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Impact of dust accumulation on yield and yield components 
of soybean

Abstract: This study aimed to characterize if dust sprayed 
on soybean foliage impacts its yield and yield component char-
acteristics. in 2017 and 2018, soybean [Glycine max (L.) Merr.] 
was planted using a factorial randomized complete block de-
sign with three replicates. Plants were sprayed with a 20 g m-2 
of dust at four stages of the growth cycle, including third-node, 
the beginning of flowering, the beginning of podding, and the 
beginning of seed formation. Dust spraying was then continued 
twice weekly until the late full seed stage. Plant measurements 
included yield, yield components, stomatal conductance, per-
oxidase, and superoxide dismutase antioxidant enzymes activi-
ties. Results showed that depending on the time of application, 
the dust coverage created a range of yield loss in soybeans, most 
likely due to a reduction in stomatal conductance, grains plant-1 
and 100-seed mass. Therefore, soybean fields that are regularly 
exposed to dust might be subjected to reduced yield.

Key words: peroxidase; superoxide dismutase; stomatal 
conductance

Vpliv nalaganja prahu na pridelek in njegove komponente pri 
soji

Izvleček: Namen raziskave je bil ugotoviti, če nalaganje 
prahu na listje soje vpliva na njen pridelek in njegove kompo-
nente. V letih 2017 in 2018 je bila posejana soja [Glycine max 
(L.) Merr.] v popolnem faktorskem poskusu s tremi ponovitva-
mi. Rastline so bile posipane z 20 g m-2 prahu v štirih razvojnih 
fazah, ob pojavu tretjega nodija, v začetku cvetenja, v začetku 
razvoja strokov, in v začetku tvorbe semen. Prašenje je poteka-
lo dvakrat tedensko do dokončnega razvoja semen. Meritve na 
rastlinah so obsegale meritev pridelka in njegovih komponent, 
prevodnost rež, in meritve aktivnosti antioksidacijskih enci-
mov peroksidaze in superoksid dismutase. Rezultati so poka-
zali, da je odvisno od časa nanosa prah zmanjšal pridelek soje, 
najverjetneje zaradi zmanjšanja prevodnosti rež, zmanjšanja 
števila zrna na rastlino in mase stotih semen. Zaključimo lahko, 
da se zmanjša pridelek soje na poljih, ki so redno izpostavljena 
prašenju. 

Ključne besede: peroksidaza; superoksid dismutaza; pre-
vodnost rež
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1 IntroduCtIon

Natural factors and human activities lead to the 
production of dust particles. in iran, the primary 
sources of dust storms, which influence the western 
and central regions, originate mainly from the deserts 
of iraq and saudi arabia (Pirsaheb et al., 2014). in 
July 2009, the dust had adverse effects on iran’s agri-
cultural lands and industrial areas (Hojati et al., 2012). 
in Yazd city, located in the deserts of iran, the average 
airborne dust particles were more than 200 µg m-3 over 
five months, leading to a significant loss (between 3 % 
to 30 %) in crops yield (shahsavani et al., 2011). ac-
cording to the meteorological organization statistics of 
iran’s Kermanshah province, dusty days occur mainly 
in spring and summer seasons (Doabi et al., 2017). Due 
to the dynamic characteristics of dust, particles with 
a diameter of fewer than ten μm can be transported 
by the wind for several thousands of kilometers (Zia-
Khan et al., 2015).

Undoubtedly, dust causes many environmental 
impacts, such as loss of soil fertility or direct dam-
ages to crops, resulting in reduced agricultural prod-
ucts and, thus, large-scale economic losses (Walia et 
al., 2019). besides, there is no regular natural removal 
of dust particles on the plant leaves by strong winds 
and rain, as rainfall is scarce, and the wind brings more 
dust rather than alleviating the situation (Zia-Khan et 
al., 2015). Dust-covered leaves provide less light for 
photosynthesis. also, dust reduces the conductivity of 
the leaf stomata leading to decreased plant’s biomass 
and yield. Zia-Khan et al. (2015) believe that dust ac-
cumulation on leaf surfaces induces water stress-like 
conditions.

investigations on dust have mainly focused on the 
impacts of the different kinds of dust on morpho-phys-
iological changes in plants (Drack & Vázquez, 2018; 
Hatami et al., 2018; siqueira-silva et al., 2017; sique-
ira-silva et al., 2016). stone crusher dust led to a de-
crease in grain yield of rice (Oryza sativa. L.) (sharma 
& Kumar, 2016) and gram (Cicer arietinum L.) (shar-
ma & Kumar, 2015). also, cement dust reduced yield, 
and one thousand-seed mass in wheat (Chaurasia et 
al., 2014; Hatami et al., 2018). a significant reduction 
in stomatal conductance has been reported under the 
influence of dust (Hirano et al., 1995; Zia-Khan et al., 
2015). The smaller the particle size, the higher the ef-
fect of dust in reducing stomatal conductance so that 
fine particles less than five µm in diameter can inter-
fere with the mechanism and function of the stomata 
(singh et al., 2018).

soybean (Glycine max L.) is one of the most im-
portant crops with many applications in food products, 

animal feed, and industries (Gnoinsky et al., 2019). it 
also has unique nutritional properties such as high 
content of proteins, oil, fiber, vitamins. Therefore the 
worldwide demand for soybean is at a high level (Loku-
ruka, 2011). even with advances in farming practices, 
crop yields are still strongly linked to climate change 
(Glotter & elliott, 2016). Therefore, changes in field 
conditions, such as dust deposition, might affect crop 
performance and physiological properties.

Despite its strategic role, no study has been con-
ducted on the impact of dust on soybean at different 
stages of growth under field conditions. Therefore, the 
objective of this study was to determine if the dust used 
at different growth stages influence soybean yield and 
yield components. besides, stomatal conductance and 
the activities of peroxidase and superoxide dismutase 
antioxidant enzymes were assayed.

2 MAterIAls And MetHods

2.1 eXPeRiMeNtaL DesiGN

The study was conducted in Kermanshah, iran 
(34° 31ʹ N, 47° 09ʹ e, 1319 m above the sea level) dur-
ing two consecutive years (2017-2018). The experiment 
was laid out in the form of a factorial randomized com-
plete block design with three replicates (Fig. 1).

in each year, the experimental farm was divided 
into 24 plots (8 plots in each replicate). each experi-
mental plot consisted of 4 planting lines 4 m long and 
50 cm apart. a distance of 0.5 m was). soybean seeds 
(Glycine max ‘Hobbit’), inoculated with Rhizobium 
japonicum buchanan 1926 considered between the ex-
perimental plots, and 1.5 m between the experimental 
blocks (replicates was planted at a depth of 5 cm on 
rows 8 cm apart). The plants were watered by the sur-
face irrigation method.

2.2 DUst tReatMeNt

During the two years of the experiment, the effect 
of dust deposition on soybeans was investigated at four 
different time intervals (Fig. 2).

The control plants were rinsed with a hand sprin-
kler. Rinsing was done twice weekly to increase accu-
racy and ensure the absence of dust on control plants. 
Control plants were also rinsed by each occurrence of 
a natural dust storm. The water used for rinsing the 
control treatment was added to the soil of other plots 
to prevent possible errors. Dust particles had a natural 
origin and were collected using a gravimetric method 
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from soybean cultivating sites exposed to dust storms 
for one year. For this purpose, half-square-meter trays 
were used to gather the dust deposited during dust 

storms. Chemical analysis of the experimental dust was 
performed by Doabi et al. (2017) (table 1).

2.3 DUst aPPLiCatioN

in each year, dust spraying was done at four differ-
ent times based on the plant growth stages, including V3 
(third-node), R1 (the beginning of flowering), R3 (the 
beginning of podding), and R5 (the beginning of seed 
formation). spraying was then continued until the late 
R6 (full seed) stage twice weekly (Fig. 2). at each event, a 
20 g m-2 of dust was sprayed with a roughly uniform layer 
using a manual dust-generator. The machine was firstly 
calibrated based on the amount of dust accumulated on 

figure 1: schematic of the experimental design showing the treatments and the layout of the wind-proof spray chamber (zoom out). 
in each year of the experiment, the random distribution of treatments within the plots was different. The plants were exposed to 
dust from V3 (the third-node stage), R1 (the beginning of flowering), R3 (the beginning of podding), and R5 (the beginning seed 
formation); and C defines the control plots.

figure 2: schematic of whole of the experiment showing the dust application on soybeans at four different growth stages (time 
intervals).

element Minimum Maximum Mean
Zn 132 700 238.29
Cu 24 256 46.67
Ni 60 245 123.72
Cr 44 147 73.6
Mn 400 695 495.16
Fe 20,750 35,562 28,703.94

Table 1: Results of the chemical analysis (mg kg−1) of the 
experimental dust samples (Doabi et al., 2017)
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the surface of an a4 paper (624 cm2, Fig. 3). in addition, 
to determine the amount of dust deposited on plant leaves 
in each treatment, a rectangular cube glass container with 
a size of 27 × 29.7 cm was placed inside each plot. af-
ter each treatment, the amount of dust deposited on the 
paper surface inside the container was measured (Fig. 3). 

a wind-proof spray chamber was used to reduce 
wind disturbances during application and to ensure that 
dust was applied evenly to the treatment area, and also to 
avoid interference between the dust treatments (Fig. 1). 
The dust was sprayed when the air was constant without 
wind. after each rainfall, dust treatment was re-applied to 
soybean plants. Weather data from the weather station at 
the Razi Faculty of agriculture (the nearest weather sta-
tion) was recorded (table 2).

2.4 MeasUReMeNts

in each year, yield and yield component characters 

were measured in the late full maturity (R8) stage when 
95 % of the pods have reached their full mature color. 
antioxidant enzymes were measured in the late R6 stage 
when the plants had the maximum leaf area and height.

2.4.1 Antioxidant enzymes activity

The activity of the peroxidase enzyme (PoD) was 
measured, according to Macadam et al. (1992), with mi-
nor modifications. The reaction mixture contained 50 μg 
guaiacol and 50 μl of 3 % H2o2 in 0.1 mM phosphate buf-
fer. The reaction was started by adding 50 μl of extract. 
The reaction was started by adding 50 μl of extract. Then, 
the guaiacol peroxidase activity was determined spectro-
photometrically by measuring the absorbance increase at 
436 nm for 3 minutes at 15-second intervals.

The activity of the superoxide dismutase (soD) was 
determined consistent with beauchamp and Fridovich 
(1971) method. a 50 μl of the extract was dissolved in one 

Jun Jul aug sep oct Nov
2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018

RH (%) 17.27 24.49 12.16 13.23 10.88 14.86 11.74 15.62 21.59 42.67 50.44 70.75
Max T (°C) 34.86 34.66 39.1 40.21 38.76 39.89 35.33 34.91 26.52 25.79 17.65 15.14
Min T (°C) 13.52 13.55 18.26 19.07 18.75 16.89 13.15 13.24 7.95 10.59 3.81 5.65
Mean T (°C) 25.67 25.31 30.02 30.87 29.76 29.4 25.16 24.61 17.27 17.84 10.1 9.77
AP (mm) 0 2.2 0 0 0 0 0 0.21 0.2 71.46 39.73 126.33
DD 2 9 5 4 0 3 2 1 7 4 5 0
AWS (m s-1) 3.14 2.94 3 3.36 3.12 2.95 2.68 2.55 2.83 2.61 2.33 2.74

table 2: Meteorological data during the two years of the experiment extracted from the meteorological station at the Razi Faculty 
of agriculture, Kermanshah, iran

RH: the relative humidity, T: temperature, AP: average Precipitation, DD: The number of dusty days, AWS: average wind speed

figure 3: The sampling container used to calibrate the dust generator and to quantify the amount of dust deposited on plant leaves.
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ml of reaction buffer, including 50 mM potassium phos-
phate buffer (pH 7.8), 75 μM Nbt, 13 ml L-methionine 
0.1 mM, eDta, and two mM riboflavin. The mixture was 
placed in a light chamber for 15 minutes, and then its op-
tical absorption rate was read at nm560 wavelength.

2.4.2 stomatal conductance

The stomatal conductance (sC, mmol m-2) was mea-
sured between 9-12 am by a leaf porometer (sC-1 Deca-
gon Devices, inc., Usa) over ten leaves randomly selected 
from each plot.

2.4.3 Yield and yield components

seeds of the third and fourth planting lines of each 
plot were harvested, and then weighed based on 12 % 
moisture content (R8 stage), and converted to kg ha-1. be-
sides, some of the most important soybean yield compo-
nents were also measured, including Plant Height (PH), 
seeds Pod-1 (sPo), seeds Plant-1 (sPL), Pods Plant-1 (PPL), 
100-seed Mass (HsM), and Harvest index (Hi).

2.4.4 statistical analysis

Data were analyzed using the PRoC GLM pro-
cedure of sas software V. 9.1 (sas institute, Cary, NC, 
Usa). a pairwise comparison of means was performed 
using the t-test (LsD) method at the 0.05 level of prob-
ability. all data collected during the two growing seasons 
were evaluated in a combined analysis format and then 
analyzed for differences among treatments over the two 
years, and presented in the combined form not individu-
ally within each year.

3 results

table 2 shows the metrological data. in 2017, there 
were 2, 5, and 0 days with dust in the January, July, and 
august, respectively, coincide with V3-R1 stages, while 
there were 2, 7, and 5 days with dust for september, oc-
tober, and November, respectively, coincide with R5-R8 
stages. Therefore, in 2017, there were more days with dust 
at the end of the growth phase. Conversely, there were 
more days with dust in the early months of the growing 
season than the final months for the second year of the 
experiment. Furthermore, the wind speed on the ground 
was similar during both years of the investigation. Due to 

higher rainfall, the relative humidity was relatively higher 
in the second year.

3.1 eFFeCt oN YieLD aND YieLD CoMPo-
NeNts

Results showed that dust by stage interaction had 
significant effects on yield and yield-related traits assayed 
(table 3 and Fig. 4). as shown in table 4 and Figure 4, the 
responses of yield and yield-related traits to dust appli-
cation had the same behavior. First, their values differed 
significantly between dust-treated and control plants, 
second, the lowest values were obtained when the dust 
was applied from the V3 stage, and third, after the con-
trol, the highest values were observed when the plants 
were exposed to dust from the R5 stage. on average, over 
the two years, soybean seed yield varied from 2040.84 kg 
ha-1 to 481.42 kg ha-1. also, on average, seed yield declined 
significantly by 73.00 %, 53.33 %, 42.73 %, and 34.47 % in 
plots dusted from V3, R1, R3, and R5 stages, respectively 
(Fig. 4). similarly, the same reduction schemes were also 
found for PH, sPL, PPL, sPo, HsM, and Hi (table 4). 
The analysis of standardized regression showed that sPL 
and HsM with 0.66 and 0.35 had the most significant 
positive direct effect on seed yield, respectively, while PH 
and PPL with -0.13, and -0.10 had negative direct effects 
on seed yield (data not shown).

3.2 eFFeCt oN aNtioXiDaNt eNZYMes aC-
tiVitY aND stoMataL CoNDUCtaNCe

The activity of antioxidant enzymes differed sig-
nificantly between dust-treated and control plants. as 
shown in Figures 5 and 6, the antioxidants responses to 
dust application had the same pattern in both PoD and 
soD. both enzymes assayed showed a significant activity 
under dust treatment and peaked when the plants were 
exposed to dust from the V3 stage. However, the antioxi-
dants showed less activity when spraying was done in the 
later stages of growth (Figs 5 and 6). PoD activity was 32, 
25, 12, and 6 times higher than the control when plants 
were exposed to dust form V3, R1, R3, and R5 stages, 
respectively. 

similarly, soD activity increased by 88.08 %, 
65.51 %, 49.31 %, and 29.28 % for those plants exposed to 
dust form V3, R1, R3, and R5 stages, respectively. There-
fore, under the influence of dust, the activity of PoD 
showed a further increase compared with soD.

on average, over the two years, the stomatal con-
ductance varied from 9.91 to 26.22 mol Co2 m

-2 s-1 (ta-
ble 4). exposure to dust resulted in a significant loss in 
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sC compared to the control plants (table 4). besides, the 
highest considerable decline in sC was found for plots 
treated with dust from the V3 stage (about 64.95 % de-
crease, compared with control).

at each of the growth stages, the dust was sprayed 
weekly from V3 (the third-node stage), R1 (the begin-
ning of flowering), R3 (the beginning of podding), R5 
(the beginning of seed formation), until the late full seed 
stage (R6).

in each column, means that do not share a letter 
are significantly different according to the LsD test (α = 
0.05).

Compared with the control, the application of dust 
from the R1, R3, and R5 stages resulted in 44.64 %, 
28.24%, and 14.34% decrease in stomatal conductance, 

respectively. Therefore, sC was significantly higher for 
plots dusted from the R5 stage. The study of the Pear-
son correlation coefficients showed that sY was positively 
correlated with sPL, PPL, sPo, HsM, Hi, and sC. in con-
trast, the correlations between sY with PoD and soD 
were significantly negative (table 5).

The antioxidant enzymes were negatively correlated 
with yield and yield components. Conversely, yield and 
yield components were positively correlated with sto-
matal conductance. Pods plant-1 was negatively corre-
lated with PH. Principal components analysis revealed 
that in 2017, Hi, sY, and HsM had the highest load on 
the first principal component, respectively. similarly, in 
2018, HsM, PP, and sY had also the highest load on PC1, 
respectively. Considering that the PC1 justifies the most 

figure 4: The effect of desert dust deposition on soybean seed yield. The dust was sprayed weekly on soybean leaves from each of 
the four different growth stages shown in the figure to the late full seed stage. The letters shown at the top of the columns indicate 
significant differences based on the LsD method (α = 0.05)

figure 5: The effect of desert dust deposition on superoxide dismutase activity in soybean leaves. The dust was sprayed weekly on 
soybean leaves from each of the four different growth stages shown in the figure to the late full seed stage. The letters shown at the 
top of the columns indicate significant differences based on the LsD method (α = 0.05)
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variance therefore, HsM and sY experienced the highest 
variations under the influence of dust accumulation in 
both years (Fig. 7).

soD: superoxide dismutase activity; PoD: peroxi-
dase activity; PH: plant height; sPL: seeds per plant; PPL: 
pods per plant; sPo: seeds per pod; HsM: hundred seed 
weight; Hi: harvest index; sY: seed yield; sC: stomatal 
conductance.

4 dIsCussIon

in this study, dust resulted in a significant decrease 
in yield and yield components of soybean compared 
with the control. Previous studies have shown that dust 
pollution resulted in a yield loss in cotton (abdullaev & 

sokolik, 2020), potato (tomar et al., 2018), black gram 
(Phaseolus mungo L.) (babu et al., 2018), rice (sett, 2017; 
sharma & Kumar, 2016), and grapevine (Karami et al., 
2017). Hatami et al. (2018) studied the effects of desert 
dust on yield and yield components of cowpea and found 
that exposure to desert dust significantly decreased bi-
ological yield and seed yield of cowpea by 28.3 % and 
25.6 %, respectively, compared with normal conditions. 
Little research has specifically looked at the impacts of 
dust on soybeans yield as a result of dust being present on 
leaves (Gnoinsky et al., 2019). our results revealed that 
sPL and HsM had the most significant positive direct ef-
fects on seed yield. as a result, these traits were the main 
responsible for the majority of variation in sY. Therefore, 
the decrease in sY could be related to the significant re-
duction in these two traits. The correlation coefficients 

figure 6: The average peroxidase activity in soybean leaves under the impact of desert dust deposition. The dust was sprayed weekly 
on soybean leaves from each of the growth stages shown in the figure to the full seed stage. The letters shown at the top of the col-
umns indicate significant differences based on the LsD method (α = 0.05)

soD PoX PH sPL PPL sPo HsW Hi sY
PoX 0.87** 1
PH -0.11 -0.12 1
sPL -0.44** -0.72** 0.1 1
PPL -0.49** -0.59** -0.66** 0.378* 1
sPo -0.62** -0.53** 0.69** 0.15 -0.14 1
HsW -0.89** -0.95** 0.15 0.7** 0.55** 0.62** 1
Hi -0.22 -0.48** -0.27 0.86** 0.49** -0.21 0.48** 1
sY -0.62** -0.84** 0.09 0.97** 0.46** 0.315* 0.84** 0.82** 1
sC -0.86** -0.97** 0.14 0.72** 0.58** 0.51** 0.96** 0.47** 0.83**

table 5: Pairwise Pearson correlations between the traits studied on soybean (Glycine max L.) under the impact of dust deposition 
at different growth stages

* and ** indicate that correlation is significant at the 0.05, 0.01 level, respectively. 
soD: superoxide dismutase activity, PoX: peroxidase activity, PH: plant height; sPL: seeds plant-1; PPL: pods plant-1; sPo: seeds pod-1; HsM: one 
hundred seed mass; Hi: harvest index; sY: seed yield, sC: stomatal conductance.
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between sY and yield-related traits confirmed this in-
ference. it has been suggested that under the impact of 
dust, the acidic secretion of stigma turned into alkaline, 
a condition that is unfavorable for pollen germination, 
which leads to poor fertilization and decrease in sPL as 
well as sPo (borka, 1981; sett, 2017). it seems that un-
der the influence of dust, the drop observed in PPL, and 
HsM was mainly caused by a defect in the plant’s photo-
synthetic system due to clogging of the stomata and, as a 
result, a decrease in gas exchange. interference in the gas 
exchanges between the leaf and the air is one of the most 
critical consequences of dust accumulation on the leaves. 
at the same time, the photosynthesis process requires 
gas exchange through the stomata of the leaves. Thus any 
disturbance in the stomata pathways can cause problems 
with photosynthesis (FeleKari et al., 2017). besides, it 
was evident that dusty leaves receive less light because 
of the shading effects due to the deposition of suspended 
particulate on the leaf surface. Therefore, dust-covered 
leaves will face a decrease in photosynthesis.

The results of this study indicated that dusted plants 
had significantly smaller sC compared with control. The 
reason seems to be the clogging of the stomata above the 
leaf surface. Dust particles interfere with the mechanism 
and operation of the stomata, resulting in a significant re-
duction in gas exchange. similar to this result, Zia-Khan 
et al. (2015) reported a substantial decrease in sC of the 
dusted plants compared to the control. in one study, 

dusted leaves of Triticum aestivum L. and Pisum sativum 
L. had a more number of blocked stomata significantly 
as compared with control leading to decreased sC (Rah-
man, 2015). 

Results showed that the dusty environment induced 
the activity of the antioxidant enzymes. in plants, the ac-
tivity of antioxidant enzymes generally increases under 
stress conditions. also, the increase in antioxidant en-
zyme activity is significantly correlated with the severity 
of stress (Pilon et al., 2006; Zhang et al., 2014). antioxi-
dant enzymes work together to eliminate excess reactive 
oxygen species (Ros), thus protecting the structures and 
functions of cellular components. soD is an essential 
constituent of the antioxidant defense system in plants 
which. soD catalyzes the dismutation of superoxide into 
oxygen and hydrogen peroxide (tyagi et al., 2019). Con-
sistent with our results, several studies reported that soD 
activity increased in response to dust deposition in plants 
(erdal & Demirtas, 2010; siqueira-silva et al., 2017; 
siqueira-silva et al., 2016). PoD, another antioxidant 
enzyme, is broadly distributed among plant tissues and 
plays a significant role in various growth, development, 
and senescence processes. PoD cooperates with soD to 
eliminate superoxide and hydrogen peroxide to protect 
proteins and lipids against Ros (Zhang et al., 2014). The 
results of this study showed that PoD activity increased 
significantly with the increase in soD. The induction of 
the PoD activity under dust pollution has also been re-

figure 7: Principal components analysis of the soybean traits under the influence of dust accumulation studied in 2017 (the upper 
figures) and 2018 (bottom figures)
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ported earlier in several tree species (Keller, 1974), some 
wild dicotyledonous plants including Chrozophora plica-
ta a. Juss., and Croton bonplandianum R. br., Cleroden-
dron inerme Gaertn; Solanum torvum swartz.; Calotropis 
procera R. br. (sarkar et al., 1986), and grapevine (Vitis 
vinifera L.) (Karami et al., 2017). 

5 ConClusIons

We found that applying the dust from the vegeta-
tive growth stage caused the highest decrease in soybean 
yield and yield components, and at the same time, led to 
the highest increase in the antioxidant enzyme activities. 
Compared to different growth stages, the occurrence of 
dust at the V3 stage causes plants to be exposed to dust 
for more extended periods. on the other hand, most 
crops become increasingly tolerant during later stages of 
growth (Pirasteh et al., 2014). Therefore, the occurrence 
of dust at the vegetative stage led to more significant ad-
verse effects on soybean. in conclusion, it was found that 
the dust accumulation on soybean leaf surfaces reduced 
stomatal conductance, yield, and yield components. Loss 
in grains plant-1 and one hundred seed mass was the main 
reason for the reduction in grain yield. More importantly, 
the results of this study show that yield and yield compo-
nents were adversely affected by dust deposits during the 
vegetative period.
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