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ABSTRACT

Corn, as the second most important cereal cultivated in Afghanistan, is subjected to numerous
biotic and abiotic stresses limiting its productivity. Sesamia inferens is a polyphagous pest attacking
this crop that causes severe damage and yield losses in Afghanistan. This study was conducted to
evaluate the resistance to attack by Sesamia inferens of different corn landraces collected from
different provinces of Afghanistan along with commercial hybrids. Evaluations for agronomical
performance and resistance were done in two years under natural infestation with S. inferens.
Differences among genotypes were significant for all traits. The landraces BU;, BU,, BU; showed to
be a good source of stem resistance, and the landrace BUs considered to be a suitable material to
improve yield in further breeding programs. This is a preliminary evaluation and the resistance of
these landraces should be corroborated under artificial infestation because earlier genotypes could
get the silking stage before the occurrence of the peak of insect infestation.
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1. INTRODUCTION

Corn (Zea mays L.) is the second most important
cereal in Afghanistan following wheat with an
annual production of 301,000 tons [1]. The
occurrence of many biotic and abiotic stresses
decreases its productivity in Afghanistan and no
breeding programs have been implemented to
overcome these issues. Among biotic stresses,
Pink Stem Borer (PSB) (Sesamia inferens
Walker; syn. Nonagria inferens Lepidoptera;
Noctuidae), causes serious stalk and ear
damage and subsequently economic losses due
to yield reduction.

S. inferens is a polyphagous and widespread
species from the Indian subcontinent, the
southeast of Asia, and as far-east as New
Guinea and the Solomon Islands and has
recently known to be a key pest of rice and
sugarcane. It also attacks maize, sorghum,
wheat, bulrush, barley, foxtail millet, and finger
millet [2,3]. This pest completes its life cycle from
egg to adult varying from 46 days in summer and
71 days in winter. S. inferens may have two to
six generations per year depending upon climatic
conditions. In warm season, egg hatching takes
place 5-7 days after eggs are laid, but this period
may be longer in cool or dry conditions. The
larval stage duration ranges 25-75 days;
meanwhile Larvae make tunnels in the stalks.
Larvae turn into pupa inside the stalk and the
adults emerge in 12 days [4].

Corn vyield losses due to borers could be
primarily attributed to vascular disruption of
assimilate movement and increased risk of stalk
lodging, and ear dropping, and secondarily, to
subsequent attack by other insects and
pathogens [5]. Yield decrease associated to stalk
tunneling is more critical than the borer attack to
the ear [6,7]. In addition, borer damage not only
can result in yield losses but also lead to
harvesting problems, and poor kernel quality [8].

The common ways to control borers in corn are
either the use of transgenic Bt-corn or the
application of insecticides; however, in countries
like Afghanistan, it is very difficult to produce and
maintain genetically modified organisms and,
also to apply insecticide properly. One other way
that could be applied to control PSB is to
cultivate PSB-resistant/tolerant varieties. The first
step in developing PSB-resistant varieties is to
identify sources of resistance/tolerance to S.

inferens. Most studies investigated resistance to
other corn borers like S. calamistis, S.
nonagrioides [7,8], and European corn borer
(ECB; Ostrinia nubilalis) [9-15]. But recently,
researches have been established to study the
levels of resistance and mechanisms underlying
resistance to S. inferens in corn [16,17]. Yet,
there is no published study on the evaluation of
the corn resistance/tolerance to S. inferens in
Afghanistan.  Therefore, this study was
conducted to examine the stem and ear
resistance of available landraces and commercial
hybrids of corn to S. inferens attack and to
explore the possible relationships between yield,
and other related traits to borer damage in
natural conditions of Afghanistan.

2. MATERIALS AND METHODS
2.1 Plant Materials

A set of 15 genetically diverse genotypes of corn
including 10 local landraces namely BU, (BU;-
BU,o), collected from northern provinces of
Afghanistan along with five commercial hybrids
(Carolina 17-6500, Carolina 17-6540, Carolina
17-6600, Pioneer 30R50, and Pioneer 30Y87)
were evaluated for resistance to PSB (Table 2).

2.2 Field Experiments

The 15 genotypes were arranged in a 4-
replication randomized complete block design
with completely natural conditions of infestation.
The trials were conducted in the Balkh district
(66%52' N and 36°46' E, 380 SLA) in a silty loam
soil. The genotypes were grown in five-row plots
of 5 m length with 0.8 m and 0.25 m space
between the rows and plant to plant,
respectively. The planting date was selected in
early July for two years, 2013-2014, so
genotypes would be exposed to natural
infestation of PSB. Plots were thinned 2 weeks
after planting to obtain a final density of
approximately 50000 plants ha®, and were
irrigated and fertilized as needed and
mechanically weeded. No insecticides were
applied during the trial.

Recorded traits in each plot were: days to silking
as number of days from planting to the 50% of
plants showing silks, the number of borer larvae
per plant, yield (expressed in t/ha), and the
average length of tunnels made by borers in the



stalks in 10 randomly-selected plants. Then,
stem damage was calculated as:

averagetunnellengthmadeby borers
averagestemlength

Stemdamage= x10C

Shank, cob, and kernel damages were
independently scored on 10 or more ears per
plot using a visual 9-point scale (1= fully
damaged to 9= wholly healthy [8].

2.3 Data Analysis

All data were subjected to analysis of variance
(ANOVA) using SAS statistical software [18]. A
combined analysis of variance across years with
genotype as fixed and years and replications as
random factors using the PROC GLM procedure
was performed. Mean comparisons were
calculated using LSD when the F-value was
significant (Fisher's protected LSD). To explore
possible relationships between yield and traits
related to damage, the correlation coefficients
between each two different traits were also
computed [8].

3. RESULTS

All genotypes were statistically-different for days
to silking, borer per plant, shank health, ear
health, kernel health, tunnel length, stem
damage, and yield (Tables 1 and 2). Days to
silking ranged from 47 days for BU2 and 74 days
for Pioneer 30R50, respectively. The genotypes
not only showed different ear health and Kernel
health, but also they showed different shank
health. All local landraces except BU,, BUs, and
BU,o showed the lower kernel health value of 7,
consequently, damage to the ear is assumed to
be an important factor showing resistance to
stem borer.

The pioneers hybrids seems to be the most
resistant genotypes to borer because of having
lower values of tunnel length and percentage of
stem damage and higher value of shank and
kernel health. Local landraces, BU;, BU, and
BU; had almost the same value for tunnel length
and stem damage to breed varieties, but showed
a lower degree of shank and kernel health. By
contrast, the Carolina hybrids were among the
most borer-susceptible genotypes due to having
the highest value of tunnel length and stem

damage, and showed relatively the same
proportions of shank and kernel health to
Pioneer hybrids. Generally, midseason
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genotypes were more susceptible to borers by
producing longer tunnel length and stem damage
and more damaged ears and kernel. Whereas,
Carolina 17-6600 as a late genotype, had a
longer tunnel length, relatively more stem
damage, and less damaged ears and kernel.

Surprisingly, the average borer damage to
Carolina hybrids was higher than that of Pioneer
varieties and local landraces, 39.3% compared
to 9.25% and 17.62%, respectively (data not
shown). And also the number of borer per plant
in Carolina 17-6540 (18.65) and BU; (13.5) were
higher as compared with other genotypes.

Based on higher value of ear health, shank
health, kernel health, less amount of tunnel
length, and stem damage, the landraces BU,,
BU,, BUs, along with both pioneer hybrids were
the most resistant and the least damaged
genotypes, whereas other genotypes showed
higher degree of susceptibility to borers.
Surprisingly, Carolina 17-6500 and Carolina 17-
6540 did not differ from the local landraces in
response to borer and showed relatively the
same reaction.

Correlation coefficients between vyield and all
measured-traits were calculated (Table 3). There
were positively significant correlations between
kernel health and shank health (r=0.73), and
between percentage of stem damage and tunnel
length (r=0.69). In addition, a negative correlation
between yield and borer per plant, and between
tunneling and shank health, ear health and
kernel health were detected. No significant
correlation between yield and shank health was
detected.

4. DISCUSSION

The genotypes BU;, BU,, BU; and BUs were
relatively less damaged from borers attack, and
are assumed to be the most appropriate
materials to obtain reduced stem damage and
higher yield by S. inferens. Early and extra-early
materials were too dry and the adult moths
preferred the younger and the more tender
plants for laying their eggs and could escape the
attack of some borer generations. Whereas,
midseason and late materials were younger
and consequently, more susceptible to
damage by borers. Generally, midseason and
late materials stand up better until harvesting
than early and extra-early materials which dry
sooner and are more fragile, and subsequently
they will be more damaged from borer attack.



Table 1. Mean squares of variance of 15 corn genot

ypes evaluated for resistance to
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Sesamia inferens in two years, 2013-2014

Source of Degrees of Daysto silking Bore per plant Shank health Ear health Kernel health Tunnel length Stem damage Yield
variation freedom
Year 1 67.60 206.42 32.16* 11.10 26.46** 182.04 319.49** 4.71*%
Replication/Year 6 46.39 58.57 1.90 5.85 0.71 735.86 13.89 0.09
Genotype 14 419.23** 91.80** 5.16** 4.15** 12.47* 1888.95** 852.13** 42.81**
Yx G 14 2.39 0.52 0.16 0.58 0.07 10.16 7.90** 0.13
Error 84 2.19 1.24 0.45 0.36 0.14 38.55 2.94 0.35
* ** Sjgnificant at 0.05 and 0.01 probability level, respectively
Table 2. Mean comaprisions of 15 corn genotypes for yield, and resistance to  S. inferens
No. Genotypes Collected Daysto Ear Shank Kernel Borer per Tunell length  Stem Yield (t/ha)
province silking health health health plant (cm) damage (%)
(1-9) (1-9)° (1-9)°

1 BU1 Balkh 49gh 8.4 ab 7.3bcd 6.2f 8.6d 35.2hi 9.6hi 0.8hi
2 BU2 Balkh 47h 8.0bcd 8.3a 6.6ef 5.9f 38.5hi 10.4ghi 1.4fgh
3 BU3 Balkh 53f 8.2bc 7.6abcd 6.9de 10.5¢ 32.5i 8.1hi 0.9ghi
4 BU4 Samangan 63cd 7.9bcd 7.1d 7.1cd 6.9f 42.0gh 26.7c 1.6efg
5 BU5 Baghlan 53f 7.4def 7.2cd 7.5bc 2.9¢9 49.3ef 15.6¢f 5.8c
6 BU6 Baghlan 51fg 7.6cde 7.2cd 6.6ef 6.1f 57.0d 15.8¢f 1.6efg
7 BU7 Jawzejan 63cd 6.8fg 6.9d 4.99 13.5b 77.8b 19.5de 0.4i
8 BUS8 Sar-e Pol 61de 6.59 4.7e 3.7h 8.3de 86.7a 33.1b 1.4fgh
9 BU9 Sar-e Pol 60e 7.6cde 7.0d 6.3f 7.1ef 67.5c 18.1def 3.3d
10 BU10 Konduz 60e 7.1efg 7.3bcd 7.7b 10.4c 81.2ab 23.2cd 0.6i
11 Pioneer 30R50 Market 74a 8.4ab 8.0abc 8.4a 6.3f 45.8fg 12.8fgh 7.6b
12 Pioneer 30Y87 Market 74a 9.0a 8.3a 8.5a 3.0g 47.3fg 6.5i 8.8a
13 Carolina 17-6500 Market 65bc 9.0a 8.4a 8.5a 9.0d 31.8i 37.7ab 2.2e
14 Carolina 17-6540 Market 67b 9.0a 8.3a 8.5a 18.3a 48.2fg 41.4a 0.6i
15 Carolina 17-6600 Market 66b 9.0a 8.1lab 8.5a 9.8cd 53.2de 38.6a 1.4fgh

Mean - 60 7.99 7.44 7.05 8.44 52.83 21.15 2.57

LSD - 2 0.7 0.8 0.4 1.3 7.2 54 0.7

a. shank health, ear health and Kernel health were scored on a 9-point scale according to Butron et al., 2009 (1 = 90-100% damaged, 2= 80—90%, 3=70-80%, 4= 60—
70%, 5= 40-60%, 6= 30-40%, 7=20-30%, 8= 1-20%, and 9 =without injury)

b. Means with the same letter are not significantly different
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Table 3. Correlation coefficients among yield, yiel ~ d components, and damage-related traits in 15 genot  ypes of corn

Days to silking Bore per plant shank health Ear health Kernel health  Tunnellength  Stem damage Yield
Days to silking 1.00
Borer per plant 0.15 1.00
shank health 0.08 -0.2 1.00
Ear health 0.35** -0.16 0.12 1.00
Kernel health 0.36** -0.11 0.73** 0.37** 1.00
Tunnel length 0.30** -0.13 -0.44** -0.42** -0.41** 1.00
Stem damage 0.31** 0.52** -0.17 0.19* 0.07 0.69** 1.00
Yield 0.49** -0.50** 0.15 0.36** 0.34** -0.18 -0.36** 1.00

* ** Sjgnificant at 0.05 and 0.01 probability level, respectively



These results are in agreement with previous
studies which pointed out that more attractive
materials to the moths of the second generation
are the midseason and late maturing corn [9,11-
13,19]. There is evidence to suggest that yield
losses due to second generation of corn borers
injury are less significant in longer-season
hybrids, especialy when sewn early, as
compared to shorter-season hybrids. It is
suggested that the applied strategy to avoid
more injury of second generation of borer is
achieved by sowing long-season hybrids early, a
strategy that is consistent with improving the
efficiency of other agronomic factors [19].

As would be expected, higher yield losses,
greater proportions of stem damage, more
damages to ears, shanks and kernel, and lower
degree of kernel health were also observed in
the midseason and the late genotypes and
Carolina hybrids. The intensity of damages
resulting from assimilate disruption injury is
usually dependent on corn growth stage at the
time of injuries [12,20-22]. Generally, earlier
infestations (relative to plant development) cause
greater yield losses and more stem damages
than later-occurring infestation. Maximum yield
losses and higher proportions of stem damage
before stem elongation have been reported
[23-25]. Moreover, under abiotic stresses as
drought stress, yield reductions from stalk and
stem borer injuries are more pronounced [26].
However, this reaction has been shown to have
a non-linear negative correlation, therefore, as
the number of cavities per plant increases, yield
losses per cavity (tunnel) would be expected to
decrease. Noting that vascular disruption that
occurs above the ear zone will have little impact
on water and nutrient delivery to the seed,
therefore this would lead to little yield losses
[27-30].

The Carolina hybrids showed higher degree of
susceptibility to stem damage and yield losses as
compared to Pioneer hybrids. It is reported that
material considered to be resistant in its origin
country might show resistance or susceptibility in
other countries [11]. It seems that these
materials have been bred for resistance to borers
to grow in its original country not for the harsh
conditions of Afghanistan. The pionner hybrids
seem to be genetically resistant/tolerant to the
borers. Therefore, they would be the most
suitable materials for obtaining higher yield along
with  reduced stem damage under high
infestation pressure in areas with longer growing
season.
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The sowing date, as a fixed factor leading to
maximum potential yields in corn and largely
determines the plant growth stage at the time of
borer attack, was not included in this research.
This is especially true because a delayed sowing
date, due to weather or other conditions, can
dramatically lead to different levels of injury.
Moreover, vyield losses resulting from stalk
lodging or ear dropping are significantly
correlated with the intensity of infestation, and
actual vyield losses due to borer-induced
breakages and droppages are largely dependent
upon environmental conditions [13]. Excessive
winds and temperature, which are present in
summer in Balkh province, could accentuate
stalk lodging, and higher temperature or moisture
conditions usually encourage stalk rot diseases.
In researches involving ECB, it is reported that
the best strategy to avoid more damages could
be obtained by sowing long-season genotypes
early. Because yield reduction in shorter-season
genotypes as compared with longer-season
genotypes are more significant, especially when
they are sown late [26]. So, it is suggested that
the effect of different sowing date on the
proportions of insect damage should be
determined in further studies.

The general appearance of the ear seems to be
one of the best signs of resistance in preliminary
evaluations. Additionally, the number and length
of tunnels appearing in the ear also could be a
useful trait in selecting resistant ears. Except the
two genotypes BU7 and BUS, the others showed
relatively a higher health value of 6, the others
were significantly different for ear health, shank
health, and kernel health. Firstly, it may be due
to different borer species occurred during
growing season. Because this research has
been conducted under natural infestation, and
therefore, there was not any control on borer
species attacking crops. Secondly, this difference
may be attributed to several selection cycle by
farmers leading to higher shank, ear, and kernel
health. Because, most of these genotypes were
cultivated for several years, and, using hand-
selected seeds for further sewing year has been
resulted to producing genotypes with better
health conditions for shank, ear, and kernel.

S. inferens may be probably the key pest found
in Balkh provine, but it seems that other borers
have not been negligible in field experiments. It
is true that S. inferens larvae usually attack
stems rather than ears, as like as S.
nonagrioides larvae [8,31-32], but O. nubilalis
preffers the silk channel to enter the ear.



However, kernel and shank health has shown to
be highly correlated and genotypes were
significantly  differenet for shank health.
Therefore, it is clear that decreasing the value of
damage on the shank could prevent, in part,
kernel damage by borers. In the other hand, as
shank damage reduces kernel health would
increase. Consequently, genotypes BU;, BU,,
BU; and BUs would be the most appropriate
materials for further breeding programs to reduce
yield losses by S. inferens. Additionally, it seems
that kernel and ear health would have a
significant correlation, and reducing ear health
could lead to a higher proportion of kernel
damage.

5. CONCLUSION

Under natural infestation pressure, it is
recommended to select varieties with less stem
and shank damage caused by S. inferens to
reduce yield losses. In addition, it is suggested
that number and length of tunnels appearing in
the ear seem to be the best signs of resistance
to S. inferens in preliminary evaluations. Hence,
the landraces BU,;, BU,, BUj;, and BUs; are
assumed to be the most resistant/tolerant
materials to S. inferens, and could be the base
materials in further breeding programs to obtain
higher vyield and less stem damage by S.
inferens.
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