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ABSTRACT 

Se e d  of  mai ze varie ty XL4 5 was ad jus ted t o  three di f fe ren t 

ini t i a l  moi s ture conten t s  ( 1 2 . 4 , 1 5 . 1  an d 1 8 . 5%) an d 

s t ored under four d i f fe ren t environmen t s  ( 2 0  C - 40% RH , 

2 0 C - 6 5% RH , 3 0  C - 40% RH an d 3 0  C - 6 5% RH) for 20  

weeks . Ha l f  o f  the s e e d  s amp le s  were inocu lated wi th 

adu lt  r i ce weevi l s  (Sitophilus oryzae). The remaining 

s e e d  s amp l e s  were s t ored free of ins e c t s . Samp ling was 

carried  ou t af ter 2 ,  4 ,  6 ,  8 ,  1 2 , 16 and 2 0  week s s torage . 

Me asuremen ts o f  s e e d  mo i s ture content , germination ,  

s torage fungal deve lopment an d ch ange s in ins e c t  popu ffition 

number an d survival we re made at e ach sampling time . 

As se s smen t s  o f  the numb er an d categories of abno rma l s e e d

l ings p re s en t  in labora tory ge rmin at ion te s ts an d in terna l 

s e e d  damage cause d by  ins e c t s  were a l s o  carr i e d  out . 

The change s in ini t i a l  s eed moi s ture con tent in res pon s e  

to  the re la tive humi d i t y  leve l i n  the s t orage environmen t 

were rap i d . A l l  s e e d  s amp les re ache d equi lib rium moi s ture 

con tent s  with in the fir s t  four wee ks o f  s t orage irre s p e c 

t ive o f  ini t i a l  moi s ture leve l. Equi librium mo isture 

con tent in a l l  c a s e s  was be low the 1 5 %  con s i dered s a fe for 

shor t term s torage o f  mai ze . In the ab sence o f  ins e c t s ,  

and in environment s  invo lving a 40% leve l o f  humid i ty , no 

exten s ive reduc t ion in germination percent age gene r a l l y  

occurre d .  Howeve r ,  a r e la t ive ly smal l drop i n  germination 

cap acity was ob s e rved late in the s t orage period in the 

mo s t  ext reme comb inat ion (in i ti a l  mo i s ture content 1 8 . 5% ,  

3 0  C ,  6 5% RH s torage environmen t ,  1 6 - 2 0  weeks s torage ) . 

Ma jor deterioration in s e e d  qua l i ty o c curred on ly in tho s e  

s t orage environment s sui tab l e f o r  r i c e  weevi l deve lopmen t 

i . e .  2 0  C - 6 5% RH , 3 0  C - 65% RH . In particu lar , lo s s  o f  

germin ation and in creas e i n  bo th the numb er an d c a tegories  

of  abnorma l s e e d l ings we re app arent in the s e  tre atmen ts . 

X -ray p ho to gr aphy of s e e ds from di f ferent s torage environ 

men t s  showe d the int e rnal damage caus ed by r i c e  weevi ls  
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and thi s wa s re lated t o  see d l ing deve lopment in sand te st s  

an d to no rma l and a bnormal se e dling p roduc t i on in st an dard 

la bo ra t ory ge rmination te st s . 

Unde r favoura ble condi t ion s ( 2 0 C - 6 5/o RH an d 3 0  C - 6 5/o RH) 
r i ce weevi l num be r s  in cre a se d  dramat i ca l ly . Th i s  incre a se 

wa s greate st at 3 0  C and al so re sulted  in an incr e a se in 

see d  mo i sture content . The o ther stor age con di t ion s 

( 2 0  C - 40% RH and 3 0  C - 40 % RH ) were un favour a ble for 

in se c t  surviva l . Th i s  wa s a di r e c t  e ffe c t  o f  the low 

leve l o f  re lat ive humi d i ty whi ch re su l ted in the death o f  

adu l t  r i ce weevi l s  an d preven ted the deve l opmen t o f  larva l 

popu l a t i on s.  

S tu di e s on the rate an d ex tent of inte rnal se ed damage 

u sing X- ray t e chn ique s showe d that ge rmination di d no t 

de t e riorate un t i l  larvae had eaten su ffi c i en t o f  the 

en do sperm to p reven t adequate  food re se rve s be ing avai l 

a ble for t h e  see d l ing . The leve l o f  damage t o  see d  

vi a bi l i ty by Sitophilus oryzae was c l ear ly a func t i on o f  

the si ze o f  the in se c t  populat ion an d the t ime ove r wh i ch 

i t  per si sted . 

The mai z e  see d  u sed in thi s study wa s su bst an t i al ly 

i n fe c te d  by st orage fungi  ini t i a l ly . Howeve r , de spi te 

the prov i si on o f  high temperature ( 3 0  C )  an d a moderate 

humid i ty leve l ( 6 5%) for up t o  5 mon th s st or age fungi  did 

no t cau se total lo ss o f  ge rmina bi l i ty de sp i te some 

in cre a se in the leve l s  o f  Asper•gillus spp. and Peni ci l lium 

spp. App arent l y , even the mo st ex treme envi ronment s u se d  

i n  thi s study were re la t ive ly un favoura ble for sto rage 

funga l deve lopmen t . 
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INTRODUCTION 

Mai z e  (Zeu mays) i s  the third mo s t  important crop in the 

wor l d  a fter r i c e  and whe at . It i s  important i n  warm 

temp erate reg i on s  as we l l  as in the humi d and s ub - humi d  

trop i c s . I n  1 9 82 wor l d  production r eached 448 mi l l i on 

tons from an e stimated l and area o f  1 3 4 mi l l ion hectare s  

( FAO 1 9 82) . Mai z e  i s  a valuab l e  crop for human and animal 

food a s  we l l  a s  the raw mate r i a l  for many industr i a l  

products . 

As s oc i ated with thi s  l arge annua l production o f  mai ze i s  

the need for adequate provi s i on for seeJ storag e . Th i s  

must b e  a c c ompani e d  b y  a c lear unde r s tanding o f  the dete r 

minants o f  s ee d  qual ity (Moore 1 9 6 3 , D e l ouche 1 9 7 1 ) , the 

proce s s e s  invo lved in s ee d  dete r i oration ( He lmer , D elouche 

and Li enhard 1 9 6 2 , De l ouche 1 9 6 3 , 1 9 6 4 , 1 9 6 5 , 1 9 6 9 , 

De l ouche and Baskin 1 9 7 0 , 1 9 7 1 ) , the p rinc i p l e s  o f  environ

menta l eng ineering ( S i j b r ing 1 9 6 3 , Munford 1 9 6 5 , We l ch and 

De l o uche 1 9 6 7 , Matthes , We l ch , De l ouche and Dougherty 1 9 6 9 )  

and data o n  l o c a l  c l imat i c  c ondition s . In addition , pro

vi s ions for  s ee d  storage must inc lude procedures for  

preventing , minimi s ing or c ontro l l ing the inc i dence and 

s everity of damag e  by ex terna l agents s uch as ins e cts and 

storag e fung i . 

In P ak i s tan , the amb i ent tempe rature and r e l a t ive hum i d i t y  

l eve l s  a r e  usua l ly cons i dered t o  b e  unfavor ab l e  f o r  s a fe 

long term storage o f  s ee d  for pl anting . Th i s  i s  p arti cu

l ar l y  the case dur ing the wet (mons o on) s e a s on from Jul y  

to S eptember . It i s  dur ing thi s  time o f  the year that s e e d  

dete r i o rat i on due t o  l o s s  o f  viab i l ity cau s e d  by mo i sture 

ab s orption by the s e e d  and the de l ete r i ou s  activi t i e s  o f  

ins e cts and fung i can s e r i ous ly r e duce s ee d  qual ity . 

Rice  weevi l (Sitophilus o�yzae) i s  cons idered to b e  the 

mo st de s truct ive i n s e ct p e s t  of s tore d  cere a l s  in Paki stan . 
Its r ap i d  rate o f  mu ltip l i c ation and it s capac i t y  to 
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d amage s e e d  makes  it a p arti cular ly dange rous pest . The 

main direct e f fects o f  its activity inc lude los s o f  s ee d  

wei ght and gerrninab i l ity , r e duction in p a l atab i l ity and 

nutr itive va l ue and s pontaneous heating whi ch may c au s e  

mou l d  deve l opment . 

2 

Popul ation incre a s e  and extent o f  damage c au s e d  b y  

Sitophilus oryzae a r e  greatly mod i f i e d  by the sto rage 

e nv i ronment , part i c ularly tempe r ature , r e l ative humidity 

and s e e d  mo i sture content . Certain ly the comb ine d  e f f e ct 

o f  the s e  factors  c an dramati c a l l y enhanc e  the activity o f  

th i s  ins e ct and con s eq uently the leve l of seed damage i n  

s torage . The s e  s ame var i ab l e s  a l s o  have <I uirect e f fect 
on the r ate o f  s ee d  deter i oration due tu res p i r atory 

l o s s e s  and on the a ctivity of s p e c i e s  of storage fung i 

s uch as  Aspergillus and Penicillium. 

The pre s ent study was con ducte d at the S e e d  Techno l ogy 

Centre , Ma s s ey Unive r s ity , its main obje ctive s b e ing : 

1 .  To study the inf luence o f  diffe rent sto rage environ

ments on the v i ab i l ity o f  mai ze s ee d . 

2 .  To evaluate the e f fects o f  storage con d itions on the 

deve l opment o f  r i ce weevi l populations in mai ze s ee d . 

3 .  To eva luate the e f fe ct o f  d i f fe rent r i c e  weevi l popu

l ati on s  on s e e d  vi abi l i ty . 

4 .  To dete rmin e  the e f fect o f  storage envir onments on the 

deve lopment o f  storage fungi in mai z e  and the e f fe ct 

o f  storage fungi on s e e d  viab i l ity . 
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CHAPTER I 

LITERATURE REV IEW 

1 . 1  SEED STORAGE 

The amount o f  l i t e r a ture avai l ab le on the e f fe c t s  o f  s e e d  

s t or age environmen t  on viab i l i t y  i s  vo luminou s . For thi s  

r e a s on, and to as s i s t  w i th b o th c l ar i ty an d brevi ty , onl y  

wo rk re lated  to t h e  pre sen t  s t udy wi l l  b e  cons i d e r e d  i n  

thi s s e c t i on o f  the review . In p a r t icu lar re fe rence wi l l  

b e  made t o  pub l i shed wo rk on the i n f luence of tho s e  p ar a 

me t e r s  cons i d e r e d  i n  t h e  pre s e n t  expe rin1cnL i.e . ini t ia l  

s eed mo i s t ure con tent and change s  i n  s eecl mo i s ture con ten t 

( dur i ng s t o rage) , tempe ra ture , re l a t iv e  humi d i t y  and 

s t orage m i c r o f lora . In a dd i t ion , t h i s  review wi l l  be 

gene ra l ly con f ine d to work re l a t ing to mai z e , quot e d  

wo rk on o ther s pe c i e s  on ly b e ing in c luded f o r  emph a s i s  o r  

b e caus e of i t s  par t i cu l ar re l evanc e . 

1 . 1 . 1  In f luen ce o f  S to rage Environment on S e e d  Viab i l ity 

The s to rage environment i . e .  mo i s ture content of s e e d , 

t empe rature an d r e l a t ive humid i t y , a f fe c t  the s t orab i l i ty 

o f  s e e d s . How eve r, Bar t on ( 1 9 6 1) regarded mo i s ture content 

a s  be ing of the u tmo s t  impo r t ance . C e rtainly , s eed de t e r i o 

rat i on i nc r e a s e d  as  mo i s t ure con tent in cre as e d . Rob e rt s 

( 1972) pre s en ted formu la an d de s cr i b e d  the re l a t i on s h i p  o f  

t emperature and mo i s ture content to t h e  p e r i o d  o f  s e e d  

v i ab i l i t y o f  c e r tain crop s p e c i e s . The ab s or p t i on e qu i l i 

b r i um va lue s for c orn an d wh e a t  we re found t o  b e  approx i 

ma te ly 1 . 6% h i gher than des orpt ion va lue s  a t  3 2% an d 2 2% 

r e l a t ive hum i d i ty, r e s pe c t i vely ( Hubbard e t  a l  19 57) . 

The s t o rage l ife o f  mo s t  crops  als o  decre a s e d  wi th i n cre as 

ing t empe rature (Jus t i ce an d Bas s 1 9 78) . See d  viab i l i ty 

and vi gour are reduce d as  t empe rature i s  increase d . When 

the r e l a t ive hum i d i t y  rema ins con s t an t  the mo i s ture content 
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o f  whe a t  decrea s es approx ima t e ly 0 . 6  to 0 . 7 % per 10° C r i s e  

in t empe:rature ( Ox l ey 1 9 48a ) . 

The two c r i t i ca l  atmo s pher i c  c ond i t ions i . e .  t emperature 

and r e l a t ive hum i d i t y  were s tu d i e d  in r e lat ion t o  the 

safe s torage o f  s ee d s  by Harr ing ton ( 1 9 60 ) . He de s cr i b e d  

"ru l e s  o f  thumb" f o r  s a f e  s t orage and s ta t e s  t h a t  the 

numb e r i c a l  s um of the percent re lat ive hum i d i t y  plus the 

t empera ture in degre e s  Fahrenhe i t  shou l d  not exc e e d  1 0 0 . 

He a l s o  indi c a t e d  that the per i o d  for whi c h  s ee ds may b e  

s to r e d  wi thout a s igni f i c ant d e c l ine i n  germina t io n  

doub l e s  f o r  e a c h  1 %  reduction i n  s e e d  mo istu re and f o r  each 

5 - 6°C ( 1 0  F )  drop in t empera ture . The se ru l e s  are both 

logari thmic and a c t  independent l y . For examp l e , s ee d  of  

6% mo i s tu r e  and at  1 0°C wi l l  r emain viab le 1 28 t ime s as  

l ong a s  s ee d  a t  1 0% mo i s ture and s to r e d  a t  2 5 °C 

( 24 x 2 3 
= 2 7 

= 1 2 8 ) . 

Re l a t ive hum i d i t y  and t emperature o f  the s torage e nv iron

ment are t hu s  t h e  mo s t  impor a t an t  fac t o r s  i n f luenc i ng the 

maintenan c e  of s ee d  qua l i ty ( Ba r t on 1 9 6 1 , De l ouche 1 9 6 8b , 

Jame s 1967, Litynski 1957 a nd Owen 1956). 

Too l e  ( 1 9 5 7 )  sugge s t e d  that the r e l a t ive hum i d i t y  o f  the 

air shoul d  not exc e e d  60% for s ee d  s tored a t  2 1° C .  A l s o , 

the r e l a t ive hum id i ty should no t be h igher t han 7 0% for 

s e e d s  a t  4 to 10°C .  Many crop s ee d s  c an b e  s tored for 1 0  

years o r  l onger a t  5°C and 4 5 - 50% RH . S imi l ar ly , Too l e  

( 1 9 5 0 )  s t a t e d  tha t the viabi l i t y  o f  mo s t  crop s ee d s  i s  
l o s t r a p i d l y  when t h e  r e l at ive humid i t y  o f  s to r e d  s e e d s  

b e c omes 8 0 %  and t empera ture l i e s  b e tween 2 5° C and 3 0°C .  

She de t ermine d that s e e d s  cou l d  b e  kept for 1 0  yea r s  or 

longer a t  a RH o f  50% or l e s s  comb ine d w i th a t emperature 

of 5°C or l ower. 

Re l a t ive humi d i t y  a f fec t s  the phys i o l o g i c a l  qua l i t y  o f  s e e d  

in two way s : 

a .  S ee d  mo i s ture cont ent i s  a func t ion o f  amb i en t  r e la t ive 
humid i ty 



b .  The inf e s t a t ion , growth and repro du c t i on o f  b o t h  

s to rage ins e c t s  and fung i i s  dra s t i ca l ly a f f e c t ed by 

the r e l a t ive hum i d i t y  o f  the mi c r o - environment i n  the 

s ee d  ma s s  ( De louche 1 9 7 3) .  

S ee d s  a r e  hygro s c o p i c  i n  nature . I n  s torage they ab s orb 

o r  l o s e  mo i s ture unt i l  the vapour p r e s s ur e  of seed moi s 

ture and atmo s ph er i c  mo i s ture a t tain e qu i l ibr ium . A t  a 

par t i cu l ar temperature and pr e s sure the vapour p r e s sure 
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o f  a tmo s pher i c  mo i s tu r e  i s  a d i r ec t func t ion o f  the degree 

of  s a turat ion o r  r e l a t ive humid i t y  (De l ouche 1 9 7 3) .  When 

d i f f erent k ind s o f  s e e ds are  s ubj e c t e d  to d i f fe rent l eve l s  

o f  a tmo s phe r i c  r e l a t ive humidi ty, the seeds at tain s p e c i f i c  

moi s ture c on t ent s . The mo i s ture content at t ained by s e e ds 

under t h e s e  cond i t i on s  i s  known as the e qui l ibr ium moi s ture 

c ontent or hygro s co p ic e qu i l ibr ium . De louche ( 1 968b) 
f ound that the h ygr o s co p i c  equil ibr ium o f  s e e d  at a g iv en 

r e l a t ive humid i ty decre a s e s  s l owly with incr e a s ing t emp e r a 

ture and inc r e a s e s s l ight ly w i t h  inc re a s ing de t e r i or a t i on 

o f  the s e e d . For s u c c e s s fu l  s torage o f  s e e d  the maximum 

l ev e l  o f  r e l a t ive hum i d i t y  depends on the k i nd o f  s ee d ,  

the l ength o f  the storage period and the temperatu r e . 

See d mo i s ture cont ent , r e l a t ive humid i t y  and t emperatu re 

a r e  t h e  inter r e l a t e d  f a c t o r s  a f fec t ing the l ong ev i t y  o f  

s e e d  i n  s torag e . F ie l d  c rop s ee d s  w i t h  a high mo i s ture 

content ( 1 4  to 1 6 %) can b e  s to r e d  for a year or more a t  

a t emp erature o f  1 0 °C o r  lower , whi l e  l ow mo i s t ur e  s e e d  

( 1 0% o r  le s s) c a n  t o l e r a t e  t emp era tur e s  i n  t h e  rang e o f  

3 0 - 3 4°C for the s ame per iod w i t ho u t  appr e c iab l e  lo s s  o f  

viab i l i t y  ( De l ouche 1 9 68b) . 

High humi d i t i e s  and h igh t emperatur e s  are  d i s a s terous for 

viab l e  s e e d  s to rage . Sub s t ant i a l  d e c re a s e s  in s ee d  v i ab i l 

i t y  and vigour oc c ur in mo s t'k inds o f  s ee d  dur ing even s ix 

months of s t or ag e  a t  3 0 °C and 7 5% re l a t ive hum i d i ty 

(De louche 1 9 7 3) . 



D e l ou che ( 1 973) r e commended s ever a l  d i f f er ent con d i t i on s  

( i.e. var i ab l e s  o f  t emperature a n d  r e l a t ive humi d i t y , and 

mo i s t ur e  c on tent of s ee d  for d i f f erent s torage p e r i o d s) 

whi ch c an be u s e d  to maint ain s e e d  v i ab i l i t y  in s torage. 

The s e  a r e  br i e f ly d e s cr i b e d  a s  f o l lows: 

1 .  Sho r t  t erm s torage 
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C ondit i on s  tha t wi l l  ma int a i n  s ee d  qua l i t y  from harv es t  

to the nex t  p lant i ng s e a s on ( l - 9  months) 

a .  3 0° C and 5 0% re l a t ive humid i t y  ( s eed mo i s ture 

con t ent rang i ng from a max imum of 1 2% for c e rea l 

s e e d  t o  8% for o i l  s e e ds) 

b .  2 0° C and 60% r e l a t ive humid i t y (seed mo i s tu r e  

content s rang ing from a max imum of about 1 3% f o r  

c e re a l  s e e d  to 9.5% f o r  o i l  s e e ds) 

c .  O ther c omb ina t i ons of tempe ra ture and re l a t i ve 

humi d i t y  a s  favourab l e  a s  tho s e  above 

2 .  Int erme d i a t e  t erm s torage 

Cond i t ions that wi l l  perm i t  carry over s t orage of the 

mor e  e l i t e  c la s s e s  as a hedge again s t  s e e d  produ c t ion 

f a i l ure ( 18 - 2 4  months) 

a .  3 0° C and 40% r e l a t iv e  hum i d i t y  ( s e e d  mo i s ture 

c on tent rang ing from a maximum of approx ima t e ly 

1 0% for the cer e a l s  to 7 . 5% for o i l  s eeds) 

b .  2 0° C and 5 0 %  r e l a t ive humi d i ty (max imum s e e d  

mo i s t ur e  content rang ing from 1 2% f o r  cere a l s  t o  

8% for o i l  c ro p s) 
0 

c .  1 0  C and 60% r e l a t ive humi d i t y  (max imum s e e d  

mo i s ture cont ent rang ing from about 1 2% f o r  c er e al s  

t o  9 %  for o i l s e e d s) 

d .  Other c omb ina t ions o f  t emperature and hum i d i t y  a s  

favourab l e  a s  t ho s e  above . 

3 .  Long t e rm s torage 

Cond i t i ons su i tab l e  for the l ong term s torage o f  

b r ee der's s eed , g ene t i c  s tocks  and the mor e  c o s t l y  and 

s carce  vegetab l e , ornament a l  and f i e l d  s ee d s  ( 3 - 1 0 y ear s 

s to rage ) 



The qua l i ty o f  s e ed c an b e  ma intained for a longer t ime 

in c o l d  and dry cond i t ions in s torage . For 3 - 5  year s o f  

s torag e , 1 0 °C and 45% r e l a t ive humid i t y  a r e  s a t i s fac tory 

for mo s t  k inds of f i e l d  crop s e e d s . Suc c e s s fu l  s torage 

for 5 - 1 6  y ear s c an be s ec ur ed under c ondi t ions o f  0 t o  

5 °C and 3 0 - 4 0% r e l a t ive hum i d i t y  ( James 1 9 6 7 ) . The s e  

l eve l s  o f  t emp era ture and r e l a t ive hum i d i t y  c an only b e  

ma inta ined with heavy - duty r e fr igera t ion and d ehum id i f i 

c a t ion s y s t ems . 
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Harr ing ton ( 1 9 6 3) d e t erm ine d tha t i f  d r i e d  s e e d s  are  

s to r ed in o p en s torag e in l e s s  hum id c l ima t e s , the  s e e d s  

wi l l  r e a c h  an e qu i l ibr i um o f  approximat ely 1 0-1 2/o mo i s ture 

which i s  s a f e  for mo s t  types  o f  s eed for �t lea s t  one year . 

However , in mo s t  humid and s ub- humid par t s  o f  the wor l d  

s eed mo i s tur e c on t en t  w i l l  r i s e  t o  1 4 - 1 6% with a r e s u l t ant 

rapid d e t er io r a t ion of s eed viab i l i t y  due to the d ev e l o p 

ment o f  m i cr o - organ i sms . 

The phenomenon known a s  "hy s ter e s is" a l s o  a f f ec t s  the 

equil ibr ium mo i s tur e content o f  s eeds . Due to i t s  
influenc e the equil ibr ium mo i s ture c on t ent o f  the s ame 

type  of s eed is no t a lway s  the s ame at a g iven r e l a t iv e  

humid i t y . When w e t  s ee d  at tains equ i l ibrium mo i s tur e 

cont en t  a t  a g iven r e l a t ive hum i d i t y , the equil ibr ium 

mo i s tur e conten t  o f  the s ee d s  wi l l  b e  h igher t han i f  

d r y  s ee d s  ar e a l l owed t o  gain mo i s ture to r ea c h  equi l i 

brium a t  the same r e l a t iv e  humid i t y . For c orn and wheat  

a m a x imum hys t er e s i s  e f f e c t  o c c ur s  b etween 1 2/o and 44/o 

hum id i ty and amount s  to 1 . 6% mo i s ture d i f f er ence 

( Hubbard e t  al 1 9 5 7 ) . 

Doug l a s  ( 1 9 7 5) r ea c hed the fo l l owing conc lus ions c onc ern

ing d i f f er en t  s eed mo i s ture c on t ent s .  



S e ed mo i s ture c on t en t  ab ove: 4 0 - 6 0% G erminat i on o c curs 

1 8 - 20% Hea t ing may o c cur 

1 2-14% Moul d  grows on and 

in s ee d s  

10 -12% S e a l e d  s torag e i s  

unsafe 
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8 - 9/o I n s ec t s  b ec om e  

ac t iv e  and mul t ip l y  

A s tudy o n  t h e  th erma l death po int o f  ma i z e  und er l ow 

t empera tur e s  ( b e l ow - 2 3 . 3° C) wa s c onduc t ed b y  Mc Ro s t ie 

( 1 9 3 9) . He d e t ermined t ha t  s ee d s  above 1 5% mo i s tur e c on 

t ent de t er iorat ed s everely and l o s s  o f  viabil i t y  o ccurred , 

but  such l o s s es wer e  h i gh er a t  f luc tua t i ng t emperature s  

c ompa r ed to cons tant t emp era tur e s . 

The e ff e c t  o f  d i f f er ent t emp era t ur e s  and r e l a t iv e  humid i t y  

l ev e l s  on the g ermi na t ion o f  sweet c orn s eed wa s examined 

b y  Boswe l l  e t  al ( 1 9 40) . The s ee d  was s tored for 1 1 0  days 

a t  2 6 . 6° C w i th 7 8 , 66 and 44% r e l a t iv e  hum i d i t y  r e su l t ing 

in f in a l  va lues  o f  1 5 , 68 and 7 0% g ermina t i on r e s p ec t iv el y . 

The s ee d s  s tored for the same d urat ion a t  1 0° C and w i t h  

8 1 , 6 6  a n d  5 1 %  R H  gave 6 5 , 7 0  and 7 2% g erminat i on r e s p e c 

t iv e l y . I t  i s  evident tha t the l owe s t  t emperature and 

r e l a t ive hum i d i t y  c omb ina t i ons are mo s t  s u i t ab l e  for 

maint a in ing s eed viab il i t y . 

The s ee d s  o f  two c or n  hybr id s , Emb o - 2 6 0  (Ye l l ow dent) and 

Poey T - 6 6  ( Ye l l ow f lint) were s tored by G i l l  and De l ouche 

( 1 9 7 3) und er d i f f er ent env ironment a l  c ond i t ions for 

1 8  months . They found no s igni f i c ant r e duc t ion in g ermi

nat ion in the dent corn hyb r i d  at 7° C - 50% RH and 3 0° C -

3 2% RH s torage c ond i t ions . The g ermi na t ion o f  f l in t  c orn 

hybr id , however ,  was  r educ e d  s ign i f i cant l y  by 41% a t  the 

f ir s t  c ount and b y  a fur the� 1 2% at  the f inal  c ount ing at  

30° C - 3 2% RH a f t er 16 months s torage . A t  3 0° C - 5 5% RH 

a l l  s ee d s  l o s t their v i abi l i t y  c omp l e t e l y  a f ter 1 8  months 

s to r ag e . At 3 0°C - 7 5% RH comp l et e  s ee d  de ter ior a t ion 

o c c ur r e d  a f t er only 12 months . 
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Mo i s ture equ i l ibr ium va lues  in r e l a t ion to mou l d  format ion 

o f  s ee d s  o f  s ev er a l  gra s s e s  and sma l l  s ee ded legume s  wa s 

s tud ied b y  D ex t er ( 1 9 57) . The r el a t ive hum i d i t y  u s ed 

ranged from 5 5  - 8 5% .  S ee d s  o f  c ommon gra s s e s  and l egumes 

were s tored at t he s e  r e l a t iv e  humid i t ie s  unt i l  equil ibr ium 

wa s r eached . Gra s s  s e e d s  r e ac hed e qu i l ibr ium rapidly 

a l t hough a marked d i f fe r enc e wa s ob s erved in mo i s tur e 

cont ent a t  d i f ferent r e l a t ive hum id i t i e s  in var ious s p ec i e s . 

Grea t er d i f f er ence in the s t eepne s s  o f  t h e  e qu i l ibr ium 

mo i s tu r e/r e l a t ive humidity curve s wa s no t no t ic e d . Legume 

s ee d s  r eached e qu i l ib r ium very s l owl y . However , mou l d  

d ev e lo pment wa s mor e rap id i n  gra s s  than in legume s ee d s  

which wa s d u e  to t h e  r ap id ity o f  e s t ablishment o f  hygro 

s co p i c  equil ibr ium .  

Seed  reaches  a peak o f  vig our and g erminat i on a t  ful l 

matur i ty . However , l o s s  o f  vigour and g erminat ion occurs 

a t  h igh mo i s ture c on t en t s .  I f  the s ee d s  are  dr ied t o  

mo i s ture l eve l s  in e qu i l ibr ium w i t h  1 5  t o  2 0 %  r e l a t iv e  

humid i t y  and s to r ed to ma int a in t he s e  mo i s ture l eve l s , 

then the s ee d  ma y b e  kept for many y ear s w i t hou t a s igni 

f i c an t  l o s s  o f  g ermina t ion ( Harr ing ton 1 971) . 

The e qu i l ibr ium mo i s ture c onten t s  o f  d i f fer ent s ee d  s p ec i e s  

a t  the s ame r e l a t ive humid ity wi l l  n o t  b e  the s ame . Thi s 

oc c ur s  b e c au s e t here i s  var i a t ion in the c h emic a l  c omp o s i 

tion o f  s ee d s . O i l s  or l ip i d s  do no t ab s or b  wa t er . 

However , pro t e in ab s orb s the mo s t  wa t er p er uni t  o f  weight 

whi l e  s t arch a b s orb s l e s s  b u t  s t i l l  c ons iderab l e  amoun t s . 

Corn containing l ow l i p id wi l l  have a h igher mo is ture 

con t ent than c abbage s ee d  c on ta i ning high l ip id when in 

e qu i l ibr i um with the s ame r e l a t ive humi d i ty . The e qu il i

b r ium mo i s ture c ont ent o f  corn s ee d  i s  1 4% a t  6 0% r e l a t iv e  

humid i t y , wh i l e  the e quil ibr ium mo i s ture c ontent o f  c abbage 

s ee d  ( c ontain ing 3 5% l ip id) is onl y  7% ( Harr ing ton 1 973 ) . 

Even in one k i nd o f  s ee d  the s iz e  o f  the s ee d , the thick

nes s o f  the s ee d  c o a t  and the nut r i t ion o f  the mo ther p l an t  

MASSEY UI'�IVERSITY 
ll3P.P,,. Y 
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w i l l a l l  influ enc e the re l a t ive amount s  of var ious chem i 

c a l s  in t h e  s ee d . Thus , l o t s  o f  the s ame kind o f  s ee d  

may a l s o d i f f e r  i n  equi l ibrium mo i s ture conten t  a t  the 

s ame r e l a t iv e  humid i ty b y  as  muc h  a s  1 %  ( Harr i ng ton 19 7 3 ) . 

Temperatur e  a l s o  a f fec t s  the e qu i l ibr ium mo i s ture c on t ent 

of the s ee d  b e c au s e  wa ter mo l e cu l e s  are l e s s  a c t iv e  a t  

l ower t emp erature and t end to c l ing mor e  read i l y  to t h e  

mac r o -mo l ecul e s . As the temperature d e c r ea s es the equ i l i 

b r i um mo i s ture c on t ent for a g iven r e l a t ive humi d i t y  

incr e a s e s  ( Harr ing ton 1 9 7 3 ) . 

In wheat  i f  the mo i s tur e c on tent i s  cons t ant in the r ange 

o f  1 0  to 2 0% ,  about a 3% inc r e a s e  or decrea s e  in equ i l i 

br ium r e l a t ive humid i t y  may o ccur for every 1 0° C r i s e  or 

fa l l  in temperature (Ay er s t  1 9 6 5b , P ixton and Warbur t on 

1 9 7 1 ) . 

I t  has been de t ermined that the viab i l i ty and v igour o f  

seed i s  r e du c e d  wi th incre a s ing t emper a t ur e , exposure t o  

h igh t emper ature for a l ong er t ime and an incr ea s e in 

mo i s tur e c on t ent of s eed . A t  a g iven t emper a tur e d ama g e  

i s  r educ ed a s  t h e  s eed mo i s ture cont ent i s  r educ e d  ( Ju s t ic e  

and B a s s  1 9 7 8 ) . 

The s ee d  coat , end o s perm and embryo c ons t i tuent s o f  

d i f f er en t  spec i e s  vary i n  their permeab i l i t y  t o  mo i s ture . 

As a r e sult the t ime for a g iven s p e c i e s  to reach equ i l i

brium mo i s ture c ont ent wi l l  d i f fer. Pixton and Warburt on 

(1968 ) report ed that 90% e qu i l ibr ium mo i s ture c on t en t  in 

whea t  wa s r eached a ft e r  5 - 14 days b y  absorpt ion and 

2 - 9 days by d e sorpt ion . The e qu i l ib r i um mo i s ture c ont en t  

o f  s ee d  there fore d ep ends  upon s eed charac t e r i s t ic s  and t h e  

t empera t ur e  a n d  r e l at iv e  humid i t y  o f  the s torage environ

ment . The a t ta inment of comp l e t e  e q u i libr ium mo i s tur e 

cont ent may t ake from a f ew hour s to s ever a l  days and i n  

some c a s e s  u p  t o  6 0  days . Sim i l ar ly , t h e  t ime r equir ed for 

mo i s tur e t o  enter the s ee d  is only a sma l l  fract i on of the 
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t ime r equired for mo i s ture t o  move through a ma s s  of  s ee d  

(Ju s t ic e  and Ba s s  1 978) . 

The mo i s ture content o f  s e e d  i n f l uenc e s  the r e s p ir a t ion 

r a t e  and chem i c a l  d e t er iorat ion r a t e  o f  corn s ee d. Sampl e s  

o f  dent c orn wer e  c on d i t i on e d  t o  s ix mo i s tur e  l eve l s  

r ang ing from 1 3% t o  1 8% and s tored for 1 4  days , b y  O l a f son , 

Chr i s t e n s en and Gedd e s  ( 1 9 5 4) .  They found t ha t  the s ee d  

r e s p ir e d  s l owly a t  a con s t ant r a t e  for a per iod o f  1 4  days 

when the mo i s ture level of s ee d  wa s b e l ow 1 4 . 5% .  The 

r e s p i r a tory r a t e  however , incre a s e d  r ap i d l y  in s ee d  wi t h  

1 5 . 2% and 17 . 0% mo i s ture c ont ent s and high mou l d  deve l op 

ment wa s obs erved i n  s eed with h igh moistur e lev e l s .  I n  

r e s p i r ing s e e d s  t h e  fa t a c i d i t i e s were h i gher and non

r educ i ng sugar and v i ab i l i t y  de c re a s e d . 

The mo i s ture c ontent , t empera tur e and the chem i c a l  c ompo 

s it ion and s o u n d n e s s  o f  s ee d  inf l uence the r a t e o f  s ee d  

r es p i r a t ion . So f t , s tarchy whe a t  for examp l e ,  h a s  been 

s hown t o  re s pire fa s t er t han hard , vi treous wheat s contain

ing the same percentage mo i s tur e c on t ent . At 1 4 . 5% moi s ture 

c ontent the r a t e  o f  incre a s e  is gradua l and uni form , b u t  

when t h e  mo i s ture c on t ent exc e e d s  1 4 . 5% the r a t e  o f  r e s p ir a

t ion i s  a c c e l e r a t ed ( Ba i ly 1 9 1 8) .  At moi s tur e cont ent s  

above 1 4 . 0% shr ive l le d  wheat  r e s p ir ed two t o  thr ee t imes 

more r ap i d l y  than p l ump whea t . Such d i f f er e nc e s  wer e  not 

o b s erve d in shr ive l le d  or p l ump wheat a t  mo i s ture l ev e l s  

b e l ow 1 4% ( B a i l y  1 9 1 8) . Incre a s i ng t emper a tur e enhance s  

the r a t e  o f  r e s p ir a t ion unt i l  5 5° C i s  r eached . With the 

increa s e  in t emper a ture the d i a s t a t ic a c t ion on s tarch 

inc r e a s e s  unt i l  enzyme ac t iv i t i e s  are s topped. Spontaneou s 

hea t ing c aus ed by b i o lo g i c a l  ox idat ion o f  dextro s e  and 

s imi l ar s ugar s in t he g erm embryo of the kernel a l s o  c au s e  

s ee d  t o  d e t er io r a t e  in s torage ( B a i l e y  1 9 1 8) .  

P f e f fer ( 1 878) a l s o  r epor t ed tha t the int ens i t y  o f  r e s p ir a 

t ion incre a s e s  w i t h  increas ing t emperatur e , whi le Ho f f  

( 1 8 9 6) s ta t ed that the r a t e  o f  r e s p irat ion increa s e s two 



or thre e  t ime s for e a c h  1 0  d egree r is e  in t emper atur e 

a c c or d in g  to the u s ua l  rul e o f  chem ic a l  r eactions . 
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D i f f er ent comb inations o f  temperatur e and mo i stur e c ontent 

c au s e s ee d  deter ior at ion due to s e l f -heat ing, the activ ity 

o f  mou l d s, ins e cts and mite s,  and by l o s s  o f  g ermination 

and b ak ing qua l ity . Theimer ( 1 9 7 8 ) s uggested that gra in 

c ou l d  b e  s a f e ly s tore d up to 14° C w ith a mo i stur e c ontent 

not exc e ed i ng 1 5%, the only s po i l a g e  r i sk b eing a s l i ght 

po s s ib i l ity o f  m ite infestation . 

Stud i e s  on the i n f luence o f  high temperature and h i gh 

hum i d ity on the storab i l ity of wheat, suyhean and mai z e , 

wer e c ar r i ed o ut by Reng i f o  and Pfo s t  (1�76). They found 

that there wa s no s igni f i c ant l o s s  in test weight b etween 

aerated and unaerated grain . Mou l d  development o c c ur r ed 

at h igh storage temperature s  and at h igh mo i s tur e content/ 

r e l at ive humid ity equil ibr ium. H igh stora g e  temp eratur e 

ac c ompani ed b y  h igh r e l ative humidity a l s o  de creas ed g ermi 

nation and art i f ic i a l  drying inc r e a s ed grain damag e. They 

s ugge sted that c urr ent l y  r ec ommended s a f e  moi stu r e  cont ents 

for sto r ed grains r equir e mor e  r e s earch . 

1 . 2  INS ECTS AND S EED STORAG E 

1 . 2 . 1  Introduction 

The r i c e  weev i l  (Si tophi lu s ory zae ( L J)  is an ins ect o f  

s igni f ic ant importance who s e  p e st status has been r ecog

n i s ed i n  mo st part s  o f  the wor l d . A lthough fragmente d  

b io l o g i c a l  stud i e s  on s pec i es o f  Sitophilus have b ee n  

pub l i sh e d , a r ecent c omprehens ive study on the b i o logy o f  

Sitophilus oryzae and Sitophilus granarius was conducted 

by L ong sta f f  ( 1 9 8 1 ) .  Khan ( ·1 9 48 ) has pub l i s hed a d e s cr ip 

tion o f  the mor pho l o g y  and anatomy of Sitophilus oryzae 

( r i c e  weevil) and Ric ahrd s ( 1947 ) h a s  examined its r epro 

ductive b io logy . 
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The r i ce weevi l i s  one o f  the mo s t  d e s tru c t i ve p e s t s  o f  

s tored c e r e a l s  throughout the wor l d . I t  at t acks  b o th 

cer e a l  grains and c e r e a l  product s  and c aus e s  mi l l ions o f  

do l la r s  o f  l o s s e a c h  y ear . I t  i s  a l so a maj or pe s t  o f  

s to r e d  grain t hroughou t the warmer and humid regi ons o f  the 

wor l d  and i s  a s e r ious pe s t  of grain in China , S outh 

Amer i c a , Pak i s t an and India wher e  mai ze is a s taple  food . 

The s to rage e nvir onment (mo i s ture c on t en t  o f  s e e d , t empe r a

ture and r e l a t ive humi d i ty )  infl uenc e s  the deve lopment o f  

i ns e c t p e s t s  and fung i . The s e  a g en t s  together wi th r o dent s 

are p rimar i l y  r e s p on s ib le for the de t e r io ra t ion o f  s to r e d  

gra i n . A favourab l e  s torag e envi ronment may enhanc e  t h e  

deve lopmen t  o f  insec t s  and fungi to a s t ag e  whi ch c an 

rende r t r emendous lo s s e s  to s tored grain in a s hort  t ime . 

1 . 2 . 2  B io logy and C l a s s i f i ca t i on o f  R i c e  Weevi l 

The r i c e  wee v i l  (Sitophilus oryzae) b e long s to the or der 

Coleopt era and g enu s Sitophilus. The g enus is part  of the 

s ub - f am i l y  Ca l andr i na e . Impor t ant s tored produc t ins ec t s  

b e l ong t o  five orde r s . Among the s e  the Co leopt era 

(bee t l e s )  and Lepi  oop t era (but ter f l i e s  and mo ths )  ar e o f  

p r ime imp o r t anc e . 

Rice  weevi l  i s  r e s t r i c te d  in i t s  hab i ta t  and b r e e ding t o  

c e r e a l  grains a nd p ar t i a l ly p ro c e s s e d  c e r e a l  product s .  

Champ and D y t e  ( 1 9 7 6 )  repor t e d  that i t  i s  one o f  the mo s t  

import ant ins e c t  p e s t s  o f  cerea l s . The s tr a in o f  i ns e c t  

and grain var i e t a l  d i f f erence are known t o  inf luence r e pro

duc t ion t o  a c ons i de r ab le ex t ent . The r ange o f  grain 

mo i s ture c ontent for breed ing o f  Sitophilus oryzae i s  

r e s tr i c t e d  from 10% t o  1 6 % .  The s pe c i e s  o c cur s i n  the 

trop i c a l , s ub - tro p i c a l  and warm temp e r a t e  regions of the 

wor l d  but  very h igh summer t emperatures are no t f avour ab l e  

f o r  i t s  surviva l . Da t a  c o l le c t e d  from d i ff e re nt s o ur c e s  

(Ri char d s  1 944 , B irch 19 44,  19 4 6 , 19 5 4  and Kono 1 9 54 )  show 

tha t Sitophilus oryzae i s  vitur a l ly co smopo l i t an i n  



d i s t r ibut ion . The fema le makes a hole in the grain into 

whi ch an egg is depo s i t ed . The egg is whi te and o va l  in 

shape and may be l ai d  anywhere in the grain though few 

are l ai d  in the embryo . Richard s ( 1 947 ) repor t e d  that 
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the maj or i ty o f  eggs in wheat are pl aced at the end 

far the s t  from the embryo . In a s ing le grain more than one 

egg may be l a i d  a l though on ly one lar vae deve lops to matur 

i ty . Four lar va l  ins t ar s  oc cur wi thin the grain . The 

lar vae is  wh ite in col our and about 4 mm long when ma ture . 

Be fore pupat ion i t  a s s ume s an inac t i ve prepupal  form for 

a short period and later be come s dark brown ( Hi l l  1 9 7 5 ) . 

The ins ect  comp letes  i t s  l ife cy c le in about 5 weeks a t  

3 0° C and 7 0% RH . Howe ve r ,  the length of the l i fe cyc l e  

i s  extended by lowe r temperatur e s , de ve lopment oc curr ing 

on ly s l owly b e l ow 1 7 °C (hi l l  1 97 5 ) . Khan ( 1 948 ) indicate d  

that at temperatures  rang ing from 1 5  to 3 0°C and a range 

of humid ity from 5 0 - 9 0 % ,  Sitoph i l u s  ory z a e  had a s l igh t ly 

short er deve lopmental period than Sitoph i l u s gra nari u s  (L). 

The adu l t  rice wee vi l  i s  sma l l ,  3 . 5  mm l ong , brown to dark 

brown wi th a long snou t or ros trum .  It has e lbowed antenae 

whi ch end in a dis t inct c lub . The punc tures on the thorax 

are round and the l ine s of punc tur e s  on the e l y tra are 

narrowly separa ted . Thi s lat ter char a c ter i s t i c  al lows 

d i s t inc tion to be made from the c lo s e ly related Sitoph i l u s 

gra nar� u s . 

Tsai and Chang ( 1 9 3 5 )  repor ted that the range o f  r e l a t i ve 

humid i t y  for o vipo s i tion wa s 60  to 1 00%, but Reddy ( 1 95 0 )  

conc lude d tha t egg laying cou l d  a l s o  oc cur a t  RH as low 

as 5 2 % .  Mathleen ( 1 9 3 8 )  and Mout ia ( 1 94 2 ) reported that 

r i ce wee vi l s  can de ve lop in grains  having a moi s ture con

tent as low as 8 . 5 % .  Howeve r ,  Davi d s on ( 1 9 40 ) , Harr i s  

( 1 943 ) and Birch ( 1 9 4 5 )  have a l l  recorde d  1 0 %  mo i s ture 

con tent as  the minimum re quirement for r i ce wee vi l  de ve lop 

ment . 



Baker and Mob ie ( 19 7 3b )  found that increas ing the c a s e in 

leve l  o f  grain f r o m  0% to 2 0 %  incre a s e d  the s urviva l o f  

r i ce weevi l adu lt s  although n o  e f fe c t  was ob s e rved upon 

growth rat e o f  the larvae 

The l i fe s pan o f  adu l t  Sitoph ilus oryzae depends upon 

s ever al factor s such as temperature , humidity,  moi s ture 

con t ent o f  s e e d  and die tary r equiremen t s . Howeve r ,  the 

adu l t  norma l l y l ive s for abou t 5 month s . Howe ( 19 5 2 )  
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found that weevi l s  breed ing a t  low humidi t ie s  produced a 

large propor t i on o f  infert i le fema les compared with weevi l s  

b red a t  h igh humi d i t ie s . 

1 . 2 . 3  E f fec t o f  S t orage Environment on Ri ce Weevi l 

Deve lopmen t ,  Surviva l and Popul at ion Growth 

Red dy ( 1 9 5 0 )  inve s t igated the e f fe c t s  o f  temperatur e ,  

relative humid i ty and mo i s ture content o f  whe at o n  the 

deve lopment o f  ri ce weevi l . Deve lopment was comp l e t e d  

in wheat seed wi th a mo i s ture content o f  10 . 2% a t  2 5° C ,  

2 6 . 6° C an d 30°C bu t no t at 32 °C . He r epor t ed that th e 

weevi l s  deve lope d in the shor t es t  time in wheat wi th a 

moi s ture con tent o f  1 7 . 6% .  He a l s o  noticed  that op timum 

condi tion s  for the deve lopment o f  weev i l s  invo lved a t em

pera tur e rang e of 28 °C to 30°C ,  relat ive humidi ty l e vels 

between 7 5  and 90% and a s e e d  mo i s ture content between 

13 . 5  and 1 7 . 6% in wheat . 

I t  has been gen erally  reco gni s ed that the deve lopment o f  

mos t  s e e d  s t orage pe s t s  is  s low a t  temperatures b e l ow 2 0° C ,  

al though a t  thi s temperature Sitophilus spp . has b een shown 

t o  comp lete i t s  l i fe cyc l e  in 120 days in wheat at a r e l a 

t ive humi dity o f  about 6 0% (Ox ley and Howe 19 5 0) . 

Cot ton et a l  ( 19 6 0 )  repor t e d  that r i ce weevi l s  were unab le 

to r epro duc e in grain wi th a mo i s tur e content b e l ow 9% and 

the a du l t s  s o on died in dry grain . The y a l s o  determine d 

tha t r i ce weevi l  adults  s urvive d for only one week in 8%  
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mo i s tur e  con ten t wheat a t  29 . 44°C ( 8 5 ° F) and i n  9 %  mo i s ture 

s eed about 7 0% were dead a f ter three weeks , though a few 

live d for s even weeks . Cer tain l y  it has been shown that 

the ac t ivity o f  mo s t  s to red insect  pes t s  decre a s e s  rap i d ly 

as r e l at ive humidity drops be low 5 0% and reproduc t i on 

s top s al toge ther at le s s  that 3 5% relat ive humi d i ty ( Co t ton 

1 9 6 3 ) . 

Howe ( 19 5 2 )  inve s t igat e d  the e f f e c t s  o f  2 1° C and 2 5° C 

s torage tem per atures  and re lat i ve humidit ie s  rang ing from 

5 0  t o  1 00% on egg produc tion o f  r i ce weevi l in wheat . He 

f ound that whi l e  high egg produc t i on was ob t aine d at h igh 

humidi t i e s  the rate o f  ovipo s i tion wa s very low at low 

humid i ty leve l s . At 2 1° C an d 50% RH, e ggs were no t i ced 

in only one grain comp ared with 31 out of 40 grains at 

1 00% re l a t ive humi d i ty . In add i t i on , the dai ly egg laying 

rate recorded was 0 . 0 3 an d 1 . 48 per female ins e ct r e s p e c 

t ive l y . A t  2 5  °C the numb er o f  eggs l a i d  per female  per day 

was 2 . 7 5 at 1 0 0% re lat i ve humid i ty and 2 . 5 5 at 9 0% relative 

humi d i ty . 

The inf luen ce o f  di f feren t temperatures  on ovipo s i tion rate 

by  r i ce weevi l wa s a l s o  as s ayed by Howe ( 1 9 5 2 ) . The tem

peratures  u s e d  were l 7° C ,  2 1° C and 2 5° C and the re lat i ve 

humid i ty wa s 100% . He found that the da i ly ovipo s i ti on 

rate per fema le average 1 . 3  at l 7° C ,  2 . 5  at 2 1°C an d 3 . 4 

at 2 5° C with an approx imate rat io o f  3 : 6 : 8 .  

Howe ( 19 5 2 )  a l s o  found that at 2 1° C and 1 0 0% r e l a t ive 

humid ity fema les  laid fewe r eggs when they were p la c e d  in 

a "compe t i tive " s i tua t i on where there we re many fema les  

but few grain s . He a l s o  n o t i c e d  that the pre s ence o f  ma l e s  

reduced ovipo s i tion rate con s iderab ly . Max imum egg laying 

was no t se cured unle s s  many grains per f ema le were avai l 

ab le for ovipo s i t ion . This �as a l s o  confirme d b y  work o f  

B irch ( 1 9 45 )  who s tudied the inf luence o f  temperature , 

humi di ty and ins e c t  den s i ty on the ovipo s i tion o f  a sma l l  

s train o f  Calan dra (Sitophilus o�yzae) . He found that 

h ighe s t  ovipo s i t i on rate wa s ob tained at a den s ity of one 
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fema le t o  approx imate ly 5 0  grain s  a t  2 5 . 5° C .  Bir ch ( 19 4 5 )  

a l s o  found that whi le ri ce we e vi l  fema l e s  were capab le o f  

laying eggs in wheat wi th 1 0% mo i s ture c onten t , n o  eggs 

were ob served in grains wi th a 9 . 5% mo i s ture content . 

Cer t ai nly fewer eggs were laid at 1 2% mo i s ture content 

than a t  14% but very l i t t le di f ference was obs erved in 

the number of eggs laid in seed with 1 1% compare d to 1 2% 

mo i s ture con t en t . 

Re ddy ' s  ( 19 5 0 )  work wi th wheat on the ovip o s i t ion o f  

Sitoph i l us ory z a e  us ing con s t ant tempera ture s from 1 3° C 

to 3 5° C an d a r ange o f  re lat ive humidi t i e s from 30% to 9 9 %  

showed that the highe s t  numb er o f  eggs lai d and percen tage 

of hatching oc cur re d  at 30° C an d 9 9% re l ati ve humi d i ty . 

A re lat ive humi d i ty o f  7 3% or l e s s wa s un favour ab le for 

egg laying and no eggs were laid at 3 0% re lat ive humi d i t y .  

B irch ( 1 9 44 ,  1 9 5 3 , 1 9 5 4 )  h a s  inve s t igated the inf luence 

of  temperature , moi s ture and foo d s ource  on the cap a c i ty 

for inc r ea s e  and survival o f  Calandra (Si t ophi l us oryzae) 

in whe a t  and maize . Cer tain l y  the inse ct  is sens i t ive to 
both temperature and relative humidity levels in the 
s torage environment . In par t icular , r e l a t ive humid ity 

because o f  its  e f fe c t s  on  de s s i ca t ion o f  eggs  cau s ing 

mor t a l i ty and b ecau s e  o f  i t s  in fluence on s e e d  mo i s ture 

content is a part i cu l ar ly importan t  parameter in the 

storage environment . B ir ch a l s o  conc lude d that the higher 

the t empera ture the higher the mor t a l i t y  at a par t i cular 

re lat ive humi d i ty value . 

Birch ( 19 5 4 )  inve s t igated the surviva l o f  the imma ture 

s t ages o f Calandra (Sitoph i lus ory z a e ). The range o f  

temperatures us ed  was 1 3° C to 3 5° C and tha t o f  s e e d  mo i s 

ture conten t  8% t o  1 4% .  He found that the maximum temper

ature for  surviva l was 34° C . ' A min imum temperature o f  

1 5 . 2° C and a s e e d  mo i s ture content o f  9% was nece s s ary for 

s urviva l .  When the mo i s ture con tent of seed  de c l ined 

b e low 14% ins e c t  mortality  incre ased rap i d ly . Mor t a lity 
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was lowe s t  at 3 0 °C at al l moi s ture con tent s .  Mo s t  mor t a l 

i t y  dur ing the immature s tages oc curred i n  the fir s t  l arva l 

s t age . 

Khan ( 19 48)  a l s o  worke d on the mor ta l i ty o f  ri ce weevi l 

a t  15 , 20 , 2 5  and 3 0 °C and at RH l eve l s  of  5 0 , 7 0  and 9 0% 

in bo th whe at an d ma ize . He de termine d that 5 0% RH 

irre s pec tive o f  temperature was unfavourab le for larvae 
0 and that a tempera ture o f  15 C was fatal for thi s ins ec t . 

Wheat wi th 19 % mo i s ture content in eqiulibr ium wi th 90% RH 

was invade d by mou l d  even at low temperature s .  Such 

funga l  invas i on s t opped the growth o f  rice weev i l  l arvae 

and inse ct mor t a l i t y  incre a s e d . High mortal ity was 

ob served in maize at 7 0% RH . 

S tudies on insec t popu lat ion growth by Birch ( 19 5 3 )  found 

that the population of r i ce weevi l at 1 5 . 2 °C doub l e d  a fter 

10 week s . However ,  in the s ame t ime at 29 . 1°C the popula 

t i on w a s  2 000 t ime s greater than at 1 5 .2 °C .  Such dynamic 

change s in insect popul ation s  are obvious ly environmen t a l l y  

contro l l e d . However ,  Hardman ( 19 7 7 )  wor ked o n  the envi 

ronmental  change s  as s oc iat e d  with the growth o f  a populat ion 

o f  Sitophi l u s  o r y z a e  in whe at found that s e e d  moi s ture 

content increa s e d  from 13 . 4% to 19 . 7 % after 60 days s torage , 

that r i ce weevi l s  rai sed  s e e d  mo i s ture content by 7 %  

dur ing a 112 day per i o d ,  and that h igh populations a l s o  

incre a s ed the temperature by  7 °C .  Thi s  e f fe c t  o f  popu lat ion 

increa s e  in chang ing the s torage environment h as b een 

ob s erved by a numb er o f  workers . Howe ( 19 43) for examp l e , 

conduc t ed an inve s t i gati on o f  the changes oc curr ing in a 

b in o f  s tored wheat inf e s ted by  rice weevi l . The wheat 

( 1 2 . 0% mo i s ture conten t )  showed the devel opment of a h igh 

populat ion of insec t s . Th i s  deve l opment caus ed the grain 

to heat over f ive month s . A s t eep temper ature gradient 

between the infe s t ed grain a�d the air cooled surface and 

s i des of the s torage container increa s ed the wat er c on tent 

of the grain . Due to the produc t ion of high concen tration s  

o f  carbon diox i de at the bottom o f  the b in ,  condi t ions then 

became unsui tab l e  for the surviva l of  the ins ects . 
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1 . 2 . 4  Damage Caus ed b y  SitophiZu s o r y z a e  in S tored Grain 

Koura and El  Ha l fawy ( 1 9 7 2 )  evaluated the we igh t l o s s es in 

grain inf e s ted with ins ec t s  under natural temperature 

condi t ions . Wheat , mai z e  and sorgh wn s amp l e s  wer e c o l lec ted 

from warehous e s  in the s ummer and the infes ted grains were 

s e p ar a ted.  The p ercentage we ight l o s s was  calculated by 

compar i s on of the we ight of infe s ted gra ins wi th that o f  

a s imilar number o f  sound grain s . They reported that we ight 

l o s s  averaged 3 2 %  in wheat , 2 2 . 2% in ma ize and 3 3 . 8% in 

s orghum . 

In a laboratory experiment by the same authors (Koura and 

El Ha l fawy 1 97 2) s ever al  var i e t i e s  of wheat, r i ce and 

bar ley were fumigated and the s eeds  then inoculated  with 

adu l t s  o f  SitophiZu s  o ry za e .  The adu l t s  were re moved 

af ter two day s and the grains were s tored at 25 °C and 7 0% RH 
to al low insect development . The emerg ed larvae and adul t s  

damag ed the grains and weight l o s s  wa s recorded . The 

max imum percentage we igh t los s wa s 3 7 %  for wheat , 84% for 

rice and 6 9% for bar ley . In a more con tro l l ed s tudy , 

S toyanovic ( 1 96 6 )  inve s t igat ed the los s o f  we ight in s tored 

wheat infe s ted with r i ce weevi l at ini t ia l  populat ion 

dens i t ie s  of 1 ,  2 or 3 adu l t s  per 0 . 5  kg of grain . The 

inf luence o f  temperature on weevi l ac t ivity at 1 0 °C and 

2 0°C wa s a l s o  s tudied . He de termined that after 2 0 0  days 

the percentage weight l o s s in wheat grains was only 5 - 14% 

at 1 0 °C but rose to a maximum of 7 1% at 2 0 °C over the 

s ame s torage per iod . 

Go l eb iowska , Pradzynska a nd Nawro t  ( 1 97 7 )  worked on the 

fee ding capaci ty o f  s ome spec i e s  o f  s torage insect s .  Rice 

wee vi l s  we re con f ine d in as s oc ia t ion with other s torage 

ins ec t s  in wheat ,  rye and mai z e  grains under a range o f  

temperature s  ( 20 - 2 9°C )  and h umidities  ( 6 0 -9 4% ) . They 

found that mo s t  spe c ie s , inc luding rice weevil ,  fed  mos t 

fre quent ly on the g e rm end o f  the grain and les s frequen t l y  

o n  the brush end . At higher humidi t ie s  in parti cular , 

inse c t s  con fined the ir at tack to par t s  other than the g erm . 
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The resul tant damage h a d  a maj or e f fect in reducing s e e d  

germinat ion and sub s e quent seed l ing growth c apac i t y . 

S imilar finding s have been recorde d by Kamel and Zewar 

( 1 9 7 3 )  in work on the rate of l o s s  o f  weight in mai z e  and 

mi l le t  gr ains infes ted  with rice weevi l and Rh i z oper t ha 

dom i n i c a . 

Singh , S inha and Wa l lace ( 1 9 7 7 )  s tudied changes in oxygen , 

carbon dioxide and microflora leve l s  induced by weev i l s  

i n  s tored whe at . The lowe s t  oxygen con centr ation ( 3 5 . 2  mg / 

li tre , 2 . 8% by  vo lume) and the h ighes t carbon di ox ide 

con cent rat ion ( 3 70  mg / l i tre , 21 . 7 % by vo l ume ) were ob s e rved 

at the bot tom of s torage b ins as s oc i a t e J  w i t h a 10% infes ta

tion o f  grain with r i ce weevi l s . It  was d e t ermined that 

b o th at 5% and 10% infe s tat ion leve l s  the rate of deve lop

ment of  r i ce weevi l s  was higher than that of  granary weevi l . 

A sperg i l l u s and P e n i c i l l i um s torage fung i wer e a l s o  f ound 

to have a more s evere e f fec t on the viab i l i ty o f  grain 

s amp l e s  taken from the bot tom layers than from the top 

layers of the s torage container . 

1 . 3  FUNG I 

About 1 5 0 species  o f  fungi have been i s o la ted  from cereal 

seeds . According to the ir behaviour they have been 

c l as s i f ied into two main groups , f i e l d  fung i and s torage 

fung i . Field fung i comprise  a wi de range o f  s pec ies  

inc luding A l t ernari a �  C l a do spor i u m �  He lmi n t h o spori um and 

Pu'sari um spe cie s ( Chr is tensen and Kaufmann 1 9 6 5 ) . In 

compar i s on the s torage fung i con s i s t  of members  of only 

two genera,  A sperg i l lus and Pe n i c i l l i um . They can grow 

in grains and seeds who s e  moi s ture c ontents are in equi l i 

brium with r e l a t ive humidities  o f  7 0 - 9 0% .  S torage fungi 

are commonly found on dif ferent organic  and inorgan i c  

ma ter i a l s , f o o d  produc t s , fabrics  and insulat ing mat e r i a l s  

made o f  p lant fibre , paint s ,  leather goods and g l ue s . 

The se  fung i ex i s t  everywhere and contamina te a l l  kinds o f  
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grains and s ee ds . 

grade , con d i tion s , 

seeds  ( Chri s tensen 

In thi s  l a t ter  case  they inf luence the 

keep ing quality  and s torab i l ity  o f  

and Kaufmann 1 9 6 5 ) . 

I t  has been reported  that a few Aspe�g i l lus species  invade 

and de s t roy s tored cere a l  grains ( Chr i s ten s en and Kaufmann 

1 9 6 9 ) . Asper g i l l us amste l odami � Aspe�g i l lus chava l ieri � 

Asper g i l l u s  repens� Aspe�gi l l us rest�ictus and Asper gi l l us 

r u ber grow in s eeds with a moi s ture con tent o f  13 - 15 %. 

Other s pe c i e s  such as  Aspergi l l us c andidus� Aspergi l l us 

f l av us�  Asperg i l l us ochraceus� Asper g i l l us tamarii and 

Asperg i l lus vers i co l ou r a re found in c erea l s ee ds w i th a 

moi s ture cont ent ab ove 15% ( Chri s tens e l 9 5 7 ) . By compar i 

s on the Peni c i l l i um species  are found in s tored cere a l s  

with a mo i s ture content above 16% and o f ten a t  relative 

low t emperature s ( Chr i s tens en and Kaufmann 19 6 5 ) . 

1 . 3 . 1  Inf luence o f  Envi ronment on the Deve lopment o f  

Storage Fungi 

The s torage fung i deve l op rap idly at about 3 0° C - 3 2° C 

and the ir growth rate de c l ines wi th r e duction in tempera

ture . However , the deve lopment of a f ew s trains of the 

Aspergi l l us g l au c us group are capab l e  o f  very s l ow growth 

at 3 5° C - 40° C and s ome spec i e s  of Peni c i l l i um can grow 

at a temperature s evera l  degre e s  b e l ow freez ing ( Chris tensen 

and Kaufmann 19 65 ) .  

Corn s e e ds at 15% mo i s tu re con tent wh ich are free o f  

s torage fung i , s ound and i n  good con t ion can b e  kep t  at 

a temperature o f  4 5° F - 5 0° F for 9 - 1 2  months without any 

deterior a t ion . However , i f  the g rain has already b een 

c ontamina ted with s torage fungi and s tored at 1 5/o mo i s ture 
• 0 0 content and a tempe rature o f  4 5  F - 5 0  F ,  the deve lopment 

of fungi may oc cur and the s eed may deteri orate with in 

6 mon ths ( Ch ri s ten s en and Kaufmann 19 6 8 ) .  
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Ae rated and non - aerated s amp les o f  corn were s tore d by  

Bot tomly , Chr i s tensen and Ge dde s ( 19 5 2 )  at 3 0°C at moi s ture 

con t en t s  between 19 an d 3 1% .  Mou l d  growth and a c i di ty 

incre as e d ,  whi le  viab i l i ty and non -reduc ing sugar leve l s  

de creased with in cre as ing mo i s ture cont en t and t ime o f  

s torage . Aspergil lus glaucus was invo lved i n  a rap i d  los s 

o f  non- reducing sugar and a s l i gh t incre ase in fat acid i ty . 

Bu t A spergi l lus flavus� Aspergillus candidus� Penicillium 

s pe c ie s  and Fusarium species  were a s s o c iated wi th marked 

incr e a s e s  in  fat acidity . In non - aerated s ampl e s  s l ight 

change s in fat ac i d i ty or non - reduc ing sugars were ob s erved 

and a de c l ine in germinat ion a l s o  o ccurr e d  (Bot tom l y ,  

Chr i s ten s en and Ge dde s 19 5 2 ) .  

Hard wheat free o f  fungi wa s ino culated wi th Aspergillus 

candidus� Aspergil lus repens and Aspergil lus restri ctus 

and s tored for 7 months in de s s i cators  at 2 5 °C by  Pap avizas 

and Chr i s ten s en ( 19 5 7 ) .  Humidi fying s o lution s  were us e d  

t o  maint ain s e e d  mo i s ture con t ent a t  leve l s  fr om 14 . 7  t o  

2 0% .  The unino cu lated contro ls  were al s o  s tore d under 

the s ame range of s t orage cond i t i on s . It was shown that 

wh i l e  the con tro l s  de cre a s e d  in ge rmination s l ight l y ,  the 

inocul ated seeds  l o s t  germinat ion dras t i ca l ly dur ing the 

s t orage per iod . At 14 . 7  to 14 . 9% moi s ture con tent 

Aspergillus restri ctus caus ed a more rap i d  de c l ine in s eed  

germinat ion than Aspergi l l u s  repens or Aspergil lus candidus. 

At 15 to 16% mo i s ture content b o th Aspergi llus candidus 

and Aspergillus restri ctus caus ed a rapid de crease in s ee d  

viab i l i ty . I t  is  c on s idere d that funga l  invas ion o f  

s tored s e ed  i s  a common cause o f  " s ick" whe at in comme rcia l 

s torage ( Pap aviz as an d Chr i s tensen 19 5 7 ) . 

Corn s eed wa s s t ore d at d i f ferent mo i s ture con tent s by  

Bot tomly , Chr i s ten s en and Gedde s  ( 19 5 0 )  to s tudy the 

e f fe c t s  o f  variation in temperature and oxygen con centra

t ion on funga l  growth, viab i l ity and b i o chemi ca l proper t ie s .  

The moi s ture con t ent s chosen we re i n  equi l ib rium wi th 

re lat ive humi di ties  of 7 5  to 10 0% and ranged from 1 7 . 4  to 

3 1. 2% (dry weight b as i s ) .  Tempera ture ranged from 2 5 - 4 5°C 
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and oxygen concentration from 0 . 1  to 2 1% .  The variation 

in re l at ive humidi ty a f fec ted funga l growth and b iochemi 

c a l  properties  but had l i t t l e  inf luence on atmo s pheric  

compos i t i on.  When the re lat ive humid i ty o f  the s torage 

atmo s phere was increa s e d  from 7 5 to 10 0% the amount o f  

fungus infect ion increa s e d  logar i thmi cal ly . Intern a l 

fungal  infe ct ion and fat acid i ty increased rapidly  and a 

s l ight increase in t o t al and water s o lub le n i trogen 

o c curre d .  Re ducing sugar l eve l s  a l s o  incre as e d . Conve r s e 

ly a reduc t i on in non - reducing s ugar s ,  total  dry ma t ter 

and viab i l i t y  of grain was ob serve d . The variation in 

tempera ture a l s o  affected  fungal  growth . Highe s t  mou l d  

coun t s  were recorded a t  2 5 °C an d a t  4 0°C  the highe s t  fat 

acid i t y  leve l was no ted . With a redu c ti on of  oxygen 

con tent in the s t orage atmo s phere from 2 1 %  to 0 . 1% ,  funga l 

growth was four t ime s greater ( B o t t omly , Chr i s tensen and 

Ged de s  19 5 0 )  . 

The two main genera o f  fungi di f fer in their r e s pons e  t o  

di f ferent s t orage environments . For examp l e ,  corn s e e d  

in equi l ibrium w i t h  a re lat ive humidty o f  8 0% , deve lops 

mainly Pe n i c i l l i um at 2 5° C ,  mainly A s p e r� i l l u s  at 3 0 - 3 5° C 
an d mainly Mu c o r  spe c ie s  a t  4 5° C .  However ,  Pe n i c i l l iu m  

spp and a few A sperg i l lus s pe cies  inc luding A .  c a n d i da 

p s eud o - trop i ca l i s  were highly tolerant to low oxygen 

tens i on s  ( Bo t tomly ,  Chri s t en s en and Ge ddes  19 5 0 ) .  

Samp l e s  o f  corn were co l l ected by  Chr i s tensen ( 1948 ) from 

commer c i a l  b ins  to s tudy fung al growth at low s e e d  mo i s ture 

leve l s .  The s e e ds were s t ored in va cuum bot t le s  at di ffer

ent mo i s ture conten t s . As  a re sult of  incre ase  in the s e e d  

mo is ture content the fungal  p o pu la t i on an d temperature 

a l s o  increas e d  ( Chr i s tensen 19 4 8 ) . 

In bulk s torage s i tuat ions there i s  a l s o  the pos s ib i l i ty 

tha t some o f  the grains may b e  moi s t  enough when s tore d ,  

or acquire high mo i s ture as a result  o f  mo i s ture migration . 

Th is s i tuat ion provides  favourab le condi tions for the 
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deve lopmen t o f  A s perg i l l u s  re stri ctu s and A sperg i l l u s  

g l au c u s . A sperg i l l u s  re str i ctu s i s  s low growing and 

genera l ly doe s  no t cause ho t spots  o r  increase moi s ture 

con t en t . However , A spergi l l u s  g la u c u s  deve lop s r ap id l y  

and increases  the t emperature o f  grains t o  3 5 - 40° C .  When 

the moi s ture con tent of grain exceeds 1 5 . 0% to 1 5 . 5% ,  

A sperg i l lu s  can di du s  growth b eg ins , whi ch can increas e 

the t emperature an d mo i s ture conten t o f  grains  very 

rap i d ly if op t imum condi tions prevai l .  As the moi s ture 

conten t o f  the gra in re aches equ i lib r ium with a r e l a t ive 

humidi ty of 8 5 %  ( 1 8 . 5% mo i s ture in cere a l s ) A spergi l lu s  

f l a v u s can grow . A s pergi l lus c a n didus an d A .  F l a v u s  

together may then increase the tempe ratu re o f  the grains 

t o  5 5° C and maint ain it at th i s  leve l for sever a l  weeks 

( Sinh a  and Wal lace 1 96 5 ) . Under adiab a ti c  con di tions 

the t emperature and re spiratory incr e as e s  in mois t corn 

s amp l e s  are dire c t ly corre late d to fungal deve lop ment 

unt i l  the temper ature reaches 5 2 - 5 5° C ,  where fungi are 

k i l l e d , respirat ion s tops and heating ceases . At higher 

mo i s ture con tent s  b ac terial deve lopmen t may heat the seed 

to the b ac t e r i al therma l death poin t  r anging from 6 8 - 7 0° C .  

Due t o  non - b i ologi cal oxidation the spontaneous heating 

of  s eed  may con tinue under con tro l le d  adi ab a t i c  con di tion s  

(Mi lner , Chr i s t en s en and Geddes 1 94 7 ) . 

I t  has b een shown that in s tarchy cere al  seeds  s tored at 

mo i s ture con ten ts  b e tween 1 4 . 0  and 1 5 . 5% an d in s oybe an 

seed a t  be tween 1 3 . 0  and 1 4 . 0% ,  a d i f ference o f  onl y  0 . 2% 

in moi s ture content may inf luen ce the rate o f  funga l  

growth and the ex tent o f  damage in a g iven l ength o f  t i me 

( Chri s t en s en and Kaufmann 1 96 5 ) . 

Seeds o f  cabb age , cucumb er okra , onion , pepper , radish , 

s al s i fy ,  s p i nach and turnip were inocu lated with spores 

of  A sp ergi l l u s  amste l o dami or A s pergi l lu s  f l a v u s  and 

s tored at 85% RH and 2 2 - 2 5 °C for 3 0  days , by  Ku lik ( 1 97 3) . 

Non -i no cula ted s eeds  s e rve d as  con tro l . He foun d  that a t  

the e n d  o f  3 0  days the s e  fungi had invaded on ly a smal l 

numb er o f  seeds  o f  cabb age , cucumb er , radi sh an d turnip . 

More s eeds  o f  okr a,  onion , pepper , s a l s i fy and s p inach 
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were i nvade d b y  either o r  b o th A s pergi l lu s  a mste l odami and 

A sperg i l l u s  f l a v u s  bu t fungus invas ion did not appe ar to 

caus e a de c l ine in germinab i l i t y . 

Heyde cker ( 1 9 7 2 )  s t ated that te mpe rature , as  we l l  as 

affe c t ing the nu mber ger mina ted and the rate of ger mination , 

can a l s o  affect  the uni for mi ty o f  germinat ion . Germination 

reduced w i th r i s e  in te mperature . At low t e mperatures the 

rate o f  ger mina t i on is very l ow ,  hence the potential for 

spread o f  the d i s t r ibution o f  ger mination if t i me i s  great . 

General ly i t  s ee ms th at s e e ds are s o fter and are more e asily 

da mage d  at high mo i s ture con ten t  but a t  ve ry low moi s ture 

con tent , in wheat , the b ran b e co me s  bri t t le  and breaks 

eas i ly . In the s e  circums t ance , the endos perm i s  hard and 

the s o f t  e mb ryo may b e  eaten c l ean l y  out o f  every wheat 

kerne l and even Sitoph i l u s  spp . l ay the ir  eggs in the 

s cute l l u m  around the e mb ryo (Howe 1 9 7 3 ) . 
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CHAPTER I I  

MATERIALS AND METHODS 

2 . 1  EXPERIMENTAL DES IGN AND METHOD 

The pre s en t  inve s t i gation was de s igned to de t e rmine the 

infl uence of s e l e c t e d  s torage environments on rice weevi l 

(Sitophi l us  o r y z a e  L . ) inf e s tation and thei r  e f fe c t  on 

mai z e  s e e d  deteriorati on . The s tudy invo lve d  a randomised  

b lock de s ign incorporating three ini t i a l  s e e d  moi s ture 

con tent s ( 18 . 5 ,  15 . 1  and 12 . 4%) , two s to rage temperature s 

( 3 0°C and 2 0 °C ) , two s torage relative humidi ties  ( 6 5% and 

40%) wi th thr e e  r e p l i cates of each t reatment . H a l f  o f  

the s e e d  s amp l e s  were s tore d direc t ly under the s e  condi

t ions . In the other h a l f  o f  the s e e d  samp les  rice weevi l 

adu l t s  were introduce d imme di ate ly prior t o  s torage . Thi s  

provided the opportuni ty t o  evaluate s eed  de terioration 

and ins ect  e f fe c t s  under a common s e t  o f  environments . 

Sound and untreated mai z e  seed o f  variety XL45  wa s u s e d  
in this experiment . This  seed had a pre - s torage germina

t ion of 92% and an ini t i al mo i s ture con tent of 13 . 4% .  The 

seed mo is ture c ontent was adj usted  t o  di f ferent d e s i r e d  

mo i s ture c ontents ( 12 . 4 ,  15 . 1  and 18 . 5 %) . T o  ob t ain the 

lowes t moi s ture leve l 3 2  kg s of s ee d  from the ini t ia l  l o t  

was art i f i c ia l ly dried us ing a "kiwi "  mini dryer . The 

changes in moi s ture con tent were moni tored us ing the high 

tempera ture air oven me thod ( I STA 19 7 6 ) .  The drying and 

mix ing o f  see d by hand was cont inue d unt i l  the required 

moi s ture con tent o f  12 . 4% was s e cure d . To ob t ain me dium 

and h igh leve l s  o f  s e e d  mo i s ture i . e .  15 . 1% and 18 . 5% ,  

3 2  kgs o f  mai ze see d for ea ch mois ture content was taken 

from the bulk s amp le and spre ad in thin layers in a p las 

t i c  container . A c a l culated quan t i ty o f  water was spraye d 

i n  a th in mi s t  on to the s ee d . Af ter spraying , the seed 

was  tho rough ly mixe d by han d . The s eed  s amp l e s  in p l as t i c  

containers were comp letely  covered wi th a p l as t ic  sheet to 

reduce evap orat ion . The mix ing o f  see d was carri e d  out 

\ 



twi ce each day . Mo i s ture t e s t s  were t aken at interval s  

unt i l  the pre s crib e d  moi s ture l eve l s  o f  1 5 . 1  and 18 . 5% 

were achieve d . The s eed  s amp les  we re kep t for f ive days 

in a con tro l le d  tempera ture room at 5° C .  

The s e e ds at each ini tial  moi s ture content we re each 

thorough ly mixe d by pas s ing them through a s oi l  divi de r . 

Th i s  mixing wa s repeated three t ime s to obt ain a uni form 

s ee d  s amp l e . 
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The experiment was con ducted i n  two part s . I n  the f ir s t  

part a s e r i e s  o f  5 04 one li tre capa city g l a s s  j ars  were 

us e d . Approximately 1 2 0  grams ( about 3 0 0  seeds ) of maize  

was p l aced in  each j ar .  H a l f  o f  the j a r s  were inocu lated 

with 60  adu l t  r i ce weev i l s  each . In s e c t  count ing was 

carrie d out u s ing a vacuum counter deve loped at the Seed 

Te chno logy Centre ( P late 1 ) . Thi s  ini tial  ins ec t  popula

t ion repre s ented one adu lt weevi l per two grams o f  maize 

seed by  we ight . The j ar s  containing ins e c t s  were covered 

wi th open me sh gauze . Jars not conta ining ins e c t s  were 

covere d with open weave ny l on mater ial  ( P late 2 ) . A l l  the 

j ar s  we re s t ored in the approp riate temperature and 

humidi ty treatmen t o f  3 0 °C - 40% RH , and 2 0 °C - 6 5% RH . 

In the s e cond part o f  the experiment the s e e d  was s tored 

at e i the r 3 0 °C - 6 5% RH or  20°C - 40% RH . In orde r  t o  

ob tain the required leve l s  o f  humi dity in this par t  o f  the 

experiment i t  was nec e s s ary to s tore the j ars  in l arge 

airt ight containers ( P l at e  3 )  each con taining control led 

humidi ty s o lut ions prepared by mix ing the requir e d  propor

t ion s o f  wat er and g lycerine as emp loyed by Hill  ( 1 9 6 5 )  . 

The 6 5 %  RH atmo s phere at 30°C was obt ained by mixing g ly 

cerine and water i n  a 6 4  ml : 3 6 ml  rat io . The 4 0 %  RH 

atmos phere at 2 0°C was obt ained us ing pure g ly cer ine . Such 
. 

mix tur e s  were u s e d  to maint ain the required re lat i ve humi d-

i ty leve l s  o f  6 5/o a t  3 0 °C an d 40% at 2 0°C within ± l% . 

In th i s  part o f  the experimen t the int erna l atmo s phere in 

the p l a s t ic con tainers  was circu lated dur ing the s torage 
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p e r i o d  us ing an e lec t r i c  a i r  pump . A l l  the p la s t i c con 

tainers for any par t i cu lar RH le ve l  a t  e i ther 20° C o r  3 0° C 

we re inter conne c t e d  wi th p las t i c tub ing . An e le c tr i c  

mo tor was f i t ted  t o  a t ime c l o ck .  The p la s t i c  tub ing was 

conne cte d in a circui t w i th the e l e c t r i c  mot or ( P late 4 ) . 

The interna l atmos phere in the p las t i c  con t ainers was 

aera t e d  twi ce every 24 hours . Th is aera tion procedure was 

con t inued throughou t the s t orage period to ensure a uni form 

re l at ive humi di ty l eve l in each con t ainer . The RH was 

che cked twi ce a week by we t and dry bulb thermome t er ( P l a te 6).  

In both par ts of this expe riment s ampl i ngs  were carr ied 

out  af ter 2 ,  4 ,  6 ,  8 ,  12 , 16 an d 20 week s s t orage . At 

each s amp ling time me as uremen t s  of seed ge rminat ion , s eed  

mo i s ture con ten t an d the inciden ce o f  s torage fungi were 

carr ie d ou t . The deve lopmen t and mor t a l i ty of r i ce weevi ls 

in each treatment was a l s o  re corded . 

2 . 2 MEAS UREMENT S 

2 . 2 . 1  Germinat i on o f  S e e d  

The u l t imate obj ect  o f  te s t ing the s e e d  for germination 

i s  t o  gain in forma t i on with re spect  to i t s  fie l d  p lan t ing 

va lue ( I STA 19 7 6 ) . The germinat ion tes t for each trea t 

ment was con duc te d on 3 x 10 0 s e eds coun ted randomly . 

The r o l led pap e r  me tho d was us e d  a t  a temperature o f  25°C .  

The f ir s t  s e ed l ing count was recorded on the s ixth day and 

the fin a l  coun t  on the ninth day . 

The percen t age o f  no rma l seed lings was re corded . The 

c i r ter i a  for no rma l corn s e e d l ing deve lopmen t compri s e d  

a we l l  deve lope d primary roo t s y s tem o r  w i th adven t i t ious 

an d l a teral  roo t s  with adequate length an d vi gour . A l s o  
. 

a we l l  deve loped intact ep ico ty l  with we l l  deve loped 

primary lea ve s  eme rg ing through the co l eop ty l ( I STA 19 7 6 ) . 

Th e per centage o f  abn o rmal seed l ings was a l s o  n o t ed . 

Abno rma l s eed lings were c l a s s i fied  as  tho s e  wh ich did no t 
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show the c apac i t y  for con t inued deve lopment into norma l 

p l ants  when grown in good qua l i t y  soi l and unde r favour ab le 

con di tions of water supp l y , tempe rature and l igh t ( I STA 

1 9 7 6 ) . D amaged , de forme d and de caye d s e e d l ings and s e e d

l ing s s howing any other de fe c t s when tes ted on a r t i f i c i a l  

s ub s tra ta  were c la s s i fied as abnorma l .  The percentage o f  

ungerminated an d dead s e eds was a l s o  no ted . 

2 . 2 . 2  Mo i s ture Content E s t imat ion 

Mo i s ture i s  the main fac tor a f fe cting s ee d  qua l i ty and the 

act ivi t ies  of fungi and inse c t s . Mo is ture tes t s  we re 

conduc ted at every s amp ling time . Es t ima t ion o f  mo i s ture 

con tent was made by lo s s  in we ight when seed s amp l e s  were 

ground and drie d in an air oven at a high cons tant tempera

ture as re commended in the I S TA Ru les ( 1 9 7 6 ) . Two rep l i 

cate s , e ach of 5 grams , we re ground and kep t for four hours 

in an air oven at 1 3 0° C .  The s amp les  we re shifted to a 

de s s i cator for 3 0  minutes  a f ter drying to coo l . The pe r

cent age mo i s ture l o s s  in  drying was  c a l cu l a ted as f o l lows : 

M2 - M3 X l OO 

M2 - Ml 

Where 

Ml = i s  the weight in grams o f  the con tainer 

and i t s  cover . 

M2 = i s  the weight in grams o f  the cont ainer , 

cover and i t s  con tents be fore drying . 

M3 = we ight in grams o f  the con t ainer , cover 

an d contents  after drying . 

2 . 2 . 3  Det erminat ion o f  St orage Fungi 

The agar p lat ing me thod was used to de tect  s t orage funga l  

deve lopmen t i n  ma i ze s eed . The growth an d deve lopment o f  

fungus was as s ayed i n  a l l  tre a tmen ts  a t  each s amp ling t ime . 
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1 0 0  s ee ds from ea ch tre atment we re t ie d  in a mu s l in c lo th 

and imme r s e d  for one minu te in a 0 . 1% mer curi c  chl oride 

s o lution . The s e e d  s amp les  were then washed in running 

water for five minute s . Sur face s teri l i s e d  seeds  were 

p l a t e d  on to malt - s a l t - agar (MSA ) me dium . The petr i d i shes 
0 

were kept at 30 C for two weeks . Seeds with funga l  inva-

s ion were then count e d . The ma l t - s a lt - agar u s e d  compr i s e d  

the fo l lowing ingredien t s : 

Ha l t  extract , Di fco 3 0 . 0  grams  

NaC l 7 5 . 0  grams 

Bacto agar = 15 . 0  grams 

Dis til led  water 1. 0  l i t re 

2 . 2 . 4  Interna l Seed Damage As s e s smen t 

Sinc e Si t o p h i l u s  o ry z a e comp letes  i t s  l i fe cy c le ins i de 

the maize grains , the damage rendered by larvae and a du l t s 

cou ld not alway s be  eva luated by  vi sual examina tion . 

At temp t s  were there fore made to a s se s s  the amount of 

in ternal  damage and also to examine the pos s ib i l i ty o f  

preferent i a l  fee ding by rice  weevi l s  on di f ferent par t s  

o f  mai z e  grain s . A s imp le X- ray photography sys tem was 

emp loyed u s ing a Faxi tron 4 3 8 04N X - r ay machine ( P late  5 )  

with expos ure on to Polaroid fi lm .  Photographs o f  mai ze  

grains from s e e d l o t s  prior to  s torage and at regular 

int e rv a l s  during the s t or age period a l lowed compari s on to  

be  made be tween tre a tments  in  the rate  an d extent o f  in s e c t  

damage t o  internal s e e d  t i s sues . F o l lowing X - ray photo 

graphy the s e e ds from e a ch s amp l e  were s own in s and in the 

s ame s equence . Thi s a l lowed a compari son to be made 

b e tween the type of internal s e e d  damage shown by X- ray 

ana ly s i s  an d the capacity of s ee ds to deve lop into norma l 

s e e d l ing s in a s t andard s an� te s t . At the end o f  the 

germination t e s t  photograph s of d i f fe ren t s e e d l ing cate

gor i e s  (norma l and abnorma l s e e d l ing s and dead s eeds ) 

were t aken . 



P late 5 :  Fax i t ron X- r ay Sys tem Mode l 4 3 8 04 

U s e d  for Tak ing X- ray Phot og raphs 

of Ma ize Seed 

P late 6 :  Wet an d Dry Bulb The rmome ter U s e d  

f o r  De termina tion o f  Re l a t ive 

Humi di ty 
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2 . 3  STAT ISTICAL ANALYS I S  

Ana ly s i s  o f  results  showing change with t ime , wh i le 

impor tan t  in i t s e l f , was cons idered to be l e s s  meaning ful 

b e cau se of the vas t dif ferences and the sma l l  error value s 

in germinat ion r e s u l t s  pres ented e ar ly in the experimen t 

compared wi th the much l arger value s  o ccurring later . For 

thi s  reason , an d be cause the main comparat ive requirement 

was wi thin t ime and between treatmen t comp ari son , on l y  

wi thin s amp l ing time ana lys i s  w a s  c arried ou t . 
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CHAPTER I l l  

RE SULTS 

The resul t s  of this s tudy are pres ented in three s e c t i ons . 

The fir s t  ( 3 . 1 )  cons iders the e f fec t  o f  the s torage 

environment on s e e d  moi s ture con t ent , s e e d  germinat ion 

and abnormal s e e d l ing deve lopment .  The secon d s e c t ion 

( 3 . 2 )  con s iders the performance o f  s eed  s tored under the 

s ame con d i t ions as tho s e  des crib ed in the firs t s e c t ions 

but with the addi t iona l e f fec t s  of in s e ct populat ions and 

ins e c t  damage on s e e d  qua li ty . The fina l s e ct ion ( 3 . 3 ) 

looks speci f i c a l ly at changes in s torage fungus deve lop

ment an d the e f fe c t s  of Aspergi l lus an d Penici l l ium 

species  on s e e d  qua l i ty during s t orage . 

3 . 1  SEED STORAGE EFFECTS 

3 . 1 . 1  Ini t i a l  Seed Qual i ty 

Parameters  of ini t i a l  s e e d  qua l i ty , a f ter  adj u s tment o f  

s eed mois ture content , are s e t  ou t i n  Tab l e  1 .  Condit ion

ing o f  s ee d  to  the de s ired experiment al percentage moi s ture 

content had no de le ter ious e f fe c t  on germinat ion or other 

de terminants  of qua l i ty . 

TABLE 1 :  INITIAL LEVELS OF MAIZE SEED QUAL ITY 

Ini t ial  See d Moi s ture Content 

1 2 . 4/a 1 5 . 1/a 1 8 . 5/a 

Normal 
Germinat ion ( /a) 9 2  .. 5 9 2 . 3  9 2 . 0  

Abnorma l 
Germination (/a) 4 . 3  5 . 0  5 . 3  

Dea d See d ( /a ) 3 . 2  2 . 7  2 . 7  

F i e l d  Fung i (/a ) 1 . 0  2 . 0  4 . 0  

Storage Fung i (%)  3 4 . 0  3 6 . 0  3 8 . 0  
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3 . 1 . 2  Change s  i n  S e e d  Mo i s ture Con t en t  

The mai z e  s e e d  u s e d  i n  t h i s  expe riment was s tored ini t i a l ly 

a t  thre e  d i f fe re n t  s e e d  mo i s ture content s ( 18 . 5 ,  1 5 . 1  and 

1 2 . 4% ) . The r e su l t s  pre s en t e d  i n  F i gure l c le a r l y  show 

t h a t  b o th s torage t emperature and r e l a t ive hum i d i t y  h a d  

r ap i d  and s i gn i f i c an t  e f fe c t s  o n  s e e d  mo i s t ure con tent . 

In a l l  t r ea tmen t s  the ini t i a l  moi s ture c on t en t  o f  the s e e d  

was increa s e d  or decre a s e d  unt i l i t  re ache d equi l ib r ium 

wi th the s torage environmen t .  Th i s  ab s orpt i on o r  de s orp 

t i on o f  s e e d  mo i s t ur e  wi th t ime c le ar ly demons t r a t e d  the 

hygros cop i c  nature of the s ee d . In addi t i on , i t  s tre s s e d  

the dramat i c  r o l e  the r e l a t ive humi d i t y  o f  t he s torage 

environmen t  p lays in a l t er ing s e e d  mo i s t ure con t en t . 

S t orage t empe r a tur e a l s o  h a d  a sma l ler inf luenc e  on b o th 

the r a t e  and extent  o f  mo i s t ur e  change . 

In t he c a s e  o f  s e e d  s to r e d  a t  2 0° C or 3 0° C ac compan i e d  

t hroughout wi th a L�O% r e l a t ive humi d i ty , s e e d  mo i s t ure 

con te n t  fe l l  in a l l  t re a tmen t s  t o  an e qu i l i brium mo i s ture 

content o f  b e tween 7 . 4% an d 9 . 3% a ft er 20 we eks s torage . 

The r a t e  o f  mo i s ture movement from the s e e d  into the 

s to rage a tmo s phere was ini t ia l ly rap i d , p ar t i cu la r l y  ove r 

the f ir s t  2 - 4  week s . Sub s equen t ly the ra t e  o f  mo i s ture 

change was con s i de r ab ly s lower , w i t h  o f ten only 1 . 0  t o  

1 . 5% s e e d  mo i s t ur e  l o s s o c curring over t h e  l a s t 1 2 - 1 4 

we ek s o f  s t or age . The r a t e  and ex t en t  o f  moi s ture l o s s  

i n  4 0% RH s t or age t r e a tmen t s  wa s grea t e r  a t  3 0° C than a t  

2 0°C .  H i gh t emperature had i t s  gre a t e s t e f f e c t  i n  s p e e d 

ing up t he rate o f  i ni t i a l  moi s ture lo s s , par t i cu l ar ly 

duri ng the f ir s t  two weeks o f  s torage . I t  a l s o  r e s u l t e d  

i n  s e e d  r e a ch ing a lowe r equi libr ium mo i s ture con t en t  

( E . M . C ) a t  the end o f  the exper imen t . Seed  s to r e d  a t  3 0°C 

and 4 0% RH re ache d an E . M . C . o f  7 . 4 - 7 . 6% compare d t o  a 

9 . 1 - 9 . 4% E . M . C .  in s e e d  s tor�d a t  2 0 °C an d 40% RH . 

A s im i lar trend o c cur r e d  in s e e d  s to r e d  a t  e i ther 2 0° C or 

3 0° C under 6 5 %  r e l a t ive h umid i ty . However , the  i ni t i a l  

moi s ture con t en t  o f  the s e e d  de t e rmine d whe ther the s eed 
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ab s orbed mo i s ture from the s t orage envi ronment as o c curre d 

in the 1 2 . 4% ini t i a l  mo i s ture con tent treatment or desorb e d  
mo i s ture as  o ccurr e d  i n  t he s e e d  s to r e d  a t  ini ti a l  mois ture 

con t en t s  o f  1 5 . 1% or 1 8 . 5% .  

The r e s u l t s  in F igure l s how that the rate  and extent o f  

mo i s ture ab s orp t ion i n  the 1 2 . 4% in i t i a l  mo i s ture content 

tre a tmen t  was s l ow , r i s ing to 1 3 . 2 % in the 3 0° C env iron 

ment and 1 3 . 9 % in the 2 0° C s t orage envi ronment a f t e r  2 0  

week s . I n  the two higher i ni t ia l  mo i s ture con t ent s e e d lo t s  

d e s orpt ion o f  mo i s ture o c curr e d  very rap i d l y ove r the f i r s t 

2 - 4  week s . The r e a f t e r  the rate  o f  change wa s mu ch s l ower , 

a l o s s o f  l e s s  than 1% oc curring i n  mn s t  c n s e s  o ver the 

remaining 1 6 - 18 weeks s to r age . 

Ag ain , t empera ture p l aye d a minor but s i gni f i c ant r o l e  in 

the leve l of e qu i l ib r i um mo i s ture con tent re ache d . The 

h ighe r s t orage t empera ture ( 3 0 °C and 6 5% RH ) r e s u l t e d  in 

a lower E . t1 . C . va lue ( l J . l - 1 3 . 5 %)  a f t e r  20 weeks wh i l e  the 

2 0° C and 6 5% RH env ironmen t re su l te d  in a 1 3 . 9 - 1 4 . 2% E . M . C . 

va lue b y  the end o f  the exper imen t .  

I t  i s  int e re s t ing that the in i t i a l  mo i s ture con t e n t  o f  the 

s ee d , wh i ch r ange d from 1 2 . 4% to 1 8 . 5% ,  had on ly a very 

short inf luence on seed mo i s ture con ten t  in s t orage . 

Ce rt a in ly a f te r  4 week s i n  a l l  tre a tment s a l l  o f  the mai z e  

s ee d  h ad a mo i s ture cont ent b e low the 1 5% con s i de re d  s afe 

for short term s t o rage o f  maz ie s e e d , irr e s pe c t ive of the 

ini t i a l  mo i s ture con tent . Thi s  shows that the i n f luence 

of pre - s t orage mo i s ture con t en t  was on ly tran s i tory , 18 

out of the 20 weeks s t orage b e ing in f luenced mo s t  s t rong ly 

b y  the s t orage environment gener a l l y , and b y  the r e l a t ive 

humi d i ty in the s t or age env ironment in p ar t i cu lar . By the 

end of the expe riment there was no s i gni f i cant d i f feren ce 

in the E . M . C .  o f  s e ed a t tr ibu t ab le t o  ini t i a l  s e e d  mo i s 

ture leve l ( Appendix l ) . 
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3 . 1 . 3  Ge rmin a t i on 

The l eve l o f  ini t i a l  s e e d  mo i s ture content i . e .  1 2 . 4 ,  1 5 . 1  

an d 1 8 . 5% had no e f f e c t  on the g e rmina t i on o f  s ee d  in a l l 

s t orage condi t i on s  up t o  8 week s o f  s torage (Tab l e  2 ) . 

Sub s equen t ly , howeve r , a s l i gh t d e c l ine in germin a t i on 

o c curre d a t  a l l s t or age con di t i on s  a f t e r  1 2  we eks o f  

s torage , b u t  the decrease  i n  germina t i on was gre a t e s t  a t  

the h i gh ini t i a l  mo i s ture con tent treatmen t s  as s o c i a t e d  

wi th s t orage o f  s e e d  i n  comb ina t i on w i t h  h igh t empe rature 

( 3 0 °C )  and the h igher l eve l of re l a t ive humi di ty ( 6 5% RH ) . 

A t  the end o f  the exper imen t  the redu c t i on i n  germinat i on 

a t  3 0°C and 6 5 %  RH was 1 1 , 1 4  and 2 8% i n  s e e d  w i t h  ini t i a l  

mo i s ture con t en t s o f  1 2 . 4 ,  1 5 . 1  and 1 8 . 5 l r e s pe c t ive ly . 

The s e  r e s u l t s show tha t the s i gn i f i can t  re duct i on in 

g ermina t i on at the higher mo i s ture con t en t  i . e .  1 8 . 5% ,  was 

due to the d i r e c t  inf luence of re l a t ive humi d i ty , t empe ra

ture and period of s torage . The de teriora t i on o f  s ee d  a t  

thi s mo i s ture conten t  and s t orage con di t i on s  was gradu a l  

an d on ly a f t e r  1 6  and 2 0  week s s t orage d i d  the e f fe c t  o f  

s t orage env ironment b e come evid en t  (Append ix 3 ) . 

I t  i s  intere s t ing t ha t  e ach i n d i v i dua l s e e d  s t orage p ar a 

me t e r  ( ini t i a l  s e e d  mo i s ture c on ten t , s t orage t empe ra ture 

and s to r age re l a t ive humid i ty )  had no maj or e f f e c t  on s e e d  

g e rm inat ion dur i ng 2 0  weeks s t orage a t  the i r  l owe s t  l eve l s 

i . e .  1 2 . 4 % an d 1 5 . 1 % ini t i a l  s e e d  mo i s ture con t en t , 2 0 °C 

s torage t empe r a t ure and 40% s torage re l a t ive h umid i ty . 

The mos t s igni f i can t  reduc t i on in germin a t i on capac i t y  

o c curre d a t  the h i gher leve l s  o f  each parame t e r  an d then 

on l y  dur ing the l a te r  s t ag e s  o f  the s torage p e r i od . Th i s  

e f fe c t  i s  shown by mo s t  s igni f i cant r e duc t ions i n  ge rmina 

t i on b e ing r e c o rd e d  i n  18 . 5% ini t i a l  mo i s ture c on t en t  s ee d ,  

a t  3 0° C s t orage t empe ra ture and 6 5% re l a t ive humid i ty . 

The s e  r e s u l t s  sugge s t  that  che s e  t hree s t orage p ar ame t ers  

c an b e  " r anke d "  in order o f  s e ver i t y o f  i n f luence on seed 

d e t e r i o r a t ion ra t e  as  h i gh ini t i a l  mo i s ture content , 

s t orage r e la t ive h umid i t y  an d s t orage t empera ture . 



Tab le 2 :  E f fe c t o f  Mo i s ture Con t ent , Tempera ture an d Re l a t i ve Humi di t y  on the Ge rmin a t i on o f  
Mai z e  S e ed . Fi gure s in t he Body of  the T ab le are Pe r c e n t ag e  Ge rmina t i on . 

Ini t i a l  Mo i s ture C on ten t Ini t i a l  Mo i s ture Con tent 

S t orage 
12 . 4% 1 5 . 1% 

Per i o d s  2 0
°

C 3 0
°

C 2 0
°

C I 3 0
°

C 

(we eks ) 4 0 % RH 6 5% RH 40/o RH I 6 5 /o RH 40/o RH 6 5 /o RH 40/o RH 6 5 /o RH 

0 9 2 . 5a 9 2 . 5a 9 2 . 5 a 9 2 . 5 a 9 2 . 3 a 9 2 . 3 a 9 2 . 3 a 9 2 . 3 a 

2 9 2 . 3 a 9 2 . 0 a 9 2 . 0 a 9 2 . 0 a 9 2 . 3 a 9 2 . 3 a 9 1 . 7 a  9 2 . 3 a 

4 9 2 . 0 a 9 1 . 7 a 9 1 . 3 a  9 2 . 0a 9 2 . 3 a 9 2 . 3 a 9 1 .  Oa 9 2 . 0 a 

6 9 1 . 3 a  8 9 . 7 a 9 0 . 7a 9 1 .  3 a  9 1 . 3 a  9 0 . 0 a 9 0 . 3 a 9 1 .  O a  

8 9 0 . 7 a 8 9 . 7a 8 9 . 7 a 9 0 . 0 a 90 . 3 a 8 8 . 3 a 9 0 . 0 a 9 0 . 3 a 

1 2  9 0 . 0 a 8 7 . 3b 8 8 . 7 ab 8 9 . 7 a  9 0 . 0 a 8 6 . 3b c 8 9 . 3 a 89 . 3 a 

1 6  84 . 7b c 8 5 . 7b 8 8 . 3 a 8 3 . 0 c 84 . 3b c 8 5 . 3b 8 8 . 0 a 8 1 .  3 c  

2 0  8 4 . 0b 8 4 . 7b 8 9 . 3 a \ 8 l . 3 c 8 3 . 3b c 8 5 . 3b 8 7 . 7 ab 7 8 . 3d I 
Unl ike l e t t e r s  i n  e a ch row s how s i gni f i can t d i f fe rences  at P � 0 . 0 5 .  

Ini t i a l  Mo i s ture Con ten t  

1 8 . 5% 

2 0
°

C 

40% RH 6 5 /o RH 

9 2 . 0 a 9 2 . 0 a 

9 2 . 0 a 9 2 . O a  

9 2 . 0 a 9 1 .  7 a  

9 1 . 7 a  9 0 . 0 a 

9 0 . 3 a  8 7 . 7b 

9 0 . 3 a 8 7 . 0b 

8 2 . 0 c 8 4 . 3b c 

8 0 . 0 cd 8 4 . 3 b  

I 

3 0
°

C 

4 0/o RH 1 6 5/o RH 

9 2 . 0 a 9 2 . 0 a 
' 

9 1 . 7 a ; 9 2 .  O a  

9 1 . O a  9 2 . 0 a 

89 . 7 a 9 0 . 0 a 

8 9 . 7 a 9 0 . 0 a 

8 9 . 0 a 8 5 . 0 c 

8 8 . 3 a 7 5 . 0 d 

8 6 . 0 a1 6 3 . 7 e 

� 0 
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The s t rong e f fe c t  o f  h i gh ini t i a l  s e e d  mo i s ture ( 1 8 . 5%) 

was s ur pr i s ing s ince the re s u l t s  in F igure 1 have shown 

t h a t  the change i n  s e e d  mo i s tu r e  con t ent from 1 8 . 5% t o  a 

s a fe l eve l o f  le s s  than 1 5% genera l ly o c curre d dur i ng the 

f i r s t  2 week s of s torage . Pre s umab ly thi s was s t i l l  

s u f f i c ien t t ime for s e e d  d e ter iora t i on t o  o c cur . Th i s  

de t e r i o r a t ion was re f le c t e d in reduced s t orage l ongevi ty 

o f  seed , as shown by a s ign i fi can t  r e du c t ion in germination 

cap ac i ty at 1 2  we ek s s torage . 

D e s p i te the e f fe c t s  o f  ini t i a l  mo i s t ure con t en t , s torage 

t empera ture and re l a t ive humi d i ty the g re a t e s t drop in 

s e e d  germinat i on c ap a c i ty wa s on ly 2 8% T h i s  o c curre d in 

the mo s t  e x treme t r e a tmen t  ( 1 8 .  5 /� IMC , J t / 1 C  - 6 5 /o RH ) . 

I n  a l l o the r s to rage t re a tment s  the drop in ge rmina t i on 

from a common leve l o f  9 2% was sma l l  an d was genera l ly o f  

the order o f  8 - 1 2 % . 

3 . 1 . 4  Abnorma l Se e d l ing Deve l opmen t 

The re s u l t s  in Tab l e  3 show th a t  ini t i a l  mo i s ture con t en t  

an d s to rage con di t ion s d i d  no t a f f e c t  abno rma l s e e d l ing 

p e r c en t age to a g rea t extent . However , in s ome tre a tmen t s  

a s l i ght e f fe c t  was ob s e rve d o n  abnorma l s e e d l ing pe rcen

t age . Th i s  incr e a s e  in abnorma l s ee d l ing pe rcent age was 

prono unced after 16  and 2 0  week s of  s t orage . The mo s t  

marked increase in abnorma l s e e d l ings was a t  1 8 . 5% M . C . ,  

6 5% r e l a t ive humid i ty and 3 0° C  s to rage t empe r a t ur e . The 

abnorma l s e e d l ing pe rcent ages a t  t h i s  s t orage con d i t ion 

incre a s e d  4 . 5 ,  2 . 3  an d 5 . 5  f o l d  for s e e d a t  1 2 . 4 ,  1 5 . 1  

an d 1 8 . 5% ini t ia l  mo i s t ure content r e s pe c t i ve l y . 

The in d i v i d u a l  e f fe c t s  o f  ini t i a l  s e e d  mo i s t u re con tent 

and s t orage t empera ture an d ' re l a t ive humi d i t y  on abnorma l 

s e e d l ing per cen tage were gene ra l l y q u i t e  sma l l . S i gni f i 

can t d i f feren ce s  i n  abno rm a l  s e e d l ing percen t age gene ra l l y 

o c curre d on l y  towards the end o f  the s torage p e r i od , 

u s ua l l y a f t e r  a t  l ea s t  1 2  weeks s torage . 



Tab le 3 :  E f fe c t  o f  Mo i s ture Con t ent , Tempe rature an d Re l a t i ve Humi dity on Abnorma l S e e d l ing 
Deve l opment o f  Mai z e  S e e d  (Hi thout Ins e c t s ) .  F i g ur e s  in the B o dy of the T ab l e  are 
Percentage Abnorma l S e e d l ing s . 

Ini t i a l  Mo i s t ure Content Ini t i a l  Mo i s ture Con t ent Ini t i a l  Mo i s t ure Content 

S to rage 
1 2 . 4% 1 5 . 1/� 1 8 . 5 /o 

2 0 °C 3 0° C 2 0 °C 3 0 °C 2 0 °C I 3 0° C 
P e r i o d s  

! . 

( We ek s )  40/o RH 6 5% RH 40% RH 6 5 % RH : 40% RH 6 5 %  RH 40% RH 6 5 /o RH 40/o RH 6 5/o RH 40/o RH 6 5 /o RH 

0 4 .  3 a  4 . 3 a 4 .  3 a  4 .  3 a  5 . 0 a 5 . 0 a 5 . 0 a 5 . 0 a 5 . 3 a 5 . 3 a 5 . 3 a 5 . 3 a 

2 3 .  7 ab 3 . 3b 3 . 0b 5 . 7 a 4 .  7 a  S . O a 4 .  7 a  3 .  7 ab 4 .  7 a  5 . 7 a 5 . 3 a 3 . 7 a b 

4 3 . 7 ab 3 . 0 ab 5 . 3b 3 .  3 ab 6 . 0 a 4 . 3 a 2 . 3b 4 . 5 a 4 . 0 a 2 . 3b 2 . 0b 4 . 0 a 

6 5 . 0b 3 . 3 c 7 . 3 a 5 . 7 ab 3 .  7b c 3 .  7b c 6 . 0 a 3 .  7b c 4 .  7b 7 . 0 a 6 . 7 a 4 . 7b 

8 5 . 7 a 5 . 7 a  3 . 3b 6 . 7 a rJ . 3 a 5 . 0 a 6 . 0 a 4 .  7 a  6 . 7 a 5 . 0 a 5 . 3 a 5 . 3 a 

1 2  4 . 0b 6 . 0 a 6 . 0 a  5 . 0b 5 . 0b 3 . 7b 3 . 3b 7 . 7 a 7 . 0 a 4 .  7b 6 . 3 a 8 . 3 a 
' 

1 6  9 . 3 c 6 . 0 d 2 . 7 e l 4 . 0a 9 . 3 c  4 . 3e 5 . 0e 7 . 7 d 1 4 . 7 a  6 . 3 d 3 . 7 e l 2 . 3b 

2 0  l 5 . 0b c  7 . 0 d 5 . 0d l 8 . 0b l 0 . 3 c 4 .  3 d  6 . 3 d 1 1 . O c  1 3 . Ob c 9 . 0 c d  8 . 0 c d  2 8 . 7 a 

Un l ike l e t t e r s  in e ach row show s igni f i c ant d i f fe renc e s  at P� 0 . 0 5 .  

:... ,...., 
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The s e  r e su l t s  s how that the t re a tmen t s  us e d  in this s t udy 

had a re l a t ive ly sma l l  e f fe c t  on the per cen t age o f  abnorma l 

s e e d l ings . Howeve r ,  the re we re s ome var i a t ions in the t ypes 

of abnorma l i t i e s  in s e e dl ing deve l opmen t  wh i ch were 

ob s e rve d . 

In a germina t ion t e s t  a t  e a c h  s amp l ing t ime the d e t e rmina

t ion of abnorma l s e e d l ing s wa s con s idered t o  be a u s e fu l  

c r i ter i on for ind i c a t ing s e e d  d e t e r i or a t ion . C e r t a in ly 

the level  o f  abnormal s e e d l ings was dire c t l y re la t e d  t o  

per c en t age norma l germin a t i on . The ana l y s e d  da t a  with 

r e s pe c t  t o  abno rmal s e e d l ing deve l opment i s  g i ven in 

Append ix 4 .  

Typ e s  o f  Abno rma l See d l ing s 

A numb e r  o f  d i f fe ren t c a t e g o r i e s  o f  abno rma l s e e d l ings 

b e c ame apparent in germina t i on t e s t s  carried ou t a t  d i f fe r 

en t s to rage int e rva l s . Wl1 i l e the leve l o f  s e e d l ing abnor 

ma l i ty was gene r a l ly rather low four main t ype s were 
apparen t . The s e  i n c luded abnorma l c o l e op t i le an d r o o t  
deve lopmen t ,  s e e d l ing de cay an d a gene r a l  c a t e gory wh i ch 

i n c luded weak or unb a lan c e d  s e e d l ings an d s e e d l ings w i t h  

mi s s ing s t ru ct ure s . The prop ort i on o f  abnorma l s e e d l ings 

in e a ch c a t e gory var ie d  with di f fe rent s t orage tre a tmen t s , 

h i ghe s t  numb ers  o f  abno rma l s  o c curr ing in the mo s t  severe 

s t or age environmen t s . 

Normal s ee d l in g  deve lopmen t ( P la t e  7 )  an d s e e d l ing abnor 

ma l i t i e s  were recorded and i d ent i fi ed a c cord ing t o  

c a tegor i e s  p re s cr i b e d  in t he I STA Ru l e s  ( 1 9 7 6 ) . D i f ferent 

types o f  abnorma l i t ie s  were re corded from 2 - 2 0  we eks o f  

s t or a ge . The main type s o f  abno rma l s e e d l ings (wi thout 

ins e c t s  p re s en t ) are shown i'n P l a t e s  8 - 1 1 . Change s in 

the abno rma l s ee d l i ng per cen t age s hou l d  be t aken int o  

cons i de r a t ion a l ong w i th the fl u c t u a t ing numbe r s  o f  de ad 

s e e d s  an d norma l s e e d l ings in e v a luat ing t he inf luen ce 

of a p ar t i cu lar treatmen t . De t a i l s of t he o c currence o f  
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P la te 7 : Norma l S e e d ling s Wi th We l l  Deve lope d 

Primary Roo t s  and Adven t i t ious Roo ts 

and We l l  Deve lope d Shoots  



the d i f fe rent categories  o f  abno rma l s e e d l ings a f t e r  1 2  

and 2 0  week s s torage are g iven i n  Figure 4 ( page 5 6 ) .  

Typ e s  o f  abnorma l s e e d l i ng s  re corde d  were : 

1 .  Sp l i t  Coleop t i l e 

4 5  

Primary l e ave s s p l i t  l ong i tudin a l ly and co leop ti le 

w i th a s p l i t  e a s i ly vi s ib le t o  t he nake d eye ( P l a t e  8 ) . 

C o l e op t i le abnorma l i ty was p ar t i cu lar ly apparent a f t e r  

8 we ek s s t orage , e s pe c i a l ly i n  t he 3 0° C - 6 5 %  RH 

s t orage t r e a tmen t . In al l o the r s torage tre atmen t s  

the leve l o f  coleop t i le abn o rma l i t y  was gene r a l ly l e s s  

than 1% . 

2 .  Abnorma l Roo t s  

The s e  s e e d l ings s howe d we ak an d short pr imary roo ts , 

w i th a few adven t i t ious roo t s  but wi th we l l  deve loped 

s hoo t s  ( P l a te 9 ) . 

3 .  De cay 

S e e d l i ng de cay b e came more obvi ou s as  a cau s e  of 
abnorma l deve lopmen t in the 65% RH s t orage t r e a tment s .  

The mo s t  common t ype o f  de cay invo lve d  ne cros i s  o f  the 

p lumu le an d roo t t i s s ue ( P late  1 0 ) . 

4 .  O th e r  Abnorma l i t i e s  

O th e r  abnorma l i t i e s , including we ak or unb a l an ce d  
deve l opmen t an d weak or mi s s ing p lumu l e s  o c curre d 

gen e r a l l y  a t  low leve l s  ( 2 - 3%) in a l l  s torage tre a t 

ment s . Gener a l ly such abnorma l s e e d l ings s howe d no 

p lumu le , or weak p lumu le deve l opment ( P l a te 1 1 ) . 

The l e ve l o f  to t a l  abno rmal s eed l ings present  in g e rmin a 

t ion t e s t s  carried ou t at d i f fe rent t ime s  w a s  con s i s t en t  

wi th the r a te o f  gene r a l  s e �d de t e r i or a t ion whi ch o ccurr ed 

dur ing the t o t a l  s t orage pe r i o d  o f  2 0  weeks . 



P l a t e  8 :  Abnorma l Type 1 - Longi tudin a l ly 

S p l i t  Coleopi t l e  

P la t e  9 :  Abnormal Type 2 - Primary Roo t  

We ak and Shor t , Wi th a Few 

Adven t i ti ous Roo ts 

4 6  

r · 



W I THOUT INSEC 

D E C A Y E D R O O T S  

P l a te 10 : Abnorma l  Type 3 - Decayed 

Primary Roo t s  

W lTHOUT INSfC 

\ ��A  11 PI  l lMULE 
P la t e  1 1 :  Abnorma l Type 4 - We ak P l umu l e  

4 7  
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3 . 2  EFFECTS O F  I NS E CT S  O N  STORED S EED 

The r e su l t s  ob t ained wi th inse c t s  in t he p r e s en ce o f  

s tored s e e d  are con s i de re d under two hea ding s ; the e f fe c t  

o f  s t orage cond i t i on on ins e c t  popul a t ion s  ( 3 . 2 . 1 ) an d 

the e f fe c t s  that ins e c t  pop u l a t ion s  h ad on ( a )  s e e d  moi s 

ture con t ent ( 3 . 2 . 2 ) an d ( b ) s eed germin a t i on an d abnorma l 

s ee d l ing deve l opmen t ( 3 . 2 . 3 ) . 

3 . 2 . 1  The E f fe c t s  of  S t orage Con di t i on s  on Ins e c t  

Populat i on s  

The e f f e c t s  o f  s e e d  s t or age con d i t i on s  o n  s urvival  o f  

introdu c e d  a du l t ins e c t s  and on ove ra l l  populat ion deve lop 

men t are shown in F igure 2a , b ,  c and Appendix 2 .  

Mor t a l i ty o f  in t r o du c e d  adu l t  ins e c t s  an d ove ra l l  popu l a 

t ion deve lopment we re grea t ly in f luen c e d  by s torage 

con di t ion s . At 4 0% RH the numb e r  of introdu c e d  a du l t  

in s e c t s  de c l in e d  under a l l  in i t i a l  s e e d  mo i s ture con ten t s 

an d b o th t empera ture s .  Hor t a l i t y  was gre ater at  lower 
ini t i a l  s e e d  mo i s ture con t en t s  than h ighe r  and was a l s o  

h ighe r  a t  3 0 °C than a t  2 0 °C .  

Mor t a l i t y  o f  introduce d ins e c t s  was 1 0 0% a f te r  6 weeks 

s torage a t  3 0° C and in i t i al moi s ture con ten t of 1 2 . 4% ,  b u t  

i t  t ook 8 weeks an d 1 2  week s r e s p e c t ive l y  a t  1 5 . 1% an d 

1 8 . 5% in i t i a l  mo i s ture con tent b e fore a l l  introdu c e d  

i ns e c t s  wer e  d e a d . 

At  6 5% RH l i t t le mor t a l i ty o f  intr oduc e d  ins e c t s  o ccurre d 

a f t er 6 weeks s t orage regar d l e s s o f  in i ti a l  s eed moi s ture 

con t ent and temper a ture . In con tras t ,  numb e r s  o f  adu l t  

in s e c t s  incre a s e d  in a l l s e id mo i s ture con t en t s  an d b o th 

s to r age t empe ra tur e s  a f t e r  6 to 1 2  week s s torage . Th i s  
incre a s e  in numb e r s  wa s mo s t  rap i d  a t  the h i gh e r  tempera

ture and a t the h i gher i n i t i a l  mo i s ture con tent s .  The 

e f fe c t  of ini t i a l  s e e d  moi s ture con t en t in t h i s  re s pe c t  
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C h a n g e s i n  R i c e  w e e v i l  p o p u l a t i o n s  i n  s e e d s  
w i t h  1 2 . 4 % m o i s t u r e  c o n l c n t s t o r e d  u n d e r  
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16 20 
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C h a n g e s  i n  R i c e w e e v i l  p o p u l a t i o n s  i n  s e e d s 

w i t l 1 1 8 . 5 % lli < > L s l u r e c o n t e n t s t o r e d  a t  

d i f f e r e n t s l u r a g c  c o n d i t i o n s . 
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• 30°C 65 % RH 
o 2ooc 65 % RH 
)( .3o•c 40% RH 
+ 2o ·c 40% RH 
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i s  in tere s t ing a s  i t  cou l d  on ly h ave a c te d  ove r the f ir s t  

two we ek s o f  s t or age a s  a f t e r  thi s p e r i o d  a l l  s e e d  mo i s ture 

con ten t s  we re s imi lar ( se e  Se c t i on 3 . 1  an d F i gure 1 ) . At 

the end o f  the exper imen t  ( 2 0 weeks ) t he adu l t  in s e ct popu

l a tion h ad incr e a s e d  to 1 0 0 0  ( x l 6 ) to 1 6 59 (x 2 7 . 5 ) and t o  

1 9 0 8  (x 3 1 . 8 ) i n  s e e d  s tored at  3 0° C an d w i t h  ini t ia l  

mo i s ture con tent s  o f  1 2 . 4 ,  1 5 . 1  and 1 8 . 5% r e s pe c t ive ly . 

At  2 0° C the corr e s pond ing in cre a s e s  wer e  on ly to 1 8 1  ( x3 . 0) ,  

to  3 5 1  ( x 5 . 8 ) an d to 5 2 9  (x8 . 8 ) r e s p e c t i ve ly ,  showing the 

impo r t an t  e f f e c t  of temperature . From pub l i shed informa 

t i om i t  s e ems l ike l y  that r i ce weevi l s  comp l e t ed three l i fe 

cy c l e s  at  3 0° C during the p e r i o d  o f  t h e  e x pe riment but  on l y  

two l i fe cy c l e s  a t  2 0° C .  

The ove r - r id i ng fac tor d e t e rmining adu l t  i n s e c t  s urvival 

and ab i l i t y  to r eproduce was c l e ar ly humi d i t y . 4 0% RH 

c au s e d  d i re c t mor t a l i ty o f  in t r o du c e d  ins e c t s  an d preven t e d  

reproduc t i on , wher e a s  6 5 %  RH cau s e d  l i t t l e  mor t a l i ty and 

enab l e d  the p opu la t ion to in cre a s e . 

3 . 2 . 2  The E f f e c t  o f  In s e c t  Popu l a t i ons on Seed Moi s ture 

Con ten t 

Ch ange s in the mo i s ture con t ent o f  s ee d  s tored a t  40% RH 

wi th introdu ce d  ins e c t s , were c l o s e l y  s imi lar to tho s e  o f  

s e e d  s tored wi thou t ins e c t s  (F igure s 3 an d 1 ) . At  thi s  
l ow humi d i ty mor ta l i ty o f  introdu c e d  adu l t s  ins e c t s  

o c curre d a s  previou s l y  d i s cu s s e d  an d no reprodu c t ion 

o c curre d .  In con tras t ,  a t  6 5% RH the in s e c t  pop u l a t i on 

increas e d , the incre a s e  b e ing mo s t  marke d at h igh temp e r a 

ture and h i gh in i t i a l  s e e d  mo i s ture con tent . The s e  i n s e c t  

popu l a t i on s  cau s e d  n o  change i n  s e e d  mo i s ture con t en t f o r  

the f ir s t  1 2  weeks o f  s t orage but  a f t e r  that t ime , up t o  

t h e  t e rminat ion o f  the expe riment a t  2 0  weeks , s e e d  moi s 

ture con tents  in creased in the p r e s ence o f  ins e c t s  comp ared 

wi th s e e d  s t ored unde r the s ame con d i t ion s wi thou t ins e c t s  

( F igure s 3 and 1 ) . I t  may b e  p o s tulated  that incre a s e d  
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C h a n g e s  in m o i s t u r e  c o n t e n t  o f  m a i z e  s e e d s 

( w i t h  i n s e c t )  s t o r e d  u n d e r  d i f f e r e n t  s t o r a g e  

c o n d i t i o n s . 

I V1 1t i a l  Moistu re Cont��t 1 2 ·4% 

+--+ 

*------)( � 

I Vtit ia l Moisture, Cor�tent 15 · 1 %  

12 

In itia l Moisture, Covttwt 18 -5% 

--- + --- - +  __ ___.., 

• 30oc 65 % RH r· 

o 20°C 65% RH 
X 30«t. 40% RH 
+ 20oc 40% RH 



r e s p iratory a c t ivi ty a s s o c i at e d  wi th the h i gher ins e c t  

numb e r s  ac coun te d for the obs e rve d incr e a s e  in s e e d  

mo i s tur e con t en t . 

3 . 2 . 3  The E f fe c t  o f  Ins e c t  Popu l a t ions on Ge rmina t ion 

and Abnormal See d l ing Deve l opmen t 

5 4  

Changes in p ercen t age germinat ion o f  s e e d  s t ored w i t h  and 

wi thou t ins e c t s  are s hown in Tab l e s  4 and 2 .  I t  wi l l  b e  

s een that s e e d  s t ored a t  4 0% RH , i n  wh i ch introduc e d  

in s e c ts d i d  no t s urvive an d i n  whi ch reproduc t i on d i d  no t 

take p l a ce , showed no re du c t i on o f  germi n a t i on in the 

pres ence of ins e c t s . Thi s  ind i ca te s  t h a t any fee d ing 

whi c h  intro duce d adu l t  ins e c t s  may have unde r t aken had no 

de t e c t ab le e f fe c t  on the s eed . In con t ra s t ,  howeve r , a l l  

t r e atmen t s  s t or e d  a t  6 5% RH , under whi ch con d i t i on s  ins e c t  

popu l a t i on s  incre a s e d , s howed a mark e d  de c l ine in g e rmina

t i o n  commenc ing from ab out 8 we ek s of  s to rage and con t inu 

ing at  a p rogre s s ive r a te through to the t e rmin a t ion o f  

the exper imen t . The degree o f  de c l ine in germi na t i on was 

c l o s e ly co rre l a t e d  w i th incre a s e  in in s e c t  numbe rs . At 
3 0° C an d 6 5% RH germinat ion percen t age was reduced t o , or 

c lo s e  t o , z e ro a f te r  20 weeks for a l l  in i t i a l  s e e d  moi s 

ture s . The f a c t tha t no de c l ine in germin a t ion was 

dete c te d  unt i l  at l ea s t  one gener a t i on o f  weevi l reprodu c 

t i on h a d  b een comp le t e d  ( 6 - 8  week s depending on t empe rature) 

sugge s t s  tha t a l l  s igni fi can t inj ur y  to the seed was caus e d  

b y  feed ing l a rvae r ather than b y  adu l t s . 

Abnorma l S ee d l ing Deve l opment 

Abno rmal i t ie s  o f  s e e d l ings in ins e c t trea tment s  we re 

gener a l l y gre a te r  than o c curred in s e e d  s t orage w i thou t  

in s ec t s  and were p ronoun ced a f te r  6 week s o f  s to rage . 

The s ame four main t ype s o f  abnorma l i t i e s  o c curred a s  with 

s e e d  s t ored wi thout i ns e c t s  ( Figure 4 ) , ( co le op t i le abnor 

ma l i t y , abnorma l roo t deve l opmen t , p ar t ly or comp l e t e l y  



Tab le 4 :  E f f e c t  o f  Mo i s ture Con t en t , Temperature and Re l a t ive Humidi ty on the Ge rminat i on o f  
Mai z e  S e e d  (Wi th Ins e c t s ) . F i gure s in the B o dy o f  the T ab l e  a r e  Pe r cent age Germina t i on . 

S torage 

Pe r i o ds 

(week s )  

0 

2 

4 

6 

8 

1 2  

1 6  

2 0  

--------

Ini t i a l  Mo i s ture Con ten t 

1 2 . 4% 

2 0 °C 

40% RH 6 5 %  RH 

9 2 . 5a 9 2 . 5 a 

9 2 . 0a 9 1 .  7 a  

9 2 . 0a 9 1 . 7 a 

9 0 . 0a 8 9 . 3 a 

9 0 . 0 a 84 . 0b 

8 8 . 7 a  7 3 .  O ab 

8 2 . 3b 6 8 . 0 c 

8 1 . 3b 6 7 . 0e 

- --- --· 

3 0 ° C 

40/o RH 

9 2 . 5 a 

9 2 . 0 a 

9 1 .  O a  

9 0 . 0 a 

8 8 . 7 a 

8 8 . 7 a 

8 8 . 3a 

8 8 . 3 a 
----

6 5% RH 

9 2 . 5 a 

9 1 . 7 a 

9 1 . 7 a 

8 9 . 0 a 

8 1 . 3b 

6 7 . 0 c 

34 . 7 e  

8 . 0h 
-- ----

Ini t i a l  Mo i s ture Con t ent 

1 5 . 1 fo 

2 o 0c 3 0
°

C 
I 

40% RH 6 5% RE 40% RH 

9 2 . 3 a 9 2 . 3 a 9 2 . 3 a 

9 2 . 3 a I 9 1 .  7a  9 2 . 3 a 

9 2 . 0a 

9 0 . 3 a 

88 . 3 a 

8 6 . 7 a 

8 1 . Ob 

7 7 . 0 c 
--------

9 0 . 7 a 9 0 . 3 a  

8 8 . 3 ab 89 . 3 a 

8 2 . 3b 8 9 . 0 a 

7 2 . 0b 8 7 . 7 a 

6 2 . 31 8 7 . 3 a 

49 . 0 f 8 6 . 7 a 
- -----------

6 5 /o RH 

9 2 . 3 a 

9 2 . 0 a 

9 0 . 0b 

84 . 3 c 

80 . 7b 

5 2 . 0 d 

2 8 . 3 f 

2 . 0 i 

Unl ike le t te r s  i n  e a ch row show s igni f i can t  di f fe re n c e s  at P� 0 . 0 5 . 

I n i t i a l  Mo i s ture Con tent 

1 8 . 5 /o 

2 0 °C 3 0 °C 
I 

40/o RH I 6 5% RH 40% RH 6 5 %  RH 

! 
9 2 . 0 a 9 2 . 0 a 9 2 . 0 a 9 2 . 0a 

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

9 2 . 0 a 9 0 . 0b 9 0 .  7 a  8 7 . 7 c 

9 0 . 7 a 8 6 . 7b 8 9 . 0 a 8 0 . 3 d 

8 7 . 3 a 7 3 . 0 c 8 7 . 7 a  6 3 . 3 d 

8 5 . 0 a 6 7 .  O c  8 8 . 3 a  2 5 . 0e 

7 9 . 0b 6 l . Od 8 6 . 0 a 7 . 0g 

7 1 . 7 d 1 9 . 0 g 8 6 . 3 a O . O i 

__ L____ 

lJI lJI 



Figure 4 :  E f f e c t  o f  d i f f erent s t orage cond i t ions on the percentage o f  
5 6  

abno rmal s e e d l ings and the d evelopment o f  d i f ferent t yp e s  o f  abnorma l i t ie s  
i n  ma i z e  s e ed dur ing germina t ion t e s t s  a f t e r  1 2  and 2 0  weeks s t o rage . 
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de caye d s e e d l ings  and other mis c e l laneous abno rma l i t ie s  

whi c h  comp r i s e d  weak s e e d l ings w i th we ak o r  mi s s ing 

s tru c ture s  ( p lumu l e  or roo t ) ) .  

5 7  

The extent o f  abno rma l i t i e s  depende d upon the ins e c t  pop u 

l a t i on . Thus i n  favourab l e  condi t ion s  for ins e c t  d eve lop 

men t  i . e .  3 0° C - 6 5% RH an d 2 � C - 6 5% RH , abnorma l i t ie s  

were corr e l a te d  wi th the in s e c t  popu l a t ion . 

g iven in Tab l e  5 )  

Abnorma l See d l ing C a tegor i e s  

( D e t a i l s  ar e 

Co l e op t i le abno rma l i ti e s  o c curre d  a f te r 6 we eks o f  s torage 

an d were h i ghe s t  in the mo s t  favourab le condi t i on s  for 

ins e c t  deve l opment ( 2 - 3%) . At the end of the exper iment 

the p e r c en t age of the s e  abnorma l i t i e s  was r e duc e d , p re 

s umab l y  b e cause many a f fe c t e d  s e e ds had b y  then d e c ayed 

an d d i e d . Such t yp e s  of abnorma l s ee d l ings s howe d  the 

pr imary l e ave s t o  b e  s p l i t  longi tudina l ly ( P l a te 1 2 ) . In 

other ca s e s  the c o l e op t i le was phy s i ca l ly b roken ( P l at e  1 3 )  
an d was e as i ly vi s ib l e  t o  the nak e d  eye . 

Roo t  abno rma l i t i e s  were re corded in a l l  t re a tmen t s . After  

1 2  weeks  s tor age h ighe s t  roo t abnorma l i t i e s  o c cur r e d  in  

s e e d l ing from the  3 0° C - 6 5 %  RH s torag e  environmen t a t  a 

r a t e  o f  1 2 . 4 ,  1 9 . 2  an d 2 2 . 6% at  ini t i a l  mo i s ture con ten t s  

o f  1 2 . 4 ,  1 5 . 1  and 1 8 . 5% r e s p e c tive ly . Howeve r , a f te r  2 0  
weeks o f  s torage t he o ccurrence o f  s u ch abnorma l i t i e s  was 

a l s o  re duce d .  Such typ e s  o f  abnormal s ee d l ings showed 

weak an d short  pr imary root s , but w i th we l l  deve lope d 

shoo t s  ( P l a te 1 4 ) . 

Some decay o f  s ee d l ings occurred in mo s t  o f  the treatmen t s 

b u t  was mo s t  pronounced a f te r  1 2 , 1 6  an d 2 0  weeks s torage . 

The h i ghe s t  l eve l o f  s e e d ling d e c ay o f  1 1 . 2% o c curr e d  in 

s e e d  s t ore d at  2 0° C - 6 5 %  RH . The s e  abnorma l i t i e s  gene r al ly 

s howe d comp l e t e  de cay b y  the end o f  a norma l g e rmina t i on 

te s t  ( P l a te 1 5 )  . 
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Tab le 5 :  E f f e c t  of  Mo i s ture C on t en t , Temp era t ur e  and Re l a t i ve Humi d i ty on the Deve l o pmen t o f  
Abno rma l  S e e d l ings o f  �!a i z e  S e e d  (\.·Ji th Insec ts ) . F ig ur e s  in the B o dy o f  the Tab l e  
A r e  Percentage Ab norma l S e e d l ing s . 

In i t ia l  Mo i s ture C on tent 

S to rage 1 2 . 4% 

P e r i o d s  2 0 °C 3 0 °C 

(we ek s ) 40% RH 65/o RH 40% RH 6 5 %  RH 

0 4 .  3 a  4 .  3a  4 . 3 a 4 .  3 a  

2 3 . 3 c 4 .  3b c 4 .  Ob c 4 .  l b c  

4 3 . 7b 3 . 0b 6 . 3 a 5 .  3 ab 

6 7 . 0b 3 .  l c 6 . 0b c  6 .  Ob c 

8 8 . 0 c 7 . 7 c 5 . 0 c l 3 . l b 

1 2  9 . 3 e f  l2 . l e 7 . 0 f 2 5 . 7 c 

1 6  1 1 .  7 d  l 6 . 0 c d  3 . 7e 2 6 . 3b 

2 0  1 2 . 7 d  18 . 7 c  5 . 7 e 2 6 . 3 a 
---

Ini t i a l  Mo i s tur e Content 

1 5 . 1% 

2 0
°

C 

40% RH 

5 . 0a  

5 . 3b 

3 . 3b 

6 . 3b c  

6 .  l c 

10 . O e f  

14 . 3 c d 

1 1 . 3 d  

6 5 /o RH 

5 . 0 a 

4 .  6b c 

5 . 0ab 

7 .  7 ab 

7 . 3 c 

1 2 . 7 e 

1 3 . 3 d  

2 3 . O ab 
- - --

3 0 °C 

40/o RH 6 5 /o RH 

5 . 0 a 5 . 0 a 

5 . lb 4 .  l b c 

4 .  O ab 5 . 0 ab 

8 .  O ab l O . O a 

5 . 0 c  1 6 . 7b 

6 . l f 3 1 . 7b 

3 . 7 e 4 3 . 3 a 

6 . 7 e l 0 . 3 d 
--· --- ------ L_ -

Unl ike l e t t e r s  in e ach row s how s igni f i c ant d i f fe renc e s  a t P� 0 . 0 5 .  

Ini t i a l  Mo i s ture Con tent 

1 8 . 5 /o 

2 0
°

C 3 0
°

C . 

40/o RH 6 5/o RH 40% RH 6 5 %  RH 

5 . 3 a 5 . 3 a 5 . 3 a 5 . 3 a 

4 .  l e  5 . lb 5 .  Ob 8 . 0 a 

3 .  Ob 4 .  3 ab 5 .  O ab 6 . 0 a 

6 . 0b c  l l . 3 a 7 .  Ob l 2 . l a 

8 . l c l4 . 0b 8 . 3 c 2 5 . 0 a 

l 2 . 7 e l 8 . 0 d 6 . 0 f 4 1 . l a  

1 4 . 3 c d  1 8 . 7 c 5 . l e 2 4 . 0b 

2 1 . 7b 2 6 . 7 a 7 . 3 e 4 . 0 e 

VI (X) 



P l a t e  1 2 : Abnorma l Type 1 - Long i tudina l ly 

S p l i t  Co leop t i l e  

W ! T H I SECTS 

SROk'EN COLE 

P l a t e  1 3 :  Abnorma l Type 2 - Broken Coleop t i l e  
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W T H  I NSECTS 

P l ate 14 : Abnorma l Type 3 - Primary Roo t 

We ak or Short 

W I T H  l SECTS 

DECA'r'E.D SEEDLING-

60 

P l a te 1 5 : Abnormal Type 4 - De caye d S e e d l ings 

,·. 



6 1  

Other abnorma l i t i e s  genera l ly inc lude d we ak s e e d l ings , and 

s e e d l i ng s  show ing unb a lanced deve lopment of the p lumul e  

and roo t s  ( P l a te s  1 6  and 1 7 ) . Such abnorma l i t i e s  re ached 

a p e ak a f t e r  twe lve we ek s  of s torage but had a lmos t 

d i s appe are d b y  the end o f  the expe r imen t .  

The m ax imum percen t age o f  abnormal s ee dl ings was 4 7 . 7 % 

a f t e r  1 2  we eks s t orage i n  the 3 0°C - 6 5 %  RH treatmen t 

compared wi th 2 6 . 7 % a f te r  20  weeks s torage in the 20° C -

6 5 %  RH t r e a tmen t s .  The s e  l eve l s  re f le c t e d  the damage t o  

s e e d  c au s e d  by increas ing i n s e c t  popul a t i ons . C e r tainly , 

i n  s to rage tre atmen t s  where in se c t s  d i d  no t c ause s e e d  

d amage , ( i . e .  2 0°C - 4 0% RH , 30° C - 4 0/o RH ) abno rma l 

s e e d l ing p e r c en t age s we re genera l ly l ow wi thin the range 

5 . 7 - 1 2 . 7 % a f ter 20 week s s torage . Howeve r ,  in the 1 8 . 5 % 

ini t i a l  moi s ture c on t ent 2 0°C - 4 0% RH treatment the 

abnorma l s e e d l ing percent age reache d a max imum of 2 1 . 7 % .  

The de c l ine in abnorma l s e e d l ing p e rcent age a f t e r  i t  h ad 

reach e d  a max imum re f l e c t e d  a con t i nu a t i on in s e e d  de t e r i o 

r a t ion and w a s  due t o  a corr e s p onding incre a s e  i n  the 

p e r c e n t age o f  dead s e eds  (Appendix 4 ) . 

3 . 3  INS ECT DAMAGE A S S E S SME NT 

P l ate s 1 8 - 2 0 show t hre e degree s  o f  ex t e rn a l  vi s ib l e  

damage t o  mai z e  s e e d  cau s e d  by r i c e  weevi l s , ranging 

from no vi s ib l e  damage in P l a te 18 to s eve re damage in 

P la te 20 . I n  P l a t e  1 9  the f i r s t  r ow o f  s ee d s  appears  

s ound with no  v i s ib l e  s igns o f  externa l damage . In the 

o ther four rows ho l e s  in the s t ar chy and emb ryo part s o f  

the s e e d  a re con s p i cuous . In the third row o f  the s ame 

p l a t e  mo s t  of the grains show damage near the embryo reg ion 

of the s e e d . In P la te 2 0 , mo s t  o f  the grains show damage 

b o th to the s tarchy as  we l l  as to the emb ryo par t s . P l at e s  

2 1 - 2 3 are X - ra y  pho tograph s o f  the s ame groups o f  s e e d s  a s  

i n  P l a t e s  1 8 - 20 . Corre spon ding pho tograph s o f  the s e e d s  
a f te r  t r a y  ge rmina t ion a r e  shown i n  P l a t e s  2 4- - 2 6 . Final l y , 
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W I T H  l SECTS 

WEA l< PLUMUL£ 

P la t e  16 : Abnormal Type 5 - Weak P lumule 

W I T H  I NSECTS 

W E A K  SEEDLINGS 

P late 1 7 : Abn o rmal Type 6 - We ak S ee dl ings  



Plate 1 8 : See ds Wi thout V i s ib le Extern a l  Damage 

P late 1 9 : See ds W i th Me dium External Damage 

P late 2 0 : Seeds With Severe External Damage 
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P l a te 2 1 : X- r ay Pho tographs Showing the S e e ds Wi th 

No Internal D amage 

P l a t e  2 2 : X - ray Pho tograph Show ing the S e e ds Wi t h  

Me dium I n t e rn a l  D amage 

P l a t e  2 3 : X- r ay Pho to graph Showing the S e e ds W i t h  

S evere Int e rn a l  D amage 
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P la t e  2 4 :  S an d  Germinat i on Te s t  o f  Mai z e  S e e ds 

Wi thou t Damage 

P l a t e  2 5 :  S an d  Germination Te s t  o f  Me dium D amage d  

Mai z e  S e e d  

P l a t e  26 : S an d  Germinati on Te s t  o f  Severe Damage d 

Mai ze Se e d  



P l a t e s  2 7 - 29 show groups o f  s e eds  with s imi lar leve l s  o f  

inj ury a f t e r  r o l l  g e rmina t i on t e s t s . 

6 6  

The s e e ds i n  P l a t e  2 1  s how no evi dence o f  in tern a l  inj ury 

from the X- ray pho t og r aph . The s ame s ee ds when germinated 

produc e d  a h i gh germinat i on p e r c en t ag e  o f  normal s ee d l ings 

( P la t e s  2 4  an d 2 7 ) . However , s evera l s e e d s  from P l a t e  1 9  

which had n o  v i s ib l e  ex t e rna l damage s howe d int e rn a l  

inj ury when X- rayed ( P la t e  2 2 ; 1 s t , 2 n d  an d 6th grain s  i n  

t h e  f i r s t row )  and t h e  pre s ence o f  a l arva in each grain . 

I n  the re s t  o f  the gra ins more than one la rva i s  vi s ib le . 

The area o f  in t e rn a l  damage i s  from the s t ar c hy to the 

embryo reg i on . The g e rmina t i on percen t ag e  for the s e  s ee d s  

w a s  l ow w i th many abnorma l s ee dl ings ( P l a t e  2 5 ) . 

The phot o  X - r ay o f  s evere ex tern a l  damage ( P l a te 2 3 )  

reve a l s  tha t  a l l  the grains i n  thi s c a s e  are infe s te d  wi th 

l arvae . Mo s t  of the grains show s evere intern a l  damag e . 

Both the s tarchy and emb ryo p a r t  o f  the grains h ave b e e n  

damage d .  Germinat i on i n  th i s  c a s e  wa s p ra c t i ca l ly zero 

( P l a t e  2 6 ) . 

Ro l l  g e rminat ion te s t s for thre e s imi lar group s o f  s ee d s  

( P l a t e s  2 7 - 29 )  show the s ame p a t tern o f  increas ing numbe r s  

o f  de a d  s e e d s  wi th increas ing in s e c t  inj ury to t h e  s e e d  

and a high percentage o f  abn o rma l s e e dl ing s wi th inter 

me d i a t e  ins e c t  inj ury . 

3 . 4  FUNGAL DEVELOPME NT 

Chan ges in the extent o f  fung a l  infe c t i on o ccurr ing in 

maize s e e ds dur ing 2 0  weeks s torage are shown in F igur e s  

5 and 6 wi th an d  wi thou t ins e c t  tre a tment s  r e s pe c t ive l y . 

The ini t i a l  s e e d l o t  us e d  in the expe r imen t had 34 , 3 6  and 

3 8% infe c t i on w i t h  s torage fung i in the 1 2 . 4 ,  1 5 . 1  an d 18 . 5% 

ini t i a l  mo i s ture content s amp l e s  re s p e c t ive ly . A t  t he 
b e g inn ing o f  the expe r imen t , an d a t  the s amp ling a f te r  2 



P l a t e  2 7 : S howing Normal S ee d l ing s , Abnormal 

S e e dl ing s and Dea d  S ee d s . Pl an t e d  

W ithout D amag ed Mai z e  S e e d  

P l a t e  2 8 : Showing Norma l See d l i ng s , Abnormal 

Seed l ings and D ead S ee d s . P l an te d  

Wi t h  Medium D amaged Mai z e  S e e ds 

P l a t e 29 : Showing Norma l S ee dl ing s , Abnormal 

See dl ings and D ea d  S e e ds . P l an t e d  

W i th Severe D amag e d  Mai z e  S e e d s  
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F i g u r e  5 :  

80 

6 8  
C h a n g e s  i n  p e r c e n t a g e o f  f u n g a l  d e v e l o p m e n t  i n  
m a i z e  s e e d s ( w i t h  i n s e c t ) a t  i n i t i a l  m o i s t u r e  
c o n t e n t s  o f  1 2 . 4 % ,  1 5 . 1 %  a n d  1 8 . 5 % ,  s t o r e d  
u n d e r  d i f f e r e n t  s t o r a g e  c o n d i t i o n s . 

l v1 1t1al Moisture Cont�t 12 47. 

l � it ia l  Moisture Cm1�ent 15 · 1 ,1.  

t-----

ln 1t ial Moisture Content 18 ·5Z 

Waks Stotrage 

+ 

e 3Qt 65 % RH 
o zo•c 65% RH 
)( 30-c 40,t RH 
+ 20 •c 40,4' RH 



F i g u r e  6 :  
6 9  

C h a n g e s  i n  p e r c e n t a g e o f  f u n g a l  d e v e l o p m e n t  i n  
m a i z e  s e e d s a t  i n i t i a l  m o i s t u r e  c o n t e n t s  o f  1 2 . 4 % ,  
1 5 . 1 % a n d  1 8 . 5 % ,  s t o r e d  u n d e r  d i f f e r e n t  s t o r a g e  
c o n d i t i o n s . 

+---+ 

)(---)( 

I Vl i t ia l M oistu re CovtteVlt 15 · 1 % 

• 30°C 65 % RH ,. 

o 20°C 65 % R H  
X 30°C 40% R H  
+ 20oC 40,% RH 

(' 

0--�_,--��----�----�--� 6 20 
Weeks Storage 



weeks s t orage , an o c cas iona l i s o la te o f  Fusari u m  was 

obt a ine d on cu l ture me d ium . Sub s eq uen t ly no f i e l d  fungi 

wer e  de t e c te d  in s amp l e s  o f  mai z e  s ee d  t e s t e d  dur i ng 

s tor age . 
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I n  a l l  three ini t i a l  moi s ture con tent tre a tment s  a s imi lar 

p a t t e rn o f  s torage fungu s deve l opment was ob s erve d . The 

re su l t s  in F i gure 6 show that a f t e r  an ini t i a l  4 we eks 

s to rage p e r i o d  a s low incr e a s e  in the percentage o f  s torage 

fung i o c curre d t hr ough t o  8 weeks s torage . Thi s  was 

fo l l owe d b y  a r ap i d  incre a s e  in the inc idence of s to r age 

fungi in 6 5% re l a t ive humi d i t y  s t orage env i ronme n t s  wi th 

3 0 °C s t o rage s amp l e s  deve lop i ng more ex ten s i ve ly than 2 0°C 

s t ored s amp l e s . I n  seed  s t ored a t  40% re l a t ive humd i t iy , 

howeve r ,  a de c l ine in s t orage fungus per cent age o c curr e d  

gene r a l ly a f te r  8 weeks s torage . Thi s  d e c l ine w a s  gre a t e r  

i n  s e e d  s tored a t  3 0°C - 4 0 %  RH than i n  s ee d  s to r e d  a t  

2 0° C - 4 0 %  RH . Thi s  w a s  a d i r e c t  r e f l e c t i on o f  t h e  lower 

e qu i l ib r i um moi s ture con t en t  ( 7 . 4 - 7 . 6%)  of s e e d  a t  3 0°C -

40% RH compared w i th 9 . 1 - 9 . 4% in s e e d  s t ore d a t  the s ame 

r e l a t ive humi d i t y  b u t  at 2 0° C .  Pre s umab ly , the lower s e e d  

mo i s ture leve l w a s  more de l e t e r i ou s  to t h e  deve lopmen t o f  
s to rage fungi . 

At  low r e l a t ive humi d i t i e s  the p r e s en ce o f  ins e c t s d i d  no t 

s e em t o  cau s e  any cons i s tent d i f fe rence i n  the p e r c en t ag e  

o f  s torage fungi r ecovered from t h e  s ee d  dur ing s torage . 

Any d i f feren ce s  whi ch d i d  o c cur we re extreme ly sma l l . 

A t  the h igher s t orage re l a t ive humidi ty leve l ( 6 5% RH ) 

however ,  there wa s genera l ly a sma l l  incre a s e  in the per 

cen t �g e  o f  s t orage fungi re covere d from s ee d  s amp l e s  

con t a in ing ins e c t s . Th i s  e f f e c t  o c curred a t  b o th 2 0°C 

and 3 0°C s torage t emperature s .  The s t imul a t ion o f  s torage 

fung i in s eed s amp l e s  con t a i�ing ins e c t s  was presumab l y  a 

r e f l e ct i on o f  the h ighe r s ee d  mo i s ture con t ent s  o ccurr ing 

in inse c t  in fe s t e d  s amp l e s  as a r e s u l t  of increas e d  popu l a 

t i on s  dur ing t h e  l a s t  8 weeks o f  t h e  20 week s to rage p e r i od 

( F igure 5 ) . 
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The h i ghe s t  percen t age o f  s torage fungi de t e c t e d  was 6 0% 

in the mo s t  extreme t r e a tment s ( 1 8 . 5% ini t i a l  s e e d  moi s ture 

cont en t ,  3 0° C - 6 5% RH) s torage environment con t aining 

i ns e c t s . Th i s  r epre sented  on ly an incre ase  t o  5 8% from 

the i ni t i al 3 8% infe c t i on in this  treatmen t ,  s ugge s t ing 

tha t  even thi s ex treme comb in a t i on of mo i s ture , t emper a ture 

and humi d i ty wa s no t en t ire ly favourab l e  for s torage fungus 

d eve l opment ( Appenix Sa and b )  . 

The main s p e c i e s  o f  s to r age fung i de t e c t e d  in a l l  s amp l e s  

were A spergillus glau cus ( P la t e  3 0 ) , A .  oc hraceus� 

A .  candidu s � A .  flavus an d A. nige r (Pl a te 3 1 ) . Penicillium 

s pe c i e s  were a l s o  common ly i s o l a te d  from mai z e  kern e l s  in 

seed s amp l e s  t e s t e d  b e fore s torage . Pe 1 1 i c lllium a l s o  

remained dominan t  throughou t the s torage pe r i o d  ( P l a t e s  32 

and 3 3 ) . The re l a t ive rate o f  i s o la t i on o f  Peni cillium 

an d Aspergillus s pe c i e s  in 1 2 . 4 ,  1 5 . 1  an d 1 8 . 5% ini t i a l  

mo i s ture s e e d l o t s  a f te r  1 6  and 2 0  week s s torage were i n  

the app rox imate rat ios  o f  3 : 2 ,  3 : 1  and 2 : 1  re s pe c t ive ly .  
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P late 3 0 : Asp e rg i l l us G l a u cus 

+ IS 
P late 3 1 : A s p e rg i l l u s  N i g e r 
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P la t e  3 2 : Pe nici l lium 

P l a t e  3 3 : Pe n i c i lli um 
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CHAPTER IV 

GENERAL D I SCUSS ION 

Re l a t ive humi dity and temperature o f  the s torage environ

ment are the mos t  important fac tors affec ting the mainte

nance o f  seed qua l i ty . Of the s e  two factors , re l a t ive 

humid i ty has the gre ater e f f e c t  due to i t s  inf luence on 

s e e d  moi s ture content , and a l s o  on the infe s tation , growth 

and reproduc t i on of b o th s torage ins e c t s  and fungi . 

The hygros cop i c  na ture o f  mai ze s e e d  a l lowe d a rap i d  

( 2  we eks ) change i n  the ini t i a l  level o f  s eed  mo i s ture 

to re ach e quil ibrium mo is ture content . Even s torage 

condi t ion s invo lving a humidity leve l  of 6 5% ,  as used in 

this s tudy , r e sulted in a equ i l ib rium mo i s ture content 

b e low the 15% genera l ly cons idere d to b e  s a f e  for the 

short term s torage of maize . It appe are d ,  however , that 

the s torage of maize  at the highe s t  ini t i a l  moi s ture 

content ( 1 8 . 5%) , may have b e en suffic ient to increas e 

the s ub s e quent deteriorat ion o f  s eed  germination towards 

the end of the s t orage period . 

S t orage temperature appe are d to  p l ay only a minor r o l e  

in affec t ing the r a t e  or ex tent o f  moi s ture content 

change in environments invo lving a 65% re lat ive humi di ty . 

Howeve r at 40% r e l a t ive humi dity s e e d  s t ored a t  2 0° C 

showe d a s lower change in mois ture content and a h igher 

equi l ibrium value than s e e d  s tore d at 3 0° C .  The di f fer

ence in E . M . C .  was general ly about 3% . 

Wi thin the range o f  s torage t re atment s  use d ,  no appre c i 

ab le  los s o f  viab i l i ty , or incre a s e  in the number o f  

abnormal s e e d l ing s was appa�ent in mo s t  tre a tments during 

the firs t 1 0 - 12 week s . However , during the las t 8 - 1 0 

week s s torage s ome l o s s  o f  germin ation and increas e in 

s e e d l ing abnorma l ity was apparent in the mo s t  unfavourab le  

tre atment comb inat ion s . He yde cke r ( 1 9 7 2 )  has di s cus s e d  
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what h e  cons i der s to b e  th e prob ab le order o f  event s  in 

the pro ce s s  o f  s e e d  deteriorat ion . The sequence , whi ch 

is  a mod i f i cat ion o f  an e ar l ier  s ugge s tion by  De louche 

( 1 9 6 9 ) , is as fol lows : 

- membrane damage 

- impaired b iosynthe s i s  

- s lower germinat ion 

- s lower and more uneven growth and deve lopment 

- greater s us cept ib i l i ty to environment a l  s tre ss 

- poor emergence potential  

- morpho log i cal  ab errat ions 

and finally - inab i l ity to germ inate 

Th is sequence sugge s t s  the pos s ib i l i ty that the incre a s e  

in abnormal s eedl ing s and the categories such a s  unbalanced 

devel opment , mis s ing and damaged s truc tur es and de cay may 

i nd i cate that at leas t s ome of the seedling s c las s e d  as  

viab le were in  fact  exhib it ing s ymptoms o f  advanced 

de teriorat ion l ike ly to re sult  eventua l ly in s ee d  dea th . 

A t empera ture of 20 °C is  cons ide re d to  be the minimum 

va lue f or s ignif ican t  deve lopment of ri ce weevil infe s ta

t i ons ( Co t t an and Wilbur , 1 9 6 0 ) s o  that b e low this 

temperature serious damage to seed i s  unl ike ly to o ccur . 
0 However , tempera ture s above 4 5  C are a l s o  un favourab le 

as ovipo s i t ion ce ases  and adu l ts are short lived . The 

s torage temperature s o f  20° C and 3 0°C use d  in this s tudy 

are therefore c lose to the minimum and opt imum leve ls 

re spe ctive ly for l ike ly damage to  mai z e  seed from th is  

spe cie s . 

Gr ain mo i s ture content and r e l a t ive humidi ty of the s t orage 

environment are a l s o  impor t an t  fac tors wi th respe c t  to the 

ab i l i ty of s t ored grain pe s ts to survive and reproduce , as 

mo s t  spe cie s depend entire ly on the moi s ture con t ent of 

s ee d  for the water that is  e s sential  to s u s t ain the i r  li fe 

p ro c e s s es . As shown in the resul t s  o f  the p re s en t  s tudy , 
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a du l t  r i ce weevi l s  were unab le to  survive a t  40% RH and 

l arval populations  did no t deve lop . Fur thermore , the seed 

s tore d a t  40% RH r ap i d ly re ache d an equi librium mo i s ture 

conten t  of onl y  7 - 9% ,  i rre spe c t ive of temperature and 

ini t i a l  mo is ture con ten t . The death o f  the popu la t i on 

under the s e  con di tion s  con f i rms the finding of Cot ton and 

Wi lbur ( 1 9 6 0 )  that adu l t  r i ce weevil s  can survive for only 

a we ek in 8% mo i s ture conten t  seed and that in 9% moi s ture 

s e e d  7 0% mor t a l ity o c curred a f ter three weeks . They con s i

dere d the cr i t ic a l  minimum moi s ture content for r i ce weevil 

deve lopment in cere a l s  to  b e  b e tween 1 1 - 1 2% .  The results  

o f  the p re s en t  s tudy are in general agreement wi th their 

value s , b e cause , a l though ini ti al  mois ture con ten t s  used  

were above 1 2 % , they de c l ined to b e low 1 0% after 2-4  weeks 

for s e e d  s tored at 4 0% RH . The short period o f  suitab le 

mo i s ture con tent was evident ly ins uffi cient to permi t 

e s t ab l i shment an d survival o f  the ins e c t  population . 

The nece s s i ty for both temperature an d seed moi s ture 

content ( and hence humi di ty o f  the s torage environment )  

t o  b e  above certain c r i t i ca l leve l s  for deve lopment o f  

ri ce weevi l populations i s  c lear ly shown from the re s u l t s  

o f  the pre s en t  s tudy . Populations increas e d  only i n  s e e d  

s tore d a t  65% RH (which maintained seed moi s ture s above 

1 2 . 5%)  and the incre ase was much gre ater at 3 0° C ( c l o s e  to 

op t imum) than at 2 0° C ( on ly s ligh t l y  above minimum thre sh

old temperature ) .  

Co t ton an d Wilbur ( 19 6 0 )  h ave s t ate d that under op timum 

con d i t ion s  rice  weevi l s  may comp lete deve lopment from 

egg t o  adu l t  in about four weeks . Each adu l t  female  i s  

cap ab l e  o f  lay ing s e veral hundred eggs s o  that an enormous 

rate of incre ase is pos s ib l e . The maximum incre ase in the 

pre s en t  s tudy ( at 3 0° C ,  6 5% RH an d 18 . 5% IMC ) was from 6 0  

intro duce d ins e c t s  to  1 90 8  a fter 2 0  week s , a fact or o f  x32 . 

Al though impre s s ive , th is  is s t i l l  c lear ly we l l  b e low the 

op timum for the s pe c ies . Grain s pe ci e s  and var i e ty (no t 

examine d in the present s tudy ) may we l l  b e  an addi t i onal 

comp l i cat ing fac tor . 
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Mo s t  o f  our knowledge o f  damage t o  seed  by  ins ect  pe s ts , 

including that caus e d  by  Sitoph i L u s specie s , i s  based  on 

s tud i e s  o f  s to re d  food grains . Thi s  is  pert inent in 

drawing at tent ion to s torage prac t i ce s  that should b e  

avo ided with seed grain s , but provides l it t le information 

about actual  e f fe c t s  on s e e d , as los s e s  have usual ly been 

as s e s se d  in terms o f  l o s s  o f  seed weight , incre as e in 

dus t  fract ion , deve l opment o f  o f f - f lavour s an d the pres ence 

o f  ins e c t  fragmen t s . Thi s  te l l s  us l i t t le or nothing 

about seed  vi ab i l i ty and seed ling vigour when such s e ed is 

p l an te d . I t  appe ars that very few re s e ar chers h ave cri t i 

ca l ly examined the inf luence o f  inse c t  ovipos ition or 

fee ding by  adu l t s  or larvae on germination or other de ter

minan t s  o f  s e e d  qua l i ty . 

Re sul t s  o f  the p re s en t  s tudy s ugge s t  that in the cas e o f  

ri ce weevi l in fes t ing maize , germination i s  no t gre at ly 

affe c t e d  b y  adu l t  fee ding or b y  ovipos i tion o r  even by  

fee d ing of  young larvae dur ing the f ir s t few weeks o f  

s torage . However , germina tion doe s  be come more serious ly 

affe c te d  when the larvae grow l arge enough to eat s u f f i 

cient o f  the endosperm t o  p reven t adequate food re s e rves 

be ing ava i lab l e  for the seedling . S .  ory z a e  a l s o  c le ar ly 

damages are as o f  the s eed whi ch inf luence the growth o f  

the seed l ing a s  shown b y  the e f fe c t s  on s e e d l ing abnor 

mal i t i e s . There i s  thus a real danger that even though 

percen t age germination may not be s er i ous ly affe c ted , 

many s e e ds which germinate wi l l  sub s equen t ly produce 

abnorma l  s e e d l ings which are incapab le  of deve lopment 

into a productive p lant . In this respe ct  the presen t  

s tudy has shown that damage t o  s e ed vi ab i l ity by  S .  o ryzae 

is c le ar ly a function o f  the s i ze of the ins e c t  popu lation 

and the t ime over whi ch i t  pers i s t s  ( Figure 7 ) . 

X-ray pho tographs o f  ins e ct . a t t acke d s e e ds showe d that 

interna l inj ury from larval fee ding may oc cur in many 

ins t ances  wi thout externa l vis ib le evi den ce b e ing app arent . 

Howeve r , in mos t  cases  whe re seed was s i gn i f i cant ly 

affected this was app aren t from ex ternal vi sual examinat ion . 
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X-ray examination of  infe cted s e e ds di d no t s trong l y  

sugge s t  that larvae o f  S .  o ry z ae f e e d  preferen t i a l ly on 

the emb ryo . However , even i f  the emb ryo i s  not d i re c t ly 

e aten , s o  much o f  the endos perm may be con s ume d  that 

insuffi cient remains to  support the seed l ing . Howe (19 7 3 )  

has sugge s t e d  that Si tophi l u s  d e l iberately l a y  thei r  eg� 

in the s cu te l lum are a  around the embryo . I f  th is  i s  s o , 

i t  seems un l ike ly that l arvae cont inue to p re ferenti a l ly 

fee d  on th at p art o f  the s e e d . In general the e f fe ct of 

r i ce weevi l infe s tation on grain seed was both to re duce 

percent age germinat ion and to  increase  the inciden ce o f  

abnormal seedl ing deve lopment ( F i gures  8 an d 9 ) . 

A s pe r g i l l u s  s pe c i e s  have been reported to invade and 

des troy s tored seeds , in c lud ing cere al  grains ( Chris tensen 

and Kaufmann , 1 9 6 5 ) . Certainly the invas ion o f  s e e ds by 

s t orage fungi has b een shown to  be very rap i d  under 

condi tions of re lat ive ly high amb ient temperature and 

r e l a t ive humid i ty ( Chr i s t ens en an d Kau fmann , 1 9 6 9 ) . In 

the present s tudy , the seed lot o f  mai ze showe d a p re storage 

leve l o f  invas ion by s torage fungi o f  3 5 - 3 8 % . S t orage o f  

thi s  s e e d  a t  a range o f  ini t i a l  moi s ture con ten ts  under a 

range o f  con di t ion s inc luding high tempe rature ( 3 0° C)  and 

moderate humid i ty ( 6 5%) for 5 mon ths did no t cause t o ta l  

l o s s  o f  germinab i l i ty des p i te s ome increase i n  the leve l 

o f  A spe rgi l l u s  an d Pe n i c i l l i um s torage fungi . Th i s  was 

s urpr i s ing s in ce the se  species  have genera l ly been foun d  

t o  caus e r apid and adve r s e  e f fe c t s  on s e ed qual ity . The 

pre s en t  re su l t s  are s uppor t e d  by f indings by Kul ik ( 19 7 3 )  

who showe d that s ome vege tab le seeds may no t b e  sus cep t ible 

to rapid invas ion by A .  ams t e l o dami and A .  f l a v u s  even when 

they were s to re d  under con d i tions  that are favourab l e  for 

fungal  deve lopmen t . He sugge s te d  thi s  may be due to  the 

re lat ive ly low mo i s tur e  content at tained by seeds even 
. 

when they are s tored at humid i ty leve l s  up to  8 5% .  Th is  

pos s ib ly exp lains the only s low incre ase in  fungi in maiz e  

s e e d  s tore d at 4 0% and 6 5% RH in the presen t  s tudy , an 

e f f e c t  which o c curred s imi lar l y  in the presen ce or ab s en ce 
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o f  ins e ct s . The rap id change in s e e d  moi s ture con t en t  t o  

equi l ibrium during the firs t 2 weeks o f  s torage sugge s ts 

that the leve l o f  ini t ia l  s e e d  mo i s ture conten t , even 

though i t  may have been high , was o f  only tran s i ent 

importance an d apparen t ly did no t provide sui tab le condi 

tions for long enough to  great ly a i d  the deve lopment o f  

s t or age fungi . Th is  i s  a l s o  suppor ted b y  the findings o f  

Chri s tensen an d Kaufmann ( 19 6 9 )  that s t or age fungi canno t 

grow and reproduce s igni ficant ly on seed  in equi l ib rium 

wi th a re l a t ive humid i ty les s than 6 5 - 7 0% .  I t  appear s  

there fore that the leve l s  o f  humi d i ty use d i n  th is study 

we re re l at ive ly " s afe" in t e rms of mi crofloral a c t ivi ty . 
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Canad . Jour . P l ant S c i . , 4 5 : 4 8 - 5 9 . 
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o f  the in i t ial population dens i ty o f  
S i t o p h i l u s  g ra na ri u s an d S .  o r y z a e  on 
the lo s s  o f  we ight in in fes ted wheat . 
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Bedingungen fur s i chene Ge tre i de lage 
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Trea tment 1 

T r e a tme n t  2 
T r e a tme n t  3 
T r e a tment 4 

T r e atment 5 

T r e a tment 6 

T r e a tment 7 

T r e a tment 8 

T r e a tment 9 

T r e a tment 10 
T r e a tment 1 1  

T r e a tment 1 2  

KEY TO APPENDICES 

= I MC 1 2 . 4 % Tempe r a t u r e  

= I MC 1 2 . 4 % Tempe r a t u r e  

= I MC 1 2 . 4 % Temper a ture 

= I MC 1 2 . 4 % Tempe r a ture 

= I MC 1 5 . 1 % Tempe r a t u r e  

= IMC 1 5 . 1 % Tempe r a tu r e  

= IMC 1 5 . 1% Tempe r a t u r e  

= IMC 1 5 . 1 % T emper a tu r e  

IMC 1 8 . 5 % T empe r a ture 

IMC 1 8 . 5 % T emp e r a t u r e  

= I MC 1 8 . 5 % T empe r a tu r e  

= IMC 1 8 . 5 % Tempe r a tu r e  

2 0°C ' RH 4 0 % 

2 0°C , RH 6 5 %  

3 0°C , RH 4 0 %  

3 0°C , RH 6 5 % 

2 0°C , RH 4 0 %  

2 0°C , RH 6 5 %  

3 0°C , RH 4 0 % 

3 0°C , RH 6 5 % 

2 0°C , RH 4 0 % 

2 0°C , RH 6 5 % 

3 0°C , RH 4 0 %  

3 0°C , RH 4 0 % 



APPEN D I X  1 :  Ana l y s i s  o f  var ia n c e  o f  the expe r imen t a l  data on the p e r c entage o f  i n i t i a l  s ee d  
mo i s ture content a f ter 2 ,  4 ,  6 ,  8 ,  1 2 , 1 6  a n d  2 0  weeks . 
A .  S e ed wi thout i n s ec t . 

Week 2 .  

� � • • �  ANAL Y S I S  OF VAR I ANCE � * * ** 

·.' .; R I ATE : S E DM 
30 U R C E  OF �AR I A T I C N 
..,. •J N I 73* S T R A i UI'l 

� q EA H 'I N T  
::: t: S I  ;: •_' AL 

Tu T I\ ;_  
:. R AND l' c H AL 

G R � N D  M E � N  
T O T A L  NUMBER OF O B SE R VAT I O NS 

� ,. .,. :- + T A J LE S  OF •'lEANS • * �· ��- •  

..; � ;., r ..:. T E  3EDM 

GR ;, t <D  : 1[i· N  
r o E .:.. HII' IT  

1 2 . 32(-, 
...., � 1 

1 2. "3 1 7 1 2 . :300 

T R  !::A Ti' i f'l  f 1 ;->  
1 4 . 9tLl 

D F  

1 1 
2 4  
3 5  
3 5  

ss 

1 5 2 . 2090 1 
0 .  lt 5027 

1 5 .2 .  6 5'127 
l 52. :..:, ':;'/27 

1 ?. :-J 2 6  
:16 

J 
8 . 9 :: 0 

4 
1 2. 4 1 3  

'* -:t  H *  ST ANDAR D E=:R R 'JR S  OF D I FF E R E NC E S  OF ME/\NS 11-**** 

T A B L E  T R El\FlNT 
- - - - - - - - - - - - - - - - - - - - - - - - - - �  

R E P  
SE D 

3 
o. 1 1 1 8  

SS/. 

?9. 7 1  
0 . 29 

1 00 . 0 0  
1 00. 0 0  

5 
1 2. 4 00  

MS 

1 3. 837 1 8  
0 . 0 1 876 
4 .  36 1 69 

6 
1 3. 7 1 7  

' 

V R  

737. 54 7 

7 
9. 1 1 7 

8 
1 3. 483 

? 
1 3 . 600 

1 0  
1 :5 . 1 3 3 

I 
9 .. 301 



AP PEND I X  1 :  CONT INUED 

\\le e k  4 • 

* * * * *  ANALYS I S  OF VAR I ANCE ***** 

VAR I ATE : S EDM 

SOU R C E  OF VAR I AT I ON 

•UN I TS* S TRATUM 
T R EATMNT 
R ES I DUAL 

TOTAL 

GR A ND TOTAL 

GRA ND MEAN 
TOT AL NUM B ER OF OB SER VAT I ONS 

* * * ** TAB LES OF M�ANS ***** 

V AR I ATE : SEDM 

GRAND MEAN 1 4 . 4 

TR EATMNT 1 

1 1 . 0 
R EP 3 

TREATMNT 1 2  

1 4 . 7 
R EP 3 

2 

1 3 .  1 
4 

DF 

1 1  
24 
3 5  

3 5  

1 4 .  4 
36 

3 

8 . 6 
3 

·,. 

ss 

1 4 76. 8 
2 7 4 3 .  6 
4220. 4 

4220. 4 

4 

1 2 . 6 
3 

*** ** STANDARD ER R OR S  OF D I FFERENC ES OF MEANS ***** 

TAB LE TREATMNT 
- - - - - -- - - - - - - - - - - - - -- - - - - - -

REP UNEQUAL 
SED 1 0. 69X M I N  REP 

9. 26 MAX-M I N  
7 .  5 6  X HA X  B._EP 

ssx 

34. 99 
65. 0 1  

1 00. 00 

1 00. 00 

5 

25 . 0 
3 

t'1S 

1 34 .  3 
1 1 4 . 3 
1 20. 6 

6 

30. 4 
3 

VR 

1 .  1 74 

7 

e .  5 
3 

8 

1 3. 3 
2 

9 

1 2 . 0 
3 

1 0  

1 4 . 5 
3 

u 
8 .  7 

3 



1 

� 

AP PEN D I X  1 :  C ONT INUED 

Week 6 .  

** * * *  ANALYS I S  OF VAR I ANC E ***** 

VAR I A TE : SEDM 

SO U R C E  OF VAR I AT I ON 

* U N I TS* S T R A T U M  
T R E A T M N T  
R E S I DUAL 

TO T A L  

GR A N D  T O T A L  

GR AND MEAN 
T O T AL NUM3 ER O F  OB SER VAT I ONS 

* * * * *  T A B L E S  O F  MEANS * ** * *  
v � R I ATE : S E DM 

GR AND MEAN 

TR EATI'INT 

TR E ATI'INT 

1 1 . 586 

1 
1 0 . 700 

1 2  
1 4 . 383 

2 
1 3 . 083 

DF 

1 1  
2 4  
3 5  

3 5  

ss 

1 66 .  74 1 39 
0. 42667 

1 6 7 .  1 6803 

1 67 .  1 6803 

1 1 . 586 
36 

3 
8 .  500 

4 
1 2. 5 1 7  

** * * *  STANDARD ER R OR S O F  D I FFER ENCES O F  MEANS ***** 

TABLE 

REP 
SED 

T R EATI"INT 

3 
0. 1 089 

SS'l. 

99. 74 
0 .  26 

1 00 .  00 

1 00 .  00 

5 
1 1 . 067 

MS 

1 5. 1 583 1 
0. 0 1 778 
4. 7 7623 

6 
1 3. 733 

) 

VR 

8 5 2 .  656 

7 
8 .  4 50 

8 
1 3 . 2 1 7  

9 
1 0 .  883 

1 0  
1 4. 1 00 

1 1 
8 .  400 



-AP-PEND I X  1 : CON T INUE D 

Week 8 • 

.... � ,.  .... ..:.NA:....Vs r s  OF Vi'\r-f I ANCt: : �d- � '*  
vA R ! A TE SEl>t'l 
S 0UF C E  CF VMR I � T I ON 
1t U N l TS .,.  5Tti ro� ··lll': ·,-RE.:., Ti"'iNT 

=1 E S l : :JAL 
TQ .,...AL 
c;,: .:.��j): ·; :J T ,; L.. 
GR �r �i:> HE A t.J 
ao ·:-�L i>4 1..W!i3 ER OF 0 3 S E R VA T 1 liNS 

... .,.. � �  -;- ..... 5 L. ES :-w t !E M·JS li- -li- t:· * li-
\ A P:.. l ..:... TE 3EDi"-! 

·;R AND �EAN 
TREA H-lt-4 r 

TR EATNNT 

1 1 · 3 t. 2  
1 

1 0. 593 

1 2  
1 3 .  '-/0() 

2 
1 J. 000 

DF 

1 1  
2 4  
35 
3 5  

ss 

J 55 .  09b06 
0 �t'lOOO 

1 5 5 .  3:J68, 
J JS. 3 3�J35 

1 1 .  3 1  ;· 
36 

3 
e. 283 

4 
1 2 . 550 

� * * * *  STAr-JDARD ER R OR S  O F  D I FF ER ENCES O F  MEANS *** ** 

TABLE 
REP 
S£D 

TREATMNT 
3 

0. 09 1 6  

SS/. 

99 . 8 5  
0 .  1 5  

1 00 . 00 

J 00. 00 

5 
1 0. 483 

�· .... ..:... .. � .  
" ;. 

I'"IS VR 

! 4 .  099 7 1  1 4 09. 966 
0. 0 ! 000 
4 .  4 3820 

6 
1 2.  800 

7 
8. 3 50 

8 
1 3. 000 

9 
1 0 .  500 

1 0  
1 3 .  9 50 

1 1  
8 .  3 5Q 



APPEND I X  l :  CONT I NUED 

Week 1 2 . 

· vA� l Al E. : se:m-t 

S O U R C E  OF VAR I A T I ON 

*U N I TS* ST R A T UI'1 
T R EA TMNT 
R E S I DUAL 

T O TAL 

GR AND T O T AL 

GR A N D  M E A N  
TO TAL NUM B E R  OF OBSER VA T I ONS 

** * * *  T A B L E S  OF MEANS * * * * *  

V A R I ATE : S E D M  

GR AND MEAN 

T R E A T NNT 

T R E A T MNT 

1 1 . 207 

1 
1 0 . 083 

1 2  
1 3 . 800 

2 
1 2 . 883 

DF ss 

1 1  1 6 5 .  8 7 74 1 
24 0 .  24833 
35 1 66 .  1 2 573 

3 5  1 66 .  1 2 573 

1 1 .  207 
36 

3 
8. 200 

4 
1 2 .  6 1 7  

* * * * *  STAN D A R D  E R R OR S OF D I FFER ENCES OF MEANS ***** 

TA B LE 

REP 
SED 

TR EA TMNT 

3 
0. 083 1 

ssx 

99 . 85 
0. 1 5  

1 00. 00 

1 00 .  00 

5 
1 0 .  1 33 

MS 

1 5 . 07976 
0. 0 1 0 3 5  
4 .  7 464 5 

6 
1 2 .  883 

VR 

1 4 5 7 .  378 

7 
8 .  300 

8 
1 2. 983 

9 
1 0 . 2 1 7  

1 0  
1 4 .  1 00 

1 1  
8 . 283 



AP PEN D I X  1 :  CONT INUED 

Week 1 6 . 

'JAR I ATE : SEDM 

S O UR CE OF VAR I AT I ON 
•UN I TS+ STR ATUM 

T R EA TMNT 
R ES I DUAL 

TO TAL 

GR AND TO TAL 
·�R A ND MEAN 
TO TAL NUMBER OF OBSER VAT I ONS 

** *** TAB LES OF MEANS * * *** 

VA R I ATE:  SEDM 

GR AND MEAN 
TR EATNNT 

TREATMNT 

1 0. 899 

1 
9. 733 

1 2  
1 3. 600 

2 
1 2. 9 50 

OF ss 

1 1  2 1 3. 1 4075 
24 0 .  56 1 67 
3 5  2 1 3. 70239 

35 2 1 3. 70239 

1 0. 899 
36 

3 
7. 6 50 

4 
1 3. 033 

** * ** STANDARD ER RORS OF D I FFERENCES OF MEANS ** *** 

TABLE TREATMNT 

R EP 
SED 

3 
0. 1 249 

ssx 

99. 74 
0. 26 

1 00 . 00 

1 00. 00 

5 
9. 583 

-, 

MS 

1 9. 37643 
0. 02340 
6. 1 0 578 

6 
1 3. 1 67 

-:' 

VR 

827. 953 

7 
7 . 433 

8 
1 3 . 000 

9 
9 .  5 50 

1 0  
1 3. 5 1 7  

1 :  
7. 56� 



APPEN D I X  1 :  CONT I NUED 

Week 2 0 .  

***** ANAl.YS l S  OF VAR I ANCE ••• 
V A R I ATE :  SED"' 

SO URCE OF VAR IAT I ON 

•U N I TS• STR ATUpt 
TR EA TMNT 
R E S I DUAL 

TO TAL 
QR AND TOTAL 

GR AND MEAN 
TO TAL NUMBER OF OBSERVATI ONS 

** *** TABLES OF MEANS ***** 

V A R I ATE : SEDf1 

GRAND MEAN 

TR EATNNT 

TREATMNT 

1 1 . 043 

1 
9. 1 1 7 

1 2  
1 3 .  500 

2 
1 3. 950 

OF ss 

1 1  263. 28406 
24 0. 38667 . 
3 5  263. 67072 
3 5 263. 67072 

1 1 . 043 
36 

3 
7. 633 

4 
1 3. 233 

.. 

***** STANDARD ERR OR S  OF D IFFERENCES OF MEANS ***** 

TABLE TREATMNT --------------
REP 
S£D 

3 
0. 10:J6 

SS% 

99. 8 :t  
0. 1 5  

1 00. 00 

1 00. 00 

5 
9. 367 

P19 

23. 9349 1 
0. 0 1 6 1 1 
7. 5334 5  

6 
1 3.  933 

., 

VR 

1 485. 6 1 6  

7 
7. 5 1 7 

8 
1 3. 1 50  

9 
9 . 400 

1 0  
1 4. 200 

1 1  
7. 5 1 7 



AP PEND I X  1 :  CONT INUED 

B .  S eed with i n s e c t . 
W'eek 2 .  

VA R I AT E  SEDM 

3 0 U R C E  O F  VAR I A T I O N 

� u N I TS •  S T R A T UM 
i � EA TMNT 
� E S I DUAL 

T J TAL 
G R  . .!.,NO T O T A L  

GP ,C. N O  I"EAN 

1J T A L  t·JIJM I: ER CJF 0 3 SER 'v A T I UNS 

> * � * *  TA B L E S OF MEA N S  � � � * * 
·J ;_ i:> I A -:- E  ·3 E D M  

G;: .:, �m i1EAI'I 
I Q E A TI'!i'IT 

T R E A TI'INT 

1 2 .  3 7 -.,. 

1 2 .  250 

1 2  
1 5 . 083 

1 2 . 600 

DF 

1 1 
�.:' 4 
J 5  

ss 

l 5 5 .  0 3026 
0. ;,.> 7860 

1 5 6 .  1 0886 

J 5  1 5 6 .  1 0 886 

1 �. 37 'l 

36 

3 
8 .  900 

4 
1 2 . 407 

* * * * *  STANDAR D ER RORS O F  D I FFER ENCES OF MEANS * * * * *  

TA B LE 

, R E P  � - SE D 

.. 

Tll EATI'lNT 

3 
0. 0080 

SSY. 

99. 82 
0 .  1 8  

1 00.  00 

1 00 .  00 

5 
1 2 . 467 

MS V� 

1 4 . 1 6 6 3 9  1 220. 362 
0 .  0 1 1 6 1  
4. 46025 

6 
1 3 .  7 50 

..., 

7 
9 .  300 

8 
1 3 . 467 

9 
1 3 . 783 

. 1 0  
1 5_. 2 3 3  

1 1  
9 .  2 50 

_./ 



APPEND I X  1 :  

y . .:�,R I ,:.,  TE 3 E D t-l 

C ONT INUED 

Week 4 .  

3 0U R C E  OF VAR I A T I ON 
v •�:N I T S+ S TR A T UM 

T R E ri TMtH 
R E S r DUAL 

T J T A L 
G R A N D  T O T AL 

; R A N D  M E A N  
�OTAL N U M B E R  O F  OB SERVA T I ONS 

* * * * *  T A B L ES OF MEANS •* � •* 
VAR I ATE : 3EDM 

GRAt·JD �1E f\N 

T R EA Tt'lNT 

T R E A TI'"iNT 

1 1 . 9 1 5  

1 
1 1 . 2 50 

1 2  
1 4 . 8 1 7  

2 
1 2. 9 50 

OF ss 

11 1 6 5 .  9 5 740 
24 0 .  �i0 1 66 
3 5  1 66 .  4 590 5 
3 5  1 66 .  4 5905 

1 1 . 9 1 5  
36 

j 
8. 600 

4 
1 2 . 500 

�•* * *  STANDARD ER R OR S  OF D l FF£RENC E S  OF MEANS • * * ** 

TAB LE 

J ' R EP ' SED 

TR EATi'INT 
3 

0 .  1 1 80 

SS% 

??. 70 
0 .  30 

1 00 .  00 

1 00.  00 

5 
1 1 . 6 1 7  

MS 

1 5 . 0 8 7 0 4  
0 .  0 2090 
4. 7 5 5 9 7  

6 
1 3 . 767 

' 
' 

VR 

7 2 1 .  7 74 

7 
�· 6 1 7  

8 
1 3 . 3 � 0  

9 
1 2 . 2 6 7  

1 0  
1 4 . 567 

1 1  
8 .  683 



APPEN D I X  1 :  

' 
V.!i. R : ..:.T E  SEDI'l 

C ONT INUED 

Week 6 .  

S :· u R C E  Or 'JA R I AT I LJN 

· · ·-· �H TS* STRATUI'1 
·: � EA T I"'� N T  
F E S I D U � L  

f O i .�L 
6 R  Ai'·; D TOTAL 
GH ;:,�JD MEAN 

T-J TAL t .i U M B ER O F  O B S C R V A  fl: ONS 

-=�- • * � *  T r� B L E S  CJF t'l E A N S  11- *  <t ll- *  
V' A  .. � I AT E  S E D M  

GR A N D  ME:\N 
T R E A TI'INT . ,  ,_ 

1 1  6 5 3  
1 

1 0 .  783 1 3. 083 

T R E A T ;·fNT 1 2  
1 4 . 1l 67 

DF ss 

1 1  1 7 2 . 4 5306 
2 4  1 .  0 7 1 67 
3 5  1 73 .  524 72 
3 5  1 73 .  5 2 4 72 

1 1 . 6 53 

:J6 

3 
8 .  500 

4 
1 2 . 600 

* * * * *  S T ANDAR D ER R O R S OF D t F FER ENf E S  OF ME ANS * � * * � 
..,.A B LE 
R EP 

- SE D 

TR E A TI' INl 
J 

0. 1 7 �· 5  

SS'l. 

99. 38 
0. 62 

l OO.  00 

1 00. 00 

5 
1 1 .  267 

MS 

1 5 . 677 5 5 
0. 044 6 5  
4 .  9 5 7 8 5  

6 
1 3. 967 

VR 

3 5 1 . 099 

7 
8 .  500 

8 
1 3 . 2 8 3  

9 
1 0 . 700 

1 0  
1 4 . 2 3 3  

1 1  
8 .  4 50 



APPEND I X  1 :  

v;.. R I ;.TE : S E D ,'1 

C ONT INUED 

.Week 8_ .  : 

� � � R � E  C F  VAR I � l i O N 
· UN I T 3 *  S T R A TU · · !  

T ::: EA T 1·: r-1 f 
R E S I D ' .' A L  

iQ .' AL 
G� . .; '· ! D  T O T ..; L  
G� .:. r ; D  1 E MJ 

TO I;\ !_  NUMB E R  JF C B SE � IiA r t 0 i'· 1 �.i 

, ,. � -> •  T A :? U �S f J F  t l EANS � * 11- l!- * 

V ::.. M. � r. T � - ; E Ui'l 

6i:;: M,'·J D :·1Et'·\N 
T R E A  fi' INT 

T� E,.:, T i' :i' IT 

1 1 . <f 9 7  
1 

1 0. 66 7 

· �  
1 4·  300 

� 
1 :3 . 0:33 

D F  ss 

1 1 J 6 7 4 1 1 38 
? 4- 0 .  7 4 333 
35 I 68.  1 � 4 69 

3 5  1 6 8 
j I · 4 97 

. 3/:} 

3 
B. JOO 

l � � 69 

4 
1 2 . 6 5 0  

, ,.  -' � q.  3T.:..h '::AR [, ::.R F ·- '? S  OF . ) J rT ::: fC EI :C r:S OF � IE:'.i'JS �* * * *  
fA 8t..E 
REP 
SED 

li� Et\TMI\I f 
3 

0. 1 4 :17 

SSY. 

?9. 56 
0. 4 4  

1 00 . 00 

1 00 .  00 

5 
1 0 . 1:333 

MSi 

1 5 . 2 1 9 22 
0 .  03097 
4 .  80442 

6 
1 3 .  300 

' 
' 

VR 

4 9 1 . 383 

7 
8 .  400 

8 
1 3. 1 67 

9 
1 0 .  -1 ':10 

1 0  
1 4 . 1 6 7 

1 1 
8. 400 

' 
·' I 



APPEND I X  1 :  CONT I NUED 

Week 1 2 . 

VA R I ATE : SEDM 

3 0 U R C E  O F  VAR I A T I ON 

• U N I TS* S 7 R A TUM 
T R EATM N T  
R E S I DUAL 

' D iAL 
; R A N D  T O T A L  

J R A N D  ME A N  

ro -r A L  · �ur1 B E R  O F  O B S E R V A T  � O I'IS 

* * * * *  T A B L E S  OF MEANS * * � • * 
')A R I ,!I TE : SEDM 

';R AND r·1 E r\ N  

T R E A T I'INT 

T R E A T t : N T  

1 1  3/8 
1 

1 0 . 2 3:::1 

l �  
1 4 . 08:3 

2 
1 3 . 1 00 

D F  s s  

1 L 1 70 . 2072 1 
24 0 .  2 5 500 
35 1 7 0 .  4 62 1 9  

3 5  ' 7•J . 4 62 1 9  

t 1 .  37B 

3 6  

3 
8. ::lOO 

4 

1 2 .  667 

** * * *  S T ANDARD E R R O R S  O F  D I FFER ENC E S  OF MEANS **� ** 
T A B LE 

R E P  
SE D 

lR EATI'lNT 
:i 

0 .  0842 . 

ssx 

99. 85 
0.  1 5 

1 00 . 00 

1 00 .  00 

5 
1 0. 5 1 7  

M S  VR 

1 5 . 47338 1 4 56 .  32 1 
0 .  0 1 062 
4. 870 3 5  

6 
1 3. 1 83 

7 8 
8 .  :::167 . 1 3 . 1 33 

9 
1 0 . 483 

1 0  
1 4 . 1 5 0 

1 1 
8 .  3 1 7  



1 -· 

APPEND I X  1 :  CONT INUED 

Neek 1 6 . 

'IA 'R I AT E : SEDH 
S O U R C E  JF VAR I AT I ON 

·fo !J !'J I TS+ 3 T R A T � iM 
T q EA T t-: � J T  
R E S I DU A L  

TO TAL 

G R A�JO T O T AL 

C:R AND MEAN 

T J TAL NUMBER OF O B SERVAT I ONS 

� * * * *  T A B L E S  OF MEANS � * • * •  

V 4. R I AT E :  SEDM 

GRAND MEi\N 
!R E A  HiNT 

1 1 . 3 1 2  
' l  r_ 1 

9 .  933 1 3 . J83 

T R EA T r !NT 1 2  
l 4 . 707 

DF 

1 1 
�' 4 
J 5  
J S  

ss 

27 l .  7 7 4 4 9  
l .  'J:Jil 9 3  

Z 7 3. jO'J40 
2 7 3. 00?4 0 

l l . J l :!  

:�6 

J 
7 .  5 :50 

4 
1 3 . ?eo 

* * * * *  S TANDAR D ER R OR S  OF D I F F ER ENC E S  OF MEANS *** ** 
TA B LE 

R E P  
S E D  

fR EATI"INT 
3 

0. 1 6?6 

SS'l. 

99. 62 
0. 38 

1 00.  00 
l OO. 00 

5 
9. 867 

MS-

24 . 72495 
0 .  043 1 2  
7 .  00027 

6 
1 3 .  6 3 3  

.., 

VR 

573. 370 

1 
7 .  4 50 

8 
1 3. 767 

9 
9 .  967 

l O  
1 4 .  200 

1 1  
7 .  533 



APPEND I X  1 :  C ONT INUED 

Week 2 0 .  

1,1 A R  I AT E :  S E PM 
3 0 U P C E  O F  v � R I A T I CN 
,:- U N  t TS* S T R r'. T UI"l 

�R£A TMNT 
R E S I DUAL 

T O TAL 
;R A I'� D  T O T A L  

:; R ..; i '< D  f1E A N  

ro T � L  NLMB E R  O F  OB SER VA T I ONS 

..,. _� <$- * *  TA B L E S  l _ _  i F  I· IE t.:..N S  11- *  IH!·* 

V:., ::· r,.:, ·; E  S E Di·l 

<:iF _.;N D  �'i Er� i'4 
TR E A  Ti'INT 

T R E ,.:., n iNT 

1 1 .  5 4 -4  
- 1 

9 .  2 5 0  

1 2  
1 4 . B ::J O  

2 
l ' L  383 

DF I �s 

1 1 J 50 . 6 1 J83 
�'4 0.  6 0 500 
:J 5  J 5 1 .  2 1 83 1  

3 5  :J 5 1 .  2 1 08 1  

1 J .  5 4 q  

l() 

3 
7 .  5 8 3  

4 
1 3 .  800 

* * � * * STANDAR D ER R �R S  OF D I FrERENC E S  OF MEANS � * *** 
T A J _ E 

R E P  
SE D 

> � t-:ATi' l t l l  
.. , c •  

0 .  l 2'!b 

SSY. 

99. 83 
0.  1 7  

1 00 .  00 

1 00. 00 

5 
9.  6 1 7  

I"IS 

3 1 .  8 7398 
0. 025 2 1  

1 0 . 03482 

6 
1 5 . 2 1 7  

VR 

1 26 4 .  423 

7 
7 .  433 

8 
1 3 .  983 

9 
9 .  7 1 7  

1 0  
1 5. 1 1 7 

1 1 
7 .  5 8 3  



J 

Appendix 2 :  The Effec t o f  S t o ra g e  C ondi t i on s  on I n s e c t  P o p u l a t i on ( Numb er o f  Adul t s  o f  S i t o p h i l u s 
o ry z a e  Per 3 0 0  S e e d s ) After 20 We eks o f  S to ra g e . F ig ur e s  i n  the B o dy o f  t h e  App endix 
are Numbe r  of I ns e c t s . 

Ini t i a l  Mo i s ture Content Ini t i a l  Moi s ture Content Ini t ia l  Mo i s ture C on t ent 

S torage 
1 2 . 4% 1 5 . 1% 1 8  . 5 /o 

2 0° C 3 0 °C 2 0 °C 3 0 °c 2 0 °c . 3 0°C 
P e r i o d s  

(week s ) 40% RH 6 5% RH 40% RH 6 5/o RH 40/o RH 6 5 %  RH 40% RH 6 5 %  RH 4 0 %  RH 6 5 /o RH 40/o RH 6 5% RH 

0 6 0  6 0  6 0  6 0  60 6 0  6 0  6 0  6 0  6 0  6 0  6 0  

2 5 9  5 9  5 5  6 0  5 9  5 9  5 5  6 0  5 9  5 9  5 5  6 0  

4 5 7  5 9  1 4  5 9  5 9  5 9  2 7  5 7  5 7  5 9  3 7  I 5 8  

6 5 0  5 7  0 5 7  5 3  5 9  5 8 9  5 4  5 9  9 1 06 

8 40  5 4  0 1 4 9  49 5 5  0 1 9 3  5 0  5 6  2 3 4 3  

1 2  1 8  8 2  0 3 3 5  3 1  1 6 2  0 4 3 3 3 4  1 7 2  0 7 0 9  

1 6  1 6  1 3 8  0 6 3 3  2 9  2 5 5  0 8 9 2  3 1  2 6 5 0 1 44 3  

2 0  1 4  1 8 1  0 1 00 0  2 2  3 5 1 0 1 6 5 9  2 8  5 2 9 0 1 9 0 8  

' 



AP P EN D I X  3 :  Ana ly s i s  o f  var i a nc e o f  the exper imen t a l  d a t a  o n  norm a l  germ i n a t ion 

p e r c en t ag e s  o f  corn s eed a f ter 2 ,  4 ,  6 ,  8 ,  1 2 , 1 6  and 2 0  week s . 

A .  S eed w ithout i n s ec t . 

Week 2 .  
� 

• • • • •  ANAL Y S I S  OF VAR I ANC E •**** 
� A F I �TE GERM 
3G U P C E  OF � AR I AT I ON 
� •r·.: r -:- s •  S T R A rUM 

: ::  C:..; r "': N T  
.::� =: := I DUAL ! :J ;AL 

(;R � r-; D TOTAL 
<;-..:> � N D  �AN 
TO TAL. /IUIM !3 �R OF :�· 3 5E FI ' .' '\ T f 0i'; s 

: � . ;- �- ":"" A 3  :_c:::; OF l'fEA r• S ;p- ::  : �:-
\I.� F. I. .:.. T E  .;Ei<M 

G� A�D �EAN 
TR �A TMNT 

1� �.� TMN'T 

'�2 .  1 1  
1 

92.  :13 

I �l 
�2 ·JO 

., ._ 
9 2 .  00 

DF 

1 1 
� 4  
3 5  
3 �  

92. 1 1  
36 

] 
92 . QO 

ss 

z 222 
4-7 .  333 
4 9  5 56 
4J ? .  5 5 6  

4 
9 2 .  00 

* * * * *  S TAtmAR O ER R OR S  OF D I FFERENC E S  OF MEt\NS * .. *** 

TA il L E  

� EP 
SED 

. 1 REi\ Tt'�NT 
3 

1 .  1 47 

ss� 

4 . 48 
?5. 52 

1 00. 00 
1 00. 00 

5 
92. 33 

MS 

0 .  202 
1 .  ? 72 
1 .  4 1 6  

6 
9 2 . 33 

' 
' 

VR 

0 .  1 02 

7 
9 1 . 67 

e 
92 . 33 

9 
9 2 .  3 3  

1 0  
92. 33 

1 1  
9 1 .  67 



APPEND I X  3 :  CONT INUED 

We e k  4 .  

*** ** ANAL YS I S  OF VAR I ANCE ***** 
) 

VAR I A TE : GER M 

SOU R C E  OF VAR I AT I ON 

*U N I T S• S TRATUM 
T R EATMNT 
R ES I DUAL 

T O T AL 

G R A ND T O T AL 

G R A ND MEAN 
TOT AL NUMB ER OF O B S ER VAT I ONS 

* * * ** TAB LES OF MEANS ***** 
VAR I ATE : GER M 

GRAND MEAN 9 1 .  94 

T R E ATMNT 1 2 

92. 00 9 1 .  75 
R EP 3 4 

T R E ATMNT 1 2  

92. 00 
R EP 3 

DF 

1 1 
24 
35 
3 5  

9 1 .  94 
36 

3 

9 1 .  33 
3 

ss 

1 8 .  472 
29. 4 1 7  
47. 889 

47. 889 

4 

92. 00 
3 

*** ** STANDARD ERR OR S  OF D I FFERENCES OF MEANS ***** 
TAB LE 

R EP 
SED 

TREATMNT 

UNEQUAL 
1 .  1 07X M I N  R EP 
0 . 9 59 MAX -H I N  
Q .  783X MA X  R EP 

SSX 

38. 57 
6 1 .  43 

1 00 . 00 

1 00 . 00 

5 '  

93. 33 
3 

f'tS 

1 .  679 -
1 .  226 
1 .  368 

6 

93. 33 
3 

VR 

1 .  370 

7 

9 1 . 00 
3 

8 

92. 00 
2 

9 

9 2 .  00 
3 

1 0  

9 1 .  67 
3 

l J  0 

9 1-QID 

, 



APPEND I X  3 :  CONT I NUED 

We e k  6 .  
***** ANALYS I S  OF VAR I ANCE ***** 

VAR I ATE : GERM 

SOURCE OF V AR I AT I ON 

•UN I TS *  S T R ATUM 
TR EA TMNT 
R E S I DUAL 

TO TAL 

GR AND TOTAL 

GR AND MEAN 
TOTAL NUMB E R  OF O B S E R VA T I ONS 

***** TABLES OF MEANS * **** 

VAR I ATE : GERM 

GR AND M E AN 

TR EATMNT 

TR EATMNT 

90 . 58 
1 

9 1 . 33 

1 2  
90 . 00 

2 
89. 67 

OF 

1 1  
24 
35 
3 5  

9 0 .  58 
36 

3 
90. 67 

ss 

1 7 . 4 1 7  
29.  333 
46. 7 50 
46. 750 

4 
9 1 . 33 

** *** STANDARD ER RORS OF D I FFERENCES OF MEANS ***** 

TABLE TREATMNT 
- - - - -- - - - - - - - - ----- - - - - - - - -

REP 3 
SED 0. 903 . 

ssx 

37. 25 
62. 7:5 

1 00. 00 

1 00. 00 

:5 
9 1 . 33 

MS 

1 .  583 
1 . 222 
1 .  336 

6 
90 . 00 

' 
'· 

VR 

1 .  29:5 

7 
90. 33 ' 

8 
9 1 .  00 

9 
9 1 . 67 

1 0  
90. 00 

1 1  
89. 67 



1 

APPEND I X  3 :  CONT I NUED 

Week 8 .  

* * * * *  ANALYS I S  OF VAR I ANCE • * *** 

\I A R I ATE : GERM 

S O U R C E  OF VAR I A T I ON 

� U N I TS* S T R A TUM 
T R EA T M N T  
R E S I DU A L  

TO TAL 
GR AND TOTAL 
GR AND ME A N  
T O T AL N U M B E R  OF O B SERVAT I ONS 

* * * � * TA B L ES OF M E � NS • * �** 
V A R I ATE : GERM 

GRAND MEAN 

TR EATMNT 

TREA TMN T  

89 . 7 8  

1 
90. 6 7  

1 2  
90 . 67 

2 
89. 6 7  

DF 

J 1 
2 'l  
3 5  
3 5  

8 ? . 7 8  
3 6  

3 
89.  67 

ss 

27.  556 
't O .  667 
6 8 . 222 

6 8 .  222 

4 
90 . 00 

** * * *  STANDAR D ERROR S OF D I F FER ENC ES OF MEANS ***** 

TA B L E  

R E P  
S E D 

TR EATI'I NT 

3 
1 .  063 

ssx 

40. 39 
59. 6 1  

1 00 . 00 

1 00 .  00 

� 
90. 33 

MS 

2. 50� 
1 .  694 
1 . 949 

6 
89. 33 

VR 

1 .  478 

7 
90 . 00 

8 
90. 33 

9 
90. 33 

1 0  
87. 67 

1 1  
99. 67 



.. 

APPEND I X  3 :  CONT INUED 

Week. 1 2  • 

** * ** ANALYS I S  OF VAR I ANCE ***** 
'JA R I ATE : GERM 

S O U R C E  O F  VAR I AT I ON 

*U N I TS* S T R ATUM 
T R EA T M N T  
R ES I DUAL 

TO T A L  

GR AND TO TAL 

GR AND MEAN 
TO T A L  N U M B ER OF OBSERVAT I ONS 

** * * *  TAB LES OF MEANS ***** 
V A R I ATE : GERM 

GRAND MEAN 

TR EATI"1NT 

TR E A T I'INT 

88 . 50 

1 
90. 00 

1 2  
8�. 00 

2 
87. 3 3  

D F  

1 1 
24 
3 5  
3 5  

8 3 .  5 0  
36 

3 
88. 67 

ss 

9 4 .  333 
3 0 . 667 

1 2 5 .  000 

1 2 5 .  000 

4 
89 . 67 

* * * ** STANDARD ER RORS OF D I FFERENCES OF MEANS ** *** 
TA B LE 

REP 
SED 

TR EATMNT 

3 
0. 923 

S SX 

75. 47 
2 4 .  53 

1 00 . 00 

1 00 .  00 

5 
90. 00 

""' 

MS 

8 .  576 
1 .  278 
3 .  57 1 

6 
86. 33 

;. 

VR 

6. 7 1 1 

7 
8 9 . 33 

8 
8 9 .  33 

9 
9 0 . 3 3  

1 0  
87. 00 

1 1  
89. 00 

.., 



APPEND I X  3 :  CONT I NUED 

Week 1 6 . 
VA R I ATE : Q ERrt 

SO URCE OF VAR IAT I ON  

•U N I TS• STR ATUf't 
T R EA TMNT 
R E S I DUAL 

TO TAL 

GR AND TOTAL 

G R AND MEAN 
T O TAL NUMB ER OF OBSER VA T I ON S  

** * ** TABLES O F  MEAN S * * * ** 
VAR I ATE : QER" 

GRAN D  MEAN 

TREATMNT 

TR EATMNT 

84. 28 

1 
84. 67 

1 2  
7,. 00 

2 
8,. 67 

OF 

1 1  
24 
3:5 

3 ,  

84. 28 
36 

3 
89. 33 

ss 

48 1 .  9gq 
4 7 . 333 

529. 222 

529. 222 

4 
83. 00 

** *** STANDARD ERRORS OF D I FFERENCE S  CF MEANS ***** 
TABLE TREATMNT 
- - - - - - - - - - --------- - - - -

3 
1 .  1 47 �� 

sax 

9 1 . 06 
B. 94 

1 00. 00 
1 00. 00 

:5 
84. 33 

.. 

43. 808 
1 . 972 

1 :5. 1 2 1  

6 
8,. 33 

""' 

22. 21 3  

. . 7 
88. 00 

8 
81 . 33 

9 
82. 00 

1 0  
84. 33 

1 1  
se. 33 

.· 



APPEND I X  3 :  CONT I N U E D  

Week 2 0 .  

V A R 1 A! E : GEnM 
SO U R C E  OF VAR I AT I ON 
* '-"'Ill T S :t STR ATUM 

TR=:A 7" ; 1NT 
RE S :  i:)i_'AL 

iu TAL 
t;R AND rOiAL 
GrR .... . t-.10 M E "- N  
I O T.:O.L NGr·, 3 ER OF O E S E R VI\ f [ Ci'!S 

.l- it --< � * f ,), 3L::: s CJF HE , � N S  "" ""'  �- �<- k 

VA 2 I A T £  G-�t< i'l 

G�AND MEAN 
TR EATMNT 

82.  33 
. ,  r� 1 

8 4 .  0 0  84 . 6 7  

1' R E A T i1N T � �  
63 . 6 7  

O F  ss 

1 1 1 4 5 2 .  000 
� J1  2 4  000 
:J S  1 4 76 . 000 

3 5  1 4 1 � .  000 

82. 3 3  
36 

3 
8 9 .  3 3  

4 
8 1 . 33 

·H * � *  ST .:..i JDARD ER R CR S  OF D I FFER ENCES OF !"'EANS * ,. *** 
T A B L E  
R E P  
SE D 

T R EATI' INT 
3 

0 .  tJ l t;,  

SSX 

?8. 37 
1 .  63 

1 00 .  00 

1 00 .  00 

5 
83.  33 

MS 

1 32 . 000 
1 . 000 

42. 1 7 1 

6 
8 5 . 3 3  

VR 

1 32 .  000 

7 
8 7 .  67 

3 
78. 33 

9 
8 0 . 00 

1 0  1 1  
84 . 33 8 6 .  00 

.. 



APPEN D I X  3 :  CONT I NUED 

B .  S e ed w i t h  i n s e c t . 

\/ Eo fif ( A T :=_  IJ E I M  

S C ��E O F  'h- \ R  I A T  I O N  
-.r'-' 'J t T S *  S TR f\ T U M  

T f:' f. A T M N T  
;: ;- -:: r ouAt  ro -.-t:c - -

G � 4N D  T O T A L 

Week 2 .  

G P A rJ D  :""'E PJ 
T O T � L � U � 3 ER OF O � S E R V A T I O N S  

� * ·� -:- � TA3 :.... � S  U F  ; IE �; �.J S  11- * 11- :!- * 
V.:.. � 1 � T E  G t=. r� l'l 

C:rR A "W 11( A N  
7 R E .:..TMi IT  ., c:... 

9 1 .  h 4  
1 

92. 00 9 1 .  67 

T R E A  HINT 1 2  
sq. oo 

D F  

1 1 
� '4 
3 5  
3 5  

9 J . 6 4  
3,'1 

:3 
9 2 .  •:J O 

s s  

2 5 . 6 3 9  
2 4 . 667 
50.  306 

50 . 306 

4 
9 1 .  6 7  

� • • • • � T � N D A R D � n P OR S \ OF D I F r E R EN r E S  OF M E A N S  • � � * *  
TA G '... ::: 
R E P  
�E O 

Tt-1 EA ·r :- tN f 
3 

0 .  9�9 

SS'Y. 

50. 97 
49. 03 

1 00 .  00 

1 00 .  00 

5 
92.. 33 

M S  

2 .  3 3 1  
1 .  0 28 
1 .  4 3 7  

6 
9 1 . 6 7  

VR 

2. 268 

7 
9 2 . 33 

8 
9 2 .  00 

9 
9 2 .  00 

1 0  
9 1 . 67 

1 1  
9 1 .  33 

.· 



APPEN D I X  3 :  CONT INUED 

Week 4 . 

y .:.. ? ... HE . G E R I't 

S O w >( ( E  8 F  �� � R I A T  I DN 
:�cUN I TS* S T R A T UM 

T R E A T t'i N T  
� E S I DU.�L 

T w T A L  
G � A :�D T O T A L  

.; R A N D  t1E A N  
f O T AL NUi1 B ER O F  O B S E R VAT I ONS 

� • * * * T A B L E S  OF ME ANS �* � • *  

v .::.R I A TE : ·";E R M  

GRAND 1'1EAN 

T R E A TMNT 

T R E A T M N T  

9 0 :  89 

1 
92. 3 3  

1 2  
8 7 .  6 7  

., r_ 
92. 00 

DF 

1 1  
24 
3 5  
35 

90 . 8 9  
3 6  

j 
9 1 .  0 0  

�s 

58. 222 
3 5 .  3 3 3  
9 3 .  5 56 
93.  5 5 6  

4 
9 2 .  00 

• * * * * S T A NDA R D  E R R O R S  OF D I FFER ENC E S  OF MEANS * ** * *  
T ;.. B LE 

R EP 
SED 

TREATMNT 
3 

0 . 99 1 

SS'Y. 

62. 23 
87. 77 

1 00.  00 
1 00 . 00 

5 
92. 00 

1'1S 

5 . 293 
1 .  4 7 2  
2 .  673 

6 
90. 67 

VR 

3. 5 9 5  

7 
90 . 3 3  

8 
90 . 00 

9 
92. 00 

1 0  
90. 0 0  

1 1  
90. 67 

.. 



At>PEND I X  3 :  

..;_:.. ,� f !J!T E.  ·; E F: �'t 

CONT INUED 
Week 6 . 

S ·J 'A�.C E :l F  'h� F; � A T I ON 
� tJ ' J I TS *  S T R :\ T Ut-1 

: KEA T i"1NT 
= :::: s r ;:, u AL 

I O T'.4L_ 
(7;:: .:, ;·JD T J T  ,...,L 
GO , N D  M E A N  
� 8 T A L  NUMB E R  O F  O B S E R V A T i nNS 

> • • • •  f A B L E S  OF M E � N S  * • * • *  

tJ :... ;--:- I ,:.,  l E  -:; ;:: R t·l 

;R ,.:.. r . o • w .-:: �� 
T R � � 7 r"lt·H 

T P E A T ilt-J T 

88 . .l l 
.l 

�o . eo 

1 2  
3 0 .  J� 

.. 1 r_ 
'] 7  J J  

OF ss 

1 1  :3 0 0 .  2222 
;:• 4 :2 3 .  3333 
3 5  32:1 . 5 5 5 5  
3 5  32:3 .  5 5 5 5  

8 8  I I 
36 

3 
90 00 

4 

89 . 00 

� - · � • •  S T Ah D A R D  �R P � R S  OF D I F r E R E NC E S  OF MEANS � * * * * 
TAB LE 
� � p 
S E D  

--

rR EAT i·ii'-! f 
�J 

0. 805 

SSY. 

92. 79 
7 .  2 1  

1 00 .  00 

1 00. 00 

5 
90 . 33 

MS 

27. 2929 
0 . 9722 
9 .  2444 

6 
88 . 33 

VR 

28. 073 

7 
39 . 3 3  

8 
84 . 33 

9 
90. 6 7  

1 0  1 1  
8 6 . 67 8 9 .  00 



APPEN D I X  3 :  CONT INUED 

Week 8 . 

. ,.f::. ,_ I � TJ? .;E�� I'1 
S O �R C E  OF V A R I A T I ON 

- � 'Y H  TS * S T R A T UI"l 
T R EATMNT 
� E S I D U A L  

-:- o � �L 

s �  .. ; N D  T O T !l. L  
GP � r m  M E � N  

I 

T J TAL NU M B E R  OF 0 3 5ER V A T I ONS 

-� 4 ��* T A B L � S  OF �1EA�JS IH�- • :  11- 1'<· 

. � � I A TE : GEt�l"l 

·;R A N [• r'I E A N  
;- o  EAT i'ii'IT 

T R E A T i" IN T  

8 2 .  9 7  
1 

9 0 .  00 

1 2  
6 3 .  33 

2 
04 . 00 

O F  ss 

1 1  
2 4  
:-J 5 
3 5  

204 7 .  639 
1 29 .  333 

2 1 76 .  ?72 

2 1 76 .  ?72 

82. en 
36 

3 
88 6 7  

4 
0 1 . 33 

� • * * *  S T A N D A R D ER F GR S  O F  D I Fr ERENC E S  OF MEANS ***** 

T A 8 L E  T R EAHINT 
� E P 
7. 1=" 0  

:·I 
1 .  gt} 5  

SSY. 

94.  06 
5. 94 

1 00 .  00 

l OO .  00 

5 
88 . J3 

MS 

1 86 .  1 4 9 
5 .  389 

6 2 .  1 99 

6 
82 . 33 

VR 

3 4 .  543 

7 
8 9 .  00 

8 
80 . 6 7  

9 
8 7 .  33 

1 0  
7 3 .  0 0  

1 1 
8 7 .  6 7  



APPEND I X  3 :  C ONT INUED 

Week 1 2 . 

·. · ;.. P I A1 E :  G E H M  

� O UR CE O F  VAR I A T I ON 

� U N I T S *- S T R A T UI'l 
TREA TI1NT 
R E S I DUAL 

T O TAL 

; R A �4 D  T O T A L  

·:; R AND r1E A N  
T CJ TAL i �Vr1 S ER OF 0 !3 S E R V f\ T I ONS 

� · � * * * ; � 8 LE S l J t= r-1 E,::. i � S "' * <:· �> :c 

·.; A R I A TE : GERM 

GR AND · r1Et\N 
i R E A Tf"INT 

T R E A TI' 1 N T  

73.  42 
1 

88 . 67 

1 2  
2 3 . 00 . 

2 
7 3 .  00 

DF ss 

1 1  
24 
:3 5  
3 5  

. .  ....,/ 
1 eu :l .  4 1 6  

1 93 .  333 
1 24 56 .  748 

l 24 S6 .  74 8 
73 . 4i2 

3b 

3 
8 8 .  67 

4 
6 7 . 00 

� * * • *  S T AN DARD E R R OR S  OF D I F F E R E N C E S  OF MEANS ·� � * * 

TA i3 LE TR EAHINT 
· R EP 

SED 
3 

2. 3 1 7  

SS'l. 

98. 45 
! .  5 5  

1 00 .  00 
1 00 .  00 

5 
86.  67 

I' IS 

1 1 1 4 . 8 5 6  

/ 

8 .  0 56 
3 5 5 . ?07 

6 
72 . 00 

VR 

1 38 .  396 

7 
87 . 67 

8 
52 . 00 

9 
8 5 . 00 

1 0  
67. 00 

1 1  
88 . 3 3  



APPEND I X  3 :  

\1 � -;:J_  I A T E :  GER r1 

C ONT INUED 

We ek 1 6 . 

S O U R C E  O F  VAR I AT I ON 
• U N I TS *  S T R A T U M 

f R EATM N f 
R E S I DU A L  

T u  T A L  
-� p .; r ; D  T O T !!;, L  
�R A r� D  M E A N  
T J T .:I, L N!J :  ! J ER •J F O E S E R V A l  FJ I'I S  

* * * * * · T A B L E S  O F  1'1E A N S  * '\� If* 
.: � K  I A T E  .; ER M 

GR A N D  i'1L.AN 
T R E A Ti' iNT 

T R E A T MNT 

63. 7 8  
1 

8 2 .  3 3  

1 2  
7 .  00 

2 
68 . eo 

DF ss 

1 1  
2 '1  
3 5  
3 5  

236 3 8 .  2 1 9  
1 1 6 . 000 

23 7 j 4 .  2 1 9  

23/ 5 4 .  2 1 9  

'3 7�3  
36 

3 
88.  33 

4 
34 . 67 

·H * * *  S T A!'J D A R D  ER R OR S  OF D i r FERENCES O F  i'IEi'\ NS * * *'** 

T A B LE 

R E P  
S E D  

TR EATI'iNT 

3 
1 .  7 tJ 'j  

SS'l. 

99. 5 1  
0 .  4 9  

1 00 .  00 

1 00 .  00 

5 
8 1 . 00 

1"15 

2 1 4 8 .  929 
4 . 833 

6 7 8 .  692 

6 
6 2 . 3 3  

VR 

4 44 .  6 0 6  

7 
8 7 .  33 

3 
2 8 .  33 

9 
79 . 0 0  

1 0  
6 1 . 0 0  

1 1 
8 6 .  00 



APPEND I X  3 :  CONT I NUED 

Week 2 0 . 

V Af<  l A TE GE..fH1 
SG U R C E  O F  ' .J A R  I A T  I ON 
.1- U t .li  TS * S T R A T U M  

T R EA T M N T  
R ::: S I D '_iAL 

T O T .:. L  
G- R  M� D T O T A L 

; R A t JC,  :'l E A N  
T O T A L  N U M 3 E R  O F  O l:J S ER V A T I ONS 

* • � � �  T A 3 � E S D F  M E ANS * * � * *  
V A R I ATE : G E R M  

GR f\ND MEAN 
T R E A T I'iNT 

T R E A  T i•INT 

53. 03 

1 
8 1 . 3 3  

1 2  
0 .  00 

2 
(, 7 00 

D F  ss 

1 1 
2 4  
J S  
:3 5  

4-20 6 9 .  6 3 3  
59. 3 3 3  

4 2 1. 28 .  96 1 

42 1 2 8 .  96 1 

5 � .  0 3  
3 6  

3 
88 . 33 

4 
a .  oo 

'lt' * * * • S T A N D A R D  ER R OR S  O F  D i r- F E R E t·IC E S  OF MEt'l N S  * * * * *  

T A B L E 

R E P  
S E D  

TRE/>, T i- INT 
:-J 

1 .  ao4 

SS/. 

99. 86 
0. 1 4 

J OO .  00 

1 00 . 00 

5 
77 . 00 

MS 

3824. 5 1 2  
2 . 4 72 

1 20 3 . 6 8 5  

6 
4 9 .  00 

VR 

1 5 4 6 .  994 

7 
8 6 .  6 7  

8 
2 .  00 

9 
'7 1 .  67 

l 0 
1 9 . 00 

1 1  
8 6 .  33 



APPEN D I X  4 :  Ana l y s i s  o f  var i an c e  o f  the exp e r iment a l  data on the percentage o f  abnorma l s e e d l i n g s  

a f t e r  2 ,  4 ,  6 ,  8 ,  1 2 , 1 6  a nd 2 0  week s . 

A .  S eed wi thout i n s ec t . 

Week 2 .  

.. ... .. .. ..  ANALYS I S  O F  VAR I ANCE 

'/ A R I AT E : ABN 

S O G R C E CF VAR I A T I ON 

• V� I T S •  S T R t\TUM 
T � EA T,.,NT 
� E ,'; I D•.:AL 

TO � � L  

GR MJD T O T A L  
GR A r . D  :"1 E A N  

.......... 

TQ T ,.:., i.... t JU �.2 E R  OF 0 .3 S E R VA T I ONS 

·,l" · .,.  • •  T A G L E S  1 : F  1'1 E i� N S  .. ..  , . . ..  

'JA R  I A T E · A B N  

-;R A N D  l"iEAN 
T R E A T i' iNT 

TR E" A T l' iN T  

. · 

4 . 112 
1. 

3 .  6 7  

1 2  
3 . tJ7 

" 2  
3 . 33 

DF SS 

l l  28 . 083 
24 46 . 667 
3 5  "14 .  7 50 

?1 5  74 . 7 50 

4 '1-2 
�6 

3 
3 .  00 

4 
5 . 67 

. .. .. .. ..  STAN DARD E R R OR S O F  D I FFERENCES OF MEANS ***** 

TA B L E  TR EATMNT - - - - ------- -------- - ---- ---
REP 3 
SEO 1 .  1 39  

ssx 

37. 57 
62. 43 

J OO. OO 
J OO. OO 

5 
4. 67 

MS 

2 .  5 53 
1 .  ?44 
2 .  1 36 

6 
5 .  00 

VR 

1 .  3 1 3  

7 
4 .  67 

8 
3 . 6 7  

? 
4 .  {17 

1 0  1 1  
5 .  6 7  5 .  33 



APPENDIX 4 :  CONT INUED 

week 4 .  

* * * * *  ANALYS I S  OF VAR I ANCE ** *** 
VAR l A TE : A B N  

S O U R C E  O F  V AR I AT I ON 

+ UN I TS* STRATUM 
TREATMNT 
R ES I DUAL 

T O T AL 
G R A ND T OTAL 
G R A ND MEAN 
TOTAL NUM B ER OF O B S E R VA T I ONS 

* * * * * TA B L ES OF MEANS *** •* 

V AR l A TE : A B N  

GR AND M E AN 3. 69 

TR EAT MNT 1 

3. 67 
R EP 3 

T R EATMNT 1 2  

4 .  00 
R EP 3 

2 

3 .  00 
4 

DF 

1 1  
24 
35 

3 5  

3 .  69 
36 

3 

5 .  33 
3 

ss 

49. 1 39 
4 4 .  500 
93.  639 

93. 639 

4 

3 .  33 
3 

* * * ** STANDAR D ER R O R S  OF D I FFERENCES OF MEANS ***** 
T A B LE 

R EP 
SED 

T R EA THNT 

UNEQUAL 
1 .  362X M I N  R E P  
1 .  1 79 MAX -M I N  
0. 963X 1'1AX R EP 

·�,: 

SS% 

52. 48 
47. 52 

1 00. 00 

1 00 . 00 

5 

6 . 00 
3 

MS 

4 . 467 
1 .  854 
2 .  675 

6 

4. 33 
3 

VR 

2 . 4 09 

7 

2 .  3 3  
3 

8 

4. 50 
2 

9 
4 .  0 0  

3 

1 0  

2. 3 3  
3 

1 1  

2 . 00 
3 



APPEN D I X  4 :  CONT INUED 

We e k  6 .  

SO URCE O F  VAR I AT I ON DF ss 

• U N I TS• STRATUM 
T R EATMNT 1 1  6 5 .  5 56 
R E S I DUAL - 24 4 4 .  000 

T O TAL 3 5  1 09 .  556 

GR AND TOTAL 3 5  1 09 .  5 5 6  

':iR AND MEAN 5. 1 1  
T O TAL NUMBER O F  O B SE R VAT I ONS 36 

* * * * *  T A B L E S  OF M EA N S * * * * *  

'./A R  I ATE : A B N 

GR A N D  MEAN · s .  1 1  
T R E A T I'-INT 1 2 3 4 

5 .  00 3 .  33 7 .  33 5 . 67 

TR EATl'"INT 1 2  
4 .  6 7  

·» * * ** STANDAR D E R R OR S  O F  D I FFERENCES OF MEANS ***** 

T A B LE 

R E P 
S E D  

TR E A T MNT 

3 
1 .  1 06 

SS% t1S VR 

5 9 .  94 :5. 960 3 .  2 5 1  
40 . 1 6  1 .  833 

1 00 . 00 3. 1 30 

1 00. 00 

5 6 7 8 9 1 0  1 1  
3 .  67 3 . 67 6. 00 3 . 6 7  4 . 6 7  7 .  0 0  6 .  6 7  



• 

APPENDIX 4 :  CONT INUED 

Week 8 . 

*• *** A NALYS I S  OF VAR I ANCE ._. .. 
VAR I ATE : ABN 

SOURCE OF VAR I AT I ON  

+ U N I TS *  S T R ATUM 
T R EATMNT 
R ES I DUAL 

TO TAL 
GR AND TOTAL 
GR AND ME A N  
TO TAL NUM B ER OF O B S E R VA T I ONS 

� 4 * * *  T A B L E S  OF MEANS • • • � * 
1.'A R ! ATE : A B N  

GR AND MEAN 

T R E A TI'lNT 

T R E A T!'INT 

5.  47 
1 

5 .  67 

1 2  
5 .  :3 3  

2 
5 67 

O F  

1 1 
2 4  
3 5  
3 5  

5 .  47 
36 

3 
3 .  33 

ss 

28. 9 72 
94 . 000 

1 22 .  9 72 

1 22 .  972 

4 
6 .  67 

** * * * STANDAR D ER R OR S  OF D I FFER E N C E S  OF MEANS ***** 
TA B L E  

R E P  
SED 

T R E A TMNT 

3 
1 .  6 1 6  

ssx 

23. 56 
76. 44 

1 00 . 00 

1 00. 00 

5 
6 .  33 

1'18 

2. 634 
3. 9 1 7  
3 .  5 1 3  

6 
5 .  00 

YR 

0. 672 

7 
6 .  00 

8 
4 . 67 

9 
6 . 6 7  

1 0  
5 .  00 

1 1  
5 . 33 



1 

APPEN D I X  4 :  CONT I NUED 

Week 1 2 . 

* * * * *  ANALYS I S  OF VAR I ANC E ***** 
'v' A R  ! A T E : A B N  

S O U R C E  OF VAR I AT I ON 

*U N I TS* S T R ATUM 
T R E.A T M N T  
R E S I D U AL 

T O T A L  

GR A N D  T O T AL 

GR AND MEAN 
T O T A L  N U MB E R  OF O B S E R VA T I ONS 

* * * * * TAB LES O F  M E A N S  * * * •* 
'JA R  I A T E . A B N  

G R A N D  MEAN 
T R E A TMNT 

T R E ATI'INT 

5 .  58 

1 
4 .  0 0  

1 2  
8 .  33 

2 
6 . 00 

DF 

1 1 
2 4  
3 5  

3 5  

5 .  5 8  
3 6  

3 
6 .  00 

ss 

9 2 . 7 5 0  
7 2 .  000 

1 5 4 .  7 50 

1 54 .  7 50 

4 
5 . 00 

* * * * *  ST ANDAR D ER R O R S  OF D I F FE R ENCES OF MEANS ***** 
TA B L E  TR EAT��T 
- - - - -- - - - - - - - - - - - - - - - - - - ---

R E P  3 
SED 1 . 4 1 4  

SS% 

53. 47 
46.  53 

1 00 .  00 

1 00 .  00 

5 
5 .  00 

�, 

MS 

7 .  523 
3.  000 
4. 42 1 

6 
3 .  6 7  

VR 

2. 508 

7 
3 .  33 

8 
7 .  6 7  

9 
7 . 00 

1 0  
4 . 6 7  

1 1  
6 .  3 3  



AP PEND I X  4 :  C ONT I NUED 

Wee k  1 6 . 

S O U R C E  OF VAR I AT I ON DF ss 

4UN I TS* S T R ATUM 
T R EATMNT 1 1  537.  889 
R ES I DUAL 24 5 2 .  000 

TO TAL 3 5  5 8 9 .  889 

GR AND TO TAL 3 5  5 8 9 .  889 

G R AND MEAN 7 .  94 
TO TAL NUMBER OF O B S E R VA T I ONS 36 

* * * * *  TA B L E S  OF MEANS ***** 

V A R  I AT E : A B N  

GR AND MEAN 7. 94 

TR EA T MNT 1 2 3 4 
9 .  3 3  6 . 0 0  2 .  6 7  1 4 . 00 

TREA TMNT 1 2  
1 2 . 33 

* * * * * STANDARD ERRORS OF D I FFERENC ES OF MEANS ***** 

TABLE T R EATMNT 
- - - - - - - - - - - - - - - - - - - - - - - - ---

R E P  3 
SED 1 . 202 

ssx MS VR 

9 1 .  1 8  4 8 . 899 22. 569 
8 .  82 2. 1 67 

1 00 . 00 1 6. 8 54 

1 00 .  00 

5 6 7 8 9 1 0  1 1  
9 .  33 4 .  33 5. 00 7 . 6 7  1 4 . 6 7  6. 3 3  3 .  6 7  

.. 

' 



APPEN D I X  4 :  CONT INUED 

Week 2 0 . 
30URCE O F  VAR I A T I ON 

-4- U N I TS• S TR A T UM 
T R EA T ;-iNT 
R ES I DUAL 

TO TAL 

G R AND TO TAL 

GR AND t1E AN 
TO TAL NUMBER OF OB SER VAT I ONS 

·:t+ '* * *  TA B LES OF ME ,�N S  •* • • *  

VA R I ATE : A B N  

GR ;. N O  M C\N 
I R E A Ti' � N T  

TREATI"'N f 

1 1 .  3 1 .  
1 

1 5 . 00 

1 2  
28. 67 

2 
7 .  00 

O F  

1 1 
2 4  
3 5  
:3 5  

ss 

1 534. 972 
L 1 4. 667 

t 6-19. 638 

1 649. 638 

1 1 . 3 1  
36 

3 
5 .  00 

4 
1 8. 00 

** * * * S T At,J D AR O E R R OR S OF D I F F ERENC ES OF t1EI\NS ***** 
TA B L E  
R E P  
SED 

T R EA TI'IN·r 
3 

1 - 79S 

ssx 

93. 05 
6. 95 

1 00. 00 
1 00. 00 

5 
1 0. 33 

MS 

1 39. 543 
4. 778 

47. 1 33 

6 
4. 33 

Vlf 

29. 207 

7 
6 .  33 

a 
1 1 .  00 

9 
1 3. 00 

1 0  
9. 00 

1 1 
8 .  0 



CONT INUED APPEND I X  4 :  
B .  S eed with i n s e c t . 

week 2 .  

SO � R C E  OF VAR I A T I ON 

� ·Pl r � S *  S T R , \T U t-1  
TR EA TMNT 
� f S I .OU A L  

T0 1"AL 
GR AND 'T O T  .:,L 
G-� A: m ME AN 
TJ T ,::.L t.<U ·1 8 ER OF C 8 SE R I/A T I Oi'IS 

� '� * <� :'" i4 BL..E. S  OF i' iE t�NS $.�* l;· l*- * 
'1/Ait i �TE: � 3 N  

G R A N D  : 1Ci\N ''�- 9 1  
1RE . .; T i' tt iT 

T P E ;; 'MNT 

1 
3 .  l J  

1 2  
8 .  () 0  

' )  i: ... 
.'f. 3 3  

DF 

1 1 
2 4  
3 5  
3 5  

4 . 97 
3b 

:3 
·4 00 

:::J S 

4 4 .  972 
4 4 .  000 
tlB.  9 "7 2  

�J U .  '7 7 2  

4 
4 .  67 

� • * * *  S T A N D AR D E R R O R S  O F  D I F F E R E N C E S  OF MEANS * * *** 

T A B LE T R E A TMNT 

R E P  
3 E D  

3 
1 .  1 06 

�S'l. 

50. 55 
49.  4 5  

J OO .  00 

1 00 .  00 

5 
5 .  33 

MS 

4. 088 
1 .  833 
2. 5 42 

6 
4 .  33 

":· 

'./R 

2 .  230 

7 
5 .  6 7  

8 
4 .  67 

9 
..,. , 6 7  

1 0  1 1 
5 .  67 5 .  0 0  



APPEND I X  4 :  

\,/ ..; R I A -:-E .; 3 N  

C ONT I NUED 

Week 4 .  

SOU R C E  OF VAR I A T I ON 
>- UN I T S* S TR A T UM 

:· R E ;!>,TMN T 
R E S I DUAL 

T O T AL • 
GR A N D  TOTAL 
C$R A i.J D  r1E A N  
T O T AL NUr1 B ER OF O B SE R VA T I ONS 

� * *  • *  TAB L E S OF l' iEANS 11- * *** 
V A R I ATE : A B  N 

� R A N D  MEAN 
T R E ATMNT 

T R E A I M I'H 

4 .  5 0  

1 
3. 6 7  

1 2  
6. 0 0  

2 
3. 00 

DF 

1 1 
24 
35 

3 5  

4.  50 
36 

3 
6. :.:13 

s s  

4 1 .  6 6 7  
65.  333 

1 0 7 .  000 

1 07. 000 

4 
5. 33 

· • * • * STANDAR D E R R O R S  OF D I FFERENC ES OF MEANS ***** 
T�B LE 
!RE P 
fED 

TREAH.INT 
3 

1 .  3 4 l  

�:.05% 

38. 9 4  
6 1 .  06 

1 00. 0 0  

1 00. 00 

5 
3. 3 3  

1'1S 

3 .  738 
2. 722 
3. 0 5 7  

6 
5 . 00 

VR 

1 .  3 9 1  

7 
4 .  0 0  

8 
5 . 0 0  

9 
3. 00 

1 0  
4 . 33 

1 1  
5. 00 



APP END I X  4 :  CONT INUED 

Week 6 .  

V A R I �TE: A B N  
SO � R C E  OF V A � T A T I ON 

� ·J N I T:::. �  S T R r\ " I 1, 1 M  
f R EA fi : N T  
R E S I C t ; :._ L  

T:J T AL 
;;::? •"I'� D r c; r  ..\L 
iF A :  !D ;.:t:_:: -. N 
ro : � L  :\iU 1 B ER Q F  G t:· C:: C R 'J A f i O t-!S 

� * * * * T A B LES OF MEANS � * • * *  
'.' A R  I ri f E A B N  

::R At JD  �iEAN 
f R EATI'lNT 

TR E A  Ti· lr-� I 

. 7 . 6 4  
1 

7 . 00 

1 2  
1 2. 6 7  

2 
3 . b 7  

DF 

1 1  
24 
3 5  
3 5  

7. 64 
J b  

3 
6. 00 

ss 

2 1 2 . 972 
6 7 .  333 

2:10 . 30 5-
280.  ::30 5 

4 
6 . 00 

• • • • •  S T AMDAR D ER R CR S  OF D i f F E R E N � E S  OF MEANS •**** 

- �- A 3 L E 
-i E P  
3 E D  

r R EA i : ! i.,IT 
3 

1 .  �68 

SSY. 

75. 98 
24. 02 

1 00 .  0 0  

J OO. OO 

5 
6 . 33 

MS 

1 9 . 36 1 
2. 806 
8 . 009 

6 
7. 67 

VR 

6 . 90 1 

7 
B .  0 0  

8 
1 0 .  00 

9 
6 .  00 

1 0  
1 1 . 33 

1 1  
7 .  00 



APP EN D I X  4 :  

VA R I ATE A 8 i'l  

CONT INUED 

We ek 8 .  

S O UR CE 0 �  VAn i A T I QN 

- Ut•ll TS I S T R ATUf' l  
TR L:r':> T l"'' N T  
R. E.  S I  :J UP.L 

lOT A L.  
G-R A N !)  T O i�L. 
G F\ AN [• MEAN 

' 

TQ T A L  NIJ MB E P.  D F  C 8 S E R VA T  I G r· l�) 

s 2 � � �  TA B L ES O F  M E A N S  � � � ** 
VA R t AT� ABN 

GRAfW M E :\ N  
T� E A T �' 1 N T  

T'� i::ATMIIIT 

1 0 . 5 0  

1 
8. 00 

1 2  
2 :5 . 00 

2 
7. b l  

[of" 

1 1 
2 4  
3 5  

s s  

1 L 34 . 3J3 
1 ]6 .  &67 

: 27 1 .  000 
3 5  1 2 7 1 .  000 

t O. 50 
36 

3 
5 . 00 

4 
1 3 . 67 

·H � -.:1' *  S T ;>. N D A R D ::.-: R �. G R S  :JF D I :  r E k E. I'IC C S  OF :- · E M-IS � * * * *  

TM 8 L E  
R E P  
SE D 

r R t:t' r .- lt4 r 
3 

l .  948 

ssr. 

U9 . 2 5  
1 0. ] 5  

1 00 . 00 
1 00. 0 0  

5 
6. 6 7  

MS 

1 03. 1 2 1  
5. A94 

36.  3 1 4  

6 
7 .  :13 

VR 

1 8. 1 09 

7 
5. 0 0  

8 
1 6. 67 

9 
8. 6 ]  

1 0  
1 4. 00 

1 1  
8 . 33 



APPENDI X  4 :  

V A R I ATE : A B N  

C ONT INUED 

Week 1 2 . 

SQUh C E  OF VAR I A T I ON 

* U N I T S '*  STR AT Ul' l  
TR EA TMtH 
R E S  I r:: IJAL 

T O T A L  
G R A N [• T D TAL 

G R  A t� !:· M E AN . 

T O TAL NUM B E F  OF OB SERVAT I ONS 

* * * * *  TAB LES OF MEANS * * * * �  
V A R  I A T E : AB N 

GR A N ;::: MEAN 1_ 6 .  72 
T R E ATMNT 1 2 

9 . 3 3  1 Z. 67 

T R EAT MNT 1 2  
4 7. 6 7  

DF ss 

1 1  5 l 29 . �Z 
24 284 . 00 
35 54 1 3 . 22 

35 5 4 1 3 . 22 

1 6 . 7 2  
3 6  

3 4 
7. 67 2!5. 67 

***** S T ANDAR D ER R O R S O F  D I FFERENCES OF MEANS *• * ** 
T A B LE 
R E P  
SE D 

TR EATI"INT 
3 

2 . 809 

SS'l. MS VR 

9 4 .  7 �  4 6 6 . 2 9  39. 405 
5. 25 1 1 . 83 

1 00 . 00 1 54 .  66 
1 00 . 00 

5 6 7 8 ·  9 1 0  1 1  

1 0 � 00 1 2 . 67 6 . 6 7  3 1 . 67 1 2 . 67 1 8. 00 6. 00 
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APPENDIX 4 :  C ONT INUED 

Week 1 6 . 

• 4 � * *  A N A L Y S I S  OF VAR I AN C E  � * * •* 
v' A R I AT E  AB N 

SO \..JR C E  >J F  'v AR I A T I ON 

, 1�; �� I T S •  S T R A T U I'1 
T ? :::A T M N T 
R E S I DUAL 

TQ T :C, L 

; R .� !  J D  T J T A L  
:; R MW r-�EAN 
T O T A L  ;·•U;1 3 E R  OF O B SE R V A T I O NS 

• • * * 9  T � B L E S  OF M E A N S  ):j- * s:· * *  

V A R ;: A r E :  A i3 N  

';R A N D  r1EAN 1 6. 2 5  
TR E A TI' INT 1 2 

1 1 . 67 1 6 . 00 

f R E A T MNT 1 2  
2 4 . 00 

DF s s  

1 1 4 1 00 . 08 
24 270 . (:J 7 
35 4 370. 75 
35 43]0 . 7 5  

1 6 . 25 
36 

3 4 
3. 67 26 . 33 

• • • • •  S T AND AR D  E R R OR S  OF D I F FE R E NC E S  OF ME�NS • • • •• 

T A B L E  
R E P  
SE D 

T R E A T t1NT 

3 
2 . 742 

SS1. MS VR 

93. 8 1  372. 73 33.  0 50 
6. 1 9  1 1 . 28 

1 00. 0 0  1 24 . 88 

1 00. 00 

5 6 7 8 9 1 0  1 1 
1 4 .  33 1 3 . 3 3  3 .  6 7  4 3 . 33 1 4 . 33 1 8 . 67 5 .  67 



APPEND I X  4 :  

�� R I A T E : A B N  

C ONT INUED 

Week 2 0 . 

; o � � C E  OF VAR I A T I ON 

� "J r� � T S *  S TR A TU t l 
Tr- �A TMNT 
P E. .3 I DUAL 

ro � -:. L_  
. ; q  -� ' " D  T iJ  r ,.:.1_ 
�R M� D ME�N 
TO ' .; L  NU"1 3 ER JF •J B S E R \/A 1 1: 0r·iS 

* * * * ""  TA B L E S  OF !' lEANS IH- :> � * 

')P, R:  I .:. r E : A B N  

GR ..:.ND MEAN 
"!'" R E A HINT 

T R E A Ti' !NT 

1 4 . 53 
1 

1 2 . 6 7  

1 2  
4. 00 

2 
l B. 67 

D F  

l 1 
24 
35 
J S  

ss 

228;2, 305 
1 08 . 667 

2 390. 972 
2390.  972 

1 4 . 53 
J6 

J 
5. 67 

4 
26. 33 

** * * *  STANDARD ER R OR S  OF D I F F E R E N C E S  OF MEANS ***** 
T A B L E  

R E P  
S E D  

f R EA TMNT 
3 

1 .  737 

SSY. 

?5. 46 
4. 54 

1 00.  00 
1 00.  00 

5 
1 1 . 33 

MS. 

207 .  4 8 2  
4 .  528 

68.  3 1 3  

6 
23. 00 

VR 

4 5 .  824 

7 
6. 67 

3 
1 0. 33 

? 
2 1 . 67 

1 0  1 1  
26. 67 7. 33 

... 
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Appendix S a : P e r c en t age o f  S t o r a g e  Fungi Infe c t e d  S e e d s  a t  D i f fe re n t  S torage Con d i t i on s  A f t e r  
2 ,  4 ,  6 ,  8 ,  1 2 , 1 6  a n d  2 0  Weeks S torage (Wi tho u t  Ins e c ts ) .  F i gur e s  in t h e  B ody 
o f  the App en dix are P e r c ent ag e  Fung i . 

I n i t i a l  Mo i s ture Con t e n t  Ini t i a l  Moi s ture Con tent Ini t i a l  Mo i s ture Con t e n t  

S t orage 1 2 . 4% 1 5 . 1% 1 8 . 5/o 

Peri ods 2 0° C 3 0° C 2 0° C 3 0° C 2 0° C 3 0° C -

(weeks ) 40% RH 6 5/o RH 40/o RH ! 6 5% RH 40% RH 6 5 %  RH 40% RH 6 5 %  RH 4 0 /� RH 6 5% RH 40% RH 6 5 %  RH 

0 3 4  3 4  3 4  34 3 6  3 6  3 6  3 6  3 8  3 8  3 8  3 8  
I 

2 3 3  3 4  3 3  3 3  3 6  3 3  3 6  3 9  3 6  3 5  3 6  3 7  

4 3 2  3 4  3 3  3 2  3 5  3 4  3 4  3 6  3 6  3 7  3 6  3 9  

6 3 5  3 5  34 3 7  3 7  3 9  3 4  3 9  3 8  42 3 5  43 

8 3 4  3 7  3 3  3 9  3 7  4 2  3 6  4 5  3 7  4 2  3 7  45 

1 2  3 7  4 2  2 9  46  3 7  4 7  3 0  4 9  3 9  5 2  3 2  5 4  

1 6  3 5  46  2 9  49 3 6  4 8  2 5  5 4  3 6  4 9  3 1  5 4  

2 0  3 2  5 1  2 5  5 3  3 2  5 7  2 8  5 8  3 5  6 0  3 0  6 2  

" 
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App endix 5b : P e r c en t ag e  o f  S t o rage Fungi I n fe c t e d  S ee ds at  D i f fe rent S torage Condi t i on s  A f t er 
2 ,  4 ,  6 ,  8 ,  1 2 , 1 6  and 2 0  We ek s S t o r age (Wi th Ins e c t s ) .  F i gure s in the B o dy o f  
the Appen dix are Pe r c en t age Fung i . 

Ini t i a l  Moi s ture Content 

S torag e  

. 2 0
°C P e r l o d s  

1 2 . 4% 

3 0°C 

(week s ) 1 4 0 %  RH 6 5 %  RH 40% RH 6 5 /o RH 

0 3 4  3 4  3 4  3 4  

2 3 1  3 5  3 4  3 2  

4 3 3  3 3  34  3 5  

6 3 4  3 6  3 5  3 6  

8 3 4  3 9  3 4  4 2  

1 2  3 6  4 4  2 8  4 8  

1 6  3 4  4 9  2 8  4 8  

2 0  3 4  4 9  2 6  5 0  

Ini t i a l  Mo i s ture Con tent Ini t i a l  Mo i s ture C on tent 

1 5 . 1% 1 8 . 5 /o 

2 0 °C 3 0 °C 2 0 °C 3 0 ° C 
. 

40% RH 6 5 /o RH 40% RH 6 5 /o RH 4 0 %  RH 6 5 /o RH 4 0/� RH I 6 5 %  RH 

3 6  3 6  3 6  3 6  3 8  3 8  3 8  3 8  

3 6  3 6  34 3 6  3 7  3 6  3 5  3 8  

33  3 4  3 5  3 5  3 3  3 8  3 5  3 5  

38  40  3 5  3 9  4 0  4 3  3 6  44 

38  4 4  3 5  4 7  3 9  45  3 6  4 5  

3 9  5 0  2 8  5 3  3 7  5 2  3 4  5 8  

3 7  5 3  2 7  5 7  3 8  5 3  3 2  6 0  

3 2  5 5  2 5  5 5  3 5  5 3  2 8  5 7  

' 
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