsoil water.

IX. DECOMPOSITION OF GREEN MANURES IN THE SOIL

" N] HEN greecn manures are turned into the soil

the plant material starts decomposition—the
decay being mainly brought about by stages through
the agency of micro-organisms consisting mostly of
soil fungt and bacteris. Accordingly, various
factors such a8 the reaction, texture, structure and
chemical composition of soil, the nature of the
plant material added, the movement of water in

the soil, zoil temperature and the prevailing meteo-
rological conditions of the locality, which provide
the most favourable environmental conditions for
the growth and activity of these soil micro-
organisms, are essentially responsible for the rapid
and complete decomposition of the green manures,
The humification and subsequent mineralisation
of the vegetative matter involve diverse processes
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of complex character, arising out of the fact that
the green manures generally applied to the soil
consist largely of celluloses, hemi-celluloses and
pentosans ; simple carbohydrates ; starches and
other complex carbohydrates ; lignins ; complex
proteins and protein degradation products ; fats
and waxes ; glucosides ; tannins ; pigments and
mineral matter. An extensive literature already
exists on the work carried out abroad by different
workers elucidating the nature of the biochemical
changes associated with the disintegration of some
of tkese ingredients. But the work actually done
in India on these important aspects is extremely
meagre. 1t is proposed here to deal mainly with
the results emerging out of the investigations so far
undertaken in India ard make a reference, wher-
ever necessary, to the more important results
obtained by foreign authors.

Hutchinson and Milligan [1914] who worked on
the Pusa soils report that nitrification of green
manures s goverr.ed by the moisture and pore-space
of the soil. Their results on nitrification in relation
to soil moisture are given in Table XLIV.

Tasre XLIV

Nitrification of sunn with different saturations of
soil moisture after incubation for a period of eight
weeks (Hutchinson and Milligan)

Per cent nitri-

Particulars _Per cent 8oil fication of the

‘moisture total nitrogen

added as G.M.
- 1, Airdry . 0-0 10-8
2, }tb saturation 12-0 59-4
3. §th saturation 18-0 67-8
4. 3 eatpration 24-0 52-2
5. Full saturation . 48-0 -0

According to the above. suthors three-eighths
saturation should be the optimum moisture content
for nitrification of green manures. As already

mentioned, a large number of workers in America -

and elsewhere have similarly shown that environ-
mental conditions such as aeration and moisture

supply influence to a marked extent the rate of -

decomposition of plant material in the soil [Starkey,
1924 ; Sievers and Holtz, 1926 ; Neller 1920 ;
Potter and Snyder 1917 ; Waksman 1924 ; Lyon and
Wilson 1928 ; Gainey 1929 ; etc.]. Ingeneral, it has
been shown that increasing the temperature, aera-
tion and moisture supply (up to a certain limit)
stimulates the process of humification of the organic
matber.

GREEN MANURING PRACTICES IN INDIA

Briscoe and Harned [1918] in their experiments
at Missouri Experimental Station, America found
that a direct relationship existed between the
bacterial count and the amount of organic matter
added. Lohnis [1926] is of the view that addition
of green manures to a soil already rich in humus is
accompanied by a marked increase in the activity
of the micro-organisms, as reflected by an accelera-
tion in the rate of decomposition.

Carbon

According to expectation green manuring should
increase the organic matter content of the soil.
But in actual practice this beneficial effect of green
manuring is hardly secured to the fullest extent in
India, due specially to the fact that among. the
factors which govern the mineralisation of humus
in the soil, temperature plays a very important
part. The higher the temperature the quicker is
the loss of organie complexes from the soil through
the formation of gaseous decomposition products.
Thus, it may be possible to build up soil organic
matter in temperate climates ; but in tropical re-
gions where high temperatures are prevalent the
inerease in the total organic matter is rather very
poor.

The only work on record done in a tropical coun-
try is from Ceylon where Joachim [1931] has shown
a gain in the organic matter of the soil as a result of
growing a cover crop. Theincrease was from 3-7 to
46 per cent in two years and 5-3 per cent in four
years. Joachim and Pandittesekere [1928] have
also observed a reduction in the organic carbon
and nitrogen of the soil as a result of cropping—
the reduction of organic carbon in the case of
green manured plots being, however, less than that
from the unmanured ones. The loss of total nit-
rogen recorded by these workers in the plots receiv-

.ing green manure was, on the other hand, more

than in those left unmanured. The results are
shown in Table XLV.

TapLE XLV

Reduction of organic carbon and nitrogen in green-
manured and un-manured plots in Ceylon (Joachim
and Pandittesekere) )

Particulars Green manured| Unmanured
(per cent) {p:r cent)
Organie carbon - | 0-02 0-07
Total nitrogen . . ' 0:05 0-01 -
]

N. B.—The carbon-nitrogen ratio remained practically
the anme, i.e. 9-6 at the start and 9-8 at tn s »nd of the season,



DECOMPOSITION OF GREEN MANURES IN THE SOIL

~ There seems to be lack of data to establish con-
clusively whether the soil organic matter isincreas-
ed permanently as a result of green manuring
under tropical conditions,

Nitrogen

Much confusion exists regarding soil nitrogen.
Some workers [Hartweel and Pember, 1924 ;
Christensen, 1919 ; Fulmar, 1917, ete.] in other
countries have observed an increase ; whereas
others [Lyon and Wilson, 1928] have recorded a
decrease as a result of systematic green manuring.
The general consensus of opinion in India however
is, as stated by Desai [1933], that almost all forms
of organic matter stimulate the nitrogen-fixing
bacteria of the soil and thus bring about an in-
crease in it3 nitrogen content. Further, sccording
to Desai [loc. cit.] non-leguminous plant materials

. on decaying in the soil fix much more atmospheric
nitrogen than the leguminous ones,

The application of plant material generally
results in an increase in the soil nitrates ; but if
these are lcst in drainage or denitrified there might
be an ultimate reduction in the total nitrogen
content of the soil. If, however, organic matter
specially rich in carbohydrates are applied there
msy be an actual decrease in soil nitrates. This
fact was first brought to light by Hutchinsen [1919]
and Lyon and Wilson [1928] and has since been
accepted by other workers. This is, however,
not borne out by the observations made by Dhar
and his co-workers [1936 ; 1937] who have shown

" that the application of an energy rich carbohydrate

material like molasses to the soil is followed by an
increase in the available nifrogen content of the
soil.

Carbon-nitrogen ratio .

It is more or less universally believed that the
carbon to nitrogen ratio is ore of the most important

limiting factors governing the nature and course.

of the decomposition of plant materials in the soil.
[Jensen, 1929 ; Whiting, 1926 ; Heck, 1929, ete.].
The soil micro organisms require food for energy
and for body building purposes. Food for energy
y is supplied mainly through carbohydrates ; whereas,
proteins supply material for growth. Under
favourable conditions a pure culture of Spirochaeta
cylophage requires one part of nitrogen for every
thirty parts of cellulose decomposed [Hutchinson
and Clayton,1918-19]. A proper balance of carbon
and nitrogen in the plant material, therefore,

seems to be essential to secure optimum results,
M/N23ICAR C
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If carbon is in large excess the organisms will
grow till the available supply of nitrogen is
exhausted ; and with a surplus of nitrogen the
bacterial activity will generally stop when the whole
of carbon is utilised. The decomposition proceeds
most satisfactorily only when the values for the
carbon and nitrogen contents of the decomposing
material are optimum under specific conditions of
temperature and goil reaction. Waksman and
Tenny [1927] have, for instance, shown that for
neutral and alkaline soils in temperate regions,a
carbon to nitrogen ratio of less than about 22 to
1 is required to produce nitrification, and in acid
soils the ratio is approximately 15 to 1. If the
nitrogen figure in acid or neutral or alkaline soils
is in excess ofthe corresponding optimum value,
benefit to the soil is likely to follow from the surplus
balance of nitrate which becomes available as

" plant food. It is also assumed that incorporation

of carbonaceous materials having a wide carbon
to nifrogen ratio will generally deplete the soil of
its existing available nitrogen. This is attributcd
to the micro-organiums wutilising for their own
metabolism whatever nitrogen is available in the
plant material and further consuming the soil
nitrogen in the form of nitrates. If no soil nitrate
is available the microbial activity will ultimately’
stop. The injurious effect of the root portions left
as residue inthe soil from carbonaceous plants
having wide carbon-nitrogen ratios, like Sorghuam,
soybeans, cowpeas, etc. on succeeding crops has
been cxplained on this assumption by a large
nember of workers in America and elsewhere
[Akburst, 1932, Turk, 1932, etc.].

The maximum nitrogen content of plant material
for optimum microbiological activity in temperate
climates has been found to be 2 per cent and in
Malaya and other tropical countries 1:7 per cent
[Waksman and Tenny, 1927]). Plant materia]s
containing less nitrogen than 1-7 per cent nre,
therefore, believed to deplete the soil of its existing
nitrates and might thus be detrimental to succeed-
ing crops. Any nitrogen over this limit becomes
available to plants, and the crop will accordingly
benefit considerably. The distinction between
legumes and non-legumes as green manures, there-
fore, becomes quite arbitrary, snd any plant
material which is capable of supplying nifrogen
above the limit required for micro-biological
activity will prove in general beneficial to plant
growth,

On the basis of the above hypothesis the choice
of plants as green manure should be mos‘ly on
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their carbon and nitrogen contents. The carhon
cortent may be considered to be fairly constant,
near about 40 per cent in plant materials and,
hence, an approximate ilea of the carbon to
nifrogen ratio can be obtained merely by consider-
ing the percentage of nit1ngen in the plant. Leaves,
Leing generally richerin nitrogen thanstems, are,
asa rule, more efficient as soil fertilisers than the
latter. With age the percentage of nitrogen in
the plant decreases, and thus tender plants may be
as:umed to act better than the more mature ones
on being ploughed in the soil.

No systematic chemical analysis for the carbon
and nitrogen contents at different ages of some of
the most important and commonly used Indian
green manuring plants has been undertaken.
Hence, it is not at present possible to furnish data
indicating on the above consideratiors the relative
decomposability of the common Indian green-
minuring materials, Thisaspect of green manuring
requires immediate attention in India.

Even if different plant materials have the same
carbon-nitrogen ratio, it has at times beenfound
that their rates of decomposition in the soils are
rot preciscly the same. In order to be able to
judge accurately their relative course of decom-
-position in the soil, besides the carbon-nitrogen
ratio it will also be necessary to take into considera-
tion their lignin, cellulose and hemi-cellulose
contents. According to Waksmanetal [loc.cit.]
the water soluble portion of a plant is also an
importent factor in determining the .ease with
which it may be acted upon by soil micro-organi-
sms. Soluble susbtances, specially the hydrolysa-
ble constituents like soluble carbohydrates and
proteins, are the first to be attacked by the m:icro-
organiems. A more terder plant is usually richer
in water-soluble constituerts, and hence, in the
green cordition hvmification takes place much
more quickly and efficiently than when either the
plant is more matured or incorporated in a dried
state [Ba', 1922 and others].

I ecompostiion «f cellulese and ligain fractions

- As has been shown above, the changes which
occur in the composition of green manures on
leing incorporzted into the soil are chiefly the
result of micro-biological activity. It is possible
that some chemical action m~y also be responsible ;
hut the actual extent and course nf such actions
‘have not yet been clearly understood. When
plant residues are turned into the soil there is a
ernsiderable increase in the number of soil micro-
organiims. Allen, Abel and Magistad [1934], for
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instance, found that ploughing in pine-apple
stumps resulted in an increase in the number of
goil micro-organisms. The summary of their
results, showing the count in the number of bac-
teria, fungi and actincmycetes before and after a
period of three weeks, is given in Table XLV

TABLE _XLVI

Increase in the soil micro-organisms in millions per
gm. of soil

Bacteria Fungi A {inomy-
Particulars cetos
1. Before ploughing in 0-2 0-4 0-1
2. After ploughing in 7-1 23-1 51

It will be observed that soil fungi are much more
active in decomposing plant materials than either
bacteria or actinomycetes. Similar conclusions
were arrived at by Wakeman and Skimner [1926]

who also suggested that ce]lulose was the first to
be attacked by the fungi.

Rege [1927] has laid particular emphasis on
the cellulose, pentosan and lignin content of the
added plant material, and found that both the
cellu'ose and pentosans could be decomposed
easily ; whereas, lignin remained practically
unaffected even after several months. He ar-
ranged different organic materialsinthe order of
their pentosans and lignin contents and showed
that this order was in agreement with the re-
lative ease with which they decomposed in the
goil. Waksman and Tenny [1927, 1, 2 ; 1928]
too observed that cellulose and hemi-celluloses
were the first to be decomposed and that during
the first month practically no lignin was lost.
T=ble XLVII shows the results of their observa-
tions on corn stalks. ’

TapLe XLVII _
Decomposition ¢f corn stalks in the soil (Waksman

and Tenny)
Per c:nt loss after .
Constituonts
27, 68 05 ] 405
days [ days days days .
Callulose 58 70 04 a6
H-mi-cellulose 53 62 84 87
Lignin . . 7 31 44 57
{

Tt will be noted from the above that 2t a period
when practicolly all the cellvlnse mnterial had
disappeared ligein decayed only upto about 50
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per cenb. Lignin may, therefore, be considered
to be more resistant to the action of micro-
organisms, and it may even be assumed that the
ligain fraction of the organic matter would not
undergo decomposition to any appreciable extent
during the short period the green manures remain
in the soil before the planting of the succeeding
crop.

Nitrification of green manures

Aerobic conditions. Hutchinson and Milligan
[ 1914 ] studied the nitrification of sunn ab
different stages of growth. They observed
vhat nitrogen in plants four weeks old nitrified
to en extent of 67:8 per cent; in plants six
weeks old to an extent of 50 per cent and in
plants ten weeks old oply to 34-5 per cent. They
further demonstrated that although the total
nitrogen added to the soil might be greater by
‘incorporating more mature plants than younger

plants, the total amount of nitrates formed in.

the soil was invariably more with the latter,
Thompson, Johnson and Sabr [1917] have shown
thet legumes contein about 45 per cent of nitrogen
in the water-solub'e condition which can easily
be converted into an available form for the plants.

Bal [1922] and Joshi [1922] working with differ-
ent green manuring plants showed that leaves
get nitrified easily ; whereas, roots and stems were
found to be comparatively resistant. With re-
gard to the age of the plants, Bal [lce. cit.] reports
that certein plants do not show any decrease in
the rate of decomposition with advancing age,
and this is believed to be due to there being no
change in the soluble constituents and total
nitrogen content with advanced maturity, Prac-
tically the same result has been obtained by a
number of workers, notably by Lohni¢ [1926]
and Teukel e al. [1929]. Lyon and Wilson
[1928] do not consider all legumes to be necessa-
rily more eff:ctive than non-legumes for increas-
ing the soil nitrates. In their opinion advantege
lay with those crops which reached less advanced
stage of growth before brirg ploughed under,
even when the total quantity of green matter
produced was less than that of the more matured
crop.

Joachim [1926, 1, 2 ; 1927] made a compre-
hensive study of nitrification of a few typical
g-e>n-manure plants of Ceylon, and the results
of his lubrmatory end field experiments showed
that (¢) maximrm nitrate accumulation tosk place
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between the sixth and the eighth week of inw
oorporation ; (ii) the maximum nitrification per-
centage varied from 23+3 for Albizzia, to 77-7 for
Crolalaria in the laboratory and 40-2 for Tephrosia
to 1264 for dadap in the field ; and (i) the uce
of non-leguminous leafy material like sun-flower
resulted in as great a nitrate accumulation as
when leguminous crops were employed. The
summary of his results is given in Table XLVIIIL.

TaBLE XLV]II

Nitrification of green manures—laboratory and ficld
experiments (Joachim) :

o
Laboratory Fiold
experiments | oxperimenta
' C: N rotie
Maximum | Maximum of tho
Treatment por c:nt por cont GM,
notified notified (Eon,
aftor after 1938)
two two
months months
Gliricida . 43-7 863 .
Albizzia 23-3 66-3 .
Dadap . 68:0 126-4 11.2
Wild sun flower 67-2 105-0 .o
Crolalaria 777 70-5 .
Tephrosia . 60-0 40-2 11-5
Cattle manure . 27-5 57-9 14-4

Recently this problem has been studied by
Singh and Singh [1937], and these authors have
determined the relative rate of nitrification and
decomposition of the whole plant, leaves, stems
and roots of sunn under field conditions. They
observed that the major part of the leaves was
decomposed within four weeks and after a period
of eight weeks 37-5 per cent of the stems and
19:6 per cent of the roots only remained un-
attacked. The plant as a whole was decomposed
to the extent of 70 per cent. However, the ex-
perimental technique adopted for the determi-
nation of undecomposed orgenic matter being
somewhat faulty, these data can be accepted only
as a rough approximation.

According to the same 2uthors leaves contribute
most to the soil in terms of nitrogen, both avail-
able and tolel—the maximum being sttained in
the six-inch layer of #ril after four weeks of burial.
The next in ordcr of nitrification were the roots
and stems, A considerable quanti‘by of nitrogen
mostly that derived from the leaves was found to
have been washed down as a result of leaching.
They, therefore, concluded that the beneficial
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effect on the succeeding crop of the nitrate-
nitrogen derived from the undécomposed leaves
would mostly be washed off before the stems and
roots decomposed completely. Thus it was as-
sumed that after eight weeks-of burial the top six
inches of the soil would be containing only the
nitrates formed from the roots and stems, without
there being any enrichment from the nitrates
resulting from the earlier decomposition of the
leaves. Their results for the first six-inch layer
are tabulated below :

TasLe XLIX

Total and available nitrogen content of the 0 in. to
6 in. depth of soil during decomposition of various
parts of sunn at different periods of burial
[Singh and Singh, 1937] (Nurogen in parts

per million)
Leaves Roots Stems

Week of . ) .
sampling Total JAvail- | Total |Avail- |Total |Avail-
aftor N able | N able | N able

burial N N N
Original soil 1376 52 | 13680 52 | 1340 51
4:1113'27001: 2075 168 | 1565 93 | 1495 82
6th week 1665 105 | 1745 107.| 1625 88
8th week . | 1480 66 | 2010 111 | 1935 106

Anaerobic conditions.  The practice of green
manuring rice fields, in which the green matter
is turned in and the surface soil flooded,
results in- an anaerobic decomposition of the
plant materials, The work of Harrison and
Aiyar [1913) on the -gases which are evol-

CREEN MANURING PRACTICES IN INDIA

cultivated has shown that large quantities of
nitrogen and methane are given off as a result of
the decomposition of - organic matter. Under
anserobic conditions nitrification being impessible
denitrification starts and whatever nitrates could
be accumulated during the hot season get de-
nitrified. Moreover, in the normal fermentation
process of the proteins of green manures through
the amino-acid stage a large quantity of ammeonia
is produced. Thus nitrogen, methane and am-
monia are the chief products of decomposition
under submerged paddy field conditions.

Nitrogen comes to the surface of the water
and is lost into the atmosphere ; whereas, methane
is oxidised to carbon dioxide through the agency
of the bacteria contained in the film of green : lgze
developing on the submerged soils, The algae
itself utilise the carbon dioxide, liberating oxygen -
a solution of which is carried down to the 100t
zone. This provides a thorough and efficient
aeration of the roots of paddy which derive con-
siderable bencfit thereby.

The ammonia liberated could according to some
authors be utilised by the rice plant for its
nitrogen putrition [Joachim end Kandish, 1927].
Joachim [1929] has actuslly shown that maximum
paddy yields are obtained &s a result of late green
manuring, and this coincides with the period of
maximum ammonification at a stage of crop growth
when the rice plant needs greatest nitrogen. .

It thus seems fairly established that green
manuring under paddy field conditions involves
the duzl function of aerating the root area and
production of nitrogen in the form of ammonia
which could be utilised by the rice plant. There
is, however, considerable loss of nitrogen which
escapes in the gaseous form under such condi-

ved from swamped soils in which paddy is tions.
X. SUMMARY ' | S

GREEN manuring orops

Many species of crops, both legumes
and non-legumes, are used as green manure.
But the crop of most universal use is - sunn
(Crotalaria juncea). Next in order of importance
. is probably dhaincha (Sesbenia aculeaia) which
can withstand drought and grow on  badly-
drained soils. Many plants belonging to the
species Phaseolus have been reported as useful for

green manuring purposes. The. extent to which
these plants are actually used as green manure
is not known, although pillepesara or ran-mutki
(Phaseolus trilobus) has recently found much favour
in Madras  and Bombay-Deccan.  Cowpea
(Vigna catjung), guar (Cyanopsis psoralioides )
and arkar (Cajanus indicus) are similarly used
for green manuring. There are scattered re-
ferences to the use of non-legumes as green
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manures in different regions ; but hardly any
non-leguminous plant has been generally adopted
for green manuring purposes. No winter green
manure has been reported excepting senji
(Melilotus parvifiora) and berseem stubbles which
are used to some extent in the Punjab and Sind.

The choice of specific green manuring crops
depends particualrly on the locality and the nature
of the muin ¢rop to be green manured.

A large number of workers in India have ex-
pressed the view that non-legumes are just as
effective as legumes, although the latter may be
more beneficial on soils of poor fertility. Wher-
ever possible, leaves, tender twigs and stems of
many trees and wild plants are also used as green
manure for paddy.

Very little information is unfortunately avail-
able on the chemical composition of some of the
most important green manuring plants of India.
Some analytical data collected from the available
literature have been tabulated.

Raising or burytng. There may be practical
difficulties in growing a green manuring crop,
especially in those tracts where irrigation facilities
do not exist and monsoon staris late.

-Sunn could be sown with the early rains in
May or even in the middle of March if irrigation
is available. The budding stage (generally 75
days after germination) or the flowering stage is
considered by some to be the best period for
burying in sunn, although at Shahjahanpur the
meximum amount of nitrogen is reported to have
been ‘secured from sunn after 50 days’ growth
followed by that of 60, 40 and 30 days. Older
plants are generally regarded as barmful and even
detrimental to crop yields. A period of two
months has been found to be the optimum for
decomposition of sunn, and this interval has,
therefore, been recormmended beiween its burial
and the sowing of a succeeding crop. Berseem
stubbles in Sind are, however, left only for about
two weeks ia the soil before sowing etton.

It bhas been the general practice to bury a
green-manure crop deeper in light soils than in
sils tending to be clayey. Older crops should be
buried as near the surface as possible,

Although there is evidence fo prove that grow-
ing a green-manuring crop ¢z sifu is more bene-
ficial than bringing it from outside, there are
equally convincing facts on record in favour of

M/N23ICAR
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Ploughing in green manures grown on other
fields,

Composting of sunn before incorportation into
the soil for areas with low rainfall has been advo-
cated by a number of workers, In the Punjab
and Sind some green manures are grown as inter-
CIopa.

The practice of burning a green manuring crop
and utilising the ash thereof as manure is not
prevalent in India.

Different grecn manuring crops

Quantity of green malier and nitrogen added to he
soil. In Bombay Presidency for medium soila the
average yield of green matter varies from 20,0001 .
to 25,000 Ib. per acre. In rich soils the yield m y
go upto about 70,000 b, per acre. In Madhya
Prade.h the yield of sanai varies from 15,000 to
22,000 1b. in the wheat or cotton tracts and
4,000 to 10,000 lb. per acre in the rice tracts.
In Uttar Pradesh the yield of sunn varies
from 15,000 to 25,000 Ib, per acre. Dhaincha
has been found to yield 9,000 to 13,000 lb. of
green material per acre. :

According to data available in Uttar Pradesh
the quantities of nitrogen turned in by
burying sunn 50 and 60 days old are 73-6 Ib.
and 70-8 lb. per acre, respectivcly,

Application of different green manures to crops.
Green manuring a8 & practice has been adopted
in India for (a) transplanted paddy ; () sugarcane
and (c¢) irrigated wheat.

Increased yields of paddy as a result of green
manuring have been reported from Madras,
Madhya Pradesh, Bengal, Orissa and Uttar
Pradesh. Sunn, cow-pea or dhainchs have
been reported as useful for this purpose.

The increase in the yield of sugarcane as a resylt
of green manuring has been estimated at abous
50 per cent over unmanured canes. Sunn is
generally used as a green manure ; although st
Jorhat (Assam) cowpea and in the Deccan canal
area ranmulks and patada shevara have been men-
tioned as suitable alternatives.

Green manuring wheat is considered feasible
only in tracts where sufficient autumn rains are
available or irrigation facilities exist,

ThLere are scattered references to the benefieial
effect of green manuring other field and graen
erops,
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Value of different parts of green-mamuring crops.
I.eaves of green manures have been attributed
the greatest manurial value. The roots of certain
leguminous crops have been considered by some
workers injurious to succeeding crops, although
berseem stables have an established reputation
as soil fertiliser in Sind. Singh and Singh [1936]
found leaves of sunn the most efficient followed
by roots and stems. At Shahjehanpur whbole

sunn plants led to best results followed by tops
and roots, :

Green manuring for dual purposes. The stalks
of guar and cowpea could be fed to cattle,
giving the benefit of roots and leaves to the soil.

The use of sunn stems for fibre production and
ploughing in tops and roots as green manure have
been tested at several stations and there are
indications that extra profit might accrue from
the sale of the fibre obtained thereby, if the green
manure is meant for sugarcane.

Residual effect in the soil. In the Punjab the
beneficial effect of green manure seems to last
for four to five years ; but at Pusa, sunn as a
main source of nitrogen, appeared insufficient in
8 iwo-year four-course rotation. In Ceylon the
effec’ of green menuring is reported to last only
for about six months so far as the soil nitrogen 18
concerned.

Green manuring with artificials

Application of fertilizers to green-manuring
crops. The application of 20 1b. of N plus 50 Ib. of
P,0; resulted in an increase in the yield of sunn-
kemp at Padegaon. Next in order was found to
be P,05 alone at 50 Ib. per acre. The beneficial
effect of phosphates on the growth of green manu-
res has also been noted in Assam and Ceylon.
It has been assumed that the addition of phos-
phates at the time of raising the green manure
crop will benefit even the succeeding crop.

Fertilizing effect of artificials with green manuring

(a)- Nitrogenous artificial.—The addition of
sulphate of ammonia at the time of burying in
green manure has resulted in increased yields
of paddy as compared with green manure alone.
For sugarcane a supplement of sulphate of
ammonia, castor cake or farm-yard manure gave
increased yields over green manure alone at

GREEN MANURING PRACTICES IN INDIA

Shahjshanpur and Kanpur. At the latter
station castor cake and rape cako gave higher
yields than groundnut cake or sulphate of am-
monia. For wheat a supplement of groundnug
cake gave. the best results at Kanpur followed
by castor cake and sulphate of ammonia.

(b) Phosplfatic artificials.There is ample evi-
dence of the beneficial effect of adding phosphates
to green manures for paddy. The only places
where such additions proved ineffective are
Nagina in Utiar Pradesh and three stations
in Madras. Green manuring with superphos-
phates seemed to be more effective than green
manures alone for crops like maize and oats at
Pusa. It has been suggested that phosphates
with green manures become more available to
plants and thus increase crop yields.

(¢) Lime.—Lime used in conjunction with green
manures has been reported to be beneficial for
some Crops.

Green maruring and rolalion of erops

Legumes in rotation.  Bajri after kulthi yields
25 per cent more than bajri after bajri in Bombay.
Certain rotations followed in the Punjab where
leguminous crops are interposed in order to in-
crease the fertility of the soil are described. In
Madras the rotation of rice and sugarcane or
cotton and sorghum has been made more effec-
tive by growing a leguminous crop in between.
Similarly, in Bombay Presidency the harmful
effect of jowar on cotton could be eliminated by
growing a green-manure crop in rotation, and in
Sind bersecm cultivation invariably results in
higher ylelds for seed cotton. The beneficial

effect of legumes grown in rotation has Iso been
observed at Pusa.

Rotation for suga-cane. At Pusa it was found
that the yield of cane could be considerably
increased if three green pulses intervened instead
of two in a four-year rotation. In Bihar the
usual rotation is sugarcane—monsoon crop for
fodder or seed, (rabi)}—green manure—cane,
Maclean [1937] has suggested changing this
to green manure-wheat-follow-sugarcane. In
Uttar Pradesh sunn green manuring of sugar-
cane is considered advantageous over having
cotton in the kkarif ; and at Padegaon green
manuring sugarcane with sunn or patada shevra

1

is found to be the best followed by fallow, cotton, '

Jowar and groundnut in the kiarif,
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Ervonemics of re-manuring

There Beems to be a net saving of Rs. 50 to
Rs. 70 on green manuring sugarcane with sunn
in the Deccan Canal area and Rs. 80 to Rs. 90
in the Uitar Pradesh. i

Cost of green manures on unil nilrcgen bdsis
The cost per lb. of nitrogen from sunn as com-
pared with other artificials and manures in the
Uitar Pradesh and farm-yard manure in the
Deccan Canal tract has been calculated and in
all cases sunn green manuring seems to be the
cheapest.

Green  emanuring peddy. In the Uttar
Pradesh sunn green manuring paddy gave a
net profit of Rs. 53-2 if grown in situ and Rs. 37
if brought from outside. The addition of super-
phosphates lowered the profits. In Bihar at
Sabour and Gaya green manuring paddy gave a
extra profit of Rs. 10 to Rs. 15 per acre. The
addition of superphosphates increased the net
profit from Rs. 14 to Rs. 17 per acre.

Green manuring cther crops. Under Sakrand
(Sind) conditions the gain in favour of green manux-
ing onion and potato crops as compared with
farmyard manure averaged to Rs. 9 per acre.

Green manuring for dual purposes. For wheat
using sunn ss green manure an additional profit
of Rs. 8-14-11 was obtained at Pusa when fibre
was extracted from the sunn stems as compared
with green manuring with the whole palnts.
Creen manuring paddy with roots and tops of

43

sunn and removing stems for fibre gave always a
low margin of profit at Negina. However, for
Sugarcane material increase in the net profit
bas been reported from Shahjahanpur if stems are
removed from sunn and utilised for fibre pro-
duction.

Suvil and green manures

It has been suggested tha$ response to green
manuring is much greater in sandy soils than in
stiff soils. Green manuring improves the texture
of the soil, making a heavy soil porous and light
soil more compact. Deep-rooted leguminous trees
or plants open up the subsoil.

In the Punjab senjz is used as & green manure for
improving the alkaline nature of the soil and in
Travancore different kinds of sour leaves and
stems have similarly been employed for this pur-
pose. .

Green manuring improves the water-holding
capacity of the soil. Buf after inversion the soil
must receive moisture equivalent to at least
6-6 in. of rain; otherwise, injury might be done to
the succeeding crop. Green manuring under arid
or semi-arid conditions is, therefore, not consider-
ed safe.

Dzcomposition
Various theories advanced for the decay of the
organic matter in the green manures and other

factors affecting their disintegration in the soil
have been discussed.



44

REFERENCES

Akhurst, C. G. (1932). Malaya Rub. Res. Imt
Quar. J. 8. 131

Allan, R.C. (1915). 4gric. J. India 10, 380
——(1935). Proc. Bd. Agric. and Ani. Husb. India,
Crops and Soils Wing (Ist meeting), 328
—— (1937). Proc. Bd. Agric. & Ani. Husb. India,
Crops and Soils Wing (2nd meeting), 173
Allen, O. N., Abel, F.A.E., and Magistad, O.C.
(1934). Trop. Agric. (Trinidad) 2, 285

Arnold, H. C. (1931). Rhod. Agric. J., 28, 541

Bal, D. V. (1922). Agric. J. India, 17, 133

(1935). Proc. Bd. Agric. and Ani. Husb. India,

Crops and Soils Wing (Ist meeling), 316

——(1936). Nagpur Univ. J., 2, 43

—— (1937). Proc. Bd. Agric. and Ani. Husb. India,
Crops and Soils Wing (2nd meeting), 195

Barakzai, M. U. (1935). bid, (Ist meeting) 322

Basu, J. K. (1937). Prce. Bd.BAgri. and Ani. Hus.
India, Souls a d Crop Wing (2nd meeling), 28

Benton, S. F. (1927). Indian Tea Ass. Qucwter J.3.
114

“Briggs, G. W. (1938). Third W. Afric. Agrie. Conf.
(Nigeria) 1, 1

Briscoe, C. F. and Harned, H. H. (1918) Miss.
Agric. Ezp. Bull. 8, 185

Christensen, R. K. (1919). Tidsskr, Plantavl, 26,
335

Coleman, L. C., Tyengar, B.N. and Sampatiengar,

N. (1912). Mysore Dept. Agric. Gen. Series
Bull., 1. 22 '

Crowther, E. M. and Mann, H. H. (1933). J. Roy.
Agrie. Soc. 94, 128

Daji, J. A. (1934). J. Agrie. Sci. 24, 1
Desai, B. B. (1935). Proc. Bd. Agric. and Ani. Husb-

India, Soils and Crops Wing (Ist meeting)
324

Desai, 8. V. (1933). Indian J. Agric. Sci. 8, 301
——(1934). Indian J. Agric. Sci. 4

Dhar, N. R. (1936). Nat. Acad. Scz India (Presi-
dential Address)

—(1937). Nal. Acad. Sci. India (Premdentlal
Address)

Dobbs, A. C. (1915). Ball. Agric. Res. Inst. Pusa
. 56

Eden, T. (1936). Tea Quart. 2, 59

Fuggles-Conchman, N. R. (1939). E“" Africa
Agrie. J. 5, 208

REFERENCES

Fulmar, H. L. (1917). Soil Seci. 4, 1

Gadgil, V. V. (1937). Proc. Bd. Agric’ and Ani.
Husb. India, Soils and Crops Wing (2nd
meeling) 185

Grazia, 8. de (1907-08). Ann. R. Staz. Chim. Agri.
Sper. Roma 2, Sel_:igs 2,33
Gainey, P. L. (1929). J. Amer. Soc. Agron. 21, 323

Hartweel, B. L. and Pember, F. R. (19‘74) J.
Amer. Seoc. Agron. 18, 750

Harrison, W. H. and Aiyer, P.A.S. (1913). Mem.
Dept, Agric. India (Chem. Series) 3, 3;
4,1

—(1916). Mem. Dept Agri. India, (Chem. Ser.)
51

Heck, A. F. (1929). Soil Sci. 27

Heintze, B. (1909). Landw. Mitt. Prov. Sachsen
v, Nach Halle, 169

Holland, J. H. (1931). Trop. Agric. (Ceyion) 75,
135 )

Howard, A. (1913). Bull. Agric. Res. Inst. Pusa
33

Howard, A. and Howard, G. L. C. (1915). Bull,
Agril. Res. Inst. Pusa 51

Hutchinson, C. M. (1919). J. Agrie. Sei. 107

Hutchinson, C. M. and Milligan, S. (1914). Bull.
Agric. Res. Inst. Pusa, 40

—— (1916). Bull. Agric.” Res. Inst. Pusa, 63
Hutchinson, H. B. (1919). J. Agrie. Sez. 9, 107

Hutchinson, H. B. and Clayton, J. (1918-19).J.
Agric. 8ci. 9, 141

Iyer, P. V. K. (1939). Scientific Rep. Agric. Res.
Inst, Bb-59

Jenkins, W. J. (1935). Proc. Bd. Agric. and Ans.
Husb, Soils and Crops Wing (Ist meeting)

Jensen, H. L. (1929). J. Agric. Sei. 19,71
Joachim, A. W. R. (1925). T'rop. dgric. 65, 325
(1926). Trop. Agric. 83,4-5, and 67, 4

—— (1927). Trop. Agric. €8, b

——(1931). .4 manual of green manuring (Ceylon).

Joachim, A.W.R. and Panditteskere, D.G. (1928).
Trop. Agric. 71, 3

Joshi, N. V. (1919). Agric. J. India 14, 395.
(1922) Bull. Agric. Res. Inst. Pusa, 141

Khan, M. A. §. (1923) Punj. Dept. Agric. Rep.,
2, 1-4b




REFERENCES

Lander, P, E. (1935). Proc, Bd. Agric. and Ani.
Husb. India Soils and Crops Wing {1st meeting)
311

——(1937). Proc. Bd. Agric. Anim. Husb. India,
Soils & Crops Wing (2nd meeting), 182 .

Lander, P. E., Wilsdon, B. H: and Lal, M."(1923).
Bull, Agric. Res. Inst. Pusa, 149 -

Leukel, A. S. and others (1929). Soil Sci. 28,
347

Lohnis, F. (1926). Sl Sci. 22, 253

Lyon, T. L. and Wilson, B. D. (1928). Cornell Univ.
Agrie. Exp. Stn. Mem. 115

Mann, H. H. (1907). Indian Tea 4ssoc. 284

Maun, H, H. and Hutchinson, C. M. (1905). Indian
Tea Assoc. Pamphlet 2, 8

—— (1906) ibid, 43

— (1907) ibid, 26-32

. McCall, A."G. (1924). Maryland. Sin. Bull. 268 .
Mitra, A. K. Privale communication.

Mitra, 8. K. (1935). Proc. Bd. Agric. and Ans. Husb.
India, Soils and Crops Wing (Ist meeting),
307

Molegode, W. (1918). T'rop. Agric. 51, 349

—— (1926). T'rop. Agric. 66, 160

Mukerji. B. K. (1937). Proc. Bd. Agric. and Ani.

 Husb, India, Soils and Crops Wing (2nd

mieeting), 28

—— (1937-40). Ann. Rept. Dep. Agric. U.P.

— (1940-42), Ann. Rept. Dept. Agric. U.P.

Mukerji, J. N. (1923-24). Rep. Imp. Agric. Chemist,
India, 24-25.

Mysore (1919-20). Mysore Dept. Agric. Rep. 1-46

Narayan Iyer, K. R. (1935). Proc. Bd. Agric. and

Ani.  Husb. India Soils and Crop Wing,
(Zst meeting) 313 '

— (1937). Proc. Bd. Agric. and Ani. Husb.
India, Crops and Soils Wing (2nd meeting),
178, 179, 180

~Neller, J. R. (1920). Soil Sci. 10, 29
Nicol, H. (1933). Emp. J. Ezp. Agric. 1. 22

Patel, B. B. (193b). Proc. Bd. Agric. and Ani. Husb.
India Soils and Crops Wing (Ist meeting),
247 ’

—— (1937). Proc. Bd. Agric. & Ani. Husb. India,
Crops &nd Soils Wing (2nd meeting) 191

45

Pieters, A. J. (1927). Green manuring, John Wiley.
and Somns, Ltd., N.Y.

Potter, R. S. and Snyder, R. S. (1917). J~dgric.
Res. 11, 677

Ramiah, K. (1935) Proc. Bd. Agric. and Ani.
Husb., India, Soils and Crops Wings (Ist
meeting) 313, 318, 321

Rao, D. C. Ramchandra (1923). Trop. Agric. 61,
248

Rege, R. D. (1935) Proc. Bd. Agrie. and Ant.
Husb. India, Soils and Crops Wing (Ist
meeting). 308

—— (1941). Fertilizer Experiments on Sugarcane
in India, M+se. Bull. 1.C.A.R. 41

—— (1927). Ann. Appl. Boil. 14, 1-44

Roberts, W. (1935). Proc. Bd. Agricand Ani. Husb.
Indwa, Soils and cropswirg (st meeling)

Ronald, Mckee (1935). U. S. Dept. Agric. Farm.
Bull. 1750

Sahasrabudhe, D. L. —— (1934). Ezperimenis in
‘manuring crops, Bombay (1896-1931)

~——(1935). Proc. Bd. Agric. and Ani. Husb.
India, Soils and Crops Wing, (Ist meeling)
310 .

Sayer, W. (1935). Proc. Bd. Agric. & Ani. Husl

- India, Crops & Soil Wing, 334

Sen, K. C. (1938). Misc. Bull. I.C.AR. 25

Sethi, R. L. (1938). Pusa Agric. Res. Inst. Bull.
136

— (1940). Manuring of Paddy. Misc. Buil.,
1.C.A.R. 38 :
Sethi, R. L. Pramanik, B. N., Khan,.A.D. and Rao,
R.B. (1938). Buill. Dept. Agric. U.P. 72
Sievers, F. J. and Holtz, H. F. (1926). Wash. Exp.
Stn.-Bull. 208

Singh, B. N. and Singh, 8. N. (1936). J. Amer.
Soc. Agron. 28, 216

——(1937). J. Amer. Soc. Agron. 29, 889

Singh, Ujjal (1937). Proc. Bd. Agric. and Ani.
gHusg.] India, Soils and Crops Wing (2nd .
meeting), 17 .

Sornay, P. de (1916).
ring in the Tropics -
Danielson, Ltd.

: 1. Sei. 17, 141
Starkey, R. L. (1924). Soil. Sei. 17, : .
: K. 1. (1937). Proc. Bd. Agric. qnd Ani.
Thﬂdg:lt?b?ilnds'a, Soils and Crops Wing (2nd

meeting) 184

Green Manures and Manu-
John Bale Sons and



46

Theron J. J. and Van Wyk, L. P. (1933). Univ.
. Pretoria. Series 1, 26 .

Thorne, C. E. (1929). MamtenanceomelFertilzty
: OrangeJudd Pub. Co. N.Y., 274 °

Thomas, R. and Raju, J. C. (1914-18). Palur
(Madras) Agric. Exp. Stn. Reports.

Thompson, A. R., Johnson, M. O. and Sahr, C.A.
(1917). Hawaii Agric. Stn., Bull, 52 -

- '[‘u‘rk1 L. M. (1932). Mz'ss. Agrié. Ezxpt. Stn. Bull.

Viswanath, B. (1932) Smne Aspects of Plant
Nutrition, Soc. Biol. Chem. India, 24-26

—= (1936). Proc. Bd. Agric. and Ant. Husb.
Indw, Soils and Crops Wing (Ist meeting).

REFERENCES

—— (1937). Proc. Bd. Agric. and Ani. Hush. .
I ndia, Sm'ls‘ and Crops Wing (2nd meeting).

Waksman, 8. A‘(1924) Soil Sei. 17, 141

Waksman, 8.A. and Tenny, F. G. (1927) Soil Sci-
24, 317 ;. 217

—— (1928). Soil Sei

Waksman, §$.A. and Skinner, C.E. (1926).
© Sei. 23,137

Whiting, A. L. (1926) J: dmer: Soc. Aarosi. 18,
8564

Wright, H. (1905). Cey- Circ. Agric. J. Roy.
Bot. Gardens 8, 137

*Soil



APPENDIX

EXTRACTS FROM THE REPORT ON THE SURVEY OF
GREEN MANURING PRACTICES IN INDIA BY
SARDAR SURJAN SINGH SIDDHU—LC.AR. 1047,

DURING 1946-47 the Indian Council of Agricultural
Research sanctioned a scheme on Survey of Green Manuring
Practices in India. The object of the survey was t¢ find out
the present state of green manuring of crops in India; the
obstacles and difficulties that are experienced in the expan.
sion of this method of manuriig and the maximum limit to
which the practice can be expanded under normal eircum-
stances. The report was submitted by Sardar Surjan Singh

 Biddhu, Special Officer in 1947 and brief extraets from the

repert are given as under.

D;,'ﬁieulties in the wide spread use of green manuring

Green manuring.can raise the fertility of the soil but the
application and utility of this practice depends on various
factora. Thege factors are climate, land, labour, capital and
menagement, If these factors are not favourable the practice
could not be easily taken up by the cultivator.

The unbalanced and uncontrolled rural econemy does not
favour green manuring as a regular practice, The zamtndar
is unprogressive and does not function properly in our agri-
cultural economy. He does not encourage any agricultural
development by his tensnts. The temants, on the other
hand, have no fixity of tenure. They pay more attention to
Immediate gains and canmot afford to invest any capital
outlay on any long-term improvement. The low precipitation
and lack of irrigation facilities are othor major obstimf;s since
-green manuring gives best results only where there is plenty of
mojgture in the soil, Moreover, there ie shortage of labour,
difficulty in getting green manure goeds and canal water at the
right time. There is also not proper propaganda or education
with a view to develop the practice of green manuring in the
different states and provinces of India.

Green manuring for Eharif crops like paddy hbecomes
difficult as very little time is left for the growth of the green
mgnuring crop if early rains are not assared. Moreover,
severity of hot weather preceding the kharif season becomes
detrimental to the young green manuring crop in cage there
are long breaks in rains and no irrigation facilities available.
Small and seattered holdings also react adversely on this

practice in general,

Ideal wMturaE characteristics of green manuring
plant

‘The plant should be of rapid growth so that it may produce
eatly and bylky organio matter. It should have abundant
sncculent and soft topsa which may add to the<soil easily
available plant food material for the next crop. The plant
#hould have the ability to grow on s poor and sandy soil
and should not be handicapped for want ofgood soil. The plant
should have higher percentage of moisture which would help in
[quicker decomposition in the soil. Tt should be a legume to
assist nittogen fixation from the atmogphere. It should be
less woody and fibrons otherwise it mey not rot easily. It

- should have less water requirenient for ita growth.

Plants used: for green manuring

Leoaves of trees nesr hilla and foreat are used extensively
as green manure in Madras, Sanaiis the chief green manuring
crop which is sown in mid-May and ploughed in as alx week’s
old crop for paddy. Green leaves are similarly puddled.
Wild indigo (Pephrosic purpures) is purchased by the culti-
vators from the people who bring it from the adjoining hills
sud spplied to sugarcane. Tt is also sown broadeast hefore
the harvest of paddy in November or if there be not encugh
molsture $hn In January when winter rains are expected,

et

and plonghed in next July for paddy. Portial (Thespesia
popuinea N.0, Malvacae) and Pongaa‘;nia glattera are scommon
trees with plenty of soft broad leaves. The loaves of these
trees are commonly used for green manuring and are consider-
ed very good for this purpose. Other varieties for green
manuring are Prosopis julifiora which is grown on bunds and
the leaves are lopped every now and then ; Sesbania apiciosa &
new variaty of Sesbania obtained from South Africa which is
softer than' 8. aculesia and is therefore considered better ;
and Sesbonia grandifiora which is a bigger plant and gives
bigger leaves, : ’ .

Pongomia glabfa known locslly as karajua is & trée growing
extensively in dry regiona of Myscre ind Madras with a fain=
fall of 20 in, of leas. It has heavy foliage with big individual
leathery leaves. It supplies as much a8 50 to 150 md. of
green leaf from a single tree. Besides, the nat yields a kernd
having high percentage of oil which could be used for burning
?urposes or for soap making, The oil-cake malies & valuabld -

ertiliser. »

Differens crops used for green manuring

Guar (Psymapsis psoroloids) is a green manuring crop. of
Eastern Punjab and 8ind and is sg:able for dry eﬁ“:fm.
It con be used as green manure only under irrigated condi-
tions. It is & good and nutritive cattle fodder. For green
manuring the seed could be drilled in or broadcast in May o
June. It gets a good start with rain or irtigation and csn be
ploughed in before the middle of September. It is used for
wheat in the Punjab and to some extent in Sind. ’ :

Crotolaria striata is suitable for moist regions like Malabat,
It is not used in sify but grown outside azid two cuttings of
green matter of about 8,000 t015,000 1bs, are available which
could be uged for sugarcane,coconut, sre canut or vegetables,
Sanai (Crololaria junces) is & crop grown in Northern India
for ﬁbil:::d z:lnd green menuriag, In Madras it ii also grown, for
green er and hay. It is & very quick growi 3
It is sown bro&dcastywith the break of the momm‘,:;;ng m&fmi)a
ready for ploughing in after 8 to 10 weeks. It makes 5 feet -
tall erop, with succulent and soft tops and is ideal for decom-
position i ghe soil. Light salz:a{'lg soils are eminently suitable
and heayy clay soils with drainage are unsaitable for
this crop,” However, it grows in wet paddy lands of Madras.

Dhaincha (Sesbanin aculeats, S. spirullosa, 8. gigania)
common variety is 8. aculeats which is a plant used for green
manuring in wet regions. It can tolerate good amount 'of
salinity in the soil. It is used extensively in -Bengal from
where the geeds are expotted to Madras and Orissa. It is
sown broadoast at the rate of ten Ib. per aere. It haa o quick
growth second to sanaé and ia guite soft and succulent in
early stages when it should be ploughed in ag green manure,
On being mature it becomes very woody.

Kalonji (Madras), Serphanki (U.P.), wild indigo (Tephrosia
purpunix’) gs a co:kmon%ed of the uncultivated lands of
Northern India. It iz & legume and has plenty of nodules
in the roots. In Madras it is used as & green manufe ofo
The plant is hardly and can grow in any type of moil. It
thrives well generally in the driest part of the year, vit.
January to June. It has 8 very low water requitement for
it can with the scantiest moisture contents of the soil
which would not support any other vegetation, It sheds ite
leaves during the hot weather, but with raing or irrigation
it shoots forth fresh foilage. The sced is _h and
plow to germinate snd hence it is given some
pro-treatment before sowing. Seed could be sown in
tember, October, Novemb;r orueven 'l:lpi'.t:1 February t::d e;
gtanding Beld of . Tt will grow and give a & o
4 ft. high orop. hgt wesather it will shed all its leaves
but will throw out fresh leaves with the first break of mongoon.
1t conld then be puddled in the field and paddy transplauted,
It gives about 4000 to 5000 1b. of green watter.
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Leguminous weeds which are found in 1U,P. and which could
be adapted as green manuring orops aro Cassia’ obtusifolia
(panwar or chakor), Tephrosia purpurea, Indigofera sp.y.
Lathyrus aphaca (matsi), Lathyrus .cativus (lesari), Lathyrus
sphacericus, Vicia sativa and Vicia hirsuia. - '

Pillipesara (Phaseolus irilobus) is in important legn.
minous fodder orop grown in the Circars o¥ the Madras
Pregsidency. It is a trailing herh. with many .branches
prostrute on the ground which reach & length of even six
feet. . The root-system is full of nodules. Itiss very nutritive
green fodder. JItvan be used.as a green manure crop. Seed
is sown broadcast in the atanding crop of late dy just
before its harvest at the rate of about 15 lb, per aore. Irri-
gation is given to the.crop and the crop’is ready for green
manure in next July. For sugarcane it is sown in September, °
The first few outtings are used as fodder when in December

the land is ploughed for sugarcane . The yield is about 25,000 -

Ib. when grown from November to July. . -

Inrabi few orops are used: as green manures since all
leguminous orops are valuable seed or fodder crops. Pea is
used very rarocly as green menure. The-last cutting of
berseem can be ploughed in a8 groen manure for sugarcane
but it is a valuable fodder crop.-- Same is_the condition
with - shaftul (T'rifolium alevandrum) and - metha, = Senji,

(Melilotus parviflora) may -have some possibilities asg green.
(Lathyrus .

manure due to its bulk “for sugarcane, Kesari
salivus) is sometimes used as green manure in Sind.- .

Technique of green manuring

Green manuring is practicable only in those areas which

have well distributed rainfall: over the growing and -post- -

burial period of the green manuring erops. It could also be
adapted in regions where* timely irrigation facilities are
availsble. It is, however, an unsuitable practice for unirri-
gated areas with 20 in. or less precipitation.- . - .-

In wet lands where paddy is the usual crop green manuring
has been taken up with success. The technique of green
manuring in wet lands is very simple and needs no spoocial
care or attention. Notsmuch propaganda is mecessary for
spreading the use of green manuring in such areas, the only
help that cultivator wants is the-timely supply of good secds
for green manure crops. "In Madras, seed of sanai is not

easily availsble. In the local markets the cost of the seed
was very high and cultivators had, to depend on the Depart- "

mental supply. It is difficult to_riise green manuring seeda

ig low-lying paddy lands. Seed, raising should, therefore,
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be done on dry high lands. Poor quality high level lands!
could easily be'utilised for raising seeds. of green manuring
orops whi¢h being legumes-will require little cost for produotion
but would give a fairly good réturn. Seed raised on such high

- lands should be moved to low-lying wetareas through Depart-
- mental agencies by.obtaining priority over transport.

" In dry lands the fictors that affect the suitability or other-
wise of green mandring are :-—  ° - . ‘
" {a) Soil—light soil is the best and heavy the worst.
(8) Moisture—scarcity and excess are harmful, -
{e) Temperature—extremes undesirable.
(d) Soil aeration—poor aeration harmful.”
(¢} Qultivalion—Time and typo of cultivation a. vital
 factor. . S
{f) Crop o be
- selected.
. Research
Useful plants should be discovered which.could be utilised
as green manures. For example white clover whioh is found
in Qotacdmund and in Simla in hot weather at & height of
1000 ft. forming a thick mat of vegetation on the surface is'a -
‘leguminous weed and counld be cultivated in winter months
. on the plains. It may turn out to be a fine foddér and an
excellent -legume. . A tree Pongamiz glabra which yield a
‘large quantity of green leafy material may turnout very’
~ valuable for green manuring purposes if planted on village.
common lands, waste lands, road sides etc. - The tree alse-.
yields & nut the kernel of which gives an oil for burning or
soap making leaving the cake which is an excellent fertiliser.
' This tree is very common in East Mysore with a-rainfall of
- about 20 in. per snnum. ) o )

. Further research-‘on green menuring'should proceed, on

green manured-—these hayé €0 be carefully

- selection of suitable lepuminous planta which grow..as-local™

weeds and which have all the good points of a-greenr manuring ;
plant. Plants growing both in the &karif and rabi- should be
studied from this point of view. The main consideration
should be that the plants selected should be quick growing,
“succulent, easily- decomposable. with low moisture require--
ment and low co-efficient of transpirdtion, able:to produce
.maximum amount of nitrogen and gorganic mattor in shortest -
possible time and to fit in the existing practices of the agris
culturists. "Crops suitable for dry, moist, -wet, hot and cold .
‘olimates should. be discovered so-that the crops may.suit the,
various parts of India. - -



