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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 . 



i i i  

ACKNOWLEDGEMENT S 

I wou l d  l ike to  expre s s  my hear t i e s t  grati tude to my 

super vi s or Dr . M .  J .  Hi l l , D ire ctor See d  Te chno logy 

Centre , for h i s  as s i s tance , s up e r vi s ion ,  cons tru c t i ve 

cr i t i c i sm an d a dvi ce in the preparat ion o f  thi s  the s i s . 

I am a l s o  great ly indeb ted to  h im for h i s con cern about 

my per s on a l  we l fare dur ing my s tudy in New Ze a l an d .  

I w i s h  t o  a l s o  exp re s s  my he ar t fe l t  thanks an d 

appre c i a t i on to my supe rvi s or Dr . P .  G .  Fe nemore , Re ader 

in the Depar t men t o f  Ho rti cu lture an d Plnnt He a l th , in 

h i s  cont inuous supe rvi s i o n ,  encouragemenL, con s t ru c t i ve 

i de as an d gu i da nce throu ghout this s tudy. 

I am ve ry gra te ful to Mr s . D. E .  M .  Mee ch for her 

gui dance an d help in the accomp l i s hment of thi s  work . 

I wou l d  a l s o  l ike to  exte nd my s in cere thanks an d 

appre c i at i o n  to : -

Mr . R .  C .  Se ddon for hi s help and gui dance in computer 

a na ly s i s  of the exper imen t a l  da ta of my proje c t . 

Mr . C. R .  John s ton e for h i s  techn i c a l  a s s i s t ance in 

art i fi c i a l ly dry i ng of mai z e  s e e d ,  maintenance of  

contro l le d  re l a t i ve humidi t ie s  and other aspe c t s  of  

my s tudy . 

Mr s .  J .  M .  A l twe l l  for he r exce l l e nt work in typ ing 

the f ir s t  dr a f t  of thi s  the s i s . 

Mr s .  R. C a l ton for her te chn i c a l  a s s is tance in the 

l aboratory . 

Mrs . D.M .  Dro s t  for her f i ne work i n  t yp i ng the f ina l 

dr aft of  my the s i s . 



The s t a f f  o f  the Cen tral  Pho tograph i c  Uni t , Mas sey 

Unive rs i ty for the i r  he lp in the prepar a t i on and 

deve lopment o f  the pho to graph i c  mat e r i a l . 

A l l  friends for the ir as s i s t an ce , en cour agemen t an d 

mora l s uppor t . 

I wou l d  l ike t o  exten d  my thanks t o  the Governmen t o f  

i v  

New Ze a l an d  f o r  the i r  f inan c i a l  s upport during the perio d 

o f  s tu dy . 

I am a l s o  g r a te f u l  to t he Gover nment of Pakis tan an d the 

Depar tment of Agr i cu l ture (Re s e arch ) , Noc th �Je s t  Fron t ier 

Pr ov i nc e , for a l l owing me t o  s t udy at the See d Te chno logy 

Cen t re, Ma s s e y  Un ive r s i ty , New Ze a l an d. 

F i na l l y  my g r a t e f u l  thanks an d appre c i a t i on to my f a ther , 

f a ther-in-l aw, wi fe an d son s, bro thers,  s i s te r s , s i s te r s ­

in- l aws an d b r o ther s - in - l aws for the i r  pa t ience and 

en cour agement dur ing my s tudy pe riod in New Ze a l an d . 



--------------------

TABLE OF CONTE NTS 

ABSTRACT 

ACKNOWLEDGEME NTS 

L I S T  OF TABLE S 

L I S T  OF F I GURE S 

LI ST OF PLATES 

I NT RO DUC T I O N  

CHAPTER I - REV I EW O F  LI TERATURE 

l . l  

l . l . l 

1. 2 

l .  2 .l  

l .  2 .  2 

S e e d  Storage 

I n f luence of Sto rage Environme nts 
on Seed V i ab i l ity 

I n s e cts an d S e e d  Stor age 

Intr oduction 

B io logy an d C la s s i fi cation o f  

Ri ce We evi l 

1 . 2 . 3  E f fe ct o f  Storage Environments on 

Rice Weevi l Deve lopment , Survival 

an d Popu l ation Growth 
1. 2 . 4  D amage Cau s e d  b y  Ri ce Weevi l in 

Sto re d Grain 

1.3 Fung i 

1. 3 . 1  I n f luence o f  Envi ronments on the 

Deve lopment of Stor age Fungi 

CHAPTER II - MATERIALS AND METHODS 

2 . 1  Exper imental De s i gn and Metho d 

2 . 2  Me a s ur ements 

2 . 2 . 1  Ge rmination o f  S e e d  

2 . 2 . 2  Mo i s ture Content Estimation 

2 . 2 . 3 Determination of Storage Fungi 

2 . 2 . 4  Inte rna l S e e d  Damage As s e s sment 

2 . 3  Stati s t i c a l  Ana l y s i s  

V 

P age 

i 

iii 

vii 

v i i i  

X 
l 

3 

3 

3 

12 

12 

13 

15 

19 

2 0  

2 1  

2 6  

2 6  

3 0  

3 0  

3 1  

3 1  

3 2  

3 4  



CHAPTER I ll - RES ULTS 

3 . 1  

3 . 1. 1  

3 . 1. 2 

3 . 1 . 3 

3 . 1. 4 

3 . 2  

3 . 2 . 1 

3 . 2 . 2  

S e e d  Storage Effe cts 

I n it i a l  S e e d  Qua l ity 

Chan ge s in S e e d  Mo i s ture Content 

Ge rminati on 

Abnorma l Se e d l ing Deve l opment 

E f fe cts o f  I n s e cts on Stored 

S e e d  

The E f f e cts o f  Storage Condition s 

on Ins e ct Popu l ati on s  

The E ffe ct o f  In s e ct Popu la t ion 

on S e e d  Mo i sture Content 

3 . 2 . 3  The E f fe ct o f  In s e ct Popu lation s 

3 . 3  

3 . 4 

on Germinati on an d Abnorma l 

S e e d l ings Deve l o pment 

Ins e ct Damage As s e s sment 

Fung a l  Deve lopment 

CHAPTER IV - GENERAL DI S CU S S I O N  

B I BLIOGRAPHY 

APPE N D I CES 

vi 

P age 

3 5  

3 5  

3 5  

3 6  

3 9  

4 1  

48 

48 

5 2  

54 

6 1  

6 6  

7 4  

8 3  



L I ST OF TABLE S 

TABLE 

1. I nitial l eve l s  of ma i ze s e e d  qual ity 

2 .  E f fect of mo i stu r e  content , tempe rature 

and r e l ative hum i d ity on the g e rmination 

o f  ma i z e  s e e d  (without ins e cts ) 

3 .  E f fect of mo i sture content , tempe rature 

and re lative hum i d ity on abnormal 

s e e d l ing deve lopment o f  mai z e  s eeJ 

(w ithout i n s e cts ) 

4 .  E f fe ct o f  mo i sture conten t , tempe rature 

and re l ative hum i d ity on the germinati on 

o f  ma i ze s ee d  (with inse cts ) 

5 .  E f f e ct o f  mo i stu r e  content , tempe rature 

and re l ative humi dity on the deve lopment 
o f  abnorma l s e e d l ings o f  mai z e  s e e d  

(with in s e cts ) 

v i i  

Page 

35  

40 

42 

55 

5 8  



L I ST OF F IGURES 

Figure 

1. Chang e s  in moi sture content o f  mai ze 

s ee ds s tore d at di f fe rent storage 

condi t i on s . 

2 .  Chang e s  i n  r i ce weev i l  popu lations in 

s e e ds with d i f fe rent in itial  mo i sture 

contents ( 12 . 4 ,  15 . 1  and 18 . 5%) s tore d 

unde r d i f ferent s torage condi t i ons. 

3 .  Chang e s  in mo i s ture content o f  maize 
s e e ds (with ins e cts ) stored unde r 

d i f fe rent storage conditi ons . 

4 .  Ef fect o f  di f fer ent s torage con dition s  

o n  p e r centage ab norma l s e e d l ings 

deve l opment and the deve l opment of 
d i f fe rent typ e s  o f  abnorma l it i e s  in 
ma i ze s e e d  dur ing germination te sts 

a fte r  12 and 20 weeks storage . 

5 .  Change s i n  perc entage o f  funga l  deve lop­

ment in mai z e  s e e d  (with ins e cts ) at 

i niti a l  mo i s ture contents o f  1 2 . 4 , 15 . 1  

and 18 . 5% ,  s tore d under di ffere nt 

storage conditions . 

6 .  Change s  i n  percentage o f  funga l deve l op ­

ment i n  mai z e s e ed at initi a l  mo i s ture 

contents of 12 . 4 , 15 .1 and 18 .5% , store d 

under di f fe rent s t orage cond ition s . 

7 .  E ffe ct o f  d i f fe rent s torage condition s  

o n  th e popu lati on o f  r i c e  weevi l s  in 
mai ze s e e ds . 

vi i i  

Page 

3 7  

49 

53 

5 6  

6 8  

6 9  

7 8  



F i gure 

8 .  E f fe ct of d i f ferent storage con diti ons 

and r i ce weev i l s  on the ge rminati on of 

mai ze s ee d s . 

9. E f fe ct o f  di f fe rent storage con dition s 

an d r i c e  we evi l s  on abno rma l s ee d l ing s 

deve lopment o f  mai ze s e e ds . 

ix 

Page 

80 

8 1  



LIST OF PLATE S 

P la te 

1 .  V acuum I nse c t  Coun t e r  

2 .  G l ass j ars use d  f o r  se e d  s t orage 

3 .  P last i c  con t ain e rs use d  for mai n t a ining 

cont r o l l e d  leve ls of re l a t ive humi d i t y  

( 40% and 6 5%)  

4 .  E le c tr i c  air  pump used for aeral iun 

5 .  F ax i tron X - r ay sys t em Mode l 43 8 04 

use d  for t ak ing X - ray pho tographs 

o f  mai ze seed 

6 .  We t and dry bulb the rmome t e r  use d  for 

de t e rminat i on o f  re l a t ive humi d i t y  

7 .  No rmal seed l ings w i th we l l  deve lop e d  

primary roo ts an d a dven t i t i ous roots 

an d we l l  deve loped sho o ts 

8 - 1 1 . Main types o f  abnormal se e d l ings 

observed in mai z e  seeds stored a t  

d i f fe ren t st orage condi t i ons 

12 -1 7 . Main t yp es o f  abnorma l see dl ings 

obse rved in mai ze see ds (wi th inse c ts )  

s t ore d a t  d i f fe rent st orage condi t i ons 

18 -20 . Photographs showi ng ex ternal damage 

caused b y  ri ce weevi l 

21 -23 . X-ray pho t ographs showing i n t e rna l 

damage caus e d  b y  r i c e  weevi l 

X 

Page 

2 8  

2 8  

2 9  

2 9  

3 3  

3 3  

4 4  

4 6 -4 7  

5 9 - 6 0  

& 6 2  

6 3  

6 4  



P l a t e  

24- 2 6 . Germina t i on o f  d amaged maize  se e ds 

2 7 - 2 9. Norma l see d l ing , abnorma l s e e dling 

and dead seed categor ies ob t ai ned 

a f te r  a g e rminat ion test 

3 0 - 3 3 . Funga l deve lope d on agar from mai z e  

see ds stored under d i f fe rent s t o rage 

c on d i t i ons 

xi 

P age 

65 

6 7  

7 2 - 7 3  



LI ST OF APPENDI CE S  

1 .  Ana lys i s  o f  var i an ce o f  the exp e riment a l  d a t a  on 

the p e rcentage of in i t i a l  s e e d  mo i s ture con t en t  

a f t e r  2 ,  4 ,  6 ,  8 ,  1 2 , 1 6  an d 2 0  week s . 

2 .  The e f fe c t  of s to rage c on di t ions on ins e c t  

p op u l a t i on ( numb er o f  adu l t s  of  Si toph1: lu s ory zae 
p e r  3 0 0  s e e d s )  aft e r  2 0  weeks o f  s torage . 

3 .  Ana ly s i s  of var i ance o f  the expe r imen ta l da t a  on 

no rma l ge rminat i on p e r c ent ages of cut-tl see d aft e r  

2 ,  4 ,  6 ,  8 ,  1 2 , 1 6  and 2 0  we ek s . 

4 .  Ana l y s i s  o f  var i ance o f  the e xperimen t a l  dat a on 

the p e r c en t age of abno rma l s e e d l ings after 2 ,  4 ,  

6 ,  8 ,  1 2 , 1 6  an d 2 0  we eks . 

Sa . P e r c en t age o f  s t orage fungi infe c te d  s e e d s  at 

different s t orage con di t i on s  after 2 ,  4 ,  6 ,  8 ,  
12, 16 an d 20 week s . 

Sb . P e r cen t age of s t or age fung i  infe c t e d s e e ds a t  

di f ferent s torage condi t ion s a f t e r  2 ,  4 ,  6 ,  8 ,  

1 2 , 1 6  an d 2 0  weeks s torage (w i th in s e c ts) . 

x i i  




