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(Received for publication on the 18th August 1932)

INTRODUOTION.

The Sriniketan Farm-is situated in the Birbhum district of Bengal, at a
distance of about 1} mile from Bolpur station of the E.I. Railway. Paddy and
potato form two of the staple crops of thislocality. On account of their economic
importance these two crops were selected by the authorities of the Department of
Rural Reconstruction of the Visvabharati for a preliminary expenment in 1931
Owing to limited financial resources it was decided to restrict the size of the fields to
two bighas and one bigha (3 and } acre) for paddy and potato respectively.

The experimental fields were laid out on virgin soil and the experiments were
conducted by Messrs. Hashim Ali, Santosh Behari Bose, and Visvanath Chatterjee
under the general direction of Mr. Gour Gopal Ghosh,

Fisher’s method of Randomized Blocks was used in designing the lay-out
which was prepared in the Statistical Laboratory of the Presidency College. The

statistical analyis was carried out by Mr. Subhendu Sekhar Bose and other
workers of the same laboratory.

Pappy.

The Sriniketan Farm lies in a raised undulating country with a sandy soil and
a sub-soil of red laterite, The soil is very poor in organic matter, and has little
retentive power. Climatic conditions are comparatively dry for Bengal, the
normal rainfall in this region being about 50 in. per year of which 39 in.
fall during the monsoon months of Juue, July, August, and September. The
monthly distribution is given below in Table R. The soil is of the kind usually
called “high poor ” land for paddy.
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TasLe R.
Normal rainfall in Bolpur in tnches,
Januery .+ . . 01"«11.1 Juy . . . . . ll"}4
February . 072 Augut;t . e e 1074
March. . . . . 098 September . . . . 800
April . 8 S ) . 106 Qotober . . . . 332
May . . . . . 384 November . . . . 055
Jwme . . . . . 943 December . . . . 0-06

Varieties.—Much of the land in the Birbhum district belongs to this “high
pour ” type. But large tracts of “medium ” and * low” lands also occur in the
same district. In fact, such lands exist in the immediate neighbourhood of the
Sriniketan Farm, For the preliminary experiment it was, therefore, decided to
try 3 varieties specially suited for these three types of land.

Red Aus is an early variety mostly grown on * high poor ” land. On account
of its early character it is largely used for actuai consumption in the villages when
the supply of paddy runs low. It also leaves sufficient time (and moisture in the
soil) to enable a rabi crop being grown on the same field.

Kashiphul is grown on “ medium * land, and is a comparatively late varicty.
The yield is higher, and the quality of the grain much better than Red Aus. It is
usually grown on much better land, and a second crop of potato or onion is
usually taken from the same field.

Dudkalma is a late, high-yielding variety grown on “low” land. The grains
are fine and fetch higher prices than either Red Aus or Kashiphul, and are usually
exported from the villages for outside sale.

Manures.—Owing to the virgin character of the soil cow-dung was applied
heavily to all the plots at the rate of 10 baskets (1 basket =20 secrs) per plot of
39 ft. X 12 ft. or 165 mds. per bigha or 464 mds. (1666 tons) per acre.

Two fertilizers were tried. Ammophos was applied at the rate of 4 ch. per plot
or 6 seers and 12 chittacks per bigha or 40°5 Ibs. per acre at the time of pudding
on the 25th and 26th July, 1931.

Sulphate of ammonia was given a8 a top dressing at the rate of 3 ck. per plot,
i.c., Baecers 1 ch. per bigha or 15 seers 3 ch. per acre at the time of hoeing on the 1st
and 2nd September.

The size of the field for the paddy experiment was about 2 bighas or § acre.

It was divided into 6 blocks each consisting of 9 plots of size 39 ft. X 12 ft. (y'r
bigha or g5 acre each approximately). The 3 varieties with 3 manures (including 1
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control) were distributed ut random within each block, so that each treatment with
each variety was replicated 6 times. Details are shown in Table L.

TaBLE I
Paddy experiment in Bolpur 1931-32.  Yield of grain in chattaks per plot of ¢ bigha,
Treatment 1 I oI v v Vi Total

Ammophos. . 112 128 118 128 92 162 130

Red Aus < Amon, sulph. . 168 116 144 100 100 80 708
Control . . 108 84 68 158 168 128 698

Ammophos. . 112 8l 108 96 83 48 498

Kashiphul 4 Amon. sulph. . 61 98 58 86 65 08 406
Control . . 07 88 92 80 99 60 520

Ammophos, . 134 112 116 114 101 128 708

Dudkalma { Amon. sulph, . 125 106 110 102 56 110 609
Control . . 62 60 99 90 58 87 456

Total . 917 871 913 952 780 897 6,390

Progress of the experiment.—The field was prepared aad laid out in June just
before the break of the monsoon. As no experiment with fertilizers had been
carried out in this field so far, there was no question of any residual effects from
previous season,

The dates of various operations are given below.

Tasie 11,
Dates of operations,

Oporation Red Aus ' Kashiphul I Dudkalmn
1. Bowing . . . . 15th June 15th June 20th June
2. Transplanting . .« .| 25th July snd 26th July (all variotics)
3. Ammophos . . . ” ”» " ”»
4, Amon. suiphate . s 1st September ,,  2nd September ”
8. Weeding and hoeing . 1st, 2nd and 3rd September »
6. Flowering. .« .« .| 26th September 24th September 3ed November
Y, Harvesting . . . 31st Ootober 16th November 7:)1;rnnd 8th Deceme
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The yield of grain in each plot is shown in figures in Table I,
The analysis of variance is given in Table IIL
Tasre I1I,
Aralysis of variance.
D
_ °g:°°' S:;n Reaw goats Standard 3 Log, (mean
freedom squares deviation square)
Varisties o e 2 11867 5033-60 7703 43442
Manuwres . . . 3 1879 93950 3065 34227
Differential response of 4 3808 95160 3085 34290
varieties to manures
Treatment . . . 8 17552 219400 46:84
Blocks . . . 5 2670 634-00 2311
Erors . . . . 40 22574 56435 2376 31678
Total . 53 42796 807+47 2842

We find that the mean variance for fluctuations between blocks ” is 53400
against a residual varlance of 564'35. It is clear, therefore, that the division iato
“ blocks ** has not helped in any way in eliminating the effect of soil hetero-
geneity. It is possible that the variations in fertility in different portions of the
field are not systematic.

We may now proceed with Fisher’s z-test of significance for comparison of the
different variances.

Let S, and S, be the two variances under comparison. Then “Z ™ is defined
to be } (loge S;3—logs S,?) where the logarithms are natural, u.e., calculated to
the base “e ™. These values are given in the last columu of Table IIL

For example for * varietal ”’ differences we have log. 5933'5=8'6884 and for

residual errors loge 664':35=6-3356 ; so that the difference of the natural logarithms
is 2'3528, and ‘ Z’is given by half the difference or 1'1764. 1t will be noticed
that the two variances are based on2 and 40 degress of freedom respectively.

In the same way we obtain the value of ¢ Z’ (and the corresponding degrees of

freedom) for “ manurial  differences, as well as for the ¢ differential action of
manures,”
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TaBLE 1V,
Values of  Z°.
™ mn Obsorved | Expected 6 per
Vulety . . . . . 2 40 1°1764 0°5866
Mmm . . [] . . 2 40 0‘2549 0-5866
Differential response . . 4 40 02612 04789

The observed values of ‘z’ are shown in Table IV. We can easily find the
corresponding critical values from Fisher’s Table VI (Statistical Methods for
Research Workers, 1932, p. 224-21).  For example, for #,=2 and n,=40. we notice
that the other critical values of ‘¢’ are obtained in the same way, and showa in
column 5 of Table IV.

For varietal trialsthe 5 per cent. value of 2 *="5866. This implies, that. in
case the varietal differences are really nil, the ohserved value of ‘2z will exceed ‘586
only once in twenty trials. But the obscrved valueis 11764 T hat is, the odds
are more than 20 to 1 in favour of the varietal differences being real.

It will be noticed, however, that the “ manurial” or “ differential” cflocts
cennot ‘be considered significant. Full details of the diffcrent effects are given in
Tables V-VII.

TaBLE V.,
Mean yield of different varieties of paddy.

Chaltaks per plot | Maunds por bigha]  1bs. per acre, Per cont.
RedAus . .« .+ . 1187 673 137989 1183
Kashiphal . . . . 824 3-99 957°90 833
Dudkalma . . . . 083 476 114274 984
Mean + .« .« . . 99'8 4:83 116018 1000
8E. . .« .+ . . 56 0-27 85°10 60

Itf is clear from Table V that in the “ high poor ” land of Sriniketan Farm
the yield of Red Aus comes out best, while Kashlphul is distinctly the worst.
The difference between Red Aus and Kashiphul is 35'3 per cent., between
Red Aus and Dudkalma 204 per cent., and between Dudkalma and Kashiphul
159 per cent., while the effective precision of the experiment is given by a
standard error of 60 per cent. for a single mean based on 18 replications.
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TaBLE VI.
Mean yield of paddy for different manurial treatments,
Chattak Yield in mds.
per 2 bigha ;or bigha Lbs. per acre Per cent.
Ammophos o . . . 107:4 520 12486 1080
Ammonium sulphate . . 991 480 1162:0 990
Control (No manure) . 930 4'50 10811 930
Mean . . . . . 098 483 1160-2 100°0
So E- . . . . . 5'6 027 651 60

The effect of manures is not generally significant. Table VI shows, however,
that the difference between ammophos and the control (no fertilizer) is quite large
being 144 per cent. with a standard error of 6°0 per cent. This difference is sug-
gestive, but the effect of sulphate of ammonia is inappreciable.

Tasie VIL
Mean yield in chattaks per plot of 4 bigha.

Ammophos A?‘ﬁ‘ ;ﬁ’;?;j Control Mean
Red aus o e e e 121-6 1180 1163 1187
Kashiphul o+ « . . 83-0 778 867 82-4
Dudlalma . o . . 117°5 1015 76:0 933
Mean o . . . . 1074 99°1 930 49-8

Standard error of mean of 6 plots=9-7,

Finally Table VII shows the full analysis for each variety and each manure,
The effect of fertilizers is entirely negligible in the case of both red aus and kaskiphul.
Dudkalma, however, appeare to show a definite response to sulphate of ammonia,
and an increased response to ammophos. This resultis interesting; dudkalna
vhich requires a richer soil, appears to be able to derive a certain amount of addi-
tional nourishment from the chemical fertilizers, This point deserves further
attention.

The results of the experiment may now be summarized. Inthe “high poor ”
land of the Sriniketan Farm, Red Aus appears to do best and Kashiphui worst,
Dudkalma coming between the two. The effect of chemical fertilizers is not quite
c.ear, being generally inappreciable. Dudkalma, however, appcars to show better
results with sulphate of ammonia, and still more so with ammophos.

M
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On the technical side the division into “ blocks ”” did not lead to added preci-
sion owing probably to the variation in soil fertility being unsystematic. The
residual standard deviation is 23-76 chattaks per plot for a mean yield of 99-81
chattaks per plot or a standard deviation of about 23'8 per cent. Thisis very
high and may be compared with a residual standard deviation only 67 per cent.
in the Mandalay Paddy Experiments [1932). Evidently the fertility of the Sri-
niketan field varies very considerably from plot to plot.

The effective precision of comparision is given by a standard error of 56 per
cent. for & single mean based on 18 replications which does not compare very

unfavourably with a standard error of mean of 3'1 per cent. in the 0. P. Rice
Experiments [1931] and 272 per cent. in the Mandalay Rice Experiments.

Poraro.

Like the rice experiment 3 varieties were chosen for the potato experiment,
“Deshi ” is an early variety largely grown in the locality and has good keeping
qualities. “Patna” is a heavy yielding type with a bigger size of potatoes,
“Darjeeling ” is a special variety much favoured for both yield and quality.

The size of the field for the potato experiment was about 1 bigha (} acre). It
was divided into three blocks with 9 plots each of sizo 39 ft. X 12 ft. (3; bigha or 35
acre). The lay-out is shown in Table VIII. This field also like the rice ficld was
virgin soil.

TasLe VIIL

Lay-out and yield of potato experiment. Area of plot =39 ft.X12 ft.=y'; of a bigha
or o5 of an acre (Yield in scers and challaks).

BX AO CY cX AO BY AX CcY BO
6—0 3—-13 6—8 6—4 3—4 5—8 5—2 7—-8 6—0
AY (1):6 BO BO (1)'e AX BY AO CcX
—4 6—6 6—8 5—2 4—2 2—10 4—8 2—8 10—4
0o BY AX AY BX co 0o BX AY
6—2 512 1-3 2—4 4—12 3—14 5—4 4—8 2—-2
A—Darjoeling 0O=No fortilizer
B—Patna Y =DPotassium nitrate

O—Deshi X =Ammonium phosphate



RICE AND POTATO EXPERIMENTS 701

All the plots were treated with cow-dung at the rate of 10 baskets or 20 seers
per plot or 15'5 mds. per bigha, t.e., 16'6 tons per acre. The artificial fertilizers
used were ammophos at the rate of 1 seer 9 chattaks per plot, 4.e., 42 seers 3
chattaks per bigha or 3 mds. 6 seers and 9 chattaks per acre and potassium nitrate
at the rate of 1 seer 14 chattaks per plot or 1 md. 10 seers and 10 chattaks per
bigha, or 3 mds. 31 seers and 14 chattaks per acre.

The seeds were sown on the 14th and 15th November, 1931, at a distance of
9 in. in rows placed 1 ft.9in. from one another. The chemical fertilizers were
applied and earthed on the 25th and 26th December. ‘“Deshi” and  Patna
varieties were harvested from the 3rd to the 5th February 1932, and the
* Darjeeling” variety as late as the 23rd March owing to the late development of the
tubers. The actual yield in seers and chattaks are given for each plot in Table VIII,

One most important to be noted in this experiment was the complete absence
of artificial irrigation. Rainfall was also scanty, the actual amount being n1l in
December and January.

The analysis of variance is given in Table IX,

TaBLE IX.
Analysis of variance (Polato).
Degrees of |\ ¢ squares Mea; S.D | loge (mean
frecdom q HEquare v square)
Varioties « o o . 2 10095 604750 71°0L. I’ 85265
Manures . . . . 2 614 307°00 17:32 57268
Differential response of varie- 4 3443 860:75 29-34 6-7681
ties to manure
Blocks . . . . 2 1374 68700 2621
Eﬂ'on . . . . 16 9123 70°20 23:88 63460
Total . 26 24649 01804 30°79 .o
The ¢ Z ” values are given in Table X,
TasLe X,
Values of « 2"
—_— ny ny Observed f;g:iiﬁ
Variety o . . . . 2 16 1:0928 07788
Manures . : . . o 16 2 0-6194 1:4830
Differential response . . . 4 16 0°4121 05508
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The varietal differences may, therefore, be considered definitely significant,
while the effect of manures is negligible.
The mean yield for each variety is shown in Table XI.
TasLE XI.

Mean yicld of different varieties of potalo.

— o | " higha T | i | Poroemt
Darjeeling . . . . . 482 2:33 560-33 640
Patna . . . . . 864 4'18 100440 1150
Deshi . . . 2 . o1'6 443 106369 1210
Mean . . . . . 764 3656 876°53 100-0
8.E. . . . . . 798 0-38 92:54 110

It is clear that without irrigation, Deshi and Patna are likely to give much
better results than Darjeeling.

Table XII shows the failure of fertilizers in the absence of irrigation.
Ammophos gives slightly better yield, but in view of the magnitude of the standard
error no weight can be attached to the result.

TasLE XII.

Mean yield of potato under different manurial treatments.

Chattaks
_ {wr Mds. per bigha | Lbs. per acre Per cent.
plot

No manure . . . " 706 342 8207 940
Potassium nitrate . . 738 367 85703 980
Ammonium phosphate . . . 819 396 952-09 1030
Mean g P 3 5 . 764 365 87663 1000

S. E. S . . . . 7-96 0-38 9254 110




Table XIII shows full details of the yield.
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TasLE XIII
Mean yield of potatoes in chattaks per plot of ¢ acre.
—_— No manure Pot. nitrate Ammon. phoa.
Darjeeling . - . 510 460 417
Patna . . 840 840 813
Deshi . . . 667 013 1167
8. E.=:13-18,

The effect of fertilizers on “ Darjeeling ” and “ Patna * is if anything harmtul,
while  Deshi *’ appeara to have gained considerable benefit from them,

The division into blocks in this case also does not give any advantage, showing
the patchy or non-systematic character of the soil heterogeneity. This actourts

for a high residual standard deviation of 23-87 chattaks per plot or expressed as a
percentage of the mean yield of 75641 chattaks per plot, a residual variation of 31°7
per cent. This is considerably higher than the residual variation of 23-8 per cent.
found in the case of the paddy experiment.

CoNCLUSION

Both the paddy and potato experiments illustrate a simple method of combin-
ing varietal and manurial trials in the same field. Fisher has emphasized the
importance of such combined experiments. They are not only more efficient in
the sense that they can supply replies to two sets of questions—varietal and
manurial—at the same time, but are also capable of throwing light on the
differential response of varieties to manures which cannot be studied in any
other way.
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