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MgO%

K,0% TiO,% MnO% CaO% P,0:%

Si0, %  ALO; % Na,O %
Material %0 2 2 2
e 6.16 53.46 18.16 0.95
Amount

1.32 0.69 0.11 1.85 0.15

“& ol Ba(ppm) Co (ppm) Cr(ppm) Cu (ppm)

Material

Ni (ppm) Mo (ppm) Cl(ppm) Zn (ppm) SO; %

JTEN
Amount

14.15 1270 9 92

50 17 22 64 0.58
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Amount

,\;;l:eﬁ;l Ba(ppm) Co (ppm) Cr(ppm) Cu(ppm) Ni(ppm) Mo (ppm) Cl(ppm) Zn(ppm) SO3% LOI%
e 187 2 40 N 95 10 4418 70 0.43 25.10
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Table 4- Soil properties and content of 3 different soils used in experiment

Soil texture Silt Sand Clay  Organic carbon K P N Organic matter
SBedl  (D)akw (F) o (%) v,y (%) S owss (%) pawlis  (4) yowd  (4) oyj9. (%) Joske
Clay loam 42 28 30 0.176 0.018 0.0093 0.069 0.303

loam 29 53 18 0.234 0.024 0.0068 0.060 0.403
Loam sand 7 83 10 0.307 0.022 0.0083 0.078 0.478
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Figure 1- Cluster analysis of the effect of applied treatments on the measured traits in loam soil
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Figure 2- Cluster analysis of the effect of applied treatments on the measured traits in sandy loam soil
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Table 9- Direct and indirect effect of plant and Minituber properties change on Minituber wet weight in loam soil

. s 51 : Indl‘rect effect : S—
Correlation  DIFECL  Sp s pjy  Stdobgbesd JS ez Sy gpd slaosd Sis 0
effect Leaf dry ols ols
weight Plant Minituber volume Plant Minituber volume
S S 039 0.26%* 0.10 - 0.021 0.014
Leaf dry weight
S ok glmerd S oo
oL 0.96** 0.38 0.076 - 0.36
Plant Minituber volume
S ok o iS5
oS 0.97** 0.59 0079 0.56 -
Plant Minituber dry
weight
residue: 0.156
E3 Y*Yns

2031 95 Jleas! golaw )3 4 dxe g 5 dxe pé i jy !
** * ns: respectively significantly different in 1 % and 5% of probability, and not significantly different
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Table 10- Direct and indirect effect of plant and Minituber properties change on Minituber wet weight in loamsand soil

poies - 51
indirect effect
. 8. 51 .. R S (439
T b5 Sike N P
Correlation Direct b clvoad Sy o LS i LSy g
effect S slaoas » oS S 5, oS
Mean Minituber Leaf erea Plant Minituber i
diameter volume Plant Minituber
dry weight
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diameter
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Leaf erea
e JS o>
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Plant Minituber
volume
dlm.xé S 059
oS Sk 0.98** 0.48 0.27 0.16 0.46 -
Plant Minituber
dry weight

residue : 0.09
K* kg

2031 95 Jlaisl zolaw 3 5 dme g )b e e b gy
** * ns: respectively significantly different in 1 % and 5% of probability, and not significantly different
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Introduction: Many experiments have shown that Silicon (Si) can reduce the effect of both biotic and abiotic
stresses in plants caused by plant diseases, pest damage, salinity, drought, heavy metal toxicity, nutrient
imbalance, water logging, high radiation, high temperature, wounding, and freezing. It has been indicated that
silicon has a beneficial role in plant nutrition such as enhancement in absorbing nitrogen, phosphor, potassium
and zinc. Beneficial results of silicon application on plant growth and physiology made farmers and researches to
use silicon as a fertilizer. Silicon fertilizers are applied as slag, compost, rice straw, calcium and sodium silicates
in both foliar and soil applications. Potato is not considered as a Si-accumulating but studies have implied that Si
supply may alleviate damaging effects that result from drought and also reduce stem lodging and increase tuber
yield increased leaf area, specific leaf area, and pigment concentration (chlorophyll a and carotenoids) as well as
photosynthesis and transpiration rates of well watered potato plants.

Materials and Methods: This experiment was conducted as factorial based on completely randomized
design with three replications, in department of agronomy, Ferdowsi university of Mashhad, Iran, in 2015. In this
research, the effects of four different silicon compounds (Nano-silica, sodium silicate, hydrophilic Bentonite
(Nano-clay), and Bentonite), in two concentrations (1000 ppm and 2000 ppm) on the growth characteristics of
potato Minitubers (Solanum tuberosum Var. Agria) plants and production under three different soil texture (clay
loam, loam and sandy loam), were investigated. In order to determine the best treatment in each soil, variance
analysis was done along with cluster analysis, stepwise multi regression analysis and path analysis, and the
results of all analysis were compared.

Results and Discussion: Due to the lack of development of plants in clay loam soil, the comparison between
treatments was done only in loam soils and sandy loam soils. The results showed that despite the lack of leaf and
stem development in silicon treated plants, the Minituber characteristics improved compared to the control,
which resulted in an increase in the ratio of Minituber dry weight to shoot dry weight.

based on plant performance, Cluster analysis for loam soil categorized silicate treatments in 3 groups: first
(control, Bentonite (2000 ppm), Nano-silica (2000 ppm)), second (Nano-clay (1000 ppm), Bentonite (1000
ppm), Nano-silica (1000 ppm)) and third (Nano-clay (1000 ppm), Sodium Silicate (1000 ppm), Sodium Silicate
(2000 ppm)). In loam sand soil this grouping was in four groups: first (control, Bentonite (1000 ppm), Nano-clay
(1000 ppm)), second (Nano-clay (2000 ppm), Nano-silica (2000 ppm), Nano-silica (1000 ppm)), third (Bentonite
(2000 ppm), Sodium Silicate (2000 ppm)) and forth (Sodium Silicate (1000 ppm)).

Path analysis showed in loam soil three traits (leaf dry weight, total plant Minituber volume, total plant
Minituber dry weight) have the most direct and indirect effect on Minituber fresh weight (as potato yield .In
loam sand soil four traits (mean Minituber diameter, leaf area, total plant Minituber volume, total plant
Minituber dry weight) were indicated to have the most direct and indirect effect on Minituber fresh weight (as
potato yield).

Conclusions: Investigating the effect of applying silicate treatments in different concentrations on Minituber
wet weight (as Minituber yield) by cluster analysis and path analysis showed that in both soils, Bentonite (2000
ppm) had the most effect on traits responsible for Minituber wet weight changes.

Keywords: Bentonite, Mintubers, Nanoclay, Nanosilica, Silicon
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Table 1- Barley cultivars characteristics in this experiments
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Table 2- Monthly mean value of precipitation and relative humidity in Agricultural Research Field Station of Sarableh
during 2019-2020 cropping seasons
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Table 3- Soil physical and chemical properties of experimental area
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@355 ke @lieX o8y GuiSanyy Sl e Slnsl T sl
9 Ml GYBL GlagusTyy 0i5bslS lpusyy oyl (59,
Olsse a8 5 sty (4 Jgi2) g2 b sine Bsamdspus s
ST YU oy (95U5lS oSy @bysSl colled
Cos g by d) lajlesd 4 by je iy Bgemd S ngw o
25 e 08 9 s aloard 355 103 S0+13550 )8 5,208
Al 4 Cos &S g (9395 gte g Spas pas) wald lo
T6/1 B5/T Lil58l Covgo s s (6365 aio gk B yuan pic)
9506l STy lyeSeul culld 45 aoyd T6/9 4 77/3
O il 605 jBgaunsnnS g 5 SlusTy GYBE GliwsTy,
A5 31 bt ST ()bl 1l 5l 55 p 3 5 smle (sland,
2 9 M5 oaalie STy (9sUglS g SlsuSly Cb)gSul colld
s pliond 365 30,5 5041355500 )8 o lite 095 S
o by Lo Sb 4 pglailan (2 5 1 JSCi) aiols I3
iad oleow s 368 3,18 amd o L SlhaST 5T gl 31
& Cams 3 g2 il pB)l s b T pl )08 5 1329500 )8
ot lled (bl (9995 prio gp Bpae pis) dali Yo

BT sladss) 55 (st

_(19.3x AB63—0.86x A645V 1)
Chlorophylla= ( ) KOOW

_(19.3x AB45—-3.6x ABB3)V 2
Chlorophyll b = Kowv
Carotenoid content = 100(A470)—3.27(mgch|.a)—104(mgch|_b%27 (3)

ol () Joone) o Blo Jodoee x> =V

Uik 32 355 i = (o5) g 5 i3 =W (e
255 e 1 G905 5 0)jg =W y2096 470 5 645 863 (clagse
5 3olas ot i 10 i b shws (¢ S0jlnl cgs

b 2w dgrge Aliiw ya yd il Hlad (wlul 5 Ol Hlog o
Gl lie ()59 e 9 GSoilul polatedy 3,5 drlore ali )
sy by g Gilasd (Blal &ygohy (ilejl &S m |
o @35 3 39290 sladigy b 3)Shee 5 (g (Jlzw
B 6 yaSoilasl gy Ui WSl oty (clanils gl o
0923 B9y 4 b peSile duslio SAS Il 5 bugs ol 4 o0
i8S O ygo JuST 15l b b JSS a5 o3I (glaiaels wix

seas!) A5 (sLaas BT cullas
Cdld by je Slivo (o ly anjos Joio 4 429 L



1400 Gl 2 0 )lows 19 s ¢yl 2! €15 Sz 4 s 124

164 Mahali = Mahoor = Khoram = Fardan

14
12 bd bdCd
% h
| ghI eI ||
§ || I I

Control 50%P FM+50%P 100%P

S99 Alisto qwioX o8 Jmﬁ
Interaction between cultivarxdifferent fertilizer sources

STy OlyyoSual p1 (5395 @liaXpB) piSan pr 51 -1 S
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Table 5- Simple comparison of physiological traaits t by affected cultivar and fertilizer source under dryand conditions
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Means, in each column and each factor, followed by similar letter are not significantly different at the 5% probability level- using
Duncan's Multiple Range Test.
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Introduction

Mycorrhiza fungus is of special importance in organic agriculture and in relation to the coexistence of all root

characteristics of the host plant is affected and also improves the water relationship in the host plant. With
application of mycorrhizal fungus, the plant absorbs soil water better and as a result, by increasing the relative
moisture content of the leaves, the stomata are open for a longer time and carbon dioxide processing is done
optimally, resulting in more photosynthesis, which ultimately leads to increased yield. The aim of this research
in rainfed agriculture is to reduce the stresses on rainfed wheat. In rainfed wheat cultivation, the plant gets its
water requirement from rainfall. In most cases, the plant water needs are not met in this way. Due to the
reduction of grain yield of rain-fed barley cultivars, new achievements can be reached by investigating the role
of plant growth-promoting bacteria on physiological and biochemical traits under rain-fed conditions.
Considering that no research has been reported on the role of plant growth promoting bacteria on rainfed barley
in the country and especially in Ilam province. Therefore, the present experiment was conducted to investigate
the effect of plant growth promoting bacteria on the activity of antioxidant enzymes and physiological traits of
rain-fed barley cultivars.

Materials and Methods

In order to investigate the effect of inoculation with mycorrhizal fungi on some physiologic and biochemical
traits of barley cultivars in rainfed conditions, a factorial field experiment was carried out in the form of a
randomized complete block design with three replications in the farm station of Sarablah Agricultural Research
Center during 2019-2020 cropping season. Experimental treatments including factor of barley cultivars (Mahali,
Mahour, Khoram and Fardan) and fertilizer sources treatment including: control (without fertilizer source), 50%
P fertilizer, mycorrhizal fungus (Glomus mosseae, Glomus etunicatum and Rhizophagus irregularis),
mycorrhizal fungi +50% P chemical fertilizer and 100% P chemical fertilizer.

Results and Discussion

The results of this experiment showed that the interaction between cultivarxfertilizer sources had a
significant effect on the activity of some antioxidant enzymes and physiological properties. Fardan cultlvarx
mycorrhizal fungl +50% P chemical fertilizer |ncreases the act|V|t|es of ascorbate peroxidase (14 3 umolmln
mg protein™), gluthathlon perOX|dase (35 pmol.min™ 'mg protein™), catalase (12 1 umolmln 'mg protein™),
perOX|dase (14.8 pmol.min™ 'mg protein™), super OXId dismutas (25.4 pmol.min™ mg protein™), chlorophyll a
(3.5 mg.g™ fresh weight), chlorophyll b (3.3 mg.g" fresh weight) and reduces malonde aldeyede (20.4 nmol.g
fresh weigh leaf) and hydrogen Peroxide (0.26 mmol.g? FW) and Mahali cultivarx control treatment (without
fertilizer sources) had the lowest activities of ascorbate peroxidase, peroxidase, superoxide dismutase and
photosynthetic pigments.

Conclusions

The results of this study showed that in the dryland conditions of the region, physiological traits (leaf
chlorophyll content) were significantly reduced in all studied barley cultivars. In this study, the maximum
activity of hydrogen peroxide and malondealdeyede in the Mahali cultivarxcontrol treatment was observed, but
when inoculation was used with mycorrhizal fungus, observed an increase in physiological characteristics.
Fardan cultivarxMycorrhiza+50% P fertilizer with maximum activity of photosynthetic pigments and antioxidant

enzymes (superoxide desmutase, catalase and peroxidase) which resulted in increased growth and vyield.
According to the results of this study, among the rainfed barley cultivars used, Fardan cultivar with mycorrhizal
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fungi +50% P fertilizer can be recommended in rainfed agriculture of the region.
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Table 3- Mean comparison of topping treatments on sugar content in sugar beet cultivar in the autumn sowing condition
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The mean of same letters of each column at the level of 5% of LSD test did not show a significant difference.
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Table 4- Means comparison of topping treatments on yield and quality traits of sugar beet in the autumn sowing condition
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In each column, the means with the similar letters did not show a significant difference (P<0.05) based on LSD test.
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Figure 2- The effect of topping treatment on root yield of sugar beet in the autumn sowing
condition
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Introduction

Sugar beet, scientifically known as Beta vulgaris L, is allogamous, diploid, biennial plant of the spinach

genus that is cultivated to produce storage roots. The growth period of sugar beet, depending on environmental
conditions and genotype, varies from 5 to 9 months and is known as a late maturing plant. Therefore, estimating
the yield reduction due to leaf fall plays an important role in farm management. In addition to the effects of
stressors, some farmers may use sugar beet leaves to raise livestock during the growing season. In this case, too,
the leaves are damaged. In the experiment of complete removal of leaves in three sugar beet cultivars, it was
observed that complete removal of leaves in Antek and Vico cultivars led to reduced root yield and subsequently
white sugar yield was significantly reduced, but In Sharif cultivar, leaf removal had no significant effect on root
yield and sugar yield. They also reported that leaf removal increased the percentage of root sugar in Sharif
cultivar. Effect of leaf removal time on quantitative and qualitative characteristics of autumn sugar beet cultivars
in Gorgan region.

Materials and Methods

This experiment was carried out in factorial design during the 2019-2020 crop year in Varsen of Gorgan
based on randomized complete block design with three replications. The first factor includes 6 autumn sugar beet
cultivars including Monotana, Jerra-kws, Rosagold, Chimneh, Veles and Sharif and the second factor includes
three levels, pruning in May (leaf development), pruning in June (reducing leaf development) and no pruning
(control) .Pruning was done using a sickle and the entire aerial part (petiole and leaves) was cut from a height of

5 cm above the crown. Seed bed preparation operations including plowing, retorting, leveling and farrowing
were performed before planting. According to the planting plan, they were planted by hand on top of the ridges
on November 2019. At the end of the growing season of each harvested plant, root yield and qualitative traits
were calculated. The most common method of measuring sugar percentage by polarimetry method was
calculated using saccharimeter, sodium and potassium by flame photometry method, harmful nitrogen by
aqueous number method and other qualitative characteristics. The analyzed traits were analyzed using SAS
software and the means were compared by LSD method at a statistical level of 5%.

Results and Discussion

Sugar beet cultivars showed significant differences in sugar content (grade), sodium, potassium, extractable
sugar content, sugar and molasses extraction coefficient; However, no significant differences were observed
between cultivars in terms of harmful nitrogen, alkalinity and root dry matter. Leaf pruning treatments except
sodium and molasses were significant in other studied traits. The interaction between cultivars and pruning has
also been significant in potassium and molasses traits. Significant differences were observed between the
treatments by applying pruning treatment; So that the highest percentage of sugar (14.7%) was observed in the
control treatment and the lowest percentage of sugar was observed in the June treatment (12%). The highest root
yield was related to Chamineh cultivar with an average of 98 tons per hectare and the lowest root yield was
related to Rosagold cultivar with an average of 80 tons per hectare. Due to the decrease in leaf production at the
end of the sugar beet growing season, the amount of damage caused by root yield in leaf removal treatment in
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the final stages of growth (June pruning) is much less than the effect of leaf removal in the middle stage of
growth.

Conclusions

Removal of sugar beet leaves in the final stages of growth had an effect on root quality properties such as
sugar content, extractable sugar percentage and sugar extraction coefficient and root yield and reduced the
mentioned traits. Root impurities also increased due to defoliation. Most yield losses were obtained when sugar
beet leaves were removed or eliminated in the middle stages of growth (May pruning).

Keywords: Leaf damage, Growth stage, Percentage of sugar, Root yield



Iranian Journal of Field Crops Research
Vol. 19, No. 2, Summer. 2021, p. 153-167

i

Ol =155 Sl iy 4 il
153-167 . o d400 s 2 0o 19 alr

Wls DA 50593 g sy SO 5 e S 0 9 Sl S 5o sl s S

okS 5 S 5 Jdy AS (sl g

3 . 2 ., Lot . )
ol drw (i D5, ¢ il desw gow Lo e

1399/09/18 =l > o,
1399710127 5 oo guyls

2>

paS 3, Slas g Jidg S (lgimo cals (b 039 32 (S SIS 9 it Sl 9 (ol Sl 1> (o)l gl S o politons
15 ksl e oSl xsbs aolie 5 (65y5LiS 0uSiils _laniow ds 3o 5 S5 du by ol JolS (slacSsl )bl o yeiSTe ol
5 ot dls 50 150 )5 (gLl alad canlis sica Lol (6)lul) pans )3 (o)l ol (gus)y2 3)90 Jolpe s 1,21 1397-08 )5 Sl
)8 pas) o Jlaz 3 e 35S 9 (o] 4005 9 @Dl Cudgame (liear o iy (005 (SlaaSy) (il a0 90 1 (o)Ll alad
5 (Psedomunas Putida Strain 186) _ubgegss—w plgi 5,8 (Glomus Intraradices) j,sKue 3,8 wals olgicds uj cbadgS
L 8L Jsloxe) o 4 3 i (Bl glome 5 (P2 iSTlgde 5 (wigesdges b 32,554 plss 3,15 (Flavobacterim Spp) ps, xSiyMs
ULM; mei:L.o duolio L odlamwl asls O dl!ad.é.‘yo d)l"*’g;‘*s dl)g Y 99 e 5l .Aiby()\fyu_\:.a S 9 0/5 3,8 sl L')l}:._cdq g’l
3 (59, 28/14) assls a3 1o 590 0393 9 (595 3HT) 093 Jsbo 595 o pySiee 2/28) &l a3 ey p,5 0/064L) wils 59 1Sl sl
Slio gl palie JBlis g gy Y sa ke o (bl Jglone 5 por ySbgde 5 wbigedse L ySee plss 3,18 b ol 6)ll s)less S5
pis g i) slmdgS 3,8 pace ¢ il alspo 3 (o)Ll abad Ly )3 (59, 22/57 4 33/15 4, 53 p,5 e 1/6 2,5 0/0361 o )
O g g i) B398 5 )18 pae b duslie ,3 (s> 24168 4 19/76 A2/5 TT/56 s oy ial38l 51 4 dal Cawsday pmnn g0 5L Jolono
W goisde S (o3l glone 5 po2iSlgdlb g uligodges | 52,5500 pls5 2,18 L Jol ()bl i3 0,55 p2 (sttal Al yo )3 (6 e Lylyd )5
Al jeabs g il alspo )3 (o)Ll abad 5 s 3,Shas by Liulhl o > 123147 § 124137 Cus s ),y atyy Sis 559 9 o2 (o
686/42) 55,15 LigMs 5 oligedgus plss 3,18 <ol 6l 15 (gposio 15 p5 682/68) 5,Skas oy i sier by L2alS olS (o)l &y apns
352)S Sy o ki ey 2 ol @l ol g2 ol sy (poyte )3 p)8 B18102) (o 5y Vg oo S Bl Jglome 5 (@ip0ye 0 25
Jole 3 (ol Cadgioe bl cou ) a8 gl 3 Shos (oliondan 5 Sigdsid Clio dgute Jdd Sl oo G Sy 9 () Sb3sS
TSI C g

3239500 ()bl Cudgaome «Sojlan (slodgS iy (yud p ey 1 g IST gW31g

g candlig IS claaseSMG (lie cu 50 (Reddy et al., 2004)
JL slaasss el (il 310> Jd9)lS (6)98 (ygmlinns]
Jid5 )15 (slyio [ials g 3B IS 5l cllad L8l ¢ ]
) Cudgie (Ashraf et al., 1994) 345 0 b ga la
2 LS (ol g 25 oe sl (Ad 2 0)93 Job (S g
LS (s jrigd dlge adye iBg I (oAU Wl oo (A5 L]y
Hammer ) il o5 (Sdglio clld Cigi b g ails O sgime
(et al., 2009
dSle iy gl iiS pu ol jl eslauwl , 31 sl Ly
01 ok (ol > e sl i I (talS (sl ol Ly
9 by s So3elgnsd sladld 1 (ol )3 lappel
04y 9 0835 ST & oS Gusly 9 «S 2 S 0gee 9 S 503

doddo

g2y Sl ) Jise Slasme Jelse o inge il ol Cadgioe
sblis > ogaasas (Triticum aestivum L.) pusS 5, Sles

LS Oygon ol mle g 3580 Cguine Sidddes 5 SuiS
slg—s 348" (Monakhova and Chernyadev, 2002) | éy,Is

Lo (45 2 0y93 Jobo (il g &l (345 (6l p3Y (s Ftmgid

By e o g (65,9l oaStly weely) andy (6,58 (gomatily =1

)l e

eyl Bice oKl (s mlie g (559l 0181 Sliusl =2

eyl B oKl (anbs mlie g (559l 0aSiily Lty -3

(Email: a.mohseni55@yahoo.com e 04t gs = %)
DOI: 10.22067/jcesc.2021.67402.1000



1400 (bl 2 oyl 19 alor ooyl 1l oy) slestimgs 4 ot 154

sl 5, Slae a8l comge il (ad  (slaadlie 5 (g 5mgid
Kader et al., ) o ,LSen ¢ 5LS .15 (Triticosecale) Al 5
1ty o o ;80 Ly Sl e o iy ool (2002
A yie paS 3 Sles sy 18 i3l 4 ey,

33 ol o5 95 Kiban S5 gl it o
S odlil 5 (pmal 5ol gyangy (ol Cadgae b S
295 ol Cadguome 31 (36 51 s b (il g &S alaiy)
sy SB35 Cuenl > 4 Ly ol )3 sy o0 S5 & (5908
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15 e Jolge ol ol LS why (oguad )3 005 plorl 2500
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PSS Jedo)lS (slyizme g il (a3 slaadlpe s lao (S
255 )8 b5l 0590 otaly Jolye 3 o)l lab baal o
sy, 9 2lge

ol saSsl by b B ) s goas il
@lie 9 559laS 028ty (Slidod as)ie 3 S5 aw b (ol
20 5 a3 48 Lédlis claie b (Lod,l sime olKish aub
glis) g Jlood (ors aid> 19 54238 5 (3,5 Jobo aids
Jeeloe 0 1511397 98 el); Jlo o byd pedaws 51 y20 1350
wnld glyiear JolS (5)l) o a3 okl Jold (e 250
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58 ool (o s g e Cdgime iy iy i
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Pl 3,18 Goyg8se 2,08 caals plsisey usj sladsS 318
9 oligedg Ly 329500 plg5 2)l8 cogy Sl 5 uligegages
Lt (8b Jgons) e a3 smmiy (o3l sl 5 (ps2,551%
sl 535 (Yoo e o 5 015 5,18 walis gt
adoyo 53 )lal b Sl S 5 g5l 5l amy stin Sy iy
Glomus  5,45e g5 Jobds uwj (sladgS i ploil itans]
Psedomunas Putida  wlseg3sw s,y 5 Intraradicese
ale .09 Flavobacterim Spp g4 251 gMs 4 Strain 186
it 3 s Sl g SB usgo 51l 5,90 slas 8L il
675 336107 bl T 5 52 85 (omailh 4l J as udls
S Sl (25 goo Jobe 0,5 03litul g Jlab 5 055
Celw 50 Gl 4y bl opl b oolatul byl 4 zdls ale i
3 2095 b CutS s 9 45 031 )3 S0 5 SdS Jore
4 )55 3o CS b dpog Sl 4 g and (g Gheld Camj &S5
ohgr (1823 p55kS 200) SB g0 20 52 3 25 20 i
b 4w (Gianinazzi et al., 2001) s;lsls s dpogs ¢ 5l

Shss s by e SLS oxdaw i b cudls 51 U ) s

5999258 manilSo .(Kusano et al., 2008) cuwl jigo oo
Jdras Jg il onis adlis wpdar i baylys (5 eyl b
Sl slaJsSse5 5o 4y Jlail s il o (98 Sy Capols
)bl carge sy § SlSgi slatend dasdginsd Jold
Alcazar etal., ) oas La Joho JoSg0 9,5l (sl )izl g Lisé
O5nST S sladisS g oSy o olsisa; 5 (2006
1 Nlgi o i wixen (Mahros et al., 2011) xS o
2 Fobo SSalil g cowMginn glid sl 5 (S Lais
Zhang and John ) a=S Uiyl el jid  Sois i balys
(Gupta et al., 2012) |, ISon g LS (sla o), .(PCL, 2005
el ol puS D (S byl b ) Cpa e )8 0l LS
2 Gilielly als 5 Slas g dliw (459

(51355 3,05 a5 1 a8 b s ol ) 5o e
il ceage Lasas (i laulyd > S cpl el (gt
Sk by cund I slapuslE)lg Sue 4l 2980 (LS Cunglio
(Seyed Sharifi and Namvar, 2016) sS o oy j5 I,
aS sl L (Jarak et al., 2012) ) Sen § Syl (sla aw)p
{(Pesdomunas Putida) lisg; wlgegsgw sbacs yS'b plos puili
Azotobacter ) p4S's8',S S Logisl 5 (Bacillus) ookl
A b gasly 3,Sles b sme Liuljél corge (Chroococcum
zeil 33U iy p (Kirchner et al., 1993) Ko g yiou )
Uiwl3-3l ((Flavobacterium) poy sSLo oMo Ly 5 ¢ paS ,i
Adges iyl5S 1y LS 3 p )59 s 300-500 Jolee (63,Shes
Hleddy ) Gls adaw iolisl Jdsay 55 (Mycorrhiza) s
o> 4 (=h) QLS (pwpiwd g SB )6 padue 398 o)
550 sl (2l polie g O Qla I3l )3 (Sl (g i
Mader ) ), S 4 ;3L .(Seyed Sharifi and Namvar, 2016)
9 spSee L paiS s pl el & 3,8 (3155 (et al., 2011
oilisl aals 4 cuns 3o 4L e & 1) 5 Slae ¢ uligegdgw
sl oLis (Grover et al., 2010) Ko g 5995 (sla o)y -0
ol b wlgioe 1ygSen @) 9 Ay Syome slags Sl )8 oS
S8 i bl cod pogada; oS i by & ool i
5 L o s (LS 3 g IS (sl o sne (sl a5
OhlSen g jl (Lo )y 53 LS jlas 4 Cas 15255540
O)Sad g (—dege ol ok lgie 5 (Asrar et al., 2012)
52)9-5we zyL3 3,018 L wsly lis (Moucheshi et al., 2012)
J3IT (s s onds gl (slo)lows )3 JS g b @ by IS (slgime
LB L el pae) sals jlas 4 o 2oy 17/4 4 33/5
Kheirizadeh Arough, ) o)l olj sy cdl Liol33l (1525950
ALl g sy (ligasge 525500 3,18 45 5,8 3)l35 (2016
SloojSS) (lye 350 g ady w2 5 0139 LRlBI L peSSs S
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350 3 pols 355 el STl Job 53 05 455,55 o 5
Ogmod jy slacide S ad) o) Jsb 53 als edlind
S obordsS 500 Slusguad o (onddl byl (0 plos! s

o1 03)91 2 9 1 Jgao p> gty otolejl e )30

390 w8y 351 5901 100 3500 )5 25"y 53 0335 yggesl (o0 5
poli sy ol €85 14 g ()5Sl ol B S
Loy &y pglie g ilivne) Ay i b edily by o8 ol o ags S|
D B s Jlen (2lgl cuhS L plEilog)S )3 g (Sanled o
Jolsh b o g0 Jobo 4 S sy gty Jols (otalof] soly 2
w51 48 39 gyt 3 )4 400 STy g el 25 (ind) o
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Table 1- Atmospheric parameters during the period of wheat growth (Source; Ardabil Meteorology Department)

oul8l (gla eyl Aol & ok el e Culged)l b 335
Parameters climatic Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug
(mm) Rainfall _s.,\ 9 35.8 329 28.4  59.7 25.9 40 29.5 13 0.1 0
() o> st 14.1 7.6 5.7 18 2.7 4.1 8 12.4 17.6 18.8 19.7
Temperature mean
Sl lels gon
1934 1223 101 1835 1726 1736 163 258.1 287.7 366 314.1
(Sunny hours)
(/). s CA"J.”’.]MP 76 81 79 68 72 71 73 63 58 62 61
Relative humidity mean
oilojl 4 )50 S o lond 9 (S 5ud Oladeiiio -2 Jouo
Table 2- Physical and chemical characteristics of experimental farm soil
.. . olas : . Lo L . .
dasin cél EC i Saf oy S i Q9 Pd el (g9,
Characteristic Texture ds-m’ & Lime Clay Silt Sand <N 5 P K Zn
SP o.C
(%) mg.kg™*
(Amounts) pslie 7.8 Loam 2.3 49 144 23 42 35 0.62 0.06 8.29 202 18

Coads ) dS ol ads o 1S 0 SSB dlsyo g 1y loj &
olae yiSlis dy iy U a9 il &l i Jad dls o
Oy il (Sig (S Gloj > )3 &5 T loj ) 295
(teto) alsyo cul )3 S b o S oo Ly GI381 oS
Ellis and Pieta-Filho, ) s> o oLii |y ails (0 5 ey
= e el 93 il ool ads” 5 Jae cpl 351, L .(1992
(to) (S35 Sy Oloj 5 (B) &b (3 sy (i &b (05
8 (L) adasly pgd Coomd 3o (o330 lade Ly g 0ol Cawday
090y (glym A duwlre Canl &y 59 45 GW g s 00l
Ellis) 1 oolazwl EFP=MGW / GFR alyl, 5l &b o p g0
O o ige 0,9 EFP alal, ol > .(and Pieta-Filho, 1992
Gl &> A5 4y s s GFR 5 &ild (59 ;28 las MGW (aily

AIMON, ) by, 3l odlizl b Sy 25959,18" 5 Jidg IS (slgime
5 391 (5) 1 (2) Lalgy bl 2 5 (1949

a Judg 15 =(19/3xAg63-0/86xAg45) V/100 W 2)

A g ey sy 2090 Sl b gy solitod;
o Ploj Jolgd > alis yoals 5l ans 59, 17 51 gl piges il
Jaliw g )bymaged o 55 0 pbosl b S5 s sk
olSalojl 4 Janl 5l am g bl ialefl a5ly o Lol bglas
S5 SU oyl 5 el g5 e 4 g oas s aliw I aash
059 i A58 ) 1y 8 0l, 8 il 4 )3 130 slod (> jsarges
A 359l b ol 4 JS§ S 59 b 5l G Sis
o 9 Julowi g 4555 )91 yolaieds (RONANINI et al., 2004)
9 b )y Jhe Su Jlab a4 byye lapial)ly
SAS 381 5 Proc NLIN aaby; 5 DUD a5, (SaS 4 5kS5
3,5 oolil (1) dasly & ygoas
CW = {a +bt, t<T, )
a+ bt t>T,
als o U s ey bglojt il 59 GW alayly oyl
2 0393 Obb o eunl &y (45 5y Cop Sl & Sy (S
S &b 59 Sl Jte ol sl Tae I oye @ g b s
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P bl gdad byl > S Jdg)ls g b @ Lidg IS gl
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Sy omeen (D Jgia) wBl ialS sy T4/6 4 121/9
075 5,)L8 Ly JalS” (bl ccmmaisn po siladl gl (s loss
4517 5 T513 3212 s pass Lili8l cogo cppmoyion Yoo e
bl b dlie 3 U5 Jido)lS 9 b @ Jidg )87 lyioes (g0
B Jsiz) 25 gy (bl Jsloe pis g (il o )l s

(S 5 03s 055 2 o5 e 12/18) 35518 3o Sl
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P25 e B128) o (a8 5 sy Y 50 oe S (o Jsloe
phs csitl doye )5 (5ol alad bl )3 (S 5 iy o5 2
Aol Cddy gy (A Jglme pis g s sW3S 208
g i D9 ey (caoyd 13017 iulisl 51 as (7 Joss)
L el 8 s ol puiS 5> (Saghafi et al., 2013) ) Sen
e (gl pae) wals Jlogi b auglie o (uligegdgu (ST
3o rptin rizmed (U100 (Sofslgnid wlio il
53,5 oalie (bigagdge Sl L il )3 1y Jedg)lS
Ao ,3l (Chandrasekhar et al., 2005) ),Se ¢ ), 0l
2 der dy Jodg IS el (il o oyl b ks el
W3 S (579 58 S dlawlyds (5951 VL (392 (o yed
Slyiome d9nte Aoy yoxie j5 iy il saclale 5 )8
El-Bassioouny et al., ) l,LSen g SgmbmJlai Judy IS
S S4B gl iy Sl edlil & 65 L (2008
Sy (U5 g b @ Jdo ) | siumgsd (laashiss) sy
OhLSan 5 (S95 bwgi 55 (olde @l 2 G331 pas
90 g 38 48 oyl » e (Couee et al., 2004)
SIS gbise Jidg)lS (b s Sl alS g gy 3 3L
LA ey (Bl glne Sitne Gliie (B Conl 043

2led g JaBg)lS Jimgn S50 g (S ghaw (D
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(Xie et al., 2004
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Table 4- Mean comparisons of the effects of irrigation levels, biofertilizers and putrescine on Chlorophyll content and grain yield of

wheat
a Judg 5 S5 Judo s b Judg i &l 3.Sles
Chlorophyll a Total Chlorophyll Chlorophyll b Grain yield (g. m?)
(mg. g7 FW) yeel
ol il 0.184c 0.105b 0.390c 453.3¢
L o Irrigation withholding in booting
ol . T
Irrigation levels omddepaleldd 0.319b 0.129a 0.449b 641.24b
Irrigation withholding in heading
Full irrigation  JelS" ¢,y 0.337a 0.141a 0.478a 682.68a
LSD 5% 0.0169 0.0131 0.022 35.77
et 355 )8 pae 0.276¢ 0.102¢ 0.379¢ 489.55d
No application bio fertilizer
porSlgMs 5 wligedges plg 208
both application Psedomunas and 0.311b 0.124b 0.435b 686.42a
ity slmagS Flavobacterim
Bio fertilizers poyShoMd 5 wligedgu b 31)65ue plgs 3,018
Both application of mycorrhiza with 0.34% 0.148a 0.498a 624.04b
Psedomunas and Flavobacterim
ogsen 28 0.318b 0.125b 0.444b 569.61¢
Mycorrhiza application
LSD 5% 0.0195 0.0152 0.0254 41.3
‘-‘“*fw’lm P 0.291c 0.11c 0.402c 569.33b
iy, o no foliar application
Oy s
foliar application o Yoedee (_)/ 5 0.313b 0.125b 0.439b 589.87ab
- 0.5 mM putrescine
Putrescine e 1
owern Vg 0.335a 0.14a 0.476a 618.02a
1 mM putrescine
LSD 5% 0.0169 0.0131 0.022 35.77

)5 o L gl stne (gild MBI 520y 55 S jite g b (slanSilese
In each column means followed by the same letter(s) are not significantly different

—» » (Feng et al., 2002) o)) Sen g Kb (7 Jgis) 59
aS 15,8 osaliiie «yd 13 3oy9Sue 3,5 b o] Codgazme H3U
b (o 4o 3 (alpn (slaplisl g ady) i
DSl ey by el 5 e il s 8 (upeslS ) sSen
Cd)b g Lna o) 3 Joloe laclyiong S e Ll
S (ol Lo (el SLalS iz YL
51 s (Sarig et al., 1992) )l LSen ¢ So,lw .o Sals
55500 pogaday (s GB35 3l Ll )3 (o Cudgame
Ol Bl Ly as ol Cawd 4y e iulydlas )
sLS Uy D0 4 yoie olie polie g Ola o wpmad
oial38l cde (Manske et al., 2000) ], Sen § Suilo 294 0
Joanlan Sl L )k el ) puS aay 5,8es 9 (39
S S Lagijl gy (S gl HUS' 53 00 A5 sl S
adyy 0js oRll cage (Sl plaady) a3y B jl a5 b

D9 s

Tobw S1ob Gl (il)ly 455 bt Tawly e 9 09
5 St Gig g omerisn b ilsloe g s 35S o)l
3 Jga) 29 Joine oy S Jlatsl o )3 Aoy o>
ddyy @ 9SS (g Oyl 4 b L baSSle duslie
e 5 Sle sio 3l A4 5 g0 e 13 )5 180195 )
5 bgedgm L )5S plgs 3l b JalS” (5ol Ll 5 (e
0=l npieS g ey Vogaides o (Bl Jglowe 9 poa yiSLyMd
1 caSe yio 5l 198133 4 wye 3 p,5 80/97 s pa) oo
3l pace il s je p> (oLl alab baylpd )3 (@pe e
J9s2) sl Cwdty s sy b (Sl plone pas 5 (s sladS
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Table 5- Means comparison the effects of treatment compound irrigation levels and biofertilizers on
Chlorophyll content and grain yield of wheat

o a5 a Jidg 5 b Judg 15 S5 Jedg s 4> 3,Sos
Tt Chlorophyll a Chlorophyll b Total Chlorophyll Grain yield

Treatments combination (mg 21 FW) (g.m?)

B: 0.248e 0.082f 0.331e 403.42¢

| B, 0.278de 0.103ef 0.382de 496.8cd

! Bs 0.315bc 0.126bcde 0.442bc 470.65cd

B, 0.296¢cd 0.108ef 0.404cd 442.31de

B1 0.285cd 0.109def 0.395cd 529.35¢

| B, 0.316bc 0.126bcde 0.443bc 762.83a

2 Bs 0.335b 0.137bcd 0.473b 655.08b

B, 0.34b 0.144b 0.484b 617.71b

B1 0.295cd 0.114cde 0.41cd 535.88¢c

| B, 0.338b 0.142bc 0.48b 799.64a

3 Bs 0.395a 0.182a 0.578a 746.38a

B, 0.318bc 0.125bcde 0.443bc 648.81b

LSD 0.05 0.036 0.027 0.053 66.58

o )bl e modlinn 53 ()bl gad il o o)l @b sl g 1o oy
505500 38 o iSgdlo 5 ligagdge b 33550 g5 2,)15 32 SgME 5 (ubsegasus plgs 2,15 st (sladgS 3,8 pae i By s By By By
AJ)L\J o2 L d)lju:-'-‘ d)l-‘] AW Oy ) J)........a d5)> L dbaogiﬂ.:n
I3, I, and l3; irrigation withholding in booting, irrigation withholding in heading and full irrigation respectively
B,, B, B; and By; no biofertilizer, both application Psedomunas and Flavobacterim, both application of mycorrhiza with
Psedomunas and Flavobacterim, application of mycorrhiza, respectively
In each column means followed by the same letter(s) are not significantly different

S Uiy IS (glgione 12 (i igd 9 (5 3lel Tobaw ()los cuS 5 1 (uSSlhe duany o -6 Jga
Table 6- Means comparison the effects of treatments compounds irrigation levels and putrescine on Chlorophyll content of

wheat
Solosi S 5 a Judg 5 b Jsdy 5 8 b s
Treatments combination Chlorophyll a Chlorophyll b Total Chlorophyll
(mg g-* FW)
P; 0.261f 0.08% 0.35f
Iy P, 0.274ef 0.098de 0.373¢f
Py 0.318bcd 0.128bc 0.446bcd
P, 0.297de 0.118cd 0.416de
I, P, 0.312cd 0.12cd 0.433cd
P, 0.348ab 0.148ab 0.497ab
P, 0.316bcd 0.124bcd 0.44cd
I3 P, 0.354a 0.156a 0.51a
Ps 0.34abc 0.142ahc 0.483ahc
LSD 0.05 0.035 0.025 0.053

JolS” )bl ol )3 il gab sl 3 o)l e s s ilz g o g
s Moo 19 005 5,08 il Jgows pie i Py 9 Po Py
.AJ)L\J o2 L d)bu:-“ d)lni AW R BLEN J)........a d9)> L dhzo;.ﬂ.:n
I3, 1, and I5; irrigation withholding in booting, irrigation withholding in heading and full irrigation, respectively
P,, P, and P3; no foliar application, application 0.5 and 1 mM of putrescine, respectively
In each column means followed by the same letter(s) are not significantly different
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Table 7- Means comparison the effects of treatments combination irrigation levels, biofertilizers and putrescine on root weight and volume,
carotenoids, maximum of grain weight, effective period, rate and grain filling period of wheat

09 e o e 12355 Job 2 Fge 093
Sled ey Ay, SWS alyy > W B gl Wil S5 &l Em s &l sl
Treatments Root weight Root volume Carotenoids Maximum Grain filling . ""w_ Effective
combination (9. m? (cm?) (mg. g1 FW) of grain rate filling Grain grain filling

period (day)

weight (g) (mg. day™®) period (days)

1;xB1%P; 80.970 198.33n 5.281 0.0361r 1.6s 33.15q 22.57p

1;xB,%P; 109.45k-n 243.33j-n 6.67f-1 0.0397p-q 1.690-q 34.050-p 23.52n

1;xB3%P; 108.6l-n 246.67i-n 6.2g-1 0.0432m-n 1.86j-k 33.59p-q 23.24n-0
1;xB4%P; 107.881-n 2251-n 5.89h-1 0.0416n-p 1.81k-I 33.54p-q 22.96n-p
1;xB %P, 95.38m-0 223.33l-n 5.68k-1 0.0384p 1.690-q 34.17n-0 22.730-p
1;xB,%P, 103.05m-0 238.33j-n 5.66k-1 0.0417n-p 1.79 I-m 33.900-p 23.32n

1;xB3xP, 137.97d-j 296.67e-j 7.4e-k 0.0484i 1.97g-i 35.44k 24.561-m
1;xB4%P, 106.421-0 241.67j-n 6.13g-1 0.0418n-p 1.78 1-n 34.69m-n 23.51n

1;xB ;%P3 85.42n-0 206.67m-n 5.82i-1 0.0415n-p 1.83k-I 34.93I-m 22.67p

1;xB %P3 141d-l 295e-k 7.71d-j 0.0485i 2g-h 34.83m 24.24m
1;xB3%P3 148.35h-e 335b-f 8.44b-f 0.0518f-h 2.12d-e 35.61j-k 24.45m
1;xB4%P3 151b-e 340b-e 8.83b-e 0.0508h 2.07e-f 35.67i-k 24.561-m
1,xB1%P; 106.931-0 231.67k-n 5.75j-1 0.04060-p 1.65g-r 36.06i-j 24.601-m
1,xB %Py 115.7i-m 273.33f-1 5.69k-1 0.0437j-m 1.72n-p 35.97i-k 25.41k

1,xB3%P; 131.03e-l 295e-k 7.32e-k 0.0513g-h 1.97g-i 37.42g-h 26.06j

1,xB4%P; 113.33j-m 270g-m 7.83b-h 0.0453j-m 1.70q 37.55e-h 26.65f-i
1,xB1 %P, 116.07h-m 268.33g-m 5.82i-1 0.0422n-0 1.73m-p 36.21i 24.39m
1,XB,%P, 143.35b-f 316.67c-h 8.02b-g 0.0463i-j 1.74m-o0 37.31h 26.61g-j
1,xB3%P, 142.07c-h 315d-h 7.77c-i 0.0509h 2.03f-g 37.50f-h 25.09k-I
1,xB4xP, 131.33e-l 290e-k 6.62f-1 0.0483i 1.96h-i 37.59e-h 24.771-m
1,xB1 %P3 110.27k-n 265g-m 5.92h-1 0.0455j-1 1.74m-o0 37.53e-h 26.12i-j
1,xB,%P3 135.03e-k 308d-i 8.81b-e 0.0540e-f 1.98g-i 37.68d-h 27.26b-e
1,xB3%P3 150.53b-e 340b-e 9.44b-d 0.0551d-e 2.03f-g 38.28b-c 27.13d-g
1,xB4%P3 169.38a-b 393.33a-b 9.75b 0.0611b 2.26a-b 37.48f-h 27.07e-g
13xB %P, 107.051-n 236.67j-n 5.96h-1 0.0433I-n 1.649-s 37.44f-h 26.42h-j
13xB %Py 117.15g-m 256.67h-n 6.63f-1 0.0457j-k 1.680-r 37.26h 27.20c-f
13xB3%P; 154.52h-e 340b-e 8.58b-f 0.0545d-e 2.03f-g 37.97cg 26.84e-h
13XB4%P; 109.88k-n 240j-n 6.41g-l 0.0435k-n 1.62r-s 37.61e-h 26.83e-h
13xB %P, 117.4f-m 243.33j-n 6.26g-1 0.0445j-m 1.67p-r 38b-f 26.68f-i
13XB %P, 154.83b-e 345h-e 9.7b-c 0.0575¢ 2.14c-d 38.33b-c 26.85e-h
13xB3xP, 161.82a-d 371.67b-d 9.67b-d 0.0610b 2.2b-c 34.4b 27.74a-c
13XB4%P, 167.7a-c 380b- ¢ 9.68b-d 0.0563c-d 2.08d-f 38.08b-e 27.06e-g
13xB ;%P3 113.23j-m 255h-n 5.9h-I 0.0454j-m 1.680-r 38.43b-c 27.02e-g
13xB %P3 142.02c-h 323.33c-g 7.85b-h 0.0533e-g 1.92i-j 38.24b-d 27.79a-b
13xB3%P3 180.95a 445a 12.18a 0.0641a 2.28a 39.17a 28.14a

13XB4%P3 142.38¢c-g 315d-h 7.44e-k 0.0513g-h 1.87j-k 38.46b-c 27.47b-d

LSD 26.08 63.72 1.97 0.0022 0.065 0.5613 0.56

o el 5 (m3a o ilal b ] > ol e e ily 5 1o dy
505550 2515 pz ySbMb 5 aligogdgus b f2)9Se 3,2)8 o S LgMS g uligagages plg5 3,2 un sladsS 35 pie i By 5 By By By
omein Vaaiho Ly 05 3,18 (8l Jsloxo pae o5 P g P2 Py
3,85 0 b 6)bsine o ylol BB gty 1 S yidio gy b (slaySle
11, I, and lg; irrigation withholding in booting, irrigation withholding in heading and full irrigation respectively
B,, By, B; and B,; no biofertilizer, both application Psedomunas and Flavobacterim, both application of mycorrhiza with Psedomunas and
Flavobacterim, application of mycorrhiza, respectively. P;, P, and P no foliar application, application 0.5 and 1 mM of putrescine, respectively.
Means with similar letters in each column are not significantly different
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Figure 1- Effect of irrigation levels
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Introduction

Drought is the most severe abiotic stress factor limiting plant growth and crop production. Many

physiological processes in plants are impaired by drought stress. Also, this stress can damage the photosynthesis
of plants, pigments and plastids reduce chlorophyll a, chlorophyll b and other carotenoids, hydrolyze proteins
and prevalent photochemical reactions in most plants. The response of plants to drought stress depends on
several factors such as developmental stage, severity, duration of stress, and cultivar genetics. Several strategies
have been developed in order to decrease the water limitation-induced toxic effects on plant growth, among them
use of bio fertilizers and putrescine play a key role in yield improvement. The aim of this study was to
investigate the effects of irrigation withholding during reproductive stage and putrescine and bio fertilizers
application on grain filling period, chlorophyll content and yield of wheat.

Materials and Methods

A factorial experiment was conducted based on randomized complete block design with three replications at
the research farm, faculty of Agriculture and Natural Resources, University of Mohaghegh Ardabili during 2018-
2019. Factors experiment were included irrigation at three levels (full irrigation as control, irrigation withholding
in 50 percent of heading stage and irrigation withholding in 50 percent booting stage as moderate and severe
water limitation respectively) and bio fertilizers at four levels (no bio fertilizer, application of mycorrhiza
(Glomus Intraradices), both application Psedomunas (Psedomunas Putida Strain 186) and Flavobacterim
Spp, application of mycorrhiza with Psedomunas and Flavobacterim), foliar application putrescine in three
levels (foliar application with water as control and foliar application 0.5 and 1 mM of putrescine). Mycorrhiza
fungi was purchased from the Zist Fanavar Turan corporation and soils were treated based on method of
Gianinazzi et al. (2001). Psedomunas and flovobacterium were isolated from the rhizospheres of wheat by
Research Institute of Soil and Water, Tehran, Iran. Two part linear model was used to quantifying the grain
filling parameters. In this study, total chlorophyll, chlorophyll a, b, carotenoid, grain filling components and
yield of wheat were investigated. Grain dry weight and number were used to calculate the average grain weight
for each sample. Total duration of grain filling was determined for each treatment combination by fitting a
bilinear model:

_f(a+bt, t<T,

W = {a + bt t>T,

Effective grain filling duration (EGFD) was calculated from the below equation: EGFD = the highest grain
weight (g)/rate of grain filling (g.day™).

Results and Discussion

Means comparison showed that maximum of grain weight (0.0641 g), grain filling rate (2.28 mg.day™), grain
filling period (39.7 day) and effective grain filling period (28.14 day) were obtained in full irrigation, application
of mycorrhiza with Psedomunas and Flavobacterim and foliar application 1 mM of putrescine and the least of
these traits (0.0361 g, 1.6 mg. day, 33.15 and 22.57 days respectively) were obtained in irrigation withholding
at booting stage and no application of putrescine and bio fertilizers, there were an increase about 77.56%, 42.5%,
19.76% and 24.68% in this treatment compounds in comparison with withholding at booting stage and no
application of putrescine and bio fertilizers. Full irrigation, both application Psedomunas and Flavobacterim
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with mycorrhiza and foliar application 1 mM of putrescine increased volume and root dry weight 124.37 and
123.47% respectively. Grain yield under irrigation withholding in heading and booting stages decreased in
comparison with full irrigation. The highest grain yield was obtained in full irrigation (682.68 g.m?), both
applizcation Psedomunas and Flavobacterim (686.42 g.m?) and foliar application 1 mM of putrescine (618.02
g.m™).
Conclusions

Based on the results of this study, it seems both application of mycorrhiza with Psedomunas and
Flavobacterim and foliar application 1 mM of putrescine with full irrigation can increase grain yield of wheat
due to improve biochemical and physiological traits under water limitation condition in reproductive stages.

Keywords: Bio fertilizers, Grain filling rate, Mycorrhiza, Water limitation



Iranian Journal of Field Crops Research
Vol. 19, No. 2, Summer. 2021, p. 169-184

i

O1R) =y Sleidg sy 4yl
169-184 . p 1400 ;biast 2 o ybocds 19 ulr

95 4l 3 Shos 5 (SIS 4 Cuglis (g R 5B 3l g0 JanaSS g A sl pgl 5208 SU
(Phaseolus vulgaris L.) s> Lo g o 555

3 . 2. *1
;;XSJ‘M“WJ{)J:%".“‘ Cheows buge

1399/10/22 :csl, > o,
1400/03/10 : 5 o gu,b

2>

S8 SlacS sl ko B )3 L )5iS16 Colaad 90 ctimgy ) (g togi Slge anasS y Mgtaly gl 2,08 G )y olaied

g5 ol slaes S )y (Sis (a5 g wgllae (gylol (imgd ool 55 b 121 1394-1305 )5 Jlo ;5 oyl oKy Slaios ac )30 40 (Bobas
9oty (V505,50 6 94 2 canld b ygey9m 3,08 pas) Wipel gl ilisee slaclle 5 (COSLE gy 5 LS o8)) Lug) slocis's
3 (Sl =115 oy S8 oy oy B 5 ) Jlael (S5 25 03 5 aloye 9 35,5 3 e oS 5 1o
1t b 3 5 S G Lol 5145 3 O g 28,5 S 3m (e 45 (o5b e bl b Ll o
Jlize 3l ez D9 o sixe > 3 ,Shas 5 JS 9 BUE bl o5y S5 (g camlisdpiglle liee oy e Sl (oo Slyime
5 ol g ub by 5 )Slas 5 M bl (S SiiS i 40 xRl cely (Sid 5 0g I bre a5 Sles o) o (S LiD
L3S w8 50 aibd 3 Slos 13V 0l (olaidl c8Me & 1) (gt (g uwgid dlgo g dBlu 5 Sy &y ]y (g52aS (g jtiwgid dlgo ¢ Suid i baylyis
L) (Seis i bulyd 3 COSI6 gy )3 o ol e ooy 5 (S 2 p,55ks 302645 (:S5bo L) osllas ol rlyd o
L dmlia 3 4ty 5,Slas o BE ctblu 5y S 55 L) el lgizanlyp ol 3,08 13,5 odnlie (JSa yr pySoks 980/89 ySilie
5 Sles il gl 518 5 15 ol (S yy p,SohS 200812 yeSiluo L) Motanlys) Y gonySan 2 3,18 L &3 3 Sla i35V 15 1l
s Slgma 53 ialdl g amll e gl lime 3> (EalS L adgiawlp ol 3,18 prizmen 1> il aald & Cond o> 46107 5 1, il
Lug) b >,Slas (2153 caa o) Sal; g ) adgiamlnnl 3l ulpliy 45 (S5 G5 4 Canglie (1331 sl oy i 9 S o

Dged iy o3 o 0l oyl (S 4y Cuoglie iulial g

Sy ol s Slgime oo ylle cails 3 Sloe ( Sid i (o 1S (sWo3lg

loadan 9 Sisn s Slhogad 3 1) obj Sl & cul
0355 3y Sloe yial S el Sis i1 a8 o Wl elS
MUN0Z-) 355 o Log) &> (yj5 9 Cudilyp (ot L calily 5, Slos
alsyo jn (Sid i Jleel (uioen (Perea et al., 2006
iy dBlw Sid iy GRaLS Cenge ()b e skt (a5
Copmsd 8Ly (359 Coas 03§ IUE SULS (g S pp Sl
Rezaei and Jabbari,) 1 o> Loy olS aly 5 Slee 5 S 39
Wl 3y Shos (65 S5 1 Coenl 3)90 legige I (S (2015
E3=250 o=l ABle OLalS > (s3tegtd dlse @58 SigSe
Il (Sen 2980 d2lge (St G5 L olS & Sloj Loguat
SO Glaueay Sis godle mozd LAl Hlyed (6 b Cuodl
Cowl angidyg e Sliges ;0 YU dSlas Japas slp pio Cun
odlo (yo Cuta g (68 Smmen ] (Saxena et al., 1990)

GRS gy 9 oS lulid o sl o Sles 5 My JS Suis
» ogMe .(Shenkut and Brick, 2003) caslsis sanlie ugb,

.

CYRTTY

odedey (S 1t e HE @) 3 590 Cuenl 0l

Lol caSs g (uSgn glie el )3 plaastie (S 5 o
a2 iy i ol ol polateds 2lie wlie Lo
3oy e wlio cnmre 51 S Olsisa g 4 (Ul o3
(Singh and Saxena, 2000) 1o, 32 b 18 (clgio b opiigy
9 pd i oyl b (Phaseolus vulgaris L) Lol .cavlosds
Pfeiffer and ) ool zylas JolS (i G laicas YU SIS Slgo
e e st (S ¢ Sats (McClafferty, 2007

ol ol&tily (g5)slitS” 015l (ely; ol (55l (5851

Ol ol (65,9l 0uStaly ¢ LS S5 g Mg 095 Hlutily -2

Ol ol ¢35l 028Ltils ¢ LS S g g 09,5 i =3

(mahsa89.mohammadi@gmail.com e 04t gs = %)
DOI: 10.22067/jcesc.2021.68288.1010



1400 (w2 oylecs 19 ol oyl 1l 2ly3 Gleiidofs 4 pis 170

W s, 9 dlge

asie »1394-1395 <5 Jlw ol imgis

40 54336 Ll (o, 3 gly ol olish Slidss
) 5 5y 4ihs 24 5 420 88 il b 5 Jlah el
Slon g Sl b (b s b 12l b)> e 51 20 1594
o e 20315 dgu5 (S35 bawgie b (SlwngS Sis g dyw
Aol asolyl ey Lyl B g g9y LT 315l 5l Yoons 45
S LaSsh 2b JB 3 56 Sl 00 il
o Jleel g gl gyl o1 5 a8 0 13l S5 aw > dolas
3 3) Log losissy 5 cE5 3 ol o 5 (Ko
Gt 95] 9 gaomeli Ay g odliwal WS G b LisS 05 e
94 2 anls b gy 3,18 pas o )laz 1) Sy ulsil
A S 5 e b e S s )sSe & ygods (V509,50 6
g 05 035 Gwes p3ed 1394 Jlo 5oL 53 oej (silwonlel jolaioas
g Sawd jlasyieo SB Consdy ud ColeS s g Juad o
o pll 1395 Jlo ole caiipumd)) ;5 oS 03,5 sdlizul Ao
e Cpgody CllS 09 ple dw Job 4 cid) g Jold &8
Sy = Laasg calold (o 5l 50 cusls clacad, calold
b S s ) g peyte 5> w52 40 oS5 g e e gy )
3 o 4ol ikl (sl g 391 slojlad ©yg0ar gkl s
obol o jless Jlasl o U (gin slas,bl 9 b plool cuisls
A8y s Jolye 531085 Gyge LSy lain Jaee Layly
ek pe > NAd SRS (lod (p2g ik e sladile wlS
sk o stalojl slassly coaigy 200 80 (33, JSay) (205
Jles! gl s Jlosl (Sid (55 ccaigi 90y slp lojen
Oty L g odd el (olol (23 I salsye )3 o(Sis 5
Contour-Ansel) ¢l abl JSKwblKe =1/5 a4 Sk Of Jewsilsy
Jlesl U olojon a5 plosl sume (65l e (et al., 2010
gl ) g iwlgiesly L Log) (sladsy ((Suis s
L (LS50l oS < Jgo o pyS 480/68 JsSUge py> CogHagOs
i b gl s ibol bawgs oai S5 slacbale
155 oalal S g by oo 1 SB O sl oy
s 5y 99 2 sl @bl late ol (gl (1 USC2)
O S (Sjg Casb) 20> 9 £8)5 g0 Sl 5 paiges
935,85 Lasuie o Juwiln «SB ogby goxie SaSTL g A5
0 ey Ay JSwbKe =175 4 SB Ol sty o5 Sboj
Jobass 59,15 ¢ Suis (i Jlesl ploy @ose) A5 damme (6, L]
Sl JUSs wtim i (o) jobods 18L5 oS opizmed (Anelosl

oS aliseo (slapli] s 035 3 dlgo pagunsd «Suid (g00le oo
i (Frahm et al., 2004) cusl phe sl 4l 5 Sloe s )

S dmd o gt 38 |y (g dlge parass g5 (Suis
e @95 Sl pB)l b )b ((SiS 4 )l il e o
Soid A palie o8yl g Canl Al &) o 030 (£ iuogid dlgs
g ash ay JLanl 5 (g5iweid dlge Adg 3 &S Ngd o0 Lgusns
[(Romdhane et al., 2009) szl ysal, I8 dMe

oS A (G35l Sl gey9 5l (s9)S e iulyial
Gk 5l g 1S e ol 5505 slaony Sl gilew ) 5ype (oA
(e SLaiss ply 53 olS cblis 5 olS pudgilie )3 e
Talaat and ) g3 o —<l); Lals 5, e )58l 4 oo
4 oplSe y e (o3lu leMbl (Shawky, 2013
D)0 392y (g e GRS A Jeod Sl LSy yralgial
h Qs 4 gy by palginul y o8 Cunl 0 dletiy (S ysboay
L il sl (obondgn s iiSly jlodomg Jlg S L
5 LoDy i Sl alS a3l slo 28Ty (slo ]l d
Bajguz and ) s e eaais cilises (28> bt GluS 5 g
aS cowbas jasde oldlke 5, , (Hayat, 2009
) (2L Glaca 5 (35 il 5 ol Cuoglie oy tulsivus
sebiels bl 2l 53 (U5l Jaldl cage 5 a0 18
Gl L gl ()53 )8 (e sl st ame
lyimo Lo pBig s (slyime «ylanS] 5T law 3l el
2l (Sats (15 kol Sl oy dlsme 5 Sy i
5 508 wizen (Anjum et al., 2011) sl LialS o)
15 g (Slowl g 08) (St 4 Canglie S99 el i gia
=5bJodxe 45 a5 by cladlas 5> .(Faroog et al., 2009)
9 My slae 3 called Sl sl Lo rlsily (26
A5 g 9 Jglore slaad clale il g Uigsensd STy g
colia g somdll ool colale (ials 4 yoie cuoles j o
Zhang et al., ) 45,5 Lgw oad jiis slaS, s » S Sl
(2008

O 4 0lS Jood (g% piuilse 13)5 o)Ldl &S g5 Lo
Jmoo Gl cplpls s pasitie Waadg ialginlp 30)68° L
38l i gl GRalST L (Sid 5 4 olS
32390 )lS b Sy Ol s stz (I3 5 ol Slsiee
a3 Jalidl Gl el 3 Sles (Rl 55 5 gl n o
sbaans)b dlex | 90y0m (25 b bty 4 (52058 Sl
338 13U oy Baa Uyl g il o adlae oyl
L by Clio (B g iy dlge panass p sl n ol
D5 9 wslhae (6)lol bulyd )5 Log) caigif 93 (SuiS 4 Cunglio
0992 (=l o)L L gl 4l 5 Slas (13 (Sl 5 (Sis



I71 ails o Khos g (Sl &1 Canglite g Fimgid Olgo Lamassi y oyl gl 3,5 5T (o)) Ko 9 Gosmo

2,8
0]
é 35 4
~ E 30 -
~
J.‘! - 25 1
3 2 20
- Y 15 4
B .
3 2 10 4
A = 5 4
2 o r ' . . .
= 0.0001 0.001 0.01 0.1 1 10
D
S
Soil suction (MPa)

OhRgR ol Joe S ugh gioxie =1 JSW5
Figure 1- Soil moaisture curve of the place of research

2 g 05 ouin Lo aidd 4> 495 12000 ;5 aids 15 creas bylsxe
Jslore s 03,5 pglaen of 23 pslioyy Jo-loxe 5| 2 e
1o 05 s boms y 2 oo b o 01 s (s glann ol
Aol Sl IS 6 5 00 y3 20 ools (TBA) ol 0 yg5, b5
2 eSOl ples j3 aidd 30 Gseds bylsee .15 4dlsl (TCA)
5 AlolbM bgdse yuw .cd,5 5 3,5 lo 450 95 cled
Gdody bgles L 94 3 MolS 5 asodls I3 ol ples
23y Jslme 5 b Sgud yiileo aiid> 15 )95 10000 5 azds 10
5iagl 32 z3a Jsbo 3 Lol L liee 235 gl o
2w il 9 3 OIS yiagig Sl olSwd (aliwgay
Gl oo 3l 9 25 e egl 600 )5 ol sloojiS)
(Heath and Packer, 1968) a3, , S yiogil 3532 )
S S gl) Al pe 93 53 (g3t Slge JanasS (g S il
0 sdaie cpl 42855 S (e ilal Sl g atie S
4 g ool solar jebay il asly o 5l 4y 10 cals po
0d S8 slaplisl o s SSE B 5 4Bl (S
3,5 il 4> 70 (gl 1> (S5l oyl 5o el 48 cseny
Bl S (g S LAD (i el 93l L g W8S 18
S5 SS9 4 B 5 Bl Sy SUES (g eane I M
syie JolS (Stp) 9 28y Jad (L 53 035 dnulxe
asly oy Slas 500 by d eyt plaw jl @se o 53 Colus
3 ookl L) LaySilue duslio uib)ly 45506 .05 (6 S0l
il g (o )s iy Jlain s ) (S gl iz (g0
St 335 4l SAS (9.1) 138l 5l eoliil by (Susan

i eslawl Excel (2013) 15l 5 51 35 b jlyges wuo)

(RWC) & g._ai e () giae
Se Jleinl g )3 53 2 (LBlygeser 9 (Suis 5 S]

spnllisapglle ol 5 odan ol oS Gl (s (Slsie
105 L S Ul el 4 Sloj) (St izl olej
b (650l (392 485 Oyge (Bl g9 g ok JSWllSe
FoS s silshiz oS Ol s Slgizme 555 0jl0 <l
CloauS 5 g 00 odmy ogumes)l bgd 3 Sy dadig
¥ 09 9 o Jatie olBinlojl 4 ol 5 i o3l )3 Sedly
O e Gipdisrty J3b Sy g A5 (S 0jll o]
Jol 650l cpn cslin 24 Saods 5 asodly )5 ke
905 (S0l byl elal 59 sl 24 51 505 (o eSS
Sizd el 24 Sseds 35 Slo a3 T5 (glod )3 gl 13 L
o (Slgie g A (635 03l0) Sy SuiS 59 9 0000 )
Smart and ) s awle (1) atal, 5l esliul Ly Sy O
(Bingham, 1974
Sts ois) [ (el gy =SS 03g)) X 1000 (1)
Sy &l (s Slge = (5
S sise eSO gy lyime s pSesll (sl
odwgS ol 5 o yd 3 S lsgilow dul 42 Lo 10 ol yonas
Jsloeo 51 52 sleo 55 osiy 5l 51 pmg 395 Sls] S Jslows
b e 7l e 33 5 S S sl 2 1 Sl
el S ety g 805 bglsee iolojl gy o )3 op s
3 e a8, )3 1S le 453 100 cled 3 (g)lo oy ples
Sy 3l ey g 0 Jito oy ples 4 adiged cslw S cusdS
5 Lo gy st e b o talasl (cad) gtz 4 (i
520 zgo Jybo 1> in lise Cales )3 N0 03] pady CAD4
Lambda 25; PerkinEImer, ) yiogub g iSowl olSiws )3 ol
&l (Bates et al., 1973) w5 sl (Waltham, MA, USA
ool 5 Sy pS 012 il camll g5 yglle (slgime (5 S0l
SalofS 55 S o & e 5 033 o3y SIS i
O 333 035 59-e MalS g 0 adlsl o 4y aoys 1

09 -



1400 (sl 2 oyl 19 alo oyl 1l 2l Glsdidogy 4y i 172

Jed 5185k slacadsand (l31(2 Jpiz) 45 osllas (sl
D &5 el (S5 5 25 bl Syl o gy
GRS A olalS Cueglie (Il g (sieml @dal )3 (coe loaw
oS Opeligls 980 el (Suid A oy oo 4 2 (Suis
e ) 5SS sl (g g SIS calu Syt odlo iy
Spae Gdon W ) Jube g Mk auih €855 ds)lS sl
Sladailbre ccely i byly b o ey (slgiome yiolj8l g
lie SEalS g (oMt (slom 3l do iy  Jobo (slis
Ui (Liang et al., 2013) 55,5 o oS! Jlad sladssS
Najaphy) 5455 ;> o JMbe 1 ()b e il el Siis
ML 4 (Allahmoradi et al., 2013) _wie et al., 2010
olalS 5l Sy > 45 .culors 3 (Siddiqui et al., 2015)
Jox3 sl LmOT Ule b ooy ol Ol &S casloas cols
bl el (et ls plieas Kl oo g Conl lasipo 15 lalyd &
Lal (Niknam et al., 2006) 39— o3kl L5 4 pglio o)lalS
lgwls” aile  Sid ay ulwes Lals o a S o b oayd
Andrade et ) Ly 4 (Sundaresan and Sudhakaran, 1995)
a9 bl o i jop 5l clailis Lasd g zeso (al., 1995
Sl 5135 51 Lang) Gigi] 99 0o 59 talef] cnl > Sl
ol (2 Jg2) 20,55 sanliie ()l sine Sglds il ol
3 gl b gy gens 50 Ghalof] cul 23 duy e iy
Gilies el lale 5,8 (ypimen A3l (S5 i Jles]
A8 1 10l & G g celsime Lol el Lgiandy o)
(2 Jga2) 252 o isine Mgtaml s ol V509,50 4 )18 1o e
et |y s lgoms il ol Vgeg,Se & e 58
(2 Joda) ol Sili dlual b4y o wid sy 82/22
s Fiwse Jstme So3 olat p 56 b s il
Talaat and Shawky, ) 155,5 e s p slge i3l coge
stiose Oilidl czrge gy tulyily 45 ool 51.(2013
{Bajguz, 2000) 95 0 (LS sl Jsho > Sl (slmrsed
3 =30 gl S Jlosl L g ol col (S 13
Lagl a5 5 (b8 (slasho > SalS'gr (slasonl 32k ]33]
Jlesl a8 culons i)l35 ail 35 ooy diel sl @
S35 s SLneld il il gyl
) 5 3 (OAT) il gual=8- (25 5 (PECS) o
oL 55 el e G381 el (PDH) 15558 (0 Sl
38 35 (6,593 slaimgs ,> .(Zhanli et al., 2016) 340
0o Slyome Gialidl cage 5 Laulpd 50 Laadg slyinl
(Rady, 2011; Agami, 2013) cawloss,5

ot Jlosl (1 Jga2) 51 o sine S 2 O (s (slgiome 2 20>
15 S Ol s Slgima )3 (ghuoy> 30/04 ials el St
O pdaime ol 0 Ol (Lol 5 aspe o Jols pas (2 Jgaz)
ol (St i blys 3 Sy Ol s lgime ialS s
Cagb) dop> LS ey ((Suid i ks )5 80 ojleay
50395 35 Buyb 5l 4y Cundjl O (el 4 B banaiyy (S5
28l (ialS Sy ol s Sl 5 S O Jrilly a5
Korir et al., ) Loy slaSp 1 1) Of (s (glgims ool 39008
Salehpour et al., ) uwie o (2006; Lizana et al., 2006
gl p ol Cilise slacdale 3 )8 cudosls zals” 35 (2009
(2 Jods) b il aals b awlie 1 1) Sy O s (slgime
N sogSse b 538 Ly Sy O rd slyime 0 3V
6ol sine g5 I lale s 3,0, a8 05 Jols A ginusly ]
oot ) Sy ol o gloie ccdale oyl 5,8 o il
aS ol 512 Jga) ol i3l aals a4y comd duoy> 17/75
L e g Laddy) by O Qo b S O (s lgines
o s (gl a8l 1 sl e 35 3 T GG
LS 4 baye Cusl (s Laadg alginly Jlos! bwgs S
1 copmapd g (Li et al., 2008) 3y 1 ) basals oI ol
Talaat and ) SLs 5l Of Gios ()3l g (s joml pubais (amss
53 08 caialinl (g a5 oo o 51LasL (Shawky, 2016
3 L oo e 55 Sl ngh 3 9 Sl (jeul lals
ool 2 Jpi) e 8l Sl o o oty Ayl )
195 o Mgiaolpp ol 2 )5 L Sy T s (Slgimo 38l
DS sl Sl ol Gis ialidl g (cpeml s Jubsas
Ol s Slyime LialS omge (SiS T 4 Couwlodd
s slgime dgut Sl Mginaly 38 Jg 48 )3 oS
Anjumetal., ) 13,5 i pae g Gi5 blyd 93 2 0 Sy
Sy o (slgiome oSS A5 I oS opizmen (2011
L o1 Lo Robinia pseudoacacia (slaazals ol Juusils o
ot §) 50 )b ine sgbts Sgisalyy 51 2 25 e 012
5 sy il 3,0, (L et al., 2008) cowlosg aalis
Rady, ) (Phaseolus vulgaris) Lyl ales jl ciliseo ojLalsS
Hayat et al., ) (Solanum lycopersicum) S ,34s45 (2011
(Thussagunpanit et al., 2015) (Oryza sativa) g, 4 (2012

Cawwlods gf).) uT wu dlym L)..ul)sl R.A-clJ %

O g2 ! giae
Taw ) (ibygeyen g Mo gy aw 3 (SUES IS ]
o Jlesl (1 Jgaa) 290 s gime ooy lyime p dops S
& G (o g slaie 43 (gao)d 126/06 ol cely  Sis



(51591 381 o[l S uEIUNC] 0) BupIoade *S(0Sd 12 WUEDYIFIS 10U AT (S]] TeIS FULIEYS SIN[EA UBAJA) UONERLLI-21 I9YE Y974 3UO | PUR SIS WFOIP JO Yo |
2 0 <7s” (1 59 B 150 e 9 s (e € <6180 e okl e ) § | e s 0 () e (50 < e i (o6 &0 e e mem o e s R el e ener)

OhH)Ked g (goexo

s

Ipet! o5,

G

o

o‘-“‘-”"r'

Lo o5 jiiugid Slgo

> &y Cuog

Laild o Slos g (S

173

BO'E661 QETr6E ®g1'ST BIS8 BOP'E BrO'E B0°T 29606 ©r'9 9950 BoE BLRT eoT BLSTIL 9
BLT100T BRSOr B9THT BOS'E BO0'E BT ®I6TI BP6’S ®9L0 qeILT LT BBP L r
T390 qe91°sg 2679 aLsT 6T 0 qus’ vhLs 4190 QYT wLrT L T
aSIrl 897 At 990°T ase'l HT st ALED Wit ae asT'es 0
EIUSIU0S U]
TN e P (iR
BLIIIT BF19E BH09¢ BILT BICL B08'T ®BILT BOO°T BLTOL BISSE BITHY by B30 BLT BLET BIFT BTOIL ﬂ_“”“x
a9 BFLLE E86'8E URTET BRTL B6LT BIRT 891 E6L01 ELEGE BFRTE LY BLEO w9sT B6E'T 6T ELTR9 91500
sadioudn)
5
I o
6801 aggse or'LE 0zLL azre aie'l a10c e0g'] egych el6Th 90t apro 9681 sl eeg €rsl asee o
v0°059C BHTRE v98°LE ®06'€T e u89'c LB Ll 56 ®09 oI b BeEL eico 6E'E B sl Ty eorsy
g
Sfona] 0B
%) (%) 18100 (%) 41 180} %)
Himorer  onydw o) yEea {,pumd (yueyd (uerd +1E10) 0} (%) 4 0oy (%) 1m0 (uerd (auerd (M4 (94) Juanuos
Jydpadip  Lap wags Aup geoy Homdea B gEea B iogdes WBOM LD o) yBam Lp wAp B iwdes 5 uEem (,Jueyd 3) (puwyd 3) (M4, 3 jownd) Srow) S0 e
podjooney  jooney Jo oney Lp o, A1p pog Lipuag Kapjeap  podgoonmy  was o oney JEI] Jo onEy A1p o A1p pog WHom Lpwais L IYEBM p gy JUAM0D apAIPIEPHOEYY Juajuoy e
P L m ’e e “ou s LRIy Howg | + ¥ e MO e Ko | P e e sumoad iﬁ.ﬁl,ﬁ "
e Aer e e O gmp HO gy HOgrp TR IROP 0 emp 0 emp KO oo 0 D oo ke ey HEGD e
o d0 0 i 600
(550135 1ySn0ap puv [Ewpdo) UOPUILLIT J0 SPAS] O} PUE g JO U] FTTT WS UOWIWO0D 043 J0 SHEL) JUSTIRHIP 10} WS\ - O[T,
b \- e gD em oo of (655 65 A (7 T’ v (FF R of of o (15 oS € e ™
(A12A193d51 ‘%1 PUE %45 JO [983] ANIIGLQQId DU 20UIUJIP IWEILIUTIS PUE JUEILIUTIS OU ALIAPUI 4.y PUE  ‘SH) UONETLII-O1 J2YE o0 IO | PUE $511S ITNOIP Jo Y63d |
20 s (I s I P a0 e g i (e § ¥R Al gl o) € R e O 0 e (st 6 el e Tewre s avd £ mf ey §e mfen e o e (o FR 6 Bl )
FTERTNT]
STISI6E or'LL 165F 95'sT £0°€ wo €90 360 T T8¢ 8I'LE I £0°0 850 650 ol 6LTT 96k 8T e
SUONENUAAU0D TTEH
«sad£10ua6) « uonER:
650805 88760 0601 WISLS 19T W8L71 4090 WES0 w688 WTFST L1507 L0570 w100 W60 Wl00 W90 W81SE WLt € P
([P E S e
suonERUIdU0D
169 xsadouany
STL16STI wFT0P wll8 wl€79 86T W€D <820 W0E0 wSP81 S0TLL wl€S W80°€ «£0°0 wlt'l Wbe0 w800 W0F6S W61'EE € PHeie
(e rrom
SUOIENUAU0D
T8 =uonedi
408°$56€01 WIL66 WES0F WTlpl wSLE w961 L1700 WET0 WFTTT SIT1L wEYLY w8l WT00 WFE0 WSL0 w610 W€ 11 WEP'T01 € PR
Tr088YS8 WIUFOL WOLTFD WSEE 10T wF000°0 WS1T wS000 WERSE W80T GTETT WL 20 WIt0 w00 w990 WHET WSEI81 1
L 168I81LTL ul§'S9T W9F06 WT6'TL 868 59T SE Pread WITIL b6 1€ sl k € LPPEL L.8L08T €
..9L'6Y8018T WTS0E W08°E0T LSLLVT 660 WE00D LTI 991 WFTE w898 WISTT 000 WIE0 WTH0 X867 w500 WITEr] 1
00'626T28 18T 1619 85L9 €T 670 $T'0 990 £5°92 €06 LO€1 'l w0 b0 90 €10 85°€l oroz [ @
SO IP9PTTOT 6118 W98’ L90'IE 8161 L8PLE ..869C wEh9 W06TT w970 w8281 L9L'8T 880 389T LEELT 10°se L1o0'8zel $£'99901 1
SlL'OSTYSE WF6TH w0969 «T9L81 alT0 2890 «5T0 20570 a0€ES SOLTH wfELl %009 w00 al€T w01 w0 wf0T ST6'811 [4
4 ey [ L0
RTLELY o ,_t _.M.MV opuEsa oI :ﬂus
Sappod oy iap B LB L ndes dppod  Gpumas WK Lo e e udea Juaue Juspue pmaymed
¢ JOOHEM  ways jo o Aap yeal c oS jooury  joonuy P Jua| . " aapem
PRI paag H 18 Jo oney| Jo oney Ap ey, Aap pod A1p wayg p o N - Jo oney Aipor  Aap pog Apuwng  Aapyeay  PPAYIPEIPUOEIN ugjorg
Topste e " S+ wy ST mou om0 ¢ M sy ' *e e | He AFey e K6
e s g © il i) “ou Mo e [14a] 0 0 kS k(S
TS e o Hp HTyrme HQeme 6O o e f0vme H0emp H0 e 2 =l
e pein 660 N H s hies e 5
bane o 6000 i 660
bl T ooy B0 w600 T

CENT

M ol saaunbg uragy

moap puE [Eundo] UONESLLI JO S]9A9] OAL PUE 1§14 JO SUOTIEIIUIIUOD IN0J JE PIIEN[EAD S0UAJOUIS U] UOWIMIOD O] JO SHELN JUIIIHP A0) IUELIEA JO ST

bl (- ol G Re e e o6 (S 63 ) o DS g (K e oF o6 geljeg (BT e € o wg®

{EUY - 2qEL



1400 (bl 2 oyl 19 alor ooyl 1l oy) slestings 4 piis 174

(Ozdamir et al., 2004) wlazusly (zalS ol Jus 1 gulaws]
Rady, 2011; Talaat ) cewlos s ()55 55 (6,505 o, Sidgs
suek 45 (and Shawky, 2013; Thussagunpanit et al., 2015
S 0§ i 938 3l 9o pasads

D5 gl gloj > S SuiS g o by 45
9 4o SO e o Sid iy Slas ob Gl Sas
J9i2) 392 )3 gme Cdo ol o> gy a3 (Bl ge9n
SS9 50 oy 46/60 Lals csl (Sis i Jlesl (1
Seit iy oYL 2 Jsse) 43 wsllas )bl 4 s S
))).)L{ l_) FLERW Jnol> ..\.le))dl )\1949)5&40 6 ))).)ls l) j){
Oig el ol o LS s clily (gl b Goley edale plw
b ili 8l aal b a Cuud o yd 36/02 Oleeds ) Sy Sis
3 At Sy SLES (g S i)y 458 @l (2 Jgee)
Cglds 3939 pis godad i (Sid iS zgl floj o J§ Sis
Jolie Sl g (Libogeyen dacisl bl llpd o sl e
(1 Jsi2) 52 o]

win Sy olej 3 S p SS Gy Cho (wibly 45 b
9 o] Om o dre Gl 3929 ;L 55 230 kol 5l g
o (L sie) 292 20> iy Jaisl s 13 93 2 (3h90y90
L) COS1E caigis & comas (Wgn 2 p5 205 ke L) LigS
Jsi) e g5Vl Sy Sts s (62 2 25 168 o SiLe
Sdgislpal V509,800 62,08 b Sy Sts 55 VL (2
9 Cedly (gl ime glay lacdale plw 5 )8 L &S b Jols
G 20 y> D209 sy 1) Sy Sits 59 cclale cpl 3p)l8
039 S by 43 @l (2 Jsi) ob Ll sels o
d)LﬁUMm@boLoj)an&.st}ngﬁ&;s
e Lacais oo )b pme Colds dg3g (godiad LS dizee
G5 dn G LbsS 05, (1 Jgaz) 052 oy S Sl
Sy SLis jg s JS Sis gy pobass] Lld 51 COS16
COS16 Cigsj 3 9 3o 27182 (LigS o3, 1) cuils sy
asl, polanl S, Sis gy 4 JS Suis o 5l ey 23/28
(2 Jg22) (o9

A G (£ i Camlus Sy 2LS slapll oy o
Ui 3 ol imgs 4o (Gorka et al., 2011) a5 is
oialS crel g ol ly 8 il coss |y Sy Sis 59 St
Sy S )59, o odalie LEalS (2 Jads) i o] Jb e
2 Siimgid dgo (g0y3d yialS & o o |y (Sid i 5y
O3y Rl il ol S ) 5 m S by S

asaullsagy gile (s gine
g ) (Shogeyen g 2o S ghaw > (Sid i ]
Jlesl (1 Jgan) 390 Jb gxe adll e 9lle (slgizme p Ao yd g
lg—io 13 (60i0y3 9396 Lol sl e el Sss s
(2 Joaes) as Cgthas (o)l ay cui sl oo glls
Ol o gy (adld gy OT Sledel g oabas 5 s
i Ll )3 g e odlitul i cou Li 4 o 3)ly ca]
Oljeo doms )3 5 a4l ul58l laag) yamwliens Ty liee o Siis
Gunes et ) wb o il i cov o ole ;o aall e glle
Dixie (sla o)y, oliaxe (al., 2006; Eraslan et al., 2007
los, S )l3 5 1y (S i balys > wadll oo glle i3l
3y)8 ¢ opimen (Yasar et al., 2010; Svetleva et al., 2012)
lyime 5wl g i sals 4 caus il ooyl
S a5 Jols agilnal 5 509,500 62,08 b small soppglle
g Cdl gyl ixe gldl (yg0ysn (pl laclale plw oy )8 L
20,3 BBIT6 sty 1y aadll ooy 9llo (glgiomo ccdale oyl 5,18
Sloe yial S (2 Joda) ab el Saal b4y cows
ol OB S ol sl ol Jleolazl 5150 salligopglle
g9l 53 olewdly lalie o)l 5l le bas o cluS s
o5 LS ¢ gt ol Ho M LSl e it Jeles
Sesd i buld ) Weinlp ol b les 51,0 sl oo glle
slie codlw bbés 5 sand oSy ials gonias LS
jecblis o laied olS a5 olo ol jlasb o (SitS iS5 cov
elaisS | b glins] olad 1 aplul plo 5 ok (lii
) ol 5 o3l a1l (215 s (pmST Sl
Cullad Gl sk Sl dgisln ol 328 calply s oo dnngs
S (2 Jg2) o slyiome Gl 5 5 1T sl
g Cguire gou Bt Sl Bl (2B phusw (e
oialS o1 Jldes g o 3am8T 01T slaJIS03), g5 ialS 4 oniae
sl gle a8 A5 4 )3 g alid (sdd (psmlinasTy
aS nrah ylete gaasie L dagy diwly ol S
el S Jgme soyf olo p 80 B 5l sy stslgin
e plals cooglio ilidl ccely OIAHSIUJJT 6&@/’&1
Bajguz ) Lad oo oy iemST Jbd sladisS 51 il guilipwsT o )lus
= e 0 o5yl5 .(and Hayat, 2009; Choe et al., 2006
oliise ¢ 3,15 dg3g Mgl ol 50,8 L aall o3 olle ials
=B e pg g g OIA,,MSIUJJT 6&%5}51 Called g 5lade iol3el
Ol yiblS 5 (g tuwgid ol cuwMyg IS leidle cblas jo



175 ails o Khoc g (Sl &1 Canglite g Fimgid Olgo Lamassi y oyl gl 3,5 b (o)) Kot 9 Gosmo

059 3 o A2TA ials coly Sis (i Jleel (1 Jgas)
o9 ey (2 Jeis) b ellas Golal 4 o ail Sis
L oS 0 Jols adgtonly ol ;Y 509,800 6 5,5 b bl Siis
wlsle plop)ls g cusly (o)l e @oley redale plo 5yl
sl Lol anls 4 s 2o )3 AT157 - jpeds 1) dBles S 59
i 4t Wl SLES (g Camd uil)ly 458 @l (2 Jge2)
pis gosimd L dume (g )ll 5l e atin S oloj > S S
5 loserse daoigs (olal bulyd o o e Sglis S5
(1 Js2) o9 Lol o

S paiged salapo 93 2 3 ) dle St (g (SuiS A5
S gre yobds (3350 ()bl 5l L atin o g (S 5 )
ol Jele 93 4 lsie |y 09 SRS ) (2 Jaz) b ials
5o piwgid olg o dd e Janl e ilidl 0 g (gl Frawgid
2L a5 Ao 3 g (S i bylyd > BMe 4 bl
2 g (ady Jls o slaaib) go8 sladaie (5,8 IS a4
lase go3las] OidlS g 9w Sy 3l e g jiumgid dlgo 4y YU L5 doms
Cudgine) (F9)3 9 (Fom SCudgie S92y Jdddy (g jiimgid
Slg—s (s (sad)e domis 3 5 (LaSy (o g (dame Joloe
3ol oS 3 1) e cudgdoms baylpd 503 (sgm 5l (6 jrimgid
a8l (g0 03D dlgo diore JWisl clls oyl o plplo S o
3 dilo Sitd jg LialS Lamd e &y e Cudgioe s cas
Cicer ) 3955 (595 (555 Slapingiy 3 (St (1S
Medicago ) 4>sgs 4 (Sivaramaiah et al., 2007) (arietinum
(e Cowlas 355 ;5 (Erice et al., 2010) (sativa
Mstaulye gl Gl Gl lble 5,8 L e (65l §) o e
A0l )0 g iwed Gy Lili8l Jdods Wle e el 4y Caus
2 Sjiwesd dla oyl (50y3d 9 gy Suid godlo yiul3l
(2 Jsis) 28t aglos )
SUL 4 (30w 939 ol g yesads

O gyl gloj o N Sl g o i)y 428
o)) g wew o (Sis s pslasob gl Sas
5 St i Jalite 51 g doyd SO a3 (Blgeen
(L Jssz) g1 sime o ol 3oy gy s )3 ocis's
L i) (Said (i g wgllae (gilel bulyd > LagS o8,
5 oYL e (S 25 038 5 079 Lo Sileo
St i Jleel (2 US3) casb |y e S 59 ool
LigS wby 55 9 (shuop 20/63 jznls cel COSL6 cusgi ,
(2 JSi) as BMe Sis (59 ) oy D190 Lials el

OIS (SiS nad T S50 g dodie olS )0 Sy Suis
cilise slaclale 5p,LS (Erice et al., 2010) couwloas
S 5 gl Age 93 p 3 1) S S g Mgl
Jad) o Liuli8l sals a4 Cas wiome gylol I w ain G g
15 b gl 2l 3,5 L S S (g g e 1381 (2
LUl > jogd (ohlS dgme dom )3 9 )98yl o o ol
2 5 Sy o Sy gojll coles pd a8 2 03l Cod v Jobus
(Prakash et al., 2008) aa3 o Liuljél 1y S p Sitis 559 4o

Ko glej > Sy St (g g (Sid A5 Sl ()98 )l e
S p el oy 9 sy b Jlinl & sume (o5lo] 5l L asin
31 4030 oIS Sy 5 32y b bl & o Ko o
ol sl e O ole onl ) S Sis g b el o«
Al anils (ols dme wglis g)lol Sl 5l Sis 55 g wgllae
b pises Jol saloyo )3 &S oSy Sis (532 5 1 Jgle)
4291 Siss i jlewi p3 g duoyd 44114 Collas ()Ll Jlos )
Sl sy 1o lob o JuSis |y S SLis s 5l as s
e ) ob L (g SRy LialS Waplul oyl 4y a8l yauass
120y 21120 Siss 535 jless )3 g 2o p3 23/90 Cogllas (6L
Sy (39 4l ol 5 K8 o 4 JS S5 03
sl doyed ool (b o ead ddlw (g 5iwgid Sl jol o
5 S Al 4 ey Lady BT ol o ol 4 aidly jolais]
oy Hl 51 593 (g yal Sy S5,
Bl du 5 i 538 ol 9o parads

O gyl gloj > Bl K3 iy G il 455 @l
g )3 93 3 (Blygergn g (Suid i I &S b plis (s
i Jlael (1 Jgan) 390 )5 e Cado pl o> iy Jlois|
@ Cand dBlo K25 59 0 o 44125 pals el S
6 5,8 b Bl s 55 o YL (2 Jodz) ad llas okl
Laccble pluw 2,8 L aS il Jobs adgil gl )Y ge,S0e
Iy aBlw SCid (i ccdale pl o p)lS g cudls (o)l e gles
L (2 Joas) ol (il aals 4 s 2o, 39/8L - ljpeas
olej » J§ Sid g @ dBle S (g Cumd (bl w20
baylyds oy ylo gime glds Dgpg pie (godimd lis ( Suis (i5 zl
(1 Jsi2) 352 T it il (o2bysersn oy o)l

aan S loj pd dBlu Suis yjs Cuo uilyyly 4350 gl
S pdaw pd (Siid i5 plaS b LS 58 same oyl e
S Jagie o cpl g do)d g e 3 (Bhgesgn g b



1400 (w2 oyles 19 als oyl 1l 2l Glsdidayy 4y i 176

o09,Sa B 2,8y IS Sits 59 4 BN SS9 Capmd
02 N yagyon 2 e 5,5 L 45 33 Jols syl
4 elale 5,8 (2 Jgis) coslys oyl xe glis yg0)en

(2 Joan) ols a3l aals 4 capnd 2o yd DB/67 l5mees 1y JS

NoogySuad 2)LS Ly BIE SS9 cn YLy pimen
Jon) oy il aals & cuns 2oy 105/41 liea 1) BMe
JS Sis 59 4 BN S 159 o wib,ly 4o ol (2
g ) ihogesgr flas b (L j (Suis G55 gl glej
oYL (L Jgan) 290 )b gine o ol p o> S Lo

oy 1 A
PARNT Y a
Be ) o 1
. € 0.8 1
Q %S b bc

239 0.6 - c
2 2204
7 > a 0.2 A
g D= 1
4 55 COS16 L Cos16 -
124

© <slhe ke o S S
L jles
Treatments

(shials 3 g0 o o gy b o) (Sl I 5 ol 53 E S (g 1 Irapiy g (S L Bl 51-2 JS

(W, (5,15 sizo ©gldd o yd guiy Jlosin ] g yd (SSIs
Figure 2- Interaction between irrigation levels and genotypes on the pod dry weight of the peak of the drought stress (Mean
values sharing similar letter(s) are not different, significantly at p<0.05, according to Duncan's multiple range tests)
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Table 3- Interaction between irrigation levels and genotypes and hormone spraying on the ratio of pod dry weight to total of
the one week after re-irrigation
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Mean values sharing similar letter(s) are not different, significantly at p<0.05, according to Duncan's multiple range tests.

Siad g YL (2 Jga2) 25 Osllas (6)ll @ o olS S
5505 b 4 18 ools sty ol Y 509,50 B 3,8 L olS IS
Oig el ol o LS s clili (gl b woley redale plw
ob Ll aals 4 Cows o yd 38/92 Oleeds 1y oS 8 Suis
oo o olS J S 5 oo Guilly 438 @ls (2 Jg)
)sﬁsuw;lésbouu}gamwlﬁijlu%m@
o ol do)d S a3 Bl ge)9 9 Mo 2 e
42146 als cocl Sois i Jleel (1 Jgs) 59 jb gixe
J92) 15 ool gyl & Cons olS S Sid ()59 13 (g0
NgoSeo b op)ls Ly ol S5 Sts (g VLo (2
b stne gli5 laale s 3,8 L a8 05 Jols siaaly
67/32 ))jsots |y olS IS Sts (59 wcdale oyl 50,8 5 il
bl bl s s (2 Jeds) ol Lili 8l dals 4y Cans duo
sy byl (39 Lo 4ol )3 g Cusb) canl ) Jdsey cogllae
dgr (Sudd 5 e I Gl ()P e ysbds ol ST S SiS (5
st 5 oo ol 2018 oy (S 5 bl 0 g
Gy Sl 503 Bib g Sy SS9 aw halS
e (2 Jgz) 13,5 ol JS SS9 talS el gt
5o,y (b diwny (Sl iS5 4y oL Frwly (s Ay el
Al (g jigid dlge Agi (Al a3 g Sy Ay ials
dg-Biee oS JS Sis (g pialS el il 3 &S oy

(Neumann, 1995)

L oSeis i byl o g olS o8 05 ssmlie ¢yelply
s olaid] g Al g Sy a4y (55tuwsd dlgs yieS olaisl
Rezaei ) 15 i bylys 5l Glasl 4 boled « M 4y (6 5umgid dlgo
Ssd 59 cogdhe oll bulys ,> )l (and Jabbari, 2015
B Sis 095 (FOB37) 5y Sis s Ly GBS
Lyly s 50 Jg ol plis )b e 9 Cute Siuned (r:0/55**)
Mu”w_,umoulswémmgx»w‘_]lﬁpl
(r=0/39") wl Sz 59 9 (F0/45 ) Sy Siis 55 L BN
A5y il b gl olol balys 1> ams o oLis 45 b o>
DIl M (S8 g calls s LTl g alen (claplusl
Slao yiaS yoluadl ( Sid i Jlesl bylyus o (Jg cél
(8 iwgid o daze Jlanl (5158l 0 g dBlu 5 Sy 4y (6 uogid
Ao an (5 94 Johis) uun 8 BMe Kis 59 il cels
5 Fmwgd Sy Ghl8l Jdder dsisuly ol 5,08 &S a0
Blo g Sy S G Gl el (2l laplil ad) S0
5ihaogi dlgo Ly (apass g BUE SiS (js Gl les
(2 Jgin) w35 w0l &y caps B 4y
olsS Js Sid (59

zol olej 2 oS S St (g che il w38 gl
g do) i e w o (Sis i plas ob ol Sl i
J9i) 292 Jbisine o (ol do)d S > (Bliygeys0
S 39 50 sho > MO gals el Suis i Jleel (1



1400 (w2 oyles 19 alo oyl 1l 2l Glsdidoyy 4 i 178

Colbro (65l bl 3 i i ot CRLE Sloar JlosT b Lug) cudgif 93 Blide Ol (Siuwmod -4 Jgan
Table 4- Correlations for different traits of two common bean genotypes evaluated at four concentrations of EBL and level of
optimal irrigation
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ns, * and **: no significant and significant difference at the probability level of 5% and 1%, respectively.
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Table 5- Correlations for different traits of two common bean genotypes evaluated at four concentrations of EBL and level of
drought stress
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ns, * and **: no significant and significant difference at the probability level of 5% and 1%, respectively.
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Figure 3- Interaction between irrigation levels and genotypes on the seed yield (Mean values sharing similar letter(s) are not
different, significantly at p<0.05, according to Duncan’s multiple range tests)
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Introduction

Common bean (Phaseolus vulgaris L.) is a food crop with high protein, fiber, and minerals. One of the
important issues in the formation of seed yield is how photosynthetic materials are allocated in plants. This may
be especially important when the plant is experiencing drought stress. Brassinosteroids are a group of steroid
hormones that have been implicated in a wide range of physiological processes. Brassinosteroids increase crop
yield by altering plant metabolism and protecting plants from environmental stresses. Considering that one of the
major problems of agriculture is water shortage, the present study was assessed aimed to investigate the effect of
Epibrassinolide application on the allocation of photosynthetic materials and some traits related to drought
resistance in two common bean genotypes under optimal irrigation and drought stress conditions and the
possibility of increasing common bean seed yield by using this hormone.

Materials and Methods

In order to investigate the effect of Epibrassinolide application on photosynthetic material allocation and the
possibility of increasing common bean seed yield by application of this hormone, an experiment was conducted
in split factorial based on randomized complete block design at the research farm of the University of Zanjan
during 2016-2017. In this experiment, optimal irrigation and drought stress were applied to main plots and
common bean genotypes (at two levels of Kusha cultivar and COS16 genotype) and different concentrations of
Epibrassinolide (at four levels of no application or control, 2, 4, and 6 uM) were allocated to sub plots as
factorial. In the flowering stage, drought stress was applied and simultaneously with drought stress, common
bean plants, were sprayed with Epibrassinolide. In this study, relative water content, proline content, and
malondialdehyde content were studied at the peak of the drought stress. Also, dry weights of leaf, stem, and pod
and the ratio of leaf, stem, and pod dry weights to total plant weight were studied at two times (peak of the
drought stress and one week after re-irrigation).

Results and Discussion

The results showed that drought stress decreased dry weights of leaf, stem, pod, and seed yield compared to
the optimal irrigation. Common bean plant under drought stress allocated less photosynthetic materials to leaves
and stems and more photosynthetic materials to pods. The Kusha cultivar under optimal irrigation had the
highest seed yield (with an average of 3025.45 kg ha™) and the COS16 genotype under drought stress had the
lowest one (with an average of 980.89 kg ha™). The Kusha cultivar in optimal irrigation condition was the
superior genotype due to its high seed yield, but drought stress had a more negative effect on the Kusha cultivar.
Also, application of different concentrations of Epibrassinolide increased dry weights of leaf, stem, pod, and
seed yield compared to the control. The highest seed yield was obtained by application of 2 pM Epibrassinolide
(with an average of 2068.2 kg ha™). So that, application of this concentration increased the seed yield by 46.07%
compared to the control. Epibrassinolide application also increased the drought stress tolerance by decreasing the
amount of malondialdehyde and increasing the relative leaf water content and proline content.

Conclusions
Therefore, application of Epibrassinolide can be suggested as a solution to increase common bean seed yield
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2- Associate Professor, Department of production engineering and plant genetics, Faculty of Agriculture, University of
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3- Associate Professor, Department of production engineering and plant genetics, Faculty of Agriculture, University of
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and increase drought tolerance of this plant. In addition, obtaining comprehensive information on the positive
effects of Epibrassinolide requires the study of this hormone in different climatic conditions.

Keywords: Drought stress, Malondialdehyde, Proline, Relative water content, Seed yield
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Table 1- Amounts and coefficients for treatments based on central composite design

Lo 23l el
Treatments Coefficients
N - uns
0395 <l
: -1 3 pq-l Xz Xy
Nitrogen rate (kg.ha™) Water rate (m°.ha™)

0 2500 -1 -1 1
200 2500 +1 -1 2
0 7500 -1 +1 3
200 7500 +1 +1 4
0 5000 -1 0 5
200 5000 +1 0 6
100 2500 0 -1 7
100 7500 0 +1 8
100 5000 0 0 9
100 5000 0 0 10
100 5000 0 0 11
100 5000 0 0 12
100 5000 0 0 13

A gj 5 O3 9y zokaw JEiue (gl e 0id LS s Py X, 9 X3
X1 and X;: indicate independent variables of nitrogen and water levels, respectively.
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Table 2- Physical and chemical properties of soil
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Texture pH EC (dS.m™) Organic carbon (%) N (%) P (mgkg?) K (mg.kg?
oo 9 7.92 0.58 0.62 0.058 29.2 186
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Irrigation

2- Nitrogen use efficiency
3- Water use efficiency
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1- Full quadratic regression
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Table 3- Variance analysis (mean of squares) of the full quadratic regression model

> 3 ] 1,5
R AT LY 7o i L3 5
n‘st“-’o é\"/ sl R o 1;9’&| Water use N_tw”'*’ Nitrogen uptake
O.V. - iologica efficienc Itrogen use efficienc
df Seedyield yield Y efficiency Y
i 6 1055000™ 5829235™ 0.188852™ 102.664™ 1349.15™
Model:
IS 1 158559" 4rs 0.009438"™ 1.541" 0"
Replication
b 2 2386323  11690521" 0.502912 " 246.816™ 3060.57"
Linear
<! 1 2384852  13020833™ 0.852750™" 72237 535.13™
Water
0394 1 2387795 10360208 0.153074™ 421.395™ 5586.00"
Nitrogen
2y 2 699396™ 5341558"™ 0.038657"" 55.638™ 882.07"
Square
ol Xl 1 10178177  5897545™ 0.001085" 34.815™ 395.99™
Water x Water
Oiarie X 0jg s - - . . "
Nitrogenx 1 1217266 8689384 0.058917 106.763 1745.59
Nitrogen
e 3l 1 o™ 911250™ 0.040538" 9.533™ 209.63"
Interaction
g X ol 1 o 911250™ 0.040538™ 9.533" 209.63"
Water xNitrogen
s 19 48098 950801 0.002602 1.567 53.63
Error
e pae 11 60084" 1183777™ 0.003574" 2.192" 24.48"
Lack of-fit
oAt sl 8 31616 630460 0.001265 0.708 74.83
Pure error
RMSE (%) - 1.15 1.95 551 24.01 6.88
S 25
Total - B B B B

2001 95 Jlasl zolaw )3 )b bxe g (53 e pie Cu ey g NS
ns, * and **: represent non-significant and significant at 5 and 1% probability levels, respectively.

Y =ag+agXy+aXotagX+agX, +asx X, tJols 93 430 o (gl cod 9 o S ) el o -4 Joua
Table 4- Regression coefficients and R?for full quadratic model: Y=ag+a;X; +a,X+asX: +asX>+asX; X

a a a as a R* (%)
ab ) 198 2.47 0.929 0.03464  -0.000075  0.000001 83.4
Seed yield
Tg"j’]’_"" > 326 -95 2.187 0.1260  -0.000164 -0.00130 55.19
Biological yield
. 039 wb""b'_ . 27.7 -0.4689 0.01827  0.001778 -0.000001 -0.000020  85.29
Nitrogen uptake efficiency
. 019 20 L_f""_ls .78  -0.1254  0.005435 0.000440 -0.000000 0.000004 93.93
Nitrogen use efficiency
ol Spae 2 1.0409 0.000488 -0.000101 0.000010 0.000000 - 0.000000 94.5

Water use efficiency

JUVGV-N n_:" 9 OJ9y tsla.w Jw dLh)u.m Lso.h_m.)u[wu [SWNEY :X2 5X]_

X1 and X;: indicate independent variables such as nitrogen and water levels, respectively.
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Figure 1- Response surface model for seed (A) and biological yield (B) of quinoa affected of nitrogen and water levels
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Figure 2- Response- surface model for nitrogen uptake efficiency (A) , nitrogen use efficiency (B) and water use efficiency (C) of
quinoa affected of nitrogen and water levels
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Table 6- Optimizing of nitrogen and water levels of quinoa for dependent variables in economic, environmental and
Economic-environmental scenarios

gy U
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Variable W] shasoun shasouny 5 - ol
Economic  Environmental Economic-environmental
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Seed yield (kg.ha™)
Water use efficiency 0.43 0.72 0.5
iy (kg seed/ m® water)
Dependent oo <l 34 65.03 50.04
Nitrogen recovery (percent)
I9rs Spas 2
Nitrogen use efficiency 11.78 19.24 15.93
(kg N seed/kg N soil)
e 7500 3409.09 5909.48
Jitano Water rate (m>.ha™)
Independent 0395 s 160.7 18.18 88.57
Nitrogen rate (kg.ha™)
Capllas (a3 0.82 0.74 0.93

Desirability index

JiSa 55 S 386076 5 3835/4 L o ey o iwsios
7500 + )L 55 39,25 5 95200 By (el ey
So o D000 +,1Se 1 (59,25 )5 5kS 200 5 (6 Lol oo
Cdlil g oot Byae (LS oy ol Cunsty )l
lopadls ol g ol oty 03505 Bpe pas Ll 5> 0y
J=Yo 5l (S0 el pl &S bl S 39 liee 13RI L
S 3l 0ig s Sl 86 cod ey (oeald (il 4 b
5 s Gpas g ola QDI (el oles )3 g 05 sl
Oy 335 o g |y (amauns s sl So9ll o it
<l SGpae 2
200 G yino (slym Of csSoyio o asils p,5sks 1/23 4 1/29
4z ol Cawddy O Sy caSayia 2500 +5g 5 p S okS
Cdy in LS le 5 @l Gpae 2L 2900 4yl Jool &
@ lied g Ogllas g b glivl) 53 (5)5LiS slaodlys
Sonliw dw e ol o cwd o) GY quaze ol ades
4SS gy el j m s3lail 5 asecin j (g3l
= dlail (gl 00 by SD (gonyliw dw y b dwnlde

b ool coles (golaidl 5 Slos oS oyl 53 09Me gyl (opl )
12 (oolasl (g ki 5> asily 5, Slas) 3,15 (oolaidl (g )l
A wbro (golail = Jaowecun) (o jluw 3)Slos I by do
3 S eolatuwl alawlgas Jaeciw ; (sla 5ol (Canl 0
adng b ulol cpl o ocd il paef LB ials baoslys
bl ,d ohga i W il @ 5L (clualy 1 T wlie 39008
1) ooy 055 Colus 5l o3l b ity & Sitbaag  Sits
Lt glals coils 25 o duogi Cal 03 (olaidl 595 4
= dbatl lag i (pll 1 558 gzmen (S 4 plie
e plie Bypae 4 Cons Slojen 4o &5 Jaacin
Hite s Jsib B8 5,Sloe sdgp (gl 15 3 5 o efeay
25 )18

.

(8 35 4ol

Oliee Lil3dl b 1aiS” als 5 ySlas oS ol LS adllles (ol gl
GSly (6058 4 0lS (b g Mee LRI )ll 9 039yt
g 04 odaliio dily 5 Slos oy iy &S g ysbods (D o LS Cuie



1400 (w2 o5les 19 alo oyl 1l 2l Gledidogy 4 a5 196

AT607 o )loss gy 7yl slizel oo 5l Jtmgly ool g 5 ladl glaan 4 plojon dag cloay Lozt
Mo _owgd b oKl g Coglae lawgs 1397/07/04 £ )50 ol g 59 liee 568 3,5 L g 3)b el Jawreciw
D9 oo (65wl Aoy py a8 ol u..ob wla S5l g us 0 Jg oS o Jod Jolb ashy 5, Slee

2 gldas Mo LB jials 15 Jeistecug

Sl Pl

References

1. Arbab Soleimani, A., and Ezzati, A. 2015. Nutritional value and functional properties of quinoa. Third National
Conference on Agriculture and Sustainable Natural Resources. Tehran. (in Persian).

2. Aslan, N. 2007. Application of response surface methodology and central composite rotatable design for modeling
the influence of some operating variables of a Multi-ravity Separator for coal cleaning. Fuel 86: 769-776.

3. Basra, S. M. A, Igbal, S., and Afzal, I. 2014. Evaluating the response of nitrogen application on growth,
development, and yield of quinoa genotypes. International Journal of Agriculture and Biology 16 (5): 886-892.

4. Berti, M., Wilckens, R., Hevia, F., Serri, H., Vidal, 1., and Mendes, C. 2000. Fertilization nitrogen ada en quinoa
(Chenopodium quinoa Willd). Ciencia Investigsction Agraria 27: 81-90. (in Spanish with English abstract).

5. Box, G. E. P., and Hunter, J. S. 1957. Multi-factor experimental designs for exploring response surfaces. The
Institute of Mathematical Statistics. p. 195-241.

6. Box, G. E. P., and Wilson, K. B. 1951. On the experiment attainment of optimum conditions. Journal of the Royal
Statistical Society: Series B (Statistical Methodology) 13: 1-45.

7. Clarke, G. M., and Kempson, R. E. 1997. Introduction to the Design and Analysis of Experiments. Arnold,
London. 334 p.

8. Dean, A., and Voss, D. 2002. Design and Analysis of Experiments. Springer Texts in Statistics. New York.

9. Eickhout, B., Bouwman, A. F., and van Zeijts, H. 2006. The role of nitrogen in world food production and
environmental sustainability. Agriculture, Ecosystems and Environment 116: 4-14.

10. Erley, G. S. A., Kaul, H., Kruse, M., and Aufhammer, W. 2005. Yield and nitrogen utilization efficiency of the
pseudocereals amaranth, quinoa, and buckwheat under differing nitrogen fertilization. European Journal of
Agronomy 22 (1): 95-100.

11. Geren, H. 2015. Effects of different nitrogen level on the grain yield and some yield components of quinoa
(Chenopodium quinoa Willd.) under Mediterranean climatic conditions. Turkish Journal of Field Crops 20: 59-64.

12. Goma, E. F. 2013. Effect of nitrogen, phosphorus, and biofertilizers on quinoa plant. Journal of Applied Sciences
Research 9 (8): 5210-5222.

13. Hatermink, A. E., Johnston, M. O., Sullivan, J. N., and Poloma, S. 2000. Nitrogen use efficiency of taro and sweet
potato in the humid lowlands of Papua New Guinea. Agriculture, Ecosystems and Environment 79: 271-280.

14. Heidari, N., Pouryousef, M., and Tavakoli, A. 2014. Effects of drought stress on photosynthesis, its parameters
and relative water content of anise (Pimpinella anisum L.). Journal of Plant Research (Iranian Journal of Biology)
27 (5): 829-839. (in Persian with English abstract).

15. Hosseinzad, J., Kazemieh, F., Javadi, A., and Ghafouri, H. 2013. Agricultural water management basis and
mechanisms in Tabriz plain. Water and Soil Science 23 (2): 85-98. (in Persian with English abstract).

16. Jacobsen S. E., Liu, F., and Jensen, C. R. 2009. Does root-sourced ABA play a role for regulation of stomata under
drought in quinoa (Chenopodium quinoa Willd.). Scientia Horticulture 122 (2): 281-287.

17. Jacobsen, S. E. 1998. Developmental stability of quinoa under European conditions. Industrial crops and products
7:169-174.

18. Jamali, S. 2016. Investigation the effect of different salinity and deficit-irrigation levels on yield and yield
components of quinoa. M.Sc. Thesis, College of agriculture, Gorgan University of Agricultural Science and
Natural Resources. Gorgan. Iran. (in Persian with English abstract).

19. Jamali, S., Goldani, M., and Zeynodin, S. M. 2019. Evaluation the effects of periodic water stress on yield, yield
components and water productivity on quinoa. Iranian Journal of Irrigation and Drainage 6 (13): 1687-1697. (in
Persian with English abstract).

20. Jayme-Oliveira A., Ribeiro Janior, W. Q., Ramos, M. L. G., Ziviani, A. C., and Jakelaitis, A. 2017. Amaranth,
quinoa, and millet growth and development under different water regimes in the Brazilian Cerrado. Pesquisa
Agropecudria Brasileira 52 (8): 561-571.

21. Kalavathy, H. M., Regupathib, I., Pillai, M. G., and Miranda, L. R. 2009. Modelling, analysis and optimization of
adsorption parameters for HsPO, activated rubber wood sawdust using response surface methodology (RSM).
Colloids and Surfaces B: Bionterfaces 70: 35-45.

22. Kazemi, M., Alizadeh, A., and Sharifan, H. 2019. Assessing different irrigation levels on Yield and Yield



197

w3955 B pan 2 5 0T G pao 25 @ Slos p 03955 9 5kl Zobaw 6 ludings (o) Kod g puiio Slgd

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

components of quinoa genotypes. Fourth National Research Conference on Development and Extension in
Agriculture, Natural Resources, and Environment. Jiroft, Iran. (in Persian).

Keshavarz, A., and Dehghani Sanij, H. 2012. Water Productivity Index and Solutions for Future Agricultural
Activities in Iran. Economic Strategy 1: 199-233. (in Persian with English abstract).

Khajavi-Shojaei, S., Moezzi, A., Norouzi Masir, M., and Taghavi Zahedkolaei, M. 2019. Study of kinetic and
Isotherm for ammonium and nitrate adsorption by common reed (Phragmites australis) biochar from aqueous
solution, Iranian Journal of Soil and Water Research 50 (8): 2009-2021. (in Persian with English abstract).
Koocheki, A., Nassiri Mahallati, M., Amiri, M. B., and Fallah Poor, F. 2019. Optimization of nitrogen fertilizer
and irrigation in wheat cultivation by central composite design. Journal of Agroecology 11 (2): 515-530. (in
Persian with English abstract).

Koocheki, A., Nassiri Mahallati, M., Khorramdel, S., and Morid Ahmadi, S. 2018 Optimization of plant density
and nitrogen use in corn (Zea mays L.) by Central Composite Design. Iranian Journal of Field Crops Research 15
(4): 798-810. (in Persian with English abstract).

Koocheki, A., Nassiri Mahallati, M., Moradi, R., and Mansouri, H. 2013. Optimization of water, nitrogen, and
density in canola cultivation by central composite design. Journal of Agroecology 3 (1): 1-16. (in Persian with
English abstract).

Kwak, J. S. 2005. Application of Taguchi and response surface methodologies for geometric error in surface
grinding process. International Journal of Machine Tools and Manufacture 45: 327-341.

Latifi, H., Khorramdel, S., Nassiri Mahallati, M., and Farzaneh Belgerdi, M. R. 2018. Effects of nitrogen fertilizer
and plant density on yield and nitrogen efficiency indices of sesame using a central composite design. Journal of
Plant Production Research 25 (3): 125-140. (in Persian).

Lilian, E. A. J. 2009. Chapter 1: Quinoa (Chenopodium quinoa Willd.): Composition, Chemistry, Nutritional, and
Functional Properties. Advances in Food and Nutrition Research 58: 1-3.

Manivannan, P., Abdul Jaleel, C., Sankar, B., Kishorekumar, A., Somasundaram, R., Lakshmanan, G. M. A., and
Panneerselvam, R. 2007. Growth, biochemical modifications and proline metabolism in (Helianthus annusus L.)
as induced by drought stress. Colloids and Surfaces 59: 141-149

Matiasevich, S. B., Castellion, M. L., Maldonado, S. B., and Buera, M. P. 2006. Water-dependent thermal
transition in quinoa embroys. Thermochimica Acta 448: 117-122.

Montemuro, F., Maiorana, M., Ferri, D., and Convertini, G. 2006. Nitrogen indicators, uptake and utilization
efficiency in a maize and barley rotation cropped at different levels and source of N fertilization. Field Crop
Research 99: 114-421.

Montgomery, D. C. 2001. Design and Analysis of Experiments. Fifth ed., John Wiley and Sons, New York.

Myers, R. H., and Montgomery, D. C. 2002. Response Surface Methodology: Process and Product Optimization
Using Designed Experiments. 2nd Edition Wiley, New York.

Obeng, D. P., Morrell, S., and Napier, T. J. N. 2005. Application of central composite rotatable design to modeling
the effect of some operating variables on the performance of the three-product cyclone. International Journal of
Mineral Processing 769: 181-192.

Razzaghi, F., Bahadori-Ghasroldashti, M. R., Henriksen, S., Sepaskhah, A. R., and Jacobsen, S. E. 2020.
Physiological characteristics and irrigation water productivity of quinoa (Chenopodium quinoa Willd.) in response
to deficit irrigation imposed at different growing stages-A field study from Southern Iran. Journal of Agronomy
and Crop Science 206 (3): 390-404.

Rodrigues, G. C., and Pereira, L. S. 2009. Assessing economic impacts of deficit irrigation as related to water
productivity and water costs. Biosystems Engineering 103: 536-551.

Sepahvand, N. A., Tavazoa, M., and Kohbazi, M. 2010. Quinoa valuable plant for alimentary security and
adaptation agricultural in Iran. 11" National Iranian Congress on Crop Science. 24-26 Jul. Tehran. (in Persian with
English abstract).

Shams, A. S. 2012. Response of quinoa to nitrogen fertilizer rates under sandy soil conditions. In Proc. 13"
International Conf. Agron., Fac. of Agric., Benha Univ., Egypt (pp. 9-10).

Shao, H. C., Yan, C. Y., Ning, Z, Gang, W., Yong-Bing, Y., Chang-Xing, Z.,, and Zan-Min, H. 2006.
Investigation on the relationship of proline with wheat (Triticum spp.) anti-drought under soil water deficits.
Colloids and Surfaces 53: 113-119

Stikic, R., Jovanovic, Z., Majanovic, M., and Dordevic, S. 2015. The effect of drought on water regime and
growth of quinoa (Chenopodium quinoa Willd.). Ratar. Povrt. 52 (2): 80-84.

Telahigue, D., Ben Yahia, L., Aljane, F., Belhouchett, K., and Toumi, L. 2017. Grain yield, biomass productivity
and water use efficiency in quinoa (Chenopodium quinoa Willd.) under drought stress. Journal of Scientific
Agriculture 1: 222-232.

Yang, A., Akhtar, S. S., Amjad. M., Igbal, S., and Jacobsen, S. E. 2016. Growth and physiological responses of
quinoa (Chenopodium quinoa Willd.) to drought and temperature stress. Journal of Agronomy and Crop Science
202 (6): 445-453.



Iranian Journal of Field Crops Research Ol =13 sl iy @ pid
Vol. 19, No. 2, Summer. 2021, p. 185-199 i 185-199 . o 1400 ybwsl 2 o ylods 19 al>

Optimization of Irrigation and Nitrogen Levels on Yield, Water Use Efficiency,
and Nitrogen Use Efficiency of Quinoa (Chenopodium quinoa Willd.) by Using
the Surface-Response Methodology
P. Rezvani Moghaddam®’, S. Khorramdel?, H. Latifi’®, M. R. Farzaneh Belgerdi*, S. J. Davarpanah®

Received: 19-01-2021
Accepted: 12-05-2021

Introduction

The optimum resource level in agro-ecosystems should be determined to decrease production costs, conserve
resources, and mitigate environmental pollutions. Optimization is an effective and sustainable management
approach to conserve resources and decline environmental pollutions. Response surface methodology (RSM) is
defined as a collection of mathematical and statistical techniques used to develop, improve, or optimize a
product. RSM is a statistical technique for optimization of multiple factors that determine optimum rates by
combining experimental designs. Quinoa (Chenopodium quinoa Willd.) is a pseudocereal, seed-producing
annual crop, and a staple food in South America in ancient times, indigenous to the Andean region of South
America, particularly Bolivia, Peru, Ecuador, and parts of Chile, which has the potential to grow with low inputs,
mostly water and tolerate a variety of biotic and abiotic stresses. Quinoa seed is gluten-free foods, good sources
of carbohydrates, good-quality proteins, lipids, vitamins, minerals, and bioactive compounds, with all the
essentials, trace elements, and many vitamins. In this work, optimization of nitrogen and water rates on quinoa
was done.

Materials and Methods

An experiment was conducted using Central Composite Design (CCD) with 13 treatments and two
replications at the Research Field of the Ferdowsi University of Mashhad during the growmg season of 2017-
2018. The treatments were aIIocated based on low and high water (2500 and 7500 m® ha™, respectively) and
nitrogen (0 and 200 kg ha, respectively) levels. Seed vyield, biological yield, N recovery, N use efficiency
(NUE), and water use ef'ficiency (WUE) were calculated as dependent variables, and changes of these variables
were evaluated by a regression model. A lack-of-fit test was used to evaluate the quality of the fitted model. The
adequacy of the model was tested by analysis of variance. The quality of the fitted models was judged using the
determination coefficient (R ). Finally, the optlmum nitrogen and water rates were computed based on economic,
environmental, and economic-environmental scenarios.

Results and Discussion

The results showed that the effect of linear and square components was significant on all studied
characteristics. The interaction effect of full quadratic was significant on NUE and WUE. Lack of fit test had no
significant effect on the studied traits. The full square model for the response variables gave insignificant lack-
of-fit, indicating that the data were satisfactorily explained. Surface-response results of the effect of irrigation
and nitrogen levels on grain yield and biological yield showed that with increasing nitrogen consumption and
irrigation, quinoa yield indices increased, but in terms of nitrogen use, with increasing nitrogen consumption
more than 100 kg ha, the grain yield increased W|th more slope. The hlghest value of seed yield was observed
for 7500 m* ha™ irrigation and 200 kg nitrogen ha™ with 3835.4 kg ha™. Optimum nitrogen and water rates were
suggested to determine the target range of dependent variables based on three scenarlos economic,
environmental, and eco-environmental. It is necessary to use 169.7 kg nitrogen ha® and 7500 m* ha™ irrigation to
obtain optimum conditions under the economic scenario. The optlmum nitrogen and |rr|gat|0n rates based on
environmental scenarios were computed from 18 18 kg nitrogen ha® and 3409 m® ha® irrigation water.
Application of 88.57 kg nitrogen ha™ and 5909 m* ha™ irrigation water was found to be the optimum conditions
for the eco-environmental scenario (NUE, N recovery, seed yield, and WUE were calculated with 15.93 kg seed
kg™ N, 50.04%, 3120.76 kg ha™, and 0.5 kg seed m™ water, respectively).
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Conclusions

Increasing nitrogen led to increased seed yield and decreased nitrogen use efficiency, whereas increasing
irrigation caused an increase in seed yield and nitrogen use efficiency. In general, it seems that resource use
based on the eco-environmental scenario may be a suitable cropping approach for the sustainable production of
quinoa as a new crop.

Keywords: Central Composite Design, Economic- environmental scenario, Lack of fit, New crop,
Sustainable production
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4- Coefficient of Determination

5- Index of Agreement

6- Mean Bias Error
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AGMERRA (glasals cas j3 0/25 X 0/25 (glass 5 15 Jlowd oyl 3 Sy gt (5005wt | CunrBige -1 S
Figure 1- Location of North Khorasan synoptic stations in 0.25 x 0.25 grids of AQMERRA data

Flowd gl B (el Sty g (SW0I] 219 9 T Gla ol )l By g (bl e Claithe -1 Jouo
Table 1- Coordinates and some weather parameters of synoptic stations in Northern Khorasan province

8 S el o350 @l gl Spite L3 g 1 g5 Wil (20 Wl Jsb
. )l 859 . . . .
Sy g QgD 43 () (st 4> ;) (st a2 ;)
Synoptic Weather data Available weather Elevation from sea Latitude Longitude
Station period parameter level (m) (decimal degree) (decimal degree)
]y
(S0

Tmax, Tmin, Srad,

Esfarayen 2007-2010 e T 1203 37.05 57.49
tmaxs
Mane Tmax: Tmin, Srad,
Semelgfan 2007-2010 T 762 37.57 56.95
3)$om
Bojnord 1980-2010 T"E;;]'S Trin, 3§d 1100 37.48 57.27
tmaxs
el
Jajarm 2007-2010 T'Tﬁaaﬁs Trin, ;ﬁd 969 36.96 56.34
tmaxs
¥ b 2007-2010 Trax T, RftSra 1278 37.94 57.10
Raz Jargalan prat
s‘ﬁ‘.’r’QZn 2005-2010 T T'Bir”étRhS‘max' 1051 37.43 57.84
ini)j 2007-2010 T, T'gpétRhslmax' 1196 37.22 58.23

Al e (S5l g pessSle (slod 3 o Cugboy (sdudygd (i Bl (gl iSTas (slod Kily o ja Prat s RNSymax Srad Tmin Tmax
Tmax, Tmin, Stad, Rhsimay, prat represent maximum temperature, minimum temperature, solar radiation, relative humidity in maximum
temperature and precipitation, respectively
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Figure 2- Validation of daily maximum temperature (T max) 0bserved values of North Khorasan synoptic stations with
AgMERRA data. Solid line: 1:1 line; dotted line: regression line; R, coefficient of determination

Oylys dm g i gl 0ad (gjlwdnd 9 (Shalis sleodly
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o] gy 5 0187 pyals o slind 0/88 5900 olSiy] (4l
ez 5 5 G¥ly pasls (4 Jgas) sl sy 0175 lalews aiLo
0/98 1 0/96 (yo shlie g ons (3lodnns polio (sl olKauy)]
D950 slnolKim] ) osd Jloy slbad 1 Ske Hio el Canday
o] > 3 (20SNRSMES 30) Lawgio s> 3 pyals 5 oyl
LaolSin! plu (NRMSE=32/31) 54 cinis ko 45lo
sl (2Bl Shalie plie 286 (M > ) 29 <l m)
O

Slas &yl s da yo
ol (olod jo JBlis @ jlys danyd o (65505l yolde
coib oo (Ko AGQMERRA o0 i g jlwdenis 0lio b
b M2 g il oSl & bgsye s oy 2y (3 JS5)
odd (¢ 5lwdund Hhde (YU sollas (gorimdylis oS 599 0/93 lais
oS! 13 s oy (3 Jodn) wib o Slualie polie b
e P g9)LB 9 2000 ¢l ccnlyinl plilows dlo p 2l
«!— NRMSE ., 0/67 4 0/73 .0/84 0/86 0/87 .0/88
1 (8/08 7193 7/98) z5,Ls 5 ;lila dilo pypls (slinolKiuy)]
M2 3l 90550 cplyral gy (gloKius] gl g Jle 0o,
Egemme 13 b5 )5 wogs o, o (15181 5 12/23 11/23 .7/98)
Orien 9 (33157 ja3ls NRMSE 5 (e o pd polie ()
Gy 5 (698 (Siumen golad s o )l (:Ske slas
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Bojnord
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AgMERRA minimum temperature ('C)
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Figure 3- Validation of daily minimum temperature (T,,,) observed values of North Khorasan synoptic stations with
AgMERRA data. Solid line: 1:1 line; dotted line: regression line; R?: coefficient of determination
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quP 9 )I) dllboliwwl 5 009..4)4) U’J\Jb Oy 0 o )J.)La.a
el sty (0/80) ylibew <ile 5 (0/84) o] ,a (0/88)
9 el ke cadllas 590 (slapadls obj)l ) Jols s
Oylys d g slapiie (sjlwans > AQMERRA (oYL culils
S5 g asliay (g dyed mdads (JSls oyl dn s S
polde oxiw)liel dio; 5o ol dilale oy olido )5 094
G lisee bli o 55 (6,5 cldles AQMERRA ois o i
i 5 1y Jae pl olle 5 )a8  San oS ouds pbo] les
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S oy (S y> phinds it g (1> 0/94) 5L Scuen

(RNSimax) yishaa &yl ya dayu jo e Ci glo
gy ysiin (§3lwdends )3 g s Cubls AQMERRA
S oyt slaolRl (ly e @l a2 )3 )5 (s
O Lol ol sl Bl sl cutls piale 5 cpldal
Cg 00y, 0dd Jloy slas @iye pSibo Lo 5 0/94 15 0/92
laoob L oad iy polie fpo el i ps 285 3
0/50 Us 350 o8] elys O/16 51 (RNSyman) szl shnlice
O s 0 S 5D Jaaa) 291 yeite g oSyl (s
de 9 (B bbb 4 plgica 1) 39 oSl sl ol

G by JBlas ol
Sk

S5k loosls gl 0ad Jloyp sl Sl o (ke y3>
(6 Jgae) 135 )8 0gs 5 Jle slaes, ;> AJMERRA 4lj,
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Ol 9 Bl 5 8 (Sturen (95 OB 5 592)
Ol a2 glajie gl (Shalide g odd (o polie
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.(Yaghoobi et al., 2018) s> ;Li o), 15 5 ailals

Bojiord

lialio (5308 55 iass

Observed solar radiation (MJ m2d™)

Jajam

(Bender and il Slwlie polae L (r < 0/54) o5
(Battisti et al., lwyg polie ass Sentelhas, 2018)
aalllas .l 0as 45155 (Amatya et al., 2018) 42019)

ol Jlos Ll laglinl) glpl (38 Jlad 5> &y

Esfarayen

Mane-Semelghan

AGMERRA (158 ginis
AgMERRA solar radiation (MJ m2d™)

AIJMERRA sbaodls b Jlows oylwl 3 Sy i 6 001K0w] (anid y93 i Fladlivo 4139 5 sl du e -4 JSUS
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Figure 4- Validation of daily solar radiation (srad) observational values of North Khorasan synoptic stations with AQMERRA
data. Solid line: 1:1 line; dotted line: regression line; R?: coefficient of determination

s 5 Of slapasls (omilel ol gl )5 2018)
Ol a2y slapite laliin polie b (295 )l 335 5
e 39 ol Sl (Stusan 5 B35 a8 b Sl 5 Jolos
saabiio ((Reals (BS9m5 L) g9)l3 5 290 (slaoliul )
o ioled Ll (glaosly jd 03,8 o (gly odd )35 glas)l .o S
L >l 5o (White et al., 2008) cowl as )5, o (Sl
Siee @l 5 35 slaelSias] s5lon (Keals IS5
il dzib by pme @glay ol gla )l b cunl (Sew 1 )5 gla)|
o] o jiShs 5 Jols slacu)ls an )l s 1 Sle

Sucald) @l jl (Sb sl 3 (6505 (iaghy el
oSyl Lgs slmosls Jlie ;3 AQMERRA il
2 aS gl alles 45 . (Razavi et al., 2018) 55 Soogiuw
b gleodb YU Ll jl (SUs 55 085 ©oge b
Gaa Ly adlae gl .cowl AQMERRA Luugs 003 i iy
AgCFSR  AGMERRA L aJu o oL S L ;)
ol sy 13,5 JelS gl XAVIER 5 NASA/POWER
sLaodly 9 01 (¢ pSojlnl polie 4L 4 (2009 51980) 5o,
€85 plonil maldl i clogy )l W gl 0l guaSid olon
(Bender and Sentelhas, <l ;o ,» Jisucols, mls o
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Observed Relative humidity in maximum temperature (%)
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.(Bender and Sentelhas, 2018) sal cunas ie XAVIER
39> g Siddes g Suis (2l ) addllas 350 (laolKtus] don
3 0db odabiieo (gand b iads W elord Bly (aLS by,
4 S ) 6 3V ol o 599 Sl p el & oSy

B Cambge b )l o |y odel Cundds doeis gy dng bl 590
(2006) () )LSan 5 39020 cmib Loy o olSiw! oyl 03,5
g laleadlu 05 50 LaolSiu! 48 J)suoyd Bad Siie
s syl (alKs) slaodls il 4 )3 )8 cdlaw] claodls
Fedadis 4 by e glaosh .(Mahmood et al., 2006) 54 snlgs
2Yb 38lg5 g Siuned cupd AGMERRA Luwg o 03]y
polde il Lol ol )0 adeds Shalie glaodh b
a3 ol jl yieS WeolSiw! ded (slyy AQMERRA wixis
2 Jos Be =381 -0/2 (o o)) sl ko) 39 Slamlite

Faresj

wews

by 2 kY £

AgMERRA Relative humidity in maximum temperature (%)
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Figure 5- Validation of daily Relative humidity in maximum temperature (Rhsynax) observational values of North

Khorasan synoptic stations with AJMERRA data. Solid line: 1:1 line; dotted line: regression line; R% coefficient of
determination
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Figure 6- Validation of daily precipitation (prate) observational values of North Khorasan synoptic stations with AQMERRA
data. Solid line: 1:1 line; dotted line: regression line. R?: coefficient of determination
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Figure 7- Validation of monthly precipitation (prate) observational values of North Khorasan synoptic stations with
AgMERRA data. Solid line: 1:1 line; dotted line: regression line. R*: coefficient of determination
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slaodls L (0/81 <r < 0/96) 95 Siwmen 5 (NRMSE
SlwdsS g 3yw g JHre Sulddoy (St bl 3 (H]
Oygody (S)L ailjey sleosl ez o)l Jled ol s ol
sl Azl WA Snod G b Sy 4 i ilale (glrodly
Ol I (stowd 5 95y lul il )3 &7 (6,5 Simgh )

.(Yaghoubi et al., 2020) ol cavday 1 plosl Jloss

5 IDW (cLa g, 4y i PERSIAN Jio (s 2 oo
Ol (2wl gloodls L 1) 65V (Stsod o pd Siom S
—w,» (Ghazanfari Moghadam et al., 2011) sb
aS aad o lis y sl g byl el sla sl
(Edaibye> aiad (glyy AQMERRA o0 (gaaSis slrosly
aligy (SH)l sliel 2) jSlis Ol 403 (Jolis )l 425
<%30 4 d >0/92) sl (1Sl &)l doyd j3 o Cugb)y g

AGMERRA (slaodly U Jlowd oyl yb Sy g (s 0K ] 3510 glod Fladlie dilje,y mdlie Suiww,lis! -2 Join
Table 2- Validation of daily maximum temperature (T.) oObservational values of North Khorasan synoptic stations with

AGMERRA
Sl g 8] andllan 390 Sl 85U Ldosls sy , L0,y
Synoptic station  Studied time period  Number of data(N) R d RMSE NRMSE MBE Classification
292 o
Bojnord 1980-2010 10950 077 096 671 135 403 Good
Olaed e
Shirvan 2005-2010 2071 092 099 447 901 06 Great
zo S
Farooj 2007-2010 1142 084 099 431 78 0 Great
RS S
Esfarayen 2007-2010 1430 093 099 385 805 033 Great
Mane Semelghan 2007-2010 1460 089 099 354 776  0.04 Great
¥ il e
Raz -Jargalan 2007-2010 1050 089 099 39 791 01 Great
prl> e
Jajarm 2007-2010 1460 09 099 38 799  -02 Great

AGMERRA U (Jlod oyl 5 Sy g (g0 Rmg! JBlas Ol o an 43 Slaalio diljg, wdlie soumw,lis! -3 Joua
Table 3- Validation of daily minimum temperature (Tyn) observational values of North Khorasan synoptic stations with

AgMERRA data
S o 8] axlllao 3490 Sloj 85L Lodld dlaxs SNa0d,
Synoptic station  Studied time period Number of data (N) R? d RMSE NRMSE MBE Classification
] c
Bojnord 1980-2010 11315 0.73 093 641 12.23 4.62 Good
Olged o>
Shirvan 2005-2010 2071 0.84 096 3.77 7.98 0.26 Great
o S
Farooj 2007-2010 1142 0.67 092 512 8.08 -0.1 Great
Oyl O
Esfarayen 2007-2010 1430 0.86 094 513 11.23 0.49 Good
HiLows Lo Se
Mane Semelghan 2007-2010 1460 0.87 0.98 3.2 7.93 0.11 Great
oMl N
Raz -Jargalan 2007-2010 1049 0.93 093 7.03 15.81 0.61 Good
Pl e

Jajarm 2007-2010 1460 0.88 099 3.18 7.98 0 Great




1400 (w2 oyles 19 alo oyl 1l 2l Glesdidogy 4y i 212

55 2 &l AQMERRA (slaosls ggeme iducols, o) L AGMERRA o._i (g5lwdnis polis (o, liel ol
o=l Jeols ol ( (S ja bay it (5o )b gleedly M bl 5 oS Sl adllas 340 olSiu] 7 Slialin slaosls
&l AQMERRA sleodly (g jl olgs oo a8 db lis jime} lslgn cLaodly (gyw g g aeMs 55,5 5 el ol oYL
Cle 6y Soaad g (5400 c Judod & o0 ¢ ol lalllas (Lashkari et al., 2016) ,5! > 35 (5,5 Sldlas il o
g odliiwl Jlads yluold bl 056 53 (65)5liS o (Razavi et al., 2018) L.l (Yaghoubi et al., 2020)

Sl Sl Kok aS a8 S plool (Battisti et al., 2019) ;.

AGMERRA soald U (Jlowd oylul 35 S g (5010 | (ganii y95 gnbirniid  F1adlin diljg, wdlie dmslio -4 Jouo
Table 4-Validation of daily solar radiation (Srad) observational values of North Khorasan synoptic stations with AQMERRA

data
S g 8] andllane 3,90 (Sloj 030 Lol dlass SN0d,
Synoptic station  studied time period  Number of data (N) R’ d RMSE NRMSE MBE (Classification
] bgie
Bojnord 1980-2010 10368 0.88 0.96 4.94 27.4 -3.8 Medium
il Lauogie
Esfarayen 2007-2010 1460 0.87 0.98 4.75 26.6 -0.5 Medium
Mane Semelghan 2007-2010 563 0.75 0.97 5.57 32.31 -0.2 Poor
P> Lo
Jajarm 2007-2010 1460 0.87 0.98 5.06 28.85 -0.6 Medium

o313 b (Jlowd Ll Siiygipnnr (S Wolian] fS 10 &)1y 43 )3 cwnd Caghy (Flaalibis diljg; prdlie (2w lisl -5 Jgsor
AgMERRA
Table 5- Validation of daily relative humidity in maximum temperature (Rhsimax) observational values of North Khorasan
synoptic stations with AJMERRA data

S o 8] axlllao 3590 Sloj 03U Lol dlaxs SNa0d,
Synoptic station  studied time period  Number of data (N) R® d RMSE NRMSE MBE Classification

Pl Lo

Bojnord 1980-2010 11315 0.16 -0.16 22.69 23.15 118 medium
BT o
Shirvan 2005-2010 2071 05 092 1915 19.17 162 Good
zo)k o
Farooj 2007-2010 1156 0.45 0.93 17.45 19.55 0.9 Good
o] e
Esfarayen 2007-2010 1430 0.47 0.94 1481 16.83 1.09 Good
ilows 4o Lasgie

Mane Semelghan 2007-2010 1460 0.38 0.9 21.22 23.32 1.86 Medium
oWy i) Lagie

Raz -Jargalan 2007-2010 1043 0.39 091 2033 22.01 1.21 Medium
Pl g

Jajarm 2007-2010 1460 0.49 0.93 15.4 16.92 1.29 Good
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Table 6- Validation of daily and monthly precipitation (prate) observational values of North Khorasan synoptic stations with

AgMERRA data
ol | > ibjo;L
) Sl wlie 99 29 5% [EYHERIKEY] EN03
Syno_ptlc Temporal Studle(_j time Number of R? d RMSE NRMSE MBE Classification
station scale period data (N)
3520 «lj, S
Bojnord Daily 1980-2010 11222 0 018 368 6.78 0 Great
25w alale o
Bojnord Monthly 1980-2010 372 0.32 0.88 19.02 16.78 0 Good
Olsyed «lj, S
Shirvan Daily 2005-2010 2190 0.17 0.63 248 8.84 0 Great
Ol wlale e
Shirvan Monthly 2005-2010 71 056 0.82 21.24 14.83 -0.02 Good
zo «lis) oF
Farooj Daily 2007-2010 1235 0.12 055 296 10.46 0 Good
o Aol -
Farooj Monthly 2007-2010 43 059 0.91 16.49 16.26 0 Good
ot alis) S
Esfarayen Daily 2007-2010 1430 0.21 0.66 2.5 9.83 -0.02 Great
Ry alale o
Esfarayen Monthly 2007-2010 48 0.84 0.97 946 13.68 -0.02 Good
olilew aile 4l5g, S
Mane Daily 2007-2010 1446 019 062 297 95245 004 Great
Semelghan
olilew aile alals P
Mane
Semelghan Monthly 2007-2010 48 0.80 0.92 1851 11.86 0.04 Good
ol lig, S
Raz -Jargalan Daily 2007-2010 1025 006 04 4.43 4.74 0.03 Great
oW i) lale S
Raz -Jargalan Monthly 2007-2010 41 0.88 096 1.49 7.53 0 Great
P> «iljg, S
Jajarm Daily 2007-2010 1428 0.17 062 226 7.64 0 Great
Pl alale S
Jajarm Monthly 2007-2010 48 069 091 1251  18.262 0 Good

(o) slld (50Le) MBE 5 (05 Loy (sllas laye (550be yJ) NRMSE (e clasye (553bs ,3) RMSE (38l 1315) O (e c02) R
R? (coefficient of determination); d (Index of Agreement); RMSE (Root Mean Square Error); NRMSE (Normalized Root Mean

Square Error); MBE (Mean Bias Error)

WSl . 9)4 p e ws[_u, @9)4 )L\.J—l Jm )l (1397/7/4
90 (63Kl g 33y 45 ol 025 el et g
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Introduction

Investigating the effect of climate change on agricultural production in spatio-temporal dimension,

development and use of crop management decision-support tools, supporting and target agronomic research and
policy require a series of accurate and standard meteorological data. The weather station databases are often
regional in coverage, and it can have extensive gaps in station coverage over time. It may also contain errors in
climate records, station coordinates or elevation. While historical observational data are incomplete or not
available in many areas; therefore, gridded weather data are used as an alternative in these areas. An issue is the
agreement of gridded with measured weather data and the degree to which this agreement may influence the
utility of gridded for agricultural research. In this study, the possibility of using AQMERRA data series to fill the
gap of incomplete and missing historical data in seven synoptic meteorological stations in North Khorasan
province in the period (1980-2010) was investigated.

Materials and Methods

Historical daily measured weather data (maximum and minimum air temperature, sunshine hours, relative
humidity, and precipitation) for the 1980 to 2010 period, were obtained from the 7 synoptic weather stations
(Bojnord, Shirvan, Farooj, Esfarayen, Mane-Semelghan, Raz-Jargalan, Jajarm) across Northern Khorasan. The
robustness of AQMERRA dataset was investigated through statistical validation indices including RMSE (Root
Mean Square Error), R? (Coefficient of Determination), d (d Index of Agreement), NRMSE (Normalized Root
Mean Square Error) and MBE (Mean Bias Error).

Result and Discussion

Strong positive correlations were observed between simulated values of maximum and minimum temperature
with observational values (0.81 < r < 0.96). The NRMSE was excellent and good for all stations (7.76 < NRMSE
< 15.81). Overall, the high agreement index (d > 0.92), as well as the small values of the MBE, indicated good
agreement between the observed and predicted data for the maximum and minimum temperature variable. The
solar radiation simulations correlated well with the observed values (0.86 < r < 0.93). The high values for
agreement index were obtained in four stations (0.96 < d < 0.98). But the NRMSE for Bojnourd, Esfarayen, and
Jajarm stations was ranked in moderate class (20 < NRMSE < 30), and weak class for Mane Semelghan station
(NRMSE = 32.31). Other stations (Shirvan, Farooj, and Raz-Jargalan) did not have station observation values for
the radiation variable. AQMERRA had a relatively high ability to simulate the relative humidity variable at
maximum temperature for Shirvan, Farooj, Esfarayen, and Jajarm stations. The agreement index for these
stations was between 0.92 and 0.94, also those NRMSE was ranked in the good class. The coefficient of
correlation (r) between the predicted values with the observational data of the relative humidity at maximum
temperature (Rhsimax) ranged from 0.40 to 0.70. The low r value can be related to the topographic conditions and

low vegetation of these areas. AQMERRA daily precipitation data had excellent NRMSE. Due to the weak
correlation between the predicted daily precipitation data and the observational data, the total monthly
precipitation of each station was examined, which showed better correlation and NRMSE than of the daily
precipitation. Considering the monthly time scale compared to the daily, NRMSE reduced from a high class to a
good class, also a strong correlation was obtained especially for Raz- Jarglan (0.88), Esfarayen (0.84), and Mane
Semolghan (0.80) stations.

Conclusions

AgMERRA gridded dataset for maximum and minimum temperature, solar radiation excluding daily
precipitation and relative humidity at maximum temperature showed high accordance (d> 0.92 and NRMSE
<30%) and strong correlation (0.81 < r < 0.96) with station data in arid, semiarid, temperate, cold and
mountainous areas of North Khorasan province. However, a more strong correlation was obtained when daily

1- PhD student, Faculty of Agriculture, Ferdowsi University of Mashhad, Iran
2- Professor, Faculty of Agriculture, Ferdowsi University of Mashhad, Iran
3- Professor, Faculty of Agriculture, Ferdowsi University of Mashhad, Iran
(*- Corresponding Author Email: jahan@um.ac.ir)



217 . oniguisasiod gloosts 3l oolisuul (5ol g JLkel (a1 oyl S0 g glo 18

precipitation data were aggregated into monthly data. In general, the validation results of the AQMERRA
simulated values with 7 synoptic stations indicated its robustness and power to produce meteorological data
series. S0 AQMERRA data series can be used for climate studies, analysis, planning and decision making in
agriculture section in North Khorasan province.

Keywords: Agricultural meteorology, Spatio-temporal changes, Stations data, Validation
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