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INTRODUCTION

Tbs ap p lica tio n  o f s t a t i s t i c a l  techniquea has 

p ra c tic a lly  revo lu tion ised  th e  f ie ld  of experimentation*

These techniques are frequen tly  used in  two d iverse  areas 

of a g r ic u ltu ra l  research namely agronomic and p lan t breed* 

ing t r ia l s *  On the agrnom ic s id e , complete experiments 

enabling the experimenter to  t e s t  the simultaneous e f fe c t  of 

two o r more treatm ents have become common, while witn the 

growing apprecia tion  ta u t s t a t i s t i c a l  methods are as n ec o sa ry  

and appropriate in  p lan t b reeing , as <.n agronomic research , 

breeders have s ta r te d  to  undertake properly  la id  out v a r ie ta l  

t r i a l s  containing an increased number of v a r ie tie s*

V aria b ility  i s  inherent in any experimental m ateria l 

Due to  tn i s  inheren t v a r ia b il i ty  i t  has become d i f f i c u l t  to  

compare the re la t iv e  worth o f treatm ents* &ven i f  a t r e a t 

ment i s  found to  be promising, we cannot decide whether the 

e f fe c t  can &e a ttr ib u te d  to  the treatm ent o r to  the inheren t 

v a r ia tio n  in  s o i l  f e r t i l i t y .  S o il f e r t i l i t y  varies  not only 

from place to  place but even from pocket to  pocket in  the  

same fie ld *  Tnis v a ria tio n  in  s o i l  f e r t i l i t y  cannot be e l i 

minated by any s t a t i s t i c a l  technique* There are numerous 

o ther fa c to rs  such as c lim ate , typo o f s o i l ,  d isease incidence 

a ttack  of in sec ts  e tc  watch con tribu te  to  p lo t to  p lo t Vari

a tio n  -ai yield* Thus even i f  the same treatm ent i s  applied 

to  a se t o f p^-ots th e i r  y ie ld s are  fo-nd to  d i l f e r .  This 

p lo t to  p lo t v a r ia tio n  d .e to  the e f fe c t  o f uncontro llable



fa c to rs  i s  ca lled  experimental e r ro r .  S ta t i s t i c a l  techniques, 

aimed a t  reducing the experimental e r ro r  and g e ttin g  an e s t i 

mate of experim entsi e r ro r  fo r  conduct.ng v a lid  t e s t s ,  are  

of g re a te r  s ig n ific an ce .

in  ag ric u ltu re  a research worker is  required  to  

experiment mainly in  the f i e ld .  Whether i t  is  new v a r ie t ie s ,  

c u ltiv a tio n  p ra c tic e s  or methods o f  seed trea tm en t, he has to  

t ry  thorn out in  the  H o ld  before he can aussus th e i r  value. 

These o b jec ts  o f comparison in  h is  t r i a l s  may be termed t r e a t 

ments. ihen conducting an experiment the  experim enter has to  

ensure the re p e a ta b il i ty  o f h is  experim ental r e s u l t s .  This 

has got bearing on the number of tim es each treatm ent i s  to  

be repeated* fu r th e r  the  p lo ts  ava ilab le  fo r  tije experiment 

may not be uniform, when heterogeneous m ate ria ls  are used, 

appropriate methods are to  be employed to  make the treatm ent 

comparisons e f fe c t iv e , e f f ic ie n t  and purposefu l. There may 

a lso  a r is e  s itu a tio n s  in  which d if fe re n t types 01 treatm ents 

have to  be combined in to  a s ing le  experim ent• To have the 

comparison o f treatm ent! more e f f ic ie n t  an experiment should 

ensure (a) randomisation (b) re p lic a tio n  and (c) lo ca l con tro l 

(b locking)•

Randomisation i s  im partial ap p lica tio n  of treatm ent 

to  tne experim ental p lo ts  so th a t every treatm ent has the 

same chance o f being applied to  each p lo t .  Zt i s  of an 

insurance aga inst unforeseen causes*

R eplication  of a treatm ent i s  the number o f times 

i t  occurs in  an experim ent. I f  only every treatm ent i s



rep lica ted  more toon once, the experim ental e r ro r  can be 

estimated*

Local con tro l i s  a device through which we can contro l 

a l l  known sources of v a ria tio n  en te rin g  treatm ent comparisons* 

in  ag ric u ltu ra l experiments the experimentor i s  

in to ru sted  to  a sc e rta in  the re la tiv e  worth of a so t o f t r e a t 

ments with reasonable confidence* To achieve th is  ob jective , 

the  e ffic ien cy  of experimental design i s  improved by adopt

ing the p rin c ip le s  o f randomisation, re p lic a tio n  and lo ca l 

control* Besides th e se , the accuracy of the  estim ates a lso  

depends on the  s is e  and shape of the experim ental p io ta  

adopt.d*

To determine tae s - itao ie  s ize  and shape of the 

p lo t and tne number o f p lo ts  in  a b lock , an experiment ca lled  

Uniformity t r i a l  is  conducted.

A uniform ity t r i a l  co n sis ts  in growing in a piece 

o f land a p a r tic u la r  cro with a uniform trea tm en t, d iv id ing  

the f ie ld  in to  small un its  ana harvesting  and record! .g the 

produce from eucn of tnose u n its  separately*

Aesuits from a uniformity t r i a l  experiment cun be 

u t i l is e d  fo r g e ttin g  an estim ate of experim ental e r ro r  and 

a lso  to  letermine tha su itab le  s iz e  and shape of p lo ts  and 

blocks and proper o rie n ta tio n  o f p lo ts  w ithin  the blocks* 

F e r t i l i ty  contour map can be drawn from the re s u l ts  of such 

t r i a l s  which g ive- us some idea regarding the uniform ity of 

the land . As tee magnitude o f experim ental e r ro r  leponds 

upon s o i l  heterogeneity  tne caoice of optimum s is e  and snaps 

of p lo ts  should oe bases upon s o i l  he te ro g en eity , the cnoi.ce



of optimum s iz e  and shape Of p lo ts  should be based upoa the  

estim ate o f experim ental e r ro r .

From the c o e ff ic ie n t o f v a r ia tio n  o f p lo t y ie ld s 

(which is  obtained fo r  d if fe re n t s iz e s  and shapes by combin

ing the neighbouring u n its  acco rd ing ly ); we can estim ate 

the v a ria tio n  due to  uncontrolled fa c to rs .  The c o e ffic ien t 

o f v a r ia tio n , i f  i t  i s  high, in d ica te s  th a t  the v a r ia tio n  

in  tne s o i l  f e r t i l i t y  i s  high, i f  i t  i s  low then i t  i s  

o therw ise. But the inherent v a r ia tio n  o f the s o i l  has a 

d if fe re n t magnitude fo r  d ifferen t s iz e s  and shapes o f p lo ts  

ana blocks adopted. Generally we find  th e  su ita b le  size  

and snaps of the p lo t and block fb r  which th i s  v a r ia tio n  i s  

minimum.

On annual crops lik e  paddy, wheat, jowar, maize 

ana sugarcane and perennial crops l ik e  arecanu t, mango, coconut, 

black pepper, orange and apple a la rge  number of s tu d ies  have 

been made in  India and abroad. But regarding the su itab le  

s ize  and shape of p lo t and block on vegetables comparatively 

le s s e r  work has been done in  the country. The heterogeneous 

nature of the various types o f vegetable crops makes i t  

v ir tu a lly  impossible to  t ra n s fe r  re s u lts  o f p lo t s tud ies  

from one crop to  ano ther. The d iv e rs ity  o f v^gatable crops 

p a r tic u la r ly  with reference to  number o f harvests p resen ts 

th e  g re a te s t problem. Vegetable crops such as p o ta to , cabbage, 

sweet potato and onions which normally are  sing le  harvest 

crops, g ive much more p rec ise  experimental data in  term, o f 

the  c o s f iic ia n t o f v a r ia b il i ty  per experim ental u n it as



compared to  m ultip le harvest crops such a s  b r in ja l ,  bhindi 

and tomato* Keeping these po in ts in  view the experiment is  

conducted in  b r in ja l ,  one of the most used vegetable in  

k e ra la •

Vegetables p lay  a key ro le in  the human d ie t ,

supplying the ’gaps* which o ther food m ateria ls  cannot f i i i
»

up* They are important in  reducing the in te s t in e  a c id ity  

produced during the process of digestion* They are valuable 

sources of vitam ins and m ineral elements needed by the body* 

B rin ja l i s  a native of India and has been in  c u l t i  

vation fo r  a long tim e. I t  belongs to  the 3olanaceae or 

night3ade family and known under the b o tan ica l name 

Solanurn melongena*

The p resen t in v es tig a tio n  i s  aimed w it the fo l io -  

ing o b jec tiv es .

( i)  To study the  nature and magnitude o f s o i l  

heterogeneity  of the vegetable f ie ld s  o f the Main Campus a t  

V ellanikkara.

( i i )  To estim ate the optimum p lo t s ize  and shape 

fo r  e f i ic ie n t  evaluation  0 1 b r in ja l  v a r ie ty ( s ) .

( i i i )  To determine the optimum block size  and 

number o f p lo ts  which ca.. be accommodate 1 in  a block without 

confounding, having p r io r  knowledge on s o i l  heterogeneity .

(iv) To determine the d irec tio n  of the blocks to  

increase the e ffic iency  o f the experiments on b r in ja l .



crop®, reflect®  the considerable importance th a t  has now been 

attached to  i t  in  vegetable agronomic programmes.

2 * £±21 ®±2i» sosl
Experimental p lo t re fe rs  t o t  ha u n it  on which ran

dom assignment o f treatment® i® made. The s is e  o f the p lo t ,

th e re fo re , refer® not only to  the harvest area but to  the 

whole un it rece iv ing  the treatm ent* Gomez (1972) f u r iN r  

gave an idea, of shape and o rie n ta tio n  o f p lo ts .  The shape 

o f the p lo t re fe rs  to  the r a t io  of i t s  length to  i t s  width. 

The o r ie n ta tio n  of p lo ts ,  on the  o th er hand, re fe rs  to  the 

choice of d ire c tio n  along which the lengths of the p lo ts  w ill 

be p laced .

Although many s tu d ies  of p lo t s ize  and shape have 

been made with a number of crop®, i t  was not u n t i l  19J1 th a t  

the f i r s t  th e o re tic a l  consideration  o f  p lo t shape was ;aade 

by C hriatids (1931)• 3ven before th i s  H arris (1913, 1920) 

proposed using the  in tra -c la s s  c o rre la tio n  c o e ff ic ie n t of 

y ie lds from adjacent areas as a c o e ff ic ie n t o f heterogeneity  

but although numerous workers have tak.w the troub le to  

evaluate such c o e ff ic ie n ts  fo r  t h e i r  data  i t  does not appear 

to  serve any o th e r purpose than to  demonstrate tn a t  the 

f e r t i l i t i e s  o f adjacent areas are  c o rre la te d .

With regard to  shape o f p lo ts  as an independent 

fa c to r  a ffe c tin g  the v a r ia b i l i ty ,  the  most extensive d iscus

sion  has been given by C hria tids (1931). Making the assum

ption  o f a l in e a r  f e r t i l i t y  g ra d ie n t, he derived a formula 

fo r  the  e f fe c t  o f p lo t shape on v a r ia tio n . He concluded



th a t  long and narrow p lo ts  are alwar#* I ****3 v a n a u le  than 

square ones. He considered the com petition a ls o . C hriatids 

(1931) continued th i s  study and reported in 1939 on the o f ;a c t 

o f p lo t /  as influencing  the optimum shape o f plot*

Smith (19j3) proposed tho f i r s t  th e o re tic a l  fo r

mula fo r  assessing  tho e lf e e t  of p lo t s ize  on varia tion*  He 

demonstrated a l in e a r  re la tio n sh ip  between logarithm s o f 

variance and p lo t s ize  with the reg ression  c o e ffic ie n t des

crib ing  the degree of co rre la tio n  between ad jacen t areas of 

land* He ignored the shape of p lo t in th is  consideration  

but admitted th a t i t  might have some e f f e c t .

Cochran (1940) a lso  considered the prob~e»of the 

shape oi p lo ts  fo r  various types of f ie ld s .  Ho discussed the 

cases fo r small and large values of tixj f e r t i l i t y  g rad ien t, 

when tee value of tho f e r t i l i t y  g rad ien t i s  sm all, the 

se lec ted  p lo t shape is  la rge ly  a m aster of p re ference , fo r 

largo vai~.es o f f e r t i l i t y  g rad ien t long and narrow p lo ts  

should be se lec te d , since the ad d itio n a l variance due to  

p lo ts  with o ther than optimum shape w ill need to  be compen

sated by ad d itio n a l re p lic  t io n .  He concluded th a t  i t  may 

prove im practical to  use long and narrow p lo ts  because of the 

nature o f the crop and i t  may be le s s  eo stly  to  increase p lo t 

s ize  than the number of re p lic a te s  to  ob tain  the desired 

degree of p re c is io n , as in  such cases long and narrow p lo ta  

may not be d e s ira b le .

Investiga tions o . the shape of p lo ts  by Wood and 

dtrattom  (1909) have s -ggostod th a t long and narrow p lo ts  

may not be mere variab le  than square one3 depending upon



th e ir  o r ie n ta tio n . N evertheless, i t  does appear th a t  long 

and narrow p lo ts  tend to  bo on the average leas  variab le  than 

square p lo ts ,  a find ing  which agrees with the  observation th a t  

ad jacent areas tend to be more closeLy co rre la ted  than d is ta n t 

a reas .

Pans© (1911) stud ied  the e f fe c t  of s iso  and shape of 

block and arrangement of p lo ts  on v a r ia tio n , he developed a 

concept of block e ffic ien cy  and experim ental e r ro r .  He con

cluded, however, th a t  p lo t s ize  and shape are of g rea ter 

importance in  e r ro r  v a ria tio n  than i s  block effic iency*

The work of C h ris tid s  (lo c . c i t ) and smith (lo c . c i t I 

on the e f fe c ts  of v a r ia tio n  in  p lo t shape and s ize  had been 

extended by Taylor (194d). he developed an equation , using 

a simple discontinuous co rre la tio n  function  fo r estim ating  

experimental e r ro r  fo r  any s ize  and shape o f lo t*  fie po in ts 

out th a t even though h is aquation seemed to  have re su lts  

more nearly  approaching those obtained experim entally tiian 

S m ith 's, a le ss  sim p lified  o r more r e a l i s t i c  approach should 

iead to  more r e a l i s t i c  r e s u l t s .

Koch and digney (1951) presented a method of e s t i 

mating optimum p lo t s ize  from experimental outa. By using 

c e rta in  assumptions they were able to  ca lcu la te  sm ith 's  

regression  c o e ff ic ie n t frou  data o th er than uniform ity t r ia ls *  

Koch and digney (1951) demonstrated th a t  the reg ression  coef

f ic ie n t  o f tne logarithm  o f variance on the reg ression  of 

p lo t s iz e  could .e estim ated from the experim ental data in 

which treatm ent e f fe c ts  a re  p re sen t, as well as from the data



oi' u.i.x’ormity t r i a l s • They aot<Ja tau t  i/mith (19> ' i hod

f uCO âOilli jet t iJ it  , fch eStiiililt lag t i ’iO rOgrvjSSXon COO i * tCi'illt

»o« t>i,j vur-ancoa oi' the d if fe re n t 3x200 plot-»suo.id bo weigh

ted oy t e e i r  reepect-ive degrees oi* ir~.ido.-ft. .in i a c t ,  sxnci 

tiiO Vv.rianco ostfm ates, io r  •.; f ie  ren t 3x2a o i t;.e '- lo t, both

in onlfor.uity t r i a l s  ,<nd o.\ or.1. junta 1 data v.en b ;itb up froo
\

comaon components, thoy a re  frequen tly  highly co rre la ted .

They had i l lu s t r a te d  the use o i experiment 1 data from s p l i t -  

p lo t and l a t t i c e  design in determining <the optimum p lo t s iz e ,

.experimental p lo t snaps may be square or rec tan g u la r. 

In experiments where edge or bonier e f ie c ts  are of d i f f e r e n t ia l  

importance in  v a rie ty  response, square p lo ts  are d es irab le  

because they have a minimum perim eter fo r  a given p lo t a rea .

But rec tangu lar p lo ts  are more convenbnt fo r  mechanised 

ope ra tio n s .

There are c o n flic tin g  opinions about the re la tio n  of 

p lo t shape to experimented e r ro r ,  dome ea rly  worker concluded 

th a t  shape was of l i t t l e  consequence but the m ajority  believed 

th a t  i t  had some influence on experim ental e r ro r  (Hayes and 

Immer, 1942; Leclerg e t  a l , ,  1962),

Mercer and Hall (1911), working with mangoes, found 

no su p e rio r ity  of long and narrow p lo ts  over square ones, 

S im ilar conelusions were reached by Smith (1953) in  beans; 

Batchelor and Heed (1913) in  oranges; Stephens and V inall (1923) 

Ln sorghum and Lyon (1911) end Kiesselback (1923) in  wheat.



Others agreed with t h i s  concluaion, but only i f  the  

length of the p lo t was o rien ted  in  the d ire c tio n  o f 

• o i l  f e r t i l i t y  g rad ien t, otherw iee square p lo ts  were 

sore e ffe c tiv e  in  reducing v a r ia b i l i ty  (Siao, 1935 in  

co tton ; and Omith, 1933, Day, 1920 and Iy e r , 1942 in  

wheat)•

Most evidence, however, in d ica ted  th a t re c t

angular p lo ts  are  much more a ffe c tiv e  than square ones 

in  co n tro llin g  v a r ia b il i ty  due to  s o i l  he terogeneity , 

fo r  example, by Omith (1907*09), McClelland (1926b) and 

Bryan (1931, 1933) in  corn; McDonald a t  a l.(193d) in  

co tton ; Holls and F ierce (1960) in  lima beans; Kiesselbacb 

(1923) in  o a ts ; Weatover (1924), Juatesen (1932) and 

Kalamkar (1932a) in  po ta toes; Swanson (1930) and Kulkarni 

and Bose (19,o) in  sorghpi; Vagholkar a t  al»(t94u) in  

sugarcane; and Bose (1935) in  wheat. Taylor (1907-09), 

who summarised contemporary f ie ld  experim ents, found 

th a t  rec tangu lar p lo ts  are more desirab le  and convenient 

fo r  experim entation with f ie ld  crops.

Dendrinos (1931), from th e o re tic a l  considera

t io n s ,  s ta te d  th a t  v a r ia b i l i ty  would be sm aller with

rec taag u la r p lo ts  than w ith square ones, i f  s o i l  he tero -#
geneity  was putcy.

Humorous s tu d ie s  have been made with h o rtic u l

tu r a l  crops to  determine the eourees o f v a r ia tio n  and



th e i r  magnitude, to  e s ta b lish  both general ideas as to  

influence of these  s iz e  and shape fa c to rs  on e rro r  and 

to  specify  for each crop and lo ca tio n  optimum combina

tio n  of s iz e  end shape* fho recen t researches which 

e s ta b lish  long and narrow p lo ts  are those of Uargava 

and aardhana (1975) in  apple; George eJi a l* (1979) in  

turm eric; Jayaraman (1979)in  sunflower; Menon and Tyagi 

(1971) in  mandarin orange*

F ield  p lo t technique data with vegetable i s  

more voluminous in  potatoes* in  p o ta to , i t  was found 

th a t  a long and narrow p lo t was the most desirab le*

Krants (1923) and durrence and Krants (1936) suggested 

a p lo t of one row by ̂ 94 cm* They a lso  emphasised the 

p ra c t ic a l  fa c to r  tn a t  workers custom arily ad justed  the  

s iz e s  of p lo t to  what they cared fo r  under th e i r  p a r t i 

cu la r co nd itions. Results obtained by Justeson (1932) 

and Kalaokar (1932) as a lso  Sardhana e t  a l* (1967) 

agreed qu ite  w ell with th e  above suggestion on a ise  of 

the plot*

Hodnett (195p) in  groundnut; Weber and Horner 

(1959); Joshi e t a l* (1972) and Kripashankar a t a l* (1972) 
in  soyabean; baxena e£ a l* (1972) in  oat fodder; areenath 

(1973) in  fodder sorghum; Prabhakaran and Thomas (1974) 

in  tap ioca ; George e t  a l* (1979) in  cardamom; and Rambabu 

e t  al*(19d0) in  grasses obtained more e ffic ien cy  with 

long and narrow p lo ts  that* with square p lo ts*



2* 4* E olation fif re p lic a tio n  to  experim ental e r ro r

The number o f  tim es th a t  a complete s e t  of 

v a r ie tie s  o r s tra in #  i s  repeated in  an experiment i s  

ca lled  the number o f rep lica tio n s*  The number o f r e p l i 

ca tions needed in  a f ie ld  experiment depends prim arily  

on (a) the  degree o f s o i l  heterogeneity  in  the  experi

mental s i t e  and (b) trie gene tic  v a r ia b i l i ty  o f the p lan t 

m ateria l under te s t*  Experimental p rec is io n  improves 

with an increased number of re p lic a tio n s  but a f te r  a 

c e r ta in  p o in t, the improvement is  not commensurate to  

the  ad d itio n a l input costs* However, fo r a given land 

area g re a te r  experim ental p rec is io n  i s  a tta in ed  by using 

many re p lic a tio n s  o f sm all-s ised  p lo ts  ra th e r  than a 

few re p lic a tio n s  o f la rg e  p lo t*  auch s tu d ie s  have bee a 

made by Hoarser (1925), Kalamkar ( 1932a), Juste  sen (1932} 

and Livermore (1927) in  po tatoes; Bonmerby (1923) in  oats 

and wheat; Immsr and Raleigh (1935) in  sugarbeets; B ea ttie  

and Boswell (1936) in  onions and c a rro ts ;  Siao (1935), 

Hutchinson and Panso (1935), Pans# (1941) in  cotton;

Joshi e t  a l . (1972), Kripashankar e t  ^1*(1972), Weber and 

Horner (1959) in  soyabean; Prabhakaran and Thomas (1974) 

in  tap ioca; Prabhakaran e t  al.t197B ) in  banana; Saxena 

e t  &L*(op. c i t ) in  oa t fodder; Breenath (op* c i t ) in  

sorghum and Pahuja and Mshra (1961) in  chickpea*

When land is  l im itin g , but labour and tra in ed  

f ie ld  a s s is ta n ts  are  av a ilab le , Currence and K rauts(1936)



advlaed using small p lo ts  w ith more re p lic a tio n s , but 

Currency (1947) cautioned th a t  small p lo ts  complicated 

record tak ing  arid re su lted  in  more com petition between 

plants*

R eplication i s  requ ired  in an experiment to  

provide a measure o f experim ental erro r*  More over, 

one o f the sim plest means of increasing  p rec ision  i s  

increasing  the number of rep lica tio n s*  Beyond a c e rta in  

number o f re p lic a tio n s , however, the improvement in  

p rec ision  is  too  small to  be of worth the ad d itio n a l co st, 

when such a poin t i s  reached and the required p rec ision  

i s  s t i l l  not a tta in e d , o ther means besides increasing 

the number o f re p lic a tio n s  must be used(Gomes, 1972).

Gomez (1972) suggested fu r th e r  th a t  the magni

tude of the  experim ental e r ro r  th a t  i s  to  be obtained 

in  an experiment and the requirement of the degree of 

p rec ision  are the main fac to rs  th a t  determines the number 

of re p lic a tio n s .

There i s  no ru le  about a desired  re p lic a tio n  

number but g enera lly , there  should be enough to  provide 

a minimum of 10 to  15 degrees o f freedom fo r e r ro r ,  ^ ith  

fewer than 10 to  15 degrees of freedom, the value o f teisr 

f  required  r is e s  rap id ly  (F isher and I a te 3 , 1963)*

2* 5 . P lo t- to -p lo t v a r ia b il i ty

I t  was customary to  i l l u s t r a t e  th e  p lo t- to -p lo t



v a r ia b il i ty  'with t  ha holp o f a f e r t i l i t y  contour map*

This l a  constructed by tak ing  the moving averages of 

the  y ie ld s  of the un it p lo ts  and demarcating the regions 

of same s o i l  f e r t i l i t y  by considering those areas which 

have y ie ld s of same magnitude* This approach o f d e sc ri

bing the v a ria tio n  in  f e r t i l i t y  has been adapted by a 

large number of workers in  India and abroad (singh e t  al*» 

1975).

Unfortunately the p a tte rn  of f e r t i l i t y  g rad i

en ts  es tab lish ed  with a c e r ta in  crop in  one season may 

not be c h a ra c te r is t ic  of the same f ie ld  in  succeeding 

seasons with the same o r d ifxeren t c r o ,s •

Jmith (193*3) pointed out th a t f e r t i l i t y  contour 

maps constructed from long and narrow p lo ts  are m islea

ding since they do not provide adequate po in ts to  show 

where the contour lin e s  should be connected. Consequently, 

they suggest g re a te r v a r ia b i l i ty  across than along the 

p lo ts ,  f e r t i l i t y  contour maps were published fo r b a ja r i  

by Kadam and P ate l (1937); fo r  barley , wheat and l e n t i l s  

by Bose (1935); fo r c a rro ts  by Currenee (1930); fo r  

cotton by Crowther and B a r t le t t  (193*3), Hutchinson and 

Panse (1935a) and MacDonald e t  a l . (193x); f  r  groundnuts 

Bodnett (1953); fo r oa ts  by Johnson and Murphy (1943) 

and fo r sugarcane by Iyer (1970).

All s tu d ies  show th a t  p lo t- to -p io t  v a r ia b il i ty



roducea as p lo t si>« in c reases , but the reduction  i s  

not p roportionate to  the increase in  p lo t a lso .

Uniformity t r i a l s  are  used a lso  to  ca lcu la te  

in te r -a n .u a l co rre la tio n s  of y ie ld s from the seme plot; 

From s tu d ie s  o f mang uniform ity t r i a l s ,  Cochran (1937) 

concluded th a t  the crop y ie ld s from th e  some p lo t In 

successive years wore p o s itiv e ly  c o rre la ted , but the 

degree o f  co rre la tio n  varied considerably .

F o reste r (1937) found th a t  the in te r-an n u a l 

co rre la tio n  of p lo t y ie ld s decreased as the number of 

in terven ing  year, increased . From a ten -y ear barley  

uniform ity t e s t  grown under u n irrig a ted  cond itions,

Baker e t  a l . (1952) showed th a t  the p lo ts  did not main

ta in  the same rank throughout the experim ents. The 

in te r-an n u a l co rre la tio n  varied  over a wi ie range of 

values and the y ield  data from one o r a few years were 

not an accurate index o f the n a tu ra l s o i l  v a r ia tio n  of 

an experimental s i t e .

2* 6 . P lan t-to -p lan t v a r ia b il i ty

Another source o f  v a r ia b i l i ty  in  f ie ld  experi

ments i s  the  inheren t v a r ia tio n  among ind iv idual p lants* 

Inherent v a r ia b i l i ty  in  productive a b i l i ty  of ind lv i*  

dual p lan ts  is  p a r tic u la r ly  im portant in  many h o r tic u l

tu r a l  crop t r i a l s  because a  p lo t may contain only a 

few p lan ts  o r  t r e e s ,  in  most agronomic experiments,



the  number o f p lan ts  per p lo t is  usually  so la rga th a t  

p la n t- to -p la n t v a r ia tio n  i s  not of major im portance, 

ainca p la n t- to -p la n t v a r ia tio n  i s  due la rg e ly  to  d i f 

ferences in  the genetic  c o n s titu tio n  o f the p la n ts , some 

crops aro more sub jec t to  th i s  v a r ia tio n  source than 

o thers (LoClerg, 1977)* Vlth crops which u t i l i z e  sing le  

genotype v a r ie t ie s ,  a genetic  con tribu tion  to  p la n t- to -  

p lan t v a r ia tio n  should not e x is t .  T h eo re tica lly , the 

inheren t v a r ia b il i ty  of p lan ts  propagated from seed 

should be more pronounced than th a t  o f p lan ts  propagated 

v e g s ta tiv e iy . oome fa c to rs  o f environment can a lso  cause 

p la n t- to -p la n t v a r ia b il i ty  i f  they a f fe c t only one o r few 

o f the p lan ts  in  a p lo t (LeClerg, 1977).

Considering the above fa c ts  Singh a t  al»  i1975) 

had discussed the gene tica l con tribu tion  a lso  while 

analysing the r e s u l ts  re la tin g  to  perennial crops lik e  

arecanut, mango, coconut, blaokpepper, orange, apple and 

banana•

Pearce (1955) modified e a i th 's  equation as

Y « V|/X + ?2 I*4*

Where ¥j i s  the v .riance  between ind iv idual t re e s  and V2 

is  tlie variance between sin g le  t r e e s ,  due to  position  

correspond to  the gene tic  and environmental components.of
the to ta l  v a r ia t io n s . dc\ y Vavio.-ftte p*< ‘xvua.
(stArĉ ^a-o q£- )t- fcvtUiS*



B im um  sm all d iffe ren ces  in  y ie ld ing  a b i l i ty  

among genotypes must bo detected  in  a crop-improvument 

programme, the p lo t s i s •  wo use must give accurate y ie ld  

e s tim ates . Now, optimum p lo t s ize  fo r a given crop 

depends upon the  extend o f s o i l  he terogeneity , the cost 

o f the experimental operations and degree of in te r 

v a r ie ta l  heterogeneity  (dmith, 193d ) •

2 . d. importance of s o i l  heterogensity

There are t  .o p r in c ip a l sources o f v a r ia tio n  

in f ie ld  experim ents, (a) That due to  tne heterogeneity  

o f  the s o i l  o r  p o sitio n  o f p lo ts  on th e  experimental 

s i t e ,  and (b) th a t  due to  th e  inheren t v a r ia b i l i ty  

w ith in  the crop sp ec ie s . (Rignsy, 194^; Kempthorna, 1974; 

and Garber and Hoover, 1910)•

Sines the medium fo r  f ie ld  experiaan ta tion  i s  

p rim arily  the s o i l ,  the degree of s o i l  uniform ity in  

th e  s i t e  obviously in fluences th e  p rec is io n  and accuracy 

o f r e s u l t s .  Not only do s o i l s  vary from one p a r t of the 

world to  another, b u t, in  any f ie ld  o r orchard, marked 

v a ria tio n s  occur w ithin a sing le  s o i l  ty p e . These 

v a ria tio n s  cause appreciable experim ental e r ro r  in f ie ld  

experim ents. In f a c t ,  the g re a te s t source of e rro r  i s  

due to  the non-uniformity of s o i l .  I t  in troduces a degre 

o f  uncerta in ty  in to  in ferences made from y ield  data o f



crops (Gomez, 1972; fo re s te r ,  1937? and Garber a t  al* *

1926)•

S o il heterogeneity  ro fa re  to  the non-uniformity 

of s o i l  from p a r t of tbs f ie ld  to  another (Gomez, 1972)* 

..von w ithin a s a a l l  a re a , s o i l  can vary g re a tly  in  te x tu re , 

d rainage, a o is tu re  and av a ilab le  n u tr ie n ts .  This 

v a r ia b il i ty  i s  genera lly  present even in  a f ie ld  th a t  

seems uniform.

S o il heterogeneity  i s  a major co n trib u to r to  

e rro r in  f ie ld  experiments* I t  Introduces a degree of 

u n co rta in ity  Into in ferences made front y ie ld  data o f 

crops (Garber e t ^ 1 . ,  1926)
\

f a i l s  l i t t l e  can be done to  elim inate  o r reduce 

s o i l  heterogeneity  i t s e l f ,  proper experimental techniques 

can considerably reduce the a f fe c ts  o f s o i l  heterogeneity  

on experim ental re su lts* (F ish e r , 1951; Panse and 

bukhatme, 1954; Faderor, 1955; Cochran and Cox, 1957 and 

Kemptbora*, 1951)•

Harris and bco fie ld  (1920, 192b) concluded th a t 

th e  f e r t i l i t y  c h a ra c te r is t ic s  of f ie ld  p lo ts  may p e r s is t  

fo r  many years. They showed a preponderance o f p o sitiv e  

co rre la tio n s  between the y ie ld s  of a s e r ie s  o f p lo ts  in  

consecutive years. Such re la tio n sh ip s  c le a r ly  in d ica te  

a re la t iv e ly  high permanence of the  d iffe ren ces in the 

p lo ts  of an experimental s ite *



Sose (1935)9 using H rris*a s o i l  f e r t i l i t y  

index upon y ie ld s  from uniform ity t r i a l s  of b arley , 

l e n t i l s  and wheat grown fo r  throe consecutive years a t  

a s i t e  in  Puaa, found th a t  an experim ental s i t e  which was 

reasonably uniform fo r  on© ero in  one season was not 

n ecessa rily  uniform for another crop in  another seas n.

He concluded th a t  the ana lysis  o f  variance was more use

fu l  than H arris*3 index because i t  provided a measure 

of s o i l  heterogeneity  and perm itted the id e n t i f x c a t im  

o f f e r t i l i t y  g rad ien ts .

Hayes and Garber (1927) ah owed th a t co rre la 

t io n  between y ie ld s  of adjacent 16$ fe e t  rows of oat3 , 

sprung wheat, and w in ter wheat where h igher than those 

between the same 16| fe e t  rows separated by one o r more 

p lo ts •

emlth ( 1 9 3 ) proposed a method fo r  determining 

optimum p lo t s is e  from uniform ity t r i a l  d a ta . His 

em pirical re su lts  obtained fo r  a f in i t e  fidki were gene

ra lis e d  to  apply to  an in f in i te  f i e ld .  Using the  y ie ld  

data from uniform ity t r i a l s  with 18 crops, conducted by 

various workers, he ca lcu la ted  in d ices  o f s o i l  he tero 

geneity designate i by *b*•

Generally *b* v a rie s  from aero to  unity* A 

value of 1.0 'in d ica te s  a non -co rre la tion  between adjacent 

oasic u n its , whereas a value near aero in d ica te s  a nigh 

co rre la tio n  between adjacent b asic  u n i ts .  Also with 

s e l f - f e r t i l i s e d  crops the value of *b* is  la rge ly  a



function  o f the o ffse t o f s o i l  he terogeneity , but with 

c ro s s - fe r t i l iz e d  crop* the p la n t- to -p la n t genetic  

v a ria tio n  can con tribu te  to  tiie value of *b'«

2* 9* The coat function

The coats of f ie ld  experim entation must a lso  

be re f le c te d  in optimum p lo t size* where costs ..re 

included, smith (193$) suggested th a t  th e  optimum p lo t 

s i zs fear unguarded p lo ts  i s  computed from the following 

re la tionsh ip*

(1) a •  b Kj /  (1-b) K2 

Where

1 -  the number o f basic  u n its  per p lo t ,

Kj -  the cost associa ted  with trie number o f p lo ts  

and k2 •  coat associa ted  with un it area*

The optimum s ize  o f the p lo t where border rows

were a lso  eonsidered i s  given by Smith (193d) as

(2) 1 * b (K ,+  I^ A j/d -b )  (K jj+ f^B )

Where

Kj -  the cost per p lo t ,

& 2  •  th® cost per b asic  u n it ,
-  the  cost per u n it area of p lo t fo r handl

ing the border rows,

A * the  guard area  a t  tim end o f  the guarded 

p lo t ,



B -  i s  given by (W-w)/w, where

W -  the  width o f the e n tire  area ( te a t  area plus 

guard a re a ) ,

and w -  the width of the  experim ental area*

Examples of various cost involved in  conducting 

a uniform ity t r i a l  are given fo r tobacco by Crews, Hones 

and Mason (1963) and P o in ter and Koch (1961); fo r  • 

soyabeans by Brim and Mason (1959); fo r  tap ioca by 

Praohakaran and Thomas (1974) and fo r  fodder sorghum by 

Jreenath  (1973)*

Considering the equation 1, Faderer (1955) had 

made the following observation*

"The value of •b* in  the range 0*3 to  0*7 does 

not g rea tly  a f fe c t  the increase in  cost or in  variance 

when p lo ts  of s ize  one fourth  to  four times the optimum 

p lo t s ize  are used* On the b a s is  of these r e s u l t s ,  p lo t 

s ize  o f one-half to  twice th e  optimum s ize  can be taken 

without any lo ss  of effic iency*  However, fo r p lo t s izes  

one fourth  o r .o u r times thb optimum s ize  a lo ss in  

e ffic ien cy  of twenty per cent r e s u lts  because of the 

increased variance•*

in  y ield  t e s t s ,  with some crops, guard rows 

and ends of experim ental rows are discarded p r io r  to 

harvest* dmith (193$) found th a t the average variances 

o f guarded and unguarded rows p lo tted  a g ^ n a t t e s t



area gave s im ila r  curves• Also Hodnett (1953) considered 

th is  re la tio n sh ip , " • • • • i f  F guarded p lo ts  o f a given 

s iso  excluding guards oooupy the same t o t a l  area as P ' 

unguarde p lo ts  of the same s i s e ,  then the variance w ithin 

blocks o f P guarded p lo ts  w ill  be equal to  th a t o f the 

P* unguarded p lo ts"*  He showed th a t  the adverse e f fe c t  

of guard areas i s  g re a te r  with sm all, than with large 

p lo ts  because t . e  experim ental area i s  a um aller pro

portion  of the to ta l  a rea .

2m 10* Misuse S i  amltM s cost concept

Smith (lo c . c i t ) did not sp e c if ic a lly  define 

the basis  fo r  ca lcu a ltin g  the cost f a c to rs ,  Kj and K2* 

lie computed K-j on a per p lo t baa i s  and K2 on a square

foot b a s is , but Hobinson a l* ( 194^) and Eigney (194d), 
who applied  the method to  uniform ity d a ta , assumed the 

t o t a l  cost to  be p roportional to  the  -o ta l  a re a . The 

concept o f the l a t t e r  researches was followed in work 

on optimum p lo t s ize  with spring  wheat by E ll io t  e t  a l .  

(1952); in  brome grass by Wasson and Kalton (1953);in  

tobacco by p o in te r and Koch (op. c i t ): in lima beans 

by Holle v«nd Pierce (1960); in  a i f  a Ifa -b  romegrasu 

m ixtures by lo r r ie  a t  a l.(1 9 6 3 i.

The d iffe ren ces  in  the two concepts are

(a) According to  bmitn (lo c . c i t ) :

Kf + a2 (x ) , the  cost p er p lo t ,  where



-  the  t o t a l  cost per p lo t of those costs 

which depend only on the number ox p lo ts , 

and THE to t a l  cost per p lo t of those costs

which depend only on the number o f basic  

u n its  of area*

Thus %2 i s  the cost per u n it a re a  of those 

coats p roportional to  area*

(b) According to Robinson e t  al.(194E) and o th e rs t

K, +  K2 * the cost per p lo t ,  where 

Kj -  That part of the t o t a l  cost per p lo t which i s  

p roportional to  the number o f p lo ts  and 

•  The to ta l  cost per p lo t o f those costs which 

depend only on the  number of basic  un ite  per 

are - •

Muraai (1963) pointed out th a t the cost r a t io s  

oaleualted  by Robinson e t  al*(194&). E ll io t  a t a l* (1952). 

P o in ter and Koch (1961) and M ille r and Koch (1962) were 

fo r  K j/l^tx} and not fo r Kj/Kj* The r a t io  o f K|/K2 (x) 

i s  dependent on the s ize  o f the  p lo t (x) and cannot be 

used in  Equation 1* Since the value o f Saith*s *bf is  

independent of the s ize  o f the  b a i ic  u n its , only K2 in  

the  Equation 1 i s  expressed on a per u n it b a s is .

Marani (lo c * c i t ) proposed th a t ooth K2 an(j 

Kj in  the above equations, be estim ated on a per u n it



of area b a s is .

The co rrec t d e f in itio n s  o f Kj and K2 were 

used by liodnett (1953) i a  aa optimum p lo t s ia e  study 

ia  groundnut; Wallace awl Chapman (1956) in  oat fo rm al 

by Hampton and Peterson (1962) in  orchard g rass; by 

rieber and Horner (1957) and Brim and Mason (1959) in  

soyabeans; by Sen (1963b) in  te a ;  by Crews e t  al*(1963) 

in  tobacco; by Sardhana e t  a l.(1967) in  p o ta to , 

by orsenath (1973) in  fodder sorghum and by George e t  fii- 

(1979) in  turm eric*



Table 1. C¥ fo r d if fe re n t  p lo t s iz e s  and shapes

Number of u n its  along H-6 d ire c tio n  

1 2 3 4 6 3 12 24

along 5«'» 
d ire c tio n

1 66.11 50.66 44.33 39,49 29.64 23.53 22.64 21.20

2 46.56 33.25 32.90 30.36 25.90 22.19 15.19 12.46

3 42.96 33.76 23.63 22.75 22.25 17.72 1 j.7 7  *11.39

4 31.75 29.06 22.26 24.09 21.93 17.22 12.75 9.54

6 30.33 26.22 23.51 20.92 20.02 13.90 12.50 3.93

3 32.37 24.73 22.43 20.60 20.14 14.03 10.93 7.33

12 21.94 15.35 14.62 12.32 13.63 7.36 6.37 5.57

24 20.30 14.55 14.29 11.56 12.32 4.70 3.51 <e»



MATERIALS AND METHODS



P lo t s iz e s  and shapas fo r  f ie ld  experiments 

vary with crops s o i l  types and trea tm en ts• The technique o f 

uniform ity t r i a l  i s  generally  adopted to  find  the best s ize  

and shape of p lo ts  fo r d if fe re n t crops. Thus a uniform ity 

t r i a l  was conducted a t  t i e  main campus, V ellanikkara during 

the th ird  crop season, 19^0. The v a rie ty  o f b r in ja l  planted 

was dM -  6 . Crop wa3 planted  in  North-South rows with a row 

to  row spacing of 60 cm and p la n t- to -p lu n t d istance o f 45 cm. 

The t r i a l  consisted  of 66 rows each com ,rising o f 64 p la n ts , 

harvesting oi' tne  crop was done in  sm all u n its  o f 4 p lan ts  

with two lin e s  each naving two p la n ts , the s ize  o f the un it 

being 1.2 m x 0.9 m. Thus the u n its  are arranged in  34 rows 

each consisting  o f 32 u n its . The number and weight o f f r u i t s  

fo r  each un it were recorded sep ara te ly  in  each h a rv es t. For 

the purpose of study, to ta l  weight of b r in ja l  f r u i t s  of each 

un it were considered. Two rows on both s ides and one un it 

m  e i th e r  s ides o f each row were l e f t  as non-ex- eriraontal area 

before harvest, thereby leaving 32 rows o f 30 unit., sacs fo r 

s t a t i s t i c a l  examination.

3 • 1• Biometri cal observations

B iom etrical observations were made fo r the 

fallow ing t r a i t s  a t  the time o f h a rv est, from a l l  the  p la n ts .

3. 1. 1. Yield

The t o t a l  weight of b r in ja l  f ru i t3  of each unit



was recorded la  kilogram s• The y ie ld s of each basic  un it 

was recorded sep a ra te ly , which farmed the baai* of the study 

of v a r ia tio n  in  p lo t else*  and shapes and arrangement o f 

p lo ts  in  blocks of d if fe re n t s iz e s .  The data  were analysed 

s t a t i s t i c a l ly  fo r  a study o f  v a r ia tio n  among p lo ts  of d i f 

fe ren t s iso s  and shapes, v a ria tio n  among blocks o f d if fe re n t 

s ise s  and the estim ation  o f optimum p lo t s iz e .

J* 1. 2 . Humber g f f r u i t s

Total number o f f r u i t a  from each u n it was 

counted and recorded.

3* 3» Height of gig, p lan t

The height o f the  in d iv id u a l la n t  was measured 

in  centim eters and added on a p e r u n it b a s is .  ■

3. 1* 4 . Nudb2£  o f & 2aL*l

The number of primary branches was counted and 

the t o t a l  number of primary brancjis p er u n it was worked o u t.

3* 2. 31 ae and shape g f  p lo ts

From, Uniformity t r i a l  y ie ld  data tore .cjvw, d e te r

mine optimum s ize  and shape o f p lo ts  fo r f ie ld  experiments 

by t-we methods, ( i)  Maximum curvature methods:

and ( i l l )  Heterogeneity Indeal method.

3* 2 .  1. Maximum curvature method

with the maximum curvature method, y ie ld  data



from basic  u n its  of a uniform ity t r i a l  aro combined in to  

p lo ts  of d if fe re n t s laaa  which aro compared fo r  degree of 

v a r ia b ility *  An index o f v a r ia b i l i ty ,  e i th e r  c o e ff ic ie n t 

of v a r ia tio n  (» Standard Deviation x 100) o r standard e r ro r ,
 S&an------------

and p lo t (block) s izes  are p lo tted  on the I  and x axes, re s 

pectively*  A free  hand curve ±a drawn through re su ltin g  co

ord inates and the optimum p lo t (block) s ize  i s  read as the 

poin t on the curve whore the ra te  of change fo r  the v a r ia b i

l i t y  index per increment of . lo t  (block) s iz e  i s  the 

g re a te s t•

Thus the optimum p lo t o r block ~izo i s  one 

ju s t  beyond the po in t of maximum curvature • All of the  ea rly  

estim ates of optimum p lo t s ia s  used th is  method. But the 

argument th a t  the p lo t o r  block in  the  region of maximum 

curvature w ill be optimum is  fa lla c io u s  since th is  optimum 

s ize  e n tire ly  depends on th s  sca le  o f the co-ord inates aga in st 

which th e  observations have been p lo tted*  Secondly th is  

method does not take in to  account the re la t iv e  cost of various 

p lo t o r block s iz e s  (oingh e£ a l* . 1975)*

3- 2. 2. f e r t i l i t y  contour map

One of the methods to  describe the heteroge

n e ity  of land us to construct the f e r t i l i t y  contour map•

This i s  constructed by tak ing  the moving averages of the 

y ie lds o f u n it p lo ts  and demarcating the regions of the s.-mo 

s o i l  f e r t i l i t y  by considering those areas which have y ields



of same magnituda• This approach o f describ ing  the v a ria tio n  

in  f e r t i l i t y  has bean adopted by large  number of worker*in 

India and abroad*

Some of the workers who have made use of th is  

method was, fa r  b a rley , wheat and l e n t i l s  by Bose (19 5 ); fo r 

ca rro ts  by Currence (1936); fo r  ba jara  by Kadara and Patel 

(1937); fo r co tton  by Hutchinson and Panse (1935a); fo r ground

nuts by Hodnett (1953); fo r o a ts  by Johnson and Murphy (1943); 

fo r potatoes by Kalamkar (1932a); and fo r  sugarcane by Iyer 

and Agarwal (1970)*

hvery one has observed th a t  th i s  procedure does 

not provide any q u an tita tiv e  estim ate of the s o i l  f e r t i l i t y  

v a r ia tio n . Also, i f  the s o i l  i s  patchy i t  becomes d i f f i c u l t  

to  lay  out the experiment and to  find  the p lo t or block of 

su ita b le  s ise  and shape. Apart from th i s ,  i f  the contour map 

i s  constructed from the y ie ld s of rec tan g u la r p lo ts  o rien ted  

in  both th ed irec tio n s  along tne f ie ld ,  i t  has been found th a t  

the contour lin e s  would run predominantly in  the d ire c tio n  of 

the  length o f the  p lo t whatever th i s  d ire c tio n  might be. The 

appearance o f g re a te r  v a r ia b il i ty  across the p lo ts  than along 

them may mislead the  experimenters (singh e t  a l . ,  1975 and 

v.mith, 1936).

3* 2 . j» Heterogeneity Index method

^mith (193d) proposed a method, which w ill be 

re fe rred  to  as the  Heterogeneity index method, for determining



the optimum p lo t s iz e  from uniform ity t r i a l  data* His empi

r i c a l  r e s u l ts  obtained fo r  a f in i t e  f i e ld  were generalised  to  

apply to  an in f in i te  f ie ld *  By harvesting  a crop in  very 

small, u n its , he found th a t  the  variance per u n it area fo r p lo ts  

of area x u n its  was given approximately by

(1) Vx r  y , /  *b 

where

x i s  the number of basic  u n its  in  a p lo t ,

?x i s  the variance (ca lcu la ted  on a per un it basis) 

o f the yield  per un it area among p lo ts  of x 

u n its  in  s iz e ,

Vj i s  tne  variance among p lo ts  of qne u n it in  

s iz e  and

b i s  the c h a ra c te r is t ic  of the  s o i l  and a

measure o f th e  co rre la tio n  among contiguous 

u n its .

fo r  example, i f  b s  1,

(2) V* S V, / x.
and toe u n it-  making up the p lo t of un its  a re  not co rre la ted  

a t  a l l .  i f ,  on the o th er hand, th e  x u n its  are p e rfec tly  

c o rre la te d , when ’b ’ i s  zero and

(3) »x =

ao th a t  there la  no gain due to  the use o f la rg e r s ize  of p lo t ,  

in  general *b* w ill be oatwean zero and u n ity , so th a t la rg e r  

p lo ts  give more inform ation w ith the same number o f p lo ts .



Transfortning equation 1 to  logarithm s, the 

expression has l in e a r  regression  re la tio n sh ip .

(4) Log{Vx ) s  Log(Vt ) -  b logU )

Tha index or s o i l  heterogeneity  *b’ , is  the 

re ression  of the logarithm  of tha p lo t variance (on a per 

unit b asis) on the logarithm  of the number of basic u n its  

per p lot*  un equation 'b 1 i s  computed by tne method of 

le a s t  square-.

3- 3 . vfflithls equation in  the fflodified &rm

smith (1v>3) gave an em pirical re la tio n  b e t

ween variance and the s iz e  of the p lo t .  He defined the 

Variance law a.> foilw s

(5) Y r  a ; “b

Where

Y i s  tne  variance of y ie ld  per un it area 

based on p lo t ,  o f -  u n its , 

a i s  the variance per p lo t of u n it area and 

b is  the c h a ra c te r is t ic  of s o i l  and a measure 

of co rre la tio n  among contiguous u n its .

The value of ,b l , as mentioned, generally  l ie s  

between u and 1•
*

from equation 5, I  :  a a—b ,

(6) log IY) Z log(a) -  b lo g (a )



which i s  the reg ression  of iog(Y) on logU ) and *b* i s  the

regression  c o e ff ic ie n t.

The value of ’b* can be obtained by solving 

the following normal equations.
«r

(7) £  log yi = £ lo g  a -  b ^ lo g

and \

(d) ;£ lo g  x± log yi r  log a ^ l  log x^ -  b ^ ( lo g  )2

The value o f 'b* given by these equations i s

(9) b ;  1  log xA log y± -  ^  log y±^ lo g  x.
(log xi )2- (log X£ )}2

Since yi *s are the ind iv idual sample variances 

on a per un it b a s is , Smith (193d) and Federer (1955) pointed 

out th a t i t  hao a v ariab le  number o r degrees o f freedom and 

consequently, have d if fe re n t  var an c -s . Therefore, the f o l 

lowing formula giveu a weighted *b* (fed ere r, 1955)

HO) t  log y j
Hog X:

log xt  - X  Wj log  XjS j  log x1/^.w 1 
Lj'3 -  x  (log xa)2/x wi  ..................."

Where

•i the degrees of freedom associa ted  with a given 

variance.

(The w ig h ts  are p roportional to  th e  rec ip ro ca l of the v a r i

ances. iince variance of log y^ to  a f i r s t  approximation i s



3* 4* ite3.ati.vj e ffic ien cy  o f p lo t size^

Thu ultim ata un ita  were combined to  form blocks of 

d if fe re n t s ia« s . The coafX iciant of v a r ia tio n  fo r  dlfXere.it 

block s izes  aro muds use of fo r  ca lcu la tin g  the  re la tiv e  

e f f ic ie n c ie s  of various p lo t s iz e s ,

i f  and ?2 aru tho variances of two p lo t s ize s  

(Agarwal ej. *|i*, 196&), aj and expressed on a per u n it

b asis  and r^ anu r 2 are tiw number o f re p lic a tio n s  p o ssib le , 

the  re la t iv e  e ffic ien cy  o f p lo t s ize  compare!, i t h  a) i s  

given by

(11) Vi r 2 /  ¥2 **1.

But c o e ff ic ie n t of v a r ia tio n  is  p roportional to  V/2.

Therefore can be replaced by (aj / a 2 )
Tcv^TcvTi •

Again to ta l  area of the fie  id  i -  fixed ; th ere fo re

(12) a , r ,  -  a 2

F ina lly  (V-j r* )/(V 2 r f )  can be replaced by

(13) ( a j /a 2)2 x (cv1/c v 2 );2

Where

cv-j -  the c o e ff ic ie n t of v a r ia tio n  fo r p lo t s ze 

and

cv^ -  The c o e ff ic ie n t o f v a r ia tio n  fo r  p lo t size  a^*



3* 5. Block e ffic ien cy

The advantage of usiag blocks in  reducing experi^en- 

t a l  error by removing a portion  of v a r ia b i l i ty  due to  them is  

ca lled  'b lock e f f ic ie n c y '•

This can be measured by the r a t io  o f e r ro r  variance 

th a t woui; have been obtained a f te r  e lim ina ting  d iffe rence  due 

to  block* The advantage due to  blocks may be considered 

n eg lig ib le  when the r a t io  i s  in  the neighbourhood o f unity* 

(Agarwal e£ a l* . 1966; Kulkarni e t a l . . 1936 and wingh e t  a l* . 

1975).

3* 6* Humber &£ re p lic a tio n s  and area required

The number of re p lic a tio n s  and area required fo r 5,0 

standard e r ro r  of the mean was worked out fo r  d if fe re n t s izes  

of p lo ts  and blocks by using the formula,

(14) r  8 (cv)2/p 2

tthere

cv  -  the average c o e ff ic ie n t o f v a r ia tio n  and 

p -  the 5/* standard e r ro r  o f  the mean*

The to t a l  area required fo r experim entation was 

obtained by m ultip lying the p lo t s iz e  {m2} with the number 

of re p lic a tio n s  a t  %» 3E o f the mean fb r  d if fe re n t s iz e s  of 

the blocks and p lo ts .



3. 7 . Coat function

Suppose the co st function is  o f the  following 

lin e a r  form

(13) « ts  x °« + cp
ahere

g& -  i s  the cost o f  ind iv idua l item w ithin the 

experim ental u n it ,

c - i s  the o v era ll ooat o f experim ental un it
P

which i s  independent o f the  a lso  and

c. -  i s  the to t a l  cost o f the  experimental u n it t
of s ize  x

Then C, the to t a l  ooat per u n it of inform ation is  given by 

Cochran (1%S) as

(16) C = (x cs +  C p )/(1 /y ), o r

(17) C •  a (x oa cp )/x*>

The value o f *x* whioh minimiae the cost ia  given 

by tne equation

(13)

Solving th is  equation we ge t 

(19) x s  b (ep )/(1 -b )cs

whioh is  the optimum p lo t also*



RESULTS



A uniform ity t r i a l  on b r in ja l  was conducted 

a t  tne main campus of the Koral a g r ic u ltu ra l  U niversity, 

V ellanikkara. Harvesting of the crop was dons in  sm all 

un its  of 4 p lan ts  with two lin e s  each having two p lan ts ,

the s ize  of the un it being 1*2 m x 0,9 a* fo r  the purpose 

of study, to t a l  weight of b r in ja l  f r u i t s  of each unit 

was considered.

, t  the tirtw of h arv est, b iom etrica l observations 

were made fo r the t r a i t - ,  y ie ld , f r u i t s  par p la n t, height 

of t  e p lan t and number of primary branches per p lant 

from a l l  the p la n ts . The data were then examined s t a t i 

s t ic a l ly  fo r a study of v a ria tio n s  among p lo ts  o f d i f  -  

e ren t suzas and shapes, o r ie n ta tio n  among blocks of 

d iffe re n t s izes  and for the  estim ation  of optimum p lo t 

s iz e .

4 . 1* a f fe c t  of p lo t shape on v a r ia b il i ty

from the data o f y ie lds (Appendix X), d iffe re n t 

tab les  were worked out by pooling tne ad jacent 1 ,2 ,j , 4, 

o,3  and la  p lo ts .  The basic un its were computei both in 

bast-w est and North-Couth d ire c tio n  to  form p lo ts  of 

d iffe re n t s iz e s  and shapes. The c o e ffic ie n t of v a ria tio n  

fo r each of these ta b le s  were worked out as given in  
fable 1.



Prom Tabid 1, i t  can be seen th a t  an increase 

in tne p lo t s is e  in  e ith e r  d ire c tio n  decreases the coef

f ic ie n t  of v a r ia tio n . The CV decreased from 66,11 to  

3.51.

In the same manner the  data on o ther b iom etri-
\

ca l characters V iz., number of f r u i t s  .o r  p la n t , primary 

branches per p lan t and height o f th e  p lan ts  wor.. a lso  

pooled in  both th e  d ire c tio n s  by combining ad jacent 1,2, 

3 ,4 ,6 ,3 , and 12 u n i ts .  The respec tive  ta b le s  are given 

in  appendices iu , XI1 and IV.

The c o e ff ic ie n t of valuation  fo r  each o f these

ta b le s  were worked o u t. The corresponding ta b le s  rep re

sen ting  th e  p lo t s iz e s  .nd CV are given in  Table 2 , Table 

3 and Table 4 re sp ec tiv e ly  fo r  number o f f r u i t s  per p lan t 

primary branches o r p lan t and height o f the p la n t.

In a l l  cases the CV decreased as the s ize  of 

tne p lo t was increas d in  e i th e r  d ire c tio n s .

in the case of tne number of f r u i t s  per p lan t

the CV decreased from 67.26 to  1*04, where as fo r  number

of primary branches per p lan t the CV decreased from 53*42 

to  6.67 and fo r  the height o f the p lan t the  CV showed a 

decrease from 62.66 to  9«9®»

4 . 2 . P lo t shape

The CV was averaged out over d if fe re n t  shapes



o i blocks fo r  a fixed  s ize  and shape of p lo ts .  The 

shape o f the p lo t does not sees to  have a con sis ten t 

e f .e c t  on tha c o e ffic ien t of varia tion*  However fo r a 

given p lo t s iz e ,  long and narrow p lo ts  generally  yielded 

lower CV than approximately square p lo ts  (Table 5)*

<-.ith the sm aller p lo t s iz e s , the e f fe c t of s ize  i s  more 

predominant so th a t la rg e r p lo ts  are  more e f i ie io n t  than 

s,aulle ones irre sp e c tiv e  o f th e i r  shape. As the size 

ox the p lo t increases , shape also  i3  im portant, -o th a t 

broad p lo ts  ore o ften  le a s  e f  ic ie n t than longer p lo ts  

o f a sm aller s iz e .  Defining the  e ffic ien cy  o f a p lo t by 

1/x (CVj, wnore x is  the number o f basic unxts c o n s ti tu t

ing the b igger p lo t and CV i s  the c o o f .ic ie n t of v a r ia 

tio n , the e ffic ien cy  decreased as the s ize  of the p lo t 

was Increased from 0*0265 to  0*0022 as given in  Table 6*

3* e f fe c t  of p lo t s ize  ga v a r ia b i l i ty

A Jffee hand curve has been drawn (fig* 1) in  

wuich the p lo t s ize  i s  p lo tte d  aga in st the  average 

c o e ffic ie n t of varia tion*  I t  can be seen tn a t  the 

co e ff ic ie n t of v a r ia tio n  decreased ra p id ly , when the  size  

of the p lo t increased upto 3 a2 and th e re a f te r  the 

decrease i s  ra th e r  slow* Thus by t m- method o f maximum 

curvature tne best p lo t s iz e  is  about 3*64 m ,

4* 4* fte iative  s fx lc ie n c v

Taking the e ffic ien cy  of the sm allest p lo t as



un ity , the r e la tiv e  e f f ic ie n c ie s  of various p lo t s izea  

are given in  Table 7»

From tha  Table 7, we observe th a t  the re la tiv e  

e ffic ien cy  decreased from 1.0 to  0.Q4S as the s ise  of 

the p lo t was increased fro a  2*16 a2 to  23*92 m2* Thus 

as f a r  as possib le we suouid try  to  decrease the s is e  of 

the p lo t by p ropo rtiona lly  increasing  t ie  number o f 

re p lic a tio n s .

4* 5* F a ir f ie ld  am ities variance law

The well known F a ir f ie ld  smith*a variance law,

Y = u  x~b

where

f  •  the average C7 ir re sp e c tiv e  of the snape 

Of p lo ts  ami 

x -  the p lo t s is e ,  

was f i t t e d  fo r varying block s is e s  as given in  Table 3,

The c o e ff ic ie n t of heterogeneity  *b* was found to  vary 

between 0*1264 to  0*1d66, fo r  th e  y ie ld  data* As the 

values of *b* in  various block s iz e s  a re  nearer to  zero 

(b*  ̂0*2), we can reasonably assume th a t  th e re  e x is ts  a 

high p o s itiv e  c o rre la tio n  between the neighbouring plots*  

Hence the p o sitio n  ox the  p lo t i s  im portant in  con tro llin g  

the e rro r  v a r ia tio n . The sum f  squares due to  f i t t e d  

aquation l i e s  between 93* 19* to  99*40;** Hence the f i t s  

were seem to  be good in  a l l  th e  cases* The value of *a!



in  the f i t t e d  equation l i e s  between 19*2742 and 26.7059 

fo r d if fe re n t block s iz e s  and waa 29*5678 without a r

rangement in  oiooks.

For the data on number o f f r u i t s  per p la n t, 

primary branches per p lan t and height of the  p lan t 

s im ila r equations were f i t t e d  as given in  Tables 6 (a ) , 

8(b) ^nd 6(c) re sp e c tiv e ly . In a l l  cases *b* was found 

to  range between 0.1 and 0 .2 , thereby confirming the 

co rre la tio n  between neighbouring plot.. •

4 . 6 . liumber of re p lic a tio n s

The mini mom number of re p lic a tio n s  per t r e a t 

ment for standard e r ro r  o f  5 por cant and minimum area 

required per treatm ent a re  given in  Table 9* From th is  

ta b le  i t  couid be seen th a t  the  minimum number of r e p l i 

cations and the minimum area required  for 5 per cent 

of the mean is  the 12-plot blocks followed by d -p lo t 

blocks and o -p lo t b locks. Thus tne formation of large 

blocks in trie case of vegetable crops waa found to  oe 

advantageous us compared to  o th er crops.

4 . 7 . 3iae agd shape g f  block and block e ffic ien cy

As in  experimental design, t i e  p lo ts  are 

generally  arranged w ith in  b locks. Therefore, fo r  e f f i c i 

en t planning the inform ation on tne  e ffic ien cy  of d if fe 

re n t block sii&es i s  a lso  o f g re a t im portance, fo r word

ing out the re la t iv e  e f f  cciency> o f various block s iz e s , 

trie r a t io  of the e r ro r  variance o f a p a r tic u la r  block



arrangomont was worked out* This r a t io  was expressed

as percentage and was taken aa the e ff ic ie n c y  of th a t  

block arrangement*

The block e ffic ien cy  in  percentage fo r  block 

s ize s  2 ,4 ,6 ,3  and 12 were worked out as in  Table 10*

For the y ie ld  data in  the case o f 2 -p lo t blocks toe most 

e f f ic ie n t  p lo t s iz e  is  12 followed by p lo t s ize  3* in  

the case o f 4 -p lo t b locks, the most e f f ic ie n t  p lo t s is e  

I s  3 c losely  followed by 4 and in  the case of 6 -p lo t 

blocks the most e f f ic ie n t  p lo t s is e  i s  3 d o d e ly  followed 

by 12* in  the ease of 3 -p lo t blocks the most e f f ic ie n t  

p lo t s ize  i s  3 c losely  followed by 12 an t in the case of 

12-plot blocks the most e f f ic ie n t  block s ize  i s  12 

clo se ly  followed by 6 and 3* in  general we could conclude 

th a t  fo r  a i l  types o f  b locks, p lo ts  o f s ize  3 and 12 are 

I'eund to  te  most e ff ic ie n t*

S im ilarly  from Table 11, we have the block 

e if .c ie n c ie a  fo r data on number o f f r u i t s  or p lan t in  

d if fe re n t blocks o f s iz e s  2, 4 , 6 , 3 and 12* in the 

case o f 2 ,' 4 , 6 and 8 p lo t blocks the most o f ic ie n t  p lo t 

s iz e  i s  3* The p lo t s is e  th a t  c lo se ly  follows th .a  

p lo t s ize  varie s  from blocks to  blocks* In tne  case of 

2-p lo t b locks, a p lo t s ize  12 c lo se ly  follow s p lo t size  

3 whereas in 4 -p io t olocka i t  i s  p lo t s iz e  4 and p lo t 

s ize  6 in the case o f 6 -p lo t blocks ami p lo t s ize  12 in  

the  case o f 3 -p lo t blocks* But in  the case of 12-plot



blocks a p lo t s ia e  4 was moat e f f ic ie n t  c lo se ly  followed 

by a p lo t siao 12.

The e ffic ien cy  e f  d if fe re n t block arrangement 

fo r  tik) data  on the number of primary branches per p lan t 

is  given in Tuble 12* In th e  case o f 2 -p lo t blocks a 

p lo t sxze 4 was found to be most e f f ic ie n t  c lo se ly  follow

ed by p lo t s iaes  2 and 6« But fo r 4“p lo t blocks a p lo t 

s iae  3 was most e f f ic ie n t  c lo ssly  followed by p lo t size4« 

In the case of b -p lo t, d -p lo t and 12-plot blocks the p lo t 

s iae  a was most o f f ic ia n t  c lo se ly  follwed by p lo t s iae  6.

The data on neight o f the  p lan t fo r .nving the 

e f f ic ie n c ie s  of d if fe re n t  block arrangement i s  given in  

Table 13* o r 2, 4» 6 , 8 and 12-plot blocks the p lo ts  

s iae  3 was found to  ue moat e f f ic ie n t  c lo se ly  followed 

by the p lo t s ize  12*

4* b# Cost function

Taking the cost function  fo r  f ie ld  experiment

as

c :  ct + c2 x

ehere '

&1 i s  the cost p roportional to  the number of 

re p lic a tio n s  and 

c2 i s  the co t  p roportional to  the area 

required  with the basic  p lo t o f x m2



and assuming th a t  the  variance is  governed by sm ith 's  law,
\

i t  can be shown th a t fo r  a fixed co s t, the optimum p io t 

s iz e  (^>pt) i s  given by the equation ,

^opt 2 b Cj /(1 -b )

As i t  i s  d i f f i c u l t  to  get a c tu a l values fo r 

Uj and , the optimum p lo t s iz e  was com ate * by assu

ming a rb itra ry  values for the r a t io  Cj : G2 and taking 

an average v~;lee of *b* to  be equal to  O .IJod. The 

optimum p lo t s ize  calculated  aga in st d if fe re n t values of 

C| and ore given in  Table 14, Further assuming th a t

Cj w ill not exceed 50 C2 the optimum p lo t s ize  Is about 

8.64 a2 . This i s  in  qu ite  agreement with the re su lt  

obtained by the method of maximum curvature dicassud 

e a r l ie r .

4* 9 . fertd llj& l ffiQtour mag,

From the y ie ld  data obtained in  the  uniform ity 

t r i a l s  a contour pap showing the f e r t i l i t y  grad ien t have 

been prepared by pooling the  p lo t y ield  which are homo

geneous in  n a tu re . This f e r t i l i t y  contour m *p o f the 

p lo t is depicted in Figure 2 .

From the figu re  i t  i s  seen th a t the s o i l  

f e r t i l i t y  of th is  ,.io t do not show any uniform tren d , 

moreover i t  i s  shoeing a very ir re g u la r  p a tte rn . Hence



we can conclude th a t  th i s  s o i l  la  not homogeneous in  

o a tu rn • .a th is  plo« i s  only a random sample ox the 

e n tire  V ellanikkara campus of Kerala A gricu ltu ra l 

U niversity , th is  trend any be generalised  to  the area 

ox the e n tire  campus.



REVIEW OF LITERATURE



In ag rio u ltu re  a research worker i s  requirod to  

conduct a good number of f ie ld  experim ents. New v a r ie t ie s ,  

newer c u ltiv a tio n  p ra c tic e s  o r methods o f  seed treatm ent 

a te  have to  be assessed in  the  f ie ld  before recommendation* 

These o b jec ts  of comparison in  d if fe re n t  t r i a l s  may be 

termed as treatm ents* experimental p lo t re fe rs  to  tnu 

un it on which random assignment o f treatm ent i s  made.

E ff ic ie n t planning o f f ie ld  t r i a l s  depends on adoption 

of su itab le  s ize  and shape o f p lots*  I t  depends on the 

v a r ia b il i ty  presen t on the experimental m ate ria l and with 

the crops* The idea o f magnitude o f v a r ia b i l i ty  can be 

obtained from th e  data  on uniformity t r i a l s  conducted on 

the crop U ed erer, 1955; f i s h e r ,  1951; Fanse and Sukhatme, 

1954J•

For the va lid  inference and accuracy xn p ro b a b ility , 

randomisation and re p lic a tio n  are  necessary , but a lo ca l 

con tro l i s  equally  im portant fo r increasing  the p rec ision  

o f f ie ld  experiments* The lo c a l con tro l mainly deals with 

the s iz e  and shape o f ind iv idua l p lo ts ,  the  d iv is io n  o f 

blocks and th e i r  p o s itio n  in  the experim ental f ie ld s  which 

ch ie fly  depend on the d is tr ib u tio n  o f f e r t i l i t y  g rad ien ts 

in  tae experimental area and the number and nature of crop 

under te s t*

To in v es tig a te  these problems, uniform ity t r i a l s  

were undertaken by d if fe re n t workers on a l l  Important c r o >*• 

k review o f the works th a t had been done so f a r  in  various



Table 2 . CV Tor d if fe re n t  p lo t a iaea and shapes

liurabjr of u n its  along H-0 d ire c tio n

f r u i t s  per 1 2 3 4 6 6 12 24
— BlSUi_______

along •-* 
d ire c tio n

1 67*26 4 6.22 42.27 35.93 33.51 27.67 22.90 17.20

2 4^. 11 34.75 30.49 26.16 24.30 21.73 17.64 12.69

3 40.06 29. 2a 24.94 21.45 20.64 17.51 14.75 11.96

4 33.96 25.66 23.62 20.56 19.41 17.09 13.74 7.97

6 29.56 22.12 16.93 15.44 15.63 10.69 7.27 4.05

6 25.62 20.73 19. 5 15.63 16.00 11.67 3.09 2.34

12 20.27 15.21 14.36 11.95 9.92 6.59 1.69 1.67

24 17.04 13.62 17.64 15.46 11.60 6.02 1.04



Tabic 3 . CVfor d if fe re n t p lo t s  za3 and shapes

Number ol‘ u n its  along N-o d ire c tio n
P rim ary
bronchos/

u n its  along

1 2 3 4 6 3 12 24

1 53.42 36.69 30.74 29.73 24.03 24.41 19.69 16. 1 j

>n
2 34.47 25.32 22.56 21.54 16. 5 13.46 15.74 13.47

3 29.13 22.71 21.67 13.62 15.99 17.96 15.27 12.33

4 25.12 19.90 17.52 17.5/ 14.29 15.37 13.71 12.00

6 21.35 16.73 15.35 14.55 1..14 13.93 ld.55 11.45

a 13.19 13.92 12.73 12.24 10.07 10.73 10.21 7.93

12 14.61 12.17 10.43 10.92 9.61 10.03 10.01 7.19

10.17 3.06 7.74 7.51 6*60 6.33 6.07

la



Table 4 . CV fo r  d ix ie re n t p lo t s iz e s  and shapes

rial gnt

Number of 
u n its  alon,^

d ire c tio n

Humber o f u n its along M-s d ire c tio n

1 2 3 4 6 a 12

1 62.66 50.11 42.53 40.13 34.33 29.23 25.02

2 4>.12 4* >>6 30.51 27.22 35.57 21.04 17.63

3 5.71 31 .**3 27.22 23.03 22.31 13.09 15.31

4 30.3^ 25.32 23.37 20.17 25.13 15.17 13.32

6 24.73 20.56 13.74 16.24 15.93 12.27 12.00

a 22.,>6 19.52 13.05 15.62 16.13 11.31 10.99

12 15.65 1 .7 12.39 10.65 10.53 7.01 3 .16

24 12.>6 11.^4 11.61 9.17 10.59 7.67 9.9o

24



Q o r f f f ic ie n t  o f  v a r i a t i o n  f o r  p l o t s  a n d  b lo c k s  o f  d i f f e r e n t
!

s i  z e s  a n d  a h a p e s

P l o t  B lo ck
B lo c k  a i s e  s h a p e  CV

S iz e  S h ap e  L* ; B*
L s B

2 2 2 t 1 : 2 33.25
2 2 1 2 : 1 31.75
2 1 2 1 % 2 39.49
2 1 2 2 s 1 3# #25

->6.94
0 3 : 1 1 : 2 33.76

3 3 : 1 2 t 1 30.->3
3 1 : 3 1 : 2 33.12

3 1 i 3 2 : 1 32.90
4 1 : 4 <

■
*

•
* to 29.04

4 1 :4 2 3 1 30. do

4 4 : 1 1 3 2 29 . 6

4 4 ; 1 2 ; 1 32.37
4 2 : 2 1 : 2
4 2 : 2 2 3 1 29.06
0 1 ! 6 1 3 2 23.53
0 1 : 6 2 :1 25.90
6 6 s 1 1 3 2 26.22
6 6 i 1 2 3 1 21.94
6 3 t 2 1 3 2 22.75



b lo c k  6tw »
3i*e

o 

6

6 
3 

3 

3 

6

tflock
shape

12

12
12
12

12

12

12
12

12
12

24
24
24
24
24

4bapo
4*B

4* IB* C ¥

3*2 2*1 ■ 26*22
2* J 112 25*96
2*3 2:1 22«2o
1*3 2*1 22 .19
i l l 1 *2 24*73
4*2 2*1 24*73
4t2 1 *2 24*69
2*4 1*2 22*19
2t4 2*1 24*69
1 :12 1*2 19*2
1 :1 2 2 | 1 15*19

1211 1*2 15*33
12:1 2 :1 20*36
o :2 1 :2 26*92
6*2 2t1 15 .35
2 t6 1*2 15*19
2*0 2*1 21 .93
4*3 1*2 21 .93
3*4 2*1 26 .92
1l24 2 l1 12 .46

24*1 1 (2 14.55
2 |1 2 2*1 12.75
2*12 1t2 12 .46

12 i2 1*2 12 .32



Block ■■   -£&83r.....   .Slock
aiza SI*® Shape ahap® CV 

L:B L*JB*
Block- P lo t Block 
M z ^ S iS C Z S S ^ "  shape CVfflWL 4»“ ^ ̂   ̂̂  ̂

24 3:3 2:1 13.90

24 8*3 1:2 20*14

24 4*6 1:2 12.75

24 6:4 2:1 2^.60

2 2:1 4*1 32.3?
2 2:1 2:2 29.06

2 2:1 1:4 30.36

2 1:2 1:4 29.64
2 1:2 2:2 30. 6o

2 1:2 4*1 29.06

3 3*1 1:4 22.75

3 3*1 2:2 2o .22

3 3*1 4:1 21.94

3 1:3 1:4 23.53

3 1*3 2:2 25.90

3 1*3 4*1 22.26

4 2:2 1*4 22.19

4 2:2 2:2 24.09
4 2:2 4:1 24.73

4 1*4 4:1 24.09
4 1*4 2:2 22.19

4 4*1 1:4 24.09

4 4:1 2:2 24.76

6 1:6 1:4 19.20

6 1 :6 2:2 15.19
6 1:6 4* 1 21.93
6 6:1 1:4 20.92

6 6:1 2:2 15.35
6 6:1 4:1 20.30

6 3*2 1:4 17.72

6 3:2 2:2 20 .32
6 3*2 4* 1 15.35
6 2:3 1:4 15.19

o 2*3 2:2 21.93
6 2:3 4* 1 22.4 ;
6 2:4 2:2 17.22

3 2:4 4:1 20. 6 j

6 1:6 4:1 17.22

8 4*2 1:4 17.22

8 4*2 2:2 20.60

8 8:1 1:4 20.60

12 2:6 1:4 12.46

12 2:6 4:1 20.#14
12 2:6 2:2 12.75
12 4*3 1:4 12.75
12 4:3 2*2 20.14



Block 
e ice

Block Block P lot Block
CVolae ohapo 

LsB
Jhapa CV 
L*:B*

size  "—  TIB—  
s ize  ohape L»:B’

4 12 6:2 1:4 13.90 6 3 3:1 2:3 23.51

12 6:2 4:1 14.55 4 1:4 3:2 17.72

12 12:1 1:4 12.32 4 1:4 o:1 20.92

12 12:1 2:2 14.55 4 2:2 2:3 21.93
12 1:12 4:1 12.75 4 2:2 3:2 20.92

12 1:12 2:2 12.46 4 4:1 2:3 22.43

24 6:4 2:2 7.36 4 4*1 3:2 15.35

24 6:4 4:1 11.56 4 4:1 1:6 21.93
24 4:6 2:2 10.93 6 2:3 3:2 20.02

24 4:6 1:4 9.54 6 6:1 1:6 2U.Q2

24 3:3 1:4 10.93 3 4:2 2:3 20.14
24 3:3 4:1 7. >6 12 2:6 3:2 12.50

24 1:24 4:1 9.54 12 2:6 6:1 13,00

24 24:1 1:4 11.56 12 12:1 1:6 1 .6 3

24 2:12 2:2 9.54 24 6:4 2:3 6.37

24 2:12 4:1 10. v: 24 3:3 3:2 12.32

24 12:2 1:4 7.36 24 12:2 1:6 6.37
24 12:2 2:2 11.56 24 12:2 2:3 12.32

6 2 2:1 1:6 25.90 3 2 2:1 1: 22.19
2 2:1 2:3 22.26 2 2:1 2:4 24.09
2 2:1 3:2 26.22 3 3:1 1:3 17.72
2 2:1 6:1 21.94 3 3:1 2:4 20,92

3 3:1 1:6 22.25 3 3:1 4:2 15*35

contd*•••



Block

5. Ic o n td ...)

-53-

c Plot B Iock
snapti
L’ tB*

CV
Block
size

P lo t Block
GVv>iza ^hapo 

.L:B
size 3hapt

L:B
3/iaps
L»:B»

4 114 4:2 17.22 12 2 1:2 1:12 19.20

4 1:4 1:1 20.60 2 1:2 2:6 21.93

4 2:2 2:4 17.22 2 1:2 6:2 15.35

4 2:2 4:2 20. oO 2 1:2 3:4 17.72

4 4:1 1:1 17.22 2 1:2 4:3 21.93
4 4:1 2:4 20. oO 3 1*3 12:1 14.62
6 2:3 4:2 20 .14 3 1:3 6:2 20.02
6 3:2 2:4 13.90 3 1*3 3:4 13.77
6 o:1 1:8 10.90 3 3*1 1:12 13.77
a 1: i 8:1 16.03 iJ 3:1 2:6 20.02

12 2:6 4:2 10.90 3 3:1 4:3 14.62
12 4*3 2:4 10.98 4 1:4 12:1 12.32
12 6:2 2:4 7.36 )*+ 1:4 2:6 12.-6
12 12:1 1:8 7.36 4 1:4 6:2 13.90

24 o:4 4:2 4.70 4 1:4 4 : _ 12.75

24 12:2 2:4 4.70 - 4 4:1 1:12 12.75
2 2:1 12:1 2 „0 3 4 4:1 6:2 14.55
2 2:1 1:12 15.19 4 4:1 2:6 20.14
2 2:1 2:6 21.93 4 2:2 12:1 14.55
2 2:1 6:2 15. 5 4 2:2 1:12 12.46
2 2:1 3:4 20.92 4 2:2 2:6 12.75
2 2:1 4:3 22 .48 4 2:2 6:2 12.32
2 1:2 12:1 15.35 4 2 :2 4:3 2 0 .14

8

12

Qo&td*•••



fab le  5* (c o n td ...)

Block,
s ize

12

P lo t....... Block Block P lo t Block
Shape 

s is e  L:B
shape CV 
L*:B*

size s ise Shape
L:B

■— # w e

shape
L»:B*

• i 1 
o

I 
*

i «

b 1:6 12:1 13*68 12 12 1:12 12:1 6.37
6 1 $6 6:2 12.50 12 12:1 1:12 6 o 7
6 1:6 3:4 11.89 12 6:2 1:12 8.93
6 6:1 1:12 12.50 12 6:2 2:6 6 . n

6 6:1 2:6 13.68 12 2:6 12:1 12.32

6 6:1 4:3 13.68 12 2:6 6:2 6.37
6 3:2 1:12 11.89 12 3:4 2:6 8.93
6 3:2 4:3 13.68 12 4:3 6:2 12.82

6 2:3 12:1 14.29 24 1:24 12:1 5.57
6 2:3 3:4 12.50 24 24:1 1:12 3.51
a 1:8 12:1 7.36 24 2:12 6:2 5.57
a 8:1 1:12 10.98 24 2:12 12:1 3.51
a 4:2 2:6 10.98 24 12:2 1:12 5.57
a 4:2 6:2 11.56 24 12:2 2:6 3.51
a 4:2 1:12 9.54 24 3:8 4:3 5.57

.a 4:2 3:4 7.36 24 8:3 3:4 3.51

Whero
L -  the  number of u n its  In  a row

B -  the  number of u n its  in  a column

L '-  the  number of p lo ts  in  a row

and B*» the  number o f p lo ts  in  a column.



Tab 18 6 . The e ffic ien cy  o f a p lo t  ( :  1/x le v )) .

P lo t CV 1/x (cv) CY 1/x (cv) CY 1/x («▼) 
aize without b low ing  2-p lo t blocks 4-p o t blocks

50,66 0.0099 36,94 0,0135 30.31 0.0165

44.33 0.0075 32.54 0.0102 23.76 G.U140

39.49 0.0063 30.31 0.0062 23.74 0 .

0 33.12 0.005u 24.30 0.0067 16.37 0.0036

3 29.64 0.0042 24.69 0,0050 16.91 0,

12 23.56 0.0035 13.37 0.0045 14.26 0.0053

24 19.20 0.0022 14.65 0.0026 9.66 0.0042

Plot CY 1/x lev) GY 1/x (cv) CV 1/x (cvy
s is e  6 -p lo t blocks 6 -p io t blocks 12-plot blocks

2 24.06 0.0206 23.14 0.0216 1 >. 7 0.0265

3 22.66 0.0146 16.00 0.0165 16.14 0.0207

4 20.16 0.0124 16.91 0.01 j 2 14.09 0.0177
6 20.02 0,0063 15.93 0.0104 1; .09 0.0127
a 20.14 0,0063 12.69 0.0097 9.63 0.0130

12 13.29 O.OO63 9.17 0.0091 .62 u.0097
24 9.59 0,0043 4.70 0.0069 4.54 0.0092





Table 7* P lo t e ls e , CY, and R elative e f f i c i  jncy

Without 2 -p lo t 4 -p lo t 6 -p lo t 3 -p lo t 12-plot
5 blocking blocks_______blocks______blocks blocks______blocks

} CV as GY it, CY as  CV :IL GY AS CV

2.1o 50.o6 1*00u 36.94 l.oQQ 30.31 1.000 24.03 1.000 23.14 1.000 13.37 1.UOU

3.24 44.36 0.579 32.54 u.331 23.73 0.735 22.33 0.950 13.0) 0.773 16.14 v.o97

4.32 39.49 0.414 30.31 0.321 2J.74 0 .7 63 20.13 0.636 13.91 0.617 14.09 0.609

6.43 33.12 0.260 24.60 0.671 13.37 0.623 20.02 O.631 15.96  0.691 13.09 0.566

3.64 29.64 0.163 24.69 O.U74 1 .31 0.024 20.14 O.636 12.39 0.693 9*63 0.416

12.96 23.56 0.123 13.37 0.497 14.26 0.470 13.29 ..532 9.17 0.396 6.62 0.373

25.92 19.20 0.046 14.65 0.^97 9.66 0.325 9.69 -.>96 4.70 0.203 4.54 0.196

1vn



Table $• Ro 

Yield d..t«- •

la tio n  between CV (y) and p lo t s ize  (x)

Blocks Sm ith's equation 
1  s a -‘»“k

amount of 
v a r ia tio n  explained

AitilOUt
blocking 29.5678 99.40

2 26.7659 x -u*1264 97.02

4 26.0737 x -0- 131^ 96.97

o 25.^705 x"U#1336 93.19

a 24.3554 x ^ 1730 93.39

12 23.9223 ^"0#1439 93.69

24 19.2742 x*°*1i»63 93. 9



fa b le  3(a) Sm ith 's equation fab le  3(b) Sm ith 's equation fab le  3(e) Smith’s
f i t t e d  to d/ata on f ru i tu  / p t .  f i t t e d  to  data  on Primary b ran ch es/p t. equation fo r h t/p t«

Blocks

Without

blocking

2

4

6

12

24

sm ith 's e q u a tio n  
"Y s  a x —®

26* 2 x -0.226i

24*95 x-0.1S6t

24.8 j x  -0.107! 

24.85 x -0.164

24*93 x -0.241

28.13 x  -0.1o2!

23.44 x -0.160*

um^th's equation

26.6729 x -0.1725

26.0106 x—0.2247

25.63>6 x -0.1895

24.8037 x -0.1650 

25.9415 x - 0.2026

23.o 954 x -0.252.

24.8>69 x -0.2243

Sm ith 's equation 
I  s  a x-oa x

28.64 x -0.2475

2 4 .6 3  x -0 .< o 6 4

2 5 .3 4  x  - 0 .2 4 3 6

24.11 x -0.1952

2>.17 X -0.2200

21.27 x -0.2491

16.28 x -0.1113



P lo t s ize  Without 2 -p lo t 4-p lo t 6 -p lo t 8 -p lo t
blocking blocks_____blocks______ blocks______ blocks

m. a r  a r  u r a r a r a

2 2.16 103 222.48 55 113.80 37 79*92 23 49.68 21 45.36 14

3 3.24 79 255.96 42 136.08 23 74.52 21 63.04 13 42.12 10

4 4.32 62 267 .8437 159.8423 99.36 16 69.12 14 60.43 8

6 6*48 44 285.12 25 162.00 14 90.72 16 103.68 10 64.8U 7

6 8.64 35 302.40 22 190*03 14 120.96 16 136.24 3 69.12 6

12 12.90 22 2-5.12 14 131.4* 3 103.68 7 90.72 4 51.84 3

24 25.92 15 388.80 9 233.2 - 4 103.63 5 129 . 6o 4 10 .*63 4

1 -  number oi u n its  

a -  c rea  in  a i . m.

12-p lo t
blocks

30. 24 

32.40 

34.56

45. ,6 

51.34
38.38

IO 3 .0 8

r  -  number of re p lic a tio n s



Table 10* P lo t s iz e  and block e ffic ien cy  (>} fo r  y ie ld  data

P lo tb s ize  2 -p lo t 4 -p lo t 6 -p lo t 8 -p lo t 12-plot
(® ) blocks blocks blocks blocks blocks

1.08 86*85

2*16 83.92

4.32 90.02

6*48 89.58

d.64 90*96

12*96 90.63

76.37 74.46

79.31 66.99
81.10 75.85
79.30 75.69
81*22 78.66

79.26 77.60

64.25 53.84

70. 9 61.06

75.56 66* 08

75.4 5 69.45

77.64 69.37

76.51 75 —



Table 11* P lo t s ize  ani block e fi'ie ian cy (;») fo r  data  on 
T ra its  per p la n t.

Plot s ize  2-p lo t 4 -p lo t 6 -p lo t 3 -p lo t 12-plot
(a2) blocks blocks b lodes blocks blocks

1.0 b4»1> 74.19 72.13 03.14 52.43
2.16 ^3.91 30.06 72.08 71.11 60.94

4.32 90.59 35.97 75.22 74.12 73.25

6.43 9.12 9.75 73.60 73.95 59.43

3.64 92.6? 4.33 32.06 31.06 6 7.40

12.96 91 mttj 32.29 oq.59 76.79 69.81



Tablo 12* P lot s iz e  and block aflic iencyC s) fo r  data  on 

primary branches.

P lo t s ize  2 -p lo t 4 -p lo t
(h> ) blocks blocks

i.o a 36.57 iO. >4

2.16 93-22 37.17
4*12 93.34 39.43
6.4^ 91.92 34.00

a .64 39.92 39.77
12.96 36.50 32.77

6 -p lo t lo t  12-plot
blocks blocks blocks

73.63 72.91 60.92

79.64 72. o3 69.57

30.49 75.70 73.01

31. 3 30.79 74.60

32.41 34.27 76.47
79.6o 74.55 75.67



Table 13* P lo t aiac and bloek e f f ic ie n c y ( )  fo r  data on 

height o f the plant*

P lo t s iae  
(ia2)

2-p lo t
blocks

4 -p lo t
blocks

6-p lo t
blocks

6-p lo t 
bl9cks

12-plOt
blocks

1.06 65.49 75.26 73.32 63.70 53.14

2.16 66.92 79.69 70.54 71.0u 01 »0u

4*32 90.31 62.54 75.54 74.64 69.66

6.46 9 ..5 79.53 77.15 74.7a 64.47

6.64 91.62 63.03 60.. 6 79.35 72.72

12.96 91.13 62.79 76.10 76.05 72.45



Tab la  14* Optimum p lo t s ize  

*'nen ©out of experim entation i s  a lso  considered.

Cj C2 basic  un its  Area (m2)

4 1 Q.o5 0.70

4 2 0. j2 0.o5

4 3 0.22 0.24

4 4 u .l6 0.17
3 1 1.29 1.39
3 3 o.4> 0.4O

12 1 1.93 2.03

12 4 0.97 1.05

12 4 0.43 0.52

24 1 3.37 4.13
>2 1 5 .16 5.57
32 2 2.53 2.79
32 - 1.7 2 1.36

43 1 7.74 ij. >0

50 4 2.02 2.13

50 3 2.69 2. VI
50 2 4.03 4.35
50 1 3.06 3.70
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DISCUSSION



5. t* a f fe c t  a£  P lot s ize  5a t a r  l a b i l i ty

The v a r ia b il i ty  o f  each p lo t  s iz e  and shape 

was Jetermined by means of co e ffic ien t o f  v a r ia tio n .

An increase in  the aiqe o f p lo ts  in  e i th e r  

d ire c tio n  decrease the c o e ffic ien t of v a r ia tio n  (Table 1). 

Generally the  c o e ff ic ie n t o f  v a r ia tio n  fo r  rec tangu lar 

p lo ts  was s l ig h tly  le s s  than th a t  fo r square or nearly  

square p lo ts .  The reduction in  GV was not p roportional 

to  the number o f basic  u n its  combined.

The above re s u l t  i s  in  agreement with the 

observations made by umith (1907*09). McClelland (1926b), 

and Bryan (1931* 1933) in  corn, Justesen  (1932) and 

Kalamkar (1932a) in  po ta to es , Kulkarni and Bose (1936) 

in  sorghum, Vaghoikar e t al.(1940) in  sugarcane, Bose

(1935) in  wheat, Gurdhana e& a l . (1967) in  po ta toes, 

Prabhaksran and Thomas (1974) in  tap io ca , George e t  * 1 . 

(1979)in  cardamon, Joshi e& atL. (1972) and Krlpashankar 

e t  y l . (1972) in  soyabean, Xaushik e t  a l . (1977) in  

m ustard, Gaxena e t  a l . (1972) in  o a t fodder, Sreenath 

(1973) in  fodder sorghum, Jayaraman (1979) in  sunflower 

and George e t  £|,.(1979) in  tu rm eric . Also s im ila r 

was the observations by Abraham (1969) in  blackpapper,



Abraham and Vachhani (1964) in  r ic e ,  Agurwal a t  a l .  11963j 

in  arecanu t, bhargava and bard .ana i 1975) in  apr-le,

Nanon and Tya i  (19 7 1) in  orange and dam babu e t a l .  

(1930) in  g ra sses .

But tne rep o rts  of Batchelor and deed (1913)

In oranges, Lyon (1911) and Kieasalbaek <19231 in  wheat 

and Smith (1950) in  beans,who concluded th a t long and 

narrow ..lo ts  were no longer superio r to  square ones, 

i s  con trad ic to ry  to  the above r e s u l t ,  some o ther workers 

reported tb a -  square . l o t s  were aore e f fe c tiv e  in  redu

cing v a r ia b i l i ty  than long and narrow p lo ts  when the 

length of the p lo t was o rien ted  in  the d ire c tio n  of ©oil 

f e r t i l i t y  (Day, 1920 and Iy e r, 1942 in  wheat and b iao , 

1935 in co tto n ).

5 . 2 . a f fe c t 2£ abap^ s& v ^ i .a b i l i ty

To examine the  ohape of p lo ts  the CV fo r  d i f 

fe ren t p lo t s i  sea and shapes were ootasned ( fable 5 ) .  

i t  w ill  oO seen from the tab le  th a t  the  CV was sm aller 

in  general fo r lo ts  elongated in  the d ie c t lo n  of the 

row.

The shape of p lo t had no consisten t e f fe c t on 

G¥. But long and narrow p lo ts  ..long e a s t - w e s t  s  owed



lower OV* This might be due to  f ie ld  slope in e a s t-  

west d ire c tio n , s im ila r was th e  observation made by 

aroenath (1973) in  fodder sorghum*

As the e ffic ien cy  of a p lo t of a given s iz e  i s  

1/x  (cv) where x is  the number of basic  un ite  co n stitu 

tin g  the  bigger p lo t (Kalamkar, 1932) ,  the e ffic ien cy  

decreased as tee  s ize  of the p lo t was increased (Table 6 )• 

in is  decrease in  the e ffic ien cy  o f the b ig g .r  p lo t im plies 

that. h igher v a r ia b il i ty  can be counter balanced by using 

a.Muilor p lo ts .  when the p lo t s i t e  i s  increased , s o i l  

d ifte ran ces  are averaged ou t, but th is  in troduces more 

e r ro r  due to  la rg e r  v a r ia tio n  w ith in  b locks. .Similar 

repo rts  were a lso  made by Prabhakaran and Thomas (1974) 

in tap io ca , >resnath  (1973) in  fodder sorghum and 

Kaiamkor (1932) in  p o ta toes.

5* 3* Optimum p lo t s ize  through maximum curvature method

.o r  determining the optimum p lo t s ize  by the 

method of maximum curvature the y ie ld  of adjacent un its  

are combined to  fo ra p lo ts  o f d if fe re n t  s i z e , «nd unape~.

A free hand curve has been drawn in  which the p lo t size  

i s  p lo tte d  ag a in st the avsra e CV( )• The optimum p lo t 

s ize  is  one ju s t  -e j ;nd the point of maximum curvatu re, 

from figu re  1, i t  w ill be seen th a t  the JV is  decreased 

as tee  s ize  o f tno p lo t uaa increased  upto 6 m^, th e re -



a f te r  the decrease is  ra th e r  slow. Ja^araman (1979) 

a lso  tr ia d  th is  method fo r ob tain ing  the optimum size  of 

p lo t in  sunflower and a rriv ed  a t  a f a i r ly  good re su lt*

5. 4* R elative e ffic ien cy

Taking the e ffic ien cy  of the sm allest p lo t as 

un ity , the re la tiv e  e f  ic ie n c ie s  of various lo t  s izes 

are  given in  fab le 7 *

The e ffic ien cy  was the h ighest fo r  the sm allest 

p lo t;  so tne ob jective  should be to  decrease the p lo t 

s ize  as fa r  as p o ss ib le , sub ject to  p ra c tic a l  considera

tio n s  and to  increase  the number of re p lic a tio n s  pro, op

tio n a lly *  . As p lo t shape was found to  be only of minor 

Importance in  a f- ac ting  v a r ia b i l i ty  fo r  too ranges o f 

p lo t s ices  under considera tion , the e rro r  w ill not be 

serious i f  an average CV i s  used fo r  (1) a given p lo t 

s ize  fo r a l l  shapes o f p lo ts  ani (1 1 ) fo r  the purpose 

of determining the number o f p lan ts  required for a given 

lev e l of accuracy of the treatm ent mean, with a given 

number of treatm ents per block*

The above re s u l t  i s  in  agreement with the 

observations made by Agurwal e£ a l.( t9 6 d )  in arecanut 

and Kaushik e£ £jjL*(1977) in  mustard*

5* 5 . ft

The average CV stows a c e rta in  re la tio n sh ip



with tho size o f l o t ,  the number o f p lo ts  per block 

being tho same. sm ith’s law 1193#), t  * a a"** 

where Y is  tae  average CV fo r  fixed  p lo t s ize  o f  <v u n its , 

f i t t e d  to the observed values o f CV fo r  d if fe re n t block 

s izes  sep a ra te ly .

/o r  the  y ie ld  data the value o f *b’ , Smith’s 

c o e ff ic ie n t of heterogeneity , varied from 0,1264 to 

0,1730  fo r  d iffe re n t slock s izes  and was 0 , 1#66 without 

arrangement in  b locks, thus there  appears to  be a 

sign p o sitiv e  co rro ia tio n  between the neighbouring pious, 

s im ila r re s u l ts  were a lso  obtained by Bingh o t ai,(1973) 

and sreenath  (197#) in  bhindi. and fodder sorghum respe

c tiv e ly , The co rre la tio n  between t i e  neighbouring p lo ts  

was fu r th e r  confirmed by th* data on o th e r b iom etrical 

ch a rac te rs , as the ranges of ’b* values fo r  data on f r u i t ;  

per p lan t is  0 ,1 1  to  0,24; fo r  number of rimary branches 

per p lan t i s  0,165  to  0,253 and fo r height o* the p lan t 

i s  0,11 to  0,249 re sp ec tiv e ly  (Tables 6 , b (a ) , 3(b) and 

3 (c>) .

5* 6 , Block e ffic ien cy

To study the v a r ia b il i ty  in  b locks, p lo ts  of 

d i fe ren t s iz e s  and shapes were grouped to g e th er in  

blocks of 2, 4 , 6 , 8 and 12 p lo ts .  The arrangement of 

p lo ts  w ithin blocks were as given in  Table 10,



The c o e ff ic ie n t o f v a r ia tio n  per p lo t was 

worked out fo r each of these arrangements fo r  comparing 

th e  re la tiv e  e ffic ien cy  o f blocks with respec t to  the  

con tro l o f s o i l  H eterogeneity (Table 10)*

fo r  any given p lo t s iz e ,  the  C oeffic ien t of 

v a ria tio n  was le s s  fo r th e  blocks of sm aller s iz e s .

For the p lo ts  of sm aller dimensions, the c o e ffic ie n t of 

v a ria tio n  was high in  each o f the  b locks. As the s iz e  

of t hj  p lo t was increased from 2 .16  a 2 to  25.92 a 2 a 

considerable reduction  in  the c o e ff ic ie n t of v a ria tio n  

was ob tained , Upto 3 p lo ts  in  a block, the  shape of the 

block did not a f fe c t  the  p rec ision  o f the  blocks.

an ca re fu l observation on d if fe re n t  block e f 

f ic ie n c ie s  (Tables 10, 11, 12 and 13) fo r  data on y ie ld  

a block s ize  o f 3 and 12 were found most e f f ic ie n t  where

as ia  the cases of number o f f r u i t s  p er p la n t, number of 

primary branches per p lan t and the height o f the p lan t 

generally  a p lo t s ize  3 was found to  be most e f f ic ie n t .

5* 7 . Minimum number o f re p lic a tio n s

The reduction  in  experim ental e r ro r  fo r 

treatm ent comparisons cun be achieved by ( i)  taking 

la rg e r  p lo ts  and ( i i )  increasing  the number of r e p l i 

ca tions (Agarwal e t a l . ,  1966)

The two c r i t e r ia  a re  complementary fo r  a fixed



experim entai a re a . Therefore a p lo t s iz e  which achieves 

a balance between those two c r i t e r i a  i s  defined as 

optimum p io t .

Hayes a t (1953) recommended th a t  increasing  

re p lic a tio n s  would decrease the standard e r ro r  more 

rap id ly  than  increasing  the s ize  o f p lo ts .  Therefore the 

number of re p lic a tio n s  necessary fo r  given standard o f 

accuracy were s tu d ied .

The e ffic ien cy  of blocks i s  c lo se ly  linked wita 

tns number of re p lic a tio n s . Hence fo r  a p a r tic u la r  block 

s ize  and shape, i t  i s  necessary to  know the  number o f 

re p lic a tio n s  required  to  ob tain  f iv e  per cent e r ro r  of 

the mean. « ith  th is  standard o f accuracy, the e ffec tiv e  

number o f re p lic a tio n s  and the to ta l  area required per 

treatm ent were worked out fo r  various p lo t s iz e s  (Table 9)*

For sm aller p lo ts ,  a f a i r ly  la rg e  number of 

re p lic a tio n s  were required to  achieve 5 por cent accuracy 

in  any o f the block s iz e s .  But as the p lo t s iz e  was 

increased from 2 .16  a£to  25*92 m2 , th e re  was a conside

rab le  reduction  in  the  number of re p lic a tio n s  required 

to  obtain the same p re c is io n . For in s tan ce , lo r  p lo ts  

o f s ize  12 .V ra2 in  blocks of 4~plots o r  3-p lo ts ,  only 

d o r 4 re p lic a tio n s , re sp e c tiv e ly , were needed, whereas 

fo r lo ts  of s iz e  2 .16  m2, 37 0r  21 re p lic a tio n s  were 

req u ired . But tne to ta l  area requ ired  by sm aller p lo ts



waa much la ss  than th a t  by b igger p lo ta . I t  _s therefo re  

b e tto r  to  huvs sm aller p lo ts  with more re p lic a tio n * .

since the number o f re p lic a tio n s  required  to  

achieve 5 p e r cant accuracy i s  d ire c tly  proportional 

to  tbu  square of v a r ia tio n , a decrease in  the co e ffic ien t 

of v a ria tio n  im plies a decrease in  the number o f r e p l i 

cations* Hence le s 3 re p lic a tio n s  are requ ire  I i f  bigger 

p i t s  are  used and vice versa . To achieve p par cent 

accuracy, the  number of re p lic a tio n s  should be m ultip lied  

by the sec to r (5 /p)^ . Kulkarni e t  a l.(1936 j working with 

sorghum, Hutchinson and Panse (1935) working with co tton , 

Abraham a t a i .  (1969) in  bXa depepper» Bhargava and bardhana 

(1375) in  a l e , Gopani e t  a l *(l9/Q ). Joshi e t al.(1972) 

and Kripashankar et, a l . (1972) in  soy-bean, Prubhakaran 

e t  a l .  (197<3) in  banana, Saxena a t a l.( l9 7 2 )  in  oat fodder, 

Jreenath  ( 1974) in fodder sorghum and Baiababu e t a l .  (19^0) 

in  g rasses reported s im ila r fLadings and pointed out 

th a t though the e rro r  o f too experiment was reduced by a 

decrease in  the  per cent standard dev ia tion  due to  an 

ncroaue in  the p lo t siwe, ’the e r ro r  wa- a t  the same time 

increased by the loss in the number of re p lic a tio n s .

5. d. Cost function

i t  has been shown th a t the sm aller p lo ts  were 

much more o ff ic ia n t taan th e  bigger ones and the  to to i



area required by thorn was a lso  comparatively le s s ,

Bryan (1933) working with maize, a lso  got s im ila r  r e s u l ts .  

However to  ob tain  a p ra c tic a l minimum, i t  i s  necessary 

to  work the optimum p lo t s iz e  fo r f ie ld  experiments in 

b r in ja l .  with sm ith 's  (1933) em pirical re la tio n  fo r 

determining the optimum p lo t s iz e ,  v iz . ,  XCpt  •  b c i /

( 1-b) C2 , where *b* ia  the regression  c o e ff ic ie n t o f 

log (cv) on log (p io t s iz e ) ,  Cj is the  cost p roportional 

to  the  number of p lo t-  per trea tm en ts, i . e . ,  number of 

re p lic a tio n s , and i s  the cost p roportional to  the to ta l  

area per trea tm en t, the optimum p lo t s ize  was computed 

by assuming a rb itra ry  values o f  the r a t io  Cj : C2

(as i t  i s  d i f f i c u l t  to  ob tain  accurate  values o f Cj and 

Cg in p ra c tic e ) and then tak ing  the  average value of 

*b* over blocks o f various sizes to  be equal to  0. 1 363 

(Table 14).

The optimum p lo t s iz e  varied  between 0.646 

and 8.05 basic u n its  fo r  various r a t io s ,  fo r  wider 

r a t io s ,  t i e  optimum p lo t s i t e  was bigger and fo r  narrower 

ones, i t  was sm aller. An increase  in  the cost per un it 

area and decrease in the cost per re p lic a tio n  had 

reduced the optimum p lo t s i z e . * Assuming the cost due 

to  p lo t area to  uo 2y», the  optimum p lo t s ize  was 3.05 

basic  u n its  or about 3.65 m2. This was reduced to



approxiaately  one basic  u n it o r 1 «0d m2 when the coat 

duo to  area increased to  $&;» o f the  to ta l*

5* 9 . F e r t i l i ty  contour

A study of the d ire c tio n  of the f e r t i l i t y  

contour of the  experimental area was made bused on the 

y ie ld  data by pooling p lo t y ie ld s of homogeneous nature* 

The f e r t i l i t y  contour map thus obtained was as shown 

in  figu re  2* From th is  figu re  i t  could be concluded 

th a t there  is  no sp e c if ic  trend fo r  the s o i l  f e r t i l i t y  

and on the whole the land can be considered not very 

homogeneous as f a r  as the f e r t i l i t y  i s  concerned.

f e r t i l i t y  contour paps were published fo r 

bajora by Kadam and P a te l (1937), fo r b arley , wheat 

and l e n t ila by Bose (1935)* fo r  c a rro ts  by durrence

(1936), fo r cotton by Hutchinson and Panse (1935aj, 

fo r groundnuts by Hodnett (1953), fo r potatoes by 

Kalamkar (1932a) and fo r sugarcane by Iyer and A arwal 

(1970).



SUMMARY



SUMMARY

A uniform ity t r i a l  in  b r in ja l  was conducted 

a t  the Main Campus of the Kerala A gricu ltu ra l U niversity , 

Vellanikkara during the th ird  crop season, 1930.The 

main o b jec tive  o f the experiment was to  study the v a r i

a tio n s  among p lo ts  o f d if fe re n t s iz e s  and shapes, o r i 

en ta tio n  among blocks o f  d if fe re n t s iz e s ,  having p r io r  

knowledge on soul heterogeneity  fo r  the eatisaation o f 

optimum p lo t size* The crop w«s p lan ted  in  North-houtn 

rows wit h a row to  row spacing o f 60 cm and p lan t to  

p lan t d istance o f 45 cm* Harvesting of th e  crop was 

done in  small u n its  o f 4 p lan ts  w ith two lin e s  each 

h a in g  tv.o p lan ts , the s iz e  o f th e  u n it being 1*2 m x  

0*9 m* Two rows on both s id es  and one un it on e i th e r  

sides o f each row were l e f t  as non-experimenta1  area 

before h a rv est, th e r  by leaving 32 rows of 30 u n its  

each fo r  s t a t i s t i c a l  examination*

At the time of h a rv est, b iom etrica l observa

tio n s  wer^ made on he igh t, primary branches, number of 

f r u i t s  and weight o f b r in ja l  f ra j ts  harvested , from a l l  

the p la n ts .

The data  on a i l  these t r i a l s  were pooled in  

both the d ire c tio n s  by combining ad jacen t 1 , 2 , 3 , 4 ,

6,  3 and 12 u n i ts .  I t  was observed th a t  an increase in



the p lo t s ize  in  e i th e r  d ire c tio n s  iecrossed the GVt but 

the  decrease was more rap id  along the  N-S d ire c tio n .

Long and narrow p lo ts  yielded lower CV than approximately 

square p lo ts .  The e ffic ien cy  o f p lo ts  decreased as the 

s ize  of tne p lo t was increased .

The CV averaged over a l l  th e  d if fe re n t shapes -

o f p lo ts  followed c lo se ly  the re la tio n  Y •  a x"*5 (F a irf ie ld

Smith’s law ;. The values of ’b ’ , binith’s co s i '.ic ie n t of 

he terogeneity , fo r a l l  biometric a l  characters in  varlo  s 

block siaec  were nearer to  zero ( b ^ 0.2) revealed th a t 

there  e x is ts  a high p o sitiv e  c o rre la tio n  between neigh

bouring p lo ts .  The f i t s  were seen to  be pood in a l l

cases as the c o e ff ic ie n t of determ ination obtained fo r 

various block s i  ,:es wore very nearer to  un ity .

At la rg e r  p lo t s iz e s ,  the reg ressio n  lin e  

showed a tendency to  curve doun although n e g lig ib le .

The optimum p lo t s iz e  obtained through F a irf ie ld  Smith’s 

method and maulmum curvature method showed only a 

3 iig h t d ii^erunce . From the  above considera tions, a 

p lo t s ize  of 0.64 m2 (9.0  a  x 0 .9  ffl) was found advisable 

fo r  conducting most of the f ie ld  experiments in  b r in ja l .

Taking the e ffic ien cy  of the smallest, p lo t as 

un ity , the re la tiv e  e f f ic ie n c ie s  o f various p lo ts  were 

computed. Tno e ffic ien cy  was the h ighest fo r the s i l l i e s t  

p lo t .  ~o the ob jec tive  should be to  decrease tno lo t



s ize  aa f a r  as possib le  and to  increase the  number o f 

rep lica tio n s*

/o r  working out the r e la t iv e  e ff ic ie n c y  of 

various block s iz e s , the r a t io  of the  e r ro r  variance 

o f a p a r tic u la r  block arrangement to  th a t  w ithout block 

arrangement was worked out* This r a t io  was expressed 

as percentage and was taken aa the e ff ic ie n c y  of th a t  

block arrangement.

There i s  a general decrease o f block e f f i c i 

ency with Increasing  block size* More compact blocks 

o f the same s ize  show a h igher effic iency*  Blocks of 

id e n tic a l s iz e  and shape but consisting  of long p lo ts  

a lso  show a somewhat higher e ffic ien cy  than blocks with 

snort p lo w  of the same s iz e .  Arrangement o f p lo ts  in 

more than one row decreased block e ffic ien cy  and t i e  

e f fe c t  in more pronounced with long p lo ts*

The minimum number o f re p lic a tio n s  per t r e a t 

ment fo r standard e rro r  o f 5 per cent and minimum area 

req u ire ! per treatm ent fo r  varying p lo t sizo  was calcu

la te d . The numoer of re p lic a tio n s  required  fo r a giv^n 

le v e l of accuracy decreased with an increase  in  p lo t 

s ise  and i  .creasing the  numoer o f re p lic a tio n s  ra th e r  

than p lo t si.se was found more advantageous fo r  a fixed 

experim ental a rea .

To study the nature o f s o i l  heterogeneity



of the vegetable ila Id s  o f the main campus, a t V ellanikkara, 

a f e r t i l i t y  contour map o f the p lo t was pro arod. The 

figu re  showed th a t  the land was not very Homogeneous as 

f a r  as the f e r t i l i t y  p a tte rn  i s  concerned.

by assuming a rb itra ry  values o f the cost propor

t io n a l  to  the number of re p lic a tio n s  and the  cost propop

tio n a l to  tno  to ta l  area per treatm ent the optimum p lo t 

s ize  was computed. An increase  in  tre  cost per u n it are;, 

and decrease in  the coat per re p lic a tio n  had reduced 

t..e  optimum p lo t s iz e .  The optimum p lo t a lso  fo r any 

f ie ld  experiment in  „ r in ja l  was worked out to -o ,,boet 

8.04 m^.
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Appendix I .  The y ie ld  d a ta . 
■»a i^ht of b r in j a l^ fru i t s  in  Kg.
Rows 1 2

1 2.14 0.68
2 .50 .67
3 .70 •6Q
4 .16 1.76
5 .02 •do
6 .72 •uu
7 .90 •40
a .54 1.01
9 .65 •dQ

IQ 1.19 •ao

n .30 •oQ
12 .12 .58
13 •65 .65

.o7 1.60
1? .71 • 8 2

16 • 3d • 50
17 1.68 .93
18 .20 .76
19 •61 8
20 1.14 .VU

21 .50 .72
22 .70 .17
23 .16 1.76
24 .67 •4 8
25 •05 ,0 6

26 .90 .40
27 .uu
2d .23 .do
29 1.19 .80
30 .38 .29
31 ,12 . 1 s

32 .66 .23

3 4 5
0.66 0.75 0.34

.16 1.02 1.56

.44 .38 •2d
1.48 1.07 1.44

.52 • 14 .72

.14 .33 .90
•01 1.23 •6 .
.42 • 36 .63
.55 .33 .54
.42 .40 .65

1 .o3 .50 .28
•65 .62 .20
.39 . ,4 1.19
• 24 1.14 . ,3
.36 .56 .28

.46 .60 .70

.93 .75 .12

.49 •62 • 16
•44 •44 .25
. 6 •42 .65

.16 1.02 1.56

.44 .38 .28
1.43 1.07 1 .4 4

.47 .14 .50

.14 .38 .58

.42 1.23 .60

.42 . 80 .14

.14 .53 .55
•42 .40 .18
.34 1 .00 .28
.30 .65 .20
.20 .34 .67

6 7 8

0.24 a . 10 0.43
1.02 • 16 1.48

.12 •40 • 12
•68 .76 1.04
.38 •36 .3 8

1.14 .54 .97
• 6a .78 1.07
.42 • 12 .22
.50 .17 • 14
• 16 .30 .38

.70 •48 .42
,2 j • 20 .16
.13 .3 1•23
• 16 .58 .43
.70 .a0 •16

.52 1.28 .96
• 12 1.32 .36
•62 •62 .33
.52 .34 • 14
.25 .10 .70

1.06 .16 •46
• 12 .13 • 12
.ad .76 1.04
.38 .38 .16
.54 .54 . 7

• 60 .78 •ol
•42 .12 .22
.52 .17 .60
• 16 •80 .56
.52 .43 .42
.23 •20 • 16
.18 .30 .60

9 10 11

1.62 0.75 0 .18
.30 .20 .52
•48 .36 .27
•20 •42 .30
.47 •42 .12
.14 . 24 1.14
.10 .11 .56
•32 .53 .30
.33 .98 .52
.40 .49 .36

•42 . 44 .60
• 6a .42 • 24
54 .20 •68
.19 .40 .14
•60 •9o • 14

.92 . 2 “7i> * / a

.42 .47 .80
•66 .56 .82
. 14 • 16 .69
• 2d •44 .18

.34 1.30 .20

.48 .2?

.20 •42 . 0

.15 •42 .12

.19 • ~4 .16

.10 .11 •56

.32 • 5a .30

.55 • 22 .52

.40 • 50 • ̂ 6
•40 •65 .18
.60 .42 • 24
.54 .20 •68

Contd..



wOlumns

r o w s 1 2 1 3 1 4 1 5 1 6 1 7 1 6 1 9 2 0 2 1 2 2

1 0 . 1 3 0 . 2 0 0 . 6 ? 0 . 3 0 0 . 4 6 0 * 4 6 0 * 5 5 0 . 3 2 0 . 5 0 1 . 1 2 0 . 5 6
2 •  2 0 • 5 2 1 . 1 4 . 6 6 . 2 4 • 9 6 • 5 4 • 4 2 • 5 6 1 . 0 4 . 6 2  «
3 . 2 7 o O . 0 3 . 4 6 • 4 4 • 6 2 • 4 4 1 . 0 3 • 4 2 . 1 6 • 4 2
4 • 6 0 • 6 0 • 3 6 • 4 1 1 . 6 7 . 7 4 • 6 5 . 3 6 . 6 6 • 4 4 •  5 4
5 •  1 2 1 . 0 6 •  C iQ •  2 0 . 7 6 • 4 9 . 9 4 •  2 6 . 6 4 . 9 6

6 1 . 1 4 . 9 3 . 6 0 . 7 1 • 5 6 • 2 6 1 . 1 9 . 6 6 • 2 0 . 6 0 . 7 2 , ,
7 . 5 6 •  7 6 •  6 0 1 * 6 3 •  1 4 • 4 4 . 2 3 • 4 9 •  1 6 • 9 7 . 9 6
a •  1 2 •  2 4 . 2 4 . 2 9 . 3 0 • 4 0 . 9 1 •  1 2 • 2 0 . 7 0
9 1 . 0 4 • 5 2 . 7 6 • 3 4 . 6 0 • 3 6 . 7 6 M S . 5 5 • 2 0 • 2 2

1 0 . 9 6 •  O w . 7 0 . 6 1 . 4 2 • 6 2 . 6 5 . 9 0 . 1 7 • 4 6 1 . 0 9

1 1 • 2 0 • 5 6 •  ? 4 • 6 u . 6 0 • 2 0 1 » 1 6 • 6 0 • 2 0 • 6 0 • 9 .
1 2 • 6 6 1 . J 0 . 3 0 * 5 6 • 3 0 • 2 0 . 1 6 . . 6 6 • 6 1 . 4 4 1 * 0 6

1 3 •  1 4 . 6 5 . 3 6 . 2 5 . 2 4 •  1 2 • 2 4 2 . 2 3 . 7 6 • 9 2 • 6 4
1 4 • 6 0 •  o 6 . 4 0 • 2 6 •  1 6 • 6 5 . 7 5 • 2 4 . 1 0 . 7 6 • 7 2
1 5 • 6 6 . 5 6 • 6 6 1 . 0 4 • 9 2 1 . 3 0 • 4 0 1 . 7 4 •  3 0 • 5 2 2 . 3 2

1 6 . 7 2 1 * o o 1 . 1 5 •  1 4 . 2 0 1 . 1 2 . 2 0 1 . 0 3 •  2 2 . 5 6 1 . 1 ;
1 7 • 2 1 . 6 2 1 * 6 6 . 9 6 • 4 4 • 6 2 • 2 5 • 3 2 . 7 6 1 . 0 6 6 . 0 3

1 6 1 , 0 6 . 4 0 . 1 3 . 9 4 • 2 •  6 • 2 6 . 2 0 • 7 6 . 7 0 . 6 6
1 9 •  2 2 • 4 0 • 3 j * 7 1 • 2 0 * 7 6 . 7 6 1 * 1 3 . 5 6 1 . 2 6
2 0 •  1 6 •  2 0 •  2 j . 3 0 • 2 0 • 4 6 . 3 9 • 3 2 . 5 0 • 1 6 . 5 6

2 1 • 5 2 1 . 1 4 • 6 0 • 2 4 1 . 4 6 . 5 2 • 4 0 • 2 0 . 1 2 . 1 0
2 2 • 4 0 • 6 3 . 4 6 . 4 4 . 6 2 • 6 4 . 6 6 . 1 9 * 6 0 • 4 2 • 2 5
2 3 . 6 0 . 3 6 . 4 1 1 . * 3 7 . 7 4 . 5 6 • 3 6 . 6 6 • ^ 4 • 4 6
2 4 i * 0 6 • 6 6 •  2 0 . 7 6 • 2 0 • 9 4 • 2 6 • 3 6 • 6 4 . 9 6 •  1 2
2 5 • 2 4 • 4 1 . 1 5 . 5 6 • 2 6 . 3 6 . 6 6 • 2 0 • 6 0 . 7 2 . 7 1

2 6 . o 2 • 6 0 1 . 6 9 •  1 4 • 6 0 • 2 3 • 4 9 • 7 4 • 6 1 . 6 7 • 4 0
2 7 •  1 2 • 2 4 . 2 4 . 2 9 • 3 0 • 4 0 • 9 1 • 1 2 • 2 0 . 7 0 • 6 0
2 6 1 . 0 4 . 5 2 . 7 6 • 3 4 . 6 0 • 2 9 . 7 6 M 5 . 5 5 • 2 0 • 2 2
2 9 . 3 0 •  1 2 . 7 0 •  1 2 • 4 2 • 6 2 •  1 2 •  v G . 1 7 • 2 6 1 * 0 9
3 0 • 2 0 • 2 6 . 1 4 . 3 0 • 4 4 • 2 0 1 * 1 6 • 4 6 • 2 0 • 6 0 . 5 5

3 1 • 1 6 1 . 3 0 . 3 0 . 5 6 . 3 0 • 2 0 * 1 6 . 6 6 . 5 1 • 4 4 1 . 0 6
3 2 • 1 4 • 4 0 . 1 4 . 2 5 • 2 4 • 2 4 * 2 4 2 * 2 3 . 7 6 • 9 2 * 6 4

*»

C a s t*



Appendix II* The data  on nutabar o f f ru its*  

iiows Columns

1

1 10
2 4
3 6
4 1
5 4

6 4
7 12
a 9
9 6

10 2

11 412 3
13 9
14 a
15 1

16 7
17 11
18 1
19 420 5

21 922 5
23 7
24 2
25 3

20 2
27 10
2d 11
29 530 4

31 3

2 3 4 5
4 **5 3 2
6 1 11 13
2 2 1 2

13 13 12 12
4 6 3 5

6 3 3 4
3 4 11 6
2 3 7 4
4 3 2 7
5 2 9 1

3 10 2 2
7 6 4 1
4 1 2 7
3 1 5 2
4 7 3 2

4 4 6 4
3 2 6 9a 2 5 1
a 4 3 1
3 2 7 6

6 5 12 2
2 1 3 13

13 2 3 2
4 13 11 12
6 6 7 5

3 4 2 *42 5 2 6
4 2 2 42 3 4 7
4 4 2 9

a a 5 2
3 9 3 2

6 7 a 9 10
1 2 5 * 6~ 2
7 1 4 2 a
1 4 1 6 2
4 5 10 1 3
5 4 6 5 5

2 7 2 2 0
6 4 1 3 5
5 3 5 2 5
3 2 4 4 2
4 10 6 1 2

6 2 1 7 a
2 1 4 6 6
1 3 9 5 2
a 6 3 1 3

11 2 2 4 7

11 3 7 2 6
6 10 4 2 4
3 6 2 5 76 2 3 1 5
4 3 9 2 5

4 2 4 6 3
5 1 1 2 52 4 10 6 6
6 7 6 1 5
5 4 2 5 5

3 3 1 2 2
1 2 5 3 1
6 4 4 2 8
2 2 11 4 6
2 2 1 6 2

a 3 4 7 310 6 9 6 7

11 12 13 14 15
3 1 1 2 31 2 5 5 2
5 5 4 4 56 7 1 5 91 a o 1 6

4 9 7 3 42 7 4 1o 3
3 1 1 2 1
5 5 4 5 3
3 5 7 2 2

3 2 9 2 51 a 4 6 56 3 7 4 2
6 a a 2 2
2 5 4 5 4

3 4 7 2 2
4 3 7 3 5
j iO 7 3 3 5
2 4 2 3 2
1 2 4 1 3

3 1 4 2 2
1 3 1 i 5
5 9 6 5 96 7 7 1 6
1 1 4 3 4

4 5 1 12 32 3 4 2 1
3 2 5 5 3
5 a 9 7 2
2 3 4 2 5

3 a 7 6 51 5 a 4 2



eoluxons

Hows 16 17 13 19 20 21 22 23 24 25 26 27 23 29 30

1 3 3 2 2 5 3 4
2 3 1 4 2 1 6 1
3 3 3 2 1 3 2 4
4 5 2 3 2 4 5 3
5 4 12 2 6 6 11 4

6 9 7 6 4 5 5 6
7 2 2 5 10 12 4
3 4 4 7 2 1 6 4
9 4 1 3 11 5 2 3
10 2 4 1 6 2 4 6

11 2 1 9 4 1 6 2
12 3 1 1 4 2 1 3
1> 2 J 5 14 6 10 4
14 5 2 4 2 1 4 12
15 o 3 9 2 10 4 5

16 6 7 3 4 7 6 5
17 2 7 2 3 4 7 5
13 2 6 2 2 5 5 2
19 13 5 3 3 9 4 9
20 0 1 3 4 2 4 3

21 3 2 2 2 5 2 4
22 3 12 4 1 1 5 1
23 5 7 12 2 2 3 11
24 6 2 3 6 4 5 3
25 4 4 2 4 6 4 4

26 9 1 0 10 5 6 6
27 2 4 5 2 12 2 3
23 4 1 7 11 1 4 3
29 4 1 3 6 5 6 6
30 2 3 2 4 2 1 2

31 2 2 9 4 1 10 3
32 3 3 5 14 2 4 4

2 4 3 4 3 5 4 o
4 3 11 2 6 4 9 7
2 2 2 2 6 5 3 11
4 1 5 1 5 2 3 20
1 5 6 1 4 4 5 4

17 7 3 7 11 7 5 12
3 9 4 16 5 7 3 4
4 7 6 5 2 2 6 5
5 11 4 6 3 2 3 6
1 16 10 16 12 6 2 3

1 7 3 7 5 5 2 10
3 7 3 3 3 3 2

6 1 11 9 10 12 3 2
11 5 13 1 4 3 4 11
13 4 4 6 7 4 6 3

9 3 2 2 6 5 2 1
6 2 4 3 3 22 9 24
1 5 5 2 3 1 1 7
6 1 4 6 2 7 7 2
3 1 5 6 7 3 3 2

4 5 3 4 3 5 4 6
2 5 4 2 6 4 9 7
4 4 7 5 2 6 4 3
1 9 6 2 5 7 3 20

17 7 7 7 11 7 5 6

3 11 4 16 4 2 5 12
4 15 6 5 5 2 3 3
5 3 4 6 2 6 6 5
1 3 10 16 5 5 3 6
1 1 3 7 9 3 2 6

15 5 7 3 4 12 2 10
6 4 11 9 3 3 3 3



Columns

Sows 1 2 3 4 5 6 7 3 9 10 11 12 13 14 15

1 0 3 3 3 3 2 3 2 2 5 4 4 3 3 4
2 6 9 4 3 3 6 6 4 2 4 3 5 J 3 4
3 3 5 2 4 5 2 4 3 6 3 4 1 3 3
4 2 3 5 3 9 6 5 5 2 3 4 3 2 4 4
5 3 4 5 3 4 4 3 4 4 7 5 4 4 5 9

6 3 3 4 2 4 3 4 7 2 3 3 4 3 4 4
7 5 4 3 4 7 a a 10 4 6 2 3 7 4 2
3 6 3 4 7 6 i 5 4 3 4 4 5 3 6 4
9 3 6 5 4 2 5 4 4 6 7 4 5 7 4 1

10 5 5 w 3 3 2 3 5 2 4 a 5 2 5

11 5 o 5 2 3 5 4 3 3 1 5 4 1 3 a
12 9 2 1 3 3 9 3 4 - 3 4 5 1 15 6 913 3 9 7 4 12 6 6 7 2 6 6 6 5 6 4
14 2 4 6 5 2 2 6 4 3 3 j 5 4 3 0
15 3 0 4 9 3 7 4 3 6 6 2 3 6 Jf 7

10 2 5 4 3 5 4 10 5 3 6 9 7 3 5 6
17 9 3 1 5 5 7 7 2 7 4 9 5 9 3 713 1 4 9 4 4 4 2 9 6 3 6 4 6 3 11
19 3 6 4 6 2 2 3 5 9 5 5 5 5 3 720 4 4 3 4 4 7 5 4 4 5 9 4 3 0 n/■

21 3 4 7 2 3 3 4 3 4 4 3 5 4 4 6
22 5 J 6 4 4 5 4 5 4 5 4 5 3 2 2
23 2 4 3 5 3 3 4 4 3 1 2 5 3 3 5
24 3 3 1 5 4 1 3 3 2 1 2 5 4 7
25 2 3 u 3 7 9 3 6 3 10 4 2 14 o 2

20 3 4 4 9 4 4 10 3 7 a 4 15 6 6 927 7 4 5 1 6 4 2 ■J
J 5 6 2 12 3 3 426 9 3 3 6 a 7 9 5 3 6 7 3 2 6 6

29 10 6 9 9 4 6 4 i 1 6 5 6 3 4 6
30 3 4 3 1 6 5 a 2 2 3 4 4 3 4 4

31 5 3 1 2 5 4 4 5 4 7 3 4 9 0 1132 3 9 2 0 5 4 6 J 2 6 3 4 5 7 5

Oontd..



Hows 16

i 
i

11"- i  
i»- 

t  
i 

i 18 19 20 21

1 2 2 3 2 3 3 5
2 4 3 1 2 5 3 3
3 3 4 9 5 6 3 2
4 5 3 3 6 4 3 3
5 4 8 6 7 7 7 4

6 3 5 4 4 6 3 3
7 4 5 3 8 4 6 7
8 4 5 4 3 4 3 3
9 5 6 4 7 6 3 510 6 6 5 7 3 6 7

22 23 24 25 26 27 28 29

4 5 4 2 4 3 4 4
5 4 4 2 2 5 6 4
5 4 3 4 3 8 3 6
6 5 7 1 2 2 2 2
4 2 3 3 3 3 4 9

5 5 6 8 5 8 6 5
11 7 7 7 3 5 4 6
2 2 5 6 9 5 2 6
6 7 5 4 4 4 2 9
3 4 5 5 6 4 4 4

11 3 2 1 2 5 4 7 5 3 2 2 2 4 5 512 1 5 3 6 6 11 ? 3 9 7 > 8 9 9 11
13 3 12 16 8 6 3 6 6 5 9 3 7 3 3 9
14 2 3 9 2 5 8 6 5 11 6 2 ./ 3 7 8
15 9 6 3 10 4 2 14 6 2 2 3 4 12 1

16 8 7 5 8 7 6 10 5 5 3 4 6 4 6 5
17 3 4 5 6 7 8 9 9 4 5 4 4 5 5 6
18 8 1 8 1 2 9 8 4 4 4 6 7 5 4 5
19 8 5 4 3 9 12 5 6 8 9 4 1 6 2 8
20 7 4 4 4 4 3 3 3 3 4 9 3 4 5 3

21 3 5 5 6 8 5 8 6 5 3 3 4 2 4 322 5 6 9 5 2 6 6 3 4 7 6 1 5 4 3
23 4 4 2 2 5 6 4 6 9 4 3 3 6 6 4
24 5 i 2 2 2 5 4 5 5 6 5 2 3 5 4
25 2 3 4 12 1 5 8 7 7 3 4 5 6 7 8

26 7 5 1 9 3 5 3 9 6 4 3 3 5 6 3
27 4 5 5 5 3 3 5 2 4 2 6 4 5 2 328 3 2 6 3 2 7 3 3 3 4 3 3 5 16 2
29 3 3 4 o 7 1 6 2 3 8 5 4 10 9 430 4 5 6 1 6 6 8 2 5 4 4 4 3 4 6

31 2 4 h 5 2 3 3 4 3 3 6 4 4 5 5
32 4 4 6 5 9 9 5 5 4 7 3 5 5 2 9



V ill

Appendix IV• The data on height o f th a  plant*

H&ight in  cm* Columns

hows 1 2 3 4 5 6 7 3

1 v
O 

1 I »1
0 

1 
*- 

1 11 12 15
m m n m m

14 15

1 56 62 06 45 39 62 60 55 44 45 40 53 55 27 22
2 100 63 47 59 45 52 40 29 33 53 53 47 55 56 43
3 60 53 52 60 56 50 25 43 39 41 45 63 53 66 60
4 45 54 59 74 54 70 57 53 57 59 30 53 70 60 30
5 37 42 40 43 45 49 47 56 61 43 55 50 59 55 55

6 37 65 60 31 43 49 50 77 40 45 46 49 52 49 60
7 56 56 43 46 65 60 70 62 52 53 43 46 75 u9 70
a 45 U j 6a 40 40 40 40 50 47 54 52 30 21 3> 47
9 45 51 49 10 33 43 44 03 35 63 51 69 66 50 53

10 51 51 55 54 53 56 57 46 56 54 50 43 44 60 43

11 40 6o 47 51 46 49 50 56 46 32 43 53 42 45 69
12 43 46 49 39 45 47 33 24 44 30 41 54 60 43 54
13 42 43 30 61 45 42 77 62 63 73 a3 45 50 50
14 40 43 52 44 13 57 56 26 47 50 47 46 60 49 50
13 59 56 34 57 40 56 44 39 55 56 29 55 57 56 62

16 39 44 ^5 52 49 43 57 59 u2 63 62 69 26 62 43
17 66 63 43 33 43 52 69 67 65 55 oG 39 43 53 54
16 49 56 56 46 27 35 33 43 50 32 45 39 50 43 56
19 33 55 47 46 15 26 32 43 46 49 60 o7 46 43 45
2a 70 45 49 73 73 50 62 63 71 50 52 30 77 57 60

21 52 45 05 06 59 35 53 51 43 79 60 55 53 34 61
22 57 55 93 0 * + o5 •:>

- U 00 05 4 j 57 41 45 50 57 65
23 77 63 70 56 43 57 «-»4 35 59 66 66 57 60 05 71
24 05 02 59 01 104 107 32 HO 112 50 54 o5 54 73 j

. . - > 0

23 4 43 104 a3 51 56 61 60 62 56 6;> 54 73 o3 OO

20 57 55 52 60 65 62 53 60 07 69 43 62 54 46 49
27 6l 59 54 90 65 53 54 56 53 57 51 45 55 5. 46
26 59 52 66 56 53 56 06 63 73 32 51 51 5 J 45 76
29 56 59 45 57 50 73 77 54 66 40 40 3> 35 33 75
30 57 74 52 03 t o 40 50 72 10, 45 57 63 39 75 ,1

31 70 102 6a 64 60 56 54 54 55 74 56 54 67 44 5o
J2 42 ;4 76 33 44 9 63 5 64 49 54 50 49 43 3 ■

t m m m m » ____ ______________

Contd**•



ColUfflflS

Row3 16 17 1- 19 20 21 22 23 24 25 26 27 26 29 30
— — H . — . . . » '**•* « » « » * » « • m m m m

1 34 26 49 32 47 32 47 63 51 51 43 32 36 44 47
2 50 75 40 45 34 33 36 47 50 55 29 43 61 40 46

< 41 45 53 57 49 63 43 60 56 46 52 59 60 37 74
4 75 46 52 a6 53 46 49 64 60 65 50 56 7 60 74
5 52 u o 63 ou 71 59 46 57 20 30 23 45 52 71 90

0 52 57 49 6 , . 40 60 62 62 66 60 o5 60 5u 01
7 o7 56 54 57 4o 54 54 97 66 79 66 70 06 02 o'?
a Oo 4o 44 54 5o 30 40 67 57 77 00 40 45 ^2 o2
9 5o 41 74 52 30 5u 67 75 50 62 60 4o 5u 50 64

10 40 50 o2 o5 30 56 55 57 49 09 64 56 oQ 39 50

11 64 52 46 45 40 47 55 56 52 74 76 06 35 71
12 55 43 30 5o 52 60 66 oQ 47 72 o9 o2 62 o2 57
13 46 49 60 06 o9 OG 70 60 46 97 63 06 23 32 56
14 53 52 o9 35 46 72 71 65 62 ao 04 72 50 50 09
15 oO 40 70 76 02 50 49 62 75 46 46 56 50 76 51

10 59 o7 51 59 65 A 49 72 47 02 65 oO 62 50
17 20 >:? 42 20 5o 63 73 45 47 59 52 54 02 57
16 oO 5„> 55 71 u6 42 49 42 20 43 46 59 5o 50 52
19 40 59 49 55 69 27 56 52 47 50 63 46 50 52 55
20 04 06 04 59 61 106 0? 52 57 06 120 50 61 46 97i

21 59 64 49 99 95 45 57 59 70 07 64 49 4‘; 34 103
22 57 69 77 46 39 09 67 62 52 46 7o 75 59 54 63
23 03 72 0 2 54 it 9 39 45 49 56 60 43 53 62 63
24 07 62 51 49 54 51 73 56 62 50 55 57 61 103 71
25 70 57 o9 4 ■ 06 73 74 73 62 90 97 76 77 74 70

26 53 56 73 ..,0 70 62 *40 07 44 39 i/9 60 47 60 63
27 45 52 4j- ';9 63 74 51 56 45 51 56 45 51 56 63 50
26 56 67 42 51 56 56 67 50 43 46 51 52 52 5. 42
29 47 49 46 66 46 50 47 44 45 56 57 46 46 49 49
30 6c 0 j 53 44 64 53 55 50 56 56 36 42 52 4, 53

31 60 104 72 70 07 50 99 40 42 46 46 64 51 44 00
32 44 52 *2 36 55 69 39 06 49 40 4o 72 61 42 44
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A uniform ity t r i a l  in  b r in ja l  (BoIanurn 

melongena L.) was conducted a t  the Main Campus o f the 

Kerala A gricu ltu ra l U niversity , V ellanikkara during the 

th ird  crop season, 19^0* Observations on y ie ld , number 

of f r u i t s ,  primary branches and height o f each p lan t 

was recorded a t  time o f harvest in  sm all u n its  each of 

s i 2e 1.Q8 m2 (2 rows x 2 p lan ts  a t  60 x 45 cm spacing}*

The v a r ia b il i ty  of each p lo t s ize  and aha e 

w~s determined by ca lcu la tin g  the c o e ffic ie n t of v aria 

t io n . i t  was observed th a t  an increase ..a the p lo t s ize  

in  e i th e r  d irec tio n  decreased te e  CV* But the decrease 

was more rapid along H-a d irec tio n *  Long and narrow 

p lo ts  yielded lower CV than ap roxim ately square plots*

The observed re la tio n  between p lo t s ize  and 

variance v*as in  conformity with the F a ir f ie ld  a o ith ’s 

varuanc law. At la rg e r  p lo t  s iz e s ,  the regression
t

l in e  showed a tendency to curve down although neglig ib le*

The optimum p lo t s iz e  o .served through Smithes 

method and maximum curvature method was almost the 

same* From the above co nsidera tions, a p lo t s ize  of 

8*64 m2 (9.6 ra x 0 .9  m) was found to  be most advisable 

fo r conducting most of the f ie ld  experiments in  b rin ja l*
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The e ffic ien cy  o f  the  p lo t decreased as the s ize  

o f the p lo t was increased* There is  a general decrease 

of block e ffic ien cy  with increasing  block s iz e .  More 

compact blocks of the same s ize  show a h igher effic iency*  

Blocks la id  out p erp en tlcu la r to  the d ire c tio n  o f f e r t i 

l i t y  grad ien t removed la rg e s t varia tion*

The number of re p lic a tio n s  aad t o t a l  area of 

land required to  give 5a da o f the  mean were calculated* 

fo r  the same number of lo ts  per block sm aller p lo ts  

requ ire  more re p lic a tio n  but le s s  t o t a l  are. than la rg e r 

p lo ts ,  hut increasing  the number of re p lic a tio n s  ra th e r  

than p lo t s ize  was found more advantageous fo r  a fixed 

experim ental a rea .

The f e r t i l i t y  contour map of the  f ie ld  revealed 

th a t the land i s  not very homogeneous as f a r  as the 

f e r t i l i t y  p a tte rn  i s  concerned.

By assuming a rb itra ry  values o f th e  coat propor

t io n a l  to  the number of re p lic a tio n s  and tho cost propor

tio n a l to  tne t o t a l  area per trea tm en t, the optimum p lo t 

s ize  fo r  f ie ld  experiments in  b r in ja l  was computed 

using a l in e a r  cost function*
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