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Selection Studies in Sugarcane (Saccharum sp. hybrids) 
III. A Method to Determine Sample Size for the Estimation 
of Population Variance * 
K . K .  Wu,  D . J  H e i n z ,  H . K .  M e y e r  a n d  S . L .  Ladd 
D e p a r t m e n t  of  G e n e t i c s  a n d  P a t h o l o g y ,  H a w a i i a n  S u g a r  P l a n t e r s '  A s s o c i a t i o n  E x p e r i m e n t  S t a t i o n ,  
A i e a ,  H a w a i i  ( U S A )  

S u m m a r y .  An  a p p r o x i m a t e  m e t h o d  to d e t e r m i n e  s a m p l e  s i z e  f o r  t h e  e s t i m a t i o n  of  p o p u l a t i o n  v a r i a n c e ,  v2,  i s  
g i v e n .  The  e s t i m a t e  of  2 i s  d e n o t e d  a s  s 2 .  B a s e d  o n  t h e  a s s u m p t i o n  of  a n o r m a l  d i s t r i b u t i o n  f o r  ( s e / v  e -  1 ) ,  
t h e  s a m p l e  s i z e  i s  a p p r o x i m a t e l y  e~tual to  2 0 , 0 0 0  z ~ / k  ~ ; w h e r e  z i s  a s t a n d a r d  n o r m a l  d e v i a t e ,  p i s  t he  
p r o b a b i l i t y  t h a t  As ~ (-- 1 0 0 I s  ~ - v21/rv ~ ) i s  l e s s  t h a n ,  o r  e q u a l  to ,  a c r i t i c a l  v a l u e  k ,  a n d  k ( m e a s u r e d  a s  as  2) 
i s  t h e  d e s i r e d  p r e c i s i o n  of  s ~ . 

The  e x p e c t e d  v a l u e  of  a s  s,  w i th  r e s p e c t  to  s a m p l e  s i z e ,  a n d  t h e  e x p e c t e d  c u m u l a t i v e  f r e q u e n c i e s  of  As 2 
o v e r  s a m p l e  s i z e  f o r  v a r i o u s  k v a l u e s  a r e  g i v e n .  T h e i r  g o o d n e s s  of  f i t  to  t h e  o b s e r v e d  r e s u l t s  was  s a t i s f a c -  
t o r y  e x c e p t  f o r  p o p u l a t i o n s  t h a t  w e r e  d i f f e r e n t  f r o m  n o r m a l .  The  o b s e r v e d  v a l u e s  w e r e  t a k e n  f r o m  a s t u d y  o n  
f o u r  y i e l d  c o m p o n e n t s  in  f i v e  s u g a r c a n e  p o l y c r o s s  p r o g e n i e s ,  g r o w n  in  two c o n t r a s t i n g  e n v i r o n m e n t s  o v e r  2 
y e a r s  in  t h r e e  s e l e c t i o n  s t a g e s .  

The  e x p e c t e d  as  2 w a s  f o u n d  to b e  i n d e p e n d e n t  of  t h e  p o p u l a t i o n  c o e f f i c i e n t  of  v a r i a n c e .  

Key  w o r d s :  S u g a r c a n e  - S a m p l e  S i z e  - P o p u l a t i o n  - V a r i a n c e  - P o l y c r o s s  

I n t r o d u c t i o n  

V a r i a n c e  i s  a n  i m p o r t a n t  p o p u l a t i o n  p a r a m e t e r ,  e s p e -  

c i a l l y  f o r  s t u d i e s  in  q u a n t i t a t i v e  g e n e t i c s .  S p r a g u e  

( 1 9 6 6 )  m e n t i o n e d  t h a t  a s a m p l e  s i z e  of  250,  w i th  two 

r e p l i c a t i o n s ,  i s  c o m m o n l y  u s e d  in  N o r t h  C a r o l i n a  

e x p e r i m e n t s  to  p r o v i d e  a r e l i a b l e  e s t i m a t e  of  v a r i -  

a n c e  c o m p o n e n t s  in  c o r n .  S k i n n e r  ( 1 9 7 1 ) s u g g e s t e d  

t h a t  75 s e e d l i n g s  f r o m  a c r o s s  in  s u g a r c a n e  wou ld  

b e  s a t i s f a c t o r y  i n  d e t e r m i n i n g  t h e  v a l u e  of  a c r o s s .  

Wu e t  a l .  ( I n  p r e p a r a t i o n )  s u g g e s t e d  t h a t  a s a m p l e  

s i z e  s h o u l d  n e v e r  b e  l e s s  t h a n  40 to e s t i m a t e  m e a n  

a n d  a c c e p t a b l e  v a r i a n c e  in  a h y b r i d  p o p u l a t i o n  of  

s u r g a r c a n e .  An  e m p i r i c a l  s a m p l i n g  m e t h o d  was  u s e d  

by  Wu e t  a l .  ( In  p r e p a r a t i o n ) ,  bu t  no  m e n t i o n  o f  

m e t h o d s  w a s  m a d e  by  S k i n n e r  ( 1 9 7 1 )  a n d  S p r a g u e  

( 1 9 6 6 ) .  

* R e s e a r c h  s u p p o t e d  in  p a r t  by  USDA, ARS,  g r a n t  
~= 1 2 - 1 4 - 5 0 0 1 - 3 4 .  P u b l i s h e d  w i t h  t h e  a p p r o v a l  of  
t h e  D i r e c t o r  a s  P a p e r N o .  412 in  t h e  J o u r n a l  S e r i e s  
of  t h e  E x p e r i m e n t  S t a t i o n ,  H a w a i i a n  S u g a r  P l a n t e r s '  
A s s o c i a t i o n .  

The  o b j e c t i v e  in  t h i s  s t u d y  w a s  to  f i n d  a n  a p p r o x i -  

m a t e  m e t h o d  w h i c h  c o u l d  b e  u s e d  in  d e t e r m i n i n g  t h e  

s a m p l e  s i z e  f o r  t h e  e s t i m a t i o n  of  p o p u l a t i o n  v a r i a n c e .  

M e t h o d s  a n d  R e s u l t s  

The  v a r i a n c e  of  a q u a n t i t a t i v e  c h a r a c t e r ,  x ,  i n  a p o p -  
u l a t i o n  i s  u s u a l l y  d e n o t e d  a s  o ~, a n d  i t s  e s t i m a t e f r o m  
a r a n d o m  s a m p l e  of  t h e  p o p u l a t i o n ,  a s  s ~. The  v a l u e  
of  As ~, d e f i n e d  a s  1 0 0 I s  2 -  g21/~s  , i s  u s e d  h e r e  a s  a 
m e a s u r e m e n t  f o r  t h e  p r e c i s i o n  of t he  e s t i m a t e :  t h e  
c l o s e r  ~s e i s  to  z e r o ,  t h e  m o r e  p r e c i s e  t h e  e s t i m a t e .  

Two c o n d i t i o n s  a r e  to  b e  c o n s i d e r e d  in o b t a i n i n g  
a n  e s t i m a t e  f o r  a g i v e n  s a m p l e  s i z e :  ( 1 )  t h a t  As 2 
s h o u l d  b e  l e s s  t h a n  o r  e q u a l  to  c r i t i c a l  v a l u e ,  k ,  of  
c e r t a i n  p r e c i s i o n  of  s ~, a n d  (2 )  t h a t  As~< s h o u l d  o c -  
c u r  f r e q u e n t l y .  T h e r e f o r e ,  i n f o r m a t i o n  i s  o b t a i n e d  
on  t h e  p r e c i s i o n  a n d  c o n f i d e n c e  of  t h e  e s t i m a t e  of  s ~ 
f o r  a p a r t i c u l a r  s a m p l e  s i z e .  

B a s e d  o n  t h e  a s s u m p t i o n  t h a t  ( s ~ / a  ~ -  1) i s  n o r -  
m a l l y  d i s t r i b u t e d ,  t h e  e x p e c t e d  As ~ ( o r  EAs 2) i s  a p -  
p r o x i m a t e l y  e q u a l  to  112.8/V'-~-i, a n d  i t s  s t a n d a r d  
d e v i a t i o n  (SD)  i s  a p p r o x i m a t e l y  8 5 . 2 / ~ n - : i -  ( A p p e n -  
d ix  1 ) .  The  r e l a t i o n s h i p  b e t w e e n  EAs ~ a n d  E&s 2 + 
SD w i t h  r e s p e c t  to  s a m p l e  s i z e ,  n ,  i s  s h o w n  in  F i g .  
1. B a s e d  o n  d a t a  in  F i g .  1, a s a m p l e s i z e o f  30 m a y  
h a v e  a n  e x p e c t e d  As ~ = 20,  w i t h  a E h s  2 + SD of  a b o u t  
40 .  A g a i n  a s s u m i n g  ( s 2 / ~  s - 1) i s  n o r m a l l y  d i s t r i b u t -  
ed ,  t h e  p r o b a b i l i t y  t h a t  As ~ i s  l e s s  t h a n  o r  e q u a l  to k 
c a n  b e  o b t a i n e d  by  P (  Iz l  < k ~ - J 1 / 1 0 0  V'2), w h e r e  z 
i s  a s t a n d a r d  n o r m a l  d e v i a t e  a n d  n t h e  s a m p l e  s i z e  
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F i g . 2 .  C u m u l a t i v e  f r e q u e n c i e s  of  As 2 o v e r  s a m p l e  
s i z e s  -for v a r i o u s  k v a l u e s  

( A p p e n d i x  2 ) .  S h o w n  in  F i g .  2 a r e  t h e  e x p e c t e d  c u m u -  
l a t i v e  f r e q u e n c i e s  of  As 2, [P  (As 2 ~< k )  ] f o r  s e v e n  d i f -  
f e r e n t  c r i t i c a l  v a l u e s  of k a n d  v a r i o u s  s a m p l e  s i z e s  
( i n  n a t u r a l  l o g a r i t h m i c  s c a l e ) .  F o r  a g i v e n  s a m p l e  
s i z e  of  30,  a n d  a c r i t i c a l  v a l u e  of  k = 40,  t h e  p r o b a -  
b i l i t y  t h a t  t h e  e s t i m a t e d  s 2 w i t h  As 2 i s  l e s s  t h a n  o r  
e q u a l  to  40 i s  a b o u t  0 . 8 7 .  

The  o b s e r v e d  r e s u l t s  w e r e  o b t a i n e d  f r o m  r e p e a t e d  
r a n d o m  s a m p l e s  d r a w n  f r o m  120 p o p u l a t i o n s .  The  
p o p u l a t i o n s  w e r e  d e r i v e d  f r o m  d a t a  on  f o u r  y i e l d  c o m -  
p o n e n t s  in  f i v e  s u g a r c a n e  p o l y c r o s s  p r o g e n i e s ,  g r o w n  
in  two c o n t r a s t i n g  e n v i r o n m e n t s  o v e r  2 y e a r s  in  t h r e e  
s e l e c t i o n  s t a g e s  (Wu e t  a l . ,  In  p r e p a r a t i o n ) .  E a c h  
p o p u l a t i o n  c o n s i s t e d  of  250 d a t a  p o i n t s .  As ~ a n d  ~s ~ 
w e r e  c a l c u l a t e d  f o r  e a c h  s a m p l e  s i z e .  R e s u l t s  of  c h i -  
s q u a r e  t e s t  ( A p p e n d i x  3) f o r  g o o d n e s s  o f  f i t  b e t w e e n  
t h e  o b s e r v e d  a n d  t h e  e x p e c t e d  hs  m f o r  f o u r  d i f f e r e n t  
c h a r a c t e r s  a r e  l i s t e d  in T a b l e  1. Of t h e  24 t e s t s ,  17 
( o r  7 0 g )  w e r e  no t  s i g n i f i c a n t l y  d i f f e r e n t  (P  = 0 . 0 1 )  
f r o m  t h e  e x p e c t e d  /~s ~. 

The  o b s e r v e d  f r e q u e n c i e s  f o r  e i g h t  c l a s s e s  of  5s  2 
w e r e  o b t a i n e d  f o r  e a c h  s a m p l e  s i z e .  The  c l a s s e s  w e r e  
0 to  4 . 9 ,  5 to  9 . 9 ,  10 to 1 9 . 9 ,  20 to 2 9 . 9 ,  30 to 
3 9 . 9 ,  40 to 4 9 . 9 ,  50 to 5 9 . 9 ,  a n d  m o r e  t h a n  60 
( F i g .  2 ) .  F o r  e a c h  s a m p l e  s i z e ,  150 v a l u e s  of  5s  e 

T a b l e  1. C h i - s q u a r e  t e s t s  f o r  g o o d n e s s  of  f i t  b e t w e e n  o b s e r v e d  ~ s  ~ a n d  e x p e c t e d  A(s  ~) f o r  e a c h  c h a r a c t e r  
a n d  s e l e c t i o n  s t a g e  in  w i n d w a r d  ( W )  a n d  l e e w a r d  (L)  l o c a t i o n s  

C h i - s q u a r e  

S t a l k  S t a l k  S t a lk  R e f r a c t o  m e t e r  
S e l e c t i o n  n u m b e r  d i a m e t e r  l e n g t h  s o l i d s  

S t a g e  W L W L W L W L 

FT1 8 . 1  1 5 1 . 3  ~ 1 0 . 9  4 . 4  5 . 7  9 . 5  17 .1  ~ 1 5 . 6  ~ 
FT2  7 . 4  6 8 . 1  ~ 5 . 7  7 . 4  3 . 6  3 0 . 4  ~ 1 6 . 0  ~ 1 5 . 7  ~ 
FT4 5 . 0  4 4 . 8  ~ 7 . 4  9 . 5  2 9 . 3  ~ 2 1 . 2  ~ 1 1 . 4  2 9 . 7  ~ 

*, ** S i g n i f i c a n t  a t  5 % a n d  1% l e v e l ,  r e s p e c t i v e l y  
s 

2 X ( s )  = ~. 1 . 7 5 1 8 m D 2 ; w h e r e  D = ( ~ s 2 / E ~ s  2) - 1;  E ~ s  2 l 1 2 . 8 3 / V - n - 1 ;  

s = 8,  t h e  e i g h t  d i f f e r e n t  s a m p l e  s i z e s  a s  s h o w n  in  F i g .  1; 
m = 50, t h e  50 AS 2 c a l c u l a t e d  f r o m  e a c h  of  50 r a n d o m  s a m p l e s  o b t a i n e d  f r o m  5 p o p u l a t i o n s ,  
10 r a n d o m  s a m p l e s  e a c h  
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T a b l e  2.  C h i - s q u a r e  t e s t s  f o r  g o o d n e s s  of  f i t  b e t w e e n  t h e  o b s e r v e d  a n d  e x p e c t e d  f r e q u e n c y  d i s t r i b u t i o n s  of  
As s f o r  e a c h  s a m p l e  s i z e  i n  w i n d w a r d  ( W )  a n d  l e e w a r d  (L)  l o c a t i o n s  

C h i - s q u a r e s  

S a m p l e  D e g r e e  S t a l k  S t a l k  S t a lk  R e f r a c t o m e t e r  
s i z e  of  n u m b e r  d i a m e t e r  l e n g t h  s o l i d s  

f r e e d o m  

n W L W L W L W L 

5 7 4 . 0 4  1 7 . 4 5 "  4 . 1 7  3 . 4 7  4 . 0 4  9 . 8 6  1 4 . 6 7 "  6 . 1 2  
10 7 7 . 9 6  1 6 . 7 5 "  1 5 . 9 1 "  6 . 3 4  8 . 0 3  2 . 0 7  6 . 4 6  1 3 . 9 5  
20 7 5 . 0 7  1 6 . 0 9 "  8 . 4 8  1 . 4 0  9 . 6 1  8 . 2 1  1 1 . 6 7  2 . 1 7  
30 6 8 . 4 4  7 . 3 9  4 . 6 1  7 . 3 8  8 . 5 1  9 . 7 5  8 . 7 7  7 . 9 3  
40 6 1 9 . 2 4 " *  3 7 . 7 5 * *  4 . 1 4  1 7 . 1 4 " *  8 . 6 3  6 . 6 2  5 . 7 7  7 . 0 4  
50 5 3 . 5 4  7 7 . 9 5 * *  2 . 5 2  1 . 9 6  5 . 9 3  2 . 6 2  1 0 . 8 5  7 . 9 6  
60 5 1 2 . 0 4 "  1 1 1 . 0 5 " *  5 . 0 9  8 . 0 4  2 . 0 7  1 1 . 0 5  3 . 6 6  4 . 8 9  
70 4 6 . 7 5  4 7 . 0 7 * *  1 0 . 4 9 "  1 . 7 0  5 . 2 3  3 . 0 4  9 . 6 6 *  1 1 . 2 8 "  

* ** S i g n i f i c a n t  a t  5 % a n d  1 ~ l e v e l ,  r e s p e c t i v e l y  
• = ~ ( E x p e c t e d  - O b s e r v e d ) 2 / E x p e c t e d  
F o r  e a c h  s a m p l e  s i z e ,  t h e  t o t a l  o b s e r v e d  f r e q u e n c i e s  was  150 As s o b t a i n e d  by  10 r a n d o m  s a m p l e s  f r o m  
e a c h  of  15 p o p u l a t i o n s  (5 p r o g e n i e s  x 3 s e l e c t i o n  s t a g e s ) .  

T a b l e  3.  F r e q u e n c y  d i s t r i b u t i o n s  w i t h  s i g n i f i c a n t  
s k e w n e s s  a n d  k u r t o s i s ,  in  p e r c e n t  of  t o t a l  n u m b e r  
( 1 2 0 )  of  p o p u l a t i o n s  t e s t e d  

Characters 

Stalk Stalk Stalk Refracto- 
Parameter number diameter length meter 

solids 

Skewness 87 20 23 40 
Kurtosis 57 33 27 40 

w e r e  o b t a i n e d  by  t a k i n g  10 r a n d o m  s a m p l e s  f r o m  
e a c h  of  15 p o p u l a t i o n s  (5  p r o g e n i e s  in  3 s e l e c t i o n  
s t a g e s )  w i t h i n  e a c h  l o c a t i o n  a n d  y i e l d  c o m p o n e n t .  O b -  
s e r v e d  f r e q u e n c y  d i s t r i b u t i o n s  of  As s w e r e  t h e n  c o m -  
p a r e d  w i t h  t h e i r  e x p e c t e d  f r e q u e n c y  d i s t r i b u t i o n s  
w h i c h  w e r e  o b t a i n e d  by  c o n v e r s i o n  f r o m  t h e  c u m u l a -  
t i v e  f r e q u e n c y  d i s t r i b u t i o n s  a s  s h o w n  in  F i g .  2 .  C h i -  
s q u a r e  t e s t s  f o r  g o o d n e s s  of  f i t  b e t w e e n  t h e  o b s e r v e d  
a n d  e x p e c t e d  f r e q u e n c y  d i s t r i b u t i o n s  a r e  g i v e n  i n  
T a b l e  2.  F i f t y - e i g h t  ou t  of  64 c h i - s q u a r e  t e s t s  ( o r  
90 ~)  w e r e  no t  s i g n i f i c a n t l y  d i f f e r e n t  ( P  = 0 . 0 1 ) .  

The  K o l m o g o r o v - S m i r n o v  t e s t  f o r  g o o d n e s s  of  f i t  
( S o k a l  a n d  R o h l f  1969)  w a s  u s e d  to c h e c k  t h e  n o r m a l -  
i ty  of  e a c h  p o p u l a t i o n .  Of t h e  120 p o p u l a t i o n s ,  116 
w e r e  no t  s i g n i f i c a n t l y  d i f f e r e n t  (P  = 0 . 0 5 )  f r o m  t h e  
n u l l  h y p o t h e s i s  of  n o r m a l i t y .  The  f o u r  p o p u l a t i o n s  
w h i c h  w e r e  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  n o r m a l  w e r e  
a l l  d i f f e r e n t  f o r  n u m b e r  of  s t a l k s :  o n e  p o l y c r o s s  p r o -  
g e n y  a t  t h e  l e e w a r d  l o c a t i o n  in  a l l  3 s e l e c t i o n  s t a g e s  
a n d  o n e  p o l y c r o s s  p r o g e n y  a t  t h e  w i n d w a r d  l o c a t i o n  
in  t h e  f i r s t  s e l e c t i o n  s t a g e .  

S n e d e c o r  a n d  C o c h r a n  ( 1 9 6 9 )  p o i n t e d  o u t  t h a t  p o p -  
u l a t i o n s  m a y  b e  n o t i c e a b l y  s k e w e d ,  a l t h o u g h  t h e  c h i -  
s q u a r e  t e s t  d o e s  no t  r e j e c t  t h e  nu l l  h y p o t h e s i s  of  n o r -  
m a l i t y .  S k e w n e s s  a n d  k u r t o s i s  w e r e  d e t e r m i n e d  on  
a l l  120 p o p u l a t i o n s .  The  d a t a  f o r  s t a l k  n u m b e r  h a d  
t h e  h i g h e s t  n u m b e r  of  f r e q u e n c y  d i s t r i b u t i o n s  w i th  

s k e w n e s s  a n d  k u r t o s i s  ( T a b l e  3 ) .  The  f o u r  n o n - n o r -  
m a l p o p u l a t i o n s  h a d  t h e  h i g h e s t  m a g n i t u d e  of  s k e w -  
n e s s  (g~) a n d k u r t o s i s  ( g 2 ) : 2 . 9 6 ( g ~ )  a n d  1 1 . 8 0 ( g ~ ) ,  
2 . 4 5  a n d  1 0 . 6 0 ,  1 . 6 4  a n d  5 . 2 0 ,  a n d  1 . 0 3  a n d  1 . 3 0 .  

D i s c u s s i o n  

L a r g e  c h i - s q u a r e  v a l u e s  w e r e  m a i n l y  o b t a i n e d  f o r  

s t a l k  n u m b e r  in  t h e  l e e w a r d  l o c a t i o n  f o r  b o t h  t h e  e x -  

p e c t e d  As 2 a n d  i t s  f r e q u e n c y  d i s t r i b u t i o n s  ( T a b l e s  1 

a n d  2 ) .  They  w e r e  p r o b a b l y  c a u s e d  by  t h e  t h r e e  n o n -  

n o r m a l  p o p u l a t i o n s  o f  o n e  p r o g e n y  h a v i n g  e x t r e m e l y  

l a r g e  v a l u e s  of  s k e w n e s s  a n d  k u r t o s i s  f o r  s t a l k  n u m -  

b e r .  I t  a p p e a r s  t h a t  t h e  a d e q u a c y  of  t h e  a s s u m p t i o n  

t h a t  (s2/v 2 - 1) i s  n o r m a l l y  d i s t r i b u t e d  d e p e n d s  on  

t h e  d i s t r i b u t i o n  of  a v a r i a b l e  in  t h e  p o p u l a t i o n .  The  

p e r c e n t a g e  of  n o n - s i g n i f i c a n t  c h i - s q u a r e  t e s t s  b e -  

t w e e n  the expected and observed As 2 (Appendix 3) 

was 78~ (P = 0.01) or 557~ (P = 0.05), and that 

between the expected and the observed frequency dis- 

tributions of As 2 was 97g (P = 0.01), or 87g (P = 

0.05), if one ignores those tests for number of 

stalks in Tables I and 2. The agreement between ex- 

pected and observed results for As 2 was lower than 

that for the frequency distributions of As 2. Thelower 

percentage of agreement between the observed and 

expected As 2 is probably due to the method used 

here (Appendix 3). 
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Since the percentage of agreement between the ob- 

served and the expected frequency distributions of 

As 2 was satisfactory, the lat ter  can be used in est i-  

mating the sample size for population variance. The 

expected As 2 and its standard deviation as shown in 

Fig. 2 could provide information on the precision and 

confidence of s 2 for a given sample size.  

A working formula to estimate the sample size, 

n, for the variance of a population is as follows: 

n ~ 2 0 , 0 0 0  Zp2/k 2, ( A p p e n d i x  2) 

w h e r e  z i s  a s t a n d a r d  n o r m a l  d e v i a t e ,  k i s  t h e  c r i t i -  

c a l  v a l u e  w i th  c e r t a i n  p r e c i s i o n  of  s 2, a n d  p i s  t h e  

p r o b a b i l i t y  t h a t  As 2 ~< k .  V a l u e s  of  z c a n  b e  f o u n d  in  

a t a b l e  of  t h e  s t a n d a r d  n o r m a l  d i s t r i b u t i o n .  F o r  e x -  

a m p l e ,  z e q u a l s  1 . 6 4  w h e n  p e q u a l s  0 . 9 .  If  t h e  

c r i t i c a l  v a l u e  of  k i s  e q u a l  to  10,  t h e  s a m p l e  s i z e  

wi l l  b e  537 .  Th i s  s a m p l e  s i z e  c a n  a l s o  b e  a p p r o x i m a t -  

ed  f r o m  F i g .  2 .  

F o r  a g i v e n  s a m p l e  s i z e ,  k r e p r e s e n t s  t h e  p r e c i -  

s i o n  a n d  p t h e  c o n f i d e n c e  of  t h e  e s t i m a t e .  The  c h o i c e  

of  k a n d  p i s  o f t e n  a m a t t e r  of  s u b j e c t i v e  j u d g m e n t .  

S t a t i s t i c a l l y ,  f o r  i n s t a n c e ,  t h e  p v a l u e  c o u l d  b e  m o r e  

t h a n  o r  e q u a l  to 0 . 9 ,  w h i l e  t h e  k v a l u e  c o u l d  b e  l e s s  

than or equal to I0 in order to obtain a satisfactory 

estimate. This will require a sample size of about 

500, as calculated from the formula. This was the 

sample size suggested by Sprague (1966). However, 

the population variance may not be as useful as the 

population mean, especially when estimating the re -  

lative importance of a cross .  One may reduce the 

precision and confidence of the variance estimated 

and examine fewer individuals per cross to be able 

to  t e s t  m o r e  c r o s s e s  in  t h e  s a m e  l a n d  a r e a  S k i n n e r  

1971;  Wu e t  a l . ,  In  p r e p a r a t i o n ) .  

Wu et  a l .  ( In  p r e p a r a t i o n )  in  t h e i r  e m p i r i c a l  

s a m p l i n g  s t u d y ,  found  a s i m i l a r  p a t t e r n  of  As 2 w i th  

r e s p e c t  to s a m p l e  s i z e  f o r  t h e  f o u r  c h a r a c t e r s  s t u d -  

l e d  a l t h o u g h  t h e  p o p u l a t i o n  C V ' s  w e r e  d i f f e r e n t  f o r  

d i f f e r e n t  c h a r a c t e r s .  F r o m  t h e  e x p e c t e d  As 2, i t  w a s  

s h o w n  t h a t  CV w a s  no t  r e l a t e d  to EAs 2. T h e r e f o r e ,  

r e g a r d l e s s  of  t he  CV f o r  a v a r i a b l e  in  a p o p u l a t i o n ,  

i t s  EAs  2 wi l l  r e m a i n  t h e  s a m e  a s  s h o w n  i n  F i g .  1. 

The  p r o b a b i l i t y  t h a t  As 2 i s  l e s s  t h a n  o r  e q u a l  to  

k c a n  a l s o  b e  o b t a i n e d  f r o m  a c h i - s q u a r e  d i s t r i b u -  

t i o n :  P ( A s 2 ~  < k )  = P [ ( n - l ) ( l - k / l O O ) ~ < X 2 ( n _ l ) ~ <  

( n - 1 )  ( 1 + k / 1 0 0 )  ] .  T h i s  wou ld  b e  c o n s i d e r e d  a m o r e  

p r e c i s e  m e t h o d .  The  p r o b a b i l i t y  o b t a i n e d  f r o m  t h i s  

m e t h o d ,  f o r  e x a m p l e ,  i s  e q u a l  to  0 . 1 1  f o r  n = 5, 

k = I 0 ;  0 . 4 3  f o r  n =  5, k = 40 ;  0 . 2 9  f o r n  = 30,  

k = I 0 ;  0 . 8 8  f o r  n = 30,  k = 40 ;  0 . 4 7  f o r  n = 80 ,  

k = I 0 ;  0 . 9 8  f o r  n = 80 ,  k = 40 .  T h e s e  v a l u e s  of  

p r o b a b i l i t y  a r e  v e r y  c l o s e  to  t h e  r e s u l t s  a p p r o x i m a t -  

e d  f r o m  F i g . 2  f o r  t h e  s a m e  v a l u e s  of  n a n d  k .  We  

d id  no t  u s e  t he  c h i - s q u a r e  m e t h o d  b e c a u s e  no  s i m p l e  

f o r m u l a  f o r  t h e  s a m p l e  s i z e  c a n  b e  d e r i v e d  f r o m  i t .  

A p p e n d i x  1 

E x p e c t e d  As 2 a n d  i t s  s t a n d a r d  d e v i a t i o n :  

Let y = (s2/(~ ~) - 1, and hence E(Y) = O, V(Y) 
2 / ( n  - 1 ) ,  w h e r e  n i s  t h e  s a m p l e  s i z e .  A s s u m i n g  
t h a t  y i s  a p p r o x i m a t e l y  n o r m a l l y  d i s t r i b u t e d  w i th  
m e a n  z e r o  a n d  v a r i a n c e  2 / ( n  - 1 ) ,  t h e n  EAs 2 : 

,00  ,00 lg  : 
112.8/~r-E - 1 a n d  VAs 2 = I002 V [ Y [  ~ 1002 ( I  - 2 / ~ )  X 
[ 2 / ( n  - I )  ] ( K e n d a l l  1 9 5 2 ) .  The  s t a n d a r d  d e v i a t i o n  
of  As 2 i s  a p p r o x i m a t e l y  85 .2 /~ -n  - I .  

A p p e n d i x  2 

P r o b a b i l i t y  t h a t  As ~ ~< k f o r  a g i v e n  s a m p l e  s i z e  
of  n: 

U n d e r  t h e  s a m e  a s s u m p t i o n  a s  in  A p p e n d i x  1, 

P ( a s ~ <  k )  = P ( I O O [ Y ]  ~< k)  ~ P ( l z l  ~< k ~ - ~ / I 0 0 V 2 )  

w h e r e  z i s  a s t a n d a r d  n o r m a l  d e v i a t e .  Let  
P ( a s 2 ~ < k )  = p,  t h e n  2 zp~< k ;  (n  - I ) / 2 0 , 0 0 0 ,  a n d  
n ~ 20, ooo z~/k ~ 

A p p e n d i x  3 

C h i - s q u a r e  t e s t  f o r  ~ o o d n e s s  of f i t  b e t w e e n  e x p e c t e d  
As ~ a n d  o b s e r v e d  As , t h e  a v e r a g e  of As 2, o f  t h e  

s a m e  s a m p l e s i z e  n ( o r  As2= 1=1" ~" A s , / m ) :  

U n d e r  t h e  s a m e  a s s u m p t i o n  in  A p p e n d i x  1 a n d  c o n s i d -  
e r i n g  

/( ) lOO E I--~-I 
 s /E s2= = 

m 2 
E [ ' ~  - 1 1  m 

1 ~ ~ 1 E I z l ; w h e r e z ~ N (  ~  1).  

rn m - 1  m 
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Since E(~. ,z,)= mE,z,= m~and V(~. ,z,)= 

mWlzl'~m(1 -2) then ~. Izl~ / ~s2 I]/2m-2 

is approximately distributed as N(  2Vm~2 , m(1-  2 ) ) .  

(1) 

F r om (1),  \ ~ - j 2 1  [ ~  - 

Vmt'- ) 
distributed as N(O, 1). It implies 

2 2 
+ '> 

t 

m2(2~/  ~S 2 _ 1) 2 
m /  ~s2 ) 2 2 

m ( t - ~ )  =1.7518 \ E ~ 2 - 1  + X ( 1 ) ,  

for  a given sample size of n. 

i s  approximately 
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