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PREFACE

The experiments recorded herein were started at Lyallpur and
Gurdaspur by Mr. B. H. Wilsdon, Late Agricultural Chemist to Gov-
ernment, Punjab, with the assistance of M. Mukand Lal, and have
been continued after Mr. Wilsdon’s departure in 1921 and embody
the results obtained from their commencement up to the summer 1922.

It is worthy of note that even now in the filth year of the trials the
green manured plots show marked superiority over the controls and arti-
ficials, and although the carting of green manure is not a paying concern
if we consider the increased yield at the end of the first year alone, yet
it is so when we balance up the successive increases for several yez;-rs.
These trials will be continued till the various figures show a return to
uniform level.
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A Study of the Factors Operative in the
Value of Green Manure.

(Leceived for publication on 6th March 1923.)

The practice of green manuring has received very general attention
in India and in many parts is becoming a common agricultural operation.
Much remains, however, to be done in elucidating the rationale of the
method, and there appears to be a considerable difference of opinion
as to the factors which are operative in the reactions of the crops to the
treatment. In general it may be stated that there are two schools
of thought which differ in the emphasis which is placed on the various
factors operative. On the one hand, we have those who fix their atten-
tion on the nitrogen factor alone and the influence of the green manure
on the biological reactions which determine the fluctuation of nitrogen
and nitrates in the soil. On the other, many workers lay stress on the
more or less physical effects of the organic matter which is added, such
for instance as would result in the improvement of the moisture and
nutrient holding power of a sandy soil, or the effect on the hydrogen ion
potential of the soil solution with a possible parallel influence on the
solubility of soil phosphates. It will thus only be possible to obtain a
clear idea of the value of green manuring under differing circumstances
of soil and climate by tracing the action of every factor which may
coutribute to increased fertility.

Hutchinson has proposed that, in order to bring about the fermenta-
tion of = green manure under the most favourable conditions, the green
manure shall be cut and carted to a suitable place where it can be fer-
mented under controllable conditions. In this way 1t is hoped to leach
out the nitrates so obtained with the irrigation water applied to the
field after the fermented manure has been dug in. The eflect of the
treatment 1s definitely restricted to the application of soluble nitrogen.
Apart from the economic aspects of the proposition one must consider the
effect on the nitrogen balance in the soil treated and the soil on which the
green manure is grown.

It is clear that a study of all the factors must be made on different
types of soil.  The following are probably the most important.

(1) The nitrogen factor—

{(«j Symbiotic fixation with the leguminous crop.

() Fixation by azotobacter or similar organism and possibly by
anaerobic bacteria under the stimulus provided by the
carbohydrates added with the green manure.



<
2 FACTORS OPERATIVE IN THE VALUE OF GREEN MANURL

1oy itrification i :
/, ?(,‘,nl‘tnhcatlon induced by the fermentation of the green manure.
(d) Possible (lo‘,velo])nu‘,nt of a BACTERIAL toxin as suggested

by Hutchinson.

(2) Physical factors - -

() Improvement of moisture holding power.

(h) Tmproved retention of plant nutrients.

(¢) Possibly improved aeration.

(d) Change in soil aeration with possible increased solubility of
phosphates. .

() Agricultural fuctors—

(«) Applicability under Barani (rain-fed) and irrigation conditions.

The plan of work which has heen in progress at Lyallpur during the
last four years and at Gurdaspur has been designed to test the above
factors in the following way. Experiments in which green manure
has been carted and dug in have been duplicated as far as possible on
sandy and heavy soils.  Applications of artificials have been made on
other plots in amounts similar to those produced by the fermentation of
the green manure. Although insufficient data have so far been obtained
to throw light on all the factors enumerated above, the results obtained
enable a preliminary survey of their relative importance to be made
which may not he without interest to other workers in the subject.
The progress of the experiment is detailed each year in part 2 of the
Annual Report of the Punjab Agricultural Department. Our inten
tion here is only to summarize the work so far completed and to draw
what preliminary conclusions are possible.

Diagram | shows the arrangement of the plots both in sandy and
stiff fields. The big plots are each {;th of an acre in extent. The
smaller plots in the first year (1918-19) were each six feet square and
were isolated from the surrounding soil by a layer one foot broad and
three fect deep of broken brick. These were, however, found to be too
small and there were possibilities of considerable errors in the results,
In the succeeding year 1919-20, therefore, each plot was made of 15 feet
square and was isolated from its neighbour by means of. a three feet
strip of fallow land. In the bigger plots controls were situated alter-
But in the smaller plots there was one

nately with the manured plots. .
control for every green manured and artificial plot.  Thus in taking yields

the yield of a control is in fact the average yield of 3 plots taken
together.

Before starting the experiment samples of soils 3 feet deep were taken
trom both sandy and stiff plots. Table I gives the mechanical analysis
of these soils along with the moisture equivalent of the first foot of each
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of them. As is clear from the analysis, the lighter soil is very sandy
and itself is unable to grow a leguminous crop.

Tn the first year 1918-19, ;1.th of an acre of Guara * was cut from
elsewhere and buried in plot Nos1 (Guara 1 crop of the sandy field).
Plot No. 2 (Guara 2 crop) had 2;th of an acre of Guara buried in it and
o on for Guara 3 crop. Exactly similar was the case for the small plots
and the stiff plots both small and big. In the year 1919-20, however,
+oth of a normal crop of green Guara was cut and weighed and the
additions t) 2 and 3 crop plots were simply made by weighing out
twice «nd thrice the amount of the one crop.

In cutting and weighing, precautions were taken not to take too much
time over these operations in order to lose as little water as possible.
The whole operation of cutting and weighing one bundle did not take
more than five minutes. Care was taken to bury Guara in the plots
on the same day that it was cut from the field.

A representative sample of the green (iuara was taken, and its
moisture and total nitrogen content determined. Regarding the method
of sampling, holes 1'X 1" X 9” were dug at about six places in the field.
The earth from all these holes was taken together and thoroughly mixed.
A sample was then taken from this mixed eaith.

In the first year of the experiment samples were taken from the plots
before putting in the green manure, before sowing wheat, and after cut-
t'ng wheat. In the succeeding year, however, the smaller plots were
first analysed 3 weceks after burying in the green crops and afterwards
they were analysed every fortnight till the time of sowing.

Table II shows the result of the analysis of the plots indicated on the
dates shown, After cach analysis the total available nitrogen content of
the artificial plot was made up to the total available amount developed
in the green manured plots, by the addition of the calculated amounts
of sodium nitrate and ammonium sulphate dissolved in water distrib-
uted in a watering can. The figures with one or two exceptions now
indicate that the artificial plots contain the same amount of total avail-
able nitrogen as was present in the green manured plots. It will there-
fore appear that we are justified in assuming that the treatment has
rendered both plots comparable as regards the nitrogen content and that
the differences of yields obtained must be due to some other factor.
The results are given in Tables IIT and IV and arc graphically presented
in Diagram 2.

Before proceeding further to discuss the results obtained so far, it
would be as well to draw attention to one or two points in connection
with the effects of the season and wheat crop of 1919-20 on these plots.

* Cyanmipsis pseraloides.
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.Tlm scason, as 13 well known, was o remarkably good one for wheat.
It is to b.c expected therefore, as is shown later to be the case, that the
‘results will not show such remarkable differences as would he obtained
n a llcss favourable ycur. At an eatly stage of the development of the
crop it was obvious that in the manured plots the growth was so luxu-
riant that it would he impossible to harvest the crop. 1t was conse-
q.uently decided to prune the crop in the main arca, and as control a frac-
tion of the area was cut down to the ground. The weights of the mate-
rial, green and dry, ave shown in Table V. From this it will be seen that
the amount of growth in the sandy plots is increased roughly in the ratio
of 3, 10 to 13 by the corresponding applications of 1, 2 and 3 unit quan-

tities of green manure. In the stiff plots, however, the yields are more

uniform and roughly about 3 times the yields obtained in the con-
trol Plots. Despite the pruning the crop lodged very badly in the more
heavily manured plots and the differences are consequently not as great
as would have been obtained if this had not taken place. This is to some

extent due to an attack of white ants and the deficiency is estimated
to be from 10 to 15 per cent.

Th'e results which are presented in Table LI for hoth the sandy and
the stiff soils are enough to throw light on factors 1 and 2. As regards
(d) fa01301“(1) it may be said that results in which sand and Guara show
a '_iepressmg action have been met, but while we may admit the possi-
bility of this factor coming into play there is not yet sufficient data to
throw light on the eonditions which favour it.

From the results it is obvious that the yields in the sandy plots are
not proportional to the amounts of available nitrogen developed or added
to the soil. It is natural, therefore, to conclude that the improvement
is not entirely due to the nitrogen present in the soil but rather to the
improvement in the water holding power brought about by the addi-
sion of the organic matter.  This will explain the fact that these differ-
gnces are not observed in the heavy plots, since the addition of organic
matter would not improve the water holding power of the already heavy
goil.

This will be made more clear from Table VI which gives the results
obtained by the Professor of Agriculture at  Lyallpur. It will be secn
that the plot in which the (fuara is ploughed in gives roughly 10 maunds
more yield than the one from which the above ground portion was re-
moved for fodder. In this way all the nitrogen symbiotically fixed
by the leguminous crops is supposed to have been left behind in the
soil although the recent work of Wright, Soil Science. Vol. X, No. 4,
page 209 (1920), shows that any nitrogen fixed symbiotically with the

total amount of nitrogen con
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leguminous crop will be found at harvest tune 1n the above ground
vegetation.

another poipt of view altogether, we find that the
tained in an average crop ol Guara is 40
it %s lost during decomposition, which is going
ve in the hot weather of the l'unjab. That
which is left after decomposition is not all in the available form ; tllel‘(:‘,_
fore the available nitrogen added by the green manure conles to a nomi-
nal figure per acre. Tables VII and VIII which give the amounts of
total nitrogen of the plots under the experinents at different times of the
year also reveal the fact that it is very dlﬂlCl.llt to corrglate the yields
of wheat with the amounts of total nitrogen in the soil.

It is very difficult to estimate the improvement in the water holding
power of a field, mostly on account of the fact that the crops borne by,

for instance, the Guara plots, are as much as 3, 10 and 13' times that of
tl(i co‘ntrol and that, therefore, transpiration of water equlVa.lent to Fhe
yi:ld of green matter must have taken place before the field in question
could be approached for

taking samples to determine its moisture con-
. : imate in the laboratory the moisture

t was decided to estima
:;er;fi H::c;ciltv of the treated and the untreateq plots. Whereas the
‘1(; {,L’_‘gn OF org;mic natter in the sandy soil has mcrea}sed 1ts moisture
addi lalent by about 275 per cent. over the control, in the stiff plots
:le: diﬂereI{Oe% are not noticeable. The results are shown in Tables

es '

I and IX.

Moreover, it must be

Looking at it from

Ib. per acre. Most of
on at a fairly high temperatu

understood thab the improvement in the

: i i 1 improvement in the retention of soluble
reter'w“:: Of'lzlli?isizllgfe;'lilr:rfl ?l‘abler which shows that in an untreated
Z:;(r]l;ns:)'il drainage takes place Very rapi(_ily. In the year 1919-20,
when the 6 feet plots were left out of e.xpenmeut, an excessively heavy
dose of the artificial manures was applied to some of these ])l().ts bot.h
in the sandy and stiff fields. From the Table it is clear that, ‘al.t(?r irri-
gation, whereas the nitrates have penetrated to a depth of 36 fnches
in the sandy plots, they have not been able to go beyond the first 9 inches

of stiff soil.
This is supported by the W

Joseph and Joshi. ) _ '
TIl)lese results led us to start experiments in the Barani tracts of the

province where moisture is the chief control}ing factor. In tracts where
large amounts of green organic matter during t‘he Kharif are available
a very simple and inexpensive method presents itself.

In the Kharif of 1920, experiments were started with a non-legu-
minous crop, Bhang (Cannabis sutiva), in the Barani lands of Gurdaspur

ork of Burt, Anstead, Russell, Fredrick,
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District on the same lines as at Lyallpur.  Doubts have been expressed
by agriculturists in Barani tracts as to whether fermentation of green
mannre takes place unless rain is recerved at a suitable time before the
sowing of wheat. Kxperiments at Lyallpur, both under the Professor
of Agriculture and under the Agricultural Chémist, have shown that the
fermentation of a green manure is well secured  without any further
rrigation after the burying in of the stuff. On the contrary, green
tanuring experiments in square 11 and 12 at the Students Farm have
shown that irrigation after ploughing in of the green manure is ot
only not advantageous but in some cases exerts an actual depressing
influence on the succeeding crop. It appears that this objection is raised
on the basis of results obtained where a green manure has been grown
and ploughed in on the same field, when it is probable that unless rain
is reccived in September and October to compensate the losses of mois-
ture which would otherwise have heen conserved by fallow cultivation
there may not be sufficient moisture left for the sowing in of Rabi crop.
Later experiments have proved that this is quite true and that the green
manure will have to be carted from elsewhere for these Barani soils,

The results of the applic ation of green manure of a non-legu-
iuinous nature are presented in Table X1. In each case there 1 approxi-
mately a difference of about 100 per cent. in the yields of treated and
control plots.  This year (1920-21) was a very bad year for wheat and
hence so gieat a difference.  Usually, however, we get an increase of
50 =75 per cent. over the controls.  If we (?arefully exanine the factors
operative (in 1920-21), we will find that moisture was the chief limiting
factor.  Compared with this the wheat season of 1921-22 was an ideal
one so far as the moisture conditions were concerned and the results
show that the differences i the treated and untreated plots in the Barani
arcas are not so great as those of the previous year.

An exaunination of the nitrogen content of the Bhang pl:.mt also re-
veals the fact that this non-leguminous pl:%nt 18 i1l no way ll'lferior to o
legwminous plant such as Guara 1 its nitrogen C()ntel'lty. lhg re..‘;ults
obtained at Lyallpur and Gurdaspur t}}ercf(n'e may be taken to 1ndlcgte
that in the case of a sandy soil, and it isn such a soil that green nianuring
is most beneficial, the inereased yields l>mlfgh’r, about by green manure
are not chieily dependent on the nitrogen fuf:‘uor bu.t are to be referved
to the improvement in the physical texture .O'f the soil. re kot t0 attac]

The present work therefore leads us to believe that we are apt to attach

too much iniportance to the application of leguminous green  dressings.
1t must he remembered that the primary consideration of a green manure

s quantity. Figures as to the amounts of the nitrogen fixed per acre
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misleading and are of little use in formulating a manure pro-
arc very mis . : in o p

3 anure crop
hence the great question when choosing a green m |

-' © ] 3 : .
e ill give the greatest amount of organic matter at a

] 13 M . .
is ¢ which plant w ' ;
lowsst cost for a particular :@011 under treatment.

JCONOMICS OF THIS METHOD OF MANURING.

The method of carting large amounts ot green organic matter frgm
elsewhere and ploughing it ig the sajndy soils Is not 0011111110;1‘ pfaﬁtlce
with the agriculturists of th1§ province, and con.sec.luent yd ear.ls. }:.w(e:
been expressed by them that this 1.nethod of reclmm‘mg a;n , (enuc r_;'l}rllo
their sandy soils will be too expensive al.ld vnl.l not ultimately pay. : 1s
is, no doubt, true if we take into consideration the effect. of the green
rn;mnure on one succeeding crop alone, but complete est.lmates of the
beneficial effect of green manuring capnot be formed unt.ll the residual
effect of the manure has been taken into account. In spite of the? fact
that the experiments at Lyallpur a,'nd at Gurdaspur were not des’gned
to investigate the economics of this meth()(.i of manuring, a glal}ce at
Tables XII and XIIT will show that both in the 11:1'1gated and in th.e
unirrigated tracts carting manure from elsewhere is profitable. This
18 pu‘rt'iculmly so in the Barani tracts wAhere la.rge’ amounts of green
organic matter are available in the Khauf, and 1t is only in the exces-
sively sandy soils of these Barani tracts that the use of these green
drcss"ingS is advocated. | | |

From the Tables we find that at Lyallpur nttef- a poz'm(l of 4 vears
Guara | crop shows a profit of Rs. 24 per acre. (Jualrzm 2 Rs. 104 per
acre and Guara 3 crop Rs. 67 per acre, and yctl even in the fourt_h. year
the increases over the controlsare 5, 64 and 64 per cent. respectively.
The above is true when wheat follows wheat every t'lme. As we have
said before, these experiments were started only to isolate the fa‘cto‘rs
responsible for the reaction of the green manure and hgnce 1o regul{:r
rotation was adopted. Had some ()th'er crops been tried which make
a greater demand on the soil the margin of profit would jrobably have

been even higher.

As is clear from Table V it might be possible by selling \Yheat green to
obtain 3, 10, 13 times more profit than would be obtained from un-
treated land, as compared with the increase of only 50—70 per cent.

on the matured crop. |

At Gurdaspur, however, where we have not to apcount for t}}e price
of the green manure other than the expense of cutting ant'l (':artlng, the
margin of profit is much higher than in the case of the irrigated soils
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of Lyallpur.  Frow the Table it is clear that in the seco
profit per acre in units is 240 mds. of Bhang per acre.
about Rs. 26, Bhang 2 unit Rs. 17 per acre,
Re. 1-12.

nd year the
Bhang 1 unit is
and Bhang 3 unit shows

It is rather remarkable that whereas th;z mereases in yield at Lyall-
pur are in the same order as the quantity of the green stuff buried in,
the increases at Gurdaspur are not so. This at present is difficult
to egﬂain, but work on this subject is heing continued. In this con-
nection it will not be out of place to mention the trial made hy Khan
Sahib Ch. Mohd. Bux of Bhaini Milwan, District Gurdaspur, who dug
in Bhang (Cunnabis sativa) at the rate of 240 mds, per acre in one of
his sandy tibbas (uncommanded sandy area) which were lying barren
before.  His results are presented in Table X1V and show a profit of

Rs. 10-7-0 even in the first year when Bhang is buried in at the rate of
240 wds. per acre. '

SUMMARY.

! r . . . N
. 1. The work presented in this paper covers a period of B years and
aives the results sccured hoth in the laboratory and in the field in & com-
parative test of artificial manures, legnminous green crops and non-
leguirinous green crops,

2. No regular rotation was followed.  Wheat followed wheat.
3. Results on the whole show that the response to green manuring
15 much greater in sandy soils than in stiff soils.

4. That in the sandy soils the increase in yield is much greater in the
green manured plots than in the plots huving received quantities of arti-
fictal manures equivalent to those developed by the green manured
plots.

5. That the maiu factor responsible for the increase in yield i the
improvement in physical texture of soil due to the addition of the
green manure, ‘

6. That when the ubove ground portion of a leguminous crop s
removed the yield is diminished to a remarkable degree.

7. That non-leguiiinous green dressings in the Barani arcas are as
effective as leguminous green dressings.

8. 'That green manure carted from elsewhere is a paying concera.

This opportunity is taken by the authors to express .th(!ll' obligations
to Professors W. Roberts and H. R. Stewart, of the Agl:lcultuml College,
Lyalipur, and M. Sultan Ali, Deputy.l)ircctor of Agriculture, Gt}rdas-
pur, under whose supervision tl3c agricultural work of the experiment
was carried out at their respective farms.
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Shows ) ; '
Showing the yields obtained from the treated and the
1918-19 ; 1918-10 , 1910-20
N ‘ Plot and ?(\\lnntity of Yield peraere P(’:"‘(‘::lt, Increuse
o g en - o 0T o i
° ! freatment “puti:\‘;\r"lr‘m contret Yirdperaere
| acre
X T e
! 1 i T
% Grain | 8t
| ¥ raw
B #i"m ‘ j Graln | Straw | Grain | Straw
o — _ . |
x - N R
" Sandy. Mds. 8rs. Mds. S, | Mas. Srs. M
h . Sr8. 8. Sra,
1 Guara1ecrop 240 mds, per ' 13 ‘ | o
acrein19(8ana ~ 3 5 17 30 5801 7110 ) 20 1) gp 10
i
|
£ fiuar 2 erop 480 mdy |
' , 3. per | 18 2
: acre i ! 0 24 1 .
| 1;(}19;8 and “ ; 0 1230 | 134.00 | 27 20 64 20
] }
E Guara 3 crop 720 mds \ t
inlnie 2F 21 10 35
acre in 1918 03 o 56 :
] a0t and i { 1566:0 X 287:00 | 26 15 | 71 g0
| L
i ‘
4 ! control |
: 0 | 1812610 15 11
! ‘ | . e o
f | |
! L
Stijf. [,‘ I ’ !
5  Guara lerop . | 240 mds, perpere
o . 25 0/32 30| 20 .
| : } 5 41460 | 33 25 74 20
| | i
/ |
f o
6 | Guara 2crop . | 480 mds t ‘
per cre’ 2330190 30, 145 3300 } 223 g0 o
| |
o
7 Guria 3 erop “"" : g | |
P |:4.0n ds.peracre! 26 30| 45 0 289 9460 28 30 ' 72 20
|
\ |
8 Control l |
a3
. ! 30 23 I !
“20 (R S . e 28 1 | 60 20

FACTORS OPERATIVE IN THE VALUE OF GREEN MANURE 13

HI.

untreated plots (sandy and stiff) at Lyallpur.

]
I 1919-20

Per cent,
i increase
| over control

| "Mds. Srs.Mds. Srs.

76-44 101-2

| |

142:30 ‘ 2072 {
f ;
, » !
l 123-60 2417

|
|
|
|

1098 | 475
|
|

1267 | 584
\
2:59 43-9

1920-21 I

Yicld per acre

Grain | Straw

12 20 | 29 .20

8 037 30

24 10 | 46 20

23 0|47 20

30 30167 O

8 20[31 0

1920-21

Per cent,
increase
over control

Grain Straw
l

28-20 53-24

84:60 96-10

14870 | 141:60

1802 3710

24-32 | 5320

1921-22

Yield per acre

Grain Straw

1921-22
Per cent.

increase
over control

Mds. Srs,, Mds. Srs.

8 10| 20 O

12 35, 30 26

23 © 52 0

6621 | 8300 24 20 46 20

37 20

Grain Straw
4-78 27-00
63-50 84:90
63-50 94-50
15-00 38 70
1750 2-70
22:50 : 24-00
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m TABLE VIII.

ABLE VI.
Shaowin : GrrEN MANURING EXpERIMENTS, 1919-20.
Showing the results obtiined by the Professor of Agricultwre by green :

mauring wilh wheal, Puigjab Type 11, v tenants’ wren during Raln Total nitrogen. 15 feet plots.

1919-20. Total Total
Total nitrogen nitrogen
| nitrogen before | 400 %ut-
iy ; before SOWINg 1 ting wheat.
Treatment Area Actual outturn’  Outturn pev Plot burying {wheat. 16th] 9g:3 "A 11y REMAREKS
ofgrain | acro of grain No. guara. 2nd| November [1g94 3,1:1({
- ‘ September {1919 and | 5 4 37
e e ; i 1919 17th No- 1920 4
Kanals Marlas  Mds, Sy Mds, Sr vernberl919 )
Guara ploughed in S 1! 985 o “,“" “)H‘ o [ A (e —
Guara removed . s w 2 % : oy Sandy.
1 QGuara 1 crop R 0:028 0:020 0-0167
2 | Artificial 1 . 0-028 0019 | 00172
) 3 | Guara 2 crop 0-028 0-023 0-0204
TABLE V1I.
(i : 4 Artificial 2 . 0-028 0-019 0-0174
AREEN. MANURING BXperiMeNTs, [919-20.
m . 0-028 0-020 0-0194
Lotul mitrogen.  Big plots. 5 | Guara 3 crop
Bofore _ 6 | Artificial 3. . . . 0-028 0019 00160
burying if;f(l’:‘g After cut- :
No. Plot . S whoat, 1541 tli'}{‘,‘v,{','";" REMARKS 7 | contrd . . . .| 0028 0017 | 00160
2N " 2th Ma
Soptember November 1020
1919 1919 ' sti.
8 | Guara 1 crop . . . 0-066 0-051 0:0410
Sundy.
1 Uuara | crop R . . 0029 0018 i 00181 9 | Artificial 1 . . . . 0-066 0:052 0-0397
2 »» 2 " o 3 {2
v 02 1 002 ‘ 10 | Guara2crop . . . 0-066 0-060 0-0482
s S N T T
4] Control . . . . 0010 0-0183 00181 11 | Artificial 2 . . . . 0-066 0-061 0-0487
Stiy. ( ‘ 12 | Guara3 orop . . . 0-066 0-063 0-0506
5 | Guaradcerop . . | 0065 0032 | 00425 | 13 | Actificial 3 0-066 0086 | 00420
6 w2 .« .} oo 0050 | 00391
7 w 3, . . . 0-059 0-0566 0-0374 14 | Control . . . . 0-066 0-048 0-0394
8 | Control . . . . 0061 0-016 0-0340
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FACTORS 01 KRATPIVIE, [N TH® VALUE OF GREEN MANURR TABLFJ X' .
TABLE IX. GreEN MANURING ExprrRIMENTS, 1019-20.
GRriekN MaNvring Bxrerivunrs Eistimation of nitrates vn 6 feet plot.? which kad recevved 10 times the dose
Moi ' of artificial manures.
Lorsinre yverle . .
e equavalents of the sumples of sotl obtaived from the treated and
untreated plot Nitrogen per
! I)’“,' ' Plot ‘ cent. in soil
No. Treatment. Mni.-llll)l‘l' '(',qllivﬂ'
o Sandy.
e ——
Artificial 1, 1st 9 in . . . . . . . . 0-0440
Sandy.
i 00019
V| Guara 1 erop . . . 096 v 1, 2nd
. . . . . . . . 0-0010
2 | Artificial | . .38 v 1, 3rd
' ,4th . . . . . . . R 0-0034
ol Gwageoy 10-69 w o DA
0:1000
4 Artifioinl 9 . . .56 ” 2, st ,,
d 2, 2 ‘ »» -~ . . . . . . 0.0060
5 Guara, 3 erop . . . . . - . . 10-03 » ne E
. . . . . . . . 0-1027
6 Artifigial 3 . . . ) ) ) ) ) 7.38 » 2,%d ,,
2, 4th . . . . 00004
7 | Control . N . . 647 ” 1
N 3, 1st 5 . . . . . . 0.0132
s Bomd . . e e 00200
1 | Guara 1 erop . . . . ) . 16-11 »
, 3, 3rd ,, . . . . . 00047
2 | Artificial | . . . 20-61 ) )
p R 3, 4th . . . . . 0-0011
3 | Guara 2 crop . . . . . . L 22:54 R
4 | Artificial 2 2112 stif,
cial . . . . ) . . . .
Artificial 1, 1st 9 in . . . . . . . 00570
2182 !
15 Guara 3 orop . R . . . . . . Y 1,2nd . B . R . . . . 00008
21-82 . L3d . . 10-00048
8 Artificial 3, . . ;
" 1, 4th . . . . . . . . ni
S
7 | Control . . ) . . ) . . 19:29
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Diagram 1.
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Explanation. T/zf:\/’u I

Diagram 2

b ,00,,,(/ C{)//I ? a p . al oreen 471/7‘, 7 n S?’"Ul (l’l(l straw
§/I £ Liemns are propor, /((ln
/7 /0}'), (« [ e Lnereadses in

above { , A
ve Lhe control plots, the stripud. areas beimg proportional lo excess incroase in yield of straw

v

Rv.sn//.s_nf lhe season 181819

Tl LA 3 I 1919 -20
T A " 1820- 21
» " . 1021 12

A vl

~ Y

Guara [crop Guarwd crop Grara 300p Grara ferop Guara2crop Guara 3crop
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Publications of the Imperial Department of Agriculture in India.

To be had from :—

altural Adviser to the Government of India, Pusa, Bihar,

- Agrio
The Offico of the SETICN L 4 trom the following Agents :—

. or, Spink & Co., Caloutta. ' (6) D. B. Taraporevala, Sons & Co., Bombay.
S’; W?,kaewmfn & Co., Calcutta. . \ (7) Thacker & Co., Ltd., Bombay. y
(2 Rai M. 0. Sarkar Babadur & Sons, Caloutta. {8) Sunder Pandurang, Bombay.
D) B inbotham & Co.., Madros. l {(9) Rai Sahib 11\4 Gulab Singh & Sons, Lahore.
(6) Thompson, Ltd., Madras. { {10y Manager, Educational Book Depét, Nagpur.

A complete list of the publicationsof the Imperial Department of Agricuiture in India can i
tained on :pplication from the Agricultural Adviser to the Government ot India, pusa'a °§ihl;: o:'
trom any of the above-mentioned agents. :

These publioations’are :—

1. The Agricultural Journal of India. A Journal dealing with subjeots connected wi .
econggioa, field and garden crops, economic plants and fruits, soils, ma,nures,d 11‘;2&0?"5’;(;&11&(1{31
vation, irrigation, olimatic conditions, insect pests, fungus diseases, co-operative credit calsi
cultural catile, farm implements, and other agricultural matters in India. Illustrations, i ,l a;ﬁn.
coloured plates, form & prominent feg,ture of the Journal. It is cdited by the Agricult,ur’ Ilz(il ling
to the Government of India, and is issued once every two months or six times a ve; & viser
Subscription, Re. 6 or 9s. 6d., including postage. Single copy, R. 1.8 or 2s. year. Annual

9. Scientific Reports of the Agricultural Research Institute, Pusa.
3. Annual Review of Agricultural Operations in India.

4. Proceedings of the Board of Agriculture in India.

5. Proceedings of Sectional Meetings of the Board of Agrieulture.
6. Memoirs of the Imperial Department of Agriculture in India:

(a) Botanical Series.

(4) Chemical Series.

(¢) Entomological Series,
(d) Bacteriological Series.
(e) Veterinary Series.

7. Bullctins issued by the Agricultural Rescarch lnstitube, Pusa. .
8. Indigo Publications.
9, Books.

The following are the publications of the last two years :—

Seientifio Reports of the Agricultural Research Institute, Pusa (including the Repart i
Dairy Expert and the Secretary, Sugar Bureau), for the year 1920521. P:iggf Psu.oi .'gfe fmperial

Sciontific Reports of tho Agricultural Research Institute, Pusa (including the Report: i
Dairy Expert and the Secretary, Sugar Bureau), for the ycar 192132. Pr(i)ga rA:,of,:he {mp Qrml

Review of Agricultural Operations in India, 1920-21. Price, R. 1-4.
Review of Agricultural Operations in India, 1921-22. Price, R. 1-4.

Proccedings of the Board of Agriculture in India, held at Pusa on the 13th Feb: o
ing days (with Appendices). Price, R. 1. ’ ebruazy, 1922, and follow-

Report of the Proceedings of the Fifth Entomological Meeting, held —
1923, (In the press.) : b g, beld at Pusa on 5th—10th February,

1



Vo,

Vol,

Vol

Vol.

Vol.

Vol.

Vol.

Vol.

Val.

Vol.

Val.

Vol.

Vol.

Vol

Vol.

Vol.

Vol.

MEMOIRS OF THE DEPARTMENT OF AGRICULTURE IN INDIA

X1, No. VII.
X1, No, VIIIL
XI, No. IX.
XI, No. X.
X1, No. 1
XII, No. LI
XI1, No. 1II.
V1, No. I
vi. No. 1L
VI, No. IilL
vl, Nos. 1V
& V.
Vi, No. VL
Vi, No. VI

Vi, No. VI1L

Vi, No.
Vif, No.

Vil, No.

i

1L

i

Botanical Series

Correlation of Colour Characters in Rice, by G. P. Hroror, M.4., B.8C
Price, R. 1-4 or 1c. 84,

The Inheritance of Characters irr Rice, 11, by ¥. R. PARNELL, M.A., Ag. Dip.
(Cantab.), with the assistance of G. N. Rancaswamr Avvanaagr, B.A, K.
Ramrad, rL.ag.,, snd C. R. Sminivass AYYANGAR, L.Ag, Price, R. 1.4
or ls, 8d.

A Now Ginger Discase in Godavari District, by S, SUNDARARAMAN, M.A. Price,
R. 1 or 1s. 44.

Helmintkosporium spp. on Cereals and Sugarcanc in India, Part 1. Discascs
of Zea Mays and Sorghum vulgnre caused by specios of Helminthosporium,
by Maworansan Mrrra, m.sc. DPrice, R. 1 or Is. 4d.

The Wheats of Bihar and Orissa, by ALBERT HOWARD, C.L.i., M.A., GABRIELLE
L. C. HowARD, M.4, and ABbUR Rauman Kuax, Prico, As. 8 or 9.

I.—History of the operations against Bud-rot of Palms in South Tndin. 11—
Tnoculation Yxperiments with Phytophthore palmivore Butl. on Borassus
flabellifer Linn. and Cocos nucifera Linn., by W. MORAE, M.A., B.SC.
Price, R. 1.4 or %3,

Studies in Inheriianco in Cotton, 1. History of a Cross between G. herbaceum
and Q. neglecti m, by G L. KorTur, M.ag.  Price, R, 1-4 or 1s, 94,

Chemical Series

[nvestigations on Indian Opium, No. 1. Non-environmental Factors influcne-
ing the Alkaloidal Content and Yield of Latex from the Opium Poppy
{Papaver somniferum), by Hanoup B. Axxgry, p.ge. (Lond), r.1.0, M.8.E.AC.,
Hany Das Spy, mse., and HAR DavAL SiNgE, B.se. Price, R. 1-8 or 2a.

Tnvestigations on Indian Opium, No.2. The Effcct of Non-onvironmental Factors
on the Alkaloidal Conteut and Yield of Latox from the Opium Poppy (Papaver
sommiferim) and the bearings of the work on the functions of kaloids in
Plant Life, by Haronp E. ANNrTT, D.8C. {Lond.), r.1.c., M.8.E.4.0. Price,

Rs. 2 or 2s. Yd.

Studies in Soil Moisture, Part 1, by B. H. WiLsnoy, .a. (Oxon.), 1.8.8. Price,
. 1-8 or 2s.

Variations in some Characteristios of the Fat of Bni’{a.lo .qnd Cow Milk w.it,h
chanes in Season »nd Feeding ; 'The Mutual Applicability of the Analytical
l«‘igu;os for Butter Fat and Gheo, by I. J. PLYMEN, A.0.G.I, and A. R.
PanMANABHA AT¥sR, B.A, Price, As. 12 or 1s, 3d.

Tuvestigations on Indian Opium, No. 3. Studies in the Meconic Acid Contont
of Indian Opium, by IlazoLp £. AxNEry, D.C (Lond.), 7.LO., M.S.E.A.0.,
and Marnura Natir Bosp, M. Prico, As. 6or 64

Chomical Studies on Safflower Soed and its Germination, by V. A, TAMAANE,
aLst., M.ag  Price, As. 10 or 1s.

Note on the Permanent Manarial Plota, Coimbatore, by RoLaNp V. Noggis,
p.sc. Prico, R. 14 or 13, od.

A Note on the Hydrocyanic Acid in the Burma Bean (Phaseolus lunatus, sp.),
by . J. WARTH, M.5C., B.SC. Prico, As. 12 or 1.

Studics of an Acid Soil in Assam, 1L, by A. A MEGGITT, B.SO.
1a.

A Preliminary Note on the Docomposition of
Indian Soils, by Rovaxop V. NORRIS, D.SC., ¥
RaMASWAMI AYYAR, L.Ag. ([n the press.)

Price, 8. 12 or

('alcium Cyanamido in South
1., B Viswaxanr and GV

Vol.
Vol.

Vol.

Vol.

Vol,
Vol

Vol.

Vol.

Vol.

Vol.

Vol

Entomological Series

VII, No. VL Life-histories of Indian Insects. Diptera : Sphryracephala learseiana, Westw.,

by 8. K. Sex, n.sc. Price, As. 12 or ls.

Vil, Nos. VII New and Rare Indian Odonata in the Pusa Collection; Furthor Notes on

& VIIX Rhinocypha Larve, by Mzjor F. C, FRaSER, LM.s. Price, R. 1-4 or 1s. 8d.

V1L, §o. IX. Notes on lndian Dipters, by RoNaLD SxtonWers, r.Es. Price, R. 1-12 o

2s. 3d.

VIL No.  X. Platyedra gossypiclla, Saund., Pink Boll-Worm i South India, 1920-21, by

VII, No. XL

E. BaLuawp, B.A., ¥.E.S. Price, As. 12 or s,
Studies in Indian Domnaptera, by Moraan Hesarp. Price, R. 14 or Is. 94

Vn, No. XII. Jurther Notes on Pempheres afinis, Bst. (The Cotton Stem Woevil), by E.

BavLcarp, B.A, v.E8. Price, R. 1 or Is. 4d

Vi, No. XIII.  An Account of Experiments on the Control of Siya (Schanobius) incerfellus in

the Godavari Delba, by E. BALLARD, B.A., F.B.8. Price, As. 14 or 1ls. 4d.

VIIL Nos. I, Il Hydrophilidee of India, by A. p'OrcHYMONT ; An Annotated List of Ichneu-

& 111 monid® in the Pusa Collection, by G. R. Durr, B.a.; A Sccond Note on
Odonata in bhe Pusa Collection, by Masor F. C. Frasgr. Prico, R. 1 or 1s. 64.

VIII, No. 1V. Notes on Indian Muscide, by R. SExtor-WHITE, ¥.E.8. Price As. 12 or ls,

Veterinary Series

11, No, IV. Stadiesin Rinderpest, by W. A. Poor, M.r.c.v.8.,, and T. M, DoyLz, 5.R.0.V.9

Price, R. 1 or Ls. 4d.

111, No. V. REtiology of Equine Contagious Aborfion in India, by T. M. DovLy, r.RC.V.8.

Price, As. 8 or 9d.

BULLETINS ISSUED BY THE AGRICULTURAL RESEARCH INSTITUTE,

. 116,

. 117,
. 118.
. 119,
120.
. 121

. 122

. 123,

. 124,

PUSA

A Survey of the Indian Poppy-growing Districts for Morphine Content of the Opiu '
duced, by H. E. AxyErT, D.8¢. (Lond.), r.1.0,, M.5.E.A.0., Hart Das Sgx, S{_ST l{::,od
Har DavaL Sineg, B.Sc. Price, As. 2. ’

Exxeri?:nents with Castor Sced Couducted at Sabour, by C. Somers Tavror, B.A. Price,
s. 3.

The Saving of Irrigation Water in Wheat Growing, by ALBERT HOWARD, C.LE., M.A., and
GaprigrLE L. C. Howarp, M.a.  Price, As. 4.

The Agricultural Development of Baluchistan, by Aupear Howarp, C.LE., M.A., and
CasrigLLE L. C. Howarp, M.A,  Price, As. 6,

The Serum Simultaneous Method of Inoculation against Rinderpest, by W. A. P
M.B.C.V.S. Price, As. 2. (Out of print) P y ook

Notes on Contagious Abortion in Pony and Donkey Mares, by R. BRANFORD, M.R.C.V.8.
and T. M. DovcE, r.R.C.V.8. Price, As. 5. ?

Pusa 12 and Pusa 4 in the Central Circle of the United Provinces, by B. C. Borr, M.B.B.,
B.Sc., ¥.0.8,, ALBERT HOWARD, C.1.E.,, M.a., and GaBRIELLE L. €. HOWARD, M.A.
Prico, As, 11.

The Bundelkhand Cottons. Experiments in their Improvement by Pure Line Selection,
by B. C. Buxr, M.B.E., B.SC,, $.C.S., and NizaMmunuiN Hawgr  Price, As. 4,

Suiiower Oil, by ALsert Howaun, c.1.E, M.A, apd J. Sriwant RrmiNgroN, Price,
8. 4,
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BULLETINS ISSUED BY THE AGRICULTY

No.

. 125.
. 126.

. 127,
. 128,
. 129,

. 130.
. 131,
. 132,

. 133.

. 134,
. 135,
. 136,
. 137.
. 138.
. 139,
. 140.
. 141,

. 142,
. 143,
. 144,

. 148,

. 146,

. 147

. 148.

. 149,

151,

RAL g
PUSA—conclg, = ESRAROH INNTITULE,
The Weevil Fauna of South India wj i '

ance, by T. V. RamaRrisaN, Av;tllns,p:??l ;eferenoe
Cawnpore-American Cotton, IL Further F" o

Market Organization, by B. C. Borr, M.B}n B.S¢
The Coconut Bleeding Disease, by S. SUNDARAR,AM;R.’ o8 Pr
Helminthosporium Disease of Paddy, by §. SUNDARAE’::,'A' Price, A, 8,
Thve.Prepa,ration of Anti-rinderpest Serum using AnimA:, u-A, Price, A, 9

irus Producers, by W. A. Poor, M.r.0.v.8., and T M Bg;’f Moderate .nm; tibilit
- M. LR, 5.8,0,v.p ptibility as

Feeding Experiments at Government Cat . 8.
and E. SEWELL, M.0., M.R.0.V.8. Pri:eles.Fgrm' Hissar, by R, Bmkr;ﬂoe’ As. 12.

An Entomologist’s Crop Pest Calendar for the Madras P

to
s P.2Z.8, lp';::?o

of Economic 1mport-
o Tridls (1914 g0 4.

s

) Spinni et
“f' A[:r:mg Trials and

D, M,R.C,V.8.,

AYYAR, B.A, F.E.S.,, F.%.S. Price, As. 2. residency, by T, V. Rauaga
Report of Campaign against Spodopters mauritia, Boisd Noctyi e
BALLARD, B.A., F.E.8. Price, Ag. 2. - (Noctuide) in Malabar, by |
r, by E.

Results of Investigation of Bionomics of Platyedra i
togetber with some notes on Earias insulanz and "g“}’gglaﬁ Saunders, in Bouth Ingj
N ’ 18,

Price, As. b. y E. Baltanp, y, india
Supplementary Observations on Borers in Sugarc i v
Price, As. 6. garcane, Rice, eto,, by ¢, Guosg, 5 ,

s B.A,,

Some Observations on the Control of Field Rats in th 3
and Hey Sixon Pruran, m.se.  Price, A. 1. (Out o? ;?zg%b' by M. A, Hussarx .
d . ’ ol y

The Hydrogen Ion Concentrations of some Indian Soil ;
ATKINS, 0.B.E., SC.D., F.L.0. Price, As. 4. s and Plant Juioss, by w. R, G

Note on the Probability of an Inter-relation hetween the Length of i
the Fibre in some forms of tho genus Gossypium, by Ram I.’RgABA%. thgriizg?: an that of

Methods of Examination of Certain Characters in Cotton, by G
Price, As. 8. '

List of Publications of Indian Entomology, 1920-21 (compiled b :
logist). Price, R. L. (compiled by tho Impoerial Entome.

The Detormination of Prussic Acid in Burma Beans (Phaseolus lunatu imi
Noto), by J. Caarrrox, B.so. Prico, As. 3. ) (thmm“y

Comparative Manurial Value of tho whole Plants and the differont parts of Gr
by N. V. JosHI, B.A., M.80C., L.AZ. Price, As. 6. P oon Manuros,

The Cultivation of Lac in the Plains of India, by C. 8. Misra, B.A. Price, R. 1-8,

Ber (Zizyphus jijuba) Fruit and ite Vly Pest, by J. L. KiaRE, m.u5. Price, As. 6.

Observations on the Morphology and Life-cycle of Fdaria recondila Grassi, by M. Anant
Nara¥AN Rao. DPrice, As. 6.

Some Observations on the Batron Soils of Lower Bari Doab Colony in tho Punjab, by S.
M. Nasir. Price, As. 3.

The Provention of Nuisances caused by tho Parboiling of Paddy, by J. Cuarrron, B.sc.,
A.L.c. Price, As. 5.

List of Publications on Indian Entomology, 1922, compiled by tho Imperial Lntomolo-
gist. Price, As. 7.

The Relative Responsibility of Physical Heat and Micro-organisms for the Hol Wealher
Rotting of Potatoes in Wostern India, by 8. L. AsreEras, mA. DPrice, 48, 5.

A Study of the Factors Oporative in the value of Green Manure, by B. 1. Wnispon,
B.A., LES., D K. LANDER, M.A., D.SC., A.LC., and M. Mukanp Lan. Pricee, As. 5.

R. Hiwson, B.gq.

The Improvement of Fodder and Forage in India (Papers road Lefore a joint meoting
of tho sections of Agriculture and Botany, Indian Science Congress, 1923), cdited by
GaBRIELLE L. C. Howarp, m.a. Price, As. 6.

A Method for the Accurate Detormination of Carbonic Acid present as Carbonato in Soils,
by PaaNI BHUSAN SANYAL, M.So. Price, As. 2.




INDIGO PUBLICATIONS

No. 1L Thlé))nNatuIr: of Changes Ocourring in the Indigo Steeping Vat, by W, A, Davig, B.50., A.0.G.L
ioe, R. 1-10.
No. 12, Indigo Experiments, 1922. (1) The effect on produce when vat liquor is allowed to stend
in the hoating vat and heating is delayed. (2) The effect of neutralizing the liquor with
caustio soda before baating, by J. H. Warrow, M.A., M.80. Price, As, 4.

BOOKS

Wheat in Indis, by Ausma® HOWARD, M.A., A.B.0.8,, F.L.9.; and GiogIsius L. 0. Howamp, M.a,
288 pp. Price, Ra. 8 or 7Ts, 6d.

A Deseription of the Tmperial Bacteriologioal Laboratory, Muktesar: Its Work and Products, by
Maom J. D. E. HoLMEs, M.A., D.S0., M.B.0.V.S. Price, As. 8 or 9.

Agrioulture in Indis, by JaMrs MACKENNA, M.A., 1.0.8. Price, As. 4 or 5d.
Some Diseases of Qattle in India. A Handbook for Stock-owners. Price, As. 8 or 94.

The Importance of Bacterial Aotion in Indigo manufacture, by 0. M. Hyrominsow, B.4. Price,
As. 2 or 34. )

Report on the Diseases of Silkkworms in Indis, by A. PRINGLE JAMESOR, D.so. Price, Ra. 3.
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