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ESTIMATION OF OPTIMUM FIELD PLOT SIZE AND SHAPE IN PADDY 
YIELD TRIAL
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ABSTRACT:- The present study was designed to estimate the optimum 
plot size with the shape for field research experiments on paddy yield trial 
considering the effect of plot size on variability in yield of crop as well as 
studying the coefficients of variation of different plot sizes and shapes of 
plots. The Smith's index of soil heterogeneity was computed to estimate 
optimum plot size and shape using yield data of the 12m×24m recorded 
separately from each basic unit of 1m×1m (288 basic units). Soil 
productivity contour map described graphically the productivity level of 
the experimental site. The index of soil heterogeneity (b = 0.491) indicated 
a degree of low similarity among the experimental plots. Variance per unit 
area and coefficient of variation decreased rapidly with an increase in the 
plot size. Based on the coefficient of variation the optimum plot size for 
paddy yield trial was estimated to be 6m×12m with rectangle shape for Rice 
Research Institute, Kala Shah Kaku, Lahore. This estimated plot size is 
larger than the plot size of 3m×5m generally used for paddy yield in the 
study area. 
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INTRODUCTION

It is important for the crop 
scientists to have knowledge on field 
plot techniques, the study of size and 
shape of plot best suited for a 
particular type of experiment. It is of 
utmost importance to use the most 
efficient shape, size and arrange-
ments of plots in a particular experi-
ment for obtaining the reliable 
results. The precision of significance 
tests in field trial is largely controlled 
by size and shape of plots, which are 
further controlled by the size, and 
shape of area available for the 
particular trial, the nature of fertility 
or other variation.

The problem was therefore sele-

cted to see a scientific basis for using 
plot size and shape within optimum 
limits. To cope with the problem of 
the research workers, it has become 
necessary to standardize a suitable 
plot size and shape for the 
experimental plot of major crops 
grown under different conditions, 
which will reduce the standard error 
of the experiments. Field-plot 
techniques deal with the various 
elements to properly plan an 
agricultural field experiment. The 
use of improper field-plot techniques 
may inflate experimental error and 
lead to erroneous inferences. Hence, 
to improve the quality as well as 
credibility of research results, there 
is a need to carry out research on 
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field-plot techniques.
 Gomez and Gomez (1984) 

described that uniformity trial 
involves planting an experimental 
site with a single crop variety, 
applying cultural and management 
practices as uniformly as possible. 
All sources of variability, except that 
due to native soil differences, are 
kept constant. The planted area is 
sub divided into small units of the 
same size (generally referred to as 
basic units) from which separate 
measurements of productivity, such 
as grain yield are made.  The size of 
the basic unit is governed mostly by 
available resources. The smaller the 
basic unit, the more detailed is the 
measurement of soil heterogeneity.

In field experiments, soil 
variability is one of the important 
external sources of variation. This 
variability may be random or 
systematic. Usually researchers use 
block experiments to minimize this 
source of variation. Leilah and Al-
Khateeb (2007)   carried out a study 
to estimate the optimum plot size, 
shape and number in the desert 
rangeland of Saudi Arabia. The 
weighted index of soil heterogeneity 
was estimated to be 0.69 which 
showed lower correlation between 
adjacent plots. Bhatti and Rashid 
(2005)   studied the effect of shape 
and size of plots on spatial variability 
in cotton yields using statistical 
procedures such as frequency plot 
analysis and semivariogram analysis 
to study the nature and magnitude of 
variability in the yield. 

Mohammad et al. (2001)  studied 
size and shape of plots for wheat  
trials in field experiments on 29 
different data sets  using the index of 
heterogeneity and ultimately 
estimated the plot sizes under 

different situations  for  plant height, 
grain yield and straw yield. Their first 
method was based on the techniques 
proposed by Lin et al. (1983) and 
Binns (1982) while the second met-
hod used was of Smith's empirical 
relation. Nasr (1997) estimated the 
optimum plot size, shape and 
number of replications for wheat 
yield trials under different fertilizer 
conditions.  

The objectives of the present 
study were to estimate the optimum 
plot size and shape for field research 
experiments on paddy yield trial; to 
determine the effect of plot size on 
variability in yield; and to study the 
coefficients of variation of different 
plot sizes and shapes.

MATERIALS AND METHOD

The data were collected from 
Rice Research Institute, Kala Shah 
Kaku, Lahore, Punjab on paddy yield 
trial in close collaboration with Rice 
Programme, NARC, Islamabad. A 
single rice line T5 in crop area of 12m 
× 24m was selected randomly to 
consider all management practices 
as uniform as possible (Table 1). 
Yield data were recorded separately 
from each basic unit of 1m×1m. 
Grains from each of the 288 basic 
units were harvested, bagged, 
threshed, cleaned, dried, and 
weighed separately. Yield differences 
between these basic units were taken 
as a measure of the area's soil 
heterogeneity. Yield moving averages 
of 3m×3m basic units were 
calculated from an experiment 
covering 12m×24m (Table 2).

Soil productivity contour map 
was drawn to describe graphically 
the productivity level of the 
experimental site based on moving 
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Table 1. Yield from an experiment covering 12m×24 m

Table 2. Yield moving averages of 3m×3m basic units from an experiment 
covering 12m×24m

Row Column

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

1

0.317

0.313

0.321

0.328

0.348

0.365

0.391

0.384

0.396

0.372

0.347

0.339

0.346

0.369

0.361

0.364

0.352

0.346

0.323

0.290

0.263

0.257

2

0.322

0.323

0.328

0.321

0.325

0.341

0.369

0.386

0.388

0.369

0.352

0.348

0.357

0.369

0.360

0.354

0.341

0.335

0.320

0.301

0.277

0.274

3

0.327

0.316

0.309

0.301

0.302

0.316

0.343

0.369

0.363

0.353

0.352

0.351

0.352

0.371

0.363

0.358

0.329

0.324

0.314

0.29 5

0.276

0.282

4

0.320

0.312

0.310

0.296

0.299

0.313

0.348

0.372

0.364

0.340

0.347

0.356

0.361

0.372

0.362

0.356

0.323

0.307

0.301

0.292

0.272

0.279

5

0.303

0.301

0.314

0.304

0.318

0.316

0.338

0.353

0.363

0.348

0.356

0.362

0.363

0.366

0.361

0.359

0.332

0.315

0.309

0.294

0.281

0.280

6

0.282

0.273

0.307

0.330

0.343

0.328

0.324

0.345

0.352

0.337

0.338

0.345

0.353

0.356

0.363

0.353

0.340

0.318

0.317

0.294

0.289

0.288

7

0.273

0.283

0.324

0.368

0.382

0.368

0.328

0.332

0.337

0.350

0.347

0.339

0.339

0.362

0.382

0.370

0.346

0.323

0.309

0.281

0.289

0.294

8

0.311

0.300

0.320

0.363

0.379

0.394

0.373

0.359

0.344

0.346

0.360

0.346

0.348

0.360

0.385

0.372

0.352

0.331

0.310

0.282

0.289

0.308

9

0.325

0.319

0.331

0.342

0.372

0.387

0.397

0.374

0.368

0.364

0.381

0.371

0.390

0.387

0.409

0.380

0.356

0.341

0.324

0.310

0.296

0.305

10

0.343

0.337

0.336

0.327

0.344

0.368

0.410

0.400

0.392

0.373

0.384

0.377

0.401

0.400

0.417

0.382

0.351

0.338

0.326

0.322

0.301

0.312

-2
(gm )

Row

-2
(gm )

Column

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

1

0.36

0.29

0.26

0.29

0.35

0.32

0.39

0.43

0.40

0.35

0.43

0.34

0.27

0.41

0.34

0.40

0.38

0.37

0.32

0.34

0.29

0.20

0.26

0.28

2

0.28

0.28

0.41

0.42

0.31

0.35

0.47

0.39

0.43

0.33

0.46

0.33

0.29

0.42

0.35

0.34

0.40

0.40

0.29

0.34

0.30

0.24

0.28

0.25

3

0.40

0.35

0.24

0.29

0.33

0.30

0.32

0.33

0.38

0.44

0.36

0.33

0.34

0.35

0.36

0.37

0.32

0.32

0.39

0.37

0.29

0.25

0.26

0.30

4

0.27

0.34

0.35

0.25

0.37

0.28

0.21

0.44

0.37

0.39

0.35

0.35

0.39

0.36

0.37

0.42

0.32

0.31

0.33

0.29

0.30

0.34

0.24

0.33

5

0.29

0.36

0.36

0.33

0.29

0.29

0.35

0.35

0.35

0.29

0.35

0.34

0.39

0.33

0.29

0.50

0.33

0.35

0.31

0.27

0.29

0.27

0.25

0.32

6

0.35

0.29

0.28

0.27

0.31

0.30

0.31

0.30

0.47

0.40

0.33

0.28

0.38

0.41

0.35

0.32

0.36

0.30

0.31

0.31

0.31

0.26

0.20

0.32

7

0.24

0.21

0.36

0.26

0.38

0.33

0.33

0.30

0.30

0.43

0.37

0.36

0.43

0.36

0.35

0.39

0.37

0.33

0.35

0.33

0.32

0.30

0.34

0.26

8

0.27

0.28

0.28

0.25

0.39

0.49

0.27

0.34

0.32

0.27

0.31

0.30

0.30

0.30

0.32

0.43

0.40

0.30

0.36

0.29

0.29

0.25

0.35

0.32

9

0.31

0.26

0.28

0.39

0.35

0.48

0.44

0.35

0.32

0.38

0.35

0.40

0.32

0.30

0.40

0.44

0.37

0.33

0.33

0.31

0.23

0.23

0.31

0.30

10

0.48

0.34

0.32

0.32

0.32

0.28

0.40

0.51

0.43

0.33

0.41

0.39

0.48

0.35

0.38

0.35

0.40

0.35

0.35

0.38

0.28

0.31

0.38

0.34

11

0.27

0.33

0.36

0.30

0.36

0.29

0.43

0.31

0.40

0.35

0.36

0.32

0.42

0.38

0.50

0.40

0.46

0.34

0.30

0.41

0.36

0.31

0.27

0.31

12

0.36

0.35

0.30

0.43

0.33

0.32

0.37

0.41

0.45

0.43

0.39

0.40

0.31

0.36

0.44

0.46

0.38

0.32

0.28

0.34

0.26

0.27

0.28

0.35
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averages of adjacent units. Serial 
correlation was computed to check 
the presence of the fertility gradients. 
Two serial correlation coefficients 
one for the horizontal and the other 
for vertical arrangement were 
calculated from the paddy yield trial 
data. Mean squares among strips 
were computed to indicate the 
direction of the fertility gradient .

Smith's index of soil hetero-
geneity was used to derive optimum 
plot size. The index gives a single 
value as a quantitative measure of 
soil heterogeneity in an area. The 
value of the index indicates the 
degree of correlation between 
adjacent experimental plots. Its 
value varies between unity and zero. 
The larger the value of the index, the 
lower is the correlation between 
adjacent plots, indicating that fertile 
spots are distributed randomly or in 
patches. To calculate Smith's index 
of soil heterogeneity, variance per 
unit area Vx, variance between plots, 
Vx1, and coefficients of variation for 
plots of various sizes and shapes 
were calculated to determine plot 
size and shape of plot.

RESULTS AND DISCUSSION

The fertility contour map of a 
field measuring 24m×12m basic 
units and from moving averages of 
3m×3m basic units (Figure 1) were 
drawn. These contour maps 
graphically depict the productivity 
level of the experimental site. The 
values of the vertical and horizontal 
serial correlation coefficients are 
0.314 and 0.341 respectively. Both 
coefficients are low which indicates 
that some fertility gradient is 
present. However, the horizontal 
serial correlation coefficient was little 

high than vertical implying that the 
fertility gradient was more pronou-
nced horizontally than vertically. 
Mean square for horizontal strips 
(0.014) was relatively higher than 
mean square for vertical strips 
(0.006), which concurs with the 
contour map and indicates that 
trend of soil fertility, was more 
pronounced along the length than 
along the width of the field. It 
corroborates the results by Gomez 
and Gomez (1984) that is due to high 
horizontal serial correlation coeffi-
cient and mean square between 
strips, the contour map was more 
pronounced horizontally than 
vertically.

Coefficients of variation for plots 
of various sizes and shapes, between 
plot variance Vx and variance per 
basic unit area Vx1, indicate that as 
the plot size increases, coefficients of 
variation and variance per unit area 
decreases and this decrease is 
maximum with the rectangle shape 
plot of 6m×12m (Table 3). This 
decrease in the coefficient of 
variation and variance per unit area 
imply that the plot of rectangular 
shape of 6m×12m basic unit was the 
most effective in reducing soil 
variation and is therefore considered 
the optimum plot size (Figure 2 and 
3). The value of soil heterogeneity 
index was 0.491 which showed a 
degree of low relationship among the 
experimental units. Similar results 
were found by Gomez and Gomez 
(1984)  to study the shape and size of 
plots in field experiments and spatial 
variability.

Katyal and Rajput (1978), Ali 
and Singh (1986), Ortiz (1995), Sills 
and Nienhuis (1993), Warren and 
Mendez (1981), Khan et al. (2001), 
and Masood and Javed (2003) have 
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Figure 1. Fertility contour map of a field measuring 24m×12m basic units
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Table 3.  Smith's Index of Soil Heterogeneity

Plot
width (m)

1

1

2

1

3

1

2

4

1

2

3

6

1

2

3

4

1

2

3

4

6

2

4

3

6

2

3

4

6

4

3

6

4

6

6

Plot
length (m)

1

2

1

3

1

4

2

1

6

3

2

1

8

4

2

3

12

6

4

3

2

8

4

6

3

12

8

6

4

8

12

6

12

8

12

Plot
size (m2)

1

2

2

3

3

4

4

4

6

6

6

6

8

8

8

9

12

12

12

12

12

16

16

18

18

24

24

24

24

32

36

36

48

48

72

Serial
number

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

Number 
of plots

288

144

144

96

96

72

72

72

48

48

48

48

36

36

36

32

24

24

24

24

24

18

18

16

16

12

12

12

12

9

8

8

6

6

4

Vx

0.00345

0.00235

0.00231

0.00179

0.00203

0.00153

0.00171

0.00159

0.00128

0.00135

0.00156

0.00132

0.00093

0.00127

0.00129

0.00133

0.00039

0.00110

0.00124

0.00113

0.00111

0.00078

0.00109

0.00104

0.00097

0.00027

0.00073

0.00101

0.00095

0.00071

0.00023

0.00084

0.00022

0.00057

0.00008

CV

17.3

14.3

14.1

12.5

13.3

11.5

12.2

11.7

10.5

10.8

11.6

10.7

9.0

10.5

10.6

10.7

5.8

9.8

10.3

9.9

9.8

8.2

9.7

9.5

9.2

4.8

8.0

9.4

9.1

7.8

4.5

8.5

4.4

7.1

2.6

V1

0.00345

0.00941

0.00922

0.01612

0.01829

0.02443

0.02729

0.02536

0.04605

0.04873

0.05618

0.04769

0.05960

0.08137

0.08284

0.10797

0.05581

0.15894

0.17784

0.16220

0.15983

0.20071

0.27886

0.33579

0.31346

0.15584

0.42105

0.58201

0.54936

0.72298

0.30269

1.09253

0.50779

1.32459

0.40548
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also conducted research to find 
optimum plot size, shape and 
orientation for field experiments and 
spatial variability.

The results of the study revealed 
that there was a considerable 
variation in yield data gathered from 
different plot sizes. Plot size of 
6m×12m was found optimum for 
field experiment on paddy line T5 
using the coefficient of variance 
technique. Among the three shapes 
of the plots like rectangle, square and 
strip, the rectangle shape was found 
suitable for large plot size due to the 
decrease in the values of the 
coefficient of variation with each unit 
increase in the plot size. The 
estimated plot size of 6mx12m with 
rectangle shape at Rice Research 
Institute, Kala Shah Kaku, Lahore, 
Punjab is recommended for future 
field experiments on paddy yield 
trials. Researchers of the relevant 
Research Station may use the 
estimated plot size in the study to 
have better control over the 
variability of the field experiment. 
Keeping in view the results of 
coefficients of variation, rectangle 
shape plots are also suggested when 
the researchers are not familiar with 
the fertility pattern of the experi-
mental area. Suitable plot size with 
shape shall improve the quality of 
research results in this way 
contributing to the generation of 
more sound and viable technologies 
which will ultimately help to reduce 
the productivity deficit.
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