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A B S T R A C T 

The be&t size o f the plot and the shape has been the subject o f much discussion 
in tea field experiments. Wi th that view, the optimum-plot size and shape o f the 
plot for tea field experiments was determined using uniformity trial data. I t was 
found that the correlation among adjacent units notably changed with the degree 
o f slope o f the site, but the pattern o f change o f C V with the plot size did not 
vary depending on the degree o f slope. Irrespective o f slope, the C V reached a 
constant at the plot size o f 16 bushes. Therefore, in tea field experiments, it is 
recommended to have 16-20 bushes per plot as the optimum in a rectangular 
shape so that the length along the gradient is at the best. 
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I N T R O D U C T I O N 

I n f i e l d e x p e r i m e n t s , t h e e f f i c i e n c y o f t e s t i n g t r e a t m e n t e f f e c t d e p e n d s o n 
e x p e r i m e n t a l prec is ion . I n v i e w o f i m p r o v i n g the prec is ion , the concept o f "cont ro l o f 
extraneous v a r i a t i o n " p lays a v e r y p r o m i n e n t ro le in e x p e r i m e n t a l research. T h i s has a 
t w o - f o l d o r i g i n . O n e is the inherent va r iab i l i t y i n the e x p e r i m e n t a l m a t e r i a l . T h e second 
a n d the most cr i t ica l facet is the fa i lu re to standardize the exper imenta l uni t i.e. the 
degree the exper imente r be ab le to contro l the posi t ional var ia t ion in the exper imenta l 
si te. 

T h e genet ic v a r i a b i l i t y o f the e x p e r i m e n t a l m a t e r i a l is a n i m p o r t a n t fac tor i n 
d e t e r m i n i n g p lot size ( V i a n a , et a l . , 2 0 0 2 ) . I n tea crop exper iments , exper imenter can 
reasonably assume h o m o g e n e i t y w i t h respect to the e x p e r i m e n t a l mater ia l because the 
vege ta t ive ly propagated p l a n t i n g mater ia l is usual ly used in the tr ia ls . H o w e v e r , due to 
the s loppy nature o f tea lands in Sr i L a n k a , posi t ional var ia t ion creates problems to 
greater int r icacy in prec is ion o f tea f i e l d exper iments . O n e w a y o f hand l ing the p r o b l e m 
is b y in t roducing e f f i c ien t b l o c k i n g and use o f o p t i m u m p lo t s ize. T h e r e f o r e , an adequate 
character iza t ion o f posi t ional var ia t ion in an exper imenta l site is a good guide and even 
a prerequis i te to choose a g o o d exper imenta t ion design w i t h e f f i c ien t p lot size. Because 
o f the increased d ivers i ty o f exper iments and costly labour and suppl ies, i n fo rmat ion is 
needed on the most e f f i c ien t p lo t size and shape fo r e x p e r i m e n t a l w o r k in tea. A l t h o u g h 
large n u m b e r o f f i e l d exper iments have been conducted on tea , o n l y l im i ted w o r k has 
been d i rected t o w a r d es t imat ing e f f ic ient p lot size ( K a n a p a t h i p i l l a i , 1 9 6 7 ) . 
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Research studies on tea have been m a d e in diverse env i ronments . M a n y t imes , the 
heterogenei ty o f local condi t ions has led to h i g h exper imenta l error, w h i c h hinders the 
statistical conf i rmat ion for d i f ferences a m o n g the appraised t reatments . T h i s study m a d e 
an a t tempt to investigate h o w best the exper imenter can evade the pos i t iona l var ia t ion 
and increase the precision o f the f i e l d exper iments in tea. 

M A T E R I A L S A N D M E T H O D S 

A u n i f o r m i t y t r ia l w a s establ ished at St. C o o m b s Estate , T e a Research Inst i tute o f 
Sr i L a n k a and the f ie lds in quest ion w e r e selected f r o m near b y locat ions a n d average o f 
10° d i f ferences in slope (site 1 : average o f 41° slope and site 2 : average o f 51°) . T h e 
p lant ing mater ia l ( T R I 2 0 2 4 ) , date o f p l a n t i n g and a l l the other cu l tu ra l pract ices w e r e 
kept u n i f o r m fo r both sites. 

Si te l ( s l o p e = 4 1 ° ) S i t e 2 ( s l o p e = 5 1 ° ) 

80f ts 

4 2 * 4 2 area 4 2 * 4 2 area 

80f ts 

120fts 

( a ) 

120fts 

( b ) 

Figure 1: Layout of uniformity trials at two sites 

T h e area ( 8 0 f t s X 1 2 0 f t s ) o f each site w a s d i v i d e d into sub plots o f 2 bushes ( F i g u r e 
l a and b ) a n d each site conta ined a p p r o x i m a t e l y 1200 bushes. T h e appropr ia te area w a s 
obta ined b y measur ing up bushes. Y o u n g shoots w e r e p lucked fo r c o m p l e t e one-year at 
w e e k l y intervals b y e m p l o y i n g the same t e a m o f p luckers r a n d o m l y th rough out the 
exper iment . 

Indicators of soil heterogeneity 

T o evaluate the patterns o f soi l heterogeneity in the exper imenta l sites, four methods, 
v i z . , soi l p roduct iv i ty contour m a p , ser ia l corre la t ion , means square a m o n g strips and 
S m i t h ' s i n d e x o f soi l he te rogene i ty w e r e u t i l i z e d ( G o m e z a n d G o m e z , 1 9 8 3 ) . So i l 
product iv i ty contour m a p based o n the m o v i n g averages o f the cont iguous units describes 
graphica l ly the product iv i ty levels o f the exper imenta l site. M o v i n g averages o f four 
basic units w e r e used in the analysis . 

A s a m e t h o d o f a character i z ing , the t rend in soi l fe r t i l i ty us ing u n i f o r m i t y tr ia l 
data, serial correlat ions and means square b e t w e e n strips w e r e c o m p u t e d f o r hor izonta l 
and ver t ica l d irect ions. T h e y indicate the possible d i rect ion o f the fe r t i l i t y gradient and 
the suitable or ientat ion o f the plots a n d b locks . 
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Heterogeneity index (Smith's index) was computed as the fourth method of characterizing 
soil heterogeneity. The effect of changing plot size on variance over the whole experimental 
area for each of several plot sizes is given by simple formula (Smith, 1938). 

log V x = log V,-b log x (A) 

Where V is the variance of the standard unit sized plot. The size of b (0 < b < 1) is 
a measure of similarity between plots and x is the number of basic units. 

RESULTS AND DISCUSSION 

Soi l p r o d u c t i v i t y c o n t o u r m a p 

Soil productivity contour map for two sites is shown in Figure 2. As the iterative 
technique of moving averages cancels out the large random variation that is expected 
with very small plots, it gives a good description about the positional variation in the 
experimental site. From the map, it is possible to see that there is a regular order of 
productivity in both selected sites. It clearly indicates the fertility gradient along the 
direction of the slope. These maps provide useful information on actual variability within 
site-specific areas. With knowledge of characteristics of low yielding areas and the 
availability of accurate maps, application of site-specific corrective measurements and 
selection of proper experimental design is now possible. Therefore information on soil 
productivity contour maps could allow the researcher to have more efficient comparison 
of the appraised treatments and ultimately it leads to an increase in the precision of the 
experiment. 

Ferblty Contour Map-Based on Moving Averages of unfomty Yield Data 

( S i t e 1 ) ( S i t e 2) 

( S l o p e is f o r n o r t h to sou t h d i r e c t i o n f o r b o t h sites) 

F i g u r e 2: P r o d u c t i v i t y c o n t o u r m a p s f o r si te 1 a n d 2 
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Serial correlation and means square among strips 

Seria l correlat ions and means square a m o n g strips fo r bo th hor izonta l and ver t ica l 
direct ions are s h o w n in T a b l e 1 . A l l four serial corre la t ion coef f ic ients computed for 
hor izonta l and ver t ica l d i rect ions in t w o sites are s igni f icant at 0 . 0 0 0 1 leve l . T h o u g h the 
serial corre lat ion coef f ic ients fo r both direct ions are equa l l y h i g h in site 2 , w i l k s l a m b d a 
statistic shows that the d i f fe rence is s igni f icant ( F = 7 8 . 0 4 , P = 0 . 0 0 1 ) . I n site 1 , coef f ic ient 
fo r hor izonta l d i rec t ion is s ign i f icant ly h igher than the ver t ica l ( F = l 0 9 . 4 8 , P = 0 . 0 0 1 ) . 
H o w e v e r , w e cannot use this statistic to indicate the re la t ive degree o f the gradient in the 
t w o direct ions. 

Table 1: Results of four methods of analysis to characterize soil heterogeneity 

M e t h o d D i r e c t i o n Si te N u m b e r 

1 2 

Serial Cor re la t ion Ver t ica l 0 . 3 7 5 2 5 6 0 . 6 1 0 3 5 5 

( P O . 0 0 0 1 ) ( P < 0 . 0 0 0 1 ) 

H o r i z o n t a l 0 . 8 2 7 5 6 6 0 . 9 0 4 1 0 6 

( P < 0 . 0 0 0 1 ) ( P O . 0 0 0 1 ) 

M e a n Square a m o n g strips Ver t i ca l 3 3 7 8 6 3 . 4 9 0 3 6 8 8 . 4 

H o r i z o n t a l 9 3 3 8 8 4 2 2 5 5 6 1 2 9 6 

Smi th 's index ( c o m p u t e d ) - 0 . 7 1 0 1 7 - 0 . 3 2 8 5 9 

Smi th 's index (ad justed) - 0 . 7 1 - 0 . 3 8 6 3 

R 2 6 6 . 2 2 7 8 . 7 

F o r bo th sites, coe f f i c ien ts are e q u a l l y h i g h in h o r i z o n t a l d i rec t ion . H o w e v e r , 
according to T a b l e 1 , coef f ic ient fo r ver t ica l d i rect ion is c o m p a r a t i v e l y smal ler than that 
o f hor izonta l . H o w e v e r , i f there is serial corre la t ion fo r measurements w i t h i n a t reatment 
(across b locks) , then the reported F test is mis lead ing . I f the serial corre la t ion is posi t ive , 
then the actual P v a l u e is m u c h greater than the repor ted P v a l u e , m a k i n g it possible to 
fa lsely conc lude that there are s igni f icant d i f ferences w h e n it does not exist . Converse ly , 
i f the serial cor re la t ion is negat ive , then the actual P v a l u e is m u c h smal ler than the 
reported P v a l u e , m a k i n g it possible to fa lse ly conc lude that there are no s igni f icant 
di f ferences w h e n the t rea tment means are in fact s ign i f icant ly d i f ferent . 

A c c o r d i n g to the m e a n square a m o n g strips in site 1 and 2 ( T a b l e 1) , there is a 
fer t i l i ty pattern in both d i rect ions. H o w e v e r , t rend in soi l f e r t i l i t y is m o r e pronounced 
a long the length than the w i d t h o f the f i e l d . I n add i t ion , site w i t h h igh slope (site 2 ) has 
very h igher fe r t i l i ty gradient in the both direct ions. 
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Smith's index of soil heterogeneity 

According to V iana , et a l . ( 2 0 0 2 ) , the soil heterogeneity coefficient is the main element in 
estimating the opt imum plot size. Table 2 gives the computed variance and coefficient o f variation 
( C V ) for each o f the different plot sizes and shapes and for tea uniformity data. F r o m table 2 , it 
is possible to observe (F ig . 3 ) the general pattern o f C V w i th the increase in plot size. T h e 
pattern is same for both sites. However , the variance per unit area in site 1 is almost h a l f o f that 
o f site2. Th is implies the text that higher variabil i ty is observed at high slope. 

Table 2: The coefficient of variation and variance per unit area for plots of Different 
sizes and shapes, computed from uniformity trial data of site 1 and 2 

Plot size and shape Site 1 Site 2 

Basic Units Raw Column C V % 
Variance/unit 

area C V % 
Variance/unit 

area 

1 1 1 10.87 72.96 15.13 138.62 
2 1 2 10.42 66 .92 14.84 133.22 
2 2 1 9.08 50.86 14.22 122.28 
3 1 3 10.19 64 .09 14.62 129.30 
3 3 1 8.04 40 .76 12.32 93.83 
4 1 4 9.90 59.94 14.00 118.83 
4 4 1 7.11 31 .20 14.05 119.47 
4 2 2 8.74 47.13 11.91 85.73 
5 1 5 9.79 59.18 13.52 112.52 
5 5 1 5.72 20.16 12.24 90 .42 
6 1 6 9.65 57.48 13.41 111.33 
6 2 3 8.63 45.95 13.92 117.17 
6 3 2 7.77 38 .00 12.21 92 .09 
6 6 1 5.78 21 .02 10.20 64.35 
8 1 8 9.12 51 .00 13.30 109.52 
8 2 4 8.26 41 .80 13.31 107.39 
8 4 2 6.90 29 .38 11.81 84.43 
8 8 1 3.38 7.25 8.72 48 .63 
9 1 9 9.23 52.05 13.49 110.88 
9 3 3 7.63 36 .70 12.11 90.64 
9 9 1 3.41 7.32 11.00 74.81 
12 3 4 7.47 34.86 11.75 85.48 
12 4 3 6.83 28 .78 11.75 83.50 
12 6 2 5.63 19.99 10.14 63 .58 
12 2 6 8.16 41 .12 13.68 113.16 
16 4 4 6.61 26 .71 11.40 78 .83 
16 8 2 3.16 6.30 8.68 48 .17 
16 2 8 7.52 14.19 12.86 102.31 
25 5 5 4.94 15.08 12.36 58.85 
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T h e size o f the soi l heterogenei ty coef f ic ient ( 0 £ b l ) is a measure o f s imi la r i ty 
b e t w e e n plots: w h e n n e i g h b o r i n g plots are h igh ly corre la ted , b is close to 0 , and w h e n 
they are a lmost u n c o r r e c t e d , b is close to 1 . U s i n g the results o f a u n i f o r m i t y exper iment , 
a scientist can predic t the precis ion o f future exper iments fo r a n y p lo t s ize ( B i n n s , 1 9 8 2 ) . 

Smi th 's index o f soi l heterogenei ty values computed f o r b o t h sites adjusted fo r the 
size o f the area used in co l l ec t ing the data are s h o w n in table 1 . Va lues o f index fo r both 
sites indicate that w i t h h i g h slope, the corre la t ion b e t w e e n adjacent exper imenta l plots 
is h igher than that o f the l o w slope site. 

Coping with soil heterogeneity 

I f the exper imenter can ident i fy the posi t ional var ia t ion o f the e x p e r i m e n t a l area, 
several opt ions are ava i l ab le to reduce its ef fect . 

( a ) Influence of plot size in reducing error 

O n e o f the first methods used to determine the o p t i m u m plot size in f ie ld exper iments 
fo r several crops w a s the m a x i m u m curvature m e t h o d . T h e o p t i m u m p lo t s ize w a s 
determined corresponding to the po in t o f m a x i m u m curvature (Fedder , 1 9 5 5 ) . F i g . 3 
c lear ly indicates that the stabi l ize v a l u e o f C V i.e. the po in t that the l eve l o f C V comes to 
a constant w i t h increasing p lo t s ize is m u c h l o w e r in less s lope site than in the site w i t h 
h igher slope. I t is around 4 % and 1 0 % for site 1 and 2 respect ive ly . H o w e v e r , the 
amount o f reduct ion in C V at bo th sites is more or less equa l ( 6 - 7 % ) . 

Figure 3: Relationship between variance per unit area (V x) and plot size (x). 

( a ) S i te 1 ( b ) S i te 2 

A notable character ist ic here is that w h e n the C V b e c o m e stable, the p lot size is 
around 16 bushes in both sites. T h i s indicates that the o p t i m u m p lo t size is independent 
f r o m the leve l o f s lope. T h e r e f o r e , increasing the p lot size b e y o n d 16 bushes at any leve l 
o f s lope is not w o r t h w h i l e . 
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(a) The effect of plot shape in reducing errors in tea experiments 

T h e shape o f the e x p e r i m e n t a l p lo t p lays a v e r y p r o m i n e n t ro le in tea e x p e r i m e n t a l 
sites due to its nature o f slope. T h i s w a s c o n f i r m e d b y the results presented in T a b l e 3 . 
T h e lowest C V % has been obta ined in plots w i t h h igher length a l o n g the gradient fo r 
each p lo t size in both slope levels . T h e C V values in square shape plots are lesser than 
the plots o f h igher length across the gradient but h igher than a l o n g the gradient fo r b o t h 
sites. 

Table 3: Coefficient of variation for different plot sizes and shapes 

Plot 
size 

Coefficient o f Variation (%) 

Plot 
size 

Site 1 Site 2 

Plot 
size 

Higher length 
along the 
gradient 

Higher length 
across the 
gradient 

Square 
Shape 

Higher length 
along the 
gradient 

Higher length 
across the 
gradient 

Square 
Shape 

2 9 . 0 8 1 0 . 4 2 14 .22 14 .84 

3 8 .04 1 0 . 1 9 12 .32 1 4 . 6 2 

4 7 .11 9 . 9 0 8 .74 11 .91 1 4 . 0 0 14 .05 

5 5 .72 9 . 7 9 12 .24 13 .52 

6 5 .78 9 .65 1 0 . 2 0 13 .41 

8 3 . 3 8 9 . 1 2 0 8 . 7 2 1 3 . 3 0 

9 3 . 4 1 9 .23 7 .63 11 .00 1 3 . 4 9 12 .11 

12 5 .63 8 .16 10 .14 1 3 . 6 8 

16 3 . 1 6 7 .52 6 .61 0 8 . 6 8 12 .86 11 .40 

. 2 5 4 . 9 4 12 .36 

C O N C L U S I O N S 

F r o m the results ob ta ined , i t is ev ident that the corre la t ion a m o n g adjacent plots 
s ign i f icant ly var ies w i t h the degree o f slope o f the site. H o w e v e r , i rrespective o f the 
l eve l o f s lope, the change o f coef f ic ient o f var ia t ion is not s igni f icant af ter 16 bushes per 
p lot . T h e r e f o r e , the o p t i m u m size o f the e x p e r i m e n t a l p lo t f o r tea can be reasonably 
r e c o m m e n d e d as 1 6 - 2 0 bushes per p lo t based on the coe f f ic ien t o f va r iab i l i t y as w e l l as 
the e c o n o m i c considerat ions. T h o u g h the gradients subsist for both direct ions, the square 
shape o f the p lo t is not adv isable . T h e p lo t shape should be n a r r o w and long a n d the 
length o f the p lo t should be a long the gradient . 
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