
IRRADIATION AND SEED COATING FOR
ENHANCING STORAGE LIFE OF GRAIN COWPEA

{Vigna unguiculata (L.) Walp.)

by

JAYASHRIS

(2019-11-037)

THESIS

Submitted in partial fulfilment of the

requirements for the degree of

MASTER OF SCIENCE IN AGRICULTURE

Faculty of Agriculture

Kerala Agricultural University

DEPARTMENT OF SEED SCIENCE AND TECHNOLOGY

COLLEGE OF AGRICULTURE

VELLAYANI, THIRUVANANTHAPURAM-695522

KERALA, INDIA

2021



DECLARATION

I, hereby declare that this thesis entitled "IRRADIATION AND SEED

COATING FOR ENHANCING STORAGE LIFE OF GRAIN COWPEA {Vigtta

unguiculata (L.) Walp.)" is a bonafide record of research work done by me during

tlie course of research and the thesis has not previously formed the basis for the

award to me of any degree, diploma, associateship, fellowship or other similar title,

of any other University or Society.

5
Vellayani JAYASHRIS^

Date:^'11-2-1 (2019-11-037)



CERTIFICATE

Certified that this thesis entitled "IRRADIATION AND SEED COATING

FOR ENHANCING STORAGE LIFE OF GRAIN COWPEA {Vigna unguiculata

(L.) Walp.)''is a record of research work done independently by Ms. Jayashri S under

niy guidance and supervision and that it has not previously formed the basis for the

award of any degree, diploma, fellowship or associateship to her.

Vellayani,

Date: ̂

Dr, Jiiyalekshmy V.G.

(Major advisor)

Professor and Head

Department of Seed Science and Technology

College of Agriculture, Vellayani

Thiruvananthapuram-695 522



lY

CERTIFICATE

We, the undersigned members of the advisory committee of

Ms. Jayashri S a candidate for the degree of Master of Science in Agriculture with

major in Seed Science and Technology, agree that the thesis entitled

"IRRADIATION AND SEED COATING FOR ENHANCING STORAGE LIFE

OF GRAIN COWPEA {Vigna unguiculata (L.) Walp.)" may be submitted by Ms.

Jayashri S, in partial fulfilment of the requirement for the degree.

a
,Jj^

Dr. Jayulekshmy V.G.

Professor and Head

Department of Seed Science
and Technology
College of Agriculture, Vellayani
Thiruvananthapuram-695 522

a

DiC Sheeja K Raj

Assistant Professor

Department of Agronomy
College of Agriculture, Vellayani, ,
Thiruvananthapuram-695 522

Dr. Beena R

Assistant Professor

Department of Plant Physiology
College of Agriculture, Vellayani
Thiruvananthapuram-695 522

Dr. Shanas S

Assistant Professor

Department of Agricultural
Entomology
Integrated Farming Systems
Research Station, Karamana
Thiruvananthapuram-695 002



ACKNOWLEDGEMENT

First and foremost, praises and thanks to the Almighty, for everything that happens to me...

It is great pleasure to place a record with deq>est sense of gratitude and

indebtedness to my major advisor Dr, Jeyalekshmy KG. Professor and Head, Department of

Seed Science and Technology for the constructive guidance, constant inspiration, abundant

encouragement, kind treatment, critical scrudny of the manuscript and valuable suggestions

which render me to acconq)lish the research work successfully. I extend my sincere gratitude

for providing a stress free situation by the open minded approach and for the care and

affection bestowed on me throughout the study period.

I convey my heartfelt gratitude to Dr. Beena, R. Assistant Professor, Department of

Plant Physiology for the unceasing encouragement, valuable advices and whole hearted

approach rightfrom the beginning who guided me till the conviction ofthe thesis.

I extend my sincere gratefulness to Dr. Sheefa K Raf Assistant Professor,

Department of Agronomy for the valuable suggestions, technical advices and incessant

motivation throughout the research work.

I am extremely thardtful to Dr. Shanas S. Assistant Professor, Dv^rtment of

Entomology, IFSRS, Karamana, for the unstinting support, suggestions and passionate

approach rendered during the period ofresearch work

I am deeply grat^ul to Reft Chechia Jisha chechi of Seed Science and Technology,

Dr. Safitha Rani, Department of Agrqpomy for generous support, continues and timely

advice, constructive criticisms and constant encouragement rendered to me during the course

ofmy study and research work.

I owe my detest gratitude to my batch mates Diya Amreen, Srutha Keerthi whose

cooperation, love, support and affection helped me through many hardships. Without their

persistent help and care, this would not have been possible.

I  my sincere thanks to my seniors PravaUkOf Arun, ShahibOf Arun Chacko

andAnand and lovely juniors Dinesh, Rohithafor their help and support.



Words are inadequate to express my thanks to my friends Rajeswari, Gayathri, Shiva,

Shanmuga priya, Athira, Shabana, Lakshmi, Jeena Paul and Karthik for their unbound

love and bighearted support

lam beholden beyond words to express try indebtedness to my Appa, Ammo, and sister

for their unconditional love, sacrifices and support bestowed on me during my hard periods.

Once again I am thanking each and every person who helped me during my research

programme.

Jayashri k (j



CONTENTS

Chapter No. Particulars Page no.

L INTRODUCTION 1

2. REVIEW OF LITERATURE 3

3. MATERIALS AND METHODS 19

4. RESULTS 31

5. DISCUSSION 71

6, SUMMARY 83

7, REFERENCES 87

ABSTRACT 107



xu

LIST OF TABLES

Table

No.

Title Page No.

1. Different doses of gamma rays 20

2. Specifications of gamma chamber - 5000 21

3. Different concentrations of chitosan 27

4.
Effect of gamma doses on percentage seed damage (%) of co^ea

seeds for six months of storage
34

5.
Effect of gamma doses on seed weight loss percentage (%) of

cowpea seeds for six months of storage
35

6.
Effect of gainma doses on number of eggs per 100 seeds (nos) of

cowpea seeds for six months of storage
36

7.
Effect of gamma doses on number of damaged and undamaged

(nos) of cowpea seeds for six months of storage
37

8.
Effect of gamma doses on weight of damaged and undamaged

seeds (g) of different treatments for six months of storage
38

9.
Effect of gamma doses on germination percentage (%) of cowpea

seeds for six months of storage
41

10.
Effect of gamma doses on speed of germination of cowpea seeds

for six months of storage
42

11.
Effect of gamma doses on seedling shoot length (cm) of cowpea

seeds for six months of storage
43

12.
Effect of gamma doses on seedUng root length (cm) of cowpea

seeds for six months of storage
44

13.
Effect of gamma doses on seedling dry weight (g) of cowpea

seeds for a period of six months
45

14.
Effect of gamma doses on seedling vigour index I of cowpea

seeds for a period of six months
46



Table

No.
Title

Page

No.

15.

Effect of gamma doses on seedling vigour index n of cowpea seeds

for a period of six months 47

16. Field evaluation of irradiated seeds for morphological abnormalities 51

Yl.
Effect of chitosan seed coating on percentage seed damage (%) of

cowpea seeds for a period of six months
55

18.
Effect of chitosan seed coating on seed weight loss percentage (%)

of cowpea seeds for six months of storage
56

19.
Effect of chitosan seed coating on number of eggs 100 seeds*' (nos)

of cowpea seeds for six mondis of storage
57

20.
Effect of chitosan seed coating on number of damaged and

undamaged seeds (nos) for six months of storage
58

21,
Effect of chitosan seed coating on weight of damaged and

undamaged seeds (g) of cowpea seeds for six months of storage
59

22.
Effect of chitosan seed coating on germination percentage (%) of

cowpea seeds for six months of storage
63

23.
Effect of chitosan seed coating on speed of germination of cowpea

seeds for six months of storage
64

24.
Effect of chitosan seed coating on seedling shoot length (cm) of

cowpea seeds for six months of storage
65

25.
Effect of chitosan seed coating on seedling root length (cm) of

cowpea seeds for six months of storage
66

26.
Effect of chitosan seed coating on seedling dry weight (g) of cowpea

seeds for six months of storage
67

27.
Effect of chitosan seed coating on seedling vigour index I of cowpea

seeds for six months of storage
68

28.
Effect of chitosan seed coating on seedling vigour index n of

cowpea seeds for six months of storage
69



LIST OF FIGURES

Figure

No.
Title

Between

pages

1.
Effect of gamma doses on pulse beetle infestation at the end of

six month
72-73

2.

Effect of gamma doses on germination percentage at the end of

six month
76-77

3.
Effect of gamma doses on seedling vigour index I at the end of

six month
76-77

4.
Effect of gamma doses on seedling vigour index U at the end of

six month
76-77

5.
Effect of chitosan seed coating on pulse beetle infestation at the

end of sixdi month
78-79

6.
Effect of chitosan seed coating on germination percentage at the

end of sixth month
80-81

7.
Effect of chitosan seed coating on seedling vigour index I at the

end of sixth month
80-81

8.
Effect of chitosan seed coating on seedling vigour index II at the

end of sixth month
80-81



LIST OF PLATES

Plate

No.

Title
Between

Pages

1. Field preparation 24-25

2. Formation of ridges and fiirrows 24-25

3. Flowering stage of cowpea plants 24-25

4. Pod filling stage of cowpea plants 24-25

5. General view of experimental area for field evaluation 24-25

6.
Different concentrations of chitosan solution made fi'om chitosan

powder
26-27

7.

Comparison of pulse beetle infestation in the seed lots created with

different doses of gamma rays at the end of six months of storage
38-39

8.
Comparison of seedling parameters in the seed lots created with

different doses of gamma rays at the end of six months of storage
48-49

9.
Effect of higher doses of gamma doses on morphological traits of

cowpea plants in field condition
52-53

10.
Comparison of pulse beetle infestation in die seed lots coated with

different concentrations of chitosan at die end of six months of storage
60-61

11.
Comparison of seedling parameters in the seed lots coated with

different concentrations of chitosan at the end of six months of storage
70-71



LIST OF ABBREVIATIONS

etal And others

@ At the rate of

cm Centimeter

Cs Caesium

Co Cobalt

CRD Completely Randomized Block Design

CD Critical Difference

cm Cubic centimeter

"c Degree Celsius

"N Degree north

"E Degree east

dia Diameter

Fig. Figure

G Gram

Gy Gray

HAT Hours after treatment

Ht Height

kDa Kilo Dalton

kGy Kilo gray

kg Kilogram

LD Lethal dose



MSL Mean Sea Level

Microgram

mT. Milli litre

mm Millimetre

viz Namely

g-' Per gram

kg"' Per kilogram

r' Per litre

% Percentage

RBD Randomized Block Design

SE Standard error

i.e. That is

w/v Weight per volume



INTRODUCTION



1. INTRODUCTION

Seed is the fertilized, matured ovule and a carrier of genetic potential for

sustainable crop production. It is die basic and crucial input of agriculture around

which all other input acts. Good quality seeds form the foundation of successful

agriculture. Seeds are the first determinant of fiirther plant development and yield

potential. Therefore, food security is dependent on seed security of farming

communities. Cowpea [Vigna unguiculata (L.) Walp.] also called black-eyed pea,

lobia, baibati is a widely grown leguminous crop (2n=22), a native crop of West

Afiica.

Cowpea is grown throughout the year and grain cowpea is widely cultivated in

Kerala in die summer rice fidlows. The importance of seed storage has been

recognized by humans ever since they began to domesticate plants, hi India, 80 per

cent of the certified seeds produced is required for one cropping season and 20 per

cent of seed is stored for subsequent sowing (Bal, 1976). But, when the storage

facilities and infinstructure develops, certain amount of seeds can be stored for two to

three seasons as protection against low quality seeds production and crop loss.

The need of high quality seed is essential to achieve optimum plant stand and

its yield. However, maintenance of seed viability in storage is highly difficult as it

deteriorates like any other biological material. Seed deterioration is an irreversible and

inexorable process that depends on physical, physiological and chemical composition

of seeds. Seeds undergoes several biochemical processes that results in free radical

production and peroxidation of lipids leading to seed deterioration. Deterioration of

stored seeds is the major reason for reduction in yield and non-availability of high

vigour seeds at the time of sowing. Some seeds are generally short lived and

deteriorate at faster rate. Among them, pulses exhibit rapid seed deterioration due to

stored pest infestation. Pulse beetle (Bruchids), Callosobmchus chinensis is the most

significant storage pest as they multiply rapidly and cause heavy loss both in field

conditions and storage (Ahmed et al, 2003). Seeds are infested by bruchids at the end

of their maturity cycle, either directly from the field or throu^ bruchids migrating

from infested seeds in nearby granaries or seed godowns.



Traditional production techniques are usually followed in pulses and post-
harvest losses accounts for 20-25% (Maneepun, 2003). During a period of six months
storage, 50 to 60 per cent damage is noticed due to insects (Caswellet, 1973) Sharma
(1984) reported that infestation due to Callosobruchus chinensis in various pulses was
68, 56, 49, and 52 percent in cowpea, chickpea, pigeon pea, and greengram
respectively during a period of six months storage. The rate of seed deterioration
could be minimized to a certain extent either by storing it in controlled environmental
conditions or by imposing certain seed treatments before storage. Seed treatment
serves as the best alternative strategy to maintain the seed quality, since controlled
conditions are highly expensive. Syntiietic insecticides and fumigants are often used
in storage to combat pests, but tiieir widespread use in the fielH an/r ♦

dna storage has
resulted in a slew of issues, including insecticide resistance, poisonous contamin ts
in food crops, waste and rising application prices (Kumar et al

e ' * Physical
methods like X- rays, electron beams, gamma rays, etc. can be used as an alt
for ftunigation in agricultural commodities against insect neste ti, ^v SIS. inese physical
radiations accelerate the production of reactive oxveen species m^pests that impair
multiple cellular pathway processes (Pyror, 1986). Irradiation of cereals and legum
has emerged as a new technology to combat the problems caused by the st
and helps to maintain its longevity in storage.

Chitosan are biologically active compounds and cnn
^ oe used to protect

crop plants against pests and diseases. The use of chitr.oo^
^ "^opolyoxers as hm

stimulants in agriculture would help to minimi-yA amount of fertii'
protection chemicals used in agriculture, as well as elicit

rc safe and sustnin»Ki
organic agriculture (Pichyangkuraa and Chadchawanb 2n1^^'  t-nitosan has «firpesticidal activity in some plant species. Chitosan's insecticidal ®
demonstrated against cotton leafworm Spodoptera littoralia tr i-

nelicoverpa arm'
Aphis gossypti, and many stored pests. ^^gera^

With this background, the present study was formulated
storage life of cowpea seeds with the objective of standardization ^
for irradiation and concentration of chitosan for seed coatin f doses
storage life of grain cowpea (Vigna mguiculata (L.) Walp) ^ ®"^cing the
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2. REVIEW OF LITERATURE

Pulses are the major source of human nutrition containing high amount of

proteins, carbohydrates, vitamins complex and minerals. It also contains many amino

acids like cysteine, tiyptophan, mediionine, threonine and lysine (Saxena et aL, 2010).

It is widely cultivated in the tropics and subtropics of Asia, Africa, Central and Soiidi

America, and parts of southem Europe and the USA. Pulses form an essential dietary

component in Soudi Asia, and dieir cultivation improves soil health.

About 70 different insect pests that attack stored seeds have been identified in

pulses. Among them, pulse beetle is of economic importance as diey develop and

multiply rapidly causing heavy loss. Protecting seeds fix>m die pulse beetle during

storage is a major concem for growers. Various control measures including toxic

chemicals and fiimigante have been used extensively. But these measures posed

serious problems like residual toxicity, acute and chronic toxicity, environmental

pollution and development of resistance. Though, numerous technologies have been

developed for the control of pulse beetle in storage; however, none of diem serves die

purpose completely.

The literature in the aspects of nature of the pest, damage caused by the pest,

gamma irradiation and chitosan seed coating for enhancing the storage life is

reviewed in this section.

2.1 MAJOR CHALLENGES IN COWPEA SEED STORAGE

The requirement of cowpea has been increasing over decades but there was a

deficit in cowpea production in comparison with the demand by the growing

population. In addition to the shortage of production, the stored product was also
affected by various abiotic and biotic factors.

Among them, damage by insect pests are of economic concem as they

contribute to nearly 10- 50 per cent of damage and damage loss. Apart from them,

mites, rodents, binls, and microbes also cause great loss in storage. Generally, the
infestation is carried over from damaged field crops to the storehouses and continues



to spread (Upadhyay and Ahmad, 2011). Seeds stored in farmer's houses and

godowns serve as suitable habitat for bruchids growth and development. Among the
various pests, the pulse beetle adversely affects the stored seeds and greatly
contributes to reduction of die economic produce of cowpea.

The extent of damage caused by pulse beetie depends upon the preference and
differs from host to host Lack of knowledge, poor and insufficient storage facilities
and adverse environmental conditions are the major reasons for post-harvest losses
The losses during storage were a ssessed to 25- 50 per cent in which damage by pulse
beede contributed about 5-10 percent. But this varies depending on pulse varieties
storage conditions, processing and geographical locations (Lai and Gujar, 2007)

2.2 PULSE BEETLE Callosobruchus sp.

Pulse beetie are small sized insects. (1.0-6.0 mm) belonging to the f
Bruchidae of order Coleoptera. These are minor nests in th» ,.F » m me Held which become a
major pest during the storage of seeds (Ofoya and Bamigbola, 199i) Nearly I17
different species of bruchids belonging to 11 genera are found m India (Jat
2013). The predominant species of Callosobruchus found in India are C h'^
maculatus and C. analis (Dias and Yadav, 1988) Seed da , "^sis. C.

oamage by pulse beetie
commences in the field and continues its infestation in the storage als

Adult beetles are oval brownish, elongated with cream b
markings on its body. Grubs are 'C shaped, legless, cream coloiired'^^'^
long. They can complete four generations within a year under
environment Female beetie has shorter life span comnar<ut ♦ , Ptunum storage

i'uu vumparea to male beetle litof adult females ranged fiom 9 to 12 days with an average of 9 6±i
males had life span of 9 to 14 days with an average of 11 ru.i o

Anandhi,2010). (Vanna and

The incubation period of Callosobruchus chinensis on d ff
between 4.00 to 6.00 days with longest in redgram (5±o 79 da^^^
greengram (4±0.21 days). Similarly, longest larval period wnc u ®^ortest in

.. . . " observed i

ranged

(14±0.80 days) and shortest in chickpea (12±0.35 days)
4



Among different pulses the pupal period and adult longevity varies between 7 to 10
days and 7 to 20 days respectively (Hosamani et al, 2018).

Pulse seed is extensive, bofli quaUtatively and quantitatively. The
pulse beetle on ehiekpea caused a 55-69 per cent drop in seed weight and a 45-66
percent drop in protein content It completes its entire immature life eyele in
individual seeds that in turn results in reduction in germination potential, market value
and rmtritional value of produce.

Pulse heede infestation caused a 100 percent loss of pulse seeds (Gujar and
Yadav 1978). Infestation by bmchids starts in the field by laying eggs on maturing
pods Tie grubs on hatching bore into the seeds and feed the inner content leaving the
pod empty. After the pupal stage, the adult beetle emerges fiom the grain thereby
causing circular holes in it (Ah er al. 2004; Atwal and DhaUwal 2005; Koona and
Koona 2006; Swapan, 2016).

The hroehid grubs feed on internal endosperm content that leads to damage of
grains along with reduction in nutritional value and loss in germination capacity (Roy
e, al 2014) Grubs feed the epitheUum of the pod and remain hidden inside the
--1..,.^ seeds (Credland and Writ^rt, 1990). When the infested seeds are stored,
the insect growth and population increases, resulting in complete loss of seeds wrdnn
six months (Mains et al. 2011; Sujatha et al.. 2015).

Srinivasan er al (2010) estimated that pulse beetle, Callosobruehm ep causes
r^arly 100 percent post-harvest seed losses during severe stages of infestation and is
considered as the most destructive pest of pulses during stora,^ Rustanumu e, u/.
(1985) reported that storage losses caused by pulse beetles m blackgram. chrckpeaandgardenpea were about 56.3,46.7and 50.9 per cent respectively.

oaari nfirtiit 12 5 ocT cciit losscs in warehouse storagePulse beetle infestation caused about 12.5 per ^ „ ^ ^
A T /lafitiathan (2017) reported that Callosobmchus

(Rahman, 1971). aeeds within a month of
nuaatlalus larvae cans ^ ^
exposure m pigeon ̂  ̂  ^
pulses caused post-harvest loss of 30-40 p



reaches 100 percent when the seeds are untreated. Callosobruchus maculatus

infestation results in 90 per cent yield loss in black gram under storage conditions

(Soundararajan et al., 2012).

Four holes per seed caused 100 percent loss in seed gennination due to

bruchid attack. Based on the seed genotype, moiphological and biochemical features,

C. maculatus and C. chinensis both caused seed yield loss of about 7-73 per cent in

green gram seeds (Sarwar, 2012). Venkatesham et al. (2015) reported that mean

wei^t loss percentage and seed damage was about 48.73 and 99.3 percent after 120

days which was higher dian 4.19 and 7.86 per cent after 30 days of storage.

Bhatnagar et al. (2001) revealed that 88.1 per cent of cowpea seeds were

infested driring four months storage by C. maculatus. Sadozai et al. (2003) found
79.55 and 11.54 per cent seeds were damaged in pea and gram during fliree months
storage by C. maculatus.

Anandhi et al. (2008) investigated population growth, grain damage and other
fectors caused by pulse beetle in chickpea for 30 to 180 days and observed that the
mean population of pulse beetle was 648.3 after die release of adult beetles in five
pairs in 250 g of chic]q)ea.

2.3 IMPORTANCE OF GAMMA IRRADIATION

Kovacs and Keresztes (2002) reported that gamma radiation is the
intense and most penetrating electromagnetic radiation with energy levels
fiom 10 to several hundred-kilo electron volts. ^

Gamma rays serves as an effective means of decontaminants and disinfectants
of agricultural and food products (Loaharanu, 1994). Irradiation h

oy use of gamma
source Co 60 or Cs 135, X rays or high energy elections provides an altemati
chemical treatment that leads to inherent problems like rcsidiM^c a ^

"  ®®vironmental
pollution (Farkas, 1998). "menial

Irradiation with gamma rays helps in the preservation and
cereal grain and food (Mokobia and Anomohaman, 2005) No ^®tion of

6  wadays, irradiation



being a preservative method enhances the hygienic qualities and shelf life of
processed foods and raw materials (Tresina and Mohan, 2011).

23.1 Gamma irradiation against storage pests

Irradiation can potentially eliminate insect pests of stored grains as well as

field crops. It is an eco-fiiendly technology for insect pest management, without
causing any induced residual effect and radioactivity. Although, many stored pests
(especially Coleoptera) could be controlled with lower gamma rays, a gamma dose of
500 Gy could stop the rq)roduction of all stored product pests.

Inadiation with gamma doses 200 Gy, 300 Gy and 500 Gy showed 100 per

cent mortaUty of bruchids. Also, it was noted that gamma irradiation had no impact on
seed viabiUty (Enu and Enu, 2014; BhaUa et al. 2008). Gamma doses of 800, 900,
and 1000 Gy were effective in maintaining the viability of cowpea seeds by causing
mortaUty of pulse beetle C. maculatus. This ionizing radiation method may be
implemented as part of the integrated pest management system on stored cowpea
(Echereobia et al, 2014). When Callosobruchus chinensis was exposed to 200-600
Gy gamma doses, complete steriUty of both male and female adults was noticed
(ChiluwaleM/.. 2019).

On exposure of eggs and larvae of the grain weevil, Sitophilus granaries to
gammfl doses of 10-500 Gy, it was noted that larvae were unable to mature into adults
at 30-500 Gy, whereas pupal and adult stages showed complete steriUty at 70 Gy and
hence a dose of 70 Gy was adequate for complete steriUty of old adults (Aldryhim and
Adam, 1999).

Bhalla et al.. (2008) obsaved 100 pacent staflity of adult beetles ou exposure
of bnuthid infested greeogram seeds with 100 Gy ganuna mys. Darfour et al.. (2012)
reported that 100 pa cent mortality of adult beetles was notieed on exposure of C.
aatcalatus with 750 Gy gamma doses. Gamma dose of 1200 Gy tesulted in total
mortality of cigarette beetle. Laslodetma seirlcome within a short period of aght
days (Kumar et al., 2017).



Abbas et al (2011) found that exposure of Indian meal moth pupae to 650 Gy

for five days prevented the emergence of adults. Complete egg hatching and

inhibition of larval growdi was observed when Plodia interpunctella was exposed to

350 Gy gamma radiations (Ayvaz et al, 2008). Sujeetha et al. (2020) reported that

complete mortality of eggs, larvae, pupae ad adults were noticed at gamma doses of

400 Gy, 650 Gy and 850 Gy.

Gamma radiation of25-1200 Gy highly suppressed the pests like grain weevil,
Mediterranean flour modi, cigarette beede, medfly, onion fly, fall armyworm, tobacco

budworm, Afiican cotton leafworm in both field and storage conditions (Timbadiya et
al., 2018). Eggs and young larvae of Mediterranean flour modi (Ephestia kuehniella)
exposed to 200 Gy gamma rays showed an inhibition in adult emergence and 100 per
cent malformation in the first instar larvae (Ayvaz and Tuncbilek, 2006).

Female Triholium castaneum was exposed to 6000 Gy gammy; radiation,
complete inhibition of pheromone was observed (Abdu et al., 1985). Tandon et al
(2009) proved that gamma rays of 70 Gy and above were required to control the
larvae and adult beeties of Tribolium castaneum.

The eggs of the tobacco budworm, Helicoverpa assulta. exposed to gamma
rays 100 Gy resulted in hatching of 19.88 per cent of the eggs followed by death of all
the larval and pupal stages whereas 1.52 per cent adults were emerged when five to
six days pupae were exposed to gamma irradiation (Park et al., 2015)

Arthur et al. (2016) observed that the final instar larvae of flie fall
Spodoptera Jrugiperda, exposed with gamma doses of 200 rtv ou j

snowed lowered
pupation rate (30 per cent) and adult emergence (10 per cent). Gamma doses
Gy could be also used as phytosanitary measures against larva<» ^ ,

®  larvae and adults of fall
armyworm.

Hammad et al. (2020) reported that no adults were em«» j-
lanergeoi fix)m eggs and

larvae exposed wifli 450 Gy and 650 Gy gamma doses It wno „i
^  observed that 650Gy was effective agamst cowpea weevil and hence renni«^
, ̂ ^ ̂  quarantine and
phytosamtary security.



2.3.2 Influence of gamma rays on germination parameters

Gamma inadiation of wheat seeds with 0.05,0.1,0.5,1.0 and 3.0 kOy showed

a decrease in germination percentage with an increase in dosage (Linko and Milner,

1960). Radiation-induced changes in respiration of radish, wheat, com and soighum

seeds were observed during germination and subsequent seedling development

(Woodstock and Justice, 1967).

Exposure of castor seeds to 4000 Gy gamma rays increased RNA and protein

synthesis during the early stages of seed germination (Kuzin et al, 1975; Kuzin et al.

1976)

Soni et al (2014) experimented with rice seed and found that 200 Gy gamma

dose enhanced the seed germination papmeters, biochemical properties in various

storage contains like Grainpro bags and HDPE bags.

Widi a rise in gamma-ray dosage, there was a decrease in seed germination in

lice. Gamma radiation of above 300 Gy leads to severe physiological effects on

seedling height, percratage seedling survival and tiller formation whereas below 300

Gy did not afifect germination (Harding et al, 2012). Higher ganuna rays of 2000 Gy

increased seed germination, biochemical and physiological properties of sorghum

seeds (Meena et al, 2016).

Selim and El-Banna, (2001) proposed that gamma doses of 5- 50 Gy can be

used for preservation of pea seeds and stimulating growth and germination of seed

thereby onhflnoing its yield and quality. They also rq)orted that gamma dose of 100,

150 and 200 Gy as inhibitory doses and higher doses (250-400 Gy) as lethal doses.

2.5.2.1 Germination percentage

Exposure of dry carrot seeds to 100 and 500 Gy resulted in increased seed

germination, whereas furdier higher doses ItJad to reduction in leaf size and delay in

germination (Al-Safadi and Simon, 1996).



Rao and Suvardia (2006) reported that tomato seeds exposed to an irradiation

level of 30 kGy enhanced the germination percentage. Ariraman et al (2014)
observed a reduction in germination percentage, seedling lengdi and seedling vigour

index of pigeonpea seeds with increase in ganuna doses of 50 kGy.

Hell and Silveria (1974) reported tihat Phaseolus vulgaris seed germination

was found to be decreased when exposed to 800Gy gamma radiation.

A decline in seed germination percentage was reported with an increase in
gamma doses of three rice varieties (Kim et al., 1970). Cheng et al. (2010) reported
that at lower doses of 10 Gy to 30 Gy diere was an increase in the emergence
percentage of minitubers of potato, whereas no emergence was noticed at the high
dose of 60 Gy.

Lactuca sativa showed an increase in germination percentage and germination
index when treated with 30 Gy and a decrease in vegetative growth like root and
shoot length at 70 Gy (Marcu et al. 2013). The stimulatory effect on germination was
noticed when Lathyrus chrysanthus was exposed to radiation doses of 100 and 150
Gy (Beyaz et al, 2016).

Bashir et al (2013) reported that lower gamma doses exhibited less biological
damage and higher doses showed reduction in germination and survival
fenugreek. Minisi et al (2013) concluded that higher gamtin;, doses low
germination and survival percentage.

2JJ.2 Speed of germination

Rice seedlings showed increased speed of germination onuuu on exposure to 100 Gv
gamma rays but &rther increase inhibited germination of seedli tx •

(Maity et al
2005). Kabuli type of chickpea was more affected by gamma irraH- •
types (Toker et al. 2005). ^

Two different genotypes of wheat were exposed to
gamma radiation lOo f

400 Gy, lowest germination percentage was observed in 300 Gv
y. Gamma doses above
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200 Gy showed reduction in Mean Germination Time (MGT), root length, shoot

length, shoot and root dry weight (Borzouei et al, 2010).

An increase in speed of germination was observed in tomato and okra seeds

when they are exposed to 100 Gy and 200 Gy gamma rays (Nargis, 1995; Kumar and

Mishra, 2006). Gamma doses of 25 Gy showed an increase in speed of germination by

0.95 inPterocarpus sp (Akshatha and Chandrasekar, 2013)

2.302.3 Seedling length

The impact of mutagens on the physiological system were predominantly

responsible for the loss in shoot and root length (Gaul, 1970). Gamma rays of 500 Gy
resulted in 50 per cent reduction of seedling lengtii in laboratory study and 50 per cent

reduction in survival of seedlings during^ field studies in ragi. It was revealed that
there was an increase in the deleterious effects of gamma uradiation at regular

intervals and the LD50 dosage was located near to the dose of 500 Gy (Rajendra et al.

2017).

Gamma rays of 800 Gy showed reduction in shoot length of amaranthus

seedlings (Aynehband and Afeharinafar, 2012). Reduction in shoot length (5.1 and 5.9
cm) was observed bengal gram and black gram exposed with 1000 Gy gamma rays at
nine months of storage (Pranesh et al. 2019).

Uma and Salimath (2001) reported a drastic reduction seedling length at

higher gamma doses of 1000-6000 Gy. Reduction in sprout length up to 20.4 per cent
and 58.8 per cent were observed in soybean seeds on uxadiation with 100 Gy and 300
Gy respectively (Yun et al. 2013). Seedling length was the highest on the fifih day of
observation in okra seeds treated with 50, 100, 150, and 200 Gy gamma radiations
(Jaipo et al, 2019).

2.3.2.4 Seedling dry weight

Gamma ray doses of 100 Gy resulted in 25 per cent increase in dry weight in
wheat whereas 200, 300, and 400 Gy resulted in decrease in dry weight compared to
control (Borzouei et al. 2010). Gamma irradiated seeds showed reduction in seedling
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ftesh and dry wei^t due to decline in moisture contmt or plant growth as a result of

radiation stress (Majeed et al., 2010).

2.3o2J Seedling vigour index

A decrease in seed gennination of french beans was observed at 800 Gy

gamma rays (Hell and Silveiia, 1974). Chandrashekar et al. (2013) documented Oiat

Terminalia arjuna showed an increase in germination speed and vigor index at 30 Gy
gamma irradiation.

Plant vigor and grain productivity could be improved by gamma irradiation of

3-7 Gy (Singh and Datta, 2010). Chandrashekar (2015) found that seedling vigor
index showed two-fold increase at 50 Gy compared to control in Canarium strictum

Inhibition of physiological and biological processes such as enzyme
activity required for seed gennination leads to reduced germination under
various mutagenic treatments (Kurobane et al., 1979).

Blackgram seeds were irradiated at five different gamma doses 150 200 250
300, 350 Gy. Germination percentage was reduced to 50 per cent at 250 Gy Other
phenotypic traits like plant hei^t, number of pods per plant, pod lengfli, number of
primary branches and number of seeds per pod showed reduction at doses above 250
Gy. This reduction may be attributed to the chromosomal damage or physiologic 1
disturbance of die plant cells caused by mutation effect (Ramya etal 2014)

Morphological traits such as germination percentage, plant height root 1 gth,
shoot and root dry weight of long bean seedlings were reduced at

*"gner gamma-rav
doses of 800 Gy (Kon et al., 2007).

Reduction in morphological parameters such as hei^t nf ior me plant, number of
branches and clusters per plant, number of leaves and pods per plant, 100 seed
and yield of seed was observed at 500 Gy in Mi generation of ^ w®ight

wiwpea (Girija and
Dhanavel, 2013).
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Gamma doses of 10 Gy showed increase in 1000 kemel weight and harvest

index of canola (Rahimi and Bahrani, 2011). Reduction in physiological traits on

exposure to gamma lays was due to sudden destruction of growdi inhibitors and

metabolic changes (Ariraman et al., 2014).

According to Tshilenge-Lukanda et al (2013) lower dose of gamma rays (100

Gy) can increase the pod yield of groundnut and other moipho-agronomic parameters,

particularly for the JL24 groundnut variety.

Bonde et al (2020) rq»orted that maximum reduction in root length, shoot

lengdi and total seedling length was observed at gamma doses of 700 Gy in
greengram

2.4 CHTTOSAN AND ITS EFFECTS ON PLANT SYSTEM

Chitosan, a carbohydrate biopolymer consisting of N-acetyl-D glucosamine

and D-glucosamine units obtained fiom insect's cuticle, shells of crustacean, and cell
wall of fungus. It is biocompatible, biodegradable, non-toxic to both plants and

with LD50 to micc >16kg' (Singla and Chawla, 2001).

The two important factors like the degree of N- acetylation and molecular

weight have a great impact on biological phenomenon like defense mecahnisms.
(Rabea et al. 2003; Badawy, 2010). Chitosan stimulates the defensive mechanisms,
seedling growth and action various enzymes like glucanases and chitinases (Hien,
2004). It enhances the excretion of resistant enzymes and monitors the plant immune
system. It also increases the plant resistance abiUty against insects and diseases
(Doaresera/., 1995).

Chitosan is only soluble in mild organic acids like acetic acid, lactic acid,
benzoic or succinic acids. After dissolving in acids, chitosan can be cast as films or
combined with natural or synthetic polymers. Nanoparticles coated with chitosan have
positive ehaise on its sur&ce that improves the suspension stabiUty (Dammak et al.
2017).
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Chitosan improves fhe uptake and availability of nutrients and water by

regulating osmotic pressure of the cell and thereby promotes plant growth (Guan et

al, 2009). Chitosan improves the innate defensive mechanisms of plants (Fondevilla

and Rubiales, 2012) and antimicrobial properties (Rabea et al., 2009).

Rice seeds treated with chitosan increased the seedling quality, panicle

number and grain yield by 1.9 per cent to 4.2 pa- cent (Lu et al. 2002). Boonlertniiun

et al (2008) reported that seed treatment of chitosan with 80 ppm along wifli four

times soil ̂ plication increased the overall plant growth and yield of rice.

2.4.1 Seed treatment with chitosan

Zeng et al (2012) proposed that chitosan forms semi- permeable film on the

seed surface of soybean and promotes seed germination by maintaining and absorbing
soil wator. Chitosan also helps to repel insgp|s by stimulating the plants to produce
specific antibodies.

Dzimg et al (2002) reported that germination, growth and yield of soybean
could be enhanced by chitosan treatment. Chitosan also regulates plant response
against several abiotic stresses like salt stress (Qing-Zhong, 2002; Dzung et al 2011)

Chitosan-treated wheat and rice seeds showed yield increase of 5 to 20 pea-
cent over non-treated seeds (Freepons, 2020).

Chitosan nanoparticles enhanced die germination and growth of seedlings at
very low concentration of 5pg mL"' due to higher adsorption on wheat seed surface
compared to chitosan 50pg mL"'. It also enhanced auxin-relatedwaicu graie expression,

increased biosynthesis and transport of lAA thereby increasing its concentration "
roots and shoots (Li et al, 2019).

Burrows et al (2007) observed that 0.5 percent HCl demineralized chitosan
treated seeds recorded die highest germinatioc percentage (90%) in peanut, hil
chitosan demineralized with 1 per cent HCl and 5 per cent CH rrvMr

3V.V-KJH slightly
improved the avCTage number of leaves by 82.7 and 68.6 per cent, as well
height by 58.45 and 48.92 per cent, respectively.



Seeds primed wifli 0.2 per cent chitosan solution showed increase in

germination per cent of 80 per cent where it was only 52 per cent in control.

Maximum root length and dry weight was observed in seeds treated with 0.5 per cent

chitosan (Batool and Asgh^* 2013).

2o4.2 Effect of chitosan in pest management

Insecticidal activities of chitosan ethyl caibamate and chitosan diethyl

phosphate at different concentrations were evaluated against the green peach aphid

and compared with imidacloprid (Cabrera et al, 2002). Chitosan dielhyl phosphate at

0.5 per cent showed greater aphid mortality compared to imidachloprid.

Zhang et al. (2003) observed that cole leaves sprayed with 0.3 per cent

chitosan solution resulted in 40 and 72 per cent mortality of Helicoverpa armigera

and Plutella xylostella at 72 Hours After Treatment (HAT). It was also reported tiiat

chitosan application on flowers at 6 to 60 g U' showed 93 to 99 percent mortality of
mealy plum aphid, Hyalopterus pruni.

Said et al. (2011) revealed the presence of disorganized, elongated and

disintegrated midgut epithelia in the third instar larvae of Galleria melleonella L. fed
with an artificial diet amended with chitosan. Badway and El-Aswad (2012) evaluated

chitosan of different molecular weights 2.27 x 10 , 3.60 x 10 , 5.97 x 10 , and 9.47

xlO^ g mof' along with various metal complexes like silver, copper, nickel and
mercury. It was revealed that artificial diet incorporated with chitosan 2.27 x 10^ g
mor' with complexes Ni and Hg @ 4 g kg"^ resulted in maximum growth inhibition,
feeding inhibition and mortality in third instar larvae of Spodoptera litura.

Bharani et al. (2014) investigated the insecticidal activity of Beauvericin

(Csnp- Bv) loaded with chitosan nanoparticles for the control of Spodoptera litura
found that there was 100 per cent mortality of larvae treated 1.0, 0.01, 0.001 mg

concentrations in the first and second instars. This formulation also highly reduced
pupal period and rate of adult emergence.
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Zeng et al. (2012) concluded that increased concentration of chitosan ftom one

to five per cent increased the antifeedant rate of artificial diet fed to black cut worm

Agrotis ipsilon Hufiiagel, soybean aphid Aphis gossypii and pod borer Maruca vitrata

V. It was also reported that chitosan also acts as a signal molecule to the plant The

highest antifeedant effect was observed in Maruca vitrata (87.24 per cent) followed

hy Agrotis ipsilon (82.89 per cent) Aphis gossypii (80.21 per cent).

Sahab et al (2015) were die first to report the impact of chitosan on

coleopteran pests. They observed that artificial diet containing 12.5 parts chitosan

(CS) -g- polyacrylic acid (PAA) nanoparticles reduced the mean number of eggs per
female in cowpea weevil, Callosobruchus maculatus fiiom 95.3 to 10.9 in vitro and

fiom 94.3 to 19.9 in storage compare to control. The percentage of weevil

development also showed 71.7 per cent decrease compared to control. Callosobruchus

chinensis also show^ similar decrease in fecundity, fiom 96.3 to 21.9 per cait in die
laboratory and 91.3 to 21.1 per cent in storage. The percentage of insect growth also
showed 73.0 per cent decrease compared to control. It was also reported diat a diet
containing 12.5 parts chitosan reduced A. gossypii fecundity fi-om 97.3 to 20 9 and
90.3 to 28.9 in laboratory and semi-field conditions and 77.8 per cent decrease in
larval weight

2.4 J Influence of chitosan treatment on germination parameters

Seed treatment of chitosan widi 1 percent and foliar spray of 0 5 per cent
showed a significant increase in growth, 1000 seed test weight and yield of chilli
(Akter et al, 2018).

Maize seed treatment with chitosan showed no effect on germination at low
temperatures but enhanced gemination at optimum temperature and environmental
conditions (Guan et al, 2009).

Improvement in germination percentage, root and shoot length, photosynthesis
rate, stomatal conductance and root activity was observed in wheat seeds treated with
oligochitosan (Lian-Ju et al, 2014)
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2,4.3.1 Germination percentage

Zeng et al. (2012) reported that soybean seed coated with 5 per cent chitosan

showed enhanced germination of seeds (90%) and no significant difference among

seeds treated with 4 and 5 per cent chitosan solution. He also revealed that 5 per cent

chitosan increased the yield up to 20 per cent compared to control.

hicreased percmtage of germination and hypocotyl length was found in the

seeds primed with 3g U' chitosan compared to control. Highest radicle length and
seedling weight in seeds primed with 6g L*' chitosan was rqmrted (Al- Tawaha and

Al- Ghzawi, 2013).

Chitosan coated groundnut seeds showed improved seed germination

percentage, activity of lipase enzyme and auxin (Indole acetic acid) (Zhou et al,

2002). Soaking maize seeds in chitosan solution increased the germination percentage

(Guan et al, 2009).

2.4.3.2 Speed of germination

Chitosan coated seeds showed improvement in seedling growth and

development of wheat seeds compared to control (Zeng and Luo, 2012). Sen and

Mandal (2016) concluded that 0.1 per cent chitosan at 5 per cent moisture level and

0.2 per cent at 10 per cent moisture levels served as an ideal elicitor for improving the

speed of germination and synchronize the emergence of seedlings. Also, chitosan

alleviated the detrimental effect of salinity upto 6 dSm"'. Guan et al. (2009) revealed

that seeds primed with chitosan showed reduction in mean germination time and

increased speed of germination.

2.4.3.3 Seedling length and dry weight

An increase in germination rate, hypocotyl length, and radicle in rapeseed

were noticed when seeds were soaked with chitosan (Sui et al, 2002). Treatment with

chitosan solution of 493 kDa improved the overall growth and quality of soybean

sprouts (No et al, 2003). Cho et al (2008) concluded that chitosan seed treatment
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with 476 kDa improved the total dry weight, width and length of hypocotyl of

sunflower seeds.

Sheikha and Al- Malki (2011) found that chitosan at O.S per cent increased flie

root lengdi of cowpea by 32.78 per cent. Chitosan at 2.5 per cent increased flesh shoot

weight by 6.76 per cent and root weight by 8.13 pa- cent

2A3.4 Seedling vigour index

Shao et al (2005) suggested that seed priming wifli chitosan solutions

improved the rate of germination, germination percentage, chlorophyll content shoot

length and seedling vigor of maize. Priming of pearl millet seeds with chitosan at 2.5g
kg*' increased the germination percentage (99%) and seedling vigor (1782) of seeds
(Manjunatha ei al, 2008).

f. 6 < ■

Sui et al (2002) observed that rapeseed coated with small molecular weight
chitosan had a positive effect on seedling growth, root length and germination index

In maize chitosan treatment enhanced die activity of hydrolytic enzymes like a-
amylase and protease and helps in the rapid mobilization of food reserves and its
degradation and ultimately increased tire germination and vigor of seedlings (Saharan
et al, 2016).
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3. MATERIALS AND METHODS

The project entitled "Irradiation and seed coating for enhancing storage life of

grain cowpea (Vigna unguiculata (L.) Walp.)" was conducted in the Department of

Seed Science and Technology, College of Agriculture, Vellayani,

Thiruvananthapuram during 2020-2021 to assess the storage potential of cowpea

seeds through ganima irradiation and chitosan seed coating and also to study the

morphological changes that occurs due to gamma irradiation. The materials used and

the methods adopted for the study is described in this chapter.

3.1 EXPERIMENT DETAILS

3.1.1 Location and climate

The study was conducted in the D^artment of Seed Science and Technology,
College of Agriculture, Vellayani, Thiruvanandhapuram located at S'S' N latitude and
76*9'E longitude and at an altitude of 29 m above MSL.

3.1.2 Experimental material

The study was conducted using the seeds of grain cowpea variety
Kanakamony released by KAU. Seeds were procured from Onattukara Regional
Research Station, Kayamkulam

3.2 IRRADIATION OF COWPEA SEEDS WITH GAMMA RAYS

3.2.1 Design and layout

Design: Completely Randomized Block Design (CRD)

Treatments: 6

Replications: 3
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Table 1: Different doses of gamma rays

Treatments Gamma doses

Ti 100 Gy

T2 200 Gy

T3 300 Gy

T4 400 Gy

Ts 500 Gy

Te Control

3.2.2 Imposition of treatments

3,2.2 J Gamma irradiation instruments and source

For the present study, the gamma chamber -5000 wa« used as irradiation
source which was installed at Indian Institute of Horticultural Research, Bangal

3.2,2,2 Specifications of gamma chamber - 5000

The gamma chamber-5000 is a small self-shielded u
woait-oO canmia

irradiation chamber wifli a 5000 cc irradiation volume Thp• iue irradiation seed material
can be placed in a sample chamber in a vertical drawer inside tii 1

fl&slc and th
treatment doses can be adjusted accordingly. This drawer ic

,  . f up and downusmg a system motonsed dnve, allowmg for exact positionine ef a

in the radiation field's centre. ^ chamber

The Cobalt-60 sources are double-encased in stainu

j  P®ucUs (resistantto corrosion) and subjected to rigorous testmg in accordance
guidelines. In the vertical drawer, eight millimeter diameter a ^temational

holes aro nm 'a a
for the entry of service sleeves for gases, thermocounles provided

•  other items. There is
20



also a device for rotating or swirling samples during irradiation. Cobalt-60 source is

surrounded by the lead barrier which is sufficient to maintain die radiation field

widiin permissible limits. The time it takes for radiation to reach a sample varies

depending on the dose. Following the application of irradiation, a vertical drawer rises

fiom which samples can be tak^.

Table 2: Specifications of gamma chamber - 5000

Maximum Co- 60 source capacity 518 TBq (14000 Ci)

Dose rate at maximum capacity - 9 kGy/hr (0.9 Mega Rad/hr)

at the center of sample clmmber

Dose rate imiformity +25% or better radially;

-25% or better axially

Irradiation volume 5000cc approx.

Size of sample chamber 17.2cm (dia)X 20.5cm (ht)

Shielding material Lead & stainless steel

Weight of the unit 5600 kg. approx.

Size of unit 125cm (l)X106.5<an (w) X 150cm (ht)

Timer range 6 seconds onwmds
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3.2.3.3 Procedure for imposition ofgamma irradiation

For imposition of gamma inadiation treatmesnts, 800 g of seeds were used for
each treatment. The seeds were filled in the sample chamber and lid was then closed

Then the required doses were set as per the treatments. The duration taken for
irradiation was adjusted automatically as per the dose det. Generally low doses
require less time exposure when compared to high doses.

3.2.4 Seed storage

Seeds after treatment were packed in sealed polythene bags and stored for six
months.

3.2.5 Observations

The below mentioned gennination parameters and pulse beetle infestation
assessment was taken at monthly intervals for six months Moiph 1
abnormalities arising due to irradiation was also analyzed at field level exp

3.2.5.1 Pulse beede infestation assessment

3.2.5.1.1 Percentage seed damage

The percent seed damage was determined by coUecting a sample of 100
fix)m each three replications of each treatment at monthly intervals Th rf
were separated fium the total seed taken and counted t1i« j ,""icu. ine seed havmg one or mo
holes were counted and considered as damaged seed Baced^ *1. ^

'  ̂ data obtained fi-omthe samples examined, the percentage seed damage was calculated b
described by Adams and Schulten (1978) and expressed in percentage ̂

Percentage seed damage = of damaged seeds
Total number of seeds taken ̂

3.2.5.1.2 Seed weight loss percentage

The percentage seed weight loss was assessed by taking a
100 cowpea seeds fix)m all replicates of each treatment S ed • sample of

percentage
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was calculated by using the formula given by Adams and Schulten (1978) and

expressed in percentage.

UCNd)-D(Nu)
Seed weight loss percentage= ^ (Nu+Nd) ^

Nd- Niunber of damaged seeds

Nu- Number of undamaged seeds

D- Weight of damaged seeds

U- Weight of undamaged seeds

3.2.5.1.3 Number of eggs per 100 seeds
o

Hundred seeds were taken randomly fiom each replication of all treatments

and number of eggs laid on those seeds was counted.

3.2.5.1.4 Number of damaged seeds, weight of damaged seeds, number of

undamaged seeds, and weight of undamaged seeds

Hundred seeds were randomly taken and all these paramet^ were calculated

for all treatments and were compared with the untreated control.

3.2.5.2 Germinadon parameters

3.2.5.2.1 Germination percentage (%)

The gennination test was carried out with 100 seeds in four repUcations with
rolled paper towel method as prescribed by ISTA. Normal healthy seeds were taken
for gennination test. The numbers of normal seedlings in each repUcation were
counted on 8*^ day for cowpea and the mean germination was calculated and
expressed in pCTcentage (ISTA, 2013).

3.2.5.2.2 Speed of germination

Germination for each day was counted and recorded upto 8*^ day and
expressed in percentage.
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The speed of gennination was calculated by employing the following formula

suggested by Maguire (1962),

Speed of germination = Xi / Yi + X2 / Ya + + Xn - Xi-i / Yn

Where Xn=percent germination on n*** day

Yn=number of days from sowing to n*®* count

3,2oSJJ Seedling shoot length

In each treatment, ten normal seedlings were randomly selected on eighth day.

The shoot length was measured from the base of the primary leaf to the base of the

hypocotyls and the mean was calculated and expressed in cm.

Seedling root length

The root length for normal seedlings selected for shoot length was calculated
anft mean is expressed in cm.

5.2.5.2.5 Seedling dry weight (g)

Ten normal seedlings were selected from each treatment and air dried for six
hours and then in hot air oven at 60° C for 48 h and was cooled at room temperature
for 45 minutes, then the dry weight of seedlings were recorded and expressed in g

3.2.502.6 Seedling wgor index I

The seedling vigor index was calculated by adopting the formula suggested by
Abdul- Bald and Anderson (1973).

Seedling Vigour index I = Germination (%) x Seedling length (cm)

3.2o§,2.7 Seedling vigor index If

The seedling vigor index H was computed by adopting the formula suggested
by Abdul- Bald and Anderson (1973).

Seedling Vigour index H = Germination (%) x Seedling dry weight (g)
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                      Plate 1: Field preparation                                                        Plate 2: Formation of ridges and furrows 

              



 

 

 

 

             

                       Plate 3: Flowering stage of cowpea plants                Plate 4: Pod filling stage of cowpea plants



 

 

 

 

Plate 5: General view of experimental area for field evaluation



3.2.5.3 Field evaluation of irradiated seeds for morphological parameters

3.2.5.3.1 Design and layout

Design • Randomized Block Design (RBD)

Treatment: 6

R.cpliC2itioiis • 3*

3.2.5.3.2 Planting material

seeds were selected landomly from each treatment and sown in field
m evaluate motphologieal parameters arising due to gamma irradiation. Seeds were
sown with the spacing of 30 x 15 cm.

3.2.5.3.3 Morphological parameters

3.2.5.3.3.1 Germinadon percentage

Fifty numbers of randomly selected seeds from each treatment were sown in a
well prepated field at 3 em depth. The getmination percentage was expressed in
percentage.

Total number of seedlings emerged ̂  |
Germination percentage = number of seeds sown

3.2.5.3.2 Plant height

I, was measured ftom ground level to the top most fiiUy opened leaf at harvest
stage. Height of plant was recorded in cm.

3.2.5.3.3 Number ofpods per plant
^  nods from aU selected plants were counted manually

The total numbers of pods
finm all the treatments.
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3,2.5.3J Number ofseeds per pod

The total number of seeds fiom randomly selected pods in all treatments was

counted.

3.2.5.3.5100 seed weight

Hundred seeds were randomly taken from each treatment and its weight was

calculated using electronic balance.

3.2.5.3.6 Moiphological abnormalities

All the plants were analyzed from vegetative stage imtil harvest for various

morphological abnormalities arising due to irradiation and compared with the
untreated control.

3,3 SEED COATING OF COWPEA SEEDS WITH CHTTOSAN

3.3.1 Design and Layout

The experiment was carried out in Completely Randomized Block design

(CRD) with 11 treatments in three replications.

3.3.1.1 Preparation ofchitosan solution and seed coating

Chitosan powder was dissolved at 1, 2, 3,4 and 5 per cent (w/v) into aqueous

solution of 1 per cent acetic acid (w/v). 50 g of cowpea seeds were taken in three

replications in each treatment and mixed with 1 mL for 1:50 ratio and 5 mL for 1:10

ratio. Seeds were taken in plastic tray and mixed with chitosan solutions at different

concentrations and shade dried for 8 hours.

3.3.2 Seed storage

Seeds after treatment were packed in .sealed polythene bags and stored for six

months.
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Plate 6: Different concentrations of chitosan solution prepared chitosan powder

1 % chitosan 2 % chitosan 3 % chitosan 

4 % chitosan 5 % chitosan 



Table 3j Different concentrations of chitosan solution

Treatment Chitosan doses

Ti 1 % @ 1 mL 50 g ofseed

T2

Ta

1 % @ 5mL 50 g" ofseed

2 % @ ImL 50 g ofseed

T4
2 % @ 5niL 50 g ofseed

Ts
3 o/o @ ImL 50 g ofseed

T6
3o/o@5mL50g ofseed

Tv
4 % @ ImL 50 g ofseed

Ts
4 % @ 5mL 50 g ofseed

5 o/o @ ImL 50 g ofseed

5o/o@5mL50g"'ofseed

Control

3.3.1 Observations

Germination parameters

montuy intervab for a period of six monllis.

3.3.3.1 Pulse beetle InfestuHou ussessmeut

3J.3J.

were recorded at

as determined by collecting a sample of 100 seeds
The percent seed treatment at monthly intervals. The damaged seed

from each three repUcations o eac ^^ted. The seed having one or more
separated &om the total seed taken
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holes were coimted and considered as damaged seed. Based on the data obtained fiom

the samples examined the percent seed damage was calculated by the formula

described by Adams and Schiilten (1978) and expressed in percentage.

Pe«cn.age«e<ldamage=

333.L2 Seed weight loss percentage (%)

The percentage seed weight loss was assessed by taking a random sample of
100 cowpea seeds fix)m all replicates of each treatment Seed weight loss percentage
was calculated by using die formula given by Adams and Schulten (1978) and
expressed in percentage.

Seed weight loss percentage= x 100

Nd- Number of damaged seeds

Nu- Number of undamaged seeds

D- Weight of damaged seeds

U- Weight of undamaged seeds

33.3olo3 Number of eggs per 100 seeds

Hundred seeds were randomly seleeted Som eaeh repUeation of aU trealments
and number of eggs laid on those seeds was counted

3.3.3.1.4 Number of damosed eeede, uudght of dumuged seeds, of
undamaged seeds, and weight of undamaged seeds

Hundred seeds were nmdomly mken and dl tkese pammeters were ealeulared
for all treatments and were compared with the untreated control
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33.3.2 Germination parameters

3.3.3.2.1 Germination percentage

The germination test was carried out with 100 seeds in four replications widi

rolled paper towel method as prescribed by ISTA. Normal healthy seeds were taken

for germination test. The germination test was conducted at room temperature and a
germination period of 8 days adopted throughout the study. The numbers of normal
gp^/tlingg in each replication were counted on S'*' day for cowpea and the mean
germination was calculated and expressed in percentage (ISTA, 2013)

3.3.3.2.2 Speed of germination

Gemination for each day was counted and recorded upto 8'®' day and
expressed in percentage. The speed of germination was calculated by employing the
following formula suggested by Maguire (1962),

Speed of germination = Xi / Yi + X2 / Ya + + Xn—Xn-i / Yn

Where Xn = percent germination on day

Y„=number of days from sowing to count

3.3.3.2.3 Seedling shoot length

In each treatment, ten normal seedlings were randomly selected on eighth day.
The shoot lengfli was measured fiom the base of the primary leaf to the base of the
hypocotyls and the mean was calculated and expressed in cm.

3.3.3.2.4 Seedling reel length

The root length for normal seedlings selected for shoot length was calculated
and mean is expressed in cm.

3.3.3.2.5 Seedling dry weight

Ten normal seedlings were selected from each treatment and air dried for six
hours and then in hot air oven at 60« C for 48 h and was cooled at room temperature
for 45 minutes, then (he dry weight of seedlings were recorded and expressed in g.
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33.3.2^6 Seedling vigor index I

The seedling vigor index was calculated by adopting the formula suggested by

Abdul- Bald and Anderson (1973)

Seedling Vigour index I = Germination (%) x Seedling length (cm)

3.33J.7Seedling vigor index U

The seedling vigor index n was computed by adopting the formula suggested

by Abdul- Bald and Anderson (1973)

Seedling Vigour index U = Germination (%) x Seedling dry weight (g)

3.4 STATISTICAL ANALYSIS

The collected data were statistically analyzed using Analysis of Variance

Technique (ANOVA) under Completely Randomized Block Design (CRD) for
storage studies and Randomized Block Design (RBD) for field studies. WASP and

OPSTAT software were used for obtaining mean. Standard Error (SE) and Critical

Difference.
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RESULTS



4. RESULTS

The present investigation entitled "Irradiation and seed coating for
enhancing storage life of grain cowpea (Vigna unguiculata (L.) Walp.; was carried
out to standardize the gamma doses and chitosan concentration with optimum
quantity for increasing the storage life of cowpea seeds. This experiment was
carried out in the Department of Seed Science and Technology, CoUege of
Agriculture, Vellayani during 2019-21. Various parameters were studied in both the
experiments for a period of six months during storage. The data obtained during the
course of investigation were statistically analyzed and the results are presented with
suitable tables.

4.1 IRRADIATION OF COWPEA SEEDS WITH GAMMA RAYS

o

The study was carried out with different ganuna doses of 100, 200, 300 400
and 500 Gy and stored samples were analysed for the following parameters and the

results are given in the following headings

4.1.1 Pulse beetle infestation assessment

4.1.2 Seed germination parameters

4.1.3 Morphological paramet^

4.1.1 Pulse beetle infestation assessment:

The impact of different gamma doses on pulse beetle damage during storage

period is fomished below:

4A.L1 Percentage seed damage (%)

The result of influence of different gamma doses on percentage seed damage
during storage period is presented in the Table 4.

All the gamma doses used were significantly superior to control in reducing

infestation of cowpea seeds by pulse beetle during storage. Seed mfestation was not

observed in treatments Tj (100 Gy) for up to three months of storage and T2 (200 Gy)

for up to five months of storage. No seed damage was observed in treatment T3 (300

31



Gy), T4 (400 Gy) and T5 (500Gy) throughout the storage period. In contrast, seed

infestation was observed finm first month up to six months in control.

At the end of storage period, percentage seed damage was highest in Control

(56.33 %) which was then followed by 100 Gy (2.667%) and 200 Gy (0.667%)

whereas no seed damage was recorded in treatment 300 Gy, 400 Gy and 500Gy

throughout the storage period of six months.

4.LL2 Seed weight loss percentage (%)

The result of influence of different gamma doses on seed weight loss

percentage during storage period is presented in the Table 5.

Seed weight loss percentage was not observed in treatments Ti (100 Gy) for up
to three months of storage and T2 (200 Gy) for up to five months of storage. No seed
weight loss was observed in treatment T3 (300 Gy), T4 (400 Gy) and T5 (500Gy)
throughout the storage period. However, weight loss was observed finm first month

up to six months in control.

At the end of storage period of six months, seed weight loss percentage was
highest in Control (28.182 %) which was then followed by 100 Gy (0.995 %) and 200
Gy (0.290 %) whereas no weight loss was recorded in treatment 300 Gy, 400 Gy and
500 Gy throughout die storage period.

4.LL3 Number of eggs per 100 seeds (nos)

The result of the experiment on the impact of different gamma doses on
number of eggs per 100 seeds is presented in the Table 6.

The results indieated that all the treatments were significantly superior to
control in inhihiting egg laying by the female beefie. No eggs were laid in seeds
esposert to gamma rays of T, (300 Gy). T4 (400 Gy) and T5 (500 Gy) thioughout the
storage period. However oviposition was observed in control ftom the first month of
storage onwatds. 11.0 number of eggs laid progressively increased in control over the
period of study.
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At the end of storage period, highest number of eggs was laid in control with

die number of eggs ranging fiom 0.333 from the first month to 78.333 in the sixth

month of storage. It was followed by Ti (100 Gy) with the number of eggs ranging

fiom 0.00 - 4.333 and T2 (200 Gy) with 0.00-1.667 fiom first to six mondis of

storage.

4.1.1,4 Number ofdamaged and undamaged seeds (nos)

'Thme were significant differences between treatments in the mean number of

seeds damaged and undamaged by pulse beetle (Table 7).

There was no seed damage in the seeds treated with T3 (300 Gy), T4 (400 Gy)

T5 (500 Gy) throughout the storage period. Damaged seeds were not observed in

treatments Ti (100 Gy) for up to three months of storage and T2 (200 Gy) for up to

five months of storage. At the end of storage period of six months, number of

damaged seeds was highest (56.333) in control which is followed by 100 Gy (3.00)

and 200 Gy (0.667) whereas no damaged seeds were recorded in treatment 300 Gy,

400 Gy, 500Gy throughout the storage period of six month

4.1.1,5 Weight ofdamaged and undamaged seeds (g)

The mean weight of damaged and imdamaged seeds was significantly different

fiom forth month of storage (Table 8).

There was no weight loss in the seeds treated with T3 (300 Gy), T4 (400 Gy)

and Ts (500 Gy) throughout the storage period. Weight loss was not observed in
treatments Ti (100 Gy) for up to three months of storage and T2 (200 Gy) for up to
five months of storage. At the end of storage period of six months, highest mean
weight of damaged seeds (4.163 g) was found in control which is foUowed by 100 Gy
(0.180 g) and 200 Gy (0.040 g) whereas no weight loss was recorded in treatment 300
Gy, 400 Gy, 500Gy throughout die storage period of six month.
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4.1.2 Seed germioation parameters

The different seed gennination parameters were taken for a period of six

months of storage.

4.1.2.1 GerminaOon percentage (%)

At the end of six-month storage, T2 (200 Gy) reeorded highest gennination per
cent (84.33%), which was on par widi T, (100 Gy) and T« (Control) with gennination
per cent of 81.80 per cent and 80.66 per cent Also, T, (500 Gy) recorded the lowest
germination per cent (26.33%) (Tahle 9). The mean germination percentage of
varions gamma doses ranged between 88.91% (200 Gy) and 78.81% (500 Gy).

4eL2J Speed of germination

The speed of gennination during storage period as recorded to be the highest
■ T t200Gy).e 32.13.Themeangerminationspeedofseedsaftervariousgamma
L'traatments ra«ed between 34.45 (100 Gy) and 27.67 (500 Gy). This was foundm he on par with T, (100 Gy, 32.10) and Ts (Control, 31.40). The slowest germination
was recorded for the treatment Ts (500 Gy) given in Table 10.

4J.2e3 Seedling shoot length (cm)

The mean seedling shoot length under vadous gamma doses varied fom. 13.25n00Tyr.n90cm(500Gy).Attheendofstoragepe.iod(sixthmonth),T2(200
cm(lOOGy) _ ^ (11.83 cm), whieh was on par with Ts
Gy) recorded Ingh ^
(Control, 11.56 cm) and T, (100 uy,
cm) was recorded in Ts (500 Gy) (Table 11).
4JJ.4 Seedling root length (cm)

length under various gamma doses varied between
•me mean ^ U,e seedling shoot length after six

15.02 cm and 8.09 cm „ /,nn Gv) recorded the highest seedling root
nronths of storage, the treatment T, (100

39



length(13.84 cm) which was on par with T2 (200 Gy, 13.43 cm) and Te (Control, 12.45

cm). Ts (500 Gy) showed the minimum seedling root length of 7.23 cm.

4.L2.S Seedling dry weight (g)

At the end of six-month stoiage, T2 (200 Gy) recorded seedling dry
weight (0.703 g), which was on par with T, (100 Gy). Ts (Control) and T, (300 Gy)
with 0.O93 g, 0.687 g and 0.641 g (Tahle 13). Also. T, (500 Gy) recorded the lowest
seedling diy weight (0.549 g) among Ore treated seeds as weU as control seeds (Table
6). The mean seedling dry weight of various gamma doses varied between 0 747 (200
Gy) and 0.634 g (500 Gy).

4.L2,6 Seedling vigour index I

The impact of various treatments on seedling vigour index I is given in Table
,4. At dm end of sixth month, highest seedling vigour index 1 (2130.49) was observed
inT2(200Gy)whichwasonparwithT,(100Gy)with2074 57

1939.24.•Ihelowestvalue(1146.47)wasexhibitedbyTr(500GT) tIindex 1 of the seedlings over the storage period ranged between 2502
1403.98 (500 Gy).

4Jo2.7 Seedling vigour index II

The impact of different gamma doses on seedlW •Table 15. At the end of storage period of six months hil ^
(59.28) was recorded in T2 (200 Gy) which was ' ®®edling vigour index n
and T6 (control) with 55.52. The lowest value (39^86r
The mean vigour index H of seedlings during the s in T5 (500 Gy).
(66.49) and T5 (49.56). ^ ranged between T2

40
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Table 15: Effect of g
a
m
m
a
 doses on seedling vigour index n

 of cowpea seeds for six months of storage

Seedling vigour index n

T
r
e
a
t
m
e
n
t

M
o
n
t
h
s
 After Storage (

M
A
S
)

4
M
e
a
n

T
i
 (1
0
0
 G
y
)

7
0
.
7
4
"

(8.46)»*

6
8
.
3
0
"

(8.32)

i
r

66.14'

(8.19)

6
4
.
5
0
"

(8.09)

6
1
.
3
3
"

(7.89)

w
5
6
.
7
3

(7.59)

6
4
.
6
2

(8.04)

T
2
(
2
0
0
G
y
)

7
1
.
8
5
"

(8.53)

6
9
.
3
2
"

(8.38)

6
8
.
5
6
"

(8.34)

6
6
.
8
4
"

(8.23)

6
3
.
0
8
"

(8.00)

5
9
.
2
8
"

(7.76)
B
e
"

W

6
6
.
4
9

(8.15)

T
3
(
3
0
0
G
y
)

65.64""

(8.16)

62.92'

(7.99)

62.24®

(7.95)

61.70'

(7.92)

5
9
.
5
8
"

(7.79)

w
50.14'

(7.15)

w
5
8
.
0
7
"

(7.69)

B
c
"

4
8
.
6
0
"

(7.03)

6
0
.
3
7

(7.77)

T4(400Gy) 1 
60.29

(7.83)

6
0
.
0
9

(7.82)

54.68'

(7.45)

4
5
.
8
9

(6.84)

5
4
.
6
0

(7.39)

T
5
(
5
0
0
G
y
)

56.37®

(7.57)

5
5
.
6
7
"

(7.53)

55.04®

(7.49)

4
7
.
3
r

(6.95)

4
3
.
0
3
"

(6.63)

3
9
.
8
6
"

(6.39)

S
B
"

i
5
"

B
T

I
F
"

4
9
.
5
6

(7.04)

T
e
 (Control)

6
6
.
6
9

(8.26)

65.57'

(8.16)

6
4
.
2
5

(8.07)

6
3
.
4
0
"

(8.02)

6
0
.
0
5
"

(7.80)

55.52'

(7.51)

6
2
.
5
8

(7.91)

S
E
(
m
)

0
.
1
4

0
.
0
9

0
.
0
6

0
.
1
6

0
.
2
1

0
.
1
6

C
D
 (
5
%
)

0
.
4
4
1

0
.
3
0
8

0
.
2
0
1

0
.
5
2
7

0
.
6
6
2

0
.
5
1
3

♦•Values in parenthesis are square root transferred values
The values in the sam

e colum
n w

ith the sam
e alphabet as superscripts are not significantly different.
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4.13 Held evaloetioB of treated seeds for observing morphological parameters

The study was earned out with 50 seeds in each treatment (100,200,300,400,500 Gy and Control) which were sowninthe field withthe spacing of30xl5emmKi

different morphologie.i parameters ahnormaUties arising due to trrwhahon were
analyzed and observations are presented in Table 16.

4.L3.1 Germinadon percentage (%)

Oamma irradiation did not appear to delay dre germination of seeds at low
.  100 Gy 200 Gy and 300 Gy. At higher doses i.e., 400 Gy and 500 Gy, adoses Ilk . „„H„ent (Ts) 500 Gy exhibited a low germination

200 Gy, Cr,) .00 Gy recorded germination percentage of 96% mrd 96
% and control with 96% respectively.

4JJ.2 Plant height (cm)

yn beinht of the plants was reeortted on fortieth day of sowing and the data
t, fble 16 -tte plant height values showed a slight reduction withgiven m the Ta ^ tot of the control, ffighest gamma

toreasing do^ " % ^ ^ There was no
dose of 500 Gy (Ts) jOO and 300 Gy
aignifieant difference among the mean
which lies between 39.80cm - 40.00cm.

4.1.3.3 Number of
f nods plant •' given in the Table 16. The mean

The data on 1530 nos in (Ts) 500 Gy to 16.67 nos in (Tj)
number of pods plant rang highest mean was recorded

200 Gy as compared to the (Te) co j ̂  (Tj) 50O Gy with 15.20 nos. The
. - 1 < A7 TlOS tuC

in (T2) 200 Gy with 10.0/ p„nTma doses compared to control and
means for this character were higher m
decreased with increase in gannna doses.
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4d.3,4 Number ofseeds po£^ (nos)

The mean for this character was highest in (T3) 300 Gy (15.27 nos), followed

by (Ta) 200 Gy (15.25 nos) and lowest in treatment (T5) 500 Gy (15.08 nos) among aU
the treatments.

4,L3.5100 seed test weight (g)

The variation in 100 seed test weight was recorded and presented in Table 16.

Less variation in means of the character was observed in all the treatments and there

were no significant differences among the treatments. The mean for 100 seed test
weight ranged between 10,53 g (200 Gy) to 10.48 g (500 Gy).

4.L3.6 Morphological abnormalides

No morphological abnormafities was recorded in control and lower gamma
doses, whereas few crinkled leaves were found in higher doses like (T4) 400 Gy and
(Ts) 500 Gy in the early days. However, these plants recovered and produced normal
leaflets afterwards.
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4.2 SEED COATING OF COWPEA SEEDS WITH CHTTOSAN

The study was conducted with different concentrations of chitosan 1 %, 2 %, 3

%, 4 % and 5 % each at 2 different doses as 1 ml and 5 ml for 50 g of seeds and stored

seeds were analyzed for different parameters and results are presented in the

following headings

4.2.1 Pulse beetle infestation assessment

4.2.2 Germination parameters

4.2.1 Pulse beetle damage

The impact of chitosan seed coating on damage by pulse damage during
storage period is furmshed below

4.2.1.1 Percentage seed damage (%)

All the chitosan doses used were significantly superior to control in reducing
of cowpea seeds during storage (Table 17). Seed infestation was not

observed in treatntents 1 % @ ImL 50 g', 1 % @ 5 inL 50 g', 2 % @ 1 niL 50 g' of
seed for to four months of storage. No seed damage was observed in treatment 4 %@ 1 mL 50 g'of seed, 4 % @ 5 mL 50 g', 5 •/. @ 1 mL 50 g' of seed and 5 % @ 5
mL 50 g' of seed thmughout the storage period. In eontrast. seed infestation was
observed fiom first month up to six months in oontmL At the end of storage p«iod,

.A ... was hiehest in control (56.33%), 1 % @ 1 mL 50 g"' of seedoeicentage seed damage was mgnessi m

n 667-/.) and no seed damage was observed in 4 % @ 1 mL 50 g of seed, 4 % @ 5no, 50 g-, 5 % @ 10.L 50 g- and 5 % @ 5 mL 50 g- of seed

4.2.1.2 Seed weight lesspereetUage (A)

The impact of chitosan seed coating on seed weight loss percentage during
X A ;« Af Table 18. No seed weight loss was observed instorage ^ 4 @ 5 mL 50 g', 5 % @ 1 mL 50 g- of seed

slsOi' ofseed throughout the Storage period. In contrast, seed weight
K  month up to six months in control. At the end of Storageloss was observed ft pementage was high in Control (28.182%),

period of six months, seed weigni
53



whereas no weight loss was recorded in treatment 4 % @1 ImL 50 g'\ 4 % @5 mL

50 g"', 5 % @1 mL 50 g"' and 5 % @ 5mL 50 g"' of seed.

4,2.13 Number of eggs 100 seeds'^ (nos)

The result indicated that all the treatments were significantly superior to

control in inhibiting egg laying by the female beetle (Table 19). No eggs were laid in
seeds treated with protectants and stored for four months. However, oviposition was
observed in treatments 1 % @ 1 mL 50 g"', 1 % @ 5 mL 50 g'\ 2 % @ 1 mL 50 g"',
2 % @ 5 mL 50 g' ,and 3 % @ 1 mL 50 g"' fiom fourth month onwards. The number
of eggs laid increasingly progressively over the period of study. In contrast, no eggs
were laid in seeds treated with chitosan at 4% and 5 % till the end of storage period.
Highest number of eggs was observed in control, which varied fiom 0.333 in first
month to 78.333 in the sixth month of storage.

4.2.1.4 Number of damaged and undamaged seeds (nos)

There was significant differences between treatments in the mean ..■■n.K.. of
seeds damaged and undamaged by pulse beetle (Table 20) There was no seed damage
in the seeds treated with 4 % and 5 % ebilosan solntioa At the end of storage period
of six months, mnnber of damaged seeds was highest in eontrol (56.333) which is
flien foUowed by 1% ImL 50 g' (7.667), 1 % 5mL 50gi (4.333) and 2 % 1 mL 50 g'
of seed (4.333) and no seed damage was found in 4 % 1 mL 50 e' 4'>/ 'srxi\ -> ^
% ImL 50 and 5 % 5mL 50 g-* of seed.

4.2.1.5 Weight of damaged and undamaged seeds (g)

The mean weight of damaged and nndamage., seeds differed signifieantly
fiem fourth month of storage (Table 21). There was no weight loss in the seeds
treated with 4 •/, and 5 % ehitosan solntioa At the end of storage period of six
months, highest weight of damaged seeds were found in eontrol (4.163 g) which is
then foUowed by 1% ImL 50 g- (0.450 g), 1 % jmL 50g- (0.247 g) and 2 «/. I mL
50 g- (0.267 g) and no weight loss was found in 4 % ImL 50g', 4 % 5 mL 50 a' 5
% ImL 50 g"', and 5 % 5mL 50 g"'of seed.
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4.2.2 Seed germination parameters

The HifFftTfiiit seed gennination parameters were taken for a period of six

months of storage and observations were taken at monthly intervals

4.2.2.1 Germination percentage (%)

The variations in seed germination percentage due to chitosan treatment are

given Table 22. At the end of storage period of six months, highest seed germination
per cent was found in (Tio) 5 % @ 5 mL 50 g*' of seed (89.37 %) which was on par
with (T9) 5 % @ 1 mL 50 g'' of seed (88.43 %), and (Ts) 4 % @ 5 mL 50 g"' of seed
(87.53 %). The least value (80.67 %) was observed in control (Tn). The mean
germination per cent of various treatments at the end of storage period ranged
between 86.93 % (eonttol) and 91.88 % (5 % @ 5 mL 50 g').

■a

4.2.2.2 Speed of germination

The variations in speed of germination (Table 23) due to chitosan were found
throughout the storage period. All the treatments were found to be superior over
control. At the end of storage period of six months, highest speed of gennination
(36.83) was found in (T,o) 5 % @ 5 mL 50 g > of seed which was on par with (Tg) 4
% @ 5 mL 50 g' of seed (36.82) and the least value (31.40) was recorded in (T„)
control. The mean speed of gennination of various treatments at the end of storage
period varied between 39.13 (5 %@SmL 50 g') and 33.97 (control).
4.2.2.3 Seedling shoot length (cm)

The impact of various seed treatments on seedling shoot length is furnished in
Table 24. At the end of sixth month storage period, seedling shoot length (14.90 cm)
was highest in seeds heated widi (T,o) 5 % @ 5 mL 50 g' of seed whieh was on par
with (T.) 4 % @ 5 mL 50 g' of seed (14.70 em), (T,) 5 % @ 1 mL 50 g- of seed
(14.23 cm), andCT,) 4 % @ ImL 50 g' of seed (14.20 cm). The least value (11.50

j j control. The mean shoot length value of various seedcm) was recorded m (Hu
• j 12 41 cm (control) and 15.96 cm (5 % @ 5 mL 50 g") attreatments vaned between viu v / v v./

the
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4o2,2„4 Seedling root length (cm)

The effects of various seed treatments on seedling root length are furnished in
Table 25. At the end of six months storage period, seedling root length (17.53 cm)
was highest in seeds treated with (T,o) 5 % @ 5 mL 50 g' of seed and lowest (12.45
cm) in control (T,o). The mean root length value of various seed treatments varied
between 14.59 cm (control) and 18.25 cm (5 % @ 5 mL 50 g') at the end of storage
period.

4.2.2oS Seedling dry weight (g)

At the end of sixth month, seedling diy weight (0.747 g) was highest in seeds
heated with (r,o) 5 % @ 5 mL 50 g' of seed whieh was on par with (Ts) 4 •/. @ 5 mL
50 g-' of seed with 0.740 g. (T,) 5 % @ 1 mL 50 g- widi 0.738 g, (T.) 3 % @ 5 mL
50g' wid.0.729g, (T,) 4 •/.@ 1 mL50g• wiU,0.726g. and (T,) 3 % @ 1 mL 50 g
' wid. 0.724 g. The lowest value (0.687 g) was mcorfed in (T..) eontrol. The mean
seedlmg diy weight value of various seed treahnents varied between 0.719g (eontrol)
and 0.724g (5 % @ 5 mL 50 g') at the end of storage period (Table 26).

4.2.2.6 Seedling vigour index I

At d.e end of stomge, highest seedling vigour index 1 values (2898.28) were
Observed in (T,.) 5 •/. @ 5 mL 50 g ■ of seed whieh was on par with (Ts) 4 •/. @ 5 mL
50 g ofseed (2719.75). The lowest value (1939.24) was exhihi.~li, .

-^'""swhibited by Control (Tn).^ mean seedlmg vgour mdex I of dm seedlings over the storage period varied
between 2362.63 (eontrol) and 3144.84 (5 •/. @ 5 mL 50 g"') (Table 27).
4.2.2.7 Seedling vigour index U

The impact of various heahnents on seedling vigour index n is given in Table
28. At the end of storage, highest vigour index fl values (66 79\
(T,o) 5 % @ 5 mL 50 g' of seed (66.79) which was ^ ^ observed m
g. of seed (65.26), and (T.) 4 % @ 5 11 5^ gT;" ™ @ ^0
(55.52) was shown by Control (T„). The mean vigour ild
dm stomge period varied behveen 55.52 (eontrol) and 66.7r(in 5" .r^l^ro ̂
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5. DISCUSSION

Cowpea (Vigna unguiculata (L.) Walp.) is a major pulse crop providing a

major source of protein for human nutrition. It has a unique capability of adaptation in
the drier regions where other pulse crop does not p^orm well. However, to get the
required yield, it is a prerequisite to have an optimum quantity of good quality seed.
Despite the crop, seed viabiUty and quality has a considerable effect on seedling
growth, development and yield. One of the most significant constraints in increasing
productivity is seed storage. Main internal and external fectors that affect seed
longevity are the variety of seeds, initial seed quaUty, storage conditions, moisture
content, insects, pests, and fungi. Besides this, seed aging is the most common
phenomenon in which aU the vital metabolism occurs culminating in the end of life of
seed. Aging involves die sequential deterioration of many systems within tissues.

Maintenance of seed quaUty during storage highly depends on the storage
environment. Seeds become more susceptible to infestation and infection when the
storage environment is poor. It highly accelerates the aging process and leads to seed
death within a short period of time. Storage of seeds at optimum temperature or by
using appropriate seed treatments, the rate of aging and deterioration of seed can be
delayed.

Among the major conattaints, the pulse beetle is the most serious pest Most
of its infestation starts fiom the field and continues in the storage. Seveml technhpies
have been mlopted namely, physical, chemical, and mechanical, but all of which have
certain limitations at the farmer's level. Fumigants are effective for their control;

1  a- are not airtight to impose such treatments,however traditional structures are nvi ^
aarvirim a««ii«ition affccts the food chain (Rajendran, 2003). ManyInappropriate pesticide application
a-- a j V because of their residues in foodstuffe and the highpesticides are restncted globally because

occmrence of pesticide resistance. None of the techniques had pmved to be effective
in controliing infestation, infection, and uitimately the longevity of seeds.

j a-.v«o a new technique is required to overcome suchUnder such conditions, a new n

chaUenges during seed stomge. Gamma hiadUtion serves as an alternative as there isno development ofinsect resistance and absence oftesidueahrconquuisonwi^
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physical ireatmeats, gamma inadiation is quick, convenient, and more effective
because of its penetration power (Delia et al.. 2013). However, its functional
in the plant system highly dqtend on the duration and strength of its exposure.

Natural products like chitosan also serve as an alternative to pesticides as it
reduces the negative effect on human health. It also gained considerable interest in
various fields because of its unitjue prepetties like biodegradability, non-toxicity, and
antimicrobial activity. '

So in view of its importance, an investigation was carried out to starxlardize
the dose of gamma rays and concentration of chitosan for seed coating for enhancing
the storage life of grain cowpea. The observations and results fiom the experiments
are discussed below.

5.1 IRRADIATION OF COWPEA SEEDS WITH GAMMA RAYS

. The objective of the study was to standaidize ih^ ̂
^mg the storage fife Cowpea seeds (Varie^^lLZirwl'
madrated at gamma umt m IIHR, Bangalore, was stored for a neri™, , . ^
During storage, different observations were taken su h " months.

parametets and germination parameters monthly for an'' infestationseeds were also gtown in the field to check any morphofo "^r^ Inmiiated
due to irradiation. abnormalities arising

Solol Pulse beetle infestutiou sssesssueut

fir the study, pulse beetle (.Callo^bmchm sp\ for , •
found infesting the seeds. No other stored new i- ^ P®®'

pest mcldence wfl« j ,storage period. Pulse beetle damage and insect e throughout the
treatments fiom the initial to three months of noticed in all the
infestation was noticed fiom the first However, in control, themonth, and increased
storage. In treatment Ti (100 Gy), and T2 (200 Gy) s' months of
eggs were noticed fiom the fourth and fifth month infestation and insect
and infestation were noticed in Tl and T2 their Although insect eggs
in gamma dose. ®ntage decreased with an increase
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Fig 1: Effect of gamma doses on pulse beetle infestation at the end of six months of storage 

 

 

 

 



Whereas, in treatments T3, T4, and Tj (300 Gy, 400 Gy, and 500 Gy), the

insect eggs and damage were not noticed till the end of the sixth month. Gamma

inadiation proved to be an alternative for pulse beetle control and these results were

confinned with the investigations carried out by Dongre et al. (1997), Ahmed et al.

(2003) and Tiipadii et al. (2015). A comparison of die effect of gamma doses on pulse

beede infestation is given in Figure 1.

Exposing the seeds to gamma radiation (100 Gy to 500 Gy) decreased the

percentage seed damage, seed weight loss percentage, number of eggs per 100 seeds,
number of damaged seeds, and weight of damaged seeds. In the same line, Darfour et

al (2012) concluded that gamma rays of 250 Gy lead to 100 per cent mortality of C.
maculatus within 8 days of irradiation. Exposure of green gram seeds infested with

pulse beede with different gamma doses ranging fiom 100 Gy to 500 Gy showed
varying effects and 100 Gy was found to have a sterilizing effect on adult beeties
(Bhallaera/., 2008).

Similarly. Tribolium conjusum irradiated with 800 Gy gamma doses showed

100 per cent mortaUty at 7 days after exposure (Kovacs and Kiss, 1985). Molin (2001)
suggested that lower doses causes sterihty or malformed insects whereas higher doses
induce complete mortality of beedes. Pulse beede eggs were the most vulnerable
stage and aU other life stages of beedes showed complete mortaUty with increase in
gamma doses (Supawan et al, 2005). The results are in line with the findings of Enu
and Enu (2014) who revealed that 300 Gy and 500 Gy gamma doses showed 100 per
cent mortaUty of Sitophilus zeamais and Callosobruchus maculatus. Exposure of C.
chinensis with 800 Gy showed 100 per cent pupal mortaUty (Bhuiya et al. 1985). No
adult emergence was observed on the treatment of Sitophtius granarius eggs at 50-
100 Gy (Brown et al, 1972).

EarUer findings confirmed the present investigations which state that gamma
inndiation acts as a disinfecting agent and leads to pulse beede mortaUty in storage.
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5.1.2 Germination parameters

Seed gennimtioii parameters showed a deeline in untreated seeds due to seed
aging. However, gamma irradiation at lower doses eould reduee this decline due to
aging. At six months of storage, the highest seed germination pereentage was found in
200 Gy (84J3 per cent). Reduction in germination parameters was noticed with
increase in storage period of rice (Kumar a al. 2004; Selvaraju and Krishnaswamy,
2005). Susmitha and Rai (2017) reported drat a decrease in germination potential wal
due to the aging process that consequently leads to depletion of food reserves and
seed deterioration. A comparison of different treatments on germination percentage is
given in Figure 2.

The result of the present study revealed gamma irradiation at lower doses
increases the seed germination over the eontrol but irradiation with higher doses
reduced the percentage of geimiuation. Lower doses of gamma rays had stimulatory
effect on germination by RNA activation and protein synthesis. A lower dose of
gamma rays had a stimulatory effect on germiuatiou due to better oxygen uptake and
dehydrogenase enzyme activity that provides metaboUtes to the embryo and thereby
mcreases the metabolic activity. The deeline in seed germination percentage at higher
doses might be attributed to the high eeU membrane pmmeability that progressively
results m a hrgh loss of leachates (Krishnaswamy and Seshu, 1989). The presence of
non-volatile growth inhibitors also reduces germination percentage in gamma
madurted seeds (Rajarajeshwari, 2011). Inereased gamma doses may cause injury in
seeds that leads to a deeline in germination percentage. Decline in eowpea
™on was observed with advancement in storage period at irradiation dosage of
10-60Kr(UmaandSalimath,2001).

Speed of gemrination was also highest in seeds treated with lower doses (100

Gyand200Gy).Butwithhigherdoses,therewasatrendfor.eductioninthespeiofge jmtion. The results are m accordance with earUer Bterature which snowed two-
fold ™ m the speed of germination of rermh,^^ ^ ^

ntrol when exposed to gamma rays of 100 Gy (taandrashekar et al 2013) An
merease m speed of germination was observed when tomato and okra seeds were

74



exposed to 100 Gy and 200 Gy (Nargis, 1995; Kumar and Mishra 2004). Early reports
of Akshatha and Chandrasekar (2013) also support these findings. The lower dose of

gamma rays (25 Gy) imposed a significant increase in the speed of germination in
Pterocarpus sp.

In the present study, shoot length and root length reduced significantly with
higher doses of gamma irradiation. Similar findings were reported by Pranesh et al
(2019) in which a reduction in shoot length (5.1 and 5.9 cm) was observed at 1000 Gy
gamma rays in Bengal gram and black gram at the end of nine months of storage.
Gamma rays of 800 Gy had a pronounced effect on the shoot length of amarandius
seeds with maximum reduction (Aynehband and Afeharinafar, 2012). They also
reported that poor shoot growth might be attributed due to injuiy to the seeds.

Marcu et al (2013) observed that higher gamma doses beyond 100 Gy

reduced the root length by 71 per cent in maize. Aynehband and Afeharinafar (2012)
reported that an inverse relationship was found between root length and gamma doses.
Uma and Salimalh (2001) reported a drastic reduction in shoot and root length at
higher doses of 10 -60 Kr.

Reduction in mitotic activity of meristematic tissues might be the reason for
die redaction in shoot and toot giowfli at higher gamma doses (Khalil et al. 1986).
Similar findings were reported that high gamma doses gready affect the synthesis of
pmtein (Xiuzher, 1994) reduces the production of growth hormones like lAA
(Chandoikar and Claik, 1986) inhibits leaf-gas exchange, reduces water exchange,
and growth enzymes activity (Stoeva et o/., ,2001). The least dose of 200 Gy was die
most effective dose for aU types of chickpeas as it improved the germination
pammeters CToker et al.. 2005). Seedling length at 50, 100, 150, and 200 Gy was the
Ughest on the fifth day of observation in Okra (Jaipo et al. 2019).

In the study, seedling dry weight also reduced wid. increase in gamma doses.
Reduction in dty weight of seedlings might be attributed to reduced seedling length
dnrt has a direct condation with the dry weight and ultinmtdy with seedling vigour
inde, Tlte results are contmdictory with Botzouei et al. (2010) who reported thatgamma doses of 100 Gy resulted in a 25 per cent increase in dty weight whereas 200,
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300, and 400 Gy resulted in a decrease in dry weight compared to control. The
reduced seedling wei^t might be attributed to reduced growth or moisture content in

the plant due to radiation stress (Majeed et al, 2010).

Seedling vigour index I and H of cowpea progressively decreased with the
advancement in the storage period. Akshatha and Chandiasekar (2013) found that
seedling vigour index increased at a lower dose of 25 and 50 Gy in Pterocarpus sp.
The increase in seedling vigour could be due to increased germination percentage,
shoot length, root length and dry weight at lower doses which have a positive
correlation with vigour index. A comparison between different treatments on seedling
vigour index I & n is given in Figure 3 & 4.

This result is supported by Chandrashekar (2015) who found that seedling
vigour indat showed a two-fold increase at 50 Gy compared to control in Canarium
strictum. Improvement in growth parameters may be due to enhanced photosynthesis
that leads to an increase in carbohydrate content.

All the above Btemture supported our results which recoided the highest seed
germination atlrihutes like gennination percentage, speed of gennination, shoot and
root length, dry weight, and seedling vigour index at lower gamma doses (100 and
200 Gy) whereas the lowest was recorded at higher doses like 300 Gy 400 Gy and
500 Gy.

A field experiment was conducted to evaluate the motphological pammeters of
the plants from the hradiated seeds. Fifty plants flom each tmatmcnt were observed
fiom the germmation stage until harvest for any abnoimaUties. At the field level also
gemnnation percentage of irradiated seeds decreased with increased doses. The meati
values of all other morphological characters were observed and found that there was a
reduchon in plant height, number of pods plant"', number of seeds pod"', and 100 seed
test werght m higher doses compared with control. Few crinkled leaves were observed
m 400 Gy and 500 Gy at earUer stages which was then recovered later. Lower doses
(100 Gy arrd 200 Gy) did not show any significant changes ftom the control showing
that these doses did not produce any change in the genetic makeup of the seeds
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Fig 2: Effect of gamma doses on germination percentage at the end of six months of storage 
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High gawinia doses ranging fix>m 3S0-500 Gy decreased germination

percentage of chiclq)ea (Hameed et al, 2008). A greater reduction in seed
germination was reported at 25 kOy. This effect might be attributed to damage to the

initially dividing cells (Ariraman et al, 2014). Mudibu et al (2011) reported that an

increase in tiie number of pods per plant was observed in tiuee varieties of soybean

irradiated with 200 Gy and 400 Gy. Delayed flowering may happen at higher gamma

doses. An increase in 1000 kernel weight and harvest index of canola was found in

seeds treated with 100 Gy gamma rays (Rahimi and Bahrani, 2011). Sometimes the

reduction in physiological traits may be due to sudden destraction of growth inhibitors

and metabolic changes (Ariraman et al, 2014).

5 2 SEED COAXING OF COl^^EA SEEDS ̂VITH Cul'l OSAN

Chitosan is a biopolymer obtained fix)m shells of crabs, lobsters and shrimps.

It is derived fiom chitin by deacetylation process. Cowpea seeds were coated with
different concentration of chitosan (1%, 2 %, 3 %, 4 % and 5%) each with 2 different
doses as 1 mL and 5 mL SOg"' of seed. Coated seeds were shade dried and stored for 6
months The objective of this study is to standardize flie concentration of chitosan in
order to enhance the storage life and to know the positive effects of seed coating on
germination and seedling traits of cowpea. During storage, different observations
were taken such as germination parameters, pulse beetle infestation monthly for a
period of six months.

5.2.1 Pulse beetle infestation assessment

In the present study, pulse beetle damage and insect eggs were not noticed in
all the treatments fiom the initial to four months of storage. However, in control, the
iBfestation was noticed flora die first raonth and increased up to six raondis of
Storage. In treatment Ti (1 % @ ImL 50g'), T, (1% @ SraL 50g'), T, (2% @ IraL
'JOg*') and Ts (3% @ 50g"') significant infestation and insect eggs were noticed
fsom fifth month onwards. Although insect eggs and infestation were noticed in these
treatments their percentage decreased with an increase in concentration and quantity
^ Whereas, in tioatraents T., and T. (2% @ SraL 50g' and 3% @ SraL SOg')
iafcsration was noticed flora the sUth monfli onwards. In treatments T, (4% @ linL
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50g"*), Tg (4% @ 5mL 50g'' ), T9 (5% @ ImL 50g"* ) and Tio (5% @ 5mL 50g"' ) the
insect eggs and damage were not noticed till the end of the sixth month and it was in

line with the earUer literature. Chitosan seed treatment proves to be an alternative for

pulse beetle control and these results were confirmed with the investigations carried
out by Rajkumar et al (2020), Sahab et al (2015). A comparison of different
treatm^ts on pulse beetle infestation is given in Figure 5.

Nearly, 77.8 per cent decrease in the mean number of eggs female'^ of
Soybean aphid Aphis gossypii was observed with the treatment of nano chitosan with
insects compared to control. The percentage of nano chitosan treated Callosobruchus
maculatus and Callosobruchus chinensis showed a decrease in insect growth of 71.7
per cent and a 73 per cent decrease compared to control. Also, insecticidal activity of
chitosan was exhibited at the concentration of600-600mg L"' (Sahab et al.. 2015)

Chitosan solution at 3g u' had a better insecticidal activity of 72 per cent
against Plutella xylostella compared to 1200 mg U'. Similarly, chitosan at 3 mg/1
exhibrted 38.4 per cent mortaUty of Helicoverpa armigera after 24 hours, and 40 per
cent mortality at 72 hours. Higher insecticidal activity of 70-80 per cent was reported
Bgsmst Aphis gossypii. Metopolophium dirhodum. and Rhopalosiphum padi (Zhang et
al.. 2003). ®

^^san aUo «hibi.s high tasecdddal activity against Hy.U.p,eru. pruni
-tit 90-93 per cent ntortality. Said « a,. (2011) revealed the presence of
^^e.^ elongated, and disintegtated ntidgnt epithelia in the third instar larvae of
OnZfenn melleonetta L. fed witi, an artificial diet amended with chitosan.

Bh^ et n/. (2014) investigated the insecticidal activity of chitosan
^partic^ mt^^ with Beauvericin (Csnp- Bv) formnlation on Spodop^
t^natJonndthattherewaslOOpercmttmortaiityofl^^
1' r^H T" » -oond instam and that the per cenmorlahty decreased with scale, reaching 24 II 2 »„a a n Per cent

tesoectivelv. ^ sixth instam.
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Fig 5: Effect of chitosan seed coating on pulse beetle infestation at six months of storage



5.2.2 Germination parameters

Chitosan improved the seed germination at all concentrations compared to

control. After six months of storage, seed coated with chitosan at (Tio) 5 % @ 5 mL

50g*' recorded the highest seed germination percentage (89.37 %) compared to
control (80.67 %). The results are in accordance with Zeng et al. (2012) who reported
that increased seed germination was observed in the concentration of 5 per cent Seed
coating with chitosan enhances the seed germination as it had an excellent film-
forming property that forms semi-permeable film on the surface of seeds that helps to
absorb soU moisture and maintain seed moisture (Zeng et al, 2012). It also helps the
seeds fiom corrupting by cutting off excess soil moisture. Increased seed germination
percentage was observed in the seeds primed with 3g V' chitosan compared to control
(Al- Tawaha and Al- Ghzawi, 2013). hnprovement in germination is due to increased
anti-oxidant activity at the time of seed germination. Soaking maize seeds in chitosan
solution increased germination percentage. The increase in germination parameters
could be attributed to improved enzyme activities of nitrogen metaboUsm by chitosan
(Shao et al, 2005). A comparison of different treatments on germination percentage is
given in Figure 6.

In the study, highest speed of germination (36.83) was recorded in treatment
(Tio) 5 % @ 5 50g' compared to control (31.40). It was found that aU the
tritments were superior to control fiom the first month of storage onwards. Seed
germination percentage was significantly increased in seeds coated with chitosan
compared to control (Zeng and Luo, 2012).

Seedling shoot and root length were highest in the seeds coated with 5 per cent
and 4 per cent chitosan. Similar findings were observed by Zeng et al (2012) who
^ rted that root and shoot were longer, thicker, and well developed in chitosan-

seeds compared to non-coated seeds. Chitosan reduced transpiration rate by
root length tiiat helps to alleviate stress conditions because of ite

rZ^c nature (BitteUi et al, 2001). Seedling dry weight, seedling vigour index I
aid n were highest in the seeds coated with high concentrations of chitosan.
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Different concentrations of chitosan fiom lower to higher (1 % to 5 %) have

different degrees of improvement in germination parameters compared to control. A

comparison of differrat treatments on seedling vigour index I is given in Figure 7.

Treatment of chiclq)ea seeds with chitosan nanoparticles showed improvement

in seed germination, root and shoot length, seed vigour index, and seedling vegetative

biomass. It also resulted in the formation of more lateral roots in chickpea. He found

that chitosan-treated seeds showed 100 per cent germination whereas it was only 92

per cent in control (Sathiyabama and Parthasarathy, 2016). The q>plication of

chitosan improved die shoot and root length of rice plants (Vasudevan et al, 2002). A

comparison of different treatments on seedling vigour index n is given in Figure 8.

Chitosan has a positive correlation with plant growdi-promoting processes like

nutrient absorption, cell division, protein synthesis, and cell elongation (Amin et al,

2007). Priming of seeds with chitosan solution increased germination parameters like

germination percentage, rate of germination, seedling length, and vigour index in

Carum copticum seeds (Batool and Asghar, 2013). Chitosan treatment of maize

enhanced the synthesis of hydrolytic enzymes like protease and a-amylase that helps
in the rapid mobilization of food reserves and its degradation, which ultimately
increased germination and vigour of seedlings (Saharan et al, 2016). Variations in
response to germination parameters of seeds may be due to biopolymer concentration
and quantity used for seed coating.

In this study Gamma irradiation proved to be an effective method for
controUing pulse beetle infestation during storage in grain cowpea. Higher doses
protected the seeds completely without any infestation at the end of six months.
However the treatment with these dozes affected the germination parameters
negatively and doses 400 &500 Gy produced some abnormaUties in the progeny also.
Irradiation at 300 Gy could protect the seeds in storage with no infestation upto six
months but the seedling parameters showed reduction compared to control.
Morphological parameters of the progeny firam the seeds treated with this dose did not
show significant variation from the control except for seed germination in the field.
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Fig 6: Effect of chitosan seed coating on germination percentage at six months of storage 

 



 

 

` Fig 7: Effect of chitosan seed coating on seedling vigour index I at six months of storage 



 

 
 

 

Fig 8: Effect of chitosan seed coating on seedling vigour index II at six months of storage



Gamma radiation at 200 Gy registered a higher value for seed germination

parameters and with very low compared to control upto six months. So Gamma

irradiation at 200Gy and 300 Gy can be recommended for safe storage of grain

cowpea seeds.

Chitosan at 5% @ 5mL 50g"' exhibited higher values for seed germination

parameters and showed no pulse beetle infestation till die end of the storage period of
six months. Chitosan below 5% improved seed gennination but was effective in

controlling pulse beede for short period of time only. Chitosan treatment at 5% @

5niL 50g'' can be recommended for safe storage of grain cowpea seeds. Both gamma
irradiation and chitosan seed coating maintained the longevity of seeds during storage

and both were effective in controlling the storage pests. Seed coating widi chitosan
had an additional advantage of improvement of seed germination parameters. Both
these treatments are ecofiiendly and can be used without any harm to the
environment. Since Gamma irradiation requires special facilities of treatment plant
chitosan coating will be a better technology for smaU scale farmers.
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SUMMARY



6. SUMMARY

The study entitled ''Irradiation and seed coating for enhancing storage life of

grain cowpea (Vigna unguiculata (L.) Walp.)" was carried out to standardize the dose

of gamma rays for irradiation and concentration of chitosan for seed coating for
the storage life of grain cowpea. The experiment was carried out in the

Department of Seed Science and Technology, College of Agriculture, Vellayani
2020-2021. The first experiment was irradiation of cowpea seeds with gamma

rays and die second experimait was seed coating of cowpea seeds with chitosan and
die seeds were stored in polythene bags for a period of six months. Both die
experiments were conducted in Completely Randomized Block Design (CRD) with
diree replications.

The seeds were irradiated with five different doses (100 Gy to 500 Gy) at

Institute of Horticultural Research (IIHR), Bangalore and seeds were stored in

polythene bags. Another set of seeds were coated with chitosan at five different
concentrations (1 % to 5 %) at two different quantities for each concentration as ImL
50g-i seeds and 5mL 50g"' of seeds. Coated seeds were then shade dried and
packed in polythene bags. All the treated seeds were then stored for six montiis along
with control. Observations on germination parameters and pulse beetle infestation
were recorded in both experiments at monthly intervals for six months. The salient
finding of this study is summarized below.

Among the different gamma doses, insect eggs and pulse beetle infestation
not noticed in all tiie treatments fiom the initial to three months of storage. In

treatments 300 Gy, 400 Gy and 500 Gy, insect eggs and pulse beetle infestation were
t noticed till the end of six months. However, in control, the seed damage

was noticed fiom the first month onwards and increased up to 56.333% at

the end of six months of storage. In treatment Ti (100 Gy) and T2 (200 Gy), it was
nly 2 667 per cent and 0.667 per cent at the end of the sixth month. Seed weight loss

mntrol at sixth month was 28.182 per cent. The number of eggs 100percentage m couuw

eeds'* in control on the sixth month was 78.333 nos. In treatment Ti (100 Gy) and T2
(200 Gy) it was 4.333 nos and 1.667 nos at the end of tiie sixth month. The number of
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damaged seeds in control, Ti (100 Gy) and T2 (200 Gy) in the sixth month was 56.333

nos, 3.00 nos, and 0.667 nos. The weight of damaged seeds in control, Ti (100 Gy)

and T2 (200 Gy) was 4.163 g, 0.180 g and 0.040 g. Gamma rays at all doses were

effective in controlling pulse beetle infestation.

Gemination parameters were studied in the undamaged seeds to study the

effect of irradiation in seed aging. Among the different doses of irradiation, T2 (200

Gy) significantly recorded the highest seed germination percentage (84.33%). Lowest

germination percentage was observed in T5 (500 Gy) of 72.60 per cent at six months

of storage. Speed of germination, seedling shoot length and seedling dry weight was

highest at T2 (200Gy) with 32.13, 11.83 cm and 0.703 g and lowest in T5 (500 Gy)

with 26.33, 8.56 cm, 0.549 g. Seedling root length was highest at Ti (100 Gy) widi

13.84 cm and lowest in T5 (500 Gy) with 7.23 cm. Seedling vigour index I and U weio

maximum at T2 (200 Gy) with 2130.49 and 59.28 and minimum at T5 (500 Gy) at six

months of storage. All the germination parameters showed increased value at lower

doses of gamma rays 100 Gy and 200 Gy and declined at higher doses 300 Gy, 400

Gy, and 500 Gy compared to control. Increase in germination parameters may be due

to stimulatory effect on RNA activation and protein synthesis.

At the field level, morphological evaluation of irradiated seeds was carried out

to observe any abnormalities occurring due to mutation. All the plants from each

treatment were observed separately for various traits. At gamma doses 300 Gy, 400

Gy and 500 Gy, there was reduction in germination percentage, plant height, number

of pods plant*\ number of seeds pod*' and 100 seed test weight compared to control.
Progressive decrease in all morphological parameters was observed widi increase in

doses of above 200 Gy. Few crinkled leaves were observed in 400 Gy and 500 Gy at
earlier stages which was then recovered later

The seeds were coated with chitosan at five different concentrations (1 % to 5
%) in two different quantities for each concentration as ImL 50g*' of seeds and 5mL
50g' of seeds and pulse beetle infestation was observed. Among the different
chitosan treatments, insect eggs and pulse beetle infestation were not noticed in all the

chitosan coated seeds fiom the initial to four months of storage. Seeds stored without
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chitosan coating (control) reported highest percentage seed damage (56.33 %), seed

weight loss percentage (28.182 %), number of eggs 100 seeds*' (78.333), number of
damaged seeds (56.333) and weight of damaged seeds (4.163g). In treatments Ty (4%
@ ImL 50g*'), Tg (4% @ 5mL 50g*'), T9 (5% @ ImL 50g"'), Tio (5% @ 5mL 50g"')
the insect eggs and damage were not noticed till the end of the sixth month. In
treatment T, (1% ImL SOg'), Tt (1% @ 5mL 50g'), T, (2% @ ImL 50g') and T,
(3% @ ImL 50g'') significant infestation and insect eggs were noticed fix>m fifth
molth onwards. In treatment T4 (2% 5mL 50g') and Te (3% @ 5mL 50g-') significant
bruchids infestation and insect eggs were noticed at the sixth month only. Although
insect eggs and infestation were noticed in these treatments, their percentage
decreased with an increase in concentration and quantity used.

The undamaged seeds in the control and the coated seeds were assessed for
germination parameters at monthly inter^^s for six months to assess the effect of seed
coating on the seed germination parameters. Among the different treatments of
ILsl, highest seed germination percentage of 89.37 per cent was observed in T,o
(5 % @ 5 mL 50g*'). The treatment T,o (5 % @ 5 mL 50g') produced the maximum

of germination (36.83), seedling shoot length (14.90 cm), seedling root length^ 53 cm) and seedling dry weight (0.747 g). The minimum germination percentage
L 67 ̂,'speed of germination (31.40), seedling shoot length (11.56 cm), seedling
ot len^ (12.45 cm) and seedling dry weight (0.687 g) was observed in control.

^llTg vigour index I and H was maximum at T,o (5 % @ 5 mL 50g') with 2898.28
^ 66.79 and minimum in control (1939.24 and 55.52). Different concentrations of
^  ii. to hieher (1% to 5%) showed improvement in germinationchitosan fi»m iw v

parameters compared to control.
m this study Gamma irradiation proved to be an effective method for

pulse beetle infestation during storage in grain cowpea. Higher doses
ted the seeds completely without rmy infestation at the end of six months.

1, treatment with these dozes affected the germination parameterstjowevcr vrcaun
400 &500Gy produced some abnormalities in the progeny also,negatively ̂  ^ infestation upto six

Irradiation parameters showed reduction compared to control,
months but the seeuimg
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Moiphological parameters of the progeny fixim the seeds treated with this dose did not

show significant variation from die control excqit for seed germination in the field.

Gamma radiation at 200 Gy registered a higher value for seed germination parameters

and with very low compared to control upto six months. So Gamma irradiation at 200

Gy and 300 Gy can be recommended for safe storage of grain cowpea seeds.

Chitosan at 5% @ 5mL 50g*' exhibited higher values for seed germination

parameters and showed no pulse beetle infestation till the end of the storage period of

six months. Chitosan below 5% improved seed germination but was effective in

controlling pulse beetle for short period of time only. Chitosan treatment at 5%

@5mL50g can be recommended for safe storage of grain cowpea seeds. Both gamma

irradiation and chitosan seed coating maintained the longevity of seeds during storage

and both were effective in controlling the storage pests. Seed coating widi chitosan

had an additional advantage of improvement of seed germination parameters. Both

these treatments are ecofriendly and can be used without any harm to the

environment. Since Gamma irradiation requires special facilities of treatment plant

chitosan coating will be a better technology for small scale farmers.
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ABSTRACT

The present study entitled "Irradiation and seed coating for enhancing storage

life of grain cowpea (Vigna unguiculata (L.) Walp.)" was carried out in the

Dq>artment of Seed Science and Technology, College of Agriculture, Vellayani

during 2020-2021, with an objective to standardize the dose of gamma rays for

inadiation and concentration of chitosan for seed coating for enhancing the storage

life of grain cowpea. The study was divided into two experiments which wa:e

conducted in Completely Randomized Block Design (CRD) with three replications. In

die fimt expoiment, the seeds were irradiated with five different doses (100 Gy to 500

Gy) at Indian histitute of Horticultural Research (QHR), Bangalore. Anoth^ set of

seeds were coated with chitosan at five different concentrations (1 % to 5 %) at two

different quantities for each concentration as ImL 50g of seeds and 5mL 50g of

seeds. Coated seeds were then shade dried and packed in polythene bags and stored

for six months along with control.

In the first experiment, the cowpea seeds irradiated with 300 Gy, 400 Gy and

500 Gy rays were not affected by pulse beetle infestation till the end of six
months of storage. However, in control, the seed damage was observed which varied

fiom 0.333% in fiist month to 56.333% in sixth month of storage with a seed weight

loss of28.182 per cent. The damage percentage recorded was 2.667 percent and 0.667

per cent in treatment Ti (100 Gy) and T2 (200 Gy) respectively in the sixth month of
storage Thus the my irradiation in all doses proved to be effective in
controlling pulse beetle infestation. Germination parameters were studied in die
undamaged seeds to study the effect of irradiation in seed aging. Among the different
doses of c iiiadiatioil, Tj (200 Gy) reooided the Ugliest seed genoination
peicentsge (84.33%), speed of genUnatioll (32.13 days), seedling shoot length (11.83
em), seedling dry weight (0.703 g) and seedling vigonr mdex I (2130.49) and D
(59.29). All the gennination parameters showed inereased value at lower doses of
gmnma rays (100 Gy and 200 Gy) and declined at higher doses (300 Gy, 400 Gy, and

500 Gy) compared to control. Morphological evaluation of gamma irradiated seeds
grown in field showed that the morphological parameters did not vary significanUy
fiom the control m treatments with gamma doses 100 Gy and 200 Gy. Gamma

107



irradiation at 300 Gy also did not show variation in morphological parameters

compared to control except for field germination percentage. But progressive decrease

in all morphological parameters was observed for the treatments with gamma doses

400 Gy and 500 Gy. Reduction in germination percentage, plant height, number of

pods plant'*, number of seeds pod'* and 100 seed test weight was observed when

compared to control.

In the second experiment, among the different chitosan treatments, no seeds

were observed with insects upto four months of storage. Although insect eggs and

infestation were noticed in treatments such as Ti (1% 1 ml 50g'*), T2 (1% @ 5 ml 50g'

*), T3 (2% @ 1 ml 50g'*) and T5 (3% @ 1 ml 50g'*) at the end of storage period, the

perc^tage of infestation decreased with an increase in concentration and quantity of

chitosan used. The grain cowpea seeds coated with different concentrations of

chitosan fiom lower to higher (1% to 5%) have different degrees of improvement in

germination parameters compared to control. Among the different treatments of

chitosan, Tio (5 % @ 5 ml 50g'*) recorded the highest seed germination percentage

(89,37 %), speed of germination (36.83), seedling shoot length (14.90 cm), seedling

root length (17.53 cm), seedling dry weight (0.747 g), seedling vigour index I

(2898.28) and n (66.79).

In this study Gamma irradiation proved to be an effective method for

controlling pulse beetle infestation during storage in grain cowpea. However the

treatment with higher doses 400 Gy and 500 Gy affected the germination parameters

negatively and produced some abnormalities in the progeny. Thus, the gatrmifl

irradiation at 200Gy and 300 Gy can be recommended for safe storage of grain

cowpea seeds. Chitosan at 5% @ 5 ml 50g'* exhibited higher values for seed

germination parameters and showed no pulse beetle infestation till the end of the

storage period of six months. Chitosan treatment at 5% @ 5 ml 50g'* can be

recommended for safe storage of grain cowpea seeds. Gamma irradiation and chitosan

seed coating are eco-fiiendly methods in enhancing die storage life of grain cowpea

and were effective in controlling the storage pests. Since gamma irradiation requires

special facilities for seed treatment, chitosan seed coating will be a better technology

for small scale farmers.
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(TUotWftOo

"tDDCDj ojaDoloyoo (o/lc/D oidaaTlA^aiDQ ojdc^^.) ouoerDen)

<oi©®y<sf ojdiu/lfJdBOjanfitnmiQQ a/l<ftn«>6mo4?o a/l(onfii oj^oo^o"
nilraiQDiorcnad GOij nJocDo 2020-2021 <fi>D&icQ)gaJlad ajnto^cumamA-i^cDoaiYO)

onjggDaDcml <a>3d^ran<fi> e<&3egs^oaj (nJlcuT ooaoc^m) (oi^obcuy osda^cmog^

cin(§Da)(onjn({d ocu^ a)sano)^<fi>CD)^Gn@3(B>n. aJ^ (Sidga/lod nildno) a/l<&1(06rT)o

Qjij(^jSi(S)jo oot&<SQD(r\f)cA QnJC(B>D(/)ljiy riiland) aJ^(a^^cd)2o ojijqy^<fi> ruyO
(UD(DJ Aj(S)O^(&g^0S (TUoe(OGfT) Clir4<ai)'l^<fl6y<& A^(TD(036nT nJOO)
£j<0£djo. (oen^ nj(i^t6£i€fn6si3^o<s>l ciDs^^ gyo aJocdo, 0^fn^
oj<&(d^^(&egDOS oD(i®(U)ooocnynjy e6g|o<e6y (unooauornad
((T\)n(8i^c^cun) (Oi^cnT a)S(0)roncD)(d) .<oi^8j Aj(^<ofii6n)anon({d, cruDo^^Alooj
^orojob G3n^ CAf>D(i^<&(^^o<id (iiHR) (ooa
(D0^i2il(B)(A cQiOGrsi^ 01^(0)^(0^(0) (S(U}3(n)^<&(A (100 Gy 500 Gy 0100)

gnJCCQ)oafl^ oil(0i(0) oJldaO^GrDo QjucsS^ajij. 1 efl^oflgd 50 (wdo

o/l(Oiro)^<&(A, 5 Qlgjl&nQrb 50 (codo cin<mmjd3>(A A^crolgoisoco

(uj(0)j(T\y(0) (ruDt03(0)<&g1(id (1% cv(0)(id 5% ajO0) 00^30^

Cin(OYO)^<fi)(A 00<fl>(SQD(nnClfe gAJCOWDCOn^ aJ^C^I. aJ^CaIcQ) Oi1(010)2dB>(^

(0)CrD^(ld gOTDiflO') CAJDg'l(01(0nctb CmDC/yAglfld nJD<B^ OjiJ(J^(0)^ 6 0D(TUo

(B^Qj aJ0'l«fifll6rT)(OW)'l(ld, 300 6y, 400 Gy, 500 Gy (0000 0(^01a(A g«JC(B)DW1^
oJlAlroCTDo OjlIC[^(0) AJGDXb oJl(01(0)^<fi)CA (3I^C^ 03(0)0(0)0) (O)o(§0GO)o (fi}ynGQ)^(n)(0)^
OJO0 »*j(^(oy ojcns^c&g^os (o@(j&0Gnoo ouDu/l^lliy- A^ooodd cifliflri^ono
O^CgJ3(OYO) Cin(OrO)^^g1dd (OI^SJ 0D(O)(OlfO)'l(^ 0.33396 Cy(0)dd dJI^ODo 03(O}(OYO)1dd
56.33396 OJO0 (030004^© 28.182% (SDAClj^o «ft)2OO0K0)(0)3CQ)1 (On(^<ftQfl<fi6)OAJ§^.
(Bid60t3O(n (030 oil&lroano ojij(B)^(TT)d^ a/l(0i(0)2<&g1<^ ojfios^Ag^os
(8i®t«ft>06n)o (rnca)((to)'l«fl6y(n)(0)1(i« ©oej(Aj0o (oi^oooonfif o(0)g'laoto)^.

oJl^n0OO(O)(O)'l(1^OO aOOJO(OYO) dflb^oHjiy oJOndBO^OJOOft (SAS^AJ3S2<fl>C^
(O)ogoil<0g)3(5KO) oil(0Y0)2<fi}gn(td g^gqffc6Oj(Tn(O)1(T)j0Q ©J^DlZllpO^cfljCA oJOl.^^.
0)303 Oil<fijl06rT)(OrO)1(TyoO o/lo/lo) e(U)3(0)^<aj^dd, Tj (200 Gy) A^pO^^o gOQMbom
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aflamjii 0^gCQ)<fio«d od(O)0D(Do (84.33%), cygcwdBO^nDfinloyoo eojc/xo) (32.13

slajm)©), QQ(a)AQjQS rSi^f cnlgo (11.83 ©(roaTdlQl^fi), Qcmsrolca)

eD(t>o (0.703 (0)Do), oo(0)<a>g^os oJlroj 1 (2130.49), 11 (59.29) ft̂ aDloj

e(oajo^S2(OY9n. n^gjo nJO(D06f)QO^<fi>g2o c/)D0o dStHroemfiSfig^os

t&^oenno) ecu)0(n)^(a»g1(^ (100 Gy, 200 Gy) cuAeif]^ <fl>06rTfi(6o^<fi}C(0^o

(Tn(S)(ao)cn)OJ^0O(fi)1 (O)30(O)0jo^s2(OYO>^e(TiJO(A QaorioD eoDDoo^c&glad (300 Gy, 400

Gy, 500 Gy) (fij^OCm^dajOD^o O^(9)>(0)2. 100 Gy, 200 Gy COD0D aOJOOOU^dbC^

QnJQ(S00(/f\^4Q^ {^^QSidiO^Si^QQi a)1(S>((T0)€rT)(Gnin(ld 0^nJDaO)0

<&O0^0OCQ)1 ojj(ojo(n}o^§1§1ogj(rD ojao&Dc^ ajgc^ononcs)

(0003 ari(fi>l0 cm© ojLici^an aJl(0Y0)^<fl>g^os a/lmool^^amnc^ dbDonrn.^^- 300 Gy-

QGJ (0003 a/ldan^on©, nolodcuT (Z)^gcQ)»<fiO(^ o9(5)0D(d© ̂ yOodBt) (rn(s>((nn6mci(^03CQfl

<o)D0(O)0jo^s^(oifoye(aiD(^ 0^oJD(to)0 oj0D0')QO^<fl>g1(id (ujanjDOfo©

<fi>06rrn.^§1gj. a^(rr)D((d 400 Gy, 500 Gy o^orn (0000 acwocm^dbcyb QnjecB)3(o1.QjjQS

(Sl^O0nyo1fld r^gjo 0^«UDOO)0 «JD0D0l^O^<&g1ay© cSb^Ofljf e^cuo^s^onon.

(DlCB)((tO)GfT)a(^0D<3»1 (0)D0(O)0^O^S2(DTO)2C(nJD(A 2ygCQ)<fl6)^(TT) 08(0)00(1)©,

Qjijslao^os Qcs}0©, (0)OC[^(&g^QS G(b2 enJ0(U)1o&j nn(OTO)^(fi>(^

an(oir0)^<&g^os os^ ft̂ onrnojaDlad <fl>^ocn^6n§oca)n.

(DGrt§D0O(on)) nJ(^<efij6m(0Y0)1^, ajj(0)jmi(0) oo<&aQD(n)1c^

(.ll)^O0(lTo^<fi>gn((d CDOQT 0O(n)O(OYO) (n)o(S06(Do OJO0 ClflcOYin^dBbagOOSO^o

CoJD0nnn<&ogD(TT)^o <&6n§1|j. Ti (1% 1 dlg/leflQfb so ccoo©), T2 (i% s a1g|lef)Q(5

50 (0)0©), T3 (2% 1 QlgPeflQ(5 50 (0)0©), T5 (3% 1 QlgPaDQC^ 50 (0)0©)

(nJOGrDldbg^OS (O1^((da30GrT)(l^o

(08(2U(S)1ado^€)§89>1^o (n)o(S0GrT) «&D&j<s)gaH(iToo (sioaj(n)0(n(OYO)1(^,

gojacB)D(o1^ jJlaQocTuaToo cn)0((t3(0)C(Dle^o ©fagDJlei^o

aJ(^(IU(nCiy6f)§0CB)e(0)DOS (fib)S€n]D(DCQ)20S OO(O)0D(T)a^o (fi>2O£mir0)(0)DGS)1

(rflmldSfl/l^QrUI^. <UJ(O)jrrU(0) (TU0((t3(g)CB)lQJt?QQ QQSiQqoa\f\cSi

©«JD(0)l0(0ffi) U)D(T)j jtJC(D(5 (lJl(imJ)^dab(^d9€^ (rnCtt)(OO)6rT)O4^0DQ)1 (O)D0(O)0Jo
©^^^ecajDC^ (z^gcf^dBood fumodlgo^dbglc^ ajj(0)jD(T\)o «ft>Q6n§(0ro)1.
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ootfiaCQDrnTlmoo oJloJlu) (slsoQcno^ceigla^, Tio(5 % 5 engjleilQca 50 (wdo)

r^^OJ^o QCOfiOD oJIrf 0^gCQ)<fi€)ad (/8(0)QDCDo (89.37 %),

0^gCB)<fi6)^aD(OnmOO COJWrO) (36.83), 6)G)(0)c&g^OS JLna)^^OfUD§ei1fDOO

(Digo (14.90 ooDmolalQfi), oo(0)<feg^os €oj«nn)oo mlgo (17.53

omjnTdlalQfi), oofOcejC^ gerngSTolcQ) eorao (0.747 (WDo), OQflD&g^os oUfDj

jJlcflj I (2898.28), n (66.79) «^(TT)laJ CfOCUO^S^AJroTI.

^0 rtJO(T)(iJTS)lfl^, woao Qjldaslfoemo qjiA(s^<G) cddcdjo ojcwri

mioe(cn<e€)^c(TiJD(/& nJdbcro QJGn§^<flt>g2®s (Gt^Cc&aGmo

n)1ca)(CTori<fl6)2aT)(ona)28g ftflej(riJQ0DCB? 0Dr4j^03O6rD(m 6)(0)gloB)l<eoOfy§^.

n^Orn^^ODDeJ^o, 400 Gy, 500 Gy o^CTT)) gCWf^OnO CaJODOD^cfoC^

goJcca?3C/)1.aj298 (sl^o0cno . e)^goQ)<66)^aD fUDfODolgo^cfijOg

(rtJ(0n<fl3^eJ21DCEfl €aJD(Dl<06)^cfi3a»^o QoaD&gla^ .ailaj
(GT9m)DU)DrQ6m(0)J63t3(^ QGTTiDceO^t&aU^o OjlJOWOJ)^. (Br3(0)1CDD«d, (JODCDj nJCSl)f&

aJl(oro)^<&(/& (nj^«)cMfl(O)0DaDl (ru^dB^ceo^ODajncn 200Gy, 300 Gy (/)D0D

n/l&I^GrDo ud^njo^un OiU^DOJ^cmflnDen). oo<&c9D(tu1(t& 5% @ 5 dlgp&flQrb

50 (WDo a/lrf 0^gCQ5'ce6)^aDfljnCD^gg oJ30DOlQO^<&C/&(fiQ gODfacnr)

0^ajJ6ST3(/& <flbD6rrn<fl0^dBbCQ)^o (Gl^O 0D(T\)O(O1(O) rT\)o(§06n) (fiiD&JCIDgQJ
(GT9aJcn)D(p1(60^cn)flj)^ojo(o nJdtcro ojcne^&g^os <0i^(<fl30Gn)o

ADGnoldBO^dBaOW^o ©JLlODfOngj. (DDOOJ oJCttXt ail(OTO)^<&(A (n)^(D(ftaD(O)0DaD'l
cn)^<fi^<fl6)Dn& 5% @ 5 50 ((/)Do n^(TD ooc&cQDcrolnb
(j^^oQcncy oo^oJDfioa o^^do. c/)D0D oJldaslfDcrDnj^o oQACQDcnilcifc aJlrtwo)
oj^wej^o u)D(T)j rtjcwolmoo m)o(§06n) rLif5r2u1fyl<fi€)^rno(ori{T)^gg
nJ^ICTUDlajn Cn)*DoD^Q (DlfljfldbgDGnO, (n)o<§06rD <fi>lS6ST30g
(TnoB)((nrn«fi6)^aT)cori«d gocdii' oiiQJiojQODGnT. (/)D0D njltftTlcoGnoo
grtJCCWDC/fl.^^gg ClilajYO)' (Tl)omjda>(OCTTlrtWlin(T) (fUC«J)Jda> (rUDdBsCOj^SlQCA
<si^nJW)j0DCQ)f5)looD(id, ©jLio^asls dBbc^rajdOsricfio oo<flbC(:^Dcn)lni» nilflJtw

nJ^O0^fn)f^ 0l<&^ (TUDC8a>(0n<fl3OilQjCtt)DCQ)'l(tf)<j9g)^Q

k _/
»# >.


