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Abstract
The north-western Himalaya is one of the rich repositories of wheat genetic resources because of the
preponderance of locally developed traditional crop varieties owing to high agro-climatic hetero-
geneity and local socio-cultural diversity. In the present study, 100 wheat landraces of this diversity
rich region were evaluated for variability in physical parameters of seed to understand the basis of
resistance against rice weevil, Sitophilus oryzae. The evaluation was based on the parameter of
growth index (GI) of S. oryzae in different landraces. GI was correlated with different quantitative
physical seed parameters, viz. hardness, length, width, length × width, test weight and qualitative
parameter seed colour were studied to work out if these were related to resistance/susceptibility.
Based on the parameter of GI, the six landraces viz. IC266831, IC266872, IC393109, IC392578,
IC444217 and IC589276 were identified as resistant. Correlation coefficients between GI of S. oryzae
and physical parameters of wheat landraces indicated that GI had significant positive relation with
length × width (r = +0.573) and test weight (r = +0.549) indicated that small seeds confer resistance
to S. oryzae. Also significant negative relation (r =−0.457) with GI of S. oryzae and seed hardness,
indicated that hard seeds were relatively more resistant to S. oryzae.

Keywords: genetic diversity, growth index, landraces, north-western Himalaya, resistance, rice
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Introduction

Globally, wheat (Triticum spp.) is an important cereal crop
and its breeding for high yielding varieties generally leads
to reduced genetic diversity that can change gene frequen-
cies of local and traditional wheat lines (Malik et al., 2013).
The Himalayan high lands are the reservoir for a large num-
ber of wheat landraces because of the preponderance of lo-
cally developed traditional crop varieties owing to high
agro-climatic heterogeneity and local socio-cultural diver-
sity (Partap et al., 2001). The primitive cultivars, landraces
and wild relatives of crop plants are the reservoir of trait

specific genetic variability which can be effectively utilized
in breeding programs.

The post-harvest losses in wheat have been estimated to
be 3.28 kg/q and highest during storage (Basavaraja et al.,
2007). The major loss is caused by various insect pests dur-
ing storage and among them rice weevil is a major threat.
Rice weevil is cosmopolitan in distribution due to inter-
national exchanges. Both larvae and adults cause damage
to the seed; adults feed on endosperm, causing reduction
in the carbohydrate contents; while, larvae feed on the
germ reducing the protein content and vitamins (Belloa
et al., 2000). Inadequate and improper storage facilities in
the developing countries result in the high degree of dam-
age. Injudicious use of chemical pesticides for the control
of Sitophilus oryzae leads to pesticidal toxicity, residues*Corresponding author. E-mail: sbhalla@nbpgr.ernet.in
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and development of resistance in insect. Therefore, it is im-
portant now to develop wheat varieties with greater resist-
ance to the stored grain pest.

Substantial genetic variation has been reported in germ-
plasm for resistance to storage insects (Shafique and
Ahmad, 2003) and different genotypes react differently to
infestation by insect pests during storage. A number of
workers (Rao and Sharma, 2003; Lale and Kartay, 2006;
Tripathi et al., 2012) correlated physical characteristics of
seeds to render the cultivars less suitable for feeding, ovi-
position and development of insect pests. Physical charac-
teristics of the seed such as colour, kernel hardness, testa
thickness and seed size among others are known to influ-
ence the resistance of cereal cultivars to infestation by rice
weevil (Ashamo, 2001).

The use of resistant wheat cultivars, in conjunction with
other control methods to form an integrated pest manage-
ment programme may provide a more efficient system to
maintain insect population in storedwheat at an acceptable
level. Earlier work (Jha et al., 2012; Arve et al., 2014; Khan
et al., 2014 etc.) tried to find resistance in wheat germplasm
against S. oryzae but their studies were based only on cul-
tivated varieties, which have narrow genetic base. So there
is an urgent need to find resistance elsewhere and land-
races may provide good source of resistance against
S. oryzae. Rice weevil is a pest of tropical areas; hence
the landraces from temperate areas may have resistance
against this pest. In view of the significance of wheat in
food security and the avoidable losses caused by S. oryzae,
the present study was conducted to examine wheat land-
races from north-western Himalaya (temperate area) with
variability in physical seed parameters for possible sources
of resistance against S. oryzae.

Materials and methods

A total of 100 wheat landraces (Supplementary Table S1,
available online) from different regions of north-western
Himalaya with considerable variability were obtained
from National Bureau of Plant Genetic Resources
(NBPGR), Regional Station, Bhowali, Uttarakhand, India.
These landraces were evaluated for their reaction to
S. oryzae under no-choice artificial seed infestation condi-
tions and also for their physical quantitative parameters
viz., hardness, length, width, length × width, test weight
and physical qualitative parameter seed colour to work
out if these were related to resistance/susceptibility.

Screening of wheat landraces against S. oryzae

The cultures of test insect, S. oryzae were maintained on
the local wheat variety under controlled conditions of tem-
perature (28 ± 2°C) and relative humidity (70 ± 5%) in the

Biological Oxygen Demand incubator in the Entomology
Laboratory, Division of Plant Quarantine, NBPGR, New
Delhi, India. For screening purpose, 100 healthy seeds of
each landrace were placed in separate 100 ml plastic jars
with perforated lids for aeration and prepared samples
were conditioned at 70% relative humidity (Jha et al.,
2012). Tenpairs of newlyemerged adults from the stock cul-
ture were released in each jar and replicated three times in
completely randomized design under no-choice test. The
adults were allowed to oviposit for 72 h and then removed.
About 30 d after infestation (DAI) as adult emergence was
initiated, observations were recorded at a regular interval
of 24 h till 20 d (till emergence). Growth index (GI), an im-
portant parameter determining the host suitability was cal-
culated as adult emergence (%)/mean development time
(days) (Tripathi et al., 2012). On the basis of GI, landraces
were grouped/categorizedon the scale of (0.00–2.00): as re-
sistant (0.00–0.50), moderately resistant (0.51–1.00), mod-
erately susceptible (1.01–1.50) and susceptible (1.51–2.00).

Evaluation of physical parameters of seed

Quantitative

Seed hardness was determined by compression test using a
texture analyser (model: TA + Di, Stable Micro Systems,
UK). Pressure was exerted on the individual grain until it
crackedand the cracking pointwas recorded and expressed
in Newton (Mohsenin, 1980). Seed length and width was
measured using Vernier calliper and expressed in mm.
Test weight was obtained by weighing 100 uniformly
sized seeds in an analytical balance and expressed in grams.

Qualitative

Seed colour was recorded in three colour categories viz.,
green, redandwhite after 1month of harvest usingmodified
Minimal Descriptors (for characterization and evaluation)
of Agri- horticultural Crops, Part I (Mahajan et al., 2000).

Data on quantitative traits were statistically analysed for
range and pattern of variations using INDOSTAT statistical
package (INDOSTAT Services, Hyderabad, India). Statistic-
al analyses for simple linear correlation were performed
using statistical analysis software, version 9.2 (SAS, 2009)
to indicate the measure of relation and strength of relation-
ship between various physical parameters with GI of
S. oryzae.

Results

Screening of wheat landraces against S. oryzae

The developmental suitability of food material/genotype
was determined on the basis of GI. Landraces with a low
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GI were considered as resistant and those with a high GI as
susceptible. Laboratory screening of wheat landraces in
terms of GI revealed significant variations (Supplementary
Table S2, available online) in their reaction to S. oryzae
with 28.63% coefficient of variation (CV). GI of different
landraces ranged from 0.329 to 1.855 with an average of
1.334 (Table 1). On the basis of GI, landraces were grouped
into four categories. Out of 100 landraces studied for their
differential reaction to S. oryzae, six landraces viz.,
IC589276, IC393109, IC392578, IC266831, IC266872 and
IC444217 were found resistant with GI ranging from 0.33
to 0.49, 13 as moderately resistant with GI ranging from
0.52 to 0.97, 41 as moderately susceptible with GI ranging
from 1.01 to 1.50 and 41 landraces were found susceptible
with GI ranging from 1.51 to 1.86 (Table 2).

Physical seed parameters of wheat landraces

The quantitative physical parameters viz., hardness, length,
width, length × width, test weight and qualitative parameter
seed colour revealed significant variability among different
landraces (Supplementary Table S2, available online).

Quantitative

Seed hardness of different landraces ranged from 30.7 to
112.1 newton with an average of 72.6 newton. It was min-
imum in IC564096 (30.7) and maximum in IC589276
(112.1). Seed hardness revealed significant variations
among different landraces with 21.86% CV (Table 1).
Average hardness of resistant, moderately resistant,

Table 1. Statistical summary of quantitative characteristics of wheat landraces

Pooled
n = 100 Range Mean Kurtosis Skewness

Standard
deviation

Standard
error CV (%)

Growth index 0.329–1.855 1.3344 0.054 −1.0065 0.382 0.038 28.63
Seed hardness 30.73–112.13 73.0184 −0.058 −0.3831 15.959 1.596 21.86
Seed length 4.467–7.500 5.8670 −0.781 0.3030 0.744 0.074 12.69
Seed width 2.117–3.783 2.9370 −0.850 0.0004 0.397 0.040 13.52
Seed L ×W 10.56–27.51 17.3646 −0.371 0.4637 0.868 0.387 22.27
Test weight 2.219–5.890 3.7831 −0.295 0.5673 0.799 0.080 21.12

CV, coefficient of variation; Seed L ×W, seed length × width.

Table 2. Frequency distribution of wheat landraces on the basis of growth index (GI) of Sitophilus oryzae

Grade

Growth
index
scale

No. of
landraces IC numbers of landraces

Resistant 0.000.50 6 IC589276, IC393109, IC392578, IC266831, IC266872, IC444217
Moderately resistant 0.51–1.00 13 IC208899, IC260866, IC398297, IC398302, IC260848, IC430330,

IC266884, IC430369, IC573138, IC266977, IC398296, IC383592,
IC393110

Moderately susceptible 1.01–1.50 41 IC266789, IC382664, IC260890, IC266976, IC589278, IC406688,
IC398307, IC444229, IC381111, IC383593, IC573137, IC260857,
IC589303, IC266791, IC266847, IC266852, IC406697, IC398305,
IC266764, IC398303, IC393116, IC382658, IC266854, IC260869,
IC382653, IC382649, IC381190, IC266978, IC266921, IC589300,
IC260858, IC345604, IC398292, IC564159, IC260877, IC393114,
IC398294, IC393131, IC383581, IC406715, IC444226

Susceptible 1.51–2.00 40 IC398298, IC260888, IC564114, IC430373, IC260865, IC260894,
IC564090, IC444232, IC406690, IC393115, IC260887, IC260854,
IC260868, IC260871, IC260845, IC260902, IC345690, IC260901,
IC345673, IC345688, IC381124, IC393112, IC564113, IC564096,
IC595382, IC406724, IC393113, IC398309, IC573140, IC393117,
IC260895, IC595395, IC345620, IC573157, IC260880, IC345671,
IC345589, IC345687, IC393118, IC345598

IC numbers in different categories are arranged in ascending order of GI values.
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moderately susceptible and susceptible landraces categor-
ized on the basis of GI was 88.9, 83.5, 73.1 and 67.94 new-
ton, respectively (Supplementary Table S3, available
online).

Seed length of different landraces ranged from 4.47 to 7.5
with an average of 5.88 mm. Seed length was minimum in
IC266831 and maximum in IC398298. Seed width of differ-
ent landraces ranged from 2.12 (IC430369) to 3.78 mm
(IC345589)with an average of 2.94 mm.Mean seed length ×
width was 17.4 mm2 ranged from 10.56 to 27.51 mm2,
being minimum in IC393110 and maximum in IC345589.
Seed length, width and length × width revealed significant
variations among different landraces with coefficient
of variation of 12.89, 13.52 and 22.27%, respectively
(Table 1). Average seed length × width of resistant, moder-
ately resistant, moderately susceptible and susceptible
landraces was 12.9, 13.3, 17.4 and 19.1 mm2, respectively
(Supplementary Table S3, available online).

Test weight of 100 landraces under study revealed sig-
nificant variations with 21.12% CV. Test weight ranged
from 2.22 to 5.89 gm with an average of 3.80 gm. Test
weight was lowest in IC266976 and highest in IC345589
(Table 1). Average test weight of resistant, moderately re-
sistant, moderately susceptible and susceptible landraces
was 3.21, 3.12, 3.55 and 4.26 gm, respectively
(Supplementary Table S3, available online).

Qualitative

On the basis of seed colour, wheat landraces were categor-
ized as green (40), red (44) and white (16) (Supplementary
Table S2, available online).

Resistance of rice weevil vis-à-vis seed
parameters

Seed hardness: Hardness had significant negative relation
with GI of S. oryzae (r =−0.457) (Table 3). The regression
line of seed hardness with GI (y =−19.51x + 98.882,
R2 = 0.2157) revealed left to right downward sloping trend

from the origin indicating that GI increases with the de-
crease in seed hardness (Fig. 1).

Seed length × width: The GI of S. oryzae was significant
positively correlated with length (r = + 0.538), width
(r = +0.469) and length × width (r = +0.573) (Table 3).
This indicated that large sized seeds (length × width) are
preferred by S. oryzae for feeding and development. The
regression line of seed length × width with GI (y = 5.7883x
+ 9.6736, R2 = 0.3242) revealed left to right upward sloping
trend from the origin (Fig. 2).

Test weight: The seed test weight had significant positive
relation with GI (r = +0.549) (Table 3). The regression line
of test weight with GI (y = 1.1259x + 2.2897, R2 = 0.2851) re-
vealed left to right upward sloping trend from the origin
similar to length × width (Fig. 3).

Intra factor correlation among different quantitative seed
parameters: Hardness has significant negative relation
with length (r =−0.292), width (r =−0.326), length × width
(r =−0.351) and testweight (r =−0.189). Length × width has
positive correlation with test weight i. e. +0.602 (Table 3).

Seed colour: Both resistant and susceptible landraces
were found in all the three colour categories viz., green,
red and white, which revealed that there was no clear-cut
relation between GI of the insect and seed colour.

Table 3. Correlation matrix of growth index (GI) of Sitophilus oryzae and quantitative physical parameters of wheat landraces

Growth index Hardness Length Width Length ×width Test weight

Growth index – −0.45769* 0.53768* 0.46864* 0.57258* 0.54935*
Hardness – −0.29200 −0.32572 −0.35078 −0.18871
Length – 0.42893* 0.83965* 0.47194*
Width – 0.84581* 0.54178*
Length × width – 0.60179*
Test weight –

*Significant at P = 0.01.

Fig. 1. Relationship between growth index of Sitophilus
oryzae and seed hardness of wheat landraces.
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Discussion

All wheat landraces under study infested by the rice weevil
indicated that none of them immune (0% infestation) to
S. oryzae. However, much variation among the landraces
was observed in terms of degree of damage by S. oryzae.
Arve et al. (2014) screened seven wheat varieties and did
not find any variety immune to rice weevil. Chouhan
et al. (2005) reported varied influence of wheat varieties
on biological activities of rice weevil and found that variety
DL 803–3 was least preferred by rice weevil. It is well-
known that different host and varieties of host crop also dif-
fer in their response to infestation and influence on life his-
tory characters of stored product insects (Bamaiyi et al.,
2007; Ladang et al., 2008).

Negative correlation and left to right decreasing regres-
sion line of seed hardness with GI of S. oryzae indicated
that soft seeds were preferred by S. oryzae possibly due
to limited scraping ability of mouth parts of the larvae
and adult. Sultana and Yadav (2014) also found negative
correlation of hardness with different insect parameter

used for finding resistance. Zakka et al. (2013) proved
that grain hardness served as a barrier to the penetration
of the endosperm by Sitophilus zeamais and found that
seeds of improved maize varieties which were harder com-
paratively, proved to be less susceptible to infestation. The
resistance exhibited by the improved maize varieties has
been attributed to mechanical barriers provided by thick
testa and hard grains (Ashamo, 2001; Lale and Yusuf,
2001; Lale and Kartay, 2006). The physical characteristics
of the seed coat affect oviposition and/or egg-hatch in bee-
tles (Lale and Makoshi, 2000; Lale and Kartay, 2006).

Significant positive relation ofGI of S. oryzaewith length ×
widthand left to right increasingregression line indicated that
large sized seedswere preferred by S. oryzae for feeding and
development. It is also important to note that as reported by
Rao and Sharma (2003) wheat grain size was positively cor-
related and highly significant with mean progeny emer-
gence of S. oryzae. Ram and Singh (1996) evaluated 63
wheat cultivars against S. oryzae and found susceptibility
to be correlated positively with grain size and negatively
with hardness.

Significant positive relation and left to right increasing re-
gression line of test weight with GI showed similar trend
like seed length × width. Akpodiete et al. (2015) evaluated
18 maize varieties and found the role of physical character-
istics like colour, length, breadth and width of the grain on
the stability of resistance of these varieties to maize weevil,
S. zeamais. Although physical factors have been reported
to be more important than chemical factors in conferring
resistance on cereal cultivars (Lale and Mustapha, 2000),
the presence of secondary compounds such as soluble
phenolics and tannins present in the cultivar play some
role in imparting resistance (Adedire et al., 2011). This as-
pect however, was not considered in this study. Lale and
Kartay (2006) studied the role of testa thickness, seed size
and kernel hardness of three maize cultivars in the resist-
ance to S. zeamais and found significant differences in re-
sistance of cultivars Coma, Ogbia muno and Bende with
respect to seed size and kernel hardness.

Parameters as length × width and test weight indicate the
size of the seeds. Results revealed that small sized landraces
possess more resistance to S. oryzae. It can be concluded
that larger grains provide more food and space for insect
growth than the smaller grains. Grains with less mass
offer more resistance to pest attack than the larger ones.
However, this proved true to some extent in some cultivars
but not for all under study. Chouhan et al. (2005) also sug-
gested that the volume of grain influenced the biological
activity of the pest positively, while density influenced
the activity negatively.

On the basis of GI, variations among the landraces with
respect to their resistance/susceptibility to S. oryzae were
observed. Results indicated that softer and larger seeds
were suitable for growth and development of S. oryzae.

Fig. 2. Relationship between growth index of Sitophilus
oryzae and seed length × width of wheat landraces.

Fig. 3. Relationship between growth index of Sitophilus
oryzae and test weight of wheat landraces.
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The seed colour had no role in conferring resistance.
Physical sources of resistance may be less promising than
chemical sources, but physical properties of seeds can pro-
vide resistance via both the mechanisms; non-preference
and antibiosis.

Supplementary material

To view supplementary material for this article, please visit
http://dx.doi.org/10.1017/S1479262115000672
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