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Abstract Investigations were carried out on stan-
dardization of X-ray radiography methodology for
the detection of hidden insect infestation of bruchid,
Caryedon serratus Olivier in groundnut. Studies re-
vealed that the different voltages are required for the
detection of hidden insect infestation in small and
very bold seeded varieties of groundnut due to their
seed size and thickness of seed coat, which allows
the passage of X-rays through seeds. Among the
two hundred combinations the exposure of ground-
nut seeds to X-ray radiation ranges between 15—20
Kilovoltage and 6 milliampere for 8—10 seconds of
exposure period was selected as the best combina-
tion for small seeded groundnut varieties. Whereas
30 Kilovoltage and 6—8 milliampere for 10 seconds
of exposure period was selected as the best combina-
tion for very bold seeded groundnut varieties.
Whereas for the both small and very bold seeded
varieties the range of parameters below and above
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the standardized values results in lighter and darker
images respectively.
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Introduction

Quarantine is the last defence against an unwanted
imported non-invasive alien pest. The germplasm or
seed samples imported from other countries meant
for crop improvements programs are generally very
small in quantities necessitating to go for non-de-
structive method for detecting the pests associated
with seed material especially the hidden insect infes-
tation in the present context. Variety of detection
methods is employed in locating infestation for early
diagnosis of low level infestations and to ascertain
the control measures. The X-ray radiography pro-
vides a permanent, visible film record of the internal
condition of a product. It is especially useful for the
rapid examination of relatively large samples to deter-
mine the extent of insect damage in individual seed or
grain.

The X-ray test is used to manually separate the
infested rice and wheat kernels [1]. The X-ray test
used in seed quality programs to assist morphologi-
cal and physiological evaluations [2]. This X-ray test
is quick and precise evaluation of seed quality of cas-
tor seeds [3]. The Granary weevil infestation in Torca
variety of wheat by using X-ray radiography [4]. Stan-



dardized X-ray radiography methodology is used for
the detection of hidden insect infestation in cereals
and pulses and Quarantine workers in India tradition-
ally used only a range of values from 10 KV to 30 KV
and a current of 4 mA to 12 mA for an exposure pe-
riod of 10—25 seconds for cereals and leguminous
seed materials [5]. The stone weevil infestation was
detected by standardizing a range of X-ray radiogra-
phy values of about 20—34 KV, 12—30 mA current
[6].

Although the technology is known and the suit-
able X-ray machinery available, the input factors viz.,
the voltage (KV), current (mA) and the exposure pe-
riod (s) have not been standardized for the ground-
nut. Literature search did not reveal any tangible work
in the name of standardization of the X-ray radiogra-
phy in terms of quantification of voltage, current and
period of exposure in groundnut. Therefore consid-
ering the importance and usefulness of this non-de-
structive method of detecting insect damage levels in
the seed, the current studies were undertaken for the
present investigation.

Materials and Methods

Experiments were proposed to be undertaken on dif-
ferent groundnut varieties which were collected from
different research stations in Andhra Pradesh and
necessary steps were taken to maintain both healthy
and infested material separately. A Faxitron X-ray
machine available at National Bureau of Plant Genetic
Resources (NBPGR) gives soft X-ray radiation enough
for studying experimental material insmaller quanti-
ties. X-ray film for obtaining standard images and the
chemicals for developing and fixing the image in the
dark room were procured from Care Stream Health
India Ltd for the study.

During X-ray exposure the small samples of 10 to
20 seeds were placed over the adhesive tape, which
is highly convenient to pick out and separate the
seedswith internal (hidden) infestation. The seeds
were arranged in such a manner to easily differentiate
the infested and healthy seeds, where there were one
row of infested seeds and one row with healthy seeds.
Steps were taken to select the infested seeds through
the presence of pin size holes on grain material to
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facilitate the standardization of the X-ray radiogra-
phy values viz., Voltage (KV), Current (mA) and Ex-
posure period (s). Then the required adjustments in
Voltage (KV), Current (mA) and Exposure period (s)
in the X-ray machine were made for the exposure.
After the exposure to radiation the X-ray film was
processed with the help of chemicals for image de-
velopment (developer) and fixing (fixer).

Treatments and experiment procedures

The experiments were planned for different ground-
nut varieties to find out a standard voltage, current
and exposure period. The combination of treatments
for groundnut was worked out as detailed below. At a
given voltage level there would be 200 treatment com-
binations of current and exposure periods as given in
the Table 1. Likewise image analysis in terms of its
quality so as to reveal its gross internal contents
which include hidden infestation were intended to be
studied for different groundnut varieties (Figs. 1—7
respectively). Adjustments in combinations of cur-
rent and exposure periods were made based on the
preliminary image results while working in the labora-
tory.

Results and Discussion

Radiography tests for determining the best treatment
combinations were undertaken with the groundnut
small and very bold seeded varieties severely infested
with bruchid, Caryedon serratus Olivier. Among these
two hundred combinations the exposure of small
seeded varieties to X-ray radiation of 15 Kilovoltage
and 6 milliampere for 10 seconds was selected as the
best combination for Kadiri-4. 15 Kilovoltage and 6
milliampere for 8 seconds was selected as the best
combination for TM V-2 and 20 Kilovoltage and 6 mil-
liampere for 10 seconds was selected as the best com-
bination for Narayani, Vemana and JCG-88. Whereas
the other combinations like 10 Kilovoltage and 5-6
milliampere for 8—10 seconds and 20 Kilovoltage and
6-8 milliampere for 10-12 seconds manifested into
lighter and darker images respectively for Kadiri-4
and TMV-2. The other combinations like 15
Kilovoltage and 5-6 milliampere for 6—10 seconds
and 22—25 Kilovoltage and 6—8 milliampere for 12
seconds manifested into lighter and darker images



3652

Table 1. Treatment combinations of voltage, current and exposure period.

Sl Sl Sl

No KV mA Sec No. KV mA Sec No. KV mA Sec
1 5 5 6 21 10 5 6 41 15 5 6
2 5 5 8 22 10 5 8 42 15 5 8
3 5 5 10 23 10 5 10 43 15 5 10
4 5 5 12 24 10 5 12 44 15 5 12
5 5 6 6 25 10 6 6 45 15 6 6
6 5 6 8 26 10 6 8 46 15 6 8
7 5 6 10 27 10 6 10 47 15 6 10
8 5 6 12 28 10 6 12 48 15 6 12
9 5 7 6 29 10 7 6 49 15 7 6
10 5 7 8 30 10 7 8 50 15 7 8
11 5 7 10 31 10 7 10 51 15 7 10
12 5 7 12 32 10 7 12 52 15 7 12
13 5 8 6 33 10 8 6 53 15 8 6
14 5 8 8 34 10 8 8 54 15 8 8
15 5 8 10 35 10 8 10 55 15 8 10
16 5 8 12 36 10 8 12 56 15 8 12
17 5 9 6 37 10 9 6 57 15 9 6
18 5 9 8 38 10 9 8 58 15 9 8
19 5 9 10 39 10 9 10 59 15 9 10
20 5 9 12 40 10 9 12 60 15 9 12
Table 1. Continued.

SL SL.

No. KV mA Sec No. KV mA Sec
61 20 5 6 81 22 5 6

62 20 5 8 82 22 5 8

63 20 5 10 83 22 5 10
64 20 5 12 84 22 5 12
65 20 6 6 85 22 6 6

66 20 6 8 86 22 6 8

67 20 6 10 87 22 6 10
68 20 6 12 88 22 6 12
69 20 7 6 89 22 7 6

70 20 7 8 90 22 7 8

71 20 7 10 91 22 7 10
72 20 7 12 92 22 7 12
73 20 8 6 93 22 8 6

74 20 8 8 94 22 8 8

75 20 8 10 95 22 8 10
76 20 8 12 96 22 8 12
77 20 9 6 97 22 9 6

78 20 9 8 98 22 9 8

79 20 9 10 99 22 9 10
80 20 9 12 100 22 9 12
Table 1. Continued.

Sl Sl Sl

No. KV mA Sec No. KV mA Sec No. KV mA Sec
101 25 5 6 121 26 5 6 141 28 5 6

102 25 5 8 122 26 5 8 142 28 5 8



Table 1. Continued.
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Sl Sl Sl

No. KV mA Sec No. KV mA Sec No. KV mA Sec
103 25 5 10 123 26 5 10 143 28 5 10
104 25 5 12 124 26 5 12 144 28 5 12
105 25 6 6 125 26 6 6 145 28 6 6
106 25 6 8 126 26 6 8 146 28 6 8
107 25 6 10 127 26 6 10 147 28 6 10
108 25 6 12 128 26 6 12 148 28 6 12
109 25 7 6 129 26 7 6 149 28 7 6
110 25 7 8 130 26 7 8 150 28 7 8
111 25 7 10 131 26 7 10 151 28 7 10
112 25 7 12 132 26 7 12 152 28 7 12
113 25 8 6 133 26 8 6 153 28 8 6
114 25 8 8 134 26 8 8 154 28 8 8
115 25 8 10 135 26 8 10 155 28 8 10
116 25 8 12 136 26 8 12 156 28 8 12
117 25 9 6 137 26 9 6 157 28 9 6
118 25 9 8 138 26 9 8 158 28 9 8
119 25 9 10 139 26 9 10 159 28 9 10
120 25 9 12 140 26 9 12 160 28 9 12
Table 1. Continued.

Sl Sl

No. KV mA Sec No. KV mA Sec
161 30 5 6 181 32 5 6
162 30 5 8 182 32 5 8
163 30 5 10 183 32 5 10
164 30 5 12 184 32 5 12
165 30 6 6 185 32 6 6
166 30 6 8 186 32 6 8
167 30 6 10 187 32 6 10
168 30 6 12 188 32 6 12
169 30 7 6 189 32 7 6
170 30 7 8 190 32 7 8
171 30 7 10 191 32 7 10
172 30 7 12 192 32 7 12
173 30 8 6 193 32 8 6
174 30 8 8 194 32 8 8
175 30 8 10 195 32 8 10
176 30 8 12 196 32 8 12
177 30 9 6 197 32 9 6
178 30 9 8 198 32 9 8
179 30 9 10 199 32 9 10
180 30 9 12 200 32 9 12

respectively for Narayani, JCG-88 and Vemana.
Similarly for very bold seeded groundnut variet-
ies to X-ray radiation of 30 Kilovoltage and 8 milliam-
pere for 10 seconds was selected as the best combi-
nation for Bheema and 30 Kilovoltage and 6 milliam-
pere for 10 seconds was selected as the best combi-
nation for Kadiri-8. Whereas the other combinations

like 26-28 Kilovoltage and 5 milliampere for 6 sec-
onds and 32 Kilovoltage and 9 milliampere for 12
seconds manifested into lighter and darker images
respectively.

These values clearly demonstrated variation in
the requirements of combination of input factors viz.,
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Fig. 1—Fig. 5. Continued.
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Fig. 1.—Fig. 7. X-ray radiography images of Kadiri-4, Narayani, JCG-88, TMV-2, Vemana, Kadiri-8 and Bheema with three
different combinations, where ‘a’ and ‘c’ are lighter and darker images respectively. The image ‘b’ is standardized image with
top and bottom row shows the healthy seed material and hidden infested images clearly.



Voltage (KV), Current (mA) and Exposure time (s).
These variations in the requirements of input factors
of X-ray radiography are attributed to variation in
the size, shape and thickness of seed materials. For
small seeded varieties the voltage usually range be-
tween 15 to 20 KV and for very large seeded varieties
the voltage ranges between 30 to 32 KV respectively.
These findings are in accordance with Ramakrishnan
etal. [5] standardized the X-ray radiography method-
ology for the detection of hidden insect infestation
in cereals and pulses. The literature on small and
very bold seeded groundnut varieties was scanty and
did not show up comparable work done in standar-
dization of X-ray radiography technique for the de-
tection of hidden insect infestation.
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