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STUDIES ON THE TECHNIC IN FIELD
EXPERIMENTS WITH COTTON"

K. S. Cheng’, Y. T. Wang®, L. Chen’,
and S. C. Chang®,

For the last two decades much work has been done on the technic
of field experiments. Comparatively little information, however, is available
on proper methods of field trials with cotton and most of the previous
investigations bearing upon the subject have been published before the
modern methods of experimentation developed by Fisher and his co-workers
in England became well known. It is hoped that in these studies some
interesting facts might be revealed by applying the random system of layout
in analysing the results,

MATERIALS AND METHOCS

The data used in the present studies were obtained from three years’
experiments, the 1932 and 1933 experiments being conducted in Peiping
and the 1934 experiment in Liuchow, Kwangsi. In 1932, the upland Trice
(Gossypium hirsutum) was grown with plants spacing 1 foot in rows 2.5
feet apart; the total number of rows planted was sixty, The rows were
50 feet in length and harvested in five sections of 10 feet each. In 1933
filty 125-foot-rows of the same variety of cotton were planted with the
same spacing. Rows were harvested in sections 25 feet long. The yield
of different plots was weighed separately to the nearest gram.

At Liuchow the cotton experiment was carried out in a field where
the rape stood during the winter of 1933. From the middie pertion of this

1. Cooperative investigations between the Kwangsi Agricultural Experiment
Station and the Department of Agronomy, College of Agriculture, University of

Peipiog, Peiping.

4
2 Agronomist and Assistants, Kwangsi Agricultural Experiment Station.

3 Technical Aesistant in cotton breeding, College of Agricultuzz, University
of Peiping.
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field 120 rows of 120 feet long were harvested in sections of 10 feet each,
As the soil was poor and yield of the rape seed was rather low, seeds from
all sections of one row were therefore wieghed as a whole and only the
weight per row recorded as the preliminary yield. A Chinese variety of
cotton, Kuchow (G. Nanking), was planted after the rape, withrows 20
inches apart and hills 1 foot. The crop was harvested in rows and weighed
to the accuracy of one gran, The yield of seed cotton was also very low,
recorded only 20 catties to the mow. Causes attributing to the low yield
of cotton in Kwangsi are now under investigation at the Kwangsi Agricultur-
al Experiment Station.. The damage due to spotted bollworm (Earias sp.),
an excess of rainfall, and.the poverty of soil are considered the most
important factors,

‘Analysis of variance and analysis of co-variance were adopted in ma-
king the statistical analyses of the data and coefficients of variation (same
as the percentage standard errors of single determination) were used throug-
hout unless where mentioned. In analysing the data of 1933, it was found
necessary sometimes to discard two rows in order to facillitate sevral sorts
of combination.

RESULTS

. Variability under the extended system

The term ‘‘extended system” has been used by Wiebe(23)* by which"
it is meant that at each successive consideration of variability, the area of
land is extended as the mumber of replications increses. The method will
be illustrated below. For example, in calculating the coefficient of variation
of ‘“‘series 1X2” in Table 1, 60 rows of the second series were combined
with thoge of the first, and the coeficients of variatiod of these 120 rows
were then secured by regarding them as a single block and as two blocks
of 60 rows each.

Table t & Table 2

As seen from Tables 1 and 2, coefficients. of variation may either

e T

* Figures in parenthesis refey to- ‘‘Literature Cited”, pp.
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increase or decrease as more experimental land is used. Simiar results
have been discussed by Wiebe(#); it only suifices here to say that although
by changing the total area of an experiment the variability between plots
may be materially influenced, yet it is quite probable to keep the experimen-
tal errors of a field fairly constant for a given shape and size of plots and
for a given shape and size of blocks by the use of randomised blocks.
Tables 12 and 13 afford further evidence in this respect.

Size of bloeks

| In designirg field experiments, the method of randomised blacks is
probably the one most generally adopten. It is very efficient provided the
blocks are not made too large. The danger of decrease of efficiency by
using large blocks has been pointed out by Wishart(29)(23), nevertheless,
little work has been done to show to what extent an increasing in size of
blocks will increase the experimental error, Plant breeders have usnally
a large of strains or varieties under trial. Consequently it has been raised
the question, ‘“‘will they be justified to test all the strains or varieties in
very large blocks?” Recent inquiries, moreover, have ahown the advantage
of the complex experiments, which also engender the trouble that blocks
are too large for the estimation of a reasonable error. Some information
on the significance of this factor in field experiments is, therelore, desirable.
In Tables 3, 4, and 5 are preseneted the results of calculation,

Table 3, Table 4, & Table 5

Considering the foregoing results it may be noted that the coefficients
of variation tends to become greater as the block is made larger. In Figure
1 appear the curves showing the effect of size of blocks on actual and the-
oretical coefficients of variation. For sake of simplicity only curves for the
50-foot-rows of the 1932 experiment are given. A comparison of the actual
result with the two theoretical ones indicates clearly that the smaller blocks
are more efficient. For practical purpose, a block containing as many
plots as 30 will not differ much in its efficiency from one with less, pro-
“vided the plot is kept relatively small.
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It should be asserted, that none of these experiments is carried out
on a large scale, the largest block being only 0.8 mow in area. Itis too
early yet to give concrete conclusions. Fig. 1

The use of check rows

Since the introduction of the randomised layouts in field experiment,
the use of check plots in advanced yield trials aud cultural experiments has
been gradually abandoned in many of the leading agricultural colleges and
stations in China. During the early stage of pure line tests the check rows,
however, still plays an important part, which has been criticized as unsound
and somewhat artificial. But, as already mentioned, plant breeders usu-
ally have thousands of selections to be tested with no or with only one
replication in their first or second year's work, the laying-out in ranomised
blocks is almost impossible. Check rows for every Sth or 10th row may
serve as a criterion for the breeder to select out the promising lines. Such
being often the case to calculate the theoretical yield for each row by the
yield of cheks. So far as the writers are aware, little work has been done
on the study of correlation between the actual yields and the theoretical
ones based on adjacent checks in presenting data of uniformity trials.

Various metnods of calulating the theoretical yields are available ? ‘11,
The one used by the writers are the simple grading methon according to
the following formula: | '

T,=C ~a (9.1:.95)'
n+1

where T, stands for the theoretical yiely of ath plot, n the number of
plots by which the two checks are separated and a is the number assighed
to the plot; ¢, and ¢, are yields of the first and second checks respectively.,
In this study check rows were placed every 5th row but not included in
the calculation of correlation coefficients as yields of checks when correlated
with themselves will exaggerate the result. Table 6 shows that tihe corre-
lations between the actual and theoretical yields in these experiments are
rather high and very significant. It is revealed by this study that the use
of check rows in calculating the theoretical yields seems to be justified.
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Table &
Size of plois

To increase the size of plot is in fact another form replication, but
in nearly every case of previous investigations increasing plot size has never
yielded as good as replicating several small plots. By means of replication
plots carrying the same variety or treatment are scattering over a field,
and thus the correlation between the plots is usnally insignificant and the-
variance of mean may be obtained by the following formula: '

Considering now, that these plota are not distributed but arranged
consecutively in a strip throughout the field, the intraclass correlation {corre-
lation between plots) is very likely to be positive and significant owing to
the soil variation. The formula for the variance of mean as given by
Engledow and Yule(® should then be as follows:

m3 -%f—:[l +(n~1) r]

where r is the coefficient of intraclass correlation. From the above formula
it iS clear that s™ is not merely deyendent on n, the number of replica-
' tions, but also on the correlation within the strip i. e., betwesn the plots;
and it is evident that a positive correlation, whatever its value may be,
will always incease the value of s,, and accordingly it can never decrlase
in proportion to the square root of n.

In the study of the influence of plot size ou the magnitude of coeflicient
of variation, the shape of plots and number of replications were kept con-
Stant in each comparison. The results are presented in Tables 7 and 8.

Table 7 & Table 8

- The forégoing tables well illustrate the fact that to inease the size of
plot is not always quite effective in reducing variability. Consequently
field experiments should be conducted on smaller plot. with more replications.
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It arises naturally tne question that to what extent the size of plot should
be reduced without affecting its accuracy and reliability as & sample repre-

- sentative of a4 variety or a treatment. There is lack of extended investig-
ation on this problem. Recently,- Reynolds et al(% suggest a plot of 30
plants as the lower limit of plot size In experiments with cotton.

Shape of biocks

Square blocks have been recommended by Paterson(®, as they are
more compact and are more likely to give & small error, Wiebe's work
confirmed the advantage of square blocks and he found that as the shape
of a block approaches a square, the intraclass correlations increases and
the variability within blocks decreases. Table 9 gives the 1933 date, which
were obtained under the conditions that except the shape of blocls, the
size of blocks size and shape of plots, and the number of replications were
all kept constant, The data of 1932 are of a similar nature and not re-

ported here,
Table 9

The result being very close to that of Wiebe indicates that in general
square blocks give smaller experimental errors than oblong blocks. In seemed,
therefore, the nearer the plots are separated from each other in a block
the smaller the resulted error will be,

Shape of plots

The effect of plot shape on experimental error has been investigated
by numerous workers. In contrast with the shape of blocks, the long and
narrow plots are generally considered better than the rectangular to square
ones. A study on the theoretical side of the problem was made by Chris-
tidis(¥ and his conclusion also favors the long narrow plots,

Table 10 & Table 11

Tables 10 and 11 present the results of 1932 and 1933 experiments.
It will be noted that by increasing the length of plot cosfficients of vari-

)]
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ation are reduced to certain extent and sometimes even to a striking degree.
In view of this study and the previous investigations by other. workers,
the narrow lenghthy plots laid with due care to the trend of soil fertility
are always to be recommended, unless where competition or border effect

is pretty serious.

Number of replications

In the agronomic field trials replication has ever proved the most
satisfactory means of reducing experimental error. A large amount of
informations has been accumulated upon the subject, and in most cases
error decreases almost as expected theoretically, For the study of number
of replications_the method by Reynolds et al(} was used. For example,
in 1933 there were 250 single-row plots, each 25 feet long, first forming
into 25 blocks of 10 plots each and then into 10 blocks of 25 plots each.
For any number of replication ths coefficient of variation was computed
from the variance within blocks by adding successively blocks to the first
one to the number required.

Table 12 & Table 13

The actual and theorettical values of coefficients of variation of mean
yields for each number of replication were not given here; anyone interest-
ed in this will see from the foregoing tables that in general they will agree
with each other very well.

By replication it is understood that the plots carrying the same variety
or treatment scatter over the field systematically or at random with certain
restrictions.  Distributing the replicates entirely at random is of very rare
usage. Wiebe(®® reported teat reduction in variation between ‘‘combina-
tion plots” (same as between varieties or treatments) was slightly greater
for randomised blocks than that obtained when plots were distributed en-
tirely at random. He explained the fact as the result of a negative intraclass
correlation within ‘‘combination plots”. The data of 1934 experiment give
the same results as Wiebe’s when the soil variation has not been elimin-
ated. Values of z from comparison of variance between the hypothetical
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treatments and variance within the same are all negative and most of them
statistically significant. It is, therefore, apparent that the intraclass corre-
lation coefficients (correlations between plots bearing the same treatment)
are negative and significant, After the elimination of block variation they
become insignificant and take either positive or negative signs as indicated
m Table 14. Such result seems to be governed by both the inherent
variability of the field and the layout of blocks., Wiebe's conclusion is
probably exaggerated, because he did not take into consideration the soil
variation. In the light of this study, it seems that the method of randomised
blocks will not introduce into an experiment any serious bias; thereiore,
its use is justified.

Table 14
The value of a uniformity trial

During the past few years, the utility of uniformity trials in analysing
~ the results of field experiments has received much attention. The advantage
of using the trials in increasing the precisison of experiments is well illus-
trated by the work on perennial crops such as tea, cacao and rubber(25)(18),
The practical value of the method for annual crops is, however, doubtful
and the avalable data are rather scant. Sanderst1® found that uniformity
trials with cereals did not give remarkable effeet in every case. That
the use of uniformity trials for the purpose of adjusting the yields of su-
bsequeut experiments is rarely as effective as by means of the sound local
control was reported by Summerby(20),

The yield of 120 rows from the preliminary and experimental trials
at Liuchsw were analysed according to the method of dnalysis of co-
varience. The correlation coefficients between the yield of seed cotton and
that of rape for vaious plot sizes are given in Table 15. A high and very
significant correlation was obtsined in every case, Table 16 gives values
of regression coefficient of the same under different kinds of local control
and for each of them the corresponding values of and n (D. F.) have been
calculated. None of the regression coefficients  is significantly different
from zero. The high correlation coeflicients in Table 1S are, therefore,
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‘resulted rather from the block variation than the inherention variation
- belween individaal plots. It will be also noted that with the increasing
.size of blocks, there is a definite trend for the greater regression coeffici-
"ents and t values, This shows again that the large blocks are not so
-efficient as the small ones in controlling the soil variation. With reference
‘to the coefficients of variation of dajusted yields (Table 17), it is indicated
‘that as compared with data in Table 5, little or no gain in precision was
obtained by adjusting the yield on the basis of preliminary results. The
.practical value of a uniformity trial for such a crop as cotton seem to be
very limited. S '
Standard errors obtained in field
experiments with cotton in China

It would be of some interest to present a list of the standard errors

Unfrtunotely, the writers are not aware of much data of randomised ex-
periments with cotton. The data so far available are shown in Table 13.
There is, indeep, a need far further studies, before we can have a concrete
idea about the size of experimental errors in cotton experiments under the
conditions of China.

Table 18

As indicated in Table 18, standard errors obtained from actual exper-
.iments are usually higher than those from the uniformity trials. It seems
‘that in the actual experiments factors other than soil variation are not
kept under complete control and the errors may remain to some. extent
‘non-homogenous,
Judging from the data thus far available we are of the opinion that
~in cotton experiments conducted on plots of 1/10 mow in area and where
a 10 per cent, difference in yield is desired, at least six repicates should
.be allotted to each of the varieties or treatments. Reymnolds et al(18) suggest
six replications with rows 100 to 150 feet long and 40 inches wide. Bailey
and Trought(® recommend more than 10 replications for plots around 1/10
acre in size. However, some other authors(i9{1?) consider- that three or
four replications are sufficient for accurate results.
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SUMMARY

1. The data discussed in these studies were taken from uniformity
trials conducted at the College of Agriculture, University of Peiping, Peiping
during the years 1932 and 1933, and at the Kwangsi Agricultural Exper-
iment Station, Liuchow, 1934, The analysis of variance and analysis of
covariance were utilized in reduction'of the results.

2. Variability of the experimental field may be influnenced materially
when the total area is changed, but it is thought that by introduacing the
technic of randomised blocks, ‘the standard errors of a given field will
probably be kept fairly constant for a given shape and size of plots and
a given shape and size of blocks.

3. Toincrease the size oi blocks will raise up the experimental error,

4. The propriety of using check rows discussed. A high correlation
coefficient was obtained between the actual row yields and theoretical ones
calculated from the nearby checks for the corresponding rows. The use
of check rows seeme to be justifiable, '

5. The square blocks are more effective in reducing the experimental
error than the narrow and rectangular ones,

6. Long, narrow plots give smaller errors than square and oblong

plots.

- 7. Increasing size of plot results in reduction of experimental error,
but the rate is not so rapid as obtained by replication.

8. Replication may decrease the experimental errors nearly as much
as expected theoreticall ~The negative intraclass correlation between
replicates reported by Wiebe was studied by taking and not taking into
consideration the iaherent soil variability,

9. The practical value of a uniformity trial with cotton was determined
By using such trial there is little or no gain in precision in adjusting the
experimental results.
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10. A list of the standard errors actually obtained with cotton exper-
iments in different parts of China is given. The writers favor six or more
replications cn plots of 1/10 mow for the cultural or varietal experiments
where a 10 per cent, difference in yield is to be tested for significance.
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Table 1. Mean, S. D. and C, V. of seed cotton per plot for individual
series and for different series grouping before and after the elimination

of soil variation, 1932.

TR RTRE | LBEAERSE

iﬂ L Zﬁ ¥ A Block variation Block variation
not eliminated ehminated
' Series or Mean - - -
geries grouping tg)) ﬁéﬁ 1{?‘ P ﬁ(;ﬂ%ﬁ [ éﬁ ﬁﬁ P ﬁg‘%ﬁ
1 294,150 135.332 | 46.01
2 262,167 123.604 49.05
3 290.183 129.362 44,58
4 293,667 108.799 37.05
S 337.617 114,173 {, 33.82
1 294,150 136.332 46.01
142 278.138 132.433 47.61 132.011 47.46
14243 282,167 131.178 46.49 131.134 46.47
14+24-3+4 285.042 125.837 44,15 125.923 44,18
1+2-+3+4-4--5 | 295.557 125.193 42 36 123.662 41,84

R, FHREHAEERFRLIEERARRNREESRITRERZPHE » EERE
P RERFH O =F o

Table 2. Mean, S. D. and C. V. of seed cotton per plot for individual
series and for different series grouping before and afater the elimination

of soil variation, 1933.

om ok | aow | PRNRERRR ] LRRIRE®

-not eltminated eliminated

Series or ) Mean - - - - — B e 7 5
serles grouping (g.) = f Eﬁ % E(%é %m B gﬁ x i E&ccn iis
1 512.96 127.430 24 84 l
2 542.24 124.271 22.92 :
3 997.00 134,199 22,48
4, 673.06 164.371 24.42
R 739.52 198.599 26.86
i *512.960 127.430 24.84
142 527.600 126.085 23.90 125.860 23.86
1-+24+3 550,733 132.525 24.06 128.700 23.37
14-2+3-+4 581.3185 150.407 25.88 138.482 23.82

142-134445 " 612,956 | 172.806 | 28.19 | 152.414 ' 24.87
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Table 3. The influence of size of block on the coefficient of variation 1932,
=2 B B £ 5 HE

I::rg;%ofly}ozv Number of vari::;ea in block

in fect 4 ) b 10 12 15

10 37.52(15)*{33.31(12) 38.27(10) | 39.73(6) | 40.22(5) | 41.18(4)
20 37.62(15) 128.25(12) | 29.48(10){ 30.81(6) { 33.73(5) | 33.71(4)
30 23.02(15) 124.48(12) 1 24.32(10) | 27.06(6) | 30.51(5) | 28.01(4)
40 10.34(15) 111.03(12) 1 10.49(10) | 11.30(6) | 13.12(5) | 12.11(4)
S0 18.34¢15) {19.52(12) ' 18.46(10)| 20.01(6) | 24.55(5) | 21.88(4)

ZW, -RBANUERFRBZME > 8o

Table. 4. The influence of size of block on the coefficient of variation, 1932,
E3 P x
GREHBY Comlbinaﬁm ﬁl} p]oﬁ;:s (égionﬁ{ %{ow
Number of ;
varieties in block 1X1 _ 1X2 1X3 1X4
4 19.19(60)* 14.90(30) 14.89(20) 22.98(15)
6 18.89(40) 16.15(20) —_— 15.03(10)
8 19.22(30) 24.28(15) 16.92(10) —
12 20.20(20) 18.33(10) — 17.03(5»
16 26.78(15) —_ 18.70(5)
24 22.02(10) 20.06(5) :
2x1 2x2 2%X3 2X4
4 14.68(24) 10.51(12) 11.89(8) 8.88(6)
6 14.95(16) 11.44(8) 18.74(4)
8 14.49(12) 11.69(6) 19.50(4)
12 15.14(8) 19.14(4)
16 15.34(6) |
24 16.42(4)
. Ixl1 IxX2 IX3
4 13.18(12) 8 87(6) 5.40{4)
5 12.86(8) - 10.22(4)
8 12.05(6)
12 13.49(4)
4 x1 42 43
4 11.66(12) 8.92{6) 6.21(4)
6 11.96(8) 8.96(4)
) 11.67(6)
12 11.74(4)

*TLdk2; Number of blocks.
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Table 6. Correlation coefficient between actual plot yield and the corres-
ponding theoretical yield found on adjacent check rows, 1932, and 1933.

TEM | mmEaaEmERZzERBEEH )

S . Correlation coeflicient

row (feet)
1932
20 A8 -~ 4858 <. 01

30 44 6951 <.01
50 44 . 4697 <.01
1933
25 180 -,5910 .0t
50 72 6314 <.01

R, RERDRQDRBZRE > H—4o

Table 7. The influence of size of plot on the coefficient of variation, 1932.

AEMS(ExF) B H X B o g MEERRLS
Plot umiver o Plot size cC Vv
combination replications Length (mow) and . .
Seetion X row - {_jzfll‘:ﬁtéis) : width ratio

Ix1 1:4 39,562

" 12 4:] .00379 89,38

1 (D)%™ 26.07
2x2 0Ib18 23 86
1x1 - 1:4 34,91

1 10 4:1 .00379 38.03

) {6) 26, b7
2x2 01516 26.62
1x1 1:4 39,18

‘s 6 4:1 .00379 43,16

23 (10) 27.56
2x2 01518 27,19
1x1 1:4 44 .14

’3 4 4:1 -, 00379 40 86

'y . { 1B) 29.15
2x2 ,01616 26,39
1x1. 1:9 41.76

- 5 4:1 .00379 46,83

’) (4) 18,00
3x3 .03411 26,18
1x1 1:9 53,06

. 4 41:1 .00379 57.47

s (5) 20,74
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)

- %

3x3
1x2

3y
2x4

6
(5)

L03411
1:4
00758

023032

9217

- 30,12

35.96
23.36
24.40

FA KRB RBRIE LW > H25 o

Table 8. The influence of size of plot on the coefficient of variation, 1933.

ARAL 5 (B A7) BRHE R B e . g | AR
501: . replications Length Plot smed C. V.
§omi ipation _ (Varieties . width (mow)_ an
ectlon X row per block) ratle
1x1 1:4 | 23,09
’s 12 10: L0058711 1 18,856
»> ()™ . 18,02
2x2 .034844 : 10,561
1x1 1:4 1‘ 22,19
' 8 10:1 .008711 ! 18,569
e (6) 17.00
2x2 .034844 11,44
1x1 1:4 22,93
- 6 10:1 ,008711 17.94
Yy (8) 12,926
2x2 .034844 11,70
1x1 1:4 23.47
. 4 10:1 0038711 20,16
2 (12) 19 41
2x2 _ .034844 19,14
1x1 : 1:9 32_44
s 4 10:1 .008711 36,02
- (4) 20 24
3x3 L0314 8.40
1x2 1:4 17.22
.- 6 b:1 017422 12,90
‘s (4) 13,78
2x4 _ . .089638 - 8,88
Ix2 - 1:4 1791
s 4 5:1 017422 ; 12 90
'y (6) - ‘ 13,78
2x4 .069688 10,79

* RS
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'?abkg@.'Theinﬁuenceofshape(ﬁlﬂocksonthecmeﬂhﬁentofvaﬁaﬁon,1933.
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J

[ 61y §) 'O X B OE : X
Number of Length C. V.
Area (wow) replications s width

il hié .008711 2.5:1 19,51
Piot 48 10:1 20 89
1 4 035444 40:1 2529
Bicck :
A 008711 50 2:1 18,92
s ,043555 B0:1 96,76
% 008711, g9 1.67:1 19,46
P 15 . 0562266 6.67:1 19 .91
oA 008711 24 1.67:1 19,59
A 152266 156:1 23,30
- .008711 24 1.25:1 19 62
E‘;} £ 5:1 21,05
R .089688 20:1 24 80
A ,008711 20 1:1 20,27
R 087110 4:2 20,78
50 008711 , 05 i:1 19 59
B 087110 25:1 2635
. 00871 16 1:1,2 90-36
il : t 3.33:1 21 21
LS .104532 13.33:1 24 60
HE _008711 12 1:1.2 21,06
& 4 $104532 7.6:1 28 46
Y 008711 15 1:1.56 20,70
g .130865 1:18.67 26,59
S0BA 008711 1.1 91.22
Eade 180665 9 8:1 23,66
008711 1:2 22 071

%ﬁE@ 8 2: 22 32
LS .174200 8:1 25,99
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The influence of shape of blocks on the coefficient of variation,

w— B

Table 9.
1933...... Continued.
B oM |BE W ox &%| Kk : R
Number of Length C. V.
Area (mow) replications - . width

B .017422 24 1,25:1 15,22
B .069688 20:1 22.40
RE 017422 25 1:1 16.77
EdE ,087110 25:1 24,18
>y 017422 16 1:1:2 16,13
GRS , 104532 3,33:1 17.30
.02 017492 10 1:2 17.68
Bk .174220 12,5:1 95,41
[y ,017422 5 1:3 19,35
B .261330 8,33:1 97.%b
(24 ,026133 Co1:1.2 14.40
11 3.83:1 15,84

Bk .104532 13,33:1 21,00
AR .026133 15 1:1.5 15,15
e . 130865 186,67:1 23,54
A .026183 5 - 1:8 17.30
BdE 261330 8.33:1 26.74
RE .034844 10 1:2 12,77
B .1749220 12,6:1 23,21
i 017422 24 6:1 14,68
B .069688 20: 1 20,43
= 017422 16 3.33:1 14,95
R . 104532 13,.83:1 19.86
| L4+ 017422 8 1,67:1 15,14
LA .209064 6.87:1 20,08
EEd A ,017422 4 1:1 16.20
% .348440 4:4 21,16
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Table 10. The influence of shape of plot on the coefficient of variation, 1932.

WO |[®’ W ok m| R o A
Number of Length C. V.
Area (mow) replications . width
B 006968 | 8:1 2,77
| 30
Lt .013936 2:1 98,82
AT .010452 10 - 1,83:1 26,69
Bk .082712 12:1 24,32
g .013%36 1:1 25,49
15 4:1 21,76
1263 . 055744 16:1 19,94
R .013938 10 4:1 22.8b
BE _ ,083616 16:1 20.98
Y A ,034840 8 1:2.6 16.54
s 174200 10:1 16,41
3 .041808 1,33%1 33.64
& 5.33:1 82,20
ey 167282 1:3 23,78
R_RE . 052260 4 1:2.75 14,92
B . 261300 8.67:1 17.24
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Table 11. The influence of shape of plot on the coefficient of variation, 1933,
W oA B O X B B : &
Number of Length C. V.
Area {mow) replications : width
B 017422 5:1 24,57
24 |
}I:'.;i'fc"f; 065688 20: 1 22,70
AR 026133 8 3.33:1 16,81
e 1566798 30:1 12,56
AR .034844 -. 2.5:1 19.88
. 12 10:1 18,42
A 139376 40:1 11.66
7 9 .034844 2,5:1 18,93
6 i0:1 17 92
T . 278752 40: 1 11,67
#Hlm .043555 10 2:1 21,97
S 217776 50 : 1 11,11
Wl .087110 5 1:1 18,94
Wk 348440 4:1 17,54
Y .087110 5 1:1 20,77
BE . 435550 2511 9,76
Y - .104532 1:1.2 17,38
4 1,67:1 16,08
Bk .418128 13,83:1 8.28
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Table 12. The influence of number of repﬁcations on the coeflicent of

variation, 1933.

281

' HE R ®
Number of
replications

+

T B %
Blocks of 10 rows »

*+ I T OB’ O£
Blocks of 25 fi)wa

=R =R B - R L R - T R . R WY

O 8D DO B ek et Rl b ped e fd B el
aﬁwm»—-oqummaﬁwwr—o

2792
28,24
94 56
24,11
29_62
929,71
2908
22 57
21,08
20,92
20,21
20,39
20,42
20,38 [
20,15
19,98
20,61 3
20 16
20.17

- 20,27
20_82
20_31
20,02
19.79
19,58

27.62
24, i0
24,59
29,67
21,83
21,97
22 68
22,69
22.08
28,04
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Table 13. The influence of number" of replications on the coefficient of
variation, 1933.

' OB X B + O OE & #+ F OB %
Nuwber of P
replicasions Blocks of 10 rows Blocke of 20 rows
1 18,43 20,96
2 17,78 17,46
3 16,92 - 15,88
4 16,67 16,03
E 17,10 17.24
6 17,27 | 21,44
7 17.49
8 17.61
9 18,30
10 18.78
11 : 18,92
12 19.79

FAm, FFHEEETRIEMERE ?*:’n:iﬁ?‘ﬁ!éﬁﬁ&Z%ﬂﬁ]fﬁEﬁ YHPH=Fo

Table 14. Showing the intra-class correlation between plots bearing the
same treatment in randomised blocks, 1934,

EiEERREREZ | LEERERRZ

% B -5 B 4 B So1l variation Soil variation
Number of Number of - not eliminated eliminated
treatments blocks

z P z | P

4 30 —.9702 > .06 —.1960 > .06
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AW AR AR L B
5 24 —.B5310 | <,05| +.2247 .05
6 20 —1,1457 | <, 01| — 2998 .05
8 15 —~1,6896 | <.01| —.7963 <,05
10 12 —~.6274 | <.06| +.1338 <.05
12 10 —.8918 | <.01 +,2095 <£.,05
15 ’ 8 — 5924 <.05| +.0130 <.05

CRVE. RERSRSERERRL ST ZNEES

Table 15. Correlation coefficients between yields of the seed cotton and

those of the rape seed for various plot sizes, 1934.

i T O K
Number of rows N R P
per plot

1 120 .5905 <.01
2 . 60 .6924 .01
3 40 7255 <.01
4 30 7944 <01
5 24 .8245 <0
6 20 8995 < .01
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Table 16. The Regression cofficients .of yield of the seed cotton on the yield of rape
seed, andthe corresponding t and n (D. F.) values, 1934,

i

fEBRAT L % WK S Mo
Number of Number of varieties per hlock
TOWS per .
plot /4 _ 5 | 6 8 10 12 15 | 20 | 24 | 30
1 b —.0035 | — 0649 [ — C423 ,0066 | —, 0314 .2151 | 1160 | ,1282 | 1040 | 1858
t 021 "574 983 .037 203 | 1,141 | 798 | (867 | .741 | 1.587
n 89 95 t9 "104 107 109 111 113 114 1156
2 b .0754 00231 0227 | —o 2491 | (1695 | 9709
t "33 "014 .092 — | 1.088 9086 | 1L
n 44 47 49 —_ 52 54 56
3 b 1152 | 3210 | —— 1530 | 2522
L .365 118 — 611 | 1.363
n 29 31 — 34 3b
4 b — .3T14 . 2583
t —— | 1,008 | ‘908
n Et— .m w*
5 b 4289 | — | .84m
t 1,313 — | 1,121 -
n 17 —_— 19
6 b L4081 .3834
t 1,029 1,565
n 15 16

~
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Table 17. Coefficient of variation of adjusted yields, 1934.

AR i B M & M M
Number of Number of varieties in block
TOws per .
ploe | 4 5 6 8 10 12 16 _ 20 _ 24 30
_
1 19 40(30)* mw.ﬁﬁwsrm.qa (20 _w.wwﬁmu_mw.mm:_wv 20.39(10)21,23(8) 21,47(8) wu.haap_w_.hwnhu
| :
2 15,85(15) {16,19{12)17,05(10)| —— [17,90(8) 117,87(5) i17,70(4)
3 15.47(10) [16,06(8) —— [(16.34(H) [18,11(4)
4 —  113,97(86) mm.@wnmv
5 12,84(6) —  12,89(4)
6 14,07{5) {13,50{4)

*E 2 » Number of hlocks
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Standard errors in certain randomised experiments and and
in uniformity trials with cotton.

Table 18.

-
BF 5 A ® OB # A &9 osgﬁi'fﬁgﬁm (1/10 mow)
_ . ize o
Investigator Nature of experiment plot (mow) | C. V.,
¥ % 2 féﬁﬁ#ﬂ&ﬁi&i&%ﬁZﬂEﬁﬁﬁ% s LB s - — 087 1461
o . 2 'y
= It B Spacing experiment in randumised block Peiping, .05 10.92
1us4,
. REsir=% .100 14,11
e i 5& do, 1933. .
ES LSRR 2 BRI 2 AR
PUW AR BEsh o 1188 0
RN Complex experiment on spacing and fertilizers,| = ° 31.1
in randomised blocks, Liuchow, 134,
AR el A T AT I
BT mloriity trimd with iccal coutruel, etping, . )
AL R g, F
2 (R 5 | BB, 7, =4 o
gg’ E;f Uniformity wial with local coutrol Peiping, 0562 8.57
1938,
f%BE%iE%DHﬁﬁ%ﬁﬁEﬁﬂﬂfsﬂmﬁﬂsffEEﬂFP
F& UL B |Uuiformizy trial with local control, Liuchow, 0886 11.56
1934, * i
TK B b £ SR T 2 SVER L BEUER » 1D
54 R it ol .01 4,83
Variety experiment in rundomised blocks Liu-
chow, 1934. .
HE SR EnE, WL, T e ,004 2,810
i o] [ Uniformity trial with local coutrel, Chekiang, 016 5.01
1930, *
HERENAERENE » Jill> fhEe 004 4.47
-3 ¥ |Uniformity trial with local control, Chekian, ,018 6,47
1v31.
HIERBRRMR NS » WL > —o 004 7.17
.} ¥ | Uniforwity trial withont local control, Chekiang, 016 8.95

1984,

D.F.

18

24
35
252
120
12

20

199
49
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20! Bt
— Actual

N . BRERISRHIZ 4 M KRG ZE R

[V PR S Y

N Theoretical based on 4 blocks of 15 varieties each

5N o RRBA A RMZBEE R ZERG

\ - Theoretical based on 15 blocks of 4 varieties each

10

§

| ) N N N 2 .n “.
‘ / 4@ 5 [0 /ty /2 AR
(6w (I8 (12> (K (G (5) (4}

B— Rk AAFRSREER ERURMREZRGMELR R
o FFPHFBHR MR tr—%>

Fig. 1. Showing the actual and theoretical coefficients of
variation of mean plot yields as affected by size of
blocks. Numbers in parenthesis are number of
varieties per block.- 1932.

(AL : ¥ HPXRTHRE)
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