—
Sy of 155555

https://ijpb.ui.ac.ir/?lang=en
Journal of Plant Biological Sciences
E-ISSN: 3041-9603
Vol. 15, Issue, No. 2, Summer 2023
Document Type: Research Paper
Received: 08/12/2023 Accepted: 08/06/2024

Physiological response of some wheat genotypes under dust conditions

Saba Amid!, Arash Fazeli?>* , Reza Haghi’, Masoud Bazgir*

L2 Agronomy and Plant Breeding Department, Faculty of Agriculture, Ilam University, Ilam, Iran
3 Institute of Plant Genetics and Crop Plant Research (IPK), Gatersleben, Germany
4 Department of Water and Soil Engineering, Faculty of Agriculture, [lam University, Ilam, Iran

Abstract

To investigate the impact of airborne dust on the physiological characteristics of 11 wheat
genotypes, an experiment was conducted in the agricultural year of 1401 at the research
greenhouse of the Faculty of Agriculture, Ilam University. The experiment followed a
factorial design based on a completely random design with three replications. The study
factors encompassed two stress and control conditions and 11 wheat genotypes. The
measured traits included relative leaf water content, ion leakage, membrane stability, as
well as protein, proline, and photosynthetic pigment levels at the four-leaf stage of wheat.
Statistical analysis revealed the significance of all assessed traits. Dust stress led to a
decrease in relative leaf water content, ion leakage, membrane stability, protein,
chlorophyll a, chlorophyll b, total chlorophyll, and carotenoid levels, with an increase in
proline. This reduction in these factors resulted in decreased photosynthesis and,
ultimately, reduced crop productivity.

Introduction

Dust storms are natural occurrences that are widespread, particularly in arid and semi-
arid regions (Wang, 2005). Dust exerts numerous adverse effects by impacting the leaf
surface, which is vital for essential plant functions like photosynthesis, transpiration, and
respiration. Furthermore, dust indirectly affects marketability and product quality. Dust
particles, when deposited on plant aerial parts, trigger various physical and chemical
changes, including stomatal blockage, reduced photosynthetic activity, leaf abscission,
tissue damage, increased temperature, and alteration of leaf pigments (Wijayratne et al.,
2009). Dust accumulation also affects the relative leaf water content and leaf chlorophyll
content (Chaturvedi et al., 2013), ultimately leading to reduced crop yields. On average,
the reduction in the yield of agricultural products due to dust has been estimated up to five
percent. The occurrence of dust during crop growth, especially in wheat, poses a significant
risk in the western and southern regions of Iran. Accurate assessment of the damage caused
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by dust particles in crop production is crucial, and the study of the effects of dust on crop
growth is vital to identify varieties that can withstand these conditions and enhance
productivity. Dust directly challenges agriculture in the region, emphasizing the need for
documented, long-term strategies to mitigate its adverse effects. Wind and rain can help
reduce dust accumulation on leaf surfaces.

Materials and Methods

This experiment was conducted during the agricultural year of 1401 at the research
greenhouse of the Faculty of Agriculture, [lam University. It followed a factorial design
based on a completely random design with three replications. The study aimed to
investigate the impact of airborne dust on the physiological characteristics of 11 wheat
genotypes. Genotype seeds were sourced from the gene bank of IPK Institute in Germany.
Soil sampling was performed in the Mehran region, with a soil analysis including pH,
EC, lime, gypsum, organic matter, and soil texture determination. Airborne dust was
simulated in a controlled environment similar to a greenhouse. After subjecting the wheat
to dust stress, the study assessed relative leaf water content, ion leakage, and membrane
stability, and analyzed leaf samples for protein, proline, chlorophyll a, chlorophyll b, total
chlorophyll, and carotenoids. Various methods were used for these measurements,
including Ritchie et al. (1990) for relative water content, Lutts et al. (1995) for ion
leakage, Kaya et al. (2002) for membrane stability, Shabnam et al. (2015) for proline,
Bradford (1976) for protein, and Porra (2002) for photosynthetic pigments. Subsequently,
data were normalized, and statistical analysis was performed using SAS software. Mean
comparisons were carried out using Duncan's multiple range test, and figures and graphs
were generated using Graph Pad software.

Results and Discussion

The analysis of variance results indicated that both stress effects and the interaction
between stress and genotype were significant for all evaluated traits. Dust stress led to a
decrease in relative leaf water content, an increase in ion leakage, a decrease in membrane
stability, a reduction in protein content, and a decrease in chlorophyll a, chlorophyll b,
total chlorophyll, and carotenoids levels, with an increase in proline content.Dust stress
led to a decrease in relative leaf water content, an increase in ion leakage, a decrease in
membrane stability, a reduction in protein content, and a decrease in chlorophyll a,
chlorophyll b, total chlorophyll, and carotenoids levels, with an increase in proline
content. Among the genotypes, G10 and G6 exhibited the lowest relative leaf water
content, ion leakage, membrane stability, protein, chlorophyll a, chlorophyll b, total
chlorophyll, and carotenoids, with the highest values observed for G6 and G11. Proline
levels were lowest in the control (G2) and highest in the treatment (G8). Decreased
relative leaf water content indicates a reduction in morphological and physiological
processes in plants, while increased ion leakage signifies heightened cell membrane
permeability due to damage from reactive oxygen species. Proline aids in plant stress
tolerance by regulating osmosis, preventing enzyme damage, and eliminating hydroxyl
radicals. Reduced protein content under stress results from decreased production,
increased decomposition, or damage from reactive oxygen species. Dust accumulation on
leaf surfaces leads to reduced oxygen and light absorption, causing a decline in
photosynthetic pigment synthesis. Increased chlorophyllase enzyme activity is a primary
factor in the reduction of chlorophyll pigments due to dust particles, while decreased
carotenoids may be attributed to water conversion into abscisic acid.

Conclusion
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This study investigated the physiological traits and photosynthetic pigments of 11 wheat
genotypes under simulated dust conditions. The results demonstrated that dust
significantly affected various physiological characteristics of the plants. Dust stress led
to reductions in relative leaf water content, ion leakage, membrane stability, protein,
chlorophyll a, chlorophyll b, total chlorophyll, and carotenoids, with a concurrent
increase in proline levels. Among the tested genotypes, G11 and G6 exhibited better
resilience to dust stress. These genotypes have the potential to be considered for
cultivation in regions prone to dust stress, offering a promising solution for enhancing
crop productivity.
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Table 1- Characteristics of wheat genotypes

cod ACCENUMB GENUS SPECIES ACQDATE ORIGCTY

Gl TRI 9931 Triticum aestivum 1972 USA

G2 TRI 10026 Triticum aestivum 1972 SUN

G3 TRI 10592 Triticum durum 1973 CYP

G4 TRI 10779 Triticum durum 1974 GRC

G5 TRI 11309 Triticum aestivum 1976 CZE

G6 TRI 15199 Triticum aestivum 1986 ITA

G7 TRI 15655 Triticum aethiopicum 1986 ETH

G8 TRI 15867 Triticum aethiopicum 1986 ETH

G9 TRI 17563 Triticum aestivum 1994 TIK

G10 TRI 17056 Triticum aestivum 1993 ESP

Gl1 TRI 19821 Triticum sp. 2003 TUR
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Table 2- analysis of dust sample

Samole pH EC Pava Kava GYPs OC Sand Silt Clay  Soil Texture
P - ds/m mg/kg mg/kg % % % % -
1 780 3.9 6.38 157.6 3418 0268 67 255 15 Sandy Loam
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Figure 1- Schematic of the dust chamber
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Figure 1- Comparison of the average relative leaf water content of wheat genotypes under dust stress, mean of three
replicates + SE. Lowercase letters indicate significant differences at the P<0.05 level
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Figure 2- Comparing the average ion leakage of wheat genotypes under dust stress, mean of three replicates + SE.
Lowercase letters indicate significant differences at the P<0.05 level
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Figure 3- Comparing the average membrane stability of wheat genotypes under dust stress, mean of three replicates +
SE. Lowercase letters indicate significant differences at the P<0.05 level
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Figure 4- Comparison of average proline in wheat genotypes under dust stress, mean of three replicates + SE. Lowercase

letters indicate significant differences at the P<0.05 level
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Figure 5- Comparison of average protein in wheat genotypes under dust and soil stress, mean of three replicates + SE.
Lowercase letters indicate significant differences at the P<0.05 level
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Figure 6- Comparison of average chlorophyll in wheat genotypes under dust stress, mean of three replicates + SE.
Lowercase letters indicate significant differences at the P<0.05 level

Joln b il 1 25,5 s 53,18
L.b)\aoul:f)swﬂﬁwdﬁ-ﬁ

5358 sles Sl pasl i opl iaaigi U

S5 S e o s 5 p eS (o sk 4 ol



va Oen 5t Lo/ &S 538 Ll b 3 o S (Slac 5551 (5 (S5 el

358 00 OLLS slaeS s )8 (gl gimes RS
5 538 Olge o (e BL,I K5 ol 3l
Sk 558 Ll ot oaltie A3 451 (g1 g
S 3405 gim s Sl les 3 e SRE
A5 35S (gl gmee 2l 4 ete ol Ses
s Y 5l (Neves et al., 2009) 5,2 olS
4 55 )8 ol i 53187 (g s S2alS
Jiw Ol ke o, (Steubing et al., 1989) So»
Salt et al., ) Sl ol OLs o3l LS HLe ol )3 )
Gl S0 S 0355, Ol s 5551995
A5 SO s Gl Clabloes uSle cage sl AT
0148 215 Jbo IS 0 gl 8155 51 (6,5 5l

.(Lawlor & Cornic, 2002) s ,Is

2.0

1.5

car

1.0

0.5

0.0

S Ediblone (5558 aiby a5l i s
Ap 3 Goscm A S eS8 e 5 Jds i
qugﬂigqﬁw\&bcwvbyau
Gyl s il g le 55 8 Syl 5l sl
(Agbaire et al., b alS 50l 45,8 Ol
e s sLa 25 5 onl s osDle 2017)
o133 Jolo Ol i s ol S T 0505 52
SalS s Sole b e Il ad,
s i T s e 4 g e w58
&l g>s (Allen et al., 1998) il desl &G T
AU Co WLLE glads s w g lS
el S 538 Gy Calies glac il
o S 55 8 5y (Shah et al, 2018)

[l control
treated

G1 G2 G3 G4 G5 G6 G7 G8 G9 G10G11
Genotypes

a,f‘u_:iuﬂdub'i)t;:U@ép‘su,;,fb;;dr,ufdu%};jjug}:)tfwigpwm—vdﬁ_;

P<0.05 CJa.« 33 Gl gme sl e a0l ¢S S

Figure 6- Comparison of average carotenoids in wheat genotypes under dust stress, mean of three replicates + SE.
Lowercase letters indicate significant differences at the P<0.05 level
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