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1. INTRODUCTION

_ Crop rotations play a very vital role in the plant husbandry. Of
late, the importance of suitable crop rotations has been very well
realised and a number of experiments on crop rotations have been
laid out in different parts of the country. In the very nature of
things, the analysis of such experiments is a little complex and pre-
sents novel features. The object of the present paper is to describe
the method of analysis of experiments on crop rotations. The
method is illustrated with the help of data of crop rotation experiments
laid out at. Agricultural Research Stations, Jalgaon (Maharashtra),
Dharwar (Mysore) and Surat (Gujarat) in Kharif under rain-fed
conditions.

2. DESCRIPTION OF THE EXPERIMENTS

The rotations and fertilisers included in all the experiments are
given below :—

(1) Cotton manured with 5 cart-load farm yard manure per
acre every year (C,—Cp,).

(2) Sorghum manured with 5 cart-load farm yard manure per
acre every year (Spu—Sn).

(3) Cotton manured in atlernate years (C—C,).

(4) Sorghum manured in alternate years (S§—Sy)-

(5) Cotton manured — Sorghum (C,,—5S).

(6) Sorghum manured — Groundnut (S,—GN)
(7) Cotton ” — Groundnut (C,—GN)
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(8) Cotton - Groundnut  (C—GN)
(9) Sorghum — Groundnut  (S—GN)
(10) Cotton manured —Sorghum-Groundnut (Cn—S—GN)
(11) Cotton manured — Groundnut-Sorghum (Cr,—GN —S)

The experiment was laid cut in randomised block with 22 plots
each of 22" x 18’ net. There were 6 replicates. After two years of
commencement the experiment was modified and the plots were further
divided into two parts and in one of the part at random phosphorus
was applied at 100 1b P,0; per acre when the groundnut is grown
on it. In the trial at Surat, Groundnut was replaced by pigeon pea
and the experiment was modified after three years of commencement.
After seven years of commencement of experiment, two extra plots
for cotton-pigeonpea mixed with Sorghum rotation were added. At
Dharwar, in 2 Course rotation of Cotton, sorghum, and 3 course
rotation of Cotton, Sorghum and Groundnut, F.Y.M. was applied
to Sorghum in place of Cotton. At Jalgaon, the data were available
from 1949-50 to 1959-60, at Dharwar from 1948-49 to 1962-63 and.
at Surat from 1948-49 to 1960-1961. Further, the data for divided
parts were recorded only for legumes at Jalgaon and Surat and for
all the crops at Dharwar.

3. METHODS OF ANALYSIS

In such experiments, the analysis of data consists of (a) analy-
sis of total of each plot over years, (D) combined analysis of data
for individual years to.bring out the interaction component of rota-
tions with years.

Consider the arrangements of -cotton plots given in Table I
as a two way classification in years and plots the number of obser-
vation is each cell is either one or zero. The model for the analysis
is.

Zp=p+pit+reten

where Z; be the yield of jth plot in kth year, p is the general
mean, p; and y;, are the effect of jth plot and kth year respectively
and e be the random error. Applying the principle of least squares,
the estimate of p, (eliminating ‘y*) (Kempthorne, 1951) obtained by
solving the normal equation is
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TABLE 1
Arrangements of Cotton plots—Jalgaon

1 2 3 4 5 6 7 PéOtSQ 10 11 12 13 14 15
~1CpCp C Cpp — Cp — C — Cpp —~ — Cp — —
Preliminary Years

0¢, ¢ Cp — Cpp — Cyp — C — — Cp — — C,
1CyCpn CCp — Cpp — €C — — Cpp —~ — Cp — Y3
2CnC Cp — Cp — Cpp — C Cpp — — Cpu — — Y,
3CnCp CCyp — Cpp — C — — — Cp — — Cp Yy
4CpC Cp— Cp — Cp — C — Cp — — Cpu — ¥,
Years
5CnCs C Cyp — Cpp — C — Cp — — Cpn — — Ys
6ChLC Cp— Cp — Cpp — C — — Cp — — CpYs
7CpnCp C Cp — Cp — C — — Cp — = Cp— T,
8CpnC Cp— Cp — Cpp — C Cpp — — Cp — — Yy
9CpCpp C Cpp — Cp — C — — — Cp — — CpnY,y

Py Py, Py Py Py P P; Pg Py Pyy Py Py P3g Py Py R

n;; be the No. of observations in (Jj, &) cell

Ny =3ny,
k
N-k: En:‘k;
J
N=3Zn;,

-k

These equations are not independant. To obtain a unique solution

the conditions
3p;=0.
J

is imposed. The above equations together with the conditions can
be written in matrix form as

AP=0Q
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A
hence P=A"10

where A be the coefficient matrix of ‘p>. The adjusted sums of
squares due to plots is therefore Q' A~'Q. The sums of squares due
to °y’ (ignoring ‘p’) can be obtained in the usual manner.

If there are r replications the sums of squares due to plots
within replicates can be split into plots and plots X replicates. s.s.

In the present case in the first instance sums of the yields-of
two parts in a plot were considered to study the yields in different
rotations. The effect of phosphorus and its interaction with different
rotations were studied by taking differences in yields of two parts in
a plot and analysed in a manner as indicated above. There will be
four types of comparisons and therefore four different errors. These
are

Comparison Error

(a) comparison of sum of two parts ~ Main plot error
in a plot (mé.in plot) averaged
over year
(b) interaction of main plot with years Main plotX year error

(©) compar_ison of two parts (sub plots)
and interaction of main plots and
sub-plots averaged over years Sub plot error

(d) interaction of sub plots with year ~ Sub plot x year error

There will be correspondingly four components of variances
viz., (@) a part denoted as m, which is constant over year but varies
from main plot to main plot with variance o®n, (b) a part denoted as
m, which varies from year to year within main plot with variance o?,,
(¢) a part denoted as s, which is constant over year but varies from
sub-plot to sub-plot within a main plot with a variance ¢’ and
(d) a part denoted as s,, which varies from year to year within a sub-
plot with a variance 6.

Let (Q' A~1Q),s be the adjusted s.s. due to plots for rth repli-
cate when sums of the two parts were considered and (@' /A\7'Q)y is
a similar s.s. when total of all the replicates were taken. Let
(Q'A"1Q)a and (Q'A'Q)i are the corresponding s.s. when
differences of the two parts were taken. Let ‘p’ and ‘p* be the
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numbers of plots and years in a trial. The analysis of variance is
given in table II. :

TABLE 1I
Analysis of variance for sub-plot.

Source d.f. S.S.
RePlicates (R) r—1
Main plots (adj) (P) p—1 4 $HQ'A1Q)y
RXP '
(Main plot error) (r—1)(p-1) %[%(Q’A_IQ)TS—(Q’/\_IQ)fs]
Years () y—1
RxY (r—1(r-1
PxXY (N—p—y+1)
Main plot X year error | (r—1)(N—p—y+1)

1 N

Sub-plot (S) ! W,E . d?
RxS r—1
Px S (adj.) - p-1 1.(Q'A-1Q) 1y
RxPxS
(Sub plot errror) (r—=D)(p—1) 12[Q A-10) s —(Q' A2Q)a)
YxS§ y—1 ’
RxYxS (r—=D(y=1)
PxYxS (N—p—y+1)

Sub plot X year error - (r=D)(N—p—y+1)

The expectation of error mean squares under null hypothesis
can be obtained as suggested by Abraham and Agarwal 1967. The

expressions of these expectations for Table 1I are
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Error Expectation
Main plot error (N_ o2yt 0my )+( °2sp+°2511)
_ Main plot X }ear error ' ; my+°331/ | |
Sub plot error ;V:ly o25pt+o2sy
Sub plot X year error a¥sy

. In the above analysis d.f. corresponding to main plots (adj.)
can be split into degrees of freedom for comparison of different
rotations and for comparison among various main plots. The latter
can be combined with main plot error. Similarly, the main plot
X sub-plot (adj.) d.f. can be split into d.f. corresponding to rotation
X sub-plot and the remaining d.f. can be combined with sub-plot
error. -

The values of N’s for Table I are
N,. =N,.=N,.=9; N.=Ng.=Ng=5; Nj.=N,.=Ny=4%
N10.=N11.=N]2.=N13.=N!4.=N15.—3 N N.k-—s’ k=],...,g
Zj.=Pj, j=1,..., 15 ) Z'k=Yk; k=1,..., 9
* Substituting the above values in (1) the normal equations to-
gether with conditions 3p;=0 are as follows :

where Yy is the total of ¥’s for the year in which j carries C. The
estimates of p’s can be obtained by inverting the coefficient matrix
and multiplying the inverted matrix by Q matrix given on right hand
side of above equations.

LONG TERM TRENDS

Trends in the yield values™ produced by repeated growing of
crop on the same plot are also of considerable interest in these
experiments, The estimates of changes in yield can be obtained by
calculating linear regress1ons "of crop ylelds in a rotation on time
and is given by: .

b =2tiyi_; Vi
zti2 —nt?
where ‘b’ be the regression coefficient, #; and y; are the ith year and
the yield in ith year respectively ; # is the mean of fand nis the
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number of year in the experiment. The variance of ‘4’ is (Appendix T)

12 12 n+1 Rt BV
V(b)=n(n‘3—l)':n(n”—l){§ (S(pi)_ 2 T (p’)) }Gp o e:l

where S (p;) and T (p;) are the numerical sum and total number of
time variates on ith plot respectively.

4, EcoNOMICS

A rotation which brings forth the maximum profit to a culti-
vator is considered the best rotation. The economics of various
rotations can be calculated for the estimated yields obtained by
following them at various ranges of prices, If ¥, p; and C; be the
estimated yield, harvest price per unit and cost of cultivation per
unit for ith crop in the rotation and let C,, be the cost of manuring
per unit. Let K be the cycle of the rotation. The net profit per
year will be

F5(G T~ C))—C.
with a s.e. of
1 - -1
7 BV 0V
where V(y;) be the variance of mean yield for ith crop in a rotation.

5. RESULTS.

5.1. Yields. Appendix II gives the analysis of variance for all
the crops in the rotations. The sums of squares due to main plots
are split into sums of squares due to rotations and rest viz. s.s. due
to comparison of various plots. The latter were combined with
main plot error (R XP). Similarly, sums of squares due to main
plot X sub plot interaction are split and combined with sub-plot
error. The estimates of various components of variances are obtained
from the errors so formed. In such cases the mean squares due to
rotations are compared against theortical mean squares obtained from
expected values (Table IIT) with appropriate degrees of freedom n,
(Cochran, 1951).

Yields of cotton and sorghum in different rotations were
differing significantly. However, the yield of pigeon pea (legume)
at Surat in different rotations were also significant.




TABLE 11, Analysis of variance (splitting of s.s. due to main plots and its interaction with sub-plots)

Cotton
n
Place Source d. f. m.s. s. Thea. m, s. s. F. n, Exy, m. s. s,
Rotation (R1.) 6 17568 3:09 56:8** 574 530 o2, + o2,
y Main plot error 78 302 — —_ —_ 444 o2, 4 o2,
A Sorghum
L Rotation (Rt.) 6 37626 2010 12:5%* 67°1 530 o2, + o2,
G Main plot error 78 2712 —_ — — 444 o2, + o2,
A
Groundnut
o
Ratation (Rt.) 5 856 870 _ 16'6 404 0%, + o2
N Main plot error 73 460 — — — 34502, 4 o2,
Rt. X Sub-plot 5 1-37 2:06 - - 404 o2y 4 o2y
Sub-plot error 73 1-94 - - —_— 345 o2, + o2y

SOILSILVIS TVINLINONOV 40 XLAIDO0S NVIONI ZHL 40 TVNHENOL #§



TABLE IIl. (contd.)

Place Source d f. . 8. 8. Thea. m., s, s. F. n, Exp. m. s. s.
Cotton
Rotation (Rt.) 7 22040 831 26-5%* 835 482 o2, 4 o2,
Main plot error 89 7°27 — — — 409 o2, 4+ o2,
S. Sorghum
u Rotation (Rt.) 7 312-42 12:80  24.4%+ 710 482 o2, L o2,
R Main plot error 89 1214 — — —_ 409 o2, 4 o2, o
A Pigeon pea
T Rotation (Rt.) 5 11°56 170 68 602 404 o2, + of,
Main plot error 73 118 — — — 345 o2, 4 o2,
Rt. x Sub-plot 5 076 046 16 12:2 404 o2, + o2y
Sub plot error 73 010 — — — 345 o2, 4+ o2,

NOILVLIOY dO¥D NO SINFWINAdXd 4O SISXTYNY
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TABLE 1ll. (conid.)

‘Place Sourc e d. f. m. s. §. Thea: m. s. s. F. Na Exp. m. s- 5.
Cotton
Rotation (Rt.) 6 55:21 3302 17 609 649 o2, + o2,
Main plot error 64 22:82 — — — 541 o2, 4 o2,
Rt. X Sub-plot 6 16'63 30°21 — 610 649 0%, + oy
P Sub-plot error 64 1947 — — — 541 o, + o2,
H Sorghum
A Rotationl l(Rt.) 6 88239 10701 8:2%+ 631 649 o2, + o2,
R Main plot error 64 10674 — — — 541 o2, + o2,
. Rt. X Sub-plot 6 1:56 13-45 — 59'6 649 o2, | o2,
w Sub-plot error 64 854 — — — 541 o2, + o2y
A Groundhut
R :
Rotation (Rt,) 5 127:61 112-87 1'1 54'5 494 o2, 4 o2,
Main plot error 60 44-64 — —_ —_ 417 o2, + o2,
Rt. X Sub-plot 5 2-84 3-95 —_ 499 494 o2, 4 o2,
Sub-plot error 60 401 — — — 417 o2y, + o2y,
b o o Y | e
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TABLE IV
Mean yield and S.E.’s in kg|ha.

Crop
Rotation

Con— Cn

C—Cun

Sm—Sm

Sm—S

Cn—S

C—GN

Jalgaon (Kharif) Maharashtra

Dharwar (Kharif) Mysore

Surat (Kharif) Gujarat

Cotton Sorghum | Groundnut Cotton Sorghum | Groundnut Cotton Sorghum | Pigeon Pea
44765 —_ — 45527 — —_ 37340 — .
(15-62) — —_ (6852) — —_ (24°77) —_ —_—
440°77 — — 425'96 — — 348:59 — —
(11°50) — — (48-46) — — (35-03) — —

— 1145-84 — —_ 1301:70 —_ —_ 53461 —

— (48:29) — — (127-45) — —_ (26-96) —

— 1015+59 — — 103682 _ — 46751 —

— (34-86) — — (90-13) — — (38-31) —
45202 1138-20 —_ 629°74 1234-54 — 47502 567'95 —
(14+58) (38-73) — (50-46) (91'46) — (18-44) (23°48) —
603-71 — 759-98 49919 — 1365°66 50151 —_ 27976
(14°58) - (25-88) (50-46) — (92°17) (18+44) — (1827)

NOILVIOY dO¥) NO SINFWI¥ddXd 4O SISAVYNYV
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Jalgaon (Kharif) Maharashira

Dharwar (Kharif) Mysore

Surat (Kharif) Gujarat
Crop
Roration i . .
’ Cotton | Sorghum | Groundnut Cotton Sorghum | Groundnur | Cotton Sorghum | Pigeon Pea
Cin—G. N. 673-16 — 76974 552:05 —_ 138146 538-96 — 309-14
R (1458) - (25-88) (50°46) — (92:17) (18°44) — (18-27)
$ ~G-N, - 1354°43 799-42 — 1481-68 135556 — 64144 | 32407
— (3873) (25'88) — (91-46) (92'17) — (2348) | (18-27)
S —-GN — 135376 820°25 —_ 1708:06 1378-88 — 73642 338-38
s — (38'73) | (25.88) — (91°46) (92:17) — (23-48) (18-27)
Con S—GN{ 651'15 1130'53 790 64 61709 142506 1517°57 57964 552:73 366-89
(14-20) (3+77) | (2230 {42-44) (75+76) (79-94) (1579) (22-20) (1562)
Cn—GN—S} 45587 1237-39 801-07 478-96 197471 1682:02 51615 719'14 33813
T (14:20) (3477) | (22'35) (42:44) (75-76) (79°91) (1579) (22-20) (15:62)
C—SPP - — — — — — 33208 89845 94:08
_ — _ _ _ - (19:49) | - (27'68) (19-27)

*At Dharwar in 2 course rotations of cotton, Sorghum and 3 course rotation of Cotton,

applied to sorghum in place of cotton.

**At Surat, groundnut was replaced by pigeon Pea.
) are the S.E,

Fig. in (

B o S o e eafet ook

Sorghum, Groundnut F.Y.M. was
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Table 1V gives the mean yields and S. E.’s in kg/ha for various
crops. Yield of cotton after legume crop was significantly highest
in two and three course rotations. Application of F.Y.M. to cotton
in two course rotation increased its yield at all the centres though
the i Increase was significant at Jalgaon only. For Sorghum similar
results were obtained excepting that application of F.Y.M. to it
gave significant increase in yield at Dharwar only.

5.2.  Effect of pnosphorus applied to legume crops

Table V gives the mean responses to phosphorus applied on
legume crops with their S. E.’s in kg/ha.

TABLE V
Jalgaon Dharwar Surat
Rotation '
Sfollowed
Response S.E. Response S.E. | Kesponse S.E.
C—GN 2:24 24-66. 1 75'77' 6499 —1'65 11-99
Cn—GN 2000 | 2466 8266 | 6499 182 | 1199
S—GN 1317 2466 17776 64-99 3-38 11-99
Sm—GN 893 . 24—'66_ 99-89 64-99 —~-577 11-99
Cpi—S—GN 7742 22:19 170-93 5520 48-55 10°19
Cr—GN—S 4406 22:19 " 135°59 55-20 —2502 10°19

The magnitude of response to phosphorus on legume crops is signi-
ficant when it was included between scotton and sorghum rotation.
It isto be noted that the residual effect of F Y.M. applied to
sorghum and direct effect of phosphorus on legume crops interact
negatively and gives lower response of legume crops

" In Dharwar experiment the yield of spht plots was avallable for
all the three crops. . Therefore, the residual effects of phosphorus
applied to legume crops were studied on the subsequent crops and
are given in table VI.
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A

- TABLE VI

Residual response to phosphorus on cotton and sorgham with their
S.Es in kg{ha— D!arwar,

Cotion Sorghum
Ratation )
Sfollowed ) ) .
Response S.E. Response S.E.

*CR—GN 49,92 96.55 130.62 63.82
CR,,—GN 71.16 96.55 32,70 63.82
C,,—S—GN 36.58 8181 30.18. 55.19
C,,—GN-§ 3.14 81.81 41.83 55,19

*CR indicates either cotton or sorghum.

Phosphorus applied to groundnut gave residual effects on
cotton ‘and sorghum, ‘the magnitude of responses were not
significant. :

FERTILITY

Table VII gives ‘the regression coefficients and their S.E.’s in
kg/ha for various crops. In case of cotton' there was deterioration
in continuous cotton and cotton-groundnut rotation, the magnitude
of decrease was significant at Jalgaon. In case of sorghum there
was significant increase in yield rate for continuous sorghum rotations
at Surat and Jalgaon were as for other sorghum rotation there was
significant appreciation at Jalgaon and deterioration at Dharwar. For
groundnut, at Jalgaon and Dharwar there was deterioration in fertility
‘whereas for pigeon pea at Surat there was significant appreciation in
all the rotatlons exceptmg in cotton-sorghum mixed with pxgeon pea
rotation.

- 5.3. EcoNOMICS®

" The' figures for cost of cultivation’ and cost of manuring with
F.Y.M. used in the present study- were worked out by Panse and Bokil
(1964). The cost of cultivation for pigeon pea was not available, this
was taken equal to’ that of sorghum Thé cost of 40 1b. P,O; at the
rate of Rs. 250 per metric tonne was taken as Rs. 28.35 per ha. The
current harvest prices of crops were taken from “Agriculture Situation
in India, August, 1965.”
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TaABLE VII Regression coefficients and their S.E.’s in kglha.

Crop Jalgaon (Kh.) Maharashira Dharwar (Kh.) Mysore | Surat (Kh.) Gujarat
Rorarions Cotton Sorghum Groundnut Cotion Sorghum | Groundnut Cotton Sorghum | Pigeon-Pea
C—Con —18.21 — — —31-07 — —_ -—9-28 — —

(529) — - (4°75) — — (2°87) — —
C—Cn —19-70 — —_ —31-07 — — —1040 — —
(3-78) — — (3-83) o (2:15) — —
Si—Sm _ 64 88 . f— —-792+98 — — 16 34 —
: — (11:07) — — (472) — — (6'69) —
Sm—S — 5445 — — —65°10 — — 19-85 —
_ (7 80) _ — (3'58) — — (478) —
Gu;—S . 21-58 83-86 — —67:56 --102:33 — —12:89 464 —
(5-29) (11:07) — (4°98) (4-90) — (2:87) (6°69) —
C—GN — 9376 — —1719 — 3824 — 2170 —9-82 — 9-2
(529) — (5:03) (4°98) — (11°50) (287) — (2:63)
Cm—GN | —1449 — -—11'59 —31°93 — —4-44 —421 — 1461
' (529) — (-03) (4°98) — (11-50) (2:87) — (263)
S—GN — 62:39 —20°46 — -—118 60 —4-93 — —19:00 914
— (11-07) (5°03) — (490) (11-50) — (669) (2-63)
Sn—GN - 11575 —28'10 — —109-48 —554 — 4-88 13-19
— (11:07) (5:03) — (4°90) (11-50) — (669) (2:63)
Cp—S—GN| — 085 5755 —20-04 —4722 | -12884 ~-1233 616 828 10:76
(526) (11:58) (5°54) (4-85) (479) (11:44) (2-84) (6°68) (2:61)
Cpn—GN—S 774 6325 —14-57 —27-96 —145-72 --12+33 1-09 —856 911
(5:26) (11°58) (5-54) (4'85) 4'79) (11-44) (2'84) (668) (2:61)
C_-SPP _ — — — — — —3-93 —61'03, —0'99
— — — — —_ — (5'49) (13:13) (5:25)
Figures in ( ) are the S.E.

NOILVIOY d0¥Q NO- SLNHWI¥IdXH 40 SISATVNY
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Table VIIT gives the economics of rotations conducted at
Jalgaon, Dharwar and Surat. The maximum profit was obtained in
two course rotation of cotton or sorghum followed by groundnut or
pigeon pea. Application of F.Y.M. to cotton or sorghum increased
the profit, but the increase was not significant. The profit obtained
for three course rotation stood second. It may be mentioned that at
Surat the common prevalent rotation of cottonsorghum mixed with
pigeon pea gave significantly low profits.

6. SUMMARY

The analysis of experiments on crop rotation involves a number
of steps. In this paper, the details of analysis of such experiments
have been presented with the help of data on crop rotation experi-
ments with cotton, sorghum and a legume crop (groundnut or
pigeon pea). In these expériments failure of crops in some year or
incomplete cycle of rotations disturbed the symmetry in the experi-
ments. The methods of “fitting constants’ were applied considering
the data as two way classification in plots and years. Since phos-
phorus was applied to legume crop in split plot, its direct effect on
legume and residuals on cotton and sorghum were also examined.
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TABLE VIII—Economics of rotations--Jalgaon (J), Dharwar (D), Surat (S)

Harvest prices (Rs./Q)—Cotton 120°15), Sorghum (45°00), Groundnut (123:30), Pigeon pea (46-20) cost. of cultivation (Rs.[ha.)
Cotton (216°12), Sorghum (169-59) Groundnut (191.26) Pigeon pea (169°52)

Mean yieia (Q)/ha
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Rotation Area under Crop. §§ §cq§ s o 'En..':; 5 En.g .
§: EG..i = = :'Q"T‘. E = _:'&‘" & =
So |5 X S < s - S
S8 [Ee%d| € | T [3x%q 2 | S [528¢ £ | S
2 WS~ = ) BénS 9 ONE[ X <]
5 I 52 5804 ¢ = TS € £ p-o3S T &
§ 13| s | § |3 | 5% [Ea0S] s swgdl § | o [swesdl § | I
SIS | & | 85| 5| o5 [Pt~ | 2 g2 S 18 |8gsT 8 | M
S |18 [® S |8]|9% | 35 830y 3 S I S I R P S| v
' 3 SEsa| = S SS8 >
Se [583° S5% S5% | %
M |44 | — | — | 1 | —| — |25329 [ 53827 | 28498 | 19:35 | 604'80 | 351'51 | 21-40| 806-40 | 553-11 | 28:06
Cp—Cm 4(D) |455 | — | — | 1 | — | — | 25329 [ 546:00 | 292:71 |82:22| 61425 | 360°96 |92'46 | 819-00 | 56571 | 8450
S |313| — | — | 1 | —| — |25329 | 448:16 | 19487 | 29:70| 503:55 | 25026 |33:50 | 67140 | 41811 | 44-64
M |44 | — | — | 1 | — | — |23476 | 53827 | 30551 |19:35| 595:35 | 36059 |21-04 | 793-80 | 55904 | 28-06
C,—C 4O |426| — | — | 1 | — | — |23476 | 51120 | 27644 |82:22| 575'10 | 340-34 | 9246 | 765:80 | 532 04 | 8450
(s) |s49| — | — | 1 | —| — |33¢76 | 41932 | 184'56 |4230| 471'15 | 136'40 |47-25 | 62820 | 393'44 | 63-00
Jy | — |1146] — | — | 1 | — |20659 | 495-45 | 288-86 | 22:60 | 49545 | 288:86 | 21-60 | 49545 | 288-86 | 21-60
Sm—Sm 1) | — [1302] — | — | 1 | — |206-59 | 585-99 | 379-31 | 57-15| 585-90 | 379-31 | 57-15| 585-90 | 379 31 | 5715
8y | — |53 — | — | 1 | ~ |20659 | 24075 | 3416 |12:15|240°75 | 3416 | 1:15| 24075 | 3416 | 1215
g | — .| — | — | 1| — |18806 | 436:95 | 246:89 | 2160 | 436:95 | 248:89 | 21-60 | 43605 | 24889 | 2160
Sm—S {( | — [1037| — | — | 1 | — |18806 | 46665 | 278-59 | 5715 | 46665 | 278:59 |57-15| 466'65 | 278:59 | 57'15
(S) — | 468 — | — | 1 | — |18806 | 21060 | 22:5% |17-10 | 210-60 | 22-54 | i7-10 | 21060 | 22'5% |17°10
Ny |452 1198 — | 1 1| — |21141| 52759 | 316118 | 12:60| 56115 | 349-74 | 13-15| 662:85 | 45144 |15 76
Cn—S 34(D) |630 [12:3¢| — | % 3 | — | 211°40 | 655'65 | 444-24 | 4590 | 70290 | 491-50 | 39-80 | 844-65 | 63325 (6616
(S) |475| 568 — | % 1 | — |211-41 ] 413:15 | 201'74 | 12-15| 44882 | 237-01 | 13-48 | 555:30 | 343-89 |17'55
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Rotation

Mean yield (Q)/ha

Area under Crop..

H

P FR
SE STl 8 P
5 el D .
S Ry e > ~.
= S0 g = )
5 SRR
= 3 e~ =& - K
s | sl x| S|E] 35| S8 & &
S 3 < 3 S .= MEEERE Y N .
3 .E" O O 3 C] S5 (8 2] & 5]
S |3 =X | &N 3 “
(o} QW™ ' . .
S® 58"
3| 604 | — | 758] 3 — | 3 203-74 | g28-96 | 625-22 |18'45
C—GN {(D) 499 { — |1366] % — | 1 20374 (115949 | 935+75 | 6426
(Sy| 502 | — | 275| 1 — |z 192:87 | 466-78 | 27398 | 13:05
0673 | — | 768| 1 — | 3 22228 | 87778 | 65550 | 1845
Cp,—GN {(D') 552 | — [1382] 1 — | 1 222-28 |1181-13 | 958-83 |64-26
(S)| 539 | — | 309 1 - | 1 211°41 | 43991 | 228'50 | 13°05
()| — [1354¢| 722 — | 3 | % 180'39 | 749-76 | 569-37 | 1845
—GN (D) — [1482)1330| — | & | % 180-39 |1155:09 | 974'70 | 5203
S)| — | 641 324 — | 1 | L 16952 | 26597 | 9645 | 8'55
M| — [1%54| 820 — | 1 | 3 19893 | 810°18 | 611-25 | 18-45
Sm—GN 4(D)| — [1708{1379| — | I | 1 19893 (1232:38 |1033-45 |52-03
(S)| — | 7:36| 338 A 188 06 | 202'50 | 10444 | 855
(Jy| 651 [ 1131 991 | % 103 20469 | 75548 | 55079 | 1170
Cm—S— GN {(D)| 617 1425|1518 } |3 20469 1082-93 | 878 34 | 38:54
(Sy| 580 | 553 367 1 1 | 1 | 19745 | 40718 | 20973 | 810
(| 456 1237 | 801| 3 Y| o3 21087 | 69739 | 48652 | 11-70
Cp—~GN—8 9(D)| 479 | 1975|1682 1 ¥ 5 204'69 117747 | 972'78 | 3854
(8)| 516 | 719| 338| % ] % 197-45 | 39918 | 201-73 | 810
C—SPP (S)| 332 { 389 | 094 3 303 192-87 | 324°32 | 13145 | 1530

Gross income with price

ratio C: S: GN :~
3:00 : 1:00:

PP ::
341 ; 3'41 (Rs./ha)

98Y-28
1384-89
549-84

1043-52
1432:94
60091

858 60
1353-89
39211

933:80
1442'33
42493

867-20
1267-86
531-67

80046
1372-14
512+9¢

38577

Net Profit (Rs.[ha)

78554

1181-.5

356 97

821-24
121066
223-29

67821
1173-50
22529

73487
1243-30
23687
66251
106317
334°22
589:59
1167-45
31549

192:90

—
.E IQQ
NA,S s
IR
T (523 3
S |EZ8BF| =
] _g ‘\l: -
S 13«88 §
j <™~ Ry
o 298 %
8§39 =
Sg¥
92290 | 884-70 | 680-96
78:52 |106 +-80 | 86006
18-72 | 575-55 | 382 68
92:20 | 951-30 | 729-02
7852 [1118:70 | 896-42
1872 | 62415 | 41274
21-70 | 62055 | 44916
7368 | 93465 | 75426
1510 | 29002 | 12050
2170 | 67365 | 47472
73-68 |1004'85 | 80592
1500 | 317'70 | 129-64
1412 | 79755 | 592-86
46+49 |1039-35 | 83466
11-20 | 54105 | 34360
1412 | 699-45 | 494-76
4649 (1088 25 | 883-56
1120 | 51885 | 32140
2076 | 43065 | 23778

S.E. (Rs.[ha)

17:55
6150
18-48

17-55
61:50
18:48

1455
39-81
9 80

14+55
3981
9-80

12'06
36-59
11-10
12-06
36-59
1i-10

20.59
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ANALYSIS OF EXPERIMENTS ON'CROP ROTATION 45

APPENDIX I

S.E. of regression coefficient.
The regression coefficient ‘b’ of time (£) on yield () is
b=(sty— 1 3y)/(st—n7?) '

The variance of ‘b’ is

V()= s V3047 2 V(3)=27 Cov (3, )],

Let S,(p;) and T,(p)) be sum and number of time variable on ith
plot and n be the total number of time variable in a rotation.
Replacing yield by error specification, viz., y=p-+e we have

V(E)=VI[s Su(p:) - Pi+31:€4]
1 1
=0,23 S (p) 402 T
i .
I
V(Ep)=VIs Tu(ps) - pit2 €]
1 1 Y

6,23 T2 (p)4ned
i i

Cov (3ty, 3y)=Cov [{IESn(Pi) -_pi'*‘ztiGi}{:Tn(.pi) . PH'ZQ}] .
=623 Sa(p). Tu(p)+n 7 o "
i

(a) If ’t’s has common difference unity, then .
n(n?—1)
7

and V(b)=n(n21--2—1)[n(nzl_21{ <S( -2 T,,(pi))z} c,,ﬂ’{cf].

StP—nyi=

If there are ‘s’ replicates then,

V(b): r.n(rl1;z—l)||:n(nzlfl g (S (p)= -2 +1 d Oh)) }Gz’z-*— %2]

(b) If “t’s does not havé common difference, then

g (P)= r.(Etzln 72)[(212—71 7 2){ * (S"(p )= 1 Tu(p) )2}6”.2 +692]




APPENDIX II

Analysis of variance in (Ib/plot)2 for Cotton and Sorghum

Cotton Sorghum
Place Source d. f. Exp. m.s.s
m.s.s. F m.s.s. F
Replicates (R) 5 916 3:4%* 14500 10°39%*
Main plots (P) 14 7868 29°36** 242-52 17-37%*
J R xP 70 2-68 13-96
A .
L . | (Main plot.error) , 45 o,%40,2
G .
A Years (Y) 8 736 16 287-56** 1955-74 164-90%*
o RXY 40 7:08 2:77%* 3664 3-09%*%
N PxY 49 11-08 4:33%* 108-80 Q-] 7%
Main plot X year error 245 2:56 1186 0,2
Replicates (R) 5 20 94 3-74%* 23-31 1-99
Main plots (P) 16 108-91 19:48%* 145-80 12-48%*
RxP 80 539 11-68 525 6,24 0,2
S (Main plot error)
U
Y . 10 726:80 484-53+* 34250 40-68**
X R?gfs R 50 640 4-27%% 23-78 2-82%*
T PxY 68 11°32 7-55%* 2350 9-74%%
Main plot X 340 1-50 842 o,2
Year error
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Place

® > £ "™ > U

) Cotton Sorghum
Source df. ] Exp. m s.s.
m.s.s. F m.s.s. F
Replicates (R) 4 4-58 - 28:62 2-17
Main plots (P) 14 3367 222k % 40675 30°91%*
. -RxP- 56 15'16 n 13-16 - 550 op24-0,2
(Main plot error)
" Years (Y) 10 167°63 ' 31-99% 142518 976 73+
RXY 40 929 1'77%% 7-31 1:42%%
PXY 63 6'_50 1-26%* 25°04 4-86%*
Main plot X rear error 252 524 v 5 15_ 6,2
Sub-plot (S) 1 2-80 — 2210 368
RXS 4 1310 - 1-22 ~
: i ‘
- -PxS 14 17:09 110 601 -
RXPXS 56 15:49 6:92 :
- : 550 0p2-+0gy?
(Sub plot error) ’
© O YxS 10 571 121 2:63 -
. RXYXS 40 5-46 1'16 4+31 143
- PXYXxS 63 428 — 274 _ : —
Sub plot X year etror 252 471 - 3-10 Gy

#xSignificant at 1%
*Significant at 5%
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Contd. 11
Analysis of variance in (Ib[plot)? for legume crops

Jalgaon Groundunt | Surat Pigeon-pea Dharwar Groundnut
~Source d. f. Bstemisss. o dadf. — |.Est.mss. L
m.s.s. F 41.5.S. F m.s.s F
Replicates (R) 5 33-65 9-56%* 5250 | 40 08** 4 3163 —_
Main plots (P) 13 586 166 451 3-44%* 13 1€0-39 9-5GH
Main plot x ercor 63 352 — 1-31 — £ 6240,2 52 3873 — LER NS
Yeais (V) 8 | 41345 | 175°94%% | 4949 | 29°11%* 10 | 113757 | 37-85%*
’ RxY 40 622 2:65%% 12:88 7:58%# 40 3921 1-80%
PxY 32 2:21 — 2:10 124 42 31412 1:04%*
Main plot X year error 160 2-35 — 170 — 6,2 168 30:05 — 62
-plot (S 1 819 4-20%* 024 3-:00 1 217-61 36°57%%
Sub-p OR(x)S 5 2:07 106 0-34 4-88* 4 462 —
P xS (Adj.) 13 1 69 - 044 5-50%* 13 5-05 1:53%
- 65 1-95 — 0-08 — £55 9 o 52 3-52 — 5550 1o2
R g | 143 | sl 069 | 15gr |TERrEel gy 2086 | 9o7sr |T0 e HOY
RXxYXS 40 1-63 1-31%* 0-49 1-07* 40 2:60 1-13
PxYxS 32 1-21 - 043 — 492 2:77 1-20
Sub-plot X year error 160 1-24 — 0-46 — Oy 168 2:30 — o2y
## Significant at 1% 02, =02, +02,

* Significant at 5% 62,=02,,,+} 0%y
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