Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



A STUDY OF THE EFFECTS OF STORAGE
ENVIRONMENTS AND OF RICE WEEVIL
(SITOPHILUS ORYZAE L.) ONSEED
DETERIORATION IN MAIZE (ZEA MAYS)

A thesis presented in partial fulfilment
of the requirements for the degree of
MASTER IN AGRICULTURE SCIENCE (SEED TECHNOLOGY)
at

Massey University, New Zealand

I. Khan
October 1983



Gt

¥

Rice weevil adult emerging from maize seed.



ABSTRACT

Seed of maize variety XL45 was adjusted to three different
initial moisture contents (12.4, 15.) and 18.5%) and
stored under four different environments (20 C - 40% RH,
20 C - 65% RH, 30 C - 40% RH and 30 C - 65% RH) for 20
weeks. Half of the seed samples were inoculated with
adult rice weevils (Sitophilus oryzae). The remaining
seed samples were stored free of insects. Sampling was
carried out after 2, 4, 6, 8, 12, 16 and 20 weeks storage.
Measurements of seed moisture content, germination,
storage fungal development and changes in insect population
number and survival were made at each sampling time.
Assessments of the number and categories ot abnormal seed-
lings present in laboratory germination tests and internal

seed damage caused by insects were also carried out.

The changes in initial seed moisture content in response
to the relative humidity level in the storage environment
were rapid. All seed samples reached equilibrium moisture
contents within the first four weeks of storage irrespec-
tive of initial moisture level. Equilibrium moisture
content in all cases was below the 157 considered safe for
short term storage of maize. In the absence of insects,
and in environments involving a 40% level of humidity, no
extensive reduction in germination percentage generally
occurred. However, a relatively small drop in germination
capacity was observed late in the storage period in the
most extreme combination (initial moisture content 18.5%,

30 C, 65% RH storage environment, 16-20 weeks storage).

Major deterioration in seed quality occurred only in those
storage environments suitable for rice weevil development
i.e. 20 C - 65% RH, 30 C - §5% RH. In particular, loss of
germination and increase in both the number and categories
of abnormal seedlings were apparent in these treatments.
X-ray photography ol seeds from different storage environ-

ments showed the internal damage caused by rice weevils
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and this was related to seedling development in sand tests
and to normal and abnormal seedling production in standard

laboratory germination tests.

Under favourable conditions (20 C - 657 RH and 30 C - 65% RH)
rice weevil numbers increased dramatically. This increase
was greatest at 30 C and also resulted in an increase in
seed moisture content. The other storage conditions

(20 C - 40% RH and 30 C - 40% RH) were unfavourable for
insect survival. This was a direct effect of the low
level of relative humidity which resulted in the death of
adult rice weevils and prevented the development of larval
populations.

Studies on the rate and extent of internal seed damage
using X-ray techniques showed that germination did not
deteriorate until larvae had eaten sufficient of the
endosperm to prevent adequate food reserves being avail-
able for the seedling. The level of damage to seed
viability by Yitophilus orysac was clearly a function of
the size of the insect population and the time over which
it persisted.

The maize seed used in this study was substantially
infected by storage fungi initially. However, despite
the provision of high temperature (30 C) and a moderate
humidity level (65%) for up to 5 months storage fungi did
not cause total loss of germinability despite some
increase in the levels of Aspergillus spp. and Penicillium
spp. Apparently, even the most extreme environments used
in this study were relatively unfavourable for storage

fungal development.
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INTRODUCTION

Maize (Zea maye) is the third most important crop in the
world after rice and wheat. It is important in warm
temperate regions as well as in the humid and sub-humid
tropics. In 1982 world production reached 448 million
tons from an estimated land area of 134 million hectares
(FAO 1982). Maize is a valuable crop for human and animal
food as well as the raw material for many industrial

products.

Associated with this large annual production of maize is
the need for adequate provision for seed storage. This
must be accompanied by a clear understanding of the deter-
minants of seed quality (Moore 1963, Delouche 1971), the
processes involved in seed deterioration (Helmer, Delouche
and Lienhard 1962, Delouche 1963, 1964, 1965, 1969,
Delouche and Baskin 1970, 1971), the principles of environ-
mental engineering (Sijbring 1963, Munford 1965, Welch and
Delouche 1967, Matthes, Welch, Delouche and Dougherty 1969)
and data on local climatic conditions. In addition, pro-
visions for seed storage must include procedures for
preventing, minimising or controlling the incidence and
severity of damage by external agents such as insects and
storage fungi.

In Pakistan, the ambient temperature and relative humidity
levels are usually considered to be unfavorable for safe
long term storage of seed for planting. This is particu-
larly the case during the wet (monsoon) season from July
to September. It is during this time of the year that seed
deterioration due to loss of viability caused by moisture
absorption by the seed and the deleterious activities of

insects and fungi can serioudsly reduce seed quality.

Rice weevil (Si¢tophilus oryzae) is considered to be the
most destructive insect pest of stored cereals in Pakistan.
Its rapid rate of multiplication and its capacity to



damage seed makes it a particularly dangerous pest. The
main direct effects of its activity include loss of seed
weight and germinability, reduction in palatability and
nutritive value and spontaneous heating which may cause

mould development.

Population increase and extent of damage caused by
Sitophilus oryzae are greatly modified by the storage
environment, particularly temperature, relative humidity
and seed moisture content. Certainly the combined effect
of these factors can dramatically enhance the activity of
this insect and consequently the level of seed damage in
storage. These same variables also have a direct effect
on the rate of seed deterioration due to respiratory
losses and on the activity of species of storage fungi

such as Aspergillus and Penicillium.

The present study was conducted at the Seed Technology

Centre, Massey University, its main objectives being:

1. To study the influence of different storage environ-
ments on the viability of maize seed.

2. To evaluate the effects of storage conditions on the
development of rice weevil populations in maize seed.

3. To evaluate the effect of different rice weevil popu-
lations on seed viability.

4. To determine the effect of storage environments on the
development of storage fungi in maize and the effect

of storage fungi on seed viability.



CHAPTER I

LITERATURE REVIEW

1.1 SEED STORAGE

The amount of literature available on the effects of seed
storage environment on viability is voluminous. For this
reason, and to assist with both clarity and brevity, only
work related to the present study will be considered in
this section of the review. In particular reference will
be made to published work on the influence of those para-
meters considered in the present experiment i.e. initial
seed moisture content and changes in seed moisture content
(during storage), temperature, relative humidity and
storage microflora. In addition, this review will be
generally confined to work relating to maize, quoted

work on other species only being included for emphasis or

because of its particular relevance.

1.1.1 Influence of Storage Environment on Seed Viability

The storage environment i.e. moisture content of seed,
temperature and relative humidity, affect the storability
of seeds. However, Barton (196l1) regarded moisture content
as being of the utmost importance. Certainly, seed deterio-
ration increased as moisture content increased. Roberts
(1972) presented formula and described the relationship of
temperature and moisture content to the period of seed
viability of certain crop species. The absorption equili-
brium values for corn and wheat were found to be approxi-
mately 1.6% higher than desorption values at 32% and 227%
relative humidity, respectively (Hubbard et al 1957).

The storage life of most crops also decreased with increas-
ing temperature (Justice and Bass 1978). Seed viability
and vigour are reduced as temperature is increased. When

the relative humidity remains constant the moisture content



of wheat decreases approximately 0.6 to 0.7% per 10°C rise

in tempermture (Oxley 1948a).

The two critical atmospheric conditions i.e. temperature
and relative humidity were studied in relation to the
safe storage of seeds by Harrington (1960). He described
"rules of thumb" for safe storage and states that the
numberical sum of the percent relative humidity plus the
temperature in degrees Fahrenheit should not exceed 100.
He also indicated that the period for which seeds may be
stored without a significant decline in germination
doubles for each 1% reduction in seed moisture and for each
5-6°C (10 F) drop in temperature. These rules are both
logarithmic and act independently. For example, seed of
6% moisture and at 10°C will remain viable 128 times as

long as seed at 10% moisture and stored at 25°C

(2% x 23 = 27 = 128) .

Relative humidity and temperature of the storage environ-
ment are thus the most imporatant factors influencing the
maintenance of seed quality (Barton 1961, Delouche 1968b,
James 1967, Litynski 1957 and Owen 1956).

Toole (1957) suggested that the relative humidity of the
air should not exceed 60% for seed stored at 21°C. Also,
the relative humidity should not be higher than 707% for
seeds at 4 to 10°C. Many crop seeds can be stored for 10
years or longer at 5°C and 45-50% RH. Similarly, Toole
(1950) stated that the viability of most crop seeds is
lost rapidly when the relative humidity of stored seeds
becomes 807% and temperature lies between 25°C and 30°cC.
She determined that seeds could be kept for 10 years or
longer at a RH of 50% or less combined with a temperature

of 5°C or lower.

Relative humidity affects the physiological quality of seed
in two ways:

a. Seed moisture content is a function of ambient relative
humidity



b. The infestation, growth and reproduction of both
storage insects and fungi is drastically affected by
the relative humidity of the micro-environment in the
seed mass (Delouche 1973).

Seeds are hygroscopic in nature. 1In storage they absorb

or lose moisture until the vapour pressure of seed mois-
ture and atmospheric moisture attain equilibrium. At a
particular temperature and pressure the vapour pressure

of atmospheric moisture is a direct function of the degree
of saturation or relative humidity (Delouche 1973). When
different kinds of seeds are subjected to different levels
of atmospheric relative humidity, the seeds attain specific
moisture contents. The moisture content attained by seeds
under these conditions is known as the equilibrium moisture
content or hygroscopic equilibrium. Delouche (1968b)

found that the hygroscopic equilibrium of seed at a given
relative humidity decreases slowly with increasing tempera-
ture and increases slightly with increasing deterioration
of the seed. For successful storage of seed the maximum
level of relative humidity depends on the kind of seed,

the length of the storage period and the temperature.

Seed moisture content, relative humidity and temperature
are the interrelated factors affecting the longevity of

seed in storage. Field crop seeds with a high moisture

content (14 to 16%) can be stored for a year or more at

a temperature of 10°C or lower, while low moisture seed

(10% or less) can tolerate temperatures in the range of

30-34°C for the same period without appreciable loss of

viability (Delouche 1968b).

High humidities and high temperatures are disasterous for
viable seed storage. Substantial decreases in seed viabil-
ity and vigour occur in most kinds of seed during even six
months of storage at 30°C and 75% relative humidity
(Delouche 1973).



Delouche (1973) recommended several different conditions

(i.e. variables of temperature and relative humidity, and

moisture content of seed for different storage periods)

which can be used to maintain seed viability in storage.

These are briefly described as follows:

1. Short term storage

Conditions that will maintain seed quality from harvest

to the next planting season (1-9 months)

30°C and 50% relative humidity (seed moisture

a.
content ranging from a maximum of 127 for cereal
seed to 8% for oil seeds)

b. 20°C and 60% relative humidity (seed moisture
contents ranging from a maximum of about 13% for
cereal seed to 9.5% for oil seeds)

c. Other combinations of temperature and relative
humidity as favourable as those above

2. Intermediate term storage

Conditions that will permit carry over storage of the

more elite classes as a hedge against seed production
failure (18-24 months)

a.

30°C and 40% relative humidity (seed moisture
content ranging from a maximum of approximately

107% for the cereals to 7.5% for oil seeds)

20°C and 50% relative humidity (maximum seed
moisture content ranging from 127 for cereals to

8% for oil crops)

10°C and 60% relative humidity (maximum seed
moisture content ranging from about 12% for cereals
to 9% for oil seeds)

Other combinations of temperature and humidity as

favourable as those above.

3. Long term storage

Conditions suitable for the long term storage of

breeder's seed, genetic stocks and the more costly and

scarce vegetable, ornamental and field seeds (3-10 years

storage)



The quality of seed can be maintained for a longer time
in cold and dry conditions in storage. For 3-5 years of
storage, 10°C and 45% relative humidity are satisfactory
for most kinds of field crop seeds. Successful storage
for 5-16 years can be secured under conditions of 0 to

5°C and 30-40% relative humidity (James 1967). These

levels of temperature and relative humidity can only be
maintained with heavy-duty refrigeration and dehumidifi-

cation systems.

Harrington (1963) determined that if dried seeds are
stored in open storage in less humid climates, the seeds
will reach an equilibrium of approximately 10-12% moisture
which is safe for most types of seed for at least one year.
However, in most humid and sub-humid parts of the world
seed moisture content will rise to 14-16% with a resultant
rapid deterioration of seed viability due to the develop-

ment of micro-organisms.

The phenomenon known as '"hysteresis' also affects the
equilibrium moisture content of seeds. Due to its
influence the equilibrium moisture content of the same
type of seed is not always the same at a given relative
humidity. When wet seed attains equilibrium moisture
content at a given relative humidity, the equilibrium
moisture content of the seeds will be higher than if
dry seeds are allowed to gain moisture to reach equili-
brium at the same relative humidity. For corn and wheat
a maximum hysteresis effect occurs between 127 and 447
humidity and amounts to 1.6% moisture difference
(Hubbard et al 1957).

Douglas (1975) reached the following conclusions concern-

ing different seed moisture contents.



Seed moisture content above: 40-607% Germination occurs
18-20% Heating may occur
12-14% Mould grows on and
in seeds
10-127% Sealed storage is
unsafe
8-9%  Insects become

active and multiply

A study on the thermal death point of maize under low
temperatures (below -23.3°C) was conducted by McRostie
(1939). He determined that seeds above 15% moisture con-
tent deteriorated severely and loss of viability occurred,
but such losses were higher at fluctuating temperatures

compared to constant temperatures.

The effect of different temperatures and relative humidity
levels on the germination of sweet corn seed was examined
by Boswell et al (1940). The seed was stored for 110 days
at 26.6°C with 78, 66 and 44% relative humidity resulting
in final values of 15, 68 and 70% germination respectively.
The seeds stored for the same duration at 10°C and with

8l, 66 and 51% RH gave 65, 70 and 72% germination respec-
tively. It is evident that the lowest temperature and
relative humidity combinations are most suitable for

maintaining seed viability.

The seeds of two corn hybrids, Embo-260 (Yellow dent) and
Poey T-66 (Yellow flint) were stored by Gill and Delouche
(1973) under different environmental conditions for

18 months. They found no significant reduction in germi-
nation in the dent corn hybrid at 7°C - 50% RH and 30°C -
327% RH storage conditions. The germination of flint corn
hybrid, however, was reduced significantly by 417 at the

first count and by a further 12% at the final counting at
30°C - 32% RH after 16 months storage. At 30°C - 55% RH

all seeds lost their viability completely after 18 months
storage. At 30°C - 75% RH complete seed deterioration

occurred after only 12 months.



Moisture equilibrium values in relation to mould formation
of seeds of several grasses and small seeded legumes was
studied by Dexter (1957). The relative humidity used
ranged from 55 - 857%. Seeds of common grasses and legumes
were stored at these relative humidities until equilibrium
was reached. Grass seeds reached equilibrium rapidly
although a marked difference was observed in moisture
content at different relative humidities in various species.
Greater difference in the steepness of the equilibrium
moisture/relative humidity curves was not noticed. Legume
seeds reached equilibrium very slowly. However, mould
development was more rapid in grass than in legume seeds
which was due to the rapidity of establishment of hygro-

scopic equilibrium.

Seed reaches a peak of vigour and germination at full
maturity. However, loss of vigour and germination occurs
at high moisture contents. If the seeds are dried to
moisture levels in equilibrium with 15 to 20% relative
humidity and stored to maintain these moisture levels,
then the seed may be kept for many years without a signi-

ficant loss of germination (Harrington 1971).

The equilibrium moisture contents of different seed species
at the same relative humidity will not be the same. This
occurs because there is variation in the chemical composi-
tion of seeds. O0ils or lipids do not absorb water.
However, protein absorbs the most water per unit of weight
while starch absorbs less but still considerable amounts.
Corn containing low lipid will have a higher moisture
content than cabbage seed containing high lipid when in
equilibrium with the same relative humidity. The equili-
brium moisture content of corn seed is 147 at 607% relative
humidity, while the equilibrium moisture content of cabbage

seed (containing 35% lipid) ‘is only 7% (Harrington 1973).

Even in one kind of seed the size of the seed, the thick-

ness of the seed coat and the nutrition of the mother plant

MASSEY UNIVERSITY
LI3RATY
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will all influence the relative amounts of various chemi-
cals in the seed. Thus, lots of the same kind of seed
may also differ in equilibrium moisture content at the

same relative humidity by as much as 1% (Harrington 1973).

Temperature also affects the equilibrium moisture content
of the seed because water molecules are less active at
lower temperature and tend to cling more readily to the
macro-molecules. As the temperature decreases the equili-
brium moisture content for a given relative humidity

increases (Harrington 1973).

In wheat if the moisture content is constant in the range
of 10 to 20%, about a 3% increase or decrease in equili-
brium relative humidity may occur for every 10°C rise or
fall in temperature (Ayerst 1965b, Pixton and Warburton
1971) .

It has been determined that the viability and vigour of
seed is reduced with increasing temperature, exposure to
high temperature for a longer time and an increase in
moisture content of seed. At a given temperature damage

is reduced as the seed moisture content is reduced (Justice
and Bass 1978).

The seed coat, endosperm and embryo constituents of
different species vary in their permeability to moisture.
As a result the time for a given species to reach equili-
brium moisture content will differ. Pixton and Warburton
(1968) reported that 90% equilibrium moisture content in
wheat was reached after 5 - 14 days by absorption and

2 - 9 days by desorption. The equilibrium moisture content
of seed therefore depends upon seed characteristics and the
temperature and relative humidity of the storage environ-
ment. The attainment of complete equilibrium moisture
content may take from a few hours to several days and in
some cases up to 60 days. Similarly, the time required for

moisture to enter the seed is only a small fraction of the
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time required for moisture to move through a mass of seed
(Justice and Bass 1978).

The moisture content of seed influences the respiration
rate and chemical deterioration rate of corn seed. Samples
of dent corn were conditioned to six moisture levels
ranging from 137% to 18% and stored for 14 days, by Olafson,
Christensen and Geddes (1954). They found that the seed
respired slowly at a constant rate for a period of 14 days
when the moisture level of seed was below 14.5%. The
respiratory rate however, increased rapidly in seed with
15.2% and 17.0% moisture contents and high mould develop-
ment was observed in seed with high moisture levels. In
respiring seeds the fat acidities were higher and non-

reducing sugar and viability decreased.

The moisture content, temperature and the chemical compo-
sition and soundness of seed influence the rate of seed
respiration. Soft, starchy wheat for example, has been
shown to respire faster than hard, vitreous wheats contain-
ing the same percentage moisture content. At 14.5% moisture
content the rate of increase is gradual and uniform, but
when the moisture content exceeds 14.57% the rate of respira-
tion is accelerated (Baily 1918). At moisture contents
above 14.0% shrivelled wheat respired two to three times
more rapidly than plump wheat. Such differences were not
observed in shrivelled or plump wheat at moisture levels
below 147 (Baily 1918). Increasing temperature enhances

the rate of respiration until 55°C is reached. With the
increase in temperature the diastatic action on starch
increases until enzyme activities are stopped. Spontaneous
heating caused by biological oxidation of dextrose and
similar sugars in the germ embryo of the kernel also cause
seed to deteriorate in storage (Bailey 1918).

Pfeffer (1878) also reported that the intensity of respira-
tion increases with increasing temperature, while Hoff

(1896) stated that the rate of respiration increases two
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or three times for each 10 degree rise in temperature

according to the usual rule of chemical reactions.

Different combinations of temperature and moisture content
cause seed deterioration due to self-heating, the activity
of moulds, insects and mites, and by loss of germination
and baking quality. Theimer (1978) suggested that grain
could be safely stored up to 14°C with a moisture content
not exceeding 15%, the only spoilage risk being a slight

possibility of mite infestation.

Studies on the influence of high temperature and high
humidity on the storability of wheat, soybean and maize,
were carried out by Rengifo and Pfost (1Y76). They found
that there was no significant loss in test weight between
aerated and unaerated grain. Mould development occurred

at high storage temperatures and at high moisture content/
relative humidity equilibrium. High storage temperature
accompanied by high relative humidity also decreased germi-
nation and artificial drying increased grain damage. They
suggested that currently recommended safe moisture contents

for stored grains require more research.

1.2 TINSECTS AND SEED STORAGE
1.2.1 Introduction

The rice weevil (Sitophilus oryzae (L))is an insect of
significant importance whose pest status has been recog-
nised in most parts of the world. Although fragmented
biological studies on species of Sitophilus have been
published, a recent comprehensive study on the biology of
Sitophilus oryzae and Sitophilus granarius was conducted
by Longstaff (1981). Khan (1948) has published a descrip-
tion of the morphology and anatomy of Sitophilus oryzae
(rice weevil) and Ricahrds (1947) has examined its repro-

ductive biology.
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The rice weevil is one of the most destructive pests of
stored cereals throughout the world. It attacks both
cereal grains and cereal products and causes millions of
dollars of loss each year. It is also a major pest of
stored grain throughout the warmer and humid regions of the
world and is a serious pest of grain in China, South

America, Pakistan and India where maize is a staple food.

The storage environment (moisture content of seed, tempera-
ture and relative humidity) influences the development of
insect pests and fungi. These agents together with rodents
are primarily responsible for the deterioration of stored
grain. A favourable storage environment may enhance the
development of insects and fungi to a stage which can

render tremendous losses to stored grain in a short time.

1.2.2 Biology and Classification of Rice Weevil

The rice weevil (Sitophilus oryzae) belongs to the order
Coleoptera and genus Sitophilus. The genus is part of the
sub-family Calandrinae. Important stored product insects
belong to five orders. Among these the Coleoptera
(beetles) and Lepi doptera (butterflies and moths) are of

prime importance.

Rice weevil is restricted in its habitat and breeding to
cereal grains and partially processed cereal products.
Champ and Dyte (1976) reported that it is one of the most
important insect pests of cereals. The strain of insect
and grain varietal difference are known to influence repro-
duction to a considerable extent. The range of grain
moisture content for breeding of Sitophilus oryzae is
restricted from 10% to 16%. The species occurs in the
tropical, sub-tropical and warm temperate regions of the
world but very high summer temperatures are not favourable
for its survival. Data collected from different sources
(Richards 1944, Birch 1944, 1946, 1954 and Kono 1954) show

that Sitophilus oryzae is viturally cosmopolitan in



14

distribution. The female makes a hole in the grain into
which an egg is deposited. The egg is white and oval in
shape and may be laid anywhere in the grain though few

are laid in the embryo. Richards (1947) reported that

the majority of eggs in wheat are placed at the end
farthest from the embryo. In a single grain more than one
egg may be laid although only one larvae develops to matur-
ity. Four larval instars occur within the grain. The
larvae is white in colour and about 4 mm long when mature.
Before pupation it assumes an inactive prepupal form for

a short period and later becomes dark brown (Hill 1975).

The insect completes its life cycle in about 5 weeks at
30°C and 70% RH. However, the length of the life cycle

is extended by lower temperatures, development occurring
only slowly below 17°C (hill 1975). Khan (1948) indicated
that at temperatures ranging from 15 to 30°C and a range
of humidity from 50-90%, Sitophilus oryzae had a slightly

shorter developmental period than Sitophilus granarius (L).

The adult rice weevil is small, 3.5 mm long, brown to dark
brown with a long snout or rostrum. It has elbowed antenae
which end in a distinct club. The punctures on the thorax
are round and the lines of punctures on the elytra are
narrowly separated. This latter characteristic allows
distinction to be made from the closely related Sitophilus

granarius.

Tsai and Chang (1935) reported that the range of relative
humidity for oviposition was 60 to 100%, but Reddy (1950)
concluded that egg laying could also occur at RH as low

as 52%. Mathleen (1938) and Moutia (1942) reported that
rice weevils can develop in grains having a moisture con-
tent as low as 8.5%. However, Davidson (1940), Harris
(1943) and Birch (1945) have all recorded 10% moisture
content as the minimum requirement for rice weevil develop-

ment .
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Baker and Mobie (1973b) found that increasing the casein
level of grain from 0% to 20% increased the survival of
rice weevil adults although no effect was observed upon

growth rate of the larvae

The life span of adult Sitophilus oryzae depends upon
several factors such as temperature, humidity, moisture
content of seed and dietary requirements. However, the
adult normally lives for about 5 months. Howe (1952)

found that weevils breeding at low humidities produced a
large proportion of infertile females compared with weevils

bred at high humidities.

1.2.3 Effect of Storage Environment on Rice Weevil

Development, Survival and Population Growth

Reddy (1950) investigated the effects of temperature,
relative humidity and moisture content of wheat on the
development of rice weevil. Development was completed
in wheat seed with a moisture content of 10.2% at 25°C,
26.6°C and 30°C but not at 32°C. He reported that the
weevils developed in the shortest time in wheat with a
moisture content of 17.6%. He also noticed that optimum
conditions for the development of weevils involved a tem-
perature range of 28°C to 30°C, relative humidity levels
between 75 and 907% and a seed moisture content between
13.5 and 17.6% in wheat.

It has been generally recognised that the development of
most seed storage pests is slow at temperatures below 20°C,
although at this temperature Sitophilus spp. has been shown
to complete its life cycle in 120 days in wheat at a rela-
tive humidity of about 607% (Oxley and Howe 1950).

Cotton et al (1960) reported that rice weevils were unable
to reproduce in grain with a moisture content below 9% and
the adults soon died in dry grain. They also determined

that rice weevil adults survived for only one week in 8%
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moisture content wheat at 29.44°C (SSOF) and in 9% moisture
seed about 707% were dead after three weeks, though a few
lived for seven weeks. Certainly it has been shown that
the activity of most stored insect pests decreases rapidly
as relative humidity drops below 50% and reproduction

stops altogether at less that 35% relative humidity (Cotton
1963) .

Howe (1952) investigated the effects of 21°C and 25°C
storage temperatures and relative humidities ranging from
50 to 100% on egg production of rice weevil in wheat. He
found that while high egg production was obtained at high
humidities the rate of oviposition was very low at low
humidity levels. At 21°C and 50% RH, eggs were noticed

in only one grain compared with 31 out of 40 grains at
100% relative humidity. In addition, the daily egg laying
rate recorded was 0.03 and 1.48 per female insect respec-
tively. At 25% the number of eggs laid per female per day
was 2.75 at 100% relative humidity and 2.55 at 90% relative
humidity.

The influence of different temperatures on oviposition rate
by rice weevil was also assayed by Howe (1952). The tem-
peratures used were 17°C, 21°C and 25°C and the relative
humidity was 100%. He found that the daily oviposition
rate per female average 1.3 at 17°Cc, 2.5 at 21°C and 3.4

at 25°C with an approximate ratio of 3:6:8.

Howe (1952) also found that at 21°C and 100% relative
humidity females laid fewer eggs when they were placed in
a "'competitive' situation where there were many females

but few grains. He also noticed that the presence of males
reduced oviposition rate considerably. Maximum egg laying
was not secured unless many grains per female were avail-
able for oviposition. This was also confirmed by work of
Birch (1945) who studied the influence of temperature,
humidity and insect density on the oviposition of a small
strain of Calandra (Sitophilus oryzae). He found that

highest oviposition rate was obtained at a density of omne
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female to approximately 50 grains at 25.5°C. Birch (1945)
also found that while rice weevil females were capable of
laying eggs in wheat with 10% moisture content, no eggs
were observed in grains with a 9.5% moisture content.
Certainly fewer eggs were laid at 12% moisture content
than at 147 but very little difference was observed in
the number of eggs laid in seed with 117 compared to 127%
moisture content.

Reddy's (1950) work with wheat on the oviposition of
Sitophilus oryzae using constant temperatures from 13°C

to 35°C and a range of relative humidities from 30% to 99%
showed that the highest number of eggs laid and percentage
of hatching occurred at 30°C and 99% relative humidity.

A relative humidity of 73% or less was unfavourable for

egg laying and no eggs were laid at 30% relative humidity.

Birch (1944, 1953, 1954) has investigated the influence
of temperature, moisture and food source on the capacity
for increase and survival of Calandra (Sitophilus oryzae)
in wheat and maize. Certainly the insect is sensitive to
both temperature and relative humidity levels in the
storage environment. In particular, relative humidity
because of its effects on dessication of eggs causing
mortality and because of its influence on seed moisture
content is a particularly important parameter in the
storage environment. Birch also concluded that the higher
the temperature the higher the mortality at a particular

relative humidity value.

Birch (1954) investigated the survival of the immature
stages of Calandra (Sitophilus oryzae). The range of
temperatures used was 13°C to 35°C and that of seed mois-
ture content 8% to 14%. He found that the maximum temper-
ature for survival was 34°C." A minimum temperature of
15.2°C and a seed moisture content of 9% was necessary for
survival. When the moisture content of seed declined

below 147 insect mortality increased rapidly. Mortality
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was lowest at 30°C at all moisture contents. Most mortal-
ity during the immature stages occurred in the first larval

stage.

Khan (1948) also worked on the mortality of rice weevil

at 15, 20, 25 and 30°C and at RH levels of 50, 70 and 90%
in both wheat and maize. He determined that 50% RH
irrespective of temperature was unfavourable for larvae
and that a temperature of 15°C was fatal for this insect.
Wheat with 19% moisture content in eqiulibrium with 90% RH
was invaded by mould even at low temperatures. Such
fungal invasion stopped the growth of rice weevil larvae
and insect mortality increased. High mortality was

observed in maize at 70% RH.

Studies on insect population growth by Birch (1953) found
that the population of rice weevil at 15.2°C doubled after
10 weeks. However, in the same time at 29.1°C the popula-
tion was 2000 times greater than at 15.2°C. Such dynamic
changes in insect populations are obviously environmentally
controlled. However, Hardman (1977) worked on the envi-
ronmental changes associated with the growth of a population
of Sitophilus oryzae in wheat found that seed moisture
content increased from 13.4% to 19.77% after 60 days storage,
that rice weevils raised seed moisture content by 7%
during a 112 day period, and that high populations also
increased the temperature by 7°C. This effect of population
increase in changing the storage enviromment has been
observed by a number of workers. Howe (1943) for example,
conducted an investigation of the changes occurring in a
bin of stored wheat infested by rice weevil. The wheat
(12.0% moisture content) showed the development of a high
population of insects. This development caused the grain

to heat over five months. A steep temperature gradient
between the infested grain and the air cooled surface and
sides of the storage container increased the water content
of the grain. Due to the production of high concentrations
of carbon dioxide at the bottom of the bin, conditions then

became unsuitable for the survival of the insects.
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1.2.4 Damage Caused by Sitophilus oryzae in Stored Grain

Koura and El1 Halfawy (1972) evaluated the weight losses in
grain infested with insects under natural temperature
conditions. Wheat, maize and sorghum samples were collected
from warehouses in the summer and the infested grains were
separated. The percentage weight loss was calculated by
comparison of the weight of infested grains with that of

a similar number of sound grains. They reported that weight
loss averaged 327% in wheat, 22.2% in maize and 33.8% in

sorghum.

In a laboratory experiment by the same authors (Koura and
El Halfawy 1972) several varieties of wheat, rice and
barley were fumigated and the seeds then inoculated with
adults of Sitophilus oryzae. The adults were removed

after two days and the grains were stored at 25°C and 70% RH
to allow insect development. The emerged larvae and adults
damaged the grains and weight loss was recorded. The
maximum percentage weight loss was 37% for wheat, 847 for
rice and 697% for barley. 1In a more controlled study,
Stoyanovic (1966) investigated the loss of weight in stored
wheat infested with rice weevil at initial population
densities of 1, 2 or 3 adults per 0.5 kg of grain. The
influence of temperature on weevil activity at 10°C and
20°C was also studied. He determined that after 200 days
the percentage weight loss in wheat grains was only 5-147%
at 10°C but rose to a maximum of 71% at 20°C over the

same storage period.

Golebiowska, Pradzynska andNawrot (1977) worked on the
feeding capacity of some species of storage insects. Rice
weevils were confined in association with other storage
insects in wheat, rye and maize grains under a range of
temperatures (20-29OC) and humidities (60-94%). They

found that most species, including rice weevil, fed most
frequently on the germ end of the grain and less frequently
on the brush end. At higher humidities in particular,

insects confined their attack to parts other than the germ.
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The resultant damage had a major effect in reducing seed
germination and subsequent seedling growth capacity.
Similar findings have been recorded by Kamel and Zewar
(1973) in work on the rate of loss of weight in maize and
millet grains infested with rice weevil and Rhizopertha

dominica.

Singh, Sinha and Wallace (1977) studied changes in oxygen,
carbon dioxide and microflora levels induced by weevils

in stored wheat. The lowest oxygen concentration (35.2 mg/
litre, 2.8% by volume) and the highest carbon dioxide
concentration (370 mg/litre, 21.77% by volume) were observed
at the bottom of storage bins associated with a 10% infesta-
tion of grain with rice weevils. It was determined that
both at 5% and 10% infestation levels the rate of develop-
ment of rice weevils was higher than that of granary weevil.
Aspergillus and Penicillium storage fungi were also found

to have a more severe effect on the viability of grain
samples taken from the bottom layers than from the top

layers of the storage container.

1.3 FUNGI

About 150 species of fungi have been isolated from cereal
seeds. According to their behaviour they have been
classified into two main groups, field fungi and storage
fungi. Field fungi comprise a wide range of species
including Alternaria, Cladosporium, Helminthosporium and
Fusarium species (Christensen and Kaufmann 1965). 1In
comparison the storage fungi consist of members of only
two genera, Aspergillus and Penicillium. They can grow

in grains and seeds whose moisture contents are in equili-
brium with relative humidities of 70-90%. Storage fungi
are commonly found on different organic and inorganic
materials, food products, fabrics and insulating materials
made of plant fibre, paints, leather goods and glues.

These fungi exist everywhere and contaminate all kinds of
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grains and seeds. 1In this latter case they influence the
grade, conditions, keeping quality and storability of
seeds (Christensen and Kaufmann 1965).

It has been reported that a few Aspergillus species invade
and destroy stored cereal grains (Christensen and Kaufmann
1969). Aspergillus amstelodami, Aspergillus chavaliert,
Aspergillus repens, Aspergillus restrictus and Aspergillus
ruber grow in seeds with a moisture content of 13-15%.
Other species such as Aspergillus candidus, Aspergillus
f'lavus, Aspergillus ochraceus, Aspergillus tamarii and
Aspergillus versicolour are found in cereal seeds with a
moisture content above 157 (Christense 1957). By compari-
son the Penicillium species are found in stored cereals
with a moisture content above 167 and often at relative

low temperatures (Christensen and Kaufmann 1965).

1.3.1 Influence of Environment on the Development of

Storage Fungi

The storage fungi develop rapidly at about 30°c - 329

and their growth rate declines with reduction in tempera-
ture. However, the development of a few strains of the
Aspergillus glaucus group are capable of very slow growth
at 35°C - 40°C and some species of Penicillium can grow

at a temperature several degrees below freezing (Christensen
and Kaufmann 1965).

Corn seeds at 15% moisture content which are free of
storage fungi, sound and in good contion can be kept at

a temperature of 45°F - 50°F for 9-12 months without any
deterioration. However, if the grain has already been
contaminated with storage fungi and stored at 15% moisture
content and a temperature of 45°F - 50°F, the development
of fungi may occur and the seed may deteriorate within

6 months (Christensen and Kaufmann 1968).
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Aerated and non-aerated samples of corn were stored by
Bottomly, Christensen and Geddes (1952) at 30°C at moisture
contents between 19 and 31%. Mould growth and acidity
increased, while viability and non-reducing sugar levels
decreased with increasing moisture content and time of
storage. Aspergillus glaucus was involved in a rapid loss
of non-reducing sugar and a slight increase in fat acidity.
But Aspergillus flavus, Aspergillus candidus, Penicillium
species and Fusarium species were associated with marked
increases in fat acidity. In non-aerated samples slight
changes in fat acidity or non-reducing sugars were observed
and a decline in germination also occurred (Bottomly,
Christensen and Geddes 1952).

Hard wheat free of fungi was inoculated with Aspergillus
candidus, Aspergillus repens and Aspergillus restrictus
and stored for 7 months in dessicators at 25°C by Papavizas
and Christensen (1957). Humidifying solutions were used
to maintain seed moisture content at levels from 14.7 to
20%. The uninoculated controls were also stored under

the same range of storage conditions. It was shown that
while the controls decreased in germination slightly, the
inoculated seeds lost germination drastically during the
storage period. At 14.7 to 14.9% moisture content
Aspergillus restrictus caused a more rapid decline in seed
germination than Aspergillus repens or Aspergillus candidus.
At 15 to 16% moisture content both Aspergillus candidus

and Aspergillus restrictus caused a rapid decrease in seed
viability. It is considered that fungal invasion of

stored seed is a common cause of '"sick' wheat in commercial

storage (Papavizas and Christensen 1957).

Corn seed was stored at different moisture contents by
Bottomly, Christensen and Geddes (1950) to study the
effects of variation in temperature and oxygen concentra-
tion on fungal growth, viability and biochemical properties.
The moisture contents chosen were in equilibrium with
relative humidities of 75 to 100% and ranged from 17.4 to
31.2% (dry weight basis). Temperature ranged from 25-45°C
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and oxygen concentration from 0.1 to 21%. The variation
in relative humidity affected fungal growth and biochemi-
cal properties but had little influence on atmospheric
composition. When the relative humidity of the storage
atmosphere was increased from 75 to 100% the amount of
fungus infection increased logarithmically. Internal
fungal infection and fat acidity increased rapidly and a
slight increase in total and water soluble nitrogen
occurred. Reducing sugar levels also increased. Converse-
ly a reduction in non-reducing sugars, total dry matter
and viability of grain was observed. The variation in
temperature also affected fungal growth. Highest mould
counts were recorded at 25°C and at 40°C the highest fat
acidity level was noted. With a reduction of oxygen
content in the storage atmosphere from 217% to 0.1%, fungal
growth was four times greater (Bottomly, Christensen and
Geddes 1950).

The two main genera of fungi differ in their response to
different storage environments. For example, corn seed
in equilibrium with a relative humidty of 80%, develops
mainly Penicillium at 25°C, mainly Aspergillus at 30-35°C
and mainly Mucor species at 45°C. However, Penicillium
spp and a few Aspergillus species including A. candida
pseudo-tropicalis were highly tolerant to low oxygen

tensions (Bottomly, Christensen and Geddes 1950).

Samples of corn were collected by Christensen (1948) from
commercial bins to study fungal growth at low seed moisture
levels. The seeds were stored in vacuum bottles at differ-
ent moisture contents. As a result of increase in the seed
moisture content the fungal population and temperature

also increased (Christensen 1948).

In bulk storage situations there is also the possibility
that some of the grains may be moist enough when stored,
or acquire high moisture as a result of moisture migration.

This situation provides favourable conditions for the
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development of Aspergillus restrictus and Aspergillus
glaucus. Aspergillus restrictus is slow growing and
generally does not cause hot spots or increase moisture
content. However, Aspergillus glaucus develops rapidly
and increases the temperature of grains to 35-40°C. When
the moisture content of grain exceeds 15.0% to 15.5%,
Aspergillus candidus growth begins, which can increase
the temperature and moisture content of grains very
rapidly if optimum conditions prevail. As the moisture
content of the grain reaches equilibrium with a relative
humidity of 85% (18.5% moisture in cereals) Aspergillus
flavus can grow. Aspergillus candidus and A. Flavus
together may then increase the temperature of the grains
to 55°C and maintain it at this level for several weeks
(Sinha and Wallace 1965). Under adiabatic conditions

the temperature and respiratory increases in moist corn
samples are directly correlated to fungal development
until the temperature reaches 52-55°C, where fungi are
killed, respiration stops and heating ceases. At higher
moisture contents bacterial development may heat the seed
to the bacterial thermal death point ranging from 68-70°C.
Due to non-biological oxidation the spontaneous heating
of seed may continue under controlled adiabatic conditions
(Milner, Christensen and Geddes 1947).

It has been shown that in starchy cereal seeds stored at
moisture contents between 14.0 and 15.5% and in soybean
seed at between 13.0 and 14.0%, a difference of only 0.27%
in moisture content may influence the rate of fungal
growth and the extent of damage in a given length of time
(Christensen and Kaufmann 1965).

Seeds of cabbage, cucumber okra, onion, pepper, radish,
salsify, spinach and turnip were inoculated with spores
of Aspergillus amstelodami or Aspergillus flavus and
stored at 85% RH and 22-25°C for 30 days, by Kulik (1973).
Non-inoculated seeds served as control. He found that at
the end of 30 days these fungi had invaded only a small
number of seeds of cabbage, cucumber, radish and turnip.

More seeds of okra, onion, pepper, salsify and spinach
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were invaded by either or both Aspergillus amstelodami and
Aspergillus flavus but fungus invasion did not appear to
cause a decline in germinability.

Heydecker (1972) stated that temperature, as well as
affecting the number germinated and the rate of germination,
can also affect the uniformity of germination. Germination
reduced with rise in temperature. At low temperatures the
rate of germination is very low, hence the potential for

spread of the distribution of germination if time is great.

Generally it seems that seeds are softer and are more easily
damaged at high moisture content but at very low moisture
content, in wheat, the bran becomes brittle and breaks
easily. 1In these circumstance, the endosperm is hard and
the soft embryo may be eaten cleanly out of every wheat
kernel and even Sitophilus spp. lay their eggs in the
scutellum around the embryo (Howe 1973).
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CHAPTER 1I

MATERIALS AND METHODS

2.1 EXPERIMENTAL DESIGN AND METHOD

The present investigation was designed to determine the
influence of selected storage environments on rice weevil
(Sitophilus oryzae L.) infestation and their effect on
maize seed deterioration. The study involved a randomised
block design incorporating three initial seed moisture
contents (18.5, 15.1 and 12.47%), two storage temperatures
(3OOC and 200C), two storage relative humidities (657% and
40%) with three replicates of each treatment. Half of
the seed samples were stored directly under these condi-
tions. In the other half of the seed samples rice weevil
adults were introduced immediately prior to storage. This
provided the opportunity to evaluate seed deterioration

and insect effects under a common set of environments.

Sound and untreated maize seed of variety XL45 was used

in this experiment. This seed had a pre-storage germina-
tion of 927 and an initial moisture content of 13.47%. The
seed moisture content was adjusted to different desired
moisture contents (12.4, 15.1 and 18.5%). To obtain the
lowest moisture level 32 kgs of seed from the initial lot
was artificially dried using a "kiwi'" minidryer. The
changes in moisture content were monitored using the high
temperature air oven method (ISTA 1976). The drying and
mixing of seed by hand was continued until the required
moisture content of 12.4% was secured. To obtain medium
and high levels of seed moisture i.e. 15.1% and 18.5%,

32 kgs of maize seed for each moisture content was taken
from the bulk sample and spread in thin layers in a plas-
tic container. A calculated quantity of water was sprayed
in a thin mist on to the seed. After spraying, the seed
was thoroughly mixed by hand. The seed samples in plastic
containers were completely covered with a plastic sheet to

reduce evaporation. The mixing of seed was carried out



27

twice each day. Moisture tests were taken at intervals
until the prescribed moisture levels of 15.1 and 18.5%
were achieved. The seed samples were kept for five days

in a controlled temperature room at 5°C.

The seeds at each initial moisture content were each
thoroughly mixed by passing them through a soil divider.
This mixing was repeated three times to obtain a uniform

seed sample.

The experiment was conducted in two parts. In the first
part a series of 504 one litre capacity glass jars were
used. Approximately 120 grams (about 300 seeds) of maize
was placed in each jar. Half of the jars were inoculated
with 60 adult rice weevils each. Insect counting was
carried out using a vacuum counter developed at the Seed
Technology Centre (Plate 1). This initial insect popula-
tion represented one adult weevil per two grams of maize
seed by weight. The jars containing insects were covered
with open mesh gauze. Jars not containing insects were
covered with open weave nylon material (Plate 2). All the
jars were stored in the appropriate temperature and
humidity treatment of 30°C - 40% RH, and 20°C - 65% RH.

In the second part of the experiment the seed was stored

at either 30°C - 65% RH or 20°C - 40% RH. 1In order to
obtain the required levels of humidity in this part of the
experiment it was necessary to store the jars in large
airtight containers (Plate 3) each containing controlled
humidity solutions prepared by mixing the required propor-
tions of water and glycerine as employed by Hill (1965).
The 65% RH atmosphere at 30°C was obtained by mixing gly-
cerine and water in a 64 ml:36 ml ratio. The 407 RH
atmosphere at 20°C was obtained using pure glycerine. Such
mixtures were used to maintain the required relative humid-
ity levels of 65% at 30°C and 40% at 20°C within t1%.

In this part of the experiment the internal atmosphere in
the plastic containers was circulated during the storage
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Plate 1: Vacuum Insect Counter

Plate 2: Glass Jars Used for Seed Storage



20C-40 /MH

o

Plate 3: 110 Kgs Plastic Container Used For
Controlled RH (40% and 65%)

Plate 4: Electric Air Pump Used for Aeration

29
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period using an electric air pump. All the plastic con-
tainers for any particular RH level at either 20°C or 30°C
were interconnected with plastic tubing. An electric

motor was fitted to a time clock. The plastic tubing was
connected in a circuit with the electric motor (Plate 4).
The internal atmosphere in the plastic containers was
aerated twice every 24 hours. This aeration procedure was
continued throughout the storage period to ensure a uniform
relative humidity level in each container. The RH was
checked twice a week by wet and dry bulb thermometer(Plate®6).

In both parts of this experiment samplings were carried
out after 2, 4, 6, 8, 12, 16 and 20 weeks storage. At
each sampling time measurements of seed permination, seed
moisture content and the incidence of storage fungi were
carried out. The development and mortality of rice weevils
in each treatment was also recorded.

2.2 MEASUREMENTS
2.2.1 Germination of Seed

The ultimate object of testing the seed for germination

is to gain information with respect to its field planting
value (ISTA 1976). The germination test for each treat-
ment was conducted on 3 x 100 seeds counted randomly.

The rolled paper method was used at a temperature of 25°C.
The first seedling count was recorded on the sixth day and

the final count on the ninth day.

The percentage of normal seedlings was recorded. The
cirteria for normal corn seedling development comprised
a well developed primary root system or with adventitious
and lateral roots with adequate length and vigour. Also
a well developed intact epicbtyl with well developed

primary leaves emerging through the coleoptyl (ISTA 1976).

The percentage of abnormal seedlings was also noted.

Abnormal seedlings were classified as those which did not
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show the capacity for continued development into normal
plants when grown in goodquality soil and under favourable
conditions of water supply, temperature and light (ISTA
1976). Damaged, deformed and decayed seedlings and seed-
lings showing any other defects when tested on artificial
substrata were classified as abnormal. The percentage of

ungerminated and dead seeds was also noted.

2.2.2 Moisture Content Estimation

Moisture is the main factor affecting seed quality and the
activities of fungi and insects. Moisture tests were
conducted at every sampling time. Estimation of moisture
content was made by loss in weight when seed samples were
ground and dried in an air oven at a high constant tempera-
ture as recommended in the ISTA Rules (1976). Two repli-
cates, each of 5 grams, were ground and kept for four hours
in an air oven at 130°C. The samples were shifted to a
dessicator for 30 minutes after drying to cool. The per-

centage moisture loss in drying was calculated as follows:

M2 - M3 x — 100
M2 - M1
Where
Ml = is the weight in grams of the container
and its cover.
M2 = is the weight in grams of the container,
cover and its contents before drying.
M3 = weight in grams of the container, cover

and contents after drying.

2.2.3 Determination of Storege Fungi

The agar plating method was used to detect storage fungal
development in maize seed. The growth and development of

fungus was assayed in all treatments at each sampling time.
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100 seeds from each treatment were tied in a muslin cloth
and immersed for one minute in a 0.1% mercuric chloride
solution. The seed samples were then washed in running
water for five minutes. Surface sterilised seeds were
plated onto malt-salt-agar (MSA) medium. The petri dishes
were kept at 30°C for two weeks. Seeds with fungal inva-
sion were then counted. The malt-salt-agar used comprised

the following ingredients:

Malt extract, Difco = 30.0 grams
NaCl = 75.0 grams
Bacto agar = 15.0 grams
Distilled water - 1.0 litre

2.2.4 1Internal Seed Damage Assessment

Since Sitophilus oryzae completes its life cycle inside
the maize grains, the damage rendered by larvae and adults
could not always be evaluated by visual examination.
Attempts were therefore made to assess the amount of
internal damage and also to examine the possibility of
preferential feeding by rice weevils on different parts

of maize grains. A simple X-ray photography system was
employed using a Faxitron 43804N X-ray machine (Plate 5)
with exposure onto Polaroid film. Photographs of maize
grains from seedlots prior to storage and at regular
intervals during the storage period allowed comparison to
be made between treatments in the rate and extent of insect
damage to internal seed tissues. Following X-ray photo-
graphy the seeds from each sample were sown in sand in the
same sequence. This allowed a comparison to be made
between the type of internal seed damage shown by X-ray
analysis and the capacity of seeds to develop into normal
seedlings in a standard sand test. At the end of the
germination test photographs of different seedling cate-
gories (normal and abnormal seedlings and dead seeds)

were taken.
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Plate 5: Faxitron X-ray System Model 43804
Used for Taking X-ray Photographs

of Maize Seed

Plate 6: Wet and Dry Bulb Thermometer Used
for Determination of Relative
Humidity
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2.3 STATISTICAL ANALYSIS

Analysis of results showing change with time, while
important in itself, was considered to be less meaningful
because of the vast differences and the small error values
in germination results presented early in the experiment
compared with the much larger values occurring later. For
this reason, and because the main comparative requirement
was within time and between treatment comparison, only

within sampling time analysis was carried out.
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CHAPTER TITII

RESULTS
The results of this study are presented in three sections.
The first (3.1) considers the effect of the storage
environment on seed moisture content, seed germination
and abnormal seedling development. The second section
(3.2) considers the performance of seed stored under the
same conditions as those described in the first sections
but with the additional effects of insect populations and
insect damage on seed quality. The final section (3.3)
looks specifically at changes in storage fungus develop-
ment and the effects of Aspergillus and Penicillium

species on seed quality during storage.

3.1 SEED STORAGE EFFECTS

3.1.1 1Initial Seed Quality

Parameters of initial seed quality, after adjustment of
seed moisture content, are set out in Table 1. Condition-
ing of seed to the desired experimental percentage moisture

content had no deleterious effect on germination or other

determinants of quality.

TABLE 1: INITIAL LEVELS OF MAIZE SEED QUALITY

Initial Seed Moisture Content

12 .47 15.1% 18.5%
Normal
Germination (%) 92.5 92.3 92.0
Abnormal
Germination (%) .3 5.0 5.3
Dead Seed (%) .2 2.7 2.7
Field Fungi (%) .0 2.0 4.0
Storage Fungi (%) 34.0 36.0 38.0
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3.1.2 Changes in Seed Moisture Content

The maize seed used in this experiment was stored initially
at three different seed moisture contents (18.5, 15.1 and
12.4%). The results presented in Figure 1 clearly show
that both storage temperature and relative humidity had
rapid and significant effects on seed moisture content.

In all treatments the initial moisture content of the seed
was increased or decreased until it reached equilibrium
with the storage environment. This absorption or desorp-
tion of seed moisture with time clearly demonstrated the
hygroscopic nature of the seed. In addition, it stressed
the dramatic role the relative humidity of the storage
environment plays in altering seed moisture content.
Storage temperature also had a smaller influence on both
the rate and extent of moisture change.

In the case of seed stored at 20°C or 30°C accompanied
throughout with a 407% relative humidity, seed moisture
content fell in all treatments to an equilibrium moisture
content of between 7.4% and 9.37% after 20 weeks storage.
The rate of moisture movement from the seed into the
storage atmosphere was initially rapid, particularly over
the first 2-4 weeks. Subsequently the rate of moisture
change was considerably slower, with often only 1.0 to
1.5% seed moisture loss occurring over the last 12-14
weeks of storage. The rate and extent of moisture loss
in 40% RH storage treatments was greater at 30°C than at
20°C. High temperature had its greatest effect in speed-
ing up the rate of initial moisture loss, particularly
during the first two weeks of storage. It also resulted
in seed reaching a lower equilibrium moisture content
(E.M.C) at the end of the experiment. Seed stored at 30°C
and 407 RH reached an E.M.C. of 7.4-7.6% compared to a
9.1-9.4% E.M.C. in seed stored at 20°C and 40% RH.

A similar trend occurred in seed stored at either 20°C or
30°C under 65% relative humiditv. However, the initial

moisture content of the seed determined whether the seed
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Figure 1: Changes in moisture content of maize seeds stored
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absorbed moisture from the storage environment as occurred
in the 12.4% initial moisture content treatment or desorbed
moisture as occurred in the seed stored at initial moisture
contents of 15.1% or 18.5%.

The results in Figure 1 show that the rate and extent of
moisture absorption in the 12.4% initial moisture content
treatment was slow, rising to 13.2% in the 30°C environ-
ment and 13.9% in the 20°C storage environment after 20
weeks. In the two higher initial moisture content seedlots
desorption of moisture occurred very rapidly over the first
2-4 weeks. Thereafter the rate of change was much slower,
a loss of less than 1% occurring in most cases over the

remaining 16-18 weeks storage.

Again, temperature played a minor but significant role in
the level of equilibrium moisture content reached. The
higher storage temperature (30°C and 65% Ril) resulted in

a lower E.M.C. value (13.1-13.5%) after 20 weeks while the
20°C and 65% RH environment resulted in a 13.9-14.2% E.M.C.

value by the end of the experiment.

It is interesting that the initial moisture content of the
seed, which ranged from 12.4% to 18.5%, had only a very
short influence on seed moisture content in storage.
Certainly after 4 weeks in all treatments all of the maize
seed had a moisture content below the 15% considered safe
for short term storage of mazie seed, irrespective of the
initial moisture content. This shows that the influence
of pre-storage moisture content was only transitory, 18
out of the 20 weeks storage being influenced most strongly
by the storage environment generally, and by the relative
humidity in the storage environment in particular. By the
end of the experiment there was no significant difference
in the E.M.C. of seed attriButable to initial seed mois-

ture level (Appendix 1).
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3.1.3 Germination

The level of initial seed moisture content i.e. 12.4, 15.1
and 18.5% had no effect on the germination of seed in all
storage conditions up to 8 weeks of storage (Table 2).
Subsequently, however, a slight decline in germination
occurred at all storage conditions after 12 weeks of
storage, but the decrease in germination was greatest at
the high initial moisture content treatments associated
with storage of seed in combination with high temperature
(3OOC) and the higher level of relative humidity (65% RH).
At the end of the experiment the reduction in germination
at 30°C and 65% RH was 11, 14 and 287 in sced with initial
moisture contents of 12.4, 15.1 and 18 5/ respectively.
These results show that the significant reduction in
germination at the higher moisture content i.e. 18.5%, was
due to the direct influence of relative humidity, tempera-
ture and period of storage. The deterioration of seed at
this moisture content and storage conditions was gradual
and only after 16 and 20 weeks storage did the effect of

storage environment become evident (Appendix 3).

It is interesting that each individual seed storage para-
meter (initial seed moisture content, storage temperature
and storage relative humidity) had no major effect on seed
germination during 20 weeks storage at their lowest levels
i.e. 12.4% and 15.1% initial seed moisture content, 20°C
storage temperature and 407% storage relative humidity.

The most significant reduction in germination capacity
occurred at the higher levels of each parameter and then
only during the later stages of the storage period. This
effect is shown by most significant reductions in germina-
tion being recorded in 18.5% initial moisture content seed,
at 30°C storage temperature and 65% relative humidity.
These results suggest that these three storage parameters

"ranked'" in order of severity of influence on seed

can be
deterioration rate as high initial moisture content,

storage relative humidity and storage temperature.



Table 2: Effect of Moisture Content, Temperature and Relative Humidity on the Germination of
Maize Seed. Figures in the Body of the Table are Percentage Germination.
Initial Moisture Content | Initial Moisture Content Initial Moisture Content
St SHEERE 12 .47, 15.1% 18.5%
S 20°C 30°C 20°C 30°C 20°C 30°C
(weeks) | 407%RH | 657% RH | 40% RH I 65% RH | 40% RH ‘65"/0 RH |40% RH [65% RH 40% RH |65% RH | 4Q% RH {65% RH
0. 92.5a | 92.5a | 92.5a | 92.5a | 92.3a | 92.3a | 92.3a | 92.3a 92.0a | 92.0a | 92.0a| 92.0a
2 92.3a | 92.0a | 92.0a | 92.0a 92.3a | 92.3a | 91.7a | 92.3a 92.0a | 92.0a 91.7a? 92 .0a
4 92.0a | 91.7a | 91.3a | 92.0a 92.3a | 92.3a | 91.0a | 92.0a 92.0a | 91.7a | 91.0a| 92.0a
6 91.3a | 89.7a | 90.7a | 91.3a 91.3a | 90.0a | 90.3a | 91.0a 91.7a | 90.0a | 89.7a| 90.0a
8 90.7a | 89.7a | 89.7a | 90.0a | 90.3a | 88.3a | 90.0a | 90.3a 90.3a | 87.7b | 89.7a| 90.0a
12 90.0a | 87.3b | 88.7ab| 89.7a 90.0a | 86.3bc| 89.3a | 892.3a 90.3a | 87.0b | 89.0a| 85.0c
16 84 .7bc| 85.7b | 88.3a | 83.0c 84 .3bc| 85.3b | 88.0a | 81.3¢c 82.0c | 84.3bc| 88.3a| 75.0d
20 84.0b | 84.7b | 89.3a | 81.3c 83.3bc| 85.3b | 87.7ab| 78.3d 80.0cd| 84.3Db 86.an 63.7e
|

Unlike letters in each row

show significant differences atpg 0.05.

oy
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The strong effect of high initial seed moisture (18.5%)

was surprising since the results in Figure 1 have shown
that the change in seed moisture content from 18.5% to a
safe level of less than 15% generally occurred during the
first 2 weeks of storage. Presumably this was still
sufficient time for seed deterioration to occur. This
deterioration was reflected in reduced storage longevity
of seed, as shown by a significant reduction in germination

capacity at 12 weeks storage.

Despite the effects of initial moisture content, storage
temperature and relative humidity the greatest drop in
seed germination capacity was only 28% This occurred in
the most extreme treatment (18.5% IMC, 30''C - 65% RH).

In all other storage treatments the drop in germination
from a common level of 92% was small and was generally of
the order of 8-127%.

3.1.4 Abnormal Seedling Development

The results in Table 3 show that initial moisture content
and storage conditions did not affect abnormal seedling
percentage to a great extent. However, in some treatments
a slight effect was observed on abnormal seedling percen-
tage. This increase in abnormal seedling percentage was
pronounced after 16 and 20 weeks of storage. The most
marked increase in abnormal seedlings was at 18.5% M.C.,
65% relative humidity and 30°C storage temperature. The
abnormal seedling percentages at this storage condition
increased 4.5, 2.3 and 5.5 fold for seed at 12.4, 15.1

and 18.5% initial moisture content respectively.

The individual effects of initial seed moisture content
and storage temperature and relative humidity on abnormal
seedling percentage were generally quite small. Signifi-
cant differences in abnormal seedling percentage generally
occurred only towards the end of the storage period,

usually after at least 12 weeks storage.



Table 3: Effect of Moisture Content, Temperature and Relative Humidity on Abnormal Seedling
Development of Maize Seed (Without Insects). Figures in the Body of the Table are
Percentage Abnormal Seedlings.

Initial Moisture Content Initial Moisture Content Initial Moisture Content

Storage 12 .47 15.1% 18.5%

, 20°C 30°¢C 20°¢ 30°C | 2056 . 30°C

Periods : =

(Weeks) 40% RH | 65%2RH | 40% RH |65%RH ' 40% RH |65%RH |40%RH |65%RE | 40% RH | 65% RH iAO"/o RH | 65% RH

0 4. 3a 4 . 3a 4. 3a 4 . 3a 5.0a 5.0a 5.0a 5.0a 5.3a 5.3a 5.3a 5.3a
2 3.7ab 3.3b 3.0b 5.7a L. 7a 5.0a 4.7a 3.7ab 4. 7a 5.7a 5.3a 3.7ab
4 3.7ab 3.0ab 5.3b 3.3ab 0.0a 4 . 3a 2.3b 4 .5a 4 Oa 2.3b 2.0b 4 Oa
6 5.0b 3.3c 7.3a 5.7ab 3.7bc 3.7bc | 6.0a 3.7bc 4 .7b 7.0a | 6.7a 4.7b
8 5.7a 5.7a 3.3b 6.7a 5.3a 5.0a 6.0a 4. 7a 6.7a 5.0a | 5.3a 5.3a
12 4 .0b 6.0a 6.0a 5.0b 5.0b 3.7b 3.3b 7.7a 7 .0a 4.7b 6.3a 8.3a
16 9.3c 6.0d 2.7e 14.0a 9.3c 4 3e 5.0e 7.7d 14.7a 6.3d 3.7e [12.3b
20 15.0bc 7.0d 5.0d |18.0b 10.3c & 3d €.3d 11.0c 13.0bc 9.0cd| 8.0cd|28.7a

Unlike letters in each row show significant differences atP< 0.05.

[A4
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These results show that the treatments used in this study
had a relatively small effect on the percentage of abnormal
seedlings. However, there were some variations in the types
of abnormalities in seedling development which were

observed.

In a germination test at each sampling time the determina-
tion of abnormal seedlings was considered to be a useful
criterion for indicating seed deterioration. Certainly
the level of abnormal seedlings was directly related to
percentage normal germination. The analysed data with
respect to abnormal seedling development is given in

Appendix 4.

Types of Abnormal Seedlings

A number of different categories of abnormal seedlings
became apparent in germination tests carried out at differ-
ent storage intervals. Wnhile the level of seedling abnor-
mality was generally rather low four main types were
apparent. These included abnormal coleoptile and root
development, seedling decay and a general category which
included weak or unbalanced seedlings and seedlings with
missing structures. The proportion of abnormal seedlings
in each category varied with different storage treatments,
highest numbers of abnormals occurring in the most severe

storage environments.

Normal seedling development (Plate 7) and seedling abnor-
malities were recorded and identified according to
categories prescribed in the ISTA Rules (1976). Different
types of abnormalities were recorded from 2-20 weeks of
storage. The main types of abnormal seedlings (without
insects present) are shown i'n Plates 8-11. Changes in

the abnormal seedling percentage should be taken into
consideration along with the fluctuating numbers of dead
seeds and normal seedlings in evaluating the influence

of a particular treatment. Details of the occurrence of
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NORMRL SEEDLINGS

Plate 7: Normal Seedlings With Well Developed
Primary Roots and Adventitious Roots
and Well Developed Shoots
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the different categories of abnormal seedlings after 12

and 20 weeks storage are given in Figure 4 (page 56).
Types of abnormal seedlings recorded were:

1. Split Coleoptile
Primary leaves split longitudinally and coleoptile
with a split easily visible to the naked eye (Plate 8).
Coleoptile abnormality was particularly apparent after
8 weeks storage, especially in the 30°C - 65% RH
storage treatment. In all other storage treatments
the level of coleoptile abnormality was generally less
than 17%.

2. Abnormal Roots
These seedlings showed weak and short primary roots,
with a few adventitious roots but with well developed
shoots (Plate 9).

3. Decay
Seedling decay became more obvious as a cause of
abnormal development in the 657 RH storage treatments.
The most common type of decay involved necrosis of the

plumule and root tissue (Plate 10).

4. Other Abnormalities
Other abnormalities, including weak or unbalanced
development and weak or missing plumules occurred
generally at low levels (2-3%) in all storage treat-
ments. Generally such abnormal seedlings showed no

plumule, or weak plumule development (Plate 11).

The level of total abnormal seedlings present in germina-
tion tests carried out at different times was consistent
with the rate of general seed deterioration which occurred

during the total storage period of 20 weeks.
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Plate 8: Abnormal Type 1 - Longitudinally
Split Coleopitle

WEAK ROOTS

Plate 9: Abnormal Type 2 - Primary Root
Weak and Short, With a Few

Adventitious Roots
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DECAYED ROOTS

Plate 10: Abnormal Type 3 - Decayed

Primary Roots

\AJFAK PI](YMULE

Plate 11: Abnormal Type 4 - Weak Plumule
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3.2 EFFECTS OF INSECTS ON STORED SEED

The results obtained with insects in the presence of
stored seed are considered under two headings; the effect
of storage condition on insect populations (3.2.1) and

the effects that insect populations had on (a) seed mois-
ture content (3.2.2) and (b) seed germination and abnormal

seedling development (3.2.3).

3.2.1 The Effects of Storage Conditions on Insect

Populations

The effects of seed storage conditions on survival of
introduced adult insects and on overall population develop-

ment are shown in Figure 2a, b, ¢ and Appendix 2.

Mortality of introduced adult insects and overall popula-
tion development were greatly influenced by storage
conditions. At 40% RH the number of introduced adult
insects declined under all initial seed moisture contents
and both temperatures. Mortality was greater at lower
initial seed moisture contents than higher and was also
higher at 30°C than at 20°C.

Mortality of introduced insects was 100% after 6 weeks
storage at 30°C and initial moisture content of 12.4%, but
it took 8 weeks and 12 weeks respectively at 15.1% and
18.5% initial moisture content before all introduced

insects were dead.

At 65% RH little mortality of introduced insects occurred
after 6 weeks storage regardless of initial seed moisture
content and temperature. In contrast, numbers of adult
insects increased in all seed moisture contents and both
storage temperatures after 6 to 12 weeks storage. This
increase in numbers was most rapid at the higher tempera-
ture and at the higher initial moisture contents. The

effect of initial seed moisture content in this respect
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Figure 2.a: Changes in Rice weevil populations in seeds
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Figure 2.b: Changes in Rice weevil populations in seeds
with 15,17 moistuire content stored at
different storage conditions.
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Figure 2.c: Changes in Rice weevil populations in seeds
with 18.5% moisture content stored at
different storage conditions.
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is interesting as it could only have acted over the first
two weeks of storage as after this period all seed moisture
contents were similar (see Section 3.1 and Figure 1). At
the end of the experiment (20 weeks) the adult insect popu-
lation had increased to 1000 (x16) to 1659 (x27.5) and to
1908 (x31.8) in seed stored at 30°C and with initial
moisture contents of 12.4, 15.1 and 18.5% respectively.

At 20°C the corresponding increases were only to 181 (x3.0),
to 351 (x5.8) and to 529 (x8.8) respectively, showing the
important effect of temperature. From published informa-
tiom it seems likely that rice weevils completed three life
cycles at 30°C during the period of the experiment but only
two life cycles at 20°cC.

The over-riding factor determining adult insect survival
and ability to reproduce was clearly humidity. 40% RH
caused direct mortality of introduced insects and prevented
reproduction, whereas 65% RH caused little mortality and

enabled the population to increase.

3.2.2 The Effect of Insect Populations on Seed Moisture

Content

Changes in the moisture content of seed stored at 40% RH
with introduced insects, were closely similar to those of
seed stored without insects (Figures 3 and 1). At this
low humidity mortality of introduced adults insects
occurred as previously discussed and no reproduction
occurred. In contrast, at 65% RH the insect population
increased, the increase being most marked at high tempera-
ture and high initial seed moisture content. These insect
populations caused no change in seed moisture content for
the first 12 weeks of storage but after that time, up to
the termination of the expefiment at 20 weeks, seed mois-
ture contents increased in the presence of insects compared
with seed stored under the same conditions without insects

(Figures 3 and 1). It may be postulated that increased
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Figure 3: Changes in moisture content of maize seeds
(with insect) stored under different storage
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respiratory activity associated with the higher insect
numbers accounted for the observed increase in seed

moisture content.

3.2.3 The Effect of Insect Populations on Germination

and Abnormal Seedling Development

Changes in percentage germination of seed stored with and
without insects are shown in Tables 4 and 2. It will be
seen that seed stored at 40% RH, in which introduced
insects did not survive and in which reproduction did not
take place, showed no reduction of germination in the
presence of insects. This indicates that any feeding
which introduced adult insects may have undertaken had no
detectable effect on the seed. In contrast, however, all
treatments stored at 65% RH, under which conditions insect
populations increased, showed a marked decline in germina-
tion commencing from about 8 weeks of storage and continu-
ing at a progressive rate through to the termination of

the experiment. The degree of decline in germination was
closely correlated with increase in insect numbers. At
30°C and 65% RH germination percentage was reduced to, or
close to, zero after 20 weeks for all initial seed mois-
tures. The fact that no decline in germination was
detected until at least one generation of weevil reproduc-
tion had been completed (6-8 weeks depending on temperature)
suggests that all significant injury to the seed was caused

by feeding larvae rather than by adults.

Abnormal Seedling Development

Abnormalities of seedlings in insect treatments were
generally greater than occurred in seed storage without
insects and were pronounced after 6 weeks of storage.

The same four main types of abnormalities occurred as with
seed stored without insects (Figure 4), (coleoptile abnor-

mality, abnormal root development, partly or completely



Table 4: Effect of Moisture Content, Temperature and Relative Humidity on the Germination of
Maize Seed (With Insects). Figures in the Body of the Table are Percentage Germination.
Initial Moisture Content Initial Moisture Content Initial Moisture Content
Storage 12.47, 15.17% 18.5%
S 20°¢ 30°C 20°C 30°¢C 20°C 30°¢C
(weeks) | 40%RH | 65% RH| 40% RH | 65% RH | 40% RH | 65% RE | 40% RH | 65% RH |40% RH | 65%RH | 40% RH | 65% RH
0 92.5a | 92.5a | 92.5a| 92.5a 92.3a | 92.3a | 92.3a | 92.3a | 92.0a | 92.0a | 92.0a 92.0a
2 92.0a | 91.7a | 92.0a| 91.7a 92.3a% 91.7a | 92.3a | 92.0a | 92.0a | 91.7a | 91.3a 89.0b
4 92.0a | 91.7a | 91.0a| 91.7a 92.0a | 90.7a | 90.3a| 90.0b | 92.0a | 90.0b | 90.7a 87.7c
6 90.0a | 89.3a | 90.0a| 89.0a 90.3a | 88.3ab| 89.3a | 84.3c | 90.7a | 86.7b | 89.0a 80.3d
8 90.0a | 84.0b | 88.7a| 81.3b 88.3a | 82.3b ; 89.0a| 80.7b | 87.3a | 73.0c | 87.7a 63.3d
12 88.7a | 73.0ab| 88.7a | 67.0c 86.7a | 72.0b | 87.7a | 52.0d | 85.0a | 67.0c | 88.3a 25.0e
16 82.3b | 68.0c | 88.3a | 34.7e 81.0b | 62.3d | 87.3a | 28.3f | 79.0b | 61.0d | 86.0a 7.0g
20 81.3b | 67.0e | 88.3a 8.0h 77.0c | 49.0f | 86.7a 2.010 | 71.7d | 19.0g | 86.3a . 0.0i

Unlike letters in each row

show significant differences atP< 0.05.

66



Figure 4: Effect of different storage conditions on the percentage of

abnormal seedlings and the development of different types of abnormalities 56
in maize seed during germination tests after 12 and 20 weeks storage.

W__Aﬂmmmsmmgﬂ_ Atter 20 Weeks Storage

M.C Storage Conditions

Storage Conditions
20°C-4OZRN!20'C-6SIRH 30t-407 RH|30t-657RH| |20t -407RH |20 -657 RH

JOt-wZRHlSOt—GSZR;

Lo T Y
| i
0]

==




57

decayed seedlings and other miscellaneous abnormalities
which comprised weak seedlings with weak or missing

structures (plumule or root)).

The extent of abnormalities depended upon the insect popu-
lation. Thus in favourable conditions for insect develop-
ment 1i.e. 3OOC - 65% RH and 20°C - 65% RH, abnormalities

were correlated with the insect population. (Details are

given in Table 5)

Abnormal Seedling Categories

Coleoptile abnormalities occurred after 6 weeks of storage
and were highest in the most favourable conditions for
insect development (2-3%). At the end of the experiment
the percentage of these abnormalities was reduced, pre-
sumably because many affected seeds had by then decayed
and died. Such types of abnormal seedlings showed the
primary leaves to be split longitudinally (Plate 12). 1In
other cases the coleoptile was physically broken (Plate 13)

and was easily visible to the naked eye.

Root abnormalities were recorded in all treatments. After
12 weeks storage highest root abnormalities occurred in
seedling from the 30°C - 65% RH storage environment at a
rate of 12.4, 19.2 and 22.6% at initial moisture contents
of 12.4, 15.1 and 18.5% respectively. However, after 20
weeks of storage the occurrence of such abnormalities was
also reduced. Such types of abnormal seedlings showed
weak and short primary roots, but with well developed
shoots (Plate 14).

Some decay of seedlings occurred in most of the treatments
but was most pronounced after 12, 16 and 20 weeks storage.
The highest level of seedling decay of 11.2% occurred in
seed stored at 20°C - 65% RH. These abnormalities generally
showed complete decay by the end of a normal germination
test (Plate 15).



Table 5: Effect of Moisture Content, Temperature and Relative Humidity on the Development of
Abnormal Seedlings oI aize Seed (With Insects). Figures in the Body of the Table
Are Percentage Abnormal Seedlings.
Initial Moisture Content Initial Moisture Content Initial Moisture Content
Storage 12 .47 15.1% 18.5%
. 20°¢C 30°C 20°C 30°C 20°C 30°¢
Periods
(weeks) | 40% RH | 65% RH | 40% RH | 65% RH | 40% RH | 65% RH | 40% RH | 65% RH | 40% RH | 65% RH | 40% RH | 65% RH
0 4.3a 4. 3a 4 . 3a 4. 3a 5.0a 5.0a 5.0a 5.0a 5.3a 5.3a 5.3a 5.3a
2 3.3c 4.3bc| 4.0bc| 4.7bc| 5.3b 4.6bc| 5.7b 4.7bc| 4.7c 5.7b 5.0b | 8.0a
4 3.7b 3.0b 6.3a 5.3ab| 3.3b 5.0ab| 4.0ab| 5.Cab| 3.0b 4.3ab| 5.0ab| 6.0a
6 7.0b 3.7c 6.0bc| 6.0bc| 6.3bc| 7.7ab| 8.0ab| 10.0a 6.0bc | 11.3a 7.0b |12.7a
8 8.0c 7.7c 5.0c | 13.7b 6.7¢c 7.3c 5.0c | 16.7b 8.7c | 14.0b §.3c [25.0a
12 9.3ef| 12.7e 7.0f | 25.7c |10.0ef| 12.7e 6.7£ | 31.7b |12.7e |18.0d 6.0f |47 .7a
16 11.7d | 16.0cd| 3.7e |26.3b |14.3cd| 13.3d 3.7e | 43.3a |14.3cd|18.7c 5.7e | 24.0b
20 12.7d | 18.7¢c 5.7e | 26.3a | 11.3d |23.0ab| 6.7e | 10.3d |21.7b |26.7a 7. 3e 4 Qe
Unlike letters in each row show significant differences atP< 0.05.
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WITH [NSECTS

S PLIT COLEOPTILE

Plate 12: Abnormal Type 1 - Longitudinally
Split Coleoptile

WITH [NSECTS

2KOKEN COLEOPTILE

Plate 13: Abnormal Type 2 - Broken Coleoptile
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WITH [NSECTS

WEAK ROOTS

Plate 14: Abnormal Type 3 - Primary Root
Weak or Short

WITH [NSECTS

DECAYED SEEDLING

Plate 15: Abnormal Type 4 - Decayed Seedlings
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Other abnormalities generally included weak seedlings, and
seedlings showing unbalanced development of the plumule
and roots (Plates 16 and 17). Such abnormalities reached
a peak after twelve weeks of storage but had almost

disappeared by the end of the experiment.

The maximum percentage of abnormal seedlings was 47.7%
after 12 weeks storage in the 30°C - 65% RH treatment
compared with 26.7% after 20 weeks storage in the 20°C -
65% RH treatments. These levels reflected the damage to
seed caused by increasing insect populations. Certainly,
in storage treatments where insects did not cause seed
damage, (i.e. 20°C - 40% RH, 30°C - 40% RH) abnormal
seedling percentages were generally low within the range
5.7-12.7% after 20 weeks storage. However, in the 18.5%
initial moisture content 20°C - 40% RH treatment the
abnormal seedling percentage reached a maximum of 21.7%.
The decline in abnormal seedling percentage after it had
reached amaximum reflected a continuation in seed deterio-
ration and was due to a corresponding increase in the

percentage of dead seeds (Appendix 4).

3.3 INSECT DAMAGE ASSESSMENT

Plates 18-20 show three degrees of external visible

damage to maize seed caused by rice weevils, ranging

from no visible damage in Plate 18 to severe damage in
Plate 20. In Plate 19 the first row of seeds appears

sound with no visible signs of external damage. In the
other four rows holes in the starchy and embryo parts of
the seed are conspicuous. In the third row of the same
plate most of the grains show damage near the embryo region
of the seed. 1In Plate 20, most of the grains show damage
both to the starchy as well as to the embryo parts. Plates
21-23 are X-ray photographs of the same groups of seeds as
in Plates 18-20. Corresponding photographs of the seeds
after tray germination are shown in Plates 24-26. Finally,
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WITH [NSECTS

WEAK PLUMULE

Plate 16: Abnormal Type 5 - Weak Plumule

WITH [NSECTS

WERK SEEDLINGS

Plate 17: Abnormal Type 6 - Weak Seedlings



Plate 18: Seeds Without Visible External Damage

Plate 19: Seeds With Medium External Damage

Plate 20: Seeds With Severe External Damage






Plate 21: X-ray Photographs Showing the Seeds With

No Internal Damage

Plate 22: X-ray Photograph Showing the Seeds With

Medium Internal Damage

Plate 23: X-ray Photograph Showing the Seeds With

Severe Internal Damage






Plate 24: Sand Germination Test of Maize Seeds

Without Damage

Plate 25: Sand Germination Test of Medium Damaged

Maize Seed

Plate 26: Sand Germination Test of Severe Damaged

Maize Seed
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Plates 27-29 show groups of seeds with similar levels of

injury after roll germination tests.

The seeds in Plate 21 show no evidence of internal injury
from the X-ray photograph. The same seeds when germinated
produced a high germination percentage of normal seedlings
(Plates 24 and 27). However, several seeds from Plate 19
which had no visible external damage showed internal
injury when X-rayed (Plate 22; 1lst, 2nd and 6th grains in
the first row) and the presence of a larva in each grain.
In the rest of the grains more than one larva is visible.
The area of internal damage is from the starchy to the
embryo region. The germination percentage for these seeds

was low with many abnormal seedlings (Plate 25).

The photo X-ray of severe external damage (Plate 23)
reveals that all the grains in this case are infested with
larvae. Most of the grains show severe internal damage.
Both the starchy and embryo part of the grains have been
damaged. Germination in this case was practically zero
(Plate 26).

Roll germination tests for three similar groups of seeds
(Plates 27-29) show the same pattern of increasing numbers
of dead seeds with increasing insect injury to the seed
and a high percentage of abnormal seedlings with inter-

mediate insect injury.

3.4 FUNGAL DEVELOPMENT

Changes in the extent of fungal infection occurring in
maize seeds during 20 weeks storage are shown in Figures

5 and 6 with and without insect treatments respectively.

The initial seedlot used in the experiment had 34, 36 and
38% infection with storage fungi in the 12.4, 15.1 and 18.5%
initial moisture content samples respectively. At the
beginning of the experiment, and at the sampling after 2



Plate 27:

Plate 28:

Plate 29:

Showing Normal Seedlings, Abnormal
Seedlings and Dead Seeds. Planted
Without Damaged Maize Seed

Showing Normal Seedlings, Abnormal
Seedlings and Dead Seeds. Planted
With Medium Damaged Maize Seeds

Showing Normal Seedlings, Abnormal
Seedlings and Dead Seeds. Planted

With Severe Damaged Maize Seeds
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Figure 5: Changes in percentage of fungal development in
maize seeds (with insect) at initial moisture
80 contents of 12.4%, 15.1% and 18.5%, stored

under different storage conditions.
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Figure 6: Changes in percentage of fungal development in
maize seeds at initial moisture contents of 12.47%,
80 15.1% and 18.5%, stored under different storage

conditions.
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weeks storage, an occasional isolate of Fusarium was
obtained on culture medium. Subsequently no field fungi
were detected in samples of maize seed tested during

storage.

In all three initial moisture content treatments a similar
pattern of storage fungus development was observed. The
results in Figure 6 show that after an initial 4 weeks
storage period a slow increase in the percentage of storage
fungi occurred through to 8 weeks storage. This was
followed by a rapid increase in the incidence of storage
fungi in 65% relative humidity storage environments with
30°C storage samples developing more extensively than 20°C
stored samples. In seed stored at 40% relative humditiy,
however, a decline in storage fungus percentage occurred
generally after 8 weeks storage. This decline was greater
in seed stored at 30°C - 40% RH than in seed stored at
20°C - 40% RH. This was a direct reflection of the lower
equilibrium moisture content (7.4-7.6%) of seed at 30°C -
40% RH compared with 9.1-9.4% in seed stored at the same
relative humidity but at 20°cC. Presumably, the lower seed
moisture level was more deleterious to the development of
storage fungi.

At low relative humidities the presence of insects did not
seem to cause any consistent difference in the percentage
of storage fungi recovered from the seed during storage.

Any differences which did occur were extremely small.

At the higher storage relative humidity level (65% RH)
however, there was generally a small increase in the per-
centage of storage fungi recovered from seed samples
containing insects. This effect occurred at both 20°c

and 30°C storage temperatures. The stimulation of storage
fungi in seed samples contaiﬁing insects was presumably a
reflection of the higher seed moisture contents occurring
in insect infested samples as a result of increased popula-
tions during the last 8 weeks of the 20 week storage period
(Figure 5).
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The highest percentage of storage fungi detected was 60%
in the most extreme treatments (18.5% initial seed moisture
content, 30°C -65% RH) storage environment containing
insects. This represented only an increase to 58% from
the initial 38% infection in this treatment, suggesting
that even this extreme combination of moisture, temperature
and humidity was not entirely favourable for storage fungus
development (Appenix 5a and b).

The main species of storage fungi detected in all samples
were Aspergillus glaucus (Plate 30), A. ochraceus,

A. candidus, A. flavus and A. niger (Plate 31). Penicillium
species were also commonly isolated from maize kernels in
seed samples tested before storage. Pewnicillium also
remained dominant throughout the storage period (Plates 32
and 33). The relative rate of isolation of Penieillzium
and Aspergillus species in 12.4, 15.1 and 18.5% initial
moisture seedlots after 16 and 20 weeks storage were in

the approximate ratios of 3:2, 3:1 and 2:1 respectively.



Plate 30: Aspergillus Glaucus

Plate 31: Aspergillus Niger



Plate 32:

Plate 33:

Penictllium

Penicillium
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CHAPTER IV

GENERAL DISCUSSION

Relative humidity and temperature of the storage environ-
ment are the most important factors affecting the mainte-
nance of seed quality. Of these two factors, relative
humidity has the greater effect due to its influence on
seed moisture content, and also on the infestation, growth

and reproduction of both storage insects and fungi.

The hygroscopic nature of maize seed allowed a rapid

(2 weeks) change in the initial level of seed moisture
to reach equilibrium moisture content. Even storage
conditions involving a humidity level of 65%, as used in
this study, resulted in a equilibrium moisture content
below the 15% generally considered to be safe for the
short term storage of maize. It appeared, however, that
the storage of maize at the highest initial moisture
content (18.5%), may have been sufficient to increase
the subsequent deterioration of seed germination towards
the end of the storage period.

Storage temperature appeared to play only a minor role
in affecting the rate or extent of moisture content
change in environments involving a 65% relative humidity.
However at 407 relative humidity seed stored at 20°C
showed a slower change in moisture content and a higher
equilibrium value than seed stored at 30°C. The differ-

ence in E.M.C. was generally about 3%.

Within the range of storage treatments used, no appreci-
able loss of viability, or increase in the number of
abnormal seedlings was apparent in most treatments during
the first 10-12 weeks. However, during the last 8-10
weeks storage some loss of germination and increase in
seedling abnormality was apparent in the most unfavourable

treatment combinations. Heydecker (1972) has discussed



75

what he considers to be the probable order of events in
the process of seed deterioration. The sequence, which

is a modification of an earlier suggestion by Delouche
(1969), is as follows:

- membrane damage
- impaired biosynthesis
- slower germination
- slower and more uneven growth and development
- greater susceptibility to environmental stress
- poor emergence potential
- morphological aberrations
and finally

inability to germinate

This sequence suggests the possibility that the increase
in abnormal seedlings and the categories such as unbalanced
development, missing and damaged structures and decay may
indicate that at least some of the seedlings classed as
viable were in fact exhibiting symptoms of advanced

deterioration likely to result eventually in seed death.

A temperature of 20°C is considered to be the minimum
value for significant development of rice weevil infesta-
tions (Cottan and Wilbur, 1960) so that below this
temperature serious damage to seed is unlikely to occur.
However, temperatures above 45°C are also unfavourable

as oviposition ceases and adults are short lived. The
storage temperatures of 20°C and 30°C used in this study
are therefore close to the minimum and optimum levels
respectively for likely damage to maize seed from this
species.

Grain moisture content and relative humidity of the storage
environment are also important factors with respect to the
ability of stored grain pesﬁs to survive and reproduce, as
most species depend entirely on the moisture content of
seed for the water that is essential to sustain their life

processes. As shown in the results of the present study,
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adult rice weevils were unable to survive at 40% RH and
larval populations did not develop. Furthermore, the seed
stored at 40% RH rapidly reached an equilibrium moisture
content of only 7-97%, irrespective of temperature and
initial moisture content. The death of the population
under these conditions confirms the finding of Cotton and
Wilbur (1960) that adult rice weevils can survive for only
a week in 87% moisture content seed and that in 9% moisture
seed 70% mortality occurred after three weeks. They consi-
dered the critical minimum moisture content for rice weevil
development in cereals to be between 11-12%. The results
of the present study are in general agreement with their
values, because, although initial moisture contents used
were above 127, they declined to below 10% after 2-4 weeks
for seed stored at 407% RH. The short period of suitable
moisture content was evidently insufficient to permit

establishment and survival of the insect population.

The necessity for both temperature and seed moisture
content (and hence humidity of the storage environment)

to be above certain critical levels for development of
rice weevil populations is clearly shown from the results
of the present study. Populations increased only in seed
stored at 657% RH (which maintained seed moistures above
12.5%) and the increase was much greater at 30°C (close to
optimum) than at 20°C (only slightly above minimum thresh-
old temperature).

Cotton and Wilbur (1960) have stated that under optimum
conditions rice weevils may complete development from

egg to adult in about four weeks. Each adult female is
capable of laying several hundred eggs so that an enormous
rate of increase is possible. The maximum increase in the
present study (at 3OOC, 65% RH and 18.5% IMC) was from 60
introduced insects to 1908 after 20 weeks, a factor of x32.
Although impressive, this is still clearly well below the
optimum for the species. Grain species and variety (not
examined in the present study) may well be an additional

complicating factor.
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Most of our knowledge of damage to seed by insect pests,
including that caused by Sitophilus species, is based on
studies of stored food grains. This is pertinent in
drawing attention to storage practices that should be
avoided with seed grains, but provides little information
about actual effects on seed, as losses have usually been
assessed in terms of loss of seed weight, increase in

dust fraction, development of off-flavours and the presence
of insect fragments. This tells us little or nothing
about seed viability and seedling vigour when such seed is
planted. It appears that very few researchers have criti-
cally examined the influence of insect oviposition or
feeding by adults or larvae on germination or other deter-
minants of seed quality.

Results of the present study suggest that in the case of
rice weevil infesting maize, germination is not greatly
affected by adult feeding or by oviposition or even by
feeding of young larvae during the first few weeks of
storage. However, germination does become more seriously
affected when the larvae grow large enough to eat suffi-
cient of the endosperm to prevent adequate food reserves
being available for the seedling. S. oryzae also clearly
damages areas of the seed which influence the growth of
the seedling as shown by the effects on seedling abnor-
malities. There is thus a real danger that even though
percentage germination may not be seriously affected,

many seeds which germinate will subsequently produce
abnormal seedlings which are incapable of development

into a productive plant. In this respect the present
study has shown that damage to seed viability by S. oryzae
is clearly a function of the size of the insect population
and the time over which it persists (Figure 7).

X-ray photographs of insect-attacked seeds showed that
internal injury from larval feeding may occur in many
instances without external visible evidence being apparent.
However, in most cases where seed was significantly

affected this was apparent from external visual examination.
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X-ray examination of infected seeds did not strongly
suggest that larvae of S. oryzae feed preferentially on
the embryo. However, even if the embryo is not directly
eaten, so much of the endosperm may be consumed that
insufficient remains to support the seedling. Howe (1973)
has suggested that Sitophilus deliberately lay their eggs
in the scutellum area around the embryo. 1If this is so,
it seems unlikely that larvae continue to preferentially
feed on that part of the seed. 1In general the effect of
rice weevil infestation on grain seed was both to reduce
percentage germination and to increase the incidence of

abnormal seedling development (Figures 8 and 9).

Aspergillus species have been reported to invade and
destroy stored seeds, including cereal grains (Christensen
and Kaufmann, 1965). Certainly the invasion of seeds by
storage fungi has been shown to be very rapid under
conditions of relatively high ambient temperature and
relative humidity (Christensen and Kaufmann, 1969). 1In
the present study, the seedlot of maize showed a prestorage
level of invasion by storage fungi of 35-387%. Storage of
this seed at a range of initial moisture contents under a
range of conditions including high temperature (30°C) and
moderate humidity (65%) for 5 months did not cause total
loss of germinability despite some increase in the level
of Aspergillus and Penicillium storage fungi. This was
surprising since these species have generally been found
to cause rapid and adverse effects on seed quality. The
present results are supported by findings by Kulik (1973)
who showed that some vegetable seeds may not be susceptible
to rapid invasion by A. amstelodami and A. flavus even when
they were stored under conditions that are favourable for
fungal development. He suggested this may be due to the
relatively low moisture content attained by seeds even
when they are stored at humiaity levels up to 85%. This
possibly explains the only slow increase in fungi in maize
seed stored at 407 and 65% RH in the present study, an

effect which occurred similarly in the presence or absence



J.(Jln\’a

I Nusmal

I Nomd dcudtng

Figure 8: Effect of different storage

! -
nital Moisture Coreont 242 (qur‘C’)

conditi . .
nditions and rice weevils on the germination of maize seeds.

Inital Mo - ‘ ‘
nital MoSture “ope; 517 (/NSEC,‘) Intial Moistyrg Corterr 8.5y ((/NSECT)

w:?——‘*‘ '-P'-BF—\“__ ———
.1 S — - % N TN e __
RN S ~ s e
\\-\ o S S~ N & ~
kel .\\\\ T - o \ or k. \
N~ \\ Vs,
3 s - .
nk ~~,\ ~—_ - o \\‘5
« e — .o " N " ~
o 8 : X N S e \
. | \ N »
\ . . N =3 \
oF % o e 47 ™= 5 \ . s \ o c7C w87 2u
2 00°C 97 ™ i \ € \ "
.« 30C KL = \ ) \
ok © A0 WL o \ ® 30°C &ST Pv =« \ s 207 07
\ 0 207 »S7 ew s \
3 50 4G oW
o B *20°C aI ™ x \
\ o \
N g \ \
o . ~ ke \ L]
S T s e * = D S - S— —% e S S e 3 ®
Wedhy ¢ Stauage hedas Strale ¢ns R ET
’p s - ~ g ‘ - A B e A - -
nital Mo sture Contet 1237 LN« 1~ScC r) Intial Mowsture Comant :3..3 LNO iNSECT) Inital Mcsture Comra €57 (Nd INSECT)
I 1
iy —_— ©r - - T ==
i —— - - —_—
\\. e
| -L \\ mr \
<
115 ®0T aST @ e 3 %Y eA% m ™ \\
° 2% L2 Pw 2 320V 453 @ “ ‘\
« AT eGT vw = BESLA S ) =
=k - 0% &2 aw ?: 8 LT WD = = W
)
)
& £ oF % ”}
3 t
Z (5
ke ~ o ¢ 3
3 .-
0 S o X
1 4 4
q 2 N ) L e : L = 'y it ~l N " i = 4+ —
a ) = - ‘, s r 3 .-} > 4 . 0 ] ] - D F Y ry ] = € =
b4 Works Srorege Neels S*=raac

Stcvage

Weeas

08



seedling development of maize.

ce weevils on abnormal

Figure 9: Effect of different storage conditions and ri

é'-, inihal Moig C e z )
= ure Cortemt 247 [1msé€T,
3 - g‘ witial Moushure Contet 247 (V0 /wSEET)
S 3
: 1

5
<
~ 2

e .

ol * ; L r ® Fos) -

g
£ & .
3 = lmtal Mosture Coret 5.2 (M@ INSEET)
=R e 37 e=3 @n =

-gz: 2207 657 S e 3C°C 65T A

=5 Py 3 20 eEIRA

= - 20°C 407 ’n g LT AR A
30 H . 2T 251 ’e
5 <

iy

BL

g ___§ .
2 ¢ 6 8 R 3

Imhal Mowshwre Comtert 857 LMJSECT)

18



82

of insects. The rapid change in seed moisture content to
equilibrium during the first 2 weeks of storage suggests
that the level of initial seed moisture content, even
though it may have been high, was of only transient
importance and apparently did not provide suitable condi-
tions for long enough to greatly aid the development of
storage fungi. This is also supported by the findings of
Christensen and Kaufmann (1969) that storage fungi cannot
grow and reproduce significantly on seed in equilibrium
with a relative humidity less than 65-70%. It appears
therefore that the levels of humidity used in this study

were relatively ''safe'" in terms of microfloral activity.
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APPENDIX 1:

r2x4e AMAI_YSIS
LYARIATE: SEDM

Analysis of variance of the experimental data on the percentage of initial seed

moisture content after 2, 4, 6,
A. Seed without insect.
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#x##® ANALYSIS
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APPENDIX 1: CONTINUED
Week 6.
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B. Seed with insect.
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Week 12.
YARIATE: SEDM
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APPENDIX 1: CONTINUED
Week 16.
VARIATE: SEDM
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TREATMNT 11 27:.. 77449
RESIDUAL 24 (. 33493
TaTAL 23 273. 0240
GRAMD TOTAL 35 273. 00740
GRAND MEAN ) 15 L N st
T3TAL MNUMBER OF GBSERVATIELNS 85
r3224 TABLES OF MEANS ## k%
VARIATE: SEDM
SRAND MEAN 11. 312
TREATHNNT 1 2 3 4
9. 933 13. 383 7. 550 13. 750
TREATHNT 12
L4 707

DIFFERENCES OF MEANS ##x*»

TABLE TREATMNT |
REP
SED 0. 1678

SS%Z

99. 62
100. 00
100. CO

9
9. 867

MS VR
24. 724935 573. 370
0. 04312
7.30027

) 7
13. 633 7. 450

3
13. 767

l.?
9. 767

10
14. 200

11
7. 533



CONTINUED
Week 20.

APPENDIX 1:

VARIATE: SEIM™M
SQURCZE OF vARIATICN
=UNITS#* STEATUM
TREATMNT
SESIDUAL
TOTAL
3RAND TOTAL

SRAIND MEAN

T3TAL WNUMBER OF OBSERVATICONS

»*exst TABLES OF DNMEAMS ## ks

V&=1IATE: SEDN

GFEAND MEAR 11. 544
TREATMMNT S
?. 2590

TREATHMNT 2
14850

##<z# STANDCARD ERRURS OF DIFFFEREMCES OF MEANS ##3#

TAELE TREATHMNT

)
14. 383

7.

SR W
(€}

[
(G ]

- =00

4
13. 800

99
(o)
100

100.

9.

SS%

. 83
.17
. 00
00

617

MS
1.87398
8. 2921

3
10. 03482

o)
15. 217

VR

1264. 423

7
7. 433

8
13. 983

9
.717

15. 1

b

NO

11
7. 583



Appendix 2: The Effect of Storage Conditions on Insect Population (Number of Adults of Zitophilus
oryzae Per 300 Seeds) After 20 Weeks of Storage. Figures in the Body of the Appendix
are Number of Insects.

Initial Moisture Content Initial Moisture Content Initial Moisture Content
S 12 .47, 15.1% 18.5%
torage
. 20% 30°cC 20°C 30°cC 20°cC 5 30°C
Periods
(weeks) | 40% RH | 657% RH | 40% RH| 65% RH | 40% RH | 65% RH | 40% RH | 65% RH | 40% RH | 65% RH | 40% RH 65% RH
0 60 60 60 60 60 60 60 60 60 60 60 60
2 59 59 55 60 59 59 55 60 59 59 55 60
4 57 59 14 59 59 59 27 57 57 59 37 58
6 50 57 0 57 53 59 5 89 54 59 9 106
8 40 54 0 149 49 55 0 193 50 56 2 343
12 18 82 0 335 31 162 0 433 34 172 0 709
16 16 138 0 633 29 255 0 892 31 265 0 1443
20 14 181 0 1000 22 351 0 1659 28 529 0 1908




APPENDIX 3: Analysis of variance of the experimental data on normal germination
' percentages of corn seed after 2, 4, 6, 8, 12, 16 and 20 weeks.

A. Seed without insect,
Week 2.
t# >+ ANALYSIS OF VARIANCE =##%##%

vaFR IATE: GERM

SSURPTE OF “ARIATION DF SS SS% MS VR
».)'-31.’345 S1T_F?ATUH
TSEATMN 11 2 222 4. 48 0. 202 2
__2ZZIDUAL 24 47. 333 75. 52 1. 772 R
T3 TAL as 49 556 100. 00 1. 416
GRAMND TIOTAL _ 35 47. 556 100. 00
G2 AND MEAN 92. 11
TOTAL NUMBER OF L3SERVATIONS 35
s vt TADLES OF MzANS #matw
VAFI-TE. 3SEitM
GRAND MEAN P2.11
TRZATMNT 1 2 3 4 J s L/ 5
2. 33 72. 00 92. 090 92. 0 92. 33 92. 33 91. 67 92.38 92.33 92.3%
TRZATHMT 122
722 D0

%#%+#% STALDARD ERRORS OF DIFFERENCES OF MEANS #4%#%#
TADLE " TREATMNT

11
?1. 67



APPENDIX 3: CONTINUED
Week 4.
####% ANALYSIS OF VARIANCE ##%#%
VARIATE: GERM
SOURCE OF VARIATION
#UNITS®* STRATUM
TREATMNT
RESIDUAL
TOTAL
GRAND TOTAL
GRAND MEAN
TOTAL NUMBER OF OBSERVATIONS
*### %% TABLES OF MEANS 333 %

VARIATE: GERM :

GRAND MEAN 91. 94
TREATMNT 1 2
92. 00 1. 75
REP 3 4
TREATMNT 12
?2. 00
REP 3

DF

11
35
35

SS

18. 472
29. 417
47. 889
47. 889

91. 94
36

91. 33 ?2. 00
3 3

##%# %% STANDARD ERRORS OF DIFFERENCES OF MEANS #####

TABLE TREATMNT
REP UNEQUAL
SED 1. 107X MIN REP

0.959 MAX-MIN
Q.783X MAX REP

SS%

38. 57
61. 43
100. 00

100. 00

93. 33
3

1. 679

1. 368

93. 33

1.370

?1. 00
3

?2. 00
2

9
?2. 00
3

10
91. 67
3

11 :
9 1P



APPENDIX 3: CONTINUED
Week 6.

*xx## ANALYSIS OF VARIANCE #####

VARIATE: GERM
SOURCE OF VARIATION
*UNITS* STRATUM
TREATMNT
RESIDUAL
TOTAL
GRAND TOTAL
GRAND MEAN
TOTAL NUMBER OF OBSERVATIONS
#xxs® TABLES OF MEANS ##x#x

VARIATE: GERM

GRAND MEAN 90. 58

TREATMNT 1 2
91. 33 89. 67
TREATMNT 12
90. 00

DF

11
35
35

90. 58
36

3
90. 67

S8

17. 417
29. 333
46. 750

46. 750

4
91. 33

#x##%# STANDARD ERRORS OF DIFFERENCES OF MEANS ####%

TABLE TREATMNT

REP 3
SED i 0. 903

SSZ%

37. 2%
62.73
100. 00

100. 00

9
91. 33

MS VR
1.583 1. 295
1. 222
1. 336
6 7 8 9 10 11
90. 00 90. 33 91. 00 1. 67 90. 00 89. 67



CONTINUED
Week 8.

APPENDIX 3:

## %% ANALYSIS OF VARIANCE x#x##

VARIATE: GERM
SOURCE OF VARIATION
4+ NITS#* STRATUM
TREATMNT
RESIDUAL
TO0TAL
GRAND TOTAL
SRAND MEAN
TOTAL NUIMMEER OF GCBSERVATIONS

##=ror TABLES OF MEANS estrk##

VARIATE: GERM
GRAND MEAN '89.78
TREATMNT 1

- 90. 67

TREATMNT 12

90. 87

#x+#% STANDARD ERRORS OF DIFFERENCES OF MEANS #*####

TREATHNNT

2
89. &7

DF

1l
35
35

87. 78
36

3
89. 67

SS

27. 556
10. 667
68. 222

68. 222

4
90. 00

SS%

40. 39
99. 61
100. 00

100. 00

90.

Qu

MS

2. 505
1. 949

6
88. 33

7
90. 00

VR

1. 478

10

8 9
90. 33 90. 33 87. 67

. 67



APPENDIX 3: CONTINUED

% 3% 3 3%

Week. 12.
ANALYSIS OF VARIANCE ###%®

YARIATE: GERM

SOURCE OF VARIATION DF SS
#UNITS* STRATUM
TREATMNT 11 94. 333
RESIDUAL 24 30. 667
TO0TAL 39 125. 000
GRAND TOTAL - 35 125. 000
5RAND MEAN 83. 50
TOTAL NUMBER OF OBSERVATIOMS 36
#exx% TABLES OF MEANS %%
VARIATE: GERM
GRAND MEAN 88. 50
TREATMNT 1 2 3 4
90. 00 87. 33 88. 67 89. 67
TREATRMNT 12
83. 00

#+%#%#%# STANDARD ERRORS OF DIFFERENCES OF MEANS #x#%%

TABLE . TREATMNT
REP 3
SED 0. 923

SS%

75. 47
24. 53
100. 00

100. 00

9
90. 00

MS VR
8. 576 6.711
1.278
3. 971

=3 7 8
86. 33 89. 33 89. 33

9
90. 33

10
87. 00

11
89. 00



APPENDIX 3: CONTINUED
Week 16.

VARIATE: GERNM
SOURCE OF VARIATION DF S8
#UNITS#* STRATUM

TREATMNT 11 481. 889

RESIDUAL 24 47. 333
TOTAL 33 529. 222
GRAND TOTAL 35 529. 222
GRAND MEAN 84. 28
TOTAL NUMBER OF OBSERVATIONS 36

#x#n% TABLES OF MEANS ##¥kk#

VARIATE: GERNM

GRAND MEAN
TREATMNT

TREATMNT

84. 28
1 2 3 4
84. 67 85. 67 89. 33 83. 00
12
73. 00

#2424 STANDARD ERRORS OF DIFFERENCES OF MEANS #®#a2»

TABLE

TREATMNT

i

3
1. 147

91. 06
100. 00
100. 00

g -2 VR
43. 808 22. 213
1. 972
13. 121
-3 . 7 8 10 11
83. 33 88. 00 81.33 82. 00 84. 33 88. 33



APPENDIX 3: CONTINUED

Week 20.
vAR1IATE: GERM
SCURCE JOF VARIATION DF 3S SS% MS VR
#_ NITS+ STRATUM
TRZATIINT 11 1452. 000 78. 37 132. 000 132. 000
RZ=ID.'AL L) 24 000 1. 63 1. 000
TG TAL 35 1476. 000 100. 00 42. 171
GR ~AND TOTAL 35 14745. 000 100. 00
6R ~ND MEA&N a32. 33
TOTAL NUM2ER OF OCSERVATICHS 35
rdxe® TARBLZS OF MEANS =6k
Va~r ITATE: GERw
GRAND MEAN 82. 33
TREATMNT 1 2 () 4 S ba) 7 3 4 10 11
84. 00 84 &7 89. 33 81. 33 83. 33 85. 33 87. 67 78. 33 80. 00 84. 33 86. 00
TREATANT ¥
63. 67

+#x=>% STL:DARD ERRCRS OF DIFFEREMCES QF MEANS #anxs
TABLE ’ TREATrINT



APPENDIX 3: CONTINUED

B. Seed with insect.
Week 2.
VaR{A™E sEAM
SCURS= OF 'JARIATIDN OF SS SS7% MS VR
#NT TS STRATUM
TEEATMNT 11 25. 639 50. 97 2. 331 2. 2468
o ZIOUAL '4 24 667 49. 03 1. 028
T3~ 35 50. 306 100. 00 1.437
GRANLC TOTAL 35 50 306 100. 00
GRAND “MEAN ) 9164
TOTAL NUMSER 0OF ORSERVATIONS 34
tere> TADL_ZS JF IEANS m#xtx
VarlaTE  GEwM
GRAND  ME AN 9!, 54
TRELTMIHT i 2 3 4 S 5 7 8 9 10 11
2. 00 A1, 87 2. 20 91. 67 2. 33 ?1. 67 *2. 33 2. 00 ?2. 00 91 67 ?1. 33
TREATMMNT 12
89, 00 -

+1see STANDARD EFRPORS\ OF DIFFERENCES OF MEANS rxaws
TAGLZ TREATHN



APPENDIX 3: CONTINUED

Week 4.
V=R .ATE. GERM ' ' ,
SOUNTE ZF VARIATIGN DF 55 5S% MS VR
*UNITS* STRATUM
TREATSNT 11 58. 202 52, 23 5. 293 3. 595
RESIDUAL 24 35. 333 37. 77 1. 472
TaTaL 35 93. 556 100. 00 2. 673
GRalD TOTAL ) 35 93. 556 100. 00
ZRAND MEAN ) 90. 89
TOTAL NUIMBER OF OBSERVATIONS 36
++#2% TABLES OF MEANS ##rwr#
VSRIATE: SERM
3RAND MEAN 90. 89
TREATMNT 1 2 3 4 5 6 7 8 9 10 11
92. 33 92, G0 91. G0 92. 00 92. 00 90. 67 90. 33 90. 00 92. 00 90. 00 90. 67
TREATMNT 12
87. 67

+=#%#% STANDARD ERRORS OF DIFFERENCES CF MEANS ®#xax
TABLE TREATMNT



APPENDIX 3: CONTINUED

Week 6.
VARTATE 2o :
STURCE OF vae IATION DF SS 5S8% MS VR
QI TS% STRATUM
TREATMNT 10 300. 2222 2. 79 27. 2929 28. 073
S=TIoUAL 24 23. 3333 7. 21 0. 9722
T3 TAL 395 323. $555 100. 00 Q. 2444
G=AND TITAL 35 23. 95595 100. 00
G= \ND MEAN s 88 i
T2TAL NUMBRER QOF DORSERVATINNS 346

>arre TABLEZS OF MEANS #=fs#

ViFIaTE  S2RE
*RALD AN =2e 11
TRELTMNT L 2 Ic] 4 9 6 7 8 9 10 11
=D. &0 a3 23 90 GG 89. 00 70. 33 88. 33 39. 33 84. 33 70. 67 B86. 67 89. 00
TREATHMT 12

30. 33

+rzat STAMNTARD TRPTRS OF TDIFFEREMCES OF MEANS w##x

TABLE TREATERT
RZP 1
zE&D 0. 805



APPENDIX 3: CONTINUED

Week 8.
VarIATE GERM
SOLRCE OF YARIATION ' DF 58 557 MS VR
I TS% STRATUM
TREATMNT 11 2047. 639 94. 06 186. 149 34. 543
RESIDUAL o4 129. 333 5. 94 S. 389
To ALl , 35 2176, 772 100. 00 62. 199
52aND TOTAL ' 35 2176. 772 100. 00
GRarD MEAN 2. 97
TATAL NUMBER OF OSSERVATIUNS 36
2+<¢# TABLSS OF MEAMS s&usx
JARIATE: GERM
“RAND MEAN =52 97
TOEATNMMT | 2 3 4 5 6 7 8 9 10
30 00 34. 00 88 &7 31. 33 88. 33 82. 33 89. 00 80. 67 87. 33 73. 00
TREATHMNT 12
63. 33

+#+2% STANDARD ERFORS OF DIFFEREMCES OF MEANS ##%%%
TAZLE TREATHNT

[0 10
-



APPENDIX 3:
VARIATE: GERM
=Z3JURCE OF

TREATIMNT
FRESICUAL
TOTAL
>RAaND

SRAND
TOTAL

TOoTAL
MEAN

rrETR

YARIATE: GERM
GRAND- MEAN
TREATHMNT

TREATMNT

2#x+# STANDARD

TABLES OF

CONTINUED
Week 12.

~

YARIATION DF
+JNITS# STRATUM

HUMIER OF OBSERVATIONS

ME&S e

73!

»
N-— D

orn

38. 73.0

o

18]
gn
@)
o

ERRCRS OF DIFFERENCES
TREATHNT

3SS

——
1263, 416
193. 333
124564. 748
12456. 748

73.42
36

3
B8. 67 67. 00

OF MEANS #ax#%

SS%4 MS VR
98. 45 1114 856 138. 396

1.55 8. 056
100. 00 355. 207
100. 00

s
) 6 7 8
86. 67 72. 00 87. 67 52. 00

9
85. 00

10
67. 00

W

W



APPENDIX 3: CONTINUED

Week 16.

VARIATE: GERM
SOURCE CF YARIATION OF SS
+UNITS#* STRATUM

TREATMNT 11 23538. 219

RESIDUAL 24 11%. 000
TATAL . 35 23754, 219
IR &L TOTAL 35 23754, 219
SRAnD MEAN 63. 743
TITAL NUII3ER JF OGSERVATLIIING 38

seeu#t TABLES F MEANS R

SARIATE: SEFRN

GRAND MLAN £3. 78
" TREATHINT - 1 2 3 4
82. 33 58. CO g8. 33 34. 67
TREATHMNT 12
7. 00

+r2#% STANDARD ERFCRS OF DIFFERENCES OF PMEANS #3ti##
TABLE TREATMNT

———— v ————————————————— . ——

99. 51
0. 49
100. 00

100. 00

D
81. 00

MS VR
2148. 929 444, 606
4. 233
678. 692
5 7 3 ? 10
62. 33 87. 33 28. 33 79. 00 61. 00

11
86. 00



APPENDIX 3: CONTINUED
Week 20.
VARIiATE GERM
SSURCE OF JARIATION DF 55
sUITS* STRATUM
TREATMNT 11 42069. 633
F=SICDUAL 24 59 333
TOTAaL 39 42128. 961
3RAND TOTAL 39 4218, 761
SFAND MEAN 5. 03
TOTAL NUMZER OF ODSERVATIONS 36
4w +2e TABLES (OF MEANS #es#x
VAR IATE: GERM
GRAND MEAN 53. 03
TREATMNT ; 1 2 3 4
81. 33 67 00 88. 33 8. 00
TREATIMMT 12
0. 00

=xsxe STANDARD ERRORS OF DIFFEREMCES OF
TREATIINT

MENIS %®# %%

SS%

99. 86
0. 14
100. 00

100. 00

)
77. 00

MS

3824. 512
2.472
1203. 685

5
49. 00

VR

1546. 994

7
86. 67

2.

9
71. 67

10
19. 00

11
86. 33



Analysis of v

ariance of the experimental data on the p

16 and 20 weeks.

APPENDIX 4:
after 2, 4, 6, 8, %2,
A. seed without insect.
Week 2.

neds® ANALYSIS OF VARIANCE x####
‘‘/ARIATE: AS8N
SOURCE ZF VARIATION
< UNITS#® STRATUM
TREATMNT
=EZID.-AL
TOTAL :
TOTAL

MEAN
HUMZER CF O3SERVATIONS

SRAMND

GRAI.T
TOT~AL

+e+e® TABLES (iF MEANS reces

‘YARIATE  ABN -
ZRAND MEAN 4. 42
TREATHNT 1 2
367 3. 33
TREATMNT ' 12
3 &7

teame
TABLE TREATHMNT
REP 3
SED 1. 139

DF

SS

28. 083
46. 667
74. 7350

74. 750

4 12
35

SSs%
37. 57 2.5
62. 43 1.9
100. 00 2.1
100. 00
/
4 &) 6
&7 4. 67 5. 00

STANDARD ERRORS OF DIFFERENCES OF MEANS ##%%

ercentage of abnormal seedlings

MS VR
53 1. 313
44
36
7 8 7
4. 67 3. 67 4. 67

. 33



CONTINUED
Week 4.

APPENDIX 4:

#xu#t ANALYSIS OF VARIANCE #####
VARIATE: ABN
SOURCE OF VARIATION
#UNITS#* STRATUM
TREATMNT
RESIDUAL
TOTAL
GRAND TOTAL

GRAND MEAN
TOTAL NUMBER OF OBSERVATIONS

###x% TABLES OF MEANS #*#xik#
VYARIATE: ABN -

GRAND MEAN 3. 69
TREATMNT 1 2
3. 67 3. 00
REP 3 it
TREATMNT 12
4. 00
REP 3

DF

11
35
35

SS

49. 139
44. 500
3. 639

?3. 639

3. 469
36

+#x#t%x STANDARD ERRCRS OF DIFFERENCES OF MEANS ###x#

TABLE TREATMNT
REP . UNEQUAL
SED 1. 362X MIN REP

1.179 MAX-MIN
0. 963X MAX REP

SS%

52. 48
47. 52
100. 00

100. 00

MS

4 467
2. 675

VR

2.409

2.

10
33
38

2.

11
00
3



APPENDIX 4: CONTINUED

Week 6.
SOURCE OF VARIATION DF SS
#UNITS* STRATUM
TREATMNT 11 55. 556
RESIDUAL > 24 44 000
TOTAL 35 109. 556
GRAND TOTAL 35 109. 556
>RAND MEAN S.11
TOTAL NUMBER OF OBSERVATIONS 36
###%#% TABLES OF MEANS #3##%#
VYARIATE: ABN
GRAND MEAN ‘S.11
TREATHMNT 1 2 3 4
5. 00 3. 33 7. 33 5. 67
TREATMINT 12
4. 67

+#%#%## STANDARD ERRORS OF DIFFERENCES OF MEANS #3#%##
TABLE TREATMNT

SS%

59. 84
40. 16
100. 00

100. 00

3. 130

3. 251

N =



CONTINUED
Week 8.
‘ssnun ANALYSIS OF VARIANCE ssess
VARIATE: ABN
SOURCE OF VARIATION
#UNITS* STRATUM
TREATMNT
RESIDUAL
TOTAL
RAND TOTAL

ZRAND MEAN
TOTAL NUMBER OF OBSERVATIONS

APPENDIX 4:

=+##% TABLES 0OF MEANS ##resx
VARIATE: ABN -

GRAND MEAN S. 47
TREATPINT 1 2
5. 67 5 &7

TREATRHMNT 12

.33

22 STANDARD ERRORS OF DIFFERENCES

TABLE TREATHNT

ss

28. 972
94. 000
122. 972

122. 972

9. 47

356

OF MEANS ##%%%

Ss%

23. 56
76. 44
100. 00

100. 00

Lwwp
uao
=)
WNH

&

VR

0. 672



1

APPENDIX 4: CONTINUED
Week 12.
####% ANALYSIS OF VARIANCE #####%
“ARIATE: ABN

S0OURCE OF VARIATION DF SS
4UNITS# STRATUM
TREATMNT 11 82. 750
~FESIDUAL 24 72. 000
TOTAL 35 154. 750
GRAND TOTAL 35 154. 750
GRAND MEAN 5. 58
TOTAL NUMBER OF OBSERVATIONS 36

#x#e% TABLES OF MEANS #¥#sixi
YARIATE. ABN

GRAND MEAN 5. 58
TREATMNT 1 2 3 4
4. 00 6. 00 6. 00 5. 00

TREATHMNT : 12

8. 33

##%#%% STANDARD ERRORS OF DIFFERENCES OF MEANS #*#¥##
TABLE TREATHMNT

SS%Z

93. 47
46. 53
100. 00

100. 00

MS

7. 523
4. 32)

VR

2. 508



APPENDIX 4: CONTINUED

o Week 16.
SOURCE OF VARIATION DF S8 SS% MS VR
*UNITS* STRATUM
TREATMNT 11 537. 889 ?1.18 48. 899 22. 569
RESIDUAL 24 52. 000 8. 82 2. 167
TOTAL 3 589. 389 100. 00 16. 854
GRAND TOTAL 35 589. 889 100. 00
GRAMND MEAN 7. 74
TOTAL NUMBER OF OBSERVATIONS 36
+4+##3% TABLES OF MEANS #i#i#i#4
VARIATE: ABN
GRAND MEAN 7. 724
TREATMNT 1 2 3 4 S b6 7 8 9 10
9. 33 . 6. 00 2. 67 14. 00 9. 33 4. 33 5. 00 7.67 14. 67 6. 33
TREATMNT 12
12. 33
#4%%% STANDARD ERRORS OF DIFFERENCES OF MEANS #33%3%3%
" TABLE TREATMNT .

REP 3 ‘
SED 1. 202 a



APPENDIX 4: CONTINUED

Week 20.
SOURCE OF VARIATION : DF S8 SSX MS VR
+UNITS* STRATUM
TEREATMNT 11 1934. 972 93. 05 139. 543 29. 207
RESIDUAL 24 114. 667 &. 93 4. 778
TOTAL 35 1 649. 638 100. 00 47. 133
GRAND TOTAL 35 1649. 638 100. 00
SRAND MEAN 11. 21
TOTAL NUMBER OF OBSERVATIONS 36
+#«%+ TABLES (OF MEANS e#r*®
VARIATE: A3N
GRAND MCAN 11. 31
TREATHMNT 1 2 3 4 S 6 - 7 8
1S. 00 7. 00 5. 00 18. 00 10. 33 4. 33 6. 33 11. 00
TREATMNT ) 12
28. 67

#2 s2% STANDARD ERRORS OF DIFFERENCES OF MEANS sassx
TABLE TREATMNT



APPENDIX 4: CONTINUED

B. Seed with insect.

Week 2.

S0.RCE OF “YARIATION

s JMT T34 STRATUM
TREATMNT
RESIDUAL

TOTAL

GRAND ToTaL

GRAD MEAN

T37AL WUARBER UF COSERVATIUNS

razr2s TRABLES OF MEANS x#xxs

VARIATE &SN

SPAND THIAN w77
TREATMINT 1 2
3.23 4. 33

TREATMNT 12

3. 00

:#+2* STANDARD ERRORS OF DIFFEREMCES OF MEANS wa#a##

TREATMNT

DF

11
24
35

35

a4.
. 000
88.

348,

772
72
772

50. 55
47. 45
100. 00

100. 00

[$)}
()
W

MS

M-
Q0
WG
nNua

.67

YR

4

&7

3,

&7

10
S &7



CONTINUED
Week 4.

APPENDIX 4:

VARIATE 43N
SJOUFCE OF YARIATION
>UNITS# STRATUM
TREATMNT
RESIDUAL
TOTAL o
GRAND TOTAL
GRAND MEAN
TOTAL NUMBER OF OBSERVATIONS
r2=<+% TABLES OF MEANS s¥s#®

VARIATE: ABN

SRAND MEAN 4. 50
TREATMNT L 2
A &7 3. 00
TREATMNT 12
6. 00

DF

11

2
35
35

S8

41. 667
&65. 333
107, 000

107. 000

4. 50
36

6. 33 5. 33

-##¢% STANDARD ERRORS OF DIFFERENCES OF MENANS mxsas

TREATHMNT

38. 74
61. 06
100. 00

100. 00

ww

MS VR
3. 738 1. 391
2. 722
3. 057
=) 7 8
o]0} 4. 00 S. 00



CONTINUED
Week 6.

APPENDIX 4:

VARIATE: ABN
SCLURCE OF VAMTATION

1 JNITE+ STRATUM
TREATIINT
REZIC!'AL

TOTAL

JRAND TITAL

3EATD M LN ¥

TGTAL NUUBER OF OUSERVATIONS
sewde TABLES OF MEANS #suxx
VARIATE  ABN

*RaND MEAN .7.64
TREATMNT 1 2
7.GO 3. 57

TREATHMNT 12

12. 67

#¥s2e STAMNDARD ERPCRS OF DIFFEREMCES OF

. — ——— ———————— o — T+ —

DF

141
35
35

7. 64
36

6. 00

SS

212. 972
67. 333
230. 305

280. 305

MEANS 333 %%

75. 98
24. 02
100. 00

100. 00

MS

19. 361
2. 806
8. 007

VR

6. 901

7
.00

10. 00

9
. 00

10
11. 33



CONTINUED
Week 8.

APPENDIX 4:

VARIATE ABM
SOURCE CF VARIATIIN

-UNTTS: STRATUN
TRCATMNT
RESITUAL
ToTAL
GRANTZ TOTAL -
GRAND MEaN
TATAL N_MBEF OF CBIEIVATIONS
s22~7 TABLES (F MEAMNS *oks«w

VARLATZ  ABN

GFRAlD MEAN 19,50
TRZATMNT 1 2
8. 00 7.67
TREaTMNT 12
23. 00

M

+#2ra2 STANDARD
TakLe FREATT

11
24
35

35

1134, 333

136. 667
1271. OO
1271. 000

10. 50
36

R~LRS DOF DIi: FEREMCES QF MENANS razan

SS

39, 25
10. 75
100. 00

100. 00

MS

103. 121
5. 494
36.314

6
7.33

VR

18. 109

7
5. 00

16. 67

3. 67

10
14. 00

8. 33



APPENDIX 4: CONTINUED
Week 12,
VARIATE: ABN
SCURCE OF VARIATION

#UNITS+ STRATUR!
TREATMNT
RESIZJAL
TOTAL
GRANI TOTAL
GRAND MEAN -
TOTAL NUMBEF OF OBSZRVATIONS
#aexes TABLES OF MEANS #e+x+

VARIATE: ALN

GRAND MEAN 16,72
TREATMNT 1 2
9. 33 12. 67

TREATMNT =

47. 67

##x# STANDARD ERRORS OF DIFFERENCES OF MEANS ##3#»

TABLE TREATMNT

———————————————— ——{———— {————— -

DF

35
35

16.72

70

36

SS

S919.22
284. 00
5413. 22

5413. 22

23. 67

94.75
5. 25
100. 00

100. 00

S
10. 00

MS

466. 29
11.83
154. 66

12. 67

VR

39. 4093

7
6. 67

g .
31. &7

9
12. 67

10
18. 00

11
6. OC



APPENDIX 4:

.
i

CONTINUED
Week 16.

324 ANALYSIS OF VARIANCE x#xwux

VvARIATE: AEN

SOURCE OF VARIATION

2NITS# STRATUM

TREATMNT
- RESIDUAL

SRAND T3TaL

SRaND MEAN

TOTAL ~NUMSER OF OBSERVATIONS

+2¢%< TABLES CF

VaRIATE: ARBRN

SRAND MEAN

TREATMNT

TREATMNT

~ssese STANDARD

MEANS mxuxsn

16. 25

1
11, 67

12
24. 00

2
16. 00

DF

11
85
35

SS

4100, 08
270. 67
4370. 75
43720.75

16.25
36

3 4
3. 67 26. 33

ERRORS OF DIFFERENCES OF MEANS szase

TREATHNT

SS% MS VR
?3. 81 372.73 33. 050
6.19 11,28
100. 00 124,88
100, 00
9 b6 7 8 9 10 11
14 33 13. 33 3. 67 43. 33 14. 33 18. 67 2. 67



APPENDIX 4: CONTINUED
Week 20.

“ARIATE: ABN
SOURCE OF VARIA

* I TSH STRA MU
TEZATMNT

-——

T T Al

D
iD MEAN
5

##2:e TABLES OF MEANS #uows

JRETATE: ABN

GRAND MEAN

TREATHMNNT

TREATMNT

##%%% STANDARD

TION

14,53

1
12. 67

12
4. 00

ERRORS OF DIFtERENCES OF HMEANS ##stx%

TREATMNT

NU-1BER JF JBSERVATIONG

2
18. 67

DF

11
35
35

SS

2282, 305
108. 667
2390. 972

2390. 972

14,53
36

SSL

75. 46
4. 54
100. 00

100. 00

)
i1. 33

MS VR
207. 482 45. 824
4. 528
68. 313
6 7 3
23. 00 6. 67 10, 33

(7
21,67

10
26. 67

7. 33



Appendix Sa:

2,

4, 6, 8,

12,

of the Appendix are Percentage Fungi.

Percentage of Storage Fungi Infected Seeds at Different Storage Conditions After

16 and 20 Weeks Storage (Without Insects). Figures in the Body

Initial Moisture Content

Initial Moisture Content

Initial Moisture Content

Seocan 12.4% 15.1% 18.5%

= ol 20°C 30°C 20°C 30°¢C 20°cC 3%

(weeks) |40% RH | 65%RH | 40% RH | 65% RH |40%RH | 65% RH | 40% RH | 65% RH | 40% RH | 65% RH | 40% RH| 65% RH
0 34 34 34 34 36 36 36 36 38 38 38 38
2 33 34 33 33 26 33 36 39 36 35 36 37
4 32 34 33 32 35 34 34 36 36 37 36 39
6 35 819 34 37 37 39 34 39 38 42 35 43
8 34 37 33 39 37 42 36 45 37 42 37 45
12 37 42 29 46 37 47 30 49 39 52 32 54
16 35 46 29 49 36 48 25 54 36 49 31 54
20 32 51 25 53 32 57 28 58 35 60 30 62




Appendix 5b:

2 ’

4’ 6’ 8’

12,

the Appendix are Percentage Fungi.

Percentage of Storage Fungi Infected Seeds at Different Storage Conditions After
16 and 20 Weeks Storage (With Insects).

Figures in the Body of

Initial Moisture Content

Initial Moisture Content

Initial Moisture Content

Storage 12.4% 15.1% 18.5%

oy s 20°C 30°C 20°C 30°C 20°C 30°C

(weeks) !40%RH | 65% RH | 40% RH | 65% RH | 40% RH | 65% RH | 40%RH | 65%RH | 40% RH | 65% RH | 40% RH| 65% RH
0 34 34 34 34 36 36 36 36 38 38 38 38
2 31 35 34 32 36 36 34 36 37 36 35 38
4 33 33 34 35 33 34 35 35 33 38 35 35
6 34 36 35 36 38 40 35 39 40 43 36 44
8 34 39 34 42 38 44 35 47 39 45 36 45
12 36 44 28 48 39 50 28 53 37 52 34 58
16 34 49 28 48 37 53 27 57 38 53 32 60
20 34 49 26 50 32 55 25 55 35 53 28 57
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