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Abstract: The aim of this study was to estimate the optimum block size with the shape for field research experi-
ments. A uniform crop of Indian mustard (Brassica juncea L.) variety RH-749 was raised during 2013-14 rabi season
over an area of 48m x 48m (2304 basic units) at Research Farm of Oilseed section, Department of Genetics and
Plant Breeding, CCSHAU, Hisar, Haryana, India. The harvesting of crop was done in small units each of size Im x
Im (1m?). The blocks of sizes 4, 6, 8, 12 and 24 plots with various shapes, for different plot sizes were considered.
The coefficient of variation (CV) decreased from 10.66 to 3.89 with the increase in block size from 4 to 24 , indicat-
ing that as the block size increased, homogeneity within the block also increases and the blocks elongated in E-W
direction were more effective in reducing error variation than those elongated in N-S direction. It was also observed
that C.V. without blocking (20.04) was much higher in comparison with the C.V. with blocking (3.89), thus indicating
that blocking was beneficial in reducing error variation. The 24 plot blocks were found to be most efficient with 12m x
2m block shape. Rectangular blocks are also advisable either when the experimenter does not have any idea about
the fertility pattern of the experimental area or when border effects are large.
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INTRODUCTION largely controlled by size and shape of blocks,clvhi
are further controlled by the size and shape ofsplo
available for the specific trial, the nature oftildy or
other variation. The problem was therefore seletbed
see a scientific basis for using block size andposha
within optimum limits. To cope with the problem of
the researchers, it has become necessary to stimelar
a suitable block size and shape for the experirhenta

The conduct of cost-effective agricultural research
facilitates the efficient use of limited resourcesid
with minimal cost, the research trials should attan
acceptable level of experimental precision. Thee siz
and shape of plots and blocks, and the numbemtif re
cations used are the major factors that deterntiee t

cost of a field experiment, since these factorsdire plot of major crops grown under different condition
rectly proportional to the area occupied by thedfie i will reduce the standard error of the experits
tna! (Tayeet 3'-' 2000). (Masood and Raza, 2012).

In f'e!d experiments and for the most crops, tht?m The variability of the experimental area can bentgjua
geneity of the_ soil is always t.h? first factor tenge_n fied by organizing uniformity trials specificallyed
attention, to increase the eff|C|e_ncy O_f th_e_z expernt signed for identifying the variability or the hetgene-
and reliability of the result. This variability maye ity index of the characteristic under study in the
random or sys@ematic. Usually researchers assuate th perimental area (Smith, 1938). In this methodology,
the errors are independently, randomly distribuaed data on the evaluated characteristic is collectech f

use block experiments to minimize this source ofg. plots, called as basic units, and these haits

V‘]':‘ffi"?‘“o”- r|1t is of .utmosé importance to usfeblthelfamp are then amalgamated to form plots of differenesiz
efficient shape, size and arrangements of blocka in (X) in grouping together adjacent basic units. The

p?rtlcular.e.xpen;ne.nt f_?_r obtaining the r]?h%ble_tér:s. number of plots of this size, the mean, variancé an
The precision of significance tests in field tnalse  qeficient of variation (CV) are calculated forcka
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designed plot size. The plots are then arrangekirwit number of basic units per plot.

blocks of different sizes and shapes to find oatdp-  The index of soil heterogeneity (b) is the regr@ssif
timum block size and shape (Stoetlal., 2010). the log of the plot variance (on a per unit basisthe
Optimum block size and shape for yield have beenlog of the number of basic units per plot. Gengrall
estimated for several different crops, both agraocom coefficient of variation is used as a relative nueas
and horticultural, by Agnihotrét al. (1995 and 1996), for computing variability index of ¥

Handaet al. (1995), Masood and Javed (2003), Leilah In equation (2), b was computed by least squaregpro
and Al-Khateeb (2007), Lucas (2007), Kunsiral. dure and on solving the normal equations so oldaine
(2008) and Storckt al. (2010). we get

As the Haryana state ranks 4th in the acreagein?tied n n n

production and 2nd in the productivity of the ragees - n 21 logX' ; logV,, - (Z,l logv ) (Z,l logX )
mustar_d in _Ind|a_, it was o_f prime importance '_codmlrt Ny (ogX )2 - (> logX |)?
the uniformity trial on Indian mustardiassica juncea =

L.) in Haryana state of India with the utilizatiof data (3)
for the estimation of optimum block size and shape.

1

nMs

logVv M + b logX

MATERIALS AND METHODS ogv 4 = L=1 i =1 !

Source of data: Indian mustard Brassica juncea L.) 4)
cultivar RH-749 was grown using uniform crop im- The value of regression coefficient, b, was comgpute
provement practices during rabi season of 2013t14 afor all the corresponding plot sizes to the blaoks, 6, 8,
Research Farm of Oilseed section, Department of Ge12 and 24 plots. The coefficient of determinatigf) (vas
netics and Plant Breeding, CCSHAU, Hisar, Haryanacomputed for all the block arrangements for thediequa-
state, India, over an area of the 48m x 48m (2384 m tions to examine the suitability of the Smith’s atipn.
The field was divided into rows (East-West direajio Block efficiency: Since experimental materiel was not
and columns (North-South direction). The units werehomogeneous, it may be possible to stratify theerizdt
arranged in 48 rows and 48 columns, each consiefing into homogeneous blocks. Thus stratification orckio
48 units and harvesting of crop was done in snitsu  ing was one of the methods for controlling the alaiti
each of size | m x | m (1#n The grains from each of ity. The improved precision of the estimates brdugh
these basic units were harvested, bagged, threshedbout by using blocking to reduce the experimental
cleaned, dried and weighted (in grams) separately. error, was expressed as block efficiency. The block
Statistical analysis: The contiguous units were com- efficiency may also be defined as the ratio of arace
bined by taking 1, 2, 3, 4, 6, 8, 12, 24 and 48&suni without blocking to the variance obtained with tMec
along rows (E-W direction) and 1, 2, 3, 4, 6, 8,22  ing. If Vo denotes the variance without blocking and
and 48 units across columns to form plots of déffétr Vg denotes the variance with blocking, then the block
shapes and sizes. The plots were then grouped intefficiency (B.E.) may be worked out using the fotau
blocks of 4, 6, 8, 12 and 24 plots. The C.V.’s difr given by Agarwal and Deshpande (1967):
ferent block sizes were calculated by using thentda

EMS = Vo

CV. = x 100 BE =g
Mear B

nMs

®)
Where, the error mean square (EMS) was obtainedhs we have considered the blocks of varying sizes4,
from analysis of variance tables for blocks ofeliint 6, 8. 12 and 24, then the block efficiencies ferharious
plot sizes. block arrangements was worked out to find the kslgta
Relationship between C.V. and size of blockSmith  sizes and shapes of the blocks from these comtmisati

(1938) gave an empirical relationship between plot
size (X) and plot variance,VThe law states that RESULTS AND DISCUSSION

V= Vp /X (1) It was observed that the coefficient of variatioe- d
which on log transformation becomes creases with the increase in the block size, itidiga
logVx = logVi— b logX (2) that as the size of block was increased; the honege
Where, ity within the block also increases. In the expenit)
Vy is the variance of yield per unit area among pifts  the minimum C.V.'s for 4, 6, 8, 12 and 24 plot lxec
size X units, for the plots of size 1 unit were 10.66, 8.68, 7933
V. is the variance among plots of size unity, and 3.89 per cent, respectively. The same pattérn o
b is the regression coefficient, indicating theatieh-  decreasing C.V. was observed for all other plogssiz

ship between adjacent individual experimental uoits  The decrease in the coefficient of variation variéth
in other words it reflects soil heterogeneity ahdst  different block sizes; it was minimum for the lasge
serve as an index of soil heterogeneity andX is theplock size. Thus, 24 plot blocks were more effitien
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Table 1. Coefficient of variation of various plot sizes fdffdrent block arrangements.

Coefficient of variation

Plot size 4-plot block 6-plot block 8-plot block 12-plot block 24-plot block

(in units)
1 10.66 8.68 7.93 5.93 3.89
2 7.93 5.93 5.25 3.89 2.89
3 5.93 6.14 3.89 4.53 3.01
4 5.25 3.89 4.37 2.89 2.53
6 3.89 3.52 2.89 3.01 2.25
8 4.37 2.89 341 2.53 1.81
12 2.89 3.01 2.53 2.25 1.77
24 2.53 2.25 1.81 1.77 1.02
48 1.81 1.77 1.32 1.02 0.43

Table 2. Coefficient of variation of various plot sizes fdffdrent block arrangements.

Plot size Plot shape Block size Block shape Minimum C.V.

(in units)
1 11 24 1:24 3.89
2 1:2 24 1:24 2.89
3 1:3 24 3:8 3.01
4 1:4 24 1:24 2.53
6 1:6 24 3:8 2.25
8 1:8 24 4:6 1.81
12 1:12 24 6:4 1.77
24 1:24 24 12:2 1.02
48 1:48 24 12:2 0.43

Table 3. Fairfield Smith’s equation for different block ar- 1:12 was 5.93 per cent and it reduces by 20 per cen

rangements. for block shape 6:2 i.e. 7.47 per cent and for bleize
Type of arrangement Smith’s equation R? 24 for the plot size 1fthe C.V. with block shape
Vi =V X 1:24 was 3.89 per cent and it reduces by 35 per cen
4 plot block 10.1675 X% 0.8946 for block shape 6:4 i.e. 6.04 per cent. It was plesk
6 plot block 8.0075 X04104 0.9483 that the long and narrow blocks elongated in E-W di
a3 rection were the most efficient ones.
8 plot block 7.3485 X° 0.9656 Relationship between coefficient of variation and
12 plot block 5.9744 x04188 0.9466 block size: The minimum coefficient of variation’s
24 plot block 4.8764 X0522L 0.9799 were to be found out for all the combinations ddtpl

sizes and shapes for different arrangements okbloc

than the other block sizes 4, 6, 8 and 12, forgikien and are presented in Table 2. The further cal@nati
plot sizes. C ’ should be carried out on these minimum coefficierits
It was also observed that C.V. without blocking was Yaration. _

much higher in comparison with the C.V. with block- AS We have earlier concluded that the 24 plot bsock

ing, thus indicating that blocking was beneficial i Weré more significant than all the other blocks &rd
reducing error variation. the 24 plot size, the most significant block shaes

Effect of block shape:For a given block size, gener- 12:2 1-€. 12 plots elongated along E-W directiod an
ally, the blocks elongated along E-W direction et~ Pl0tS elongated along N-W direction. So, as per the
C.V. as compared to the block elongated across N-§arlier findings regarding block size and blockpha
direction, for instances for a plot of size onetutiie and this result regarding minimum coefficient ofiga

C.V. for block size 4 with shapes 1:4 was 10.66 pertion for all the combinations of plot sizes, ploages,
cent which was less than the C.V. for the shape.@:1  PlOck sizes and block shapes, we have concluded tha

11.46. Thus there was reduction of 7 per cent M, C. 24 Plot blocks elongated in E-W direction (i.e. 2)2:

from shape 1:4 to 4:1. The reduction was largeofigr ~ WaS found to be optimum for the Indian mustard. -
ger size of plots and blocks. For example for sptoe Fitting of Smith’s equation: After examining empiri-

size 1nf with block size 12, the C.V. with block shape €@lly; the effect of size of blocks on error vaiidp a
functional relationship between plot size and Ch¥s
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Table 4. Coefficient of variation and block efficiency forniaus plots and block sizes.

Plot size Without 4 — plot blocks 6 —plot blocks 8 — plot blocks 12 — plot blocks 24 — plot blocks

(in units) Blocking

cV. CVv. BE CV. BE. CV. BE CV. BE CV. BE.
1 20.07 10.66 1.88 8.68 2.31 7.93 2.53 5.93 3.38 3.89 5.15
2 14.12 7.93 1.78 5.93 2.38 5.25 2.68 3.89 3.62 2.89 4.88
3 11.81 5.93 1.99 6.14 1.92 3.89 3.03 4.53 2.60 3.01 3.92
4 10.22 5.25 1.94 3.89 2.62 4.37 2.33 2.89 3.53 2.53 4.03
6 8.24 3.89 2.11 3.52 2.34 2.89 2.85 3.01 2.73 2.25 3.66
8 7.42 4.37 1.69 2.89 2.56 3.41 2.17 2.53 2.93 1.81 4.09
12 5.44 2.89 1.88 3.01 1.80 2.53 2.15 2.25 2.41 1.77 3.07
24 3.28 2.53 1.29 2.25 1.45 1.81 1.81 1.77 1.85 1.02 3.21
48 1.44 1.81 0.79 1.77 0.81 1.32 1.09 1.02 1.41 0.43 3.34

been fitted. The Smith (1938) relation between ploteffective than the smaller blocks, in reducing ¢neor
size X and coefficient of variation,\wvas found to be variability.

most suitable for all plot blocks and the resultsén .

been summarized in Table 3. Conclusion

The coefficients of determination {Rfor various  The coefficient of variation decreased with the in-
block arrangements of the Smith's equation varifro crease in the block size, indicating that as tkze sif
0.8946 to 0.9799 when plot sizes were considered anplock increased, the homogeneity within the blolslo a
the R was found to be maximum for the 24 plot increased. Thus, 24 plot blocks were more efficient
blocks, so the 24 plot blocks were more efficiev@rt  than the other block sizes 4, 6, 8 and 12, fogihen plot

all the other blocks. Also the index of soil vaildip sizes. It was observed that the blocks elongatefH\iv
(b) varies from 0.4104 to 0.5221. direction were more effective in reducing erroriation
Block efficiency: Blocking was found to be useful than those elongated in N-S direction. It was albe
for reducing experimental error from the plot yidld  served that C.V. without blocking was much higher i
removing the portion of variability present in thpt  comparison with the C.V. with blocking, thus inding
and mak-ing the experimental field less heterogesieo that blocking was beneficial in reducing error atain. It
This advantage of using blocks was expressed as th@as observed that the block efficiency generaliyeases
block efficiency. with the increase in the block size, for the gisere and
For the present uniformity trial data, we consite®  shape of plots. The block size of Z4mith 12m x 2m

blocks with 4, 6, 8, 12 and 24 plots for the vasiqot  shape is recommended for future field experiments o
sizes. Then the block efficiencies for differenbtpér- Indian mustard yield trials.

rangements within the blocks were calculated amd pr
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