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Abstract Alternative use of the X-ray test to evalu-
ate seed quality has become increasingly diverse.
This study was performed primarily to establish ex-
perimental procedures and verify the effectiveness
of the X-ray test to detect damage or abnormalities
in groundnut seed structure associated with germi-
nation. The primary objective of detecting hidden
infestation in the groundnut has been achieved with
investigations on different combinations of input
factors of X-ray radiography viz., the voltage in ki-
lovolts (KV), current in milliampere (mA) and pe-
riod of exposure in seconds (s) to radiation. X-rays
emanating from the voltage and current intensities
used to detect the hidden infestation are soft X-rays
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and do not affect the viability of the seed materials.
Twenty seeds per each combination were exposed
to 5-32KV, 5-9 mA and an exposure period of 12
seconds. The exposed seeds were then subjected to
germination tests in paper towel method. exposed
seeds were placed in moist paper towel and kept it
for germination for 8-9 days in an incubation cham-
ber where light and dark cycles of 12 h each are
maintained with a temperature of 15-20°C . Hence
the germination percentage for different X-ray com-
binations are 100% in case of lower exposure val-
ues and the germination percentages are 90% in case
of higher exposure values.

Keywords X-ray radiography, Germination,
Groundnut seeds.

Introduction

The objective of including the X-ray test in Rules
for Seed Testing was to complement information pro-
vided by the germination test. Before the germina-
tion test seeds may be previously exposed to X-rays
and classified as well formed, empty or damaged.
The exposition period, together with a fixed
miliamperage of the X-ray unit, regulates the dose
of X-rays that determine the radiograph density and
the degree of contrast and image quality. In this way,
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Table 1. Effect of different combinations of X-ray exposure on germination of groundnut.

Ger- Ger-
No. mination No.of mination
No. of seeds percent- No. seeds  percent-
Combinations seeds germi- age Combinations seeds germi- age
KV mA S taken nated (%) KV mA S taken nated (%)
5 5 12 20 20 100 25 5 12 20 20 100
5 6 12 20 20 100 25 6 12 20 20 100
5 7 12 20 20 100 25 7 12 20 20 100
5 8 12 20 20 100 25 8 12 20 20 100
5 9 12 20 20 100 25 9 12 20 20 100
10 5 12 20 20 100 26 5 12 20 20 100
10 6 12 20 20 100 26 6 12 20 20 100
10 7 12 20 20 100 26 7 12 20 20 100
10 8 12 20 20 100 26 8 12 20 20 100
10 9 12 20 20 100 26 9 12 20 18 0
15 5 12 20 20 100 28 5 12 20 20 100
15 6 12 20 20 100 28 6 12 20 20 100
15 7 12 20 20 100 28 7 12 20 20 100
15 8 12 20 20 100 28 8 12 20 20 100
15 9 12 20 20 100 28 9 12 20 18 0
20 5 12 20 20 100 30 5 12 20 20 100
20 6 12 20 20 100 30 6 12 20 20 100
20 7 12 20 20 100 30 7 12 20 20 100
20 8 12 20 20 100 30 8 12 20 20 100
20 9 12 20 20 100 30 9 12 20 18 0
2 5 12 20 20 100 32 5 12 20 20 100
2 6 12 20 20 100 32 6 12 20 20 100
2 7 12 20 20 100 2 7 12 20 20 100
2 8 12 20 20 100 2 8 12 20 20 100
2 9 12 20 20 100 2 9 12 20 18 0
Control 20 20 100

different voltage/exposition periods have been
adopted in seed radiography according to the plant
species, X-ray equipment, and sensitivity of the avail-
able radiographic film [1]. Furthermore, X-ray analy-
sis is a non-destructive, quick method that is rela-
tively simple to perform. Morphological aspects of
seeds possibly associated with viability may be evalu-
ated by the X-ray test. For this reason, several re-
searchers have reported relations between seed struc-
ture and germination or seedling morphology, ob-
taining information that varies according to the spe-
cies. Among these are Capsicum anuum [2,3],
embauba- Cecropia pachystachya Trec. [4], Eugenia
pleurantha [5], and papaya - Carica papaya L. [6].
In addition, the radiographic images of the northern
red oak’s (Quercus rubra L.) acorrns according to
the degree of cotyledon - cotyledon and cotyledon

pericarp separation and demonstrated the potential
of X-ray image analysis to provide a rapid and non-
destructive estimation of acorn viability and its re-
lation with seed desiccation tolerance [7]. A lack of
information on the association of X-ray analysis and
seed viability in legume i.e., groundnut to evaluate
seed viability emphasizes the need for research in
this area. The objective of this study was to evaluate
the potential of the X-ray test in identifying damage
and abnormalities in groundnut seeds as well as pos-
sible relationships with germination. When a beam
of X-rays passes through seeds, a permanent image
of them is formed on a film. The images can present
a higher or lower degree of radio capacity (light)
and radio luminescence (dark) depending on the ab-
sorption level of X-rays by the seeds, which is de-
termined by factors such as composition, thickness
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Fig. 1.

and density of the tissues, and wavelength of the ion-
izing radiation [8].

Materials and Methods

In order to study the effect of harmful radiation, if
any, with these intended combinations with varied
degree of X-ray radiation on seed germination, the
healthy seeds were exposed to the X-rays of differ-
ent combinations. The exposed seeds were then sub-
jected to germination tests in paper towel method.
Exposed seeds were placed in moist paper towel and
kept it for germination for 8-9 days in an incubation
chamber where light and dark cycles of 12h each are
maintained with a temperature of 15-20°C . The ger-
mination rate increases to values greater than 90%
at a temperature of 350C. Thus, the optimum tem-
perature for germination is 35°C [9]. One control
line was also maintained with seeds that were not
exposed to the X-ray radiation. The germination per-
centage was then arrived at by using the formula :

Number of seeds germinated

Germination percentage = x 100

Total number of seeds taken
for the germination test
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Effect of different combinations of X-ray exposure on germination of groundnut.

Results and Discussion

When groundnut seeds were subjected to germina-
tion test after the exposure to X-ray radiation of dif-
ferent combinations of voltage, current and expo-
sure period, it was observed that the germination
percentage of groundnut seeds varied from 90—
100% (Table 1, Figs. 1 and 2). Among two hundred
different combinations, the X-ray combination val-
ues at 26 kilovoltage, 9 milliampere for 12 seconds;
28 kilovoltage, 9 milliampere for 12 seconds; 30
kilovoltage, 9 milliampere for 12 seconds and 32
kilovoltage, 9 milliampere for 12 seconds expressed
90% germination. This observation indicated that at
each voltage of maximum current level with an ex-
posure period of 12 seconds exhibits little effect
on germination, whereas the X-ray combination val-
ues at 5 kilovoltage, 9 milliampere for 12 seconds;
10 kilovoltage, 9 milliampere for 12 seconds; 15
kilovoltage, 9 milliampere for 12 seconds; 20
kilovotage, 9 milliampere for 12 seconds; 22
kilovoltage, 9 milliampere for 12 seconds and 25
kilovoltage, 9 milliampere for 12 seconds resulted
in 100% germination. These results indicated that at
low voltage with high current with an exposure peri-
ods of 12 seconds resulted in no impact on viability
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Fig. 2. Effect of different combinations of X-ray exposure on germination of groundnut.

in view of resultant 100% germination of the seed
exposed to radiation.

References

Simak M (1980) X-radiography in research and testing of
forest tree seeds. Umea Swedish Univ Agric Sci Nome
Darevista3: 1—34.

Dell’ Aquila A (2007a) Pepper seed germination assessed by
combined X-radiography and computer-aided imaging analy-
sis. Biologia Plantarum 51 : 777—781.

Dell’ Aquila A (2007b) Towards new computer imaging
techniques applied to seed quality testing and sorting. Seed
Sci & Technol 35 : 519—538.

Goodman RC, Jacobs DF, Karrfalt RP (2005) Evaluating
desiccation sensitivity of Quercus rubra acorns using X-ray.
Canadian J Forest Res 35 : 2823—2831.

Pupim TL, Novembre ADLC, carvalho MLM, Cicero SM (2008)

Procedures of the X-ray test to evaluate (Cecropia
pachystachya Trec.) seed quality. Revista Brasilerira de
Sementes 30 : 28—32 (in Portuguese with abstract in
English).
Masetto TE, Davide AC, Silva EAA, Faria JMR (2007) Evalu-
ation of Eugenia pleurantha (Myrtaceae) seed quality by
the X-rays test. Revista Brasileira de Sementes 29 : 170—174.
(in Portuguese with abstract in English).
Santos SA, Silva RF, Pereira MG, Machado JC, Borem FM,
Gomes VM, Tonetti OAO (2009) X-ray technique application
in evaluating the quality of papaya seeds. Seed Sci &
Technol 37 : 776—780.
International Seed Testing Association [ISTA] (1996)
International rules for seed testing. Seed Sci & Technol
24 : Supplement.
Murthy BNS, Reddy YN (1989) Temperature dependence of
seed germination and seedling growth in ber (Ziziphus
mauritiana Lam) and their modification by pre-sowing
treatments. Seed Sci and Technol 18 : 621-627.



