STATISTICAL NOTES FOR AGRICULTURAL \WORKERS

NOTE ON THE OLFTIMUM SHAPE AND SIZE OF PLOTS FOR SUGARCANE
EXPERIMENTS IN BIHAR*
BY
S. S. BOSE axp K. L. KHANXNA
IN CONJUNCTION WITH
P. C. MAHALANOBIS

INTRODUCTION

Tur influence of shape and size of plots on the accuracy of comparison
is now well-established. Statistical analysis of uniformity trial data has
shown that the optimum size and shape for field experiments depends chiefly
on the distribution of the fertility gradient in the experimental arca, as well as
on the nature of the crop under test.  Usually there is, however, a best plot
size for cach crop which is more or less the same for different localities unless
there oxist marked differences in the nature of the soil.  Thus rice experiments
in Benoal, Assam and even Ceylon show that the best plot size for variety
trials lies between 1/40th and 1/80th acre. In sugarcane trials, Sayer,
Vaidyanathan and Iyer [1936] found a plot size of 1/20th acre to be the most
suitable for un-irrigated sugarcane ; Sayer and Krishna Iyer [1936] observed
that the percentage variation can be diminished by increasing the plot size up
to 1/27th acre.

Aunother important point may be noticed here. In unformity trials, the
smallest plot size is almost invariably found to be the most efficient. But the
smallest plot size is usually inconvenient for agricultural operations. Thus in
a sugarcanc experiment conducted by Mitra and Phukan in Jorhat (Assam)
the highest precision was found for sm~ll plots containing only single rows, 13
feet long and scparated from one anoti.ci by 3 ft. furrows.

MATFERTAL FOR THE ANALYSIS

The material for the present investigation was obtained from a variety
trial experiment with four types of sugarcane, viz., Co 213, Co 210, Co 326
and Co 331, in Bihar. These were laid out in the form of a regular cliess-
board type of arrangement. The individal plots measured 45 ft. X 45 ft.
and contained fiftcen rows of plants cach 45 ft. long, placed 3 ft. apart. At
harvest the rows were divided into 15 units of length, cach equal to 3 ft. ;
and the yicld and number of canes in these units were recorded for the whole

*The work was earried out us part of the Sugarcane Rescearch Scheme in Bihar

financed by the Imperial Council of Agricultural Research to whom grateful thanks are
due.
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experiment. Each plot thus gave 225 readings of canc vield and another
225 readings of plant number, so that there were altogether 3,600 observations

of cane yields and 3,600 of plant number.

AXNALYSIS OF CONCOMITANT VARIATION

Fisher [1937] has shown that ““ the precision of an experiment may be
greatly increased by equalizing, among the different treatments to be compared,
certain potential sources of error . In the present investigation the yield in
each row length of 3 ft. was noted along with the number of canes in the
strip. An analysis of the number of canes shows that there are appreciable
differences from strip to strip. Different parts of the experimental arca were
clearly exposed to various types of inequalities ; in the first place, the soil
fertility varied from one part to another ; accidental injuries to plants were
also of a local character. Assuming therefore that the number of cane is a
measure of the inequalities present in the different strips, it is possible to
increase the ultimate accuracy considerably. If there is no theoretical ob-
jection to comparing the viclds of cane based on equal number of plants in the
different plots, the method of study appropriate for this purpose is Fisher's
Analysis of Covariance. This method has been adopted throughout in this
paper. TFor a proper assessment of its potentialities the analysis of actual
vield and of adjusted yield are both given side by side at every stage.

COMPARISON BETWEEN VARIETIES
The analysis of variance and covariance and of adjusted yields are given
below in Table I.
TasLE I
Analysis of variance and covariance of the 4 X 4 Latin Square

z = Cane number y = Cane yield

e i = —— _
. D.F. z? Ty oy Adjusted | D. F.
o
: ; |
Rows . . . . 3' 51,086 70,879 ' 1,04,136 !
. 1
Columns . o . 3 29,288 40,021 70,188 -
. i
Varicties . . . 3 144,655 3,063,225 . 26,01,677 | 17,13,008 | 3
|
Error . . . . 6 26,256 38,946 ' 98,165 | 40,398 ' 5
|
Total . 15 2,51,285  5,13,071 28,74,166 !
Variety4-error . . 9 1,70,911 4,02,171 26,99,842 | 17,563,496 8
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The mean values of cane number and of cane yield (actual and adjusted
with standard errors) are given in Table II, for cach variety.

TasLE II

Mean values of number and yicld of cane

Variety z v iAdjuszed?

i . B

Co2138 . . . . ... 1916 | 3498 3,726
G0 . + « s s 5 s s, 3169 3,866 3,719
Co326 . . . . . . ... 20m 3,048 3,642
Co3l . . . . . ... o212 | 4561 4,476

| .

General mean . " s . . 2,070 : 3,891 ' 3,891
Standard error . . ’ . i 2 . ! 63-96 | 44-94
S.E. percent . ” . x . § v ; 1-64 116

The standard error of mean yield of a variety based on four replications
has been decrcased from 1-64 to 1+15 per cent of mean as a result of using the
covariance between yicld and number of canes. Hence the standard error
per plot of size 45 ft. x 45 ft. (containing fifteen rows of plants of length
45 ft. each) is reduced from 3-28 per cent of mean to 2-30 per cent. The
problem now is, how far the error of the experiment can be minimised by chang-
ing the shape and size of individual plots. For this purposs, =» shall take up
various shapes and sizes of plots by using different combinations of the unit
row strips.

It should be noted hero that the estimato of error for comparison of the
varieties will not be unbiassed as the design of the main plots was of the sys-
tematic chess-board type, but the estimate of error for smaller plot sizes will be
quite valid.

COMPARISON OF DIFFERENT SHAPES AND SIZES OF PLOTS

With the material of the present experiment, it is possible to estimate
errors for 225 different shapes and sizes of plots by suitably combining the
fifteen divisions of each row and the fifteen rows of each plot. In the present
report we shall consider the analysis for twenty-five combinations of five row
lengths (3, 9, 15, 30 and 45 {t.) with five numbers of rows (1, 3, 5, 10 and 15).
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The analysis of variance and covariance for the minimum plot size are
shown in Table IIL.

TasLe III

.-lnal ysis of variance and covariance for lhe umt plot-a:zc “3 fect one row’

I ; | Mean
,D.Fo: a2t i ay y* Adjusted Mcan  adjusted
. H ¥ ot ¥

. i |
3

l : 1 i

= |

! '

Between plots .o

16§ 1,117, 2,280 12,774,

b z i :

Withiu plots . 13,584 ° 46,897 90,038 1,82,580 + 9,715 50-931 2-7114
H : , i .

3,500 . 48,014 ° 92,318 1.95,354'

The standard error of a,ctual \1cld per plnt of three fect row length is thus
7+14 1bs., and since the mean yield of plot size is 17+29 Ibs., the error is 41-30
per cent ‘of mean. The ccrresponding  values for yield adjustcd for plant
number are 1:65 and 9-54 respectively. The reduction of error is very marked.
The standard crror in 1b. per plot of all the twenty-five combinations are
showai in Tables IV and IV (a).

TanLe IV
Standard error in lb. per plot for varying plol sizes
Actual yield

Length of rows

- s eeie e———— - O

No.of rows : — = i e ;
3 ft. 9 ft. 13 ft. 306 . 45Mt

1 714 1149 14-53 20-96 - 27-33

3 12-84 2399 - 25-06 3574 . 5611
17-46 20-41 - 3379 52-43 . 59-7R

10 29.64 | 52:30 ¢ 6314 9372 93-67

15 3719 59-63 79-59 99-13 127-91
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TasrLe IV (a)
Standard error in lb. per plot for varying plot sizes
Adjusted yicld
No. of rows 3 ft. 9 ft. 151t. 30 ft. 45 ft.
; i ! o
1 1-65 3.8 334 l 5-42 6-62
3 " 468 14-45 ' 16-53 ’ 1038 | 3564
5 375 1186 | 939 {1182 L1365
10 64 11-98 1614 | 39-50 6336
15 - 7.38 15-01 22-62 l 5197 | 8089

As the plot size increases, there is a more or less proportionate increase in
the yields of individual plots. The actual standard crror in Ih. per plot
naturally increases, but if these errors are expressed as percentages of their
respective mean yields as shown in Tables V and V (a) it is found that the
percentage variability between plots steadily diminishes as the plot size is
increased. The same thing is more clearly scen from Tables VI and VI (a)
where the errors have been expressed as percentages of the error of the
smallest plot size (three ft. rows).

TasLe V

Standard error per plot in per cenl of mean
Actual yicld

Length of rows

No. of rows -
f 3 ft. . 9 ft. 15 ft. 30 ft. 45 ft.
. i o 1 -
1 | 41-30 | 22.15 17-06 12:25 10-54
3 L2470 15-42 9-56 6-96 5-75
5 L 920-20 11-34 §-98 6-13 4-61
10 '3 10-02 7-83 5-44 3-66
15 14-34 Te87 6-16 3-86 3-20
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TABLE V (a)

Standard error in lb. per plot for varying plot sizes
Adjusted yield

Length of rows

No. of rows CUT T T T T
3ft. } 9 ft. 15 ft. ’ 30 ft. 45 1.
’5 I

1 954 | 750 3-86 \ 317 2-55
3 ©9:02 | 929 619 | 2-03 1-32
5 43¢ 457 217 138 1-04
10 353 229 1-85 2-29 2-43
15 2:85 | 1.93 1-74 2-26 2-31

i |

TaBLE VI

Standard error per plot as mer cent of the standard error of the unit
plot (three feet-one row)

Actual yield

Length of rows

No. of rows o ' - \

3 ft. 9 ft. 15 ft. 30ft. | 45fect
| | | S
1 , 100-00 | 53-63 | 41-31 29-66 25-563
; | |
3 59-81 | 37-34 23-15 16-85 14-92
' 1 1
| |
5 48-91 ° 27-46 20-05 14-84 11-16
10 41.23 24-26 18-96 13-17 8+86

15 34-70 . 18-57 14-92 9-35 7-97
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TaBLE VI (a)

Standard error per plot as per cent of the standard error of the umil plof
(3ft.—oe row)

Adjusted yield

Length of rows

No.ofrows . »3 fr. sm“ 150t | l
. . . 30ft. 45 ft.
1 C 2310 | 1816 | 935 | 7-68 IESY
3 2186 | 2249 1499 | 49 | 3.2
5 10-51 1106 | 525 i 3-29 I 2.52
10 8-54 550 | 448 554 588
15 690 4-67 ' 4-21 5-47 ' 559

Thus with plots of one row only, the standard error of actual yield for row
lengths of 3 ft. is as high as 41-30 per cent of mean ; as the length is increas-
ed, the error diminishes and ultimately for 45 ft. rows, this is only 10-54
per cent of mean. With two rows per plot, there is again a steady diminution
of error as the row lengths are increased hut the rate of fall is a little
lower than in the case of one row plots. A similar decrease will be noticed in
all the other cases.

The standard error of adjusted yield also registers similar movement.

Again, if the length of rows is kept constant while the number of rows is
increased, there is also a steady decrease of errors, but this is not so marked as
that for the increase in row lengths. Justesen [1932], working with potatoes,
also observed that a much lower standard error is obtained when the lengths
of the plots are increased than when the widths are increased correspondingly.
He attributes this to ** slicing up ”” of local differences when long plots are used.
8o that the differences are more distributed over different plots than is the case
when the plots are wider.

EFFICIENCY OF PLOT SIZE

We have seen that the relative variability diminishes as the plot size is
increased ; but as the total experimental arca cannot be indefinitely increased,
the number of replications with bigger plots is necessarily smaller. There are
therefore two opposing factors at work in determining the final precision of a
given plot size. If the size is bigger, there is a Jowering of error and hence an
increase in precision ; but as replication is decreased, there is a diminishing
precision, inversely proportional to the square root of the number of repetitions.
To arrive at the effective error for comparison, therefore, we must multiply the
standard error of a given plot size by the square root of the number of unit
plots contained in it. This is shown in Tables VII and VII (a) expressed as
per cent of effective standard error of actual yield for unit plot size.
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TasLe VII

Effective standard error per plot as percentage of the effective standard
error of the unit plot

Actual yield

Length of rows

K. of rows
3 ft. 9 ft. 15 It. 30ft. - 45ft.

1 100-00 9291 9242 93-80 98-8l

3 103-59 | 112-02 8966 92.20  93-83

5 10936 ©  106-35 100-22 10493 96:65

10 13037 | 13287 13407 131-70 - 108-57

15 134-47 124-83 129-13 114-51 119-49

TarLe VII («)

E[fective standard error per plot as percentage of the effective standard error of
the unit plot

Adjusted yield

Length of rows '

No. of rows
30 ft. 45 ft.

3ft. 9 fi. v 15 ft.
1 210 3145 2090 | 24.25 23-89
3 37-82 i 67-47 | 5804 \ 2695 21-46
5 23-50 42-87 26:26 | dora © o
10 27-02 3036 l 3165 £5-40 72-00
15 26-73 334 1 3644 6700 . 83-85

If we compare Tables VI and VI(a) with Tables VII and V1I(a) we find that
the larger plots are really not so cfficient as they had appeared before. Thus
in the case of actual yield if the effective standard error of the 3 feet-one-row
plot ix supposed to be 100, that for the 45 feet-one-row plot is nearly 99 per
cent 5 but in Table VI, the two standard errors were 100 and 25-53 respec-
tively.  The reason for this is very ~nnple with 3 ft. rows, we may have
fifteen replications within the same arca as js required for one plot of 45 ft.
row. Hence from the point of view of accuracy alone, there is not much to
choose between plots of 3 ft. rows and 45 ft. rows.
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Many workers have discussed the problem of effective errom in terms of
efficiency. Thus Kalamkar [1932] defines * efficiency ”’ a« & quantity measur-
ing the total information supplied for a given area. Itis calculated by mul-
tiplying the variance per plot by the number of ultimate unite contributing to
the total of that plot anu iaking the reciprocal. Taking the efficiency of the
smallest plot as 10, the efliciency of other plots is shown in Tablex V1IT and
VIII (a).

TasLE VI

Efficiency of plots of different shupe and size relative to efficiency of
unit plot

Actual yield

Length of rows

No. of rows

3 ft. l 9 ft. 16 ft. 30 ft. 45 ft.

! I
] 100-00 ! 115-84 1)7-08 113:66 10242

I
3 93-21 ! 79-73 124-40 - 117-38 114-68
5 83:60 §8-42 90 - 56 9084 107-10
10 ' 58-82 56-59 5663 57-66 8484
15 55-30 64-48 5907 7628 7007

TasLE VI1 (@)

Effective stundurd error per plot as percentage of the. effective alandard error uf
the unit plot
Adjusted yield

Lungth of rows

No. of rows

3 ft. wit. ' 1Bt 30 f1. 45 1.
1 10000 D3-0H 12204 9074 9350
3 37-28 1172 1584 73-47 115-87
5 9662 20-03 7744 98-63 112-08
10 7314 HT-8% 53-27 17-34 10-29

15 7474 a4 36 40-149 11-89 7-69
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We notice from Table VIII that there is a marked fall of efficiency as the
width of the plot is increased. 1t will be seen, however, that there is no marked
fall of efliciency as the length of the rows is increased. Maximum precision is
given by plots containing three rows each 15 ft. long.

But Table VIII (a) strangely enough condemns this plot size as one of the
least precise. The two plot sizes which have come out consistently efficient
in both Tables are each having lengtli 45 ft. and width three rows and five
rows. In fact, if smaller plots are difficult to work with, 45 ft.-five row
plots with an area of 1/64th acre may be safely recommended for future
trials.
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STUDIES ON THE HOT FERMENTATION IPROCESS FOR
THE COMPOSTING OF TOWN REIFUSE AND OTHER
WASTE MATERIAL

*+II. SOME FACTORS INFLUENCING THE EFFICACY OF THE
PROCESS

BY
C. N. ACHARYA, M.So., Pr.D,, AIC.
Department of Biochemistry, Indian Institute of Science, Bangalore

(Received for publication on 29th March 1839)

(With ono text-figure)

IT is well known that the biological decomposition of plant materials is
influenced greatly by factors such as the degree of moisture, temperature,
the presence of available nitrogen, the degree of aeration, presence of inoculum,
etc. These factors also influence the course of decomposition occurring in
compost heaps ; and their importance is specially groat in the hot fermentation
process, since a special feature of this method is the intensive acrobic oxidation
concentrated within the first five or six days, after which the mass is packed up
anaerobically. Tt is, therefore, essential that the optimum conditions for rapid
decomposition be known and sccured even from the beginning.

The experiments described below were carried out under controlled condi-
tions in concrete cisterns coated with cement inside so as to prevent leakage
of the liquid constituents. Street sweepings and night-soil were used as com-
post materials and the influenco of the following factors on tho rate of
composting were examined :—

(1) Use of different proportions of soil, night-soil, leavea and moisture ;
(2) temperature changes during composting ;

(3) variations in the relative periods of preliminary acrobic and subse-
quent anaerobic fermentation ;

(4) influence of added chemicals, e.g., calcium carbonate, superphos-
phate, sodium nitrate, ammonium sulphate and calcium cyana-
mide ;

(5) comparison of the quality of composts prepared in cemented
cisterns, underground pits and overground heaps : and

(6) influence of prior fermentation of strect sweepings before the addi-
tion of night-soil.

*I'art 1 published in the Ind. J, Agric. Sci. 9, pt. 5, 1939
( 817 )
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