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Table 1. Temperature and rainfall specifications at site and year of testing (2016-2017)

W ol by (Month) ol
Parameters Oct. Nov. Dec. Jan. Feb. Mar. Apr. Jun. Jul. Aug.
— .
Cffeedbe Sl g 55 18 .09 34 04 39 90 115 172
T min (°C)
CfSbe e She og 208 117 110 72 145 164 246 310 386
T max (°C)
Ol o a9 Lo Lo 182 140 49 50 19 70 101 168 212 27.9
T average (°C)
(o) T 00 10 144 754 808 700 1631 546 03 00
Rainfall (mm)
sy 52 6l) 31 sl (e 68 67 66 47 69 53 86 122 108
Average sun hours (h day™)
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Table 2. Physical and chemical characteristics of soil at the examination site
GG Ges by shed i SpSicebe amand  JTons S sl
Soil depth K,O P,0Os Nitrogen EC Organic .
(cm)  (mgkg" (mgke (%) (ec x 10°) PH o rbon (v)  SCil texture
0-30 340 124 0.011 0.66 731 0.12 Clay - Silt
30-60 350 18.4 0.006 0.56 7.41 0.02 Clay - Silt
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Plates with different permeability to prevent from direct light penetration at different levels
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Fig. 1. Method of applying direct light intensities treatments on experimental plots
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Table 3. Light intensity or photosynthetic photon flux (umols / m2) during experiment

(oy0) y9 loul VAP Cligm o110 IVAF Cllgud,l ¥Y IFAZ 010,500 YYAF olo,s ¥
Light intensity (%) May 5, 2017 May 21, 2017 Jun5,2017  Jun 21,2017
100 1566 1685 1895 1941
75 1195 1228 1395 1411
50 845 875 966 982
25 476 539 621 645
0 147 151 169 173
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Table 4. Analysis of variance (mean squares) of the effect of light intensities and dust deposition on yield and yield
components of chickpea

a0 S ySloc S ySloc ™ Al ofaws
o - &lo)ee 39
Ol i’ il SOl eogicm ) 4l Coils g 0
S.0.v df Biological  Grain  Harvest  100-grain No. grain
yield yield index weight per plant
K3
* 2 728.5™ 90.5™ 9.63™ 1.33™ 0.421™
Block
Drlos53, o) 1 161348™ 22495 922" 1000 1316~
Dust deposition (D)
. (L.) o UM 27427 9081™ 109.7™ 21.25™ 19.42"™
Light intensity (L)
D x L Jliwe ol gl - « e
.J% ¢ 4 2699 601 16.69™ 0.89™ 2.04
Interaction D x L
’ 18 560.1 197.7 14.0 3.29 0.438
Error
Ol ks g o
00) ekl oy 56 945 1078 4.94 482
CV (%)

20,30 g sy Jlisl zalaw )8 o gae g )5 e pé S Fay® 5™ NS
ns, ** and *: Non significant and significant at 1% and 5% probability levels, respectively

415 0395 § (S0 Slos 2 )98 iliso GLOLAL 99,53 ) Ly S lod Jiliie O 5T (1aSle dumslio -0 Jgu
Sgi digy 4o Aild slusi g

Table 5. Mean comparison of interaction of between dust deposition and different light intensities on biomass, grain
and number of seeds per plant of chickpea

Lo 005 Caunny 3 O y5los ails o ySlos gy yo aily
Treatments Biological yield Grain yield Grain per plant
( ) ® sesS o 0 30 S Ju0 50 S 050
L) I EYCIRW »e - .
N 203 0 GRS R aald & &iyo ko O 055 ol 4 Slus ol 4
B3] S0 -2
.. Light intensity _2 (% to (g.m™) o No. o
Dust deposition (%) (g.m”) control) (% to control) (% to control)
sals 569.3% 205.9° 16.9°
Control 100 +18.0 100.0 +10.9 100.0 10.66 100.0
595.72 228.8° 18.32
75 114 104.6 1116 1111 10.33 108.2
b b C
50 s 82,6 1as 84.8 e 92.3
432.2% 147.7% 14.4¢
25 127 759 73 L 041 8.2
410.2% 123.5¢ 13.6¢
0 +16.0 72.0 161 59.9 1055 80.4
b be d
Dustles 535, oo, 100 4ig]1' 75.5 11:;22 83.1 i’g% 84.6
de d e
deposition 75 Sa 65.9 o 68.3 fr 739
337.3% 125.2¢ 11.2°
50 15.0 59.2 184 60.8 1016 66.2
320.6% 93.2° 10.69
25 +16.3 56.3 156 452 +0.55 62.7
281.3¢ 76.7° 9.3¢
0 102 49.4 5.4 37.2 032 550
LSD (o= 0.05) 40.6 - 24.1 - 1.13 -
Aibse Gl sine B JBlas ig03T) oy O Jlazs| o o o cire S pas saims i alie gy (gt o 40
S il slas £

In each column similar letter indicates no significant difference at 5% probability level (least significant difference test);
+ Standard error
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Table 6. Mean comparison the effects of different levels of light intensities on harvest index and 100-grain weight of
chickpea

Ccbolo gy sl

(0)0) o rul

Harvest index

aloVee 39

100 - grain weight

Light intensity (%) o ys Wl &) Camadd duo o) Al & Camadd duo
(%) (% to control) (9) (% to control)

100 38.06°+1.76 100.0 37.8%+0.66 100.0

75 38.00°+ 1.63 99.8 39.32+0.93 103.9

50 37.19%+ 1.57 97.7 36.7°+0.70 98.0

25 31.68°+1.75 83.2 35.2°+0.49 93.1

0 28.73°+1.38 75.4 34.7°+0.84 91.7

LSD (a=0.05) 454 2.20 -
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In each column similar letter indicates no significant difference at 5% probability level (least significant difference test).

+ Standard error
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Table 7. Analysis of variance the effects of light intensities and dust deposition on some physiological properties of
chickpea (mean squares)

4z, Judg,ls Jedg,ls coms SO ape S
Oy’ @l 3T Chlorophyll Budgiis,ls a/b Joloxo
S.0.v Carotenoides  Chlorophyll  Carbohydrates
df a b Total ratio a/b soluble
K1
* 2 0.752™  0.11™ 0.763™ 0.332™ 0.096™ 0.373™
Block
D) s ,55, o . o o " . -
oy oms ) 75 23587 1708 3.008 0.383 1117
Dust deposition (D)
L) o cas " - . - - -
. \ .))y M 4 24.96 10.78 3.95 4,92 5.35 19.38
Light intensity (L)
i ol 1
DxL J‘Lw 4 4 1.29™ 0.665™  0.679™ 0.371™ 0.052m™ 1.279™
Interaction D x L
ol
’ 18 0.764 0.255 1.083 0.487 0.072 0.574
Error
Ol pess g
o) Sty 423 697 373 12.36 8.87 4.08

CV (%)

o y3 5 aoy3) Jloio gslan 53 fagine 5 3 sined i T 5 70 NS
ns, ** and *: Non significant and significant at 1% and 5% probability levels, respectively

3955 (S 39ler ;b Gluogas (5 OS5 ) Com) 5l (Kl duslio —A Jguo
Table 8. Mean comparison the effect of dust deposition on some physiological properties of chickpea

Jedgsls laaigii,ls e 1S o Jobme sloslyuneg S
Lo ,5 5y gy Chlorophyll . a/b Carbohydrates soluble
Carotenoides g i
Dust deposition a b Total Chlorophyll F 03955 3 esSle
P 039055 2 pS e (mg g fw) ratio a/b (mg g fw)
L 22.15* 8.13*  30.28° 5.96° 2.90° 20.50°
Control
+1.60 +0.74 +0.36 +0.50 +0.46 +0.98
o S5, o
PR 19980 636" 25510 5.32" 3.12° 16.64°
Dust deposition
+0.80 045 041 +0.30 +0.38 +0.63

Sl e (o gime B! JBlas ae3T) duo 00 Jlaisl mhas 10 s cixe IS pue saimslid alive By y> ¢t 2 50

o il glles %

In each column similar letter indicates no significant difference at 5% probability level (least significant difference test).

+ Standard error
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3359 S a5 ols (Lt @l 285 8 () 0)9e
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Table 9. Mean comparison for different levels of light intensities on some physiological characteristics of chickpea

o5 Budaie s ) o Jolxo sl yang )
(0033) 105 Lo Chlorophyll e Jedo )l e Carbohydrates
L h)t')tyé'ty %) b Total  Carotenoides - alb - soluble
ight intensity (% orophy —
5 0538 055 2 055 koo (MY 07 W) ratio a/b 7 039 £ 2 27 ke
(mg g* fw)
100 18.73° 835  27.08° 4.90° 2.26¢ 20.152
+055 +044 +£1.11 +0.18 +0.19 +0.93
75 19.15¢ 838"  27.53" 5.01° 2.32¢ 20.25°
+0.61 +0.60 +£1.12 +0.19 +0.32 +1.11
50 20.40° 7.75%  28.15® 5.40° 2.65° 18.90°
+0.87 +0.50 +£1.22 +0.13 +0.08 +1.05
25 21.1° 6.45°  27.55° 5.75° 3.28° 17.50°
+1.01 +035 +1.16 +0.18 +0.08 +0.79
0 23.88 530° 29.18° 7.15% 4,542 16.05¢
+0.92 +0.29 +1.02 +0.58 +0.17 +0.64
LSD (o= 0.05) 1.06 0.61 1.26 0.84 0.32 0.91

il e (o gime B! JBlaz 03T) do0d Jlaisl zrans 5o s ixe IS pue sz lis alie By > ¢t 2 0

5, lilel glas

In each column similar letter indicates no significant difference at 5% probability level (least significant difference test).

+ Standard error

0,55, sl 8l L Sy Jodoe (glaputis, s 5 laaid ol
(Fateminezhad et al., 2017) col axsls o33l

G yman 21 3 5595 O 3 0055y Cgmy S1-
095 » <

i ol 5 1o 55 ) Gy F bl 4528 @l
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oo 3 Sfsln 58 51 5l ol B LTS 9
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Table 10. Analysis of variance for the effect of dust deposition and light intensities on water use efficiency in chickpea
(mean squares)

4> 40
Ol s golio ‘|)'T Water use efficiency
S.0.V ‘5:“’ JS 35 kes gl 4l 3,5 hos (gly
Biological yield (or WUE gy)  Grain yield (or WUE ¢y)
Sk 2 0.003™ 0.457™
Block
D) s ,55, o o o
027550 w3y 1 0.764 113.73
Dust deposition (D)
L S B o .
) opoal 4 0.13 45.91
Light intensity (L)
D x L Jlie ol " .
ke 2 4 0.013 3.044
Interaction D x L
i 18 0.003 0.001
Error
(o) e ey 5.60 9.45
CV (%) ' )

RWSAIRVESRS I [PCES F P T PSP KPS EPSOrRU 3 FUE PR P 1
ns, ** and *: Non significant and significant at 1% and 5% probability levels, respectively
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Table 11. Mean comparison the interactions of dust deposition and light intensities on water use efficiency in chickpea

@ jlous Of B pan 2118
Treatments Water use efficiency
Srae T 0 55lS il 4 gyl Siis oole p S
Lo 5515 Sgmy (w0)9) y9 s (g dry matter / kg water)
Dust deposition  Light intensity (%6) J5 o0, Les gl p als 3 ySlos (gl y
Biological yield (or WUE gy)  Grain yield (or WUE gy)

sals 100 0.03+1.23% 0.023 +0.44*
Control 75 0.02+1.29° 0.025 +0.49°

50 0.02+1.02° 0.010 £0.38°

25 0.02+0.94 0.015 +0.32%

0 0.030.89% 0.012 +0.26¢

03,555 23, 100 0.01+0.93% 0.020 +0.37*
Dust deposition 75 0.01+0.81°% 0.012 +0.30¢
50 0.03+0.73¢ 0.018 £0.27¢

25 0.06+0.69f9 0.012 +0.20¢

0 0.02+0.61¢ 0.012+0.16°

LSD (o= 0.05) 0.093 0.054
Al e (o gne S Plos Q?")']) 2o b Jliml s )3 jls gine IS pas ouiasLas alive B9, (gt 0 5

S astiul gl £
In each column similar letter indicates no significant difference at 5% probability level (least significant difference test).
+ Standard error
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Introduction

Dust creates fine particulate matter and industrial and urban pollutants including factories of cement,
gypsum, stone crasher, flour, daily winnowing of grain storage silos, heavy and light machinery traffic on
dirt roads, car smoke and burning oil derivatives, power plants, etc. The dust damages the plants in various
forms. The first damage the photosynthetic system by entering through the pores, and then by deposition on
the leaf surface, reducing the light reached to the leaf, reducing the amount of photosynthetic pigments,
changing the leaf temperature, and reducing the quantum yield, reducing the assimilation and closing
stomata, exacerbated fungal and bacterial activity, pests and diseases, and ultimately reduce growth and
yield. The amount of damage to the plant depends on the type of plant, cultivar, leaf area characteristics, the
growth stage of the dust on the leaf surface, the type of dust and wind speed, the amount of dust thickness on
the leaf, and the irrigation regime. Accordingly, the simulation of the effect of dust deposition and the
reduction of light intensity due to it and their interactions on the growth and yield of chickpea cultivar
Bivanich was performed as the dominant cultivar in the region.

Materials and Methods

This experiment was carried out to investigate the effect of dust and light intensity on yield and some
physiological and agronomic characteristics of chickpea cv. Bivanich, at the Research Field, Campus of
Agriculture and Natural Resources, Razi University, Kermanshah, Iran in 2016-2017. Experiment was
Factorial based on randomized complete block design with three replications. Factors included light intensity
(100, 75, 50, 25 and 0% light intensity) and dust deposition at flowering onset and no dust deposition.
Sowing date was in late March 2016 in dryland with 25 cm line spacing and 13.5 cm inter-plant spacing in 6
lines with 3 m plots long. Shading was applied with plastic wrap fasteners that were 1 cm wide. The amount
of chlorophylls a, b, total and carotenoides and soluble carbohydrates were investigated in mid grain filling.
Yield traits and components of grain yield were studied at physiological maturity. The water requirement and
water use efficiency were calculated for both total dry matter and grain yield. The data were analyzed by
SAS software and the means were compared with LSD at 5% probability level.
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Results and Discussion

The results showed that from flowering stage, the interaction effects of dust deposition and different
light intensities were significant on yield traits such as biomass yield, grain yield and number of seeds per
plant. Both biomass and grain yields at 100 and 75% light intensities were not significantly different in non-
dust treatments, but the number of seeds per plant decreased at 75% light intensity compared to 100%. In
dust conditions, there was a significant difference between the light intensities of 75% and 100%, which was
reduced significantly. This indicates that the deposition of the dust by increasing stress on the plant increased
the sensitivity of chickpea to the amount of light intensity. In this experiment, the number of grains per plant
was ranged between 13.6 to 16.9 for the light intensity levels and 9.3 and 14.3 between the dust conditions.
The effects of dust deposition on the 100-grain weight were not significant but were significant due to light
intensities and the light intensity of 0% decreased maximum of 8.4%. The effects of two treatments on
photosynthetic pigments and soluble carbohydrates were significant. In general, the dust deposition reduced
the amount of photosynthetic pigments and soluble carbohydrates. With decreasing light intensities
decreased chlorophyll a and carotenoids, but increased chlorophyll b and total chlorophyll. Water
requirement and water use efficiency were also affected by treatments.

Conclusion

In general, the results showed that the deposition of dust from flowering stage caused damage to
biomass yield, grain yield, grain number per plant, 100 seed weight, photosynthetic pigments and water use
efficiency. Rate of this damage for biomass yield was 24.4%, grain yield 16.8%, grain number per plant
15.4%, chlorophyll a 13.5%, chlorophyll b 21.7%, carotenoids 10.7%, soluble carbohydrates 18.8% Water
use efficiency was 24.6%. By reducing the light intensity up to 75% were not significantly decreased in no-
dust conditions (control treatment), total dry matter yield, grain yield and grain number per plant. Effect of
light intensity reduction from 50% (at no dust treatment) until 0% (without direct light) reduced the most
important traits such as biomass yield, grain yield and grain number per plant, but in dust treatment with
decrease in light intensity from 100% decreased significant. Both the deposition of dust and the reduction in
light intensity had severe effects on the water use efficiency of chickpea. Accordingly, the ranges of changes
were for water use efficiency between 0.61 and 1.23 (based on total dry matter).
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