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Figure 3. Linkage map caused Badia x Kavir cross based on 28, 9, 3 and 5 SSR, ISSR, IRAP and iPBS markers in F2:4 mapping population.

ISSR31-6-ISSR16-8 marker interval and LOD of 3.935
and phenotypic variance of 16.1 with a negative additive
effect of Kavir. gSN-3 at 48 cM flanked by ISSR13-3-
[SSR47-8 markers with an LOD of 2.213 accounted for
9.4% of the variation in grain number. For spike weight,
one QTL was detected on chromosome 3 at 48 cM above
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the chromosome (Fig. 5). This QTL was within the ISSR13-
3-ISSR47-8 marker interval and accounted for 13.2% of
the variation with an LOD of 3.163. For grain weight, 3
QTLs (qSW-1a, gSW-1b, qSW-3) were identified that could
account for 12.8, 12.8, and 15.7%, respectively, and had a
positive additive effect for this trait at chromosomes 64,



The effect of pesticide application on quantitative trait loci

Table 8. QTL detected for agronomical traits in F2:3 caused Badia x Kavir populations.

Trait QTL Chromosome Position Flanking marker LOD Additive R? Allele direction

Without pesticides
qPLNUF-3 3 48 ISSR13-3- ISSR47-8 2.158 -0.813 9.2 Kavir
qSTNUF-1 1 70 ISSR16-9-ISSR47-1 2911 -0.713 12.2 Kavir
gqSTNUF-4a 4 0 ISSR31-6- ISSR16-8 2.289 0.581 9.7 Badia
gSTNUF-4b 4 72 ISSR20-1-ISSR38-1 2.240 -0.583 9.5 Kavir
gSTNUF-6 6 0 ISSR38-6-Bmac310 2.478 0.580 10.5 Badia
gSTNUF-7 7 0 ISSR48-1-ISSR22-4 2.041 -0.437 8.7 Kavir
gFLLNUF-3a 3 10 ISSR31-2- Bmag0013  2.745 -0.605 1.5 Badia
gFLLNUF-3b 3 68 ISSR29-7-ISSR31-5 2.806 0.949 11.8 Kavir
gFLLNUF-4 4 0 ISSR31-6- ISSR16-8 4.537 1.235 18.4 Kavir
gALNUF-2 2 76 ISSR20-4 - ISSR29-4  2.038 -1.432 8.7 Badia
gALNUF-3a 3 2 ISSR13-2-ISSR31-2  2.072 -1.688 8.8 Badia
gALNUF-3b 3 68 ISSR29-7 - ISSR31-5  2.802 -0.707 11.8 Badia

Treated with pesticides
gSTUF-3a 3 48 ISSR13-3 - ISSR47-8  2.57 -2.961 10.9 Badia
qSTUF-6a 6 2 ISSR38-6 - Bmac310  4.025 -1.71 16.5 Badia
qSTUF-6b 6 18 IRAP50-3 - ISSR48-3  2.303 -1.949 9.8 Badia
gFLLUF-3 3 48 ISSR13-3 - ISSR47-8 2.2 -4.632 9.4 Kavir
gFLLUF-7a 7 102 ISSR16-7- ISSR30-6 2.544 1.551 10.8 Badia
gFLLUF-7b 7 106 ISSR30-6-ISSR22-2 2.413 2.525 10.2 Badia
gFLWIUF-6 6 52 HVM65- Bmac0040  2.16 -0.672 9.2 Kavir
gFLWEUF-4 4 2 ISSR31-6- ISSR16-8 3.935 0.194 16.1 Badia
qGNUF-3 3 48 ISSR13-3-ISSR47-8 2.213 -11.546 9.4 Kavir
qGWUF-1a 1 64 ISSR16-2- Bmag0718 3.06 0.272 12.8 Badia
qGWUF-1b 1 66 Bmag0718-ISSR16-9  3.057 0.218 12.8 Badia
qGWUF-3 3 48 ISSR13-3- ISSR47-8 3.809 -0.944 15.7 Kavir
qSWUF-3 3 48 ISSR13-3- ISSR47-8 3.163 -0.945 13.2 Kavir

66,48 cM in ISSR16-2-Bmag0718, Bmag0718-ISSR16-9,
and ISSR13-3-ISSR47-8 marker intervals (Fig. 6).

To identify and map the dwarfism gene in 92 double
haploid barley lines and its correlation with agronomical
traits, Wang et al. (2010) identified two QTLs for spike
emergence, two QTLs for spike length, one QTL for grain
number, and one QTL for awn length on chromosome H3,
which accounted for 70-81% of the relevant phenotypic
variance of the trait. The results of Wang et al.'s (2010)
work on chromosome #3 were consistent for awn length
and grain number traits. In addition, Teulat et al. (2001a,b)
identified two QTLs on chromosomes 3 and 4. The results
of this study on chromosome #3 are consistent with the
results of Teulat et al. (2001 a,b).

Discussion

The widespread use of various pesticides, including
herbicides, insecticides, fungicides, and rodenticides, has
long been a cause for concern for environmental pollu-

tion and endangering human health. Adverse effects of
these compounds on living and non-living environment
include accumulation and concentration of pesticides in
the living body and entry into the food chain, and long-
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Figure 4. QTL mapping result for flag leaf length (on chromosome 3)
in population where pesticides were not used.
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Figure 5. QTL mapping result for spike weight (on chromosome 3) in
pesticide-treated population.

term contamination of water and soil resources with
pesticides and their residues (Shaw et al. 1992; Newman
2008). The development of pesticide resistance in pest
populations could increase with the elevated concentration
of these compounds as well as with repeated applications
(Hemingway and Ranson 2000; Brown and Pal 1971;
Hemingway et al. 1992). The combination of different
control methods, including environmental, biological,
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Figure 6. QTL mapping result for grain weight (on chromosome 1 and
3) in pesticide-treated population.
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genetic, and chemical approaches, has been able to reduce
environmental pollution and at the same time properly
controls population of harmful pests.

This study sought to investigate the effect of pesticide
application on the emergence and absence of QTLs in
attribute controllers in barley. To do this, first a genetic
map with molecular markers was developed. The obtained
linkage map showed that the distribution of markers on
linkage groups was not uniform and the highest number
of markers belonged to linkage group #3 and the lowest
number of markers to linkage group #5 (Fig. 3). Since the
resulting map length was 617.5 cM and the interval be-
tween the two flanking markers was 5.41 cM, the resulting
map was found to be suitable for gene mapping (Fig. 1).

The study identified 25 QTLs. Comparison of QTLs
detected under both conditions, namely pesticide applica-
tion and non-application showed that some chromosome
regions play an effective role in controlling attributes un-
der both conditions. For example, in ISSR13-3-ISSR47-8
and ISSR38-6-Bmac310 marker intervals, QTLs related to
stem diameter, peduncle length, flag leaf length, and seed
weight, were detected under both conditions; however,
some regions played a role only in the absence of pesticide
use, IRAP50-3-ISSR48-3, HVM65-Bmac0040. Therefore,
it can be concluded that pesticide application is effective
in the presence or absence of some genes in barley. The
major-effect trait-controller QTLs concerned, and their
associated markers can be used in MAS programs. The
results showed that when plant populations are treated
with pesticides, the expression of genes controlling traits
is affected.
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