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Figure 2- The trends of leaf area index (LAI) wheat and sugar beet pure cultures (a) mixture Delayed 3: 1 (b), 3: 2 (c), 4: 2

(d) and 6: 2 (e) of sugar beet and wheat
Standard deviation of measurement points are vertical lines. first start of the growing season for wheat and sugar beet February, 70

days after the start of the growing season for wheat, 10 is May.
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Figure 2- RADO: radiation above the canopy, PARO photosynthetically active radiation above the canopy, PARabs of
photosynthetically active radiation absorbed by the plant and PARabs (wheat) cumulative photosynthetically active radiation
absorbed by wheat canopy, PARabs (Sugar beet) cumulative photosynthetically active radiation absorbed by the canopy of
sugar beet, wheat (a) and sugar beet (b) mixture pure cultures any delay 3: 1 (c), 3: 2 (d), 4: 2 (e) and 6: 2 (f) sugar beet and
wheat. Start growing season for wheat and sugar beet March first 70 days after the start of the growing season of plants, 10

of May.
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(e) of sugar beet: wheat
First start of the growing season for wheat and sugar beet February, 70 days after the start of the growing season for wheat, 10 is

May.
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Table 2- The total amount of dry matter and radiation use efficiency (RUE) in monoculture and delayed mixed wheat and

sugar beet
1 a5 S o3la JS Sk 03l ggoome
slowd . . 1 2 Total dry matter
Light use efficiency (g MJ") Total dry matter (g m™) 2
Treatment (gm™)
Sugar beet &3, 02>  Wheat o5 Sugar beet W3,z Wheat oS
oAl 8 2.32 1.4 2063 1000 3063
Monoculture
v byl 1.44 1.5 1213 970 2183
Mixed 3: 1
VY byl 1.74 1.49 1452 945 2457
Mixed 3: 2
¥ byloxe 2.38 1.65 1942 1055 2997
Mixed 4: 2
P byl 1.93 1.52 1555 980 2532

Mixed 6: 2
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Figure 4- Relationship between dry matter and radiation wheat pure cultures any (a) delay mixture 3: 1 (b), 3: 2 (c), 4: 2 (d)
and 6: 2 (e) of sugar beet: wheat
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Figure 5- Relationship between dry matter and radiation sugar beet cropping any (a) delay mixture 3: 1 (b), 3: 2 (c), 4: 2 (d)
and 6: 2 (e) of sugar beet: wheat
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Figure 6- relay intercropping effects of different combinations of sugar beet and wheat on wheat grain yield
A: sole cropping wheat, B: delayed mixtures 3: 1, C: 3: 2, D: 4: 2 andE: 6: 2 beet wheat.
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Figure 7- Effects of different combinations of sugar beet and wheat relay intercropping on the yield of sugar beet roots

A: sole cropping sugar beet, B: mixtures delayed 3: 1, C: 3: 2, D: 4: 2 and E: 6: 2 beet wheat.
* Average of common letters differ significantly according to Duncan's multiple range test at the 5% level are not.
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Introduction

Intercropping plays an important role in agriculture because of beneficial interactions. Intercropping of
legumes and cereals is an old practice in tropical agriculture dating back to ancient civilization. Cereals and other
plant intercrops could substantially increase forage quantity and quality and decrease the requirement for protein
supplements. Intercropping of cereals and other plants is important for development of sustainable food
production systems. This may be due to some of the potential benefits of intercropping systems such as high
productivity and profitability, improvement of soil fertility, efficient use of resources, reducing damage caused
by pests, diseases and weeds and improvement of forage quality The main advantage of intercropping is more
efficient utilization of the available resources and the increased productivity compared to sole crops of the
mixture. Therefore, this experiment was conducted to evaluate agronomic characteristics of wheat and Land
Equivalent Ratio (LER) under relay intercropping with sugar beet.

Materials and Methods

In order to evaluate radiation use efficiency (RUE), yield and dry matter accumulation in winter wheat relay
intercropping and sugar beet, a field experiment was conducted at Agricultural Research Station of Ferdowsi
University of Mashhad, Iran, during 2012 growing season, using a completely randomized block with four
replications. The experimental treatments included four treatments intercropping ratios of rows: 3: 1, 3: 2, 4: 2,
6: 2 (beet and wheat) with monocropping beet and monocropping wheat (sole crops), comprised the
experimental factors.

Results and Discussion

The results of this experiment showed that the effects of intercropping were significant for many study traits.
Also, the results showed that during the growing season, leaf area index, radiation crossing the canopy, radiation
use efficiency, the amount of dry matter production and yield per unit area were affected by intercropping. The
highest yield of wheat was observed in the intercropping treatments 4: 2 (1942 g.m) and the highest dry matter
of beet sugar was obtained in monoculture (2063 g.m). Highest radiation use efficiency of wheat and sugar
beet) was observed in treatment 4: 2 (65.1 and 38.2), respectively.

Conclusions

In general, results showed that maize-peanut intercropping could be profitable due to use of the available
resources. It can be concluded that intercropping was more efficient than sole cropping especially this is the way
to make better use of resources and increase efficiency compared with sequential planting species.

Keywords: Radiation absorb, Radiation use efficiency, Relay intercropping, Yield
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Figure 1- Comparing the average interaction of mycorrhizal fungi and potato cultivars on plant height in drought stress
The bars of each column indicates standard errors.
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Figure 2- Comparing the average interaction of mycorrhizal fungi and drought stress on plant height in drought stress
The bars of each column indicates standard errors.
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Figure 3- Comparing the average interaction of mycorrhizal fungi and potato cultivars on leaf area in drought stress

The bars of each column indicates standard errors.
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Figure 4- Comparing the average interaction of mycorrhizal fungi and drought stress on leaf area in drought stress

The bars of each column indicates standard errors.
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Figure 5- Comparing the average interaction of mycorrhizal fungi and potato cultivars on spad number in drought stress

The bars of each column indicates standard errors.
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Figure 6- Comparing the average interaction of mycorrhizal fungi and drought stress on plant spad number in drought

stress

The bars of each column indicates standard errors.
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Figure 7- Comparing the average interaction of mycorrhizal fungi and potato cultivars on tuber yield for single bush in

drought stress
The bars of each column indicates standard errors.
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Figure 8- Comparing the average interaction of mycorrhizal fungi and drought stress on potato single-bush yield in drought

stress
The bars of each column indicates standard errors.

bl pd )3 (S jim digy ST 3, Shos 1 (SWS (BT g (Hwjium S 05 ¢ (il y95e oE B Bl O1ST 5 ke Ao - Jgua
Suid i
Table 2- Comparing the average interaction of mycorrhizal fungi, potato cultivars and drought stress on potato single-bush
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Figure 9- Comparing the average interaction of mycorrhizal fungi and potato cultivars on average tuber number in a bush in

drought stress
The bars of each column indicates standard errors.
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Figure 10- Comparing the average interaction of mycorrhizal fungi and drought stress on average tuber number in a bush in

drought stress
The bars of each column indicates standard errors.
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Figure 11- Comparing the average interaction of mycorrhizal fungi and potato cultivars on average tuber weight in drought

stress

The bars of each column indicates standard errors.
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Figure 12- Comparing the average interaction of mycorrhizal fungi and drought stress on average tuber weight in drought

stress

The bars of each column indicates standard errors.
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Figure 13- Comparing the average interaction of mycorrhizal fungi and potato cultivars on shoot dry weight of single- bush

in drought stress
The bars of each column indicates standard errors.
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Figure 14- Comparing the average interaction of mycorrhizal fungi and drought stress on shoot dry weight of potato in

drought stress
The bars of each column indicates standard errors.
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Introduction

In recent years, rainfall deficiency was an increasing problem in most countries; which limited the
production of agricultural crops. Among abiotic stresses the plants encountered, drought stress is considered as
the most important limiting factor in plants growth and reproduction in natural and agricultural systems through
most parts of the world; while drought stress causes 45% increase in the crops among various stress making
factors (biotic and abiotic). A suitable procedure for controlling drought stress in agriculture is making the
symbiotic relation between plants and mycorrhizal fungi. Mycorrhizal fungi decrease the plant ability in
absorbing nutrients, ion balance, keeping enzyme activity, increasing chlorophyll density and root-soil
connection; they decline the hazards caused by stress and decrease the plant tolerance to biotic and abiotic
stresses. Potato is one of the most valuable sources to provide human food in the developing countries and is one
of the most productive crops, while its production is twofold to rice and wheat. Producing more than 5 million
tones potato makes this crop as the first utilizable nutrient after wheat, in this country. Potato is sensitive to soil
humidity caused by limited and low-deep root system.

Materials and Methods
Thus, an investigation was conducted to examine the effect of three of mycorrhizal fungi (Glomus mosseae,

Glomus intraradices and Glomus fasciculatum) on two potato cultivars (Agria and Fontana) under drought stress
and control conditions, in factorial experiment based on complete randomize block with three repetitions in
research greenhouse of Ferdowsi University in 2012. In control treatment, irrigating was done when field
capacity got 80% and it was conducted to 100% field capacity. Stress treatment was done when the field capacity
got 60% and continued to 80% field capacity. Fungus treatment was done with a 100g mixture of inoculum
including mycorrhizal root sections of corn, soil and mycorrhizal active parts (spore and hyphae) provided by
corn root during a four-month period, in root space.

Results and Discussion

The results indicated that Agria cultivar in higher than Fontana. The drought stress decreased bush height,
totally fungi resulted in increasing bush height in both cultivars. However, leaf area of Fontana was more than
Agria; drought stress decreased leaf area but using Glomus fasciculatum and Glomus mosseae fungi increased
the plant height in both cultivars. Among the treatments, the effect of cultivar on chlorophyll fluorescence was
significant and there was no significant difference with each other. Only the effect of cultivar on chlorophyll
fluorescence was significant among the treatments and there was no significant difference among other
treatments. The amount of Spad index in Agria was 10% more than Fontana. This parameter was observed much
more in control treatment than fungal treatments; drought stress indicated higher spad. There was a significant
difference between Agria and Fontana cultivars for tuber weight. Fontana increased the production to 36% by
producing 129g tuber to Agria cultivar. This difference was observed in control treatment and drought stress.
Among various cultivars, Glomus fasciculatum and Glomus mosseac were significantly different from other
treatments with 120 and 123gr tuber, respectively; and control treatment contained the least one with a 75g tuber.
The interaction of fungus and stress indicated that there was no significant difference in Fontana cultivar and in
mycorrhizal treatments for single-bush yield; but in control treatment, this rate was the least and had significant
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difference with other treatments. The most significant difference among stress levels was observed in Glomus
intraradices; in this fungus, control treatment indicated 44% yield more than drought stress. Fontana indicated a
significant difference to Agria cultivar for four tubers in a bush, averagely. Control treatment indicated a
significant difference to drought stress for four tubers in a bush and 20% increase, but there was no significant
difference among various mycorrhizal fungi for tuber numbers in a bush. Totally, Glomus fasciculatum affected
the studied potato properties more positively than other species.

Keywords: Agria, Tuber number, Chlorophyll fluorescence, Fontana, Tuber weight
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oLS Cnglie (il 13 Wlgi o mumnlS ©lyi 395 A Coms posigel
cle 55 Absalan ef al. (2011) .0l S5 e (g)9— LT 4

(Y Jods) cuily

298l d92g 4 1) Hod lulyd )3 )3 b posigel o )|
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Gl Jlidl g b S pH ialS paisal Clilgw 558 50
o) el CanolB 50 s pl 0 00h Cuns plie yolie
Slilg 355 13,595 j9d> 5 508 gdeel Lt Gar
29 bl 13 oS iz 4 555l (55 kel Y5 pasigel

Sl e

D Jsaz) o
(Co) aalos S 3 ol St (g (it SIS s
395 S (g9 balps 55 ol Condty mandS Slpis 368 L ol jon
seelS Sl 51 5 350 oS SS9 GBI ) pagel Clilgus
e Absalan ef al. (2011) (i o)Ll M oS jobo ylan .39

s58lge 3529 ]y e byl 3 )3 b posigel Gl Cuzer)|

J2,3 ol (9 a9 Clile (SS9 (Wlay o (SSle) (il ylg 4525 Y Jgaa

Table2- Variance Analysis (Mean Square) of dry weight, Nitrogen concentration and uptake

(MS) a0 (Sl
Factors) b .St 33l 4y oS S 35 oS )3 i clale oS 53 Ojg sk o
(Factors) Wy’ df Dry weight of Plant Nitrogen Nitrogen uptake in
yweig concentration in plant plant
(Soil salinity) S5 g qu 2 0.28" 0.005" 96.6™
97 35 &9 1 0.39° 0.002" 8433
(Nitrogen fertilizer type)
039 395 £ & S (5590 " \ .
(Soil salinity* nitrogen 2 0.26 0.073 15.88
fertilizer type)
O 395 lade 2 0.45° 0.128° 2122
(Nitrogen fertilizer levels)
09k 395 o & S (5590 . . .
(Soil salinity* nitrogen 4 0.12 0.009 25.84
fertilizer levels)
0395 395 jlsko # £93 . . .
(Nitrogen fertilizer levels * 2 0.18 0.003" 38.54
type)
355 Jlade i £oi # S (5590
039’2"‘-; e e #*
(Nitrogen fertilizer 4 0.039 0.012 3.61
levels*nitrogen fertilizer
type*soil salinity)
(Error) Us 36 0.003* 0.003* 1.06™
(Total) sgox0 53
(CV) Ol i oo 2.7 3.54 3.64

(Significant at p<0.01)a0,5 aaw 4> )b e =s# (Significant at p<0.05)sw g gdaw 5 I3 ine

=3 No significant) ;345 )b ixe = 1S

(0I5 2 )5) U335 Sl (559 52 o] LS o052 9 (950 395 £95 S (65900 1 =T oo
Table3- The effect of soil salinity, nitrogen fertilizer type and their interactions on mustard dry weight (g/ pot)

(Nitrogen fertilizer type) (s 358 g9

Sk W W Sleo
soil sa;j:lgytli:ls el S posyel Mg Aﬁ;ge
Calcium nitrate Ammonium sulfate
Cy (s2Ld) 2.06a 1.96bc 2.013 A
C, 1.62d 1.98b 1.802 B
G, 1.66d 1.91c 1.79B
(average) nSbo 1.78 B 1.96 A

Cy=V dS ! (6)58 Cr= 0 dS ™ ()0 « Cop=uali sl o b ydgety o 3 I3 sine CoMS] 1B aulito oy >
Numbers followed by the same letter are not significantly differentns (P<0.05)
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(3013) oS (yj9005 e 1 gyl (WS o2 2 5 (159.%5 355 £95 9 SB- Gy9m 31 -E g
Table 4- The effect of soil salinity and nitrogen fertilizer type and their interaction on plant nitrogen
concentration (%)

. (Nitrogen fertilizer type) (yj9, 395 &9 .
S (5 9 T gl Sl

Soil salinity levels oS’ i porigol ©lilgu Average
Calcium nitrate Ammonium sulfate
Co (L) 1.56¢ 1.67a 1.61 A
C, 1.66ab 1.51d 1.58 A
C, 1.6¢ 1.61bc 1.60 A
(average) (»Sike 1.60 A 1.59 A

Cr=V- dSm™ (5,95 C1=0dS M ()98 « Co=salis 3l oo ydty gdaw j3 o sine M) 1315 lie oy
Numbers followed by the same letter are not significantly differents (P<0.05)

(015 2 0,5 o) 0l (39505 i 2 Wl (S 052 9 (595 395 £95 9 S (5980 510 Jgaa
Table 5- The effect of soil salinity and Nitrogen fertilizer type and them interaction on plant Nitrogen uptake

((mg per pot
) (Nitrogen fertilizer type) (yj9.pw 3 5 ’
S g9 gobaw S M’wf fi 18: oo
Soil salinity levels oS’ i Pegel S gw Average
Calcium nitrate Ammonium sulfate

Cy (2aL3) 32.21a 32.58a 1.61 A

C 26.59¢ 29.79b 1.58 A

C, 26.64c 30.75b 1.60 A

(average) nSiko 284 B 31.0A

Cr=V- dSm™ (5,95 C1=0dS M ()98 « Co=salis 3l ooty a3 o sine oM 1815 lie oy
Numbers followed by the same letter are not significantly differents (P<0.05)

L olS Sitd 59 cppiin Ca syas 5 oS b 5 el cunday
oty ol sy (33955 35 p)S5kS 2 5 o\ Ve by
ORSly 5 exis 4 olS (B9 jl (Cr) lawgie ()9 kaulyd o
PRS p S el Ve o B gy 395 B pae 4 olS Cute
g )T el Al (39 i 295 sl Saljal g aly (2l
I a8 eud pasiie aa (alS ol SES iy 0 ]y (yed
S s oM JUd it by QIS paie S a4 olS Sy
b Liulisl gyes 3l oL luis cla olu)b Sl paie o
il wgie yebdy oS’ 5)sba .(Grattan and Grieve, 1994)
e 3 S0t 98) )bl O )9 anly ya talidl
LS (595 S 53 S ST+ 3900 b (0 pudes o
39 Lol j i Ll b 5 00 b 4y o 35S 4

.(Malakooti, 2000 ; MohajerMilani et al., 1999)

3 SB (59 Tobuw ESeR 51 9 (5955 395 Lobuw ;U

0395 95

ORIl olS SS9 (Bpan (grks 295 gk (RIEIL
by S5 Jdda (g 398 28 (IS ygbar (FUgaz) cuth
e LS 3y Slae Gl 8l cnge s plail 5 i)
sanlis 30 Rabiee (2000) .(Nielsen and Halvorson, 1991)
3 Slae (sl 3 3,Slae Sl cgn fasia o Ll 5,5
ol 3 Esmaili et al.(2008) .ui yegy o pd jl e 13
olS ojl  Std (359 )bl O Lawgio (598 polia ;3 oS ol
8l Il )l gine ok (595 395 20 L pgS g

039 39 295 ghaw dw pm > SB(6)98 IBIL
S g wld S (F gie) el ials W) olS Sis
03955 355 )5 (o e Brmn b olS SiS (5 o i C
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(OMI5 1 05) Ja,5 SWid (139 32 (1595 395 9 SB (59 Zobaw (ISR 1 5 (359.0%5 395 ok 51 -1 Jgua
Table 6- The effect of nitrogen fertilizer levels and interaction of soil salinity and nitrogen fertilizer levels on
mustard dry weight (g/pot)

S 658 gl ) D e }
Soil salinity levels Nitrogen fertilizer levels (mg kg™)
40 80 120
(wls) Cy 1.84d 2.19a 2.01bc
C,y 1.58f 1.96¢ 1.86d
C, 1.63f 1.70a 2.03b
(average) ,Slo 1.58C 1.85B 1.98 A

Cz =\. dS m-l 6)9»3 ‘Cl: 6 dS m'l d)}& ¢ Co =5 .L:JLL;O Lo )2 c]a.w » )‘J&m 3 (SR d:Lw.n n_95)>
Numbers followed by the same letter are not significantly differentns (P<0.05)

i S ke s B 39755 358 o ke UL S TS a5 ok s & 3555 38 e IS L

P Uk 8L (alS ) gae j5bdy olS (g ks Clale pSlS Syt oS )3 (yjgyis il Jg (halS (g s cals
S’ 2l L bjlas e )3 olS g yns cale ol Sis odlo ol drgi b a5 (A gV Jshia) il iulj3)
(Y Jgis) sl Cuoday (yj0 5 368 pySshS Esmaili e al. .uib o 3y 5| Loy Yl clale jzals oyl
GRBILC1las g a0l 3 9y Gla A Jodo 4 i L 39508 b 6598 gohaw (sdon 53 &5 Wdge3 )15 (2008)
sobd p S lS 1 oy S ook e L (5958 35 zolaw 8L, (lj3l oS ygm olS ) (g ks ol g cald ()59 i
i 5 Cy jlas o aS s 3wl ili8l gl e U (59 395 Cilisie ol 1 SLS (6y9 Lialjil
S e pybany oLS ()9t i p)SShS 25 (el gaw > b g ety oS g ts clale o ()l e
S Gl 09y 4 olS (S9)3 jLs aSTe by iuljEl oS ()39t Clale Cr (69 haw 3 p)S kS’ 2 p)S (ool
ol sl i3l S &9 Zolaw (gdod ;3 (8l ialS by txe jebdy dald 4 Cuws

(2 y3)J3 3 (395 CRIE p3 (59 395 9 S (5 )90 Tobw (SR 1 9 (195 395 Tobw -V Jgur
Table 7- The effect of nitrogen fertilizer levels and interaction of soil salinity and nitrogen fertilizer levels on
mustard nitrogen concentration (%)

SE ()9 oo Olsr gobw
Soil salinity levels Nitrogen fertilizer levels (mg kg™)
40 80 120
(12L3) Cy 1.68a 1.58b 1.59b
C, 1.73a 1.52be 1.49¢
C; 1.69a 1.57be 1.56bc
(average) ,Slo 1.7A 1.5B 1.54B

Cy=Ve dSm™! )58 C1=0dS M ()58 « Co=ualis .13l oo gy o 3 I3 sine 5] 131 it g >
Numbers followed by the same letter are not significantly differentns (P<0.05)

(OIS 32 0,5 (hao) U353 359 @2 12 059 395 9 S (5)90 Tobaw (S o2 52 9 (159.%5 355 Tobaw 1A Jgor
Table 8- The effect of nitrogen fertilizer levels and interaction of soil salinity and nitrogen fertilizer levels on
mustard nitrogen uptake (mg/ pot)

SE (5y9 golaw . Oj;’f:*'i gl »
Soil salinity levels Nitrogen fertilizer levels(mg kg™)
40 80 120
(12l3) Cy 30.72bc 34.59a 31.87b
C,y 27.13d 29.53¢ 27.9d
C, 27.58d 26.68d 31.55b
(average) (puSSlbw 28.48 B 30.26 A 30.44A

Cz =\. dS m-l 6)9»3 ‘Cl: 6 dS m'l d)}& ¢ Co =y .L:JLL;O duo )2 c]a.w » )‘J&m 3 (SR d:Lw.n n_95)>
Numbers followed by the same letter are not significantly differentns (P<0.05)



Y44 Q‘-‘Lumj & oylods NF Wl ‘C)‘ﬁ‘ s:bj ‘SLM" 93 Ay DAY

Conm 9 SLS (6555 L pyigel Slilgs 298 Cuto [ oy
2 S eV G pmo s )3 1, 0lS A el (4l posigel
oldgw 35S (Nathawat et al., 2007) &S o dga00 p,5 LS
h 03ariss ol 5 olS S 35 5255 haw Aw 2 13 poisel
a3 Lol oy (38l el i 5l 50k )b ine sy
395 93 G S ne WS £ S 9 LSy )5 (oo Ve B e
Olie 5855 )3 3 g culple (V) 9 8 Jghia) s oralie
2 pS5S p oS Shohe o U psgigel Slilgus 358 (S ()95
el S5 5l 50 (g da g olS S (g i3Sl
395 £95 PSS9k prS WV e (355 a3 Ll il e

B (5g s ol g olS S (s 0 (b dre S (59 S

o 355 e 5 g9 G
2oL Gy Clale (g ps 395 e g g (S wh
395 b Gl (Vga2) M5 )l e do oy Jlai]
9 0LS St g @S okS 2 pS eIV aw U rdS it
iRl &S Jls 3 Bl Il (gl e ygboar ()9 s ol
033 S5 1 35 S Acdas U pgsisel Cligus 365 zokaws
oo 9 ORI )i Hoban (g Dl g ol Suis
395 SB )98 bulyd )3 cnlpl (1) 5 Joba) cdly als
Gege 355 ol gl 00 S8 Wl (Bpas poisel Slilg
poigal g ond S Dl 4 Coas S (5095 e S5
A il a5 S g 3ol bLS (gl el (S

J3,5 0l SuES (59 32 (39 995 Jle 9 £98 GRS R - Jgua
Table9- The Interaction of nitrogen fertilizer type and amount on mustard dry weight (g/pot)

iers 355 &9

Nitrogen fertilizer type

(Calcium nitrate) y..lS' ol s
(Ammonium sulfate) sg: g0l <l gu

059 ok
Nitrogen fertilizer levels (mg kg™")
80 120
1.63d 1.75¢ 1.96b
1.74¢c 2.15a 1.97b

LSl o dao s pdaw ) Hb gme OS] WBL alie Bgys

Numbers followed by the same letter are not significantly differentns (P<0.05)

290 S1E )3 U35 0lS (359,80 e 2 (359 095 Jlalle g £ (SR - Y e Jos
Table 10- The interaction of nitrogen fertilizer type and amount on mustard nitrogen uptake in saline soil (mg/pot)

i 5 s Oi9r o
. 9 9.5.59: Nitrogen fertilizer levels (mg kg™)
Nitrogen fertilizer type
80 120
(Calcium nitrate) ool <l 27.51c 30.61b
(Ammonium sulfate) s g0l clilg 33.01a 30.27b

LSl o oy pdaw ) Hb gme BB WBL Al Bgy
Numbers followed by the same letter are not significantly differentns (P<0.05)

il ddyy gdalais > Oldlgw g il blie jo I8l
b posgel lilguw 395 zolaw iul3él i jlass g sals S5 5
S e pbots 1) olS St (jg p)S5hS 2 (eohe o
oS ) oS St (yjg 095" (ot Bpae Lol ol iuljél
B yao b olS G590 55 Cr g Co s)g baalyd ool plo ol
Syl g 350 0ol pogel Slilgs 3557 p)S5LS 51 p)5 Lo A-
sdie M 358l Ftar Branl posgel Cuows 5 5195 sg
ohalS ig i oy Cubil Gy ()ed bl > o Jl>
dage 3ySos dny ey Sl G984 olS (S9y0 Sl g 4l
D9biee (el PSS oS el Ve SBpan b g wbie il
by ol (1S (5)9y0 paie S 4 olS (J9p jls Sl

039550 395 4o 9 93 «SB- (5,90 S pd
olS i3 (g 3 (s r 095 e g 5 «5ysd LS wRy
Tolw don 3 (VY Jgia) 2g )b pime o iy Jleis] pdaw o
4 G S ()90 Gl b olS iS5 oS Sl 58
Osayses gl ili8l L Ll sl (ials )b ixe jobds aali
25 ol Ss (5s S (g)9d polaw (den )3 565 g5
alyis 08 ol Lislisl eaims lis a8 «dly islisl gyl xe
5 Mile S (6)98 GRIBIL (5)98 sgw SIS Al ) ppulS
2 Ofeyis & olS S Lo iuliel sy (b o)Ll &S yeb ylan
Mohajer Milani et al. (1999) .ol o SIS (gy55 Laylyi
b el ol (s G233l b syt 355 4 S Sl Glaliél cde
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2259 SN (sl 9 (IS o 2o pd b o Gl S
ol 3)90 (slaSai Cuplo o ool)j Lulpd Cod (ot g 5)58
L s )5 Sas) 03 Laiome )3 (oo 5 (6558 3wl s
(o 33355 @8 L) ama b« (IS ] ol
P il @l o (Son (Jlo b 59, ) ptalesl plejese
s O3] ale ol 5 (Qadir ef al., 2006) kit
A3l S0 b e ialel

Oisrte eyl clale g SB g Sl 4 g b il
s bl 5> 59y 4 ol 59,0 Sl LliEl g ulef] S5
ol olS 4y (lgly pials S5 (g pis ol plals cley
5 35 it oIS ] i S15 g Sen
iy baee 3 )15 paul 2bj clale Sl s Qle uals
o) Se5ssnsed o bt o (Kafkafi e al., 1982) olS
g w 365 ((Grattan and Grieve, 1994) joi boylyls )3 punic
O35 Aoy 93,555 g (sl S0l il o4y pasigel
Sloml b e quaelS Sl & s S sd0T 5 Sk
balyd 3 Gpoie ol Suis s culy SB St ()9
by (395 @da b dxe GialidlogMeas S Mg SB (59
33 35155 o S Sl d i ponigel ldgw 365 5,18
A3l S50 (6)98 A 4 ol Cueglie ol

s slagalo)l 515 pais ol (Ki5gnsd oud Sl e
.(Grattan and Grieve, 1994) ub (5l58l o )eu 3151 b
RS Gpan bolS S (jg noke IS b
S5 5 3ald glajles )> iy pasgel Sl 355 p S 5lS
- f)_fu_L.A\Y‘ ))).)lf l) C2 6)9.\4 @aw Py a5 odalie C]
Ol oyl dalys a ol Cundds pagel Sligu 3¢5 p,SolS
Iy ol 0y olie juaic 39008 (oS (g0 LS Cov aS Aad 0
S5 YU g bwgio glagyad 1> 5 03)S dgdore (gyed | 5 i
Cawlws 5 (Grattan and Grieve, 1999) .S o syais 1y 5l oy
@y g (Triticum aestivum) paS ados j| Lol jl gyl
olS 4 (Botella etal., 1997, Leidi et al., 1991) (Zea mays)
(Nathawat et al., 2007) (Brassica juncea) giia J>, 5
ORel8l S Gl poisel 9> )3 (6598 (AT &) Capnd
2 olS Sed iy nSobe S cnl 2 dgacnl bbb e
Ol b g el Cundas posigel Sldgur 3¢5 Gpunn b yos Laslyis
8l El38l 50555 268 LB s 4y olS Cuze (iSly S (504
whe jolie plo cble 5 6,80 coud )b an il wdale & 5 000

cuiS b Cuble 0gMeqy (Absalan et al., 2011) o)y (S
95 ) e 3 5158 2> e 135 L 8 S)

(OIS 32 0)5) J3,5 olS s (359 2 S (590 9 (3o 355 Jlade 9 £9F (SR )Y U
Tablell- The interaction of nitrogen fertilizer type and amount and soil salinity on mustard dry weight (g/pot)

S (5,9 Tobw frnlS’ Oy g ghanw posigel Olilgu sl
Soil salinity levels Calcium nitrate levels (mg kg™) Ammonium sulfate levels (mg kg
40 80 120 40 80 120
(1als) Cy 1.95d 2.07¢c 2.17b 1.73gh 2.31a 1.85def
C, 1.38k 1.65hi 1.83ef 1.78fg 2.27a 1.90de
C, 1.56ij 1.54 1.89de 1.71gh 1.86def 2.16b

Cr=Ve dSm™ )98 C1= 0dS M (6508 « Co=uali sl oo 3ty o 53 I3 sine OS] 136 aulito oy >
Numbers followed by the same letter are not significantly differentns (P<0.05)
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Introduction

Soil salinity is a major limiting factor in agricultural development within Iran. Nitrogen is the most
important nutrient that its uptake is limited over other elements under saline conditions due to decrease in the
permeability of plant roots, soil microbial activity and mineralization of organic compounds and nitrate uptake
by high concentrations of chloride anions in the root zone of the plant. Mustard plant has a good compatibility to
weather conditions and since there is an extreme need of vegetable oilseed in our country and also wide extent of
saline soils in Iran, this study was conducted to determine the best type and amount of nitrogen fertilizers
between calcium nitrate and ammonium sulfate under saline conditions.

Materials and Methods

A greenhouse experiment was conducted in a completely randomized design (factorial) with three
replications in February 2012 in the Research greenhouse of the Ferdowsi University of Mashhad. The
treatments were consisted of two types of nitrogen fertilizer (calcium nitrate and ammonium sulfate), each with
three levels of N (40, 80 and 120 mg per kg of soil) in three levels of soil salinity (CO= control, C1= 5 and C2=
10dS m-1). Experimental soil (control) collected from agricultural experimental station was leached by salt
solutions containing salts of calcium chloride, magnesium chloride and sodium sulfate with specified
concentrations and ratios during 50 days to reach the similar salt concentrations of leached water consisting the
desired levels of salinity. The seeds of mustard were planted at a depth of one centimeter in soil of each pot and
were irrigated with tap water to field capacity (by weight). Plants were harvested after 5 months and plant fresh
and dry weights and nitrogen concentration and uptake of plant were measured by the Kjeldahl method.
Irrigation water and physical and chemical properties of soil before and after harvest were determined. Data
obtained were analyzed using statistical software MSTAT-C and the means were compared using Duncan's
multiple range test at 5 % percent.

Results and Discussion

In this study, plant dry weight increased significantly with increasing levels of calcium nitrate fertilizer in all
levels of soil salinity, due to increasing plant internal needs under saline soil. While the maximum dry weight
was obtained with ammonium sulfate fertilizer in saline conditions and plant positive response to increasing
fertilizer consumption increased with soil salinity. Positive or negative effect of ammonium or nitrate salt varied
among plant varieties and generally it depended on the types of crop, soil conditions and crop density and
rotation. In addition, the nature of the culture medium (soil, sand or liquid culture), salinity and sodium levels
(salinity, sodium absorption ratio or percentage of exchangeable sodium and pH), salinity and sodium
distribution under field conditions, the nature of the salts used to make salt and Sodium in growth medium
(sodium chloride salt or mixture of salts), environmental conditions (temperature, light intensity, etc) and the
duration of the experiment (from days to years), all were effective on experiments results and can cause
differences in these results with each other. Therefore, in this study, ammonium sulfate fertilizer, resulted in
more plant dry weight due to its acidic characteristic because of sulfur and more nitrogen and less leaching than
calcium nitrate, despite its higher salinity index in a calcareous soil with less soil primary concentration of
nitrogen. In addition, a significant increase in uptake of nitrogen by plant was observed by application of
ammonium sulfate fertilizer over calcium nitrate that effectively increased plant resistance to soil salinity.

Conclusions

The results showed that plant dry weight and nitrogen uptake increased with increasing nitrogen fertilizer
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despite decreasing nitrogen concentrations in plant and the significant reduction in plant dry weight compared to
control also increased due to increasing soil salinity. But the plant's response to the type and amount of nitrogen
fertilizer was different at various levels of salinity in soil. In general, dry matter and nitrogen uptake efficiency
increased by ammonium sulfate usage in all levels over calcium nitrate under soil salinity conditions, but its
amounts were partly limited more than calcium nitrate amount due to increasing levels of salinity in soil.

Keywords: Ammonium sulfate fertilizer, Brassica rapa L., Calcium Nitrate fertilizer, Soil salinity
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Table 3- Interaction effects of fertilizer and irrigation on measured treatments of rapeseed
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Introduction

In agricultural ecosystems, organic fertilizers play an important role in producing sustainable agricultural
production. Considering this Sajjadi Nik et al (2011) reported that with increasing of vermicompost inoculation
with nitroxin biofertilizer, capsule number per sesame plant increased, so that the most of capsule number per
plant (124.7) was observed in 10 t/h vermicompost with nitroxin inoculation. Seyyedi and Rezvani Moghaddam
(2011) reported that seed number per plant and the thousand kernel weight in treatment of 80 t/h mushroom
compost in comparison with control were increased by 2.98 and 1.56 fold. In another experiment, Kato and
Yamagishi (2011) reported that seed yield of wheat in application of manures equal to 80 t/h/ year more than 10
years in comparison with application of nitrogen fertilizer at the rate of 204 kg/h, showed significant increasing
from 725 to 885 gr/m’. In another study, Rezvani Moghaddam ez al (2010) reported that the most (74.08) and the
least (60.94) seed number per capsule in sesame was obtained in the treatments of cow manure and control
treatments respectively. The aim of this experiment was evaluation the effects of municipal waste compost,
vermicompost and cow manure fertilizers in comparison with chemical fertilizer on yield and yield components
of canola under two levels of deficit and full irrigation.

Materials and Methods

In order to evaluate the replacement probability of organic fertilizer with chemical fertilizers in canola
cultivation, an experiment was conducted at research farm of Mashhad Faculty of Agriculture in year of 2013.
Treatments were fertilizer and irrigation. Irrigation treatments included full and deficit irrigation. Fertilizer
treatments included municipal waste compost, vermicompost, manure and chemical fertilizer. Chemical fertilizer
included Nitrogen and Phosphorus. Experiment was conducted as split plot in randomized complete block design
with three replications. Organic fertilizer was scattered in plots and mixed completely with soil. After that in
each plot, six rows with distance of 25 cm were designed and canola seeds were placed into the rows and were
covered by 3 cm of soil. Through cultivation season and after harvesting the treatments of plant height, pod
number per plant, seed number per pod, thousand kernel weight, seed yield and biological yield were recorded.
Data were analyzed by MSTAT-C and mean comparison was performed using Duncan's multiple test range.

Results and Discussion

The highest seed yield was obtained in irrigation treatment and application of chemical fertilizer (1284 kg/h).
In all of vermicompost treatments in full irrigation compared with deficit irrigation, seed yield was more but the
trend of changes in seed yield was the same in both conditions. It means that seed yield increased with increasing
vermicompost application from 7 to 11 t/h, but seed yield decreased with increasing vermicompost from 11 to 15
t/h. In treatment of manure application in both conditions of deficit and full irrigation, increasing the manure
fertilizer, increased seed yield. Seed yield reaction in treatments of municipal waste compost in both conditions
of full and deficit irrigation was the same as vermicompost. It means that increasing the application of municipal
waste compost from 7 to 11 t/h, increased seed yield and increasing the application of municipal waste compost
from 11 to 15 t/h, decreased seed yield. Biological yield reaction to fertilizer treatments was the same as seed
yield. Overlay application of 50 t/h cow manure in deficit irrigation produced the most seed yield compared with
all other fertilizer treatments including chemical fertilizer at the rate of 6%. This yield increment was due to
higher pod number per plant and higher seed number per pod. In full irrigation, chemical fertilizer produced the
most seed yield compared with all other fertilizer treatments.

1- MSc Student of Agroecology of Ferdowsi University of Mashhad
2- Professor, Department of Agronomy, Faculty of Agriculture, Ferdowsi University of Mashhad
(*- Corresponding Author Email: mnassiri@ferdowsi.um.ac.ir)
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Conclusions

Generally, it is concluded that canola in deficit moisture conditions showed a better reaction to using organic
fertilizers and their replacement possibility in same condition with chemical fertilizer is considerable but organic
fertilizers in full irrigation condition are not able to produce yield equal with chemical fertilizers in canola
cultivation.

Keywords: Cow manure, Irrigation, Municipal waste compost, Seed yield, Vermicompost
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Table 1- Descriptive statistics of estimated coefficients of phenotypic and genotypic variation and narrow-sense heritability
for agronomical and morphological traits of recombinant inbred lines of wheat under normal and water stress conditions
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Table 2- Results of analysis of variance of studied traits in recombinant inbred lines of wheat under normal conditions

Slazpe Kk
Mean Square
Ol s 2alio ol 3,5dos s i 5 241 o359 v 4 &l s 3 Al dlass
) Sos FB NS .
Source of a3 Cadils Sujelem ] : aliw Number of Thw sy
variaton . j i Grain 1000-grain . . .
L1 Harvest Biological . : Grain weight grains per Number of
n 5 yield weight N . . . 2
df index yield in the spike spike spike per m
rS 1
M 116.21 72307 1058 10.59 0.12 6.53 151207
Replication
e
Treatment
045 gronal
Non-adjusted 168 35.48° 338121™ 54335"™ 36.53* 0.04™ 196.66" 82902™
treatment
0 gral
Adjusted treatment 168 37.32° 405632* 81817 26.21° 0.03™ 192.02" 127923
)55 53 0k walis Sob
Adjusted block 24 42.34 2173871 310104 64.06 0.18 296.86 501824
within replication
Sob 3 s 144
#Jﬂ 24.58 132432 20100 9.63 0.02 195 31013
Error within block
RCBD 4 cuus (2334
Efficiency
overRCBD 104.08 282.34 270.03 161.12 170.41 102.44 279.42
(%)

oyd K g gy Jlein] e 53 )1 ize g )l ime puf odimd L (S iy ik g % @IS
ns’ *and ** , respectively represent non-significant and significant at probability levels of 5 and 1%
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Table 2- continued: Results of analysis of variance of studied traits in recombinant inbred lines of wheat under normal

conditions
Slazpo il
Mean Square
Ol g 2alie U 59, alaxs U 59, dlaxs - .
=& . » 2 98B G g, dlass W g, i Jsb g asly 3 il olas
Source of &djl 4 5 Slidlos 5 R ¥ .
variation Al Plant Spike Number of seed per
df Days to Days to . height lensth p
. . Days to heading eig eng
maturity anthesis
1,85
o 1 39.12 5890 12.11 689.23 6.80 61708493
Replication
A5 st et
Non-adjusted 168 98.96" 5033™ 16.06™ 238.26™ 109.89™ 146359270 ™
treatment
l°-‘~7 o e 168 930818 4900™ 12.19% 77.41° 111.62™ 188158853°
Adjusted treatment
S5 )3 0l ka5 Sl
Adjusted block 24 208.52 4730 38.63 1267.35 144.88 403707429
within replication
ol Jsbs s 144
Error within block 84.92 4975 3.01 49.03 108.81 125325650
& S (235
(%)RCBD
Efficiency 111.36 105.11 23735 399.99 101.14 119.92
overRCBD
(%)

0yd K g gy Jlein] g 53 )1 ize g )l ime puf odimd L (S gy ik g % @IS
ns’ *and ** non-significant and significant at probability level of 5 and 1%, respectively
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Table 3- Results of analysis of variance of studied traits in recombinant inbred lines of wheat under water stress conditions

Slazpe il
Mean Square

oS oo saiwslas PO &3
2”’” & : ay o -l aliw Al )0 dld (59 Al l52 Al 3, Slos SG59lgm 3 Sdhos sl
Ou,rc? N &3l c ? Number of Grain weight 1000- Grain Biological Canils
variation Number of . . . . 2 :
df X P grains per in the spike) grain yield yield) Harvest
spike per m . .
spike weight) index
1,85
o 1 12286 319.22 0.15 169.74 232461 3722836 103.56
Replication
LRt} @"‘"")L“:’
Non-adjusted 168 77042™ 44.58™ 0.02™ 180.52"™ 37364™ 245445™ 30.92™
treatment
28 gt sl 168 79462° 34.58™ 0.019* 180.55™ 49513 231855" 41.55"
Adjusted treatment
S5 )3 048 sz Sk
Adjusted block 24 320392 137.66 0.12 198.62 242175 1720322 130.46
within replication
ol Sl las 144
Error within block 18227 31.82 0.01 170.19 8370.55 51615 11.38
4 Sl (R34
(%)RCBD
Efficiency 296.82 132.91 251.3 100.33 438.54 493.47 220.64
overRCBD
(%)

oyd K g gy Jlein] g 53 )1 ize g )l ime puf odimd L (kg % @IS

ns’ *and ** , respectively represent non-significant and significant at probability levels of 5 and 1%
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Table 3- continued: Result of analysis of variance of studied traits in recombinant inbred lines of wheat under water stress

conditions
©lxipo (il
Mean Square
Olyti 2ol aaly 4> &l dlasi U 9,0l U 59y dlani
o & . 4y 9 ) i Jbo i 5 397 ;9;' g 5y 5 g9, ol
Source of variation . b > Gy glis ) s yoo SLidlos
X . ) i ) o S
! Spike Plant height Days to
dt Number otz' seed length g Day§ to Days t? maturity
per m heading anthesis
1,85
[ 1 505308220 9.81 52.73 28.41 171.83 117.16
Replication
“M e o 168 70862032 4.22" 285.38"™ 13.34 14.51* 22.06°
Non-adjusted treatment
.“‘3 SO 168 65120900 4.10™ 73.25% 9.47* 10.35* 9.47*
Adjusted treatment
OS5 53 00 wda S'sly
Adjusted block within 24 295881725 5.84 1574.06 41.40 36.96 94.61
replication
Ssb ol L
Error within block 144 30807978 3.92 28.18 1.90 2.44 249
4 s (23 7)RCBD
Efficiency overRCBD 349.03 266.56 551.87
(%) 197.62 102.20 774.73

2oyd S g gy Jloin] e 50 )b gme g ) dxe juE odiad Ll (o 4y i g % OIS
ns *and ** , respectively represent non-significant and significant at probability levels of 5 and 1%
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Table 4- Mean comparison of agronomic and morphologic traits of recombinant inbred lines in wheat under normal and
water stress conditions

anlllae 3,90 lino
Traits

sl 52ty 2 i 2l 3 W 3 Slos 15 5,Slos I3, Al 53 4l 31

Zodld A Lo 3 > aildy s A315,132 o3 o 3D A31D dlaxs
treatment s SR o J””‘ i A 5 o3 )

. Harvest Biological Grain yield 1000-grain Number of
N“m“:; ‘:izsl"ke index(%) yield(kg/ ha) (kg/ ha) weight(gr)  grains per spike

Ll les 867.15 16" 33.75 +0.31° 16346 £33.53° 5574 £13.07° 33.33 £0.29° 20.18 +0.77°

Norral 15+ 75 0. +33. +13. 33 0. 18 £0.
S::“‘;S 785.6 £14° 28.50 £0.29" 11999 +28.67° 3557 £10.89° 2734 +0.72° 16.57£0.37°
(&

P<e]+0) didb o gyl sme Sglis (Shb S pe it By L slapSilie
Means with different letters are significantly different (P <0.05)
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Table 4- continued: Mean comparison of agronomic and morphologic traits of recombinant inbred lines in wheat under
normal and water stress conditions

axllbe dy90 Olo
Traits
Lows aliww ,d Al o3 . . .. . _ . .
7o TR0 . 5o elis IR U 9 dlas U jg dlaxs 5ty U 39, dlae
treatment Grain weight s Job Yy EW, . Ladles 5 Davs to
in Spike length Plant height s < . ys .
the spike Days to heading  Days to anthesis maturity
(ald) 0.65 £0.05° 10.44 £0.57° 86.56 +0.83° 139.23 £0.19* 150.76 +3 85 173.07 £0.55°
Normal
S;“‘SS 0.44+0.008" 9.73 20.11* 78.49 +0.89° 138.98 0.18° 145.77 0.18" 169.77 £0.24°
€.

(P<~/~&) Ll e (gl dme o5 (b Syiie pe By b (a1 Sle
Means with different letters are significantly different (P <0.05)
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Table 5- Correlation coefficients of studied traits in recombinant inbred lines of wheat under normal conditions

B

1 2 3 4 5 6 7 8 9 10 11 12
Trait
1 b 305 b 5g) Sl 1
Days to heading
2 SLidled S L 55, ;I_\l.:{ _0.01™ 1
Days to anthesis
3 P B3 2L 040" 0.002 1
Days to maturity
4 gl 22y )3 b slas 021  -0.02"  0.15" 1
Number of spike per m*
abiw Jobo ns ) ns :
-0.01 s -0.02 s
3 Spike length(cm) 0.01 0.01 !
6 e 040% 005  0.26% 048  001™ 1
Plant height (cm)
bt ;3 &l ol ns ns ns ns ns oo
7 . . 0.02 0.04 0.03 -0.05 0.02 0.15 1
Number of grains per spike
8 o ke dbey 020 0.1 0.4  -0.09"  -0.02™  045° 041" 1
Grain weight in the spike(g)
alolis o5 ns s s s s oo ns s
9 s -0.04 0.04™ 006" 002" 003" 0177 -0.05" 044 1
1000-grain weight (g)
<t
10 i ySles B 0.39 0.06™ 0.22%  0.73* 0.08™ 073 018" 052" 028" 1
Biological yield(kg ha ")
g soly )3 &l 3)Slac o ; o o ; - - - - -
030 s 0.20 0.70 " 0.64 0.24 0.61 035 0.94
i Grain yieldkg/ ha) 0.06 0.08 !
sl y jasls s ) . .
12 -0.07"™ 0.02™ 0.05* 0.12* 0.01™ 0.08™ 0.23* 047* 025" 0.16™ 044 1

Harvest index(%)

oyd S g daoyd gy Jlein ] pda 3 I3 gixe g 5 xe e odimd LS (o Sy ik g % @IS
ns’ *and ** | non-significant and significant at probability level of 5 and 1%, respectively
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Table 6- Correlation coefficients of studied traits in recombinant inbred lines of wheat under water stress conditions

..
1 2 3 4 5 6 7 8 9 10 11 12
Trait
1 alis yob B 59, olaws 1
Days to heading
) SLidles S 5o, )l-\.x; 0.94% 1
Days to anthesis
3 ey B g S 0.80%  0.82" 1
Days to maturity
4 ghaw 22y )3 sl 034" 032" 049" 1
Number of spike per m”
Al
5 o e 0.15* 0.19* 0.22* 0.13* 1
Spike length(cm)
6 dae 0.58*  0.57° 073" 0.65° 027 1
Plant height (cm)
bt ;5 &y sl oo oo e s oo oo
7 . . 0.28 0.32 045 0.24 0.18 0.49 1
Number of grains per spike
8 o ekenaby 027" 031 048" 034" 025" 065" 064" 1
Grain weight in the spike(g)
)l o5 . . . . . B oo oo
9 a5 0l 0.05™ 004  004™ 008™ 003" 014" 019" 020 1
1000-grain weight (g)
K595 Shas
10 2 5 1 049  0.51° 068" 077 027" 082* 054" 0.77° 0.15* 1
Biological yield(kgha ')
Iy 5 &b 3 Slae
1 gl oly b 22 038 039 057 080" 022° 074 0517 080 017" 094 |
Grain yieldkg/ ha)
by padls ns ns - - ‘ - - - - - -
12 -0.02™ -0.05™ 0.14 0.54 0.09™ 038 0.32 0.61 0.14 0.47 0.70 1

Harvest index (%)

o> S5 g guy Jlein] a3 )5 gixe g 5 dme s odd LIS oS ey s g % @S
ns’ *and ** , non-significant and significant at probability levels of 5 and 1%, respectively
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Table 7- Drought tolerance index in the most tolerant and in the most sensitive lines and their overall means

G 95

Genotype

GMP STI SSI

(oerile) 69 Y
Line69(sensitive)
(c25dosie) T ¥
Linel(tolerant)
I oo

Overall mean

230.01 0.17 1.58

1112.95  3.98 0.35

665 2.1 0.98
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sl L Joole 4y 4305 )3 8598 (a3 ld wilonyd )5 il lsS L
32098 bl (Stunnod dliogey ot |) o ke 45 39, 0
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g S 5 o] slom] e ole &S ) ol sl
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Table 8- Results of the factor analysis of studied traits in 169 recombinant inbred lines of wheat under normal conditions

Ol Jol dele 4L
Traits

first factor

aw olg o aliw sl
number of spike per m*

S G )9 Sl 0.54
Days to maturity

0.63

aby,le ojs _0.14
1000-grain weight (g)
&l 5 Slas

0.59

grain yield(kg/ ha)
Seidon o Sles 0.77

biological yield(kg ha-1)

g €5 0.69

plant height (cm)
A Jlo -0.02

Spike length(cm)

Cubby s ls ol
harvest index (%) ’
s ) &b 832 0.21

Grain weight in the spike(g)
Ao o &by dliay 0.09
Number of grains per spike
SLidlod S U 59, dluss 0.19
Days to anthesis ’
i ypbo B 59 2l 073
Days to heading ’
2 425 ol 23.43

variance explained

wrexd okl 25 by 23.43
cumulative variance explained ]

93 Jals 5 Py Jols b Pl dols 5

second factor third factor fourth factor
0.17 0.24 -0.59
-0.06 -0.14 0.06
0.66 0.53 0.09
0.74 0.06 -0.19
0.53 0.13 -0.13
0.30 -0.08 0.15
0.01 0.40 0.15
0.74 -0.22 -0.16
0.81 -0.19 0.37
0.28 -0.77 0.17
0.03 0.18 0.70
-0.22 -0.08 0.13
22.97 10.78 9.90
46.40 57.19 67.09
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Table 9- Results of the factor analysis of studied traits in 169 recombinant inbred lines of wheat under water stress conditions
Olio Jgl Jate L 93 Jale )L ppwdale )b pley dole b
Traits first factor second factor third factor fourth factor
aw olg o aliw sl
number of spike per m’

Sy U gy dass 0.27 0.86 0.19 -0.10
Days to maturity

0.81 0.29 -0.29 0.05

abylia s 0.16 -0.03 0.20 0.88
1000-grain weight (g)
b > Slas
2 0.92 0.27 0.13 0.01
grain yield(kg/ ha)
i 2Sles 0.78 0.52 0.18 -0.001
biological yield(kg ha-1)
S5 g 0.65 0.54 031 0.04
plant height (cm)
alcw
o Jsb -0.04 0.17 0.72 0.12
Spike length(cm)
Cuiby s 0.80 037 0.11 -0.004
harvest index (%)
i > &> (5 0.63 0.13 0.64 -0.05
Grain weight in the spike(g)
s 2 L sl 0.35 0.21 0.50 -0.61
Number of grains per spike
GLif2,S b 59, sls 0.08 0.94 0.12 -0.07
Days to anthesis
s )5 U 555 s 0.10 0.94 0.08 -0.02
Days to heading
A dusgd sl
o1b ds ol 3227 29.12 12.87 9.98
variance explained
s s b
RO O RS o9 3227 6139 7427 84.26

cumulative variance explained
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Table 10- Results of stepwise regression on grain yield as dependent variable and other triats as independent variables in
recombinant inbred lines of wheat under normal conditions

. g [
BJse Jobe 4y 8.l a3L51 5o it ol N 095 wﬁ,:v t
N 2
models Variables added to the In te)r‘c)ep;: egression coetliclents JwR F
model P b, by by be b,
b a5y 5> aliw slasy 134,92
! number of spike per m2 88.09 0.54 0.64 -
ki 2 45 iy -465.95 1812.72%
2 Grain weight in the spike : 0.59 778.96 0.95 .
3 e 39164 063 -1.66 84087 0.96  3227"
plant height
4 Al ;505 b 59y »l;,, 576.00 0.62 179 04225 Ll 096 )15
Days to heading
4 Jin o
5 o -678.71 0.62 126 -172 82187 192 096  3.46™

1000-grain weight
20y S Jloin] a3 I gime g )3 ime i 0kind S (ud 54y s o 1S
ns and ** , non-significant and significant at probability levels of 1%, respectively
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Table 11- Results of stepwise regression on grain yield as dependent variable and other triats as independent variables in
recombinant inbred lines of wheat under water stress conditions

. 3 [
s Jueseadblolgnite R "”f"’s’“"“ff{“’_ .
* 2
models Variables added to the In t;rce ¢ coression coellicients JxR F
model p b, by by be b,
b a5y 5> aliw slasy
1 number of spike per m2 -86.82 0.56 0.65 316.16™
aliw )3 &l 54
2 Grain weight in the spike -352.28 0.47 773.01 0.95 1094.38"
G glas
3 plant height -317.05 0.51 -1.35 866.79 0.95 18.29*"
SLidles 5L jg) slasy
4 Days to anthesis -750.45 0.51 -1.92 866.03 3.18 0.96 11.22™
Al 55 als olass
5 Number of grains per spike -810.74 0.51 -1.95 -919.39 -1.24 3.65 0.96 4.98™
o> S Jloin] pdass )3 HId gme g I gme pE 0dind LS ud g4y ik o 1S
ns and ** , non-significant and significant at probability levels of 1%, respectively
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Introduction

Drought stress as the most important abiotic stress plays an important role in yield reduction of crops
worldwide. Considering the extends and problems caused by the moisture stress, agronomic and breeding
strategies in reducing yield loss are essential. In this regard, the identification and selection of effective
characteristics of wheat under drought stress in increasing yield, is essential. Determining the most important
morphological characteristics affecting wheat yield under stress, in order to achieve the criteria for selection to
improve the performance of this plant always has been important in breeding programs. Due to the variation in
drought tolerance in wheat genotypes, it is necessary for efficient water usage in each region, cultivars with
higher performance and better compatibility under lower irrigation requirement should be determined for
efficient water use particularly in regions with scarce water resources. Improvement of a complex trait such as
yield possessing low heritability, requires indirect selection using simpler traits viz morph-physiological traits.

Materials and Methods

This study was conducted to evaluate the effects of water stress on the agronomic and morphological traits
of 169 recombinant inbred lines (RILs) in wheat (Triticum aestivum L.), using two separate lattice design
(drought and control) at Research Farm of Isfahan University of Technology in 2011-2012. Recombinant inbred
lines of wheat were obtained from the International Center for Wheat and Maize Improvement (CIMMYT) in
Mexico. The recombinant inbred lines used in this study were derived from a cross between two Seri M82 and
Babax parents after being selfed for 8 generations (F9). Seeds of each line were planted in a three meter row with
a row distance of 30 cm. Irrigation, fertilization and control weeds in the experimental was conducted and to
provide plant requirement N, based on soil analysis, urea fertilizer at the rate of 100 kg per hectare in two stages
of growth were added to the ground in early spring. Two moisture regimes of 70 and 130 mm evaporation from
evaporation pan class A (16% and 20% moisture by weight of soil, respectively) were employed, and soil
moisture was measured during two irrigation treatments. In both experiments normal irrigation was conducted
till middle of jointing stage, and were irrigated afterward based on class of the evaporation pan.

Results and Discussion

Drought stress significantly reduced days to heading, days to pollination, days to maturity, spike length,
plant height, the number of spikes per m’, the number of grains per spike, grain weight in the spike, 1000-grain
weight, biological yield, grain yield and harvest index. Results of analysis of variance revealed significant
differences among lines for all studied traits under normal conditions with the exception of number of grains per
spike, grain weight in the spike, spike length, days to pollination and days to maturity. Under moisture stress
conditions, the RILs significantly varied between the studied traits with the exception of number of grains per
spike, 1000-grain weight and spike length. The correlation coefficients in the normal conditions showed that all
traits had a positively correlated with grain yield with the exception of spike length and days to pollination.
Under the moisture stress conditions the grain yield was correlated with all traits positively. The results of the
factor analysis in both normal and stress moisture conditions showed that the measured traits have appeared
either in a hidden factors which explained 67.09% and 84.26% of the total variation of the yield, respectively.
Using three dimensional profiles, lines 4, 27 and 40 as the superior genotypes were introduced in terms of three
factors. Based on the Fernandez’s drought tolerance index lines 1 and 69 were identified as the most drought
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tolerant and the most drought sensitive ones, respectively. The results of stepwise regression on the grain yield
under normal and moisture-stress conditions revealed that the number of spikes per m” and the grain weight in
spike contributed 95% of the grain yield variations in both environmental conditions.

Conclusions

The results showed significant effects of drought on crop yield, morphological and phenological (days to
maturity, days to pollination and days to heading), and only on the number of grains per plant, grain weight and
spike were not significant. Therefore, in spite of inheritance variation in the studied lines supported by their
effects from the environmental conditions. Also, considering the high heritability of these traits, it was concluded
that these traits were less affected by the environment. Under normal compared to water stress conditions, the
narrow-sense heritability of harvest index was lower. In normal conditions, the highest narrow-sense heritability
belonged to the number of spike per m? (77%), but under water stress conditions, belonged to the grain yield
(84%). According to the results, it can be concluded that the number of spikes per m” and the grain weight in
spike have been the two most important components of gain yield under both normal and drought stress
conditions. Moreover, the superior drought tolerance lines have the potential to improve the grain yield in both
environmental conditions in the breeding programs.

Keywords: Drought stress, Drought tolerance index, Grain yield, Lattice design, Yield components
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Table 1- Analysis of variance for Grain yield, wheat dry matter and oat dry matter in two years of experiment

(AR=9+) Jol Jlw s o (ko
Primary year mean squere

(34-23) 035 Jlw ©lay o (ko
secondary year mean square

_— a5 (2010-2011) (2010-2011)
";"O 42’] ' ool wha,Shes Sidosle S osle sy Slos Sidosle Sz osle
d.f pns vy g b g pxs vy g Y
Wheatgrain Wheat Wild oat Wheatgrain Wheat Wild oat
yield biomass biomass yield biomass biomass
sk 2 0.08 ™ 3411 4.09™ 0.39™ 3.94 ™ 1.55™
block
SYaeS ‘?‘" 3 53.18" 157.93" 57.17" 15.97" 62.13" 5536
oat density
| 5%
pf.f s 0.98 2.62 1.19 0.72 3.18 0.83
densityxblock
N ~ 2.96" 10317 9.75" 2357 528 ™ 6.30"
cultivarx wheat
oy
.ps,x s 18 1.02 2.68 0.71 0.52 2.21 0.28
cultivarxblock
5515
™ "’ff, 27 0.39™ 1.66 ™ 217" 0.33"™ 337" 1.04™
densityxcultivar
s
54 0.69 2.26 0.35 0.29 1.58 0.22
error
(1) OV ©lyss oy
16.43 11.34 34.00 11.57 9.36 25.08

doyd S g g s Jlaisl pdaw 50 )b gize g )b dmeps iy xe g+ DS
ns, * and ** Not significant and, Significant at 5% and 1% probability levels, respectively

w5 ) olys 5 ]y jradide Sasele 5t (ial
S (o5 Gho pAS B o 3590 53 Lals Jg gl o0 Clunay
)l die cpl ) (Jslate sl S 358 pB )l Al o)l 4

S 1By (asls Bl 1 el 5,90 pB)1 bl ol 2
s by pibbieols, s Jols claib et wlis
9 20y o) s ipculs) das dhwgia (ibeub,
S g 5 ol ke (o)) &S 5bods NS GAprnds L
d=lio 0 AA 9 VE N Y colsy asli b cuipay oMb
i b s Sl uas s ) ibeuls, bs lgisdy Y
9 piacaliiaes Cliz g o)l cded 03) pycu) lawgie pB)|
Mousavi et ) 53 Slolid piocols, bed oleca g5l o)
(al., 2012

9 Sl ogle 3le oIV Jga2) Glalol 590 p6)f oy 5o

oiblS Coge Y Sisodls g &b 3Slas il yiogMe Gl
4 ar el s 08y plee cpl ) Wb 50 jracile pelege
2 Skes 1 Jg ob pials o] e 508 4 ) jpmcile (uloge
Jol Jlw ;o M g Syl 5o b plByl gy Jloyedy (5508 &b
orlege Cliz 9 59yl (g)le pLE) aile wiiuslys oS x> o
Mg 8 YL Al 3 pSles 5l Jg cins il ) 5 pacile
il )90 8,1 ples aih 3 Sloc a5 Wi 1 pgd Jlo ;D g dg
b adg liaes b sl jiall oS ol Jlo b awglis jo
Ol 9 Lo Slos o 5V 09,5 < jor M 5 S5l 5> il o)
Sl 1y Sais oole a5 5] oy p,] 4565 ol &S amd oo )Lt does
g9l gl aslh 5 Slae baas U ciad ju» jacale b culs,
lby cnle j0 a8 g35 2 b uiiS oo wiiles o 1) jpacale



PYN Shogi¥ar a0 sl ol i o)l Joxi 1 5o Suelen sudodrge i oo S Luly) (et

oialejl Jlw 93 45 ouin gV gy g oS Suid 03lo g Al 3 yShos (il - ¥ Jgua
Table 2- mean of Grain yield, wheat dry matter and Wild oat dry matter in two years of experiment

Jo! Jw @93 Jlw
First year Secondary year
~) 4155 ,Sos Suisoale Y g Sisodle 4155 ,Shos Sais ook SY gy Sidoole
Cultivar Wheat grain Wheat Wild oat Wheat Wheat Wild oat
yield biomass biomass biomass biomass biomass
(ton ha'l) (ton ha'l) (ton ha'l) (ton ha'l) (ton ha'l) (ton ha'l)
u"{”% 4.66% 11.96% 2.69° 4.22% 12.23¢ 2.30™
Atila
3 5.40% 14.10*° 1.94% 4.47%¢ 13.17% 1.66%
Baz
» 5.16% 12.8%d 2.65% 5.15° 13.27% 3.14°
Dez
ol 5.56° 13.32%° 1.63%¢ 4,89 13.26% 2.16°
Kauz"s"
)] 5.09% 14.33 0.73° 5.08% 14.56 1.43°F
Arvandl
ote 5.49% 14.16*° 0.71° 5.19° 14.02% 1.07f
Maroon
A 3.87° 14.00*° 0.62° 3.84° 13.62% 0.99f
Shoeleh
cle 5.36% 14.24% 1.08% 4.85% 14.08%° 1.24°F
Chenab70
Sty 4.99% 12.932b<d 2.91° 4.40°% 12.96% 2.74%
Vee/Nac
“5,“ 5.07% 11.68¢ 2.37% 4,834 13.12% 2.10%
Seri82

L S5 b b e OS] s japy Jleis] pdaw 3 ()l Syie B S Bl a5 golael wdlise b o e 9 e p )
In each column and between different years, the numbers speak at least one common, no significant difference at the 5% level.

S8 e b ety Gglite slaeST i g calise gla e
ol =l g 035 Jlbybn Sy oS I 398 padli cnlple
ol

Gl elaeSTy 5 55 Jaow st ;xSle A uglio
Olise jypcile 6815 lidl b as ol olis (V o) dngdY g
S5 Wiy, sljl 4 a5 (g psboay b oo SRRl 5 Jeod aSls
8l il as )3 /Y ey lawgie jeboay plE )l aly 5 Slas

Olie YL o dNIA L 5lo o8 05 pB)) ls 5o
e pdy ol (Y JS) ol poluaid] sgday |y oo jasls
g8 oy Suis 03le good l YU &b 5, Sloe jl (g)l3y65 0
Joxxte 08) gl plgicn |y (b)) iz 25 5ol (e
e ycwlo olgcds o (Lemerle ef al., 2001) aslis j,acale 4
P jppide Clmer S50 G nj )5 )l )3 piS o)
38 Symslacide (il Copde )3 g Ngdioe b slale
2,5 Wil by (rg

A g gy 09)F sz Salojl 2)50 pB) Sl pliSn 4l
Lo guasen (> Mol b5yl 5l 351 33,5 o dbasMo 505 o))
Wloas Mol o SLidss dwwge bwgi 4 Slayl
o3le g dsb Aoy g A il degdY g 4 (gyeS (g plculs,
Sl amd s L ol il (sl lmOT P jedle Sl
byl s > adgs (gl &S Sl g g oMb sSle (o)) 51 ealinel
Gl (Hg 20,5 Bis sl jymdile wlbad Mol o3l
Jpslacile L ojile caz )3 Bl Jood 5 culd) @538 5l oxlial
Hgl ol o) pB)l L

ol Jood by paslis
(M Jgaz) Jooos padls o8 yo il)ly 4325 5l Jol> @l
jppcile @815 daJlo o dne WS 2529 02 ) e 2l Lt
L Jbo sladolite )5l alex 5 Jlite @l 5l el B)
@b )S 4o b olple Wleads o ine talofl 5,90 Jalge
P2l ol elosh (Ui 5t Jood padls & ()]



WA (lino F oylonds AF aler oyl (o815 Sleciungly 4 pdd FYY

halojl Jlw 93 y3 (i g SV s il )3 05 Q1 Jood (pad L 08 po (il g 2525 Y Jgo
Table 3- Combined analysis of variance for wheat cultivars tolerance index against wild oat in two years of experiment
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Figure 1- Relation between wild oat density and wheat tolerance index in two years of experiment
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Figure 2- Relation between cultivars and wheat tolerance index in two years of experiment (LSD test in 5% probability level)
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Table 4- Regression and correlation analysis of characteristics effective on wheat cultivars tolerance index against wild oat
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Introduction

Integrated weed management is based on combination of several management methods, while reducing the
rate of the use of herbicides, will result in efficient management and sustainable weed control. Ability of crop
tolerance and prevent weed growth are two important traits in weed competition. An appropriate and suitable
cultivar, has high yield potential in the presence of weed and under weed free conditions. Such cultivar is weed
tolerated and prevent the growth of weed. Therefore this study was conducted to determine the relationships
between some morphophysiological traits that affecting on tolerance index of bread wheat cultivars with wild oat
in tropical regions condition such as the province of Khouzestan.

Materials and Methods

In order to investigate the casual relationships between effective morphophysiological traits of tolerant spring
bread wheat cultivars to wild oat, an experiment was conducted as strip block includes 4 densities of wild oat (0,
40, 80 and 120 plant per m’) in linear plots and 10 spring bread wheat cultivars (Chamran, Baz, Atrak, Arvand,
Maroon, Shoeleh, Chenab, Virinak, Dez and Falat) in horizontal plots based on randomized completely blocks
design with three replications in research farm of Khozestan Ramin Agricultural and Natural Resources
University during 2011-2012 and 2012-2013 growing season. Each plot consists of 10 lines of wheat planting in
distance of 20 cm. Distance between the plots was 50 cm and the distances between the blocks was two meters
and the plots were prepared with hand. The rate of wheat seed for cultivars of Chamran, Baz, Atrak, Maroon,
Chenab, Virinak, Falat and Dez was 400, Arvand 300 and Shoeleh 250 plants per square meter and wild Oat
seed were planted at regular intervals between the wheat lines (for densities of 40 wild oat plant: 12.5 cm; 80
plant: 6.25 cm and 120 plant: 4.16 cm).

Results and Discussion

The results showed that with increasing weed density, tolerance index of wheat decreased. So with presence
of wild oat, the average of grain yield of cultivars decreased by 0.31 percent. Between wheat cultivars, Maroon
cultivar with 86.8 percent, had the highest index of tolerance. This cultivar had the highest grain yield and well
prevent dry matter accumulation of wild oat. While Virinak cultivar with 69.3 percent had the least tolerance
index. This cultivar had the highest accumulation of dry matter of weed and also had the lowest grain yield.
Therefore these cultivars based on tolerance index were classified at three groups: 1) tolerant group (Maroon),
2), medium group (some new cultivars such as Baz, Atrak, Dez and Chamran and old cultivars such as Arvand,
Chenab and Shoeleh) and 3) weak group (such as Virinak and Falat). Modeling of wheat cultivars tolerance
ability index with wild oat showed that different traits such as fertile spike number, harvest index, thousand
grains weight, grain number in spikelet and spikelet number in spike cause to increase of wheat cultivars
tolerance index ability against wild oat. But none-fertile spike trait, spike upper and under internode length could
not strengthen tolerance index. Yield and harvest index of wild oat decreased wheat cultivars tolerance ability
index.

Conclusions

Therefore in wheat cultivated areas rich with wild oat, the cultivars are more favorable that to weed
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2, 3- Professors and Associate Professor, Ramin Agriculture and Natural Resources University of Khouzestan

4- Professor of Iranian Research of Plant Protection, Agricultural Research Education and Extension Organization
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infestation, its yield does not decrease too much. Such cultivars, well tolerated to weeds, prevented of its growth
and seed production. So these cultivars such as Maroon that is weed tolerant with preventing of its seed
production, have ability to control the weed population in subsequent years with actions weed ecological control
can be used in integrated control programs.

Keywords: Dry matter, Grain yield, Path analysis, Tolerance index, Weed density
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Figure 1- Variation of the net assimilation rate in different safflower cultivars on (a) first, (b) second and (c) third sowing.
411, SI, ES and SF, respectively, are representing 411, Sina, Local Esfahan, and Sofeh cultivars. O represents the observed

values and P indicates the line is fitted to the observed values.
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Table 1- The estimated coefficients of the logistic model, including time of maximum net assimilation rate (tm) and fixed

coefficients (a and c) and exponential model including the net assimilation rate (b) and constant (a) for safflower cultivars in
different sowing dates. CL indicates the confidence limit of 95% for parameters estimation

s &6 ~) Jao tu (CL) a (CL) b (CL) ¢ (CL)
Sowing date Cultivar Model
Js ™ S 51.05(42.92;59.19)  0.059 (0.030 ; 0.088) - 1015.4 (637.7; 1393.1)
First 411 Logestic
" <
- 50.35(46.92;53.78)  0.078 (0.060 ; 0.096) - 938.9 (778.8 ;1099.0)
Sina Logestic
i s
el oo S 43.46 (36.75;50.17)  0.076 (0.047 ; 0.106) - 899.7 (615.9; 1183.4)
Local Esfahan Logestic
. s
e e 47.42(35.99;58.86)  0.066 (0.033 ;0.108) - 1111.5(553.9 ;1669.1)
Sofeh Logestic
i 1) wle . 59.143 (16.00; 102.3)  -0.039 (-0.064 ; -0.014) -
Second 411 Exponential
L“” M 29.63 (0.549; 58.722)  0.041 (0.002; 0.080) - 1130.9 (97.83; 2164.0)
Sian Logestic
el oo S 26.58 (17.97;35.197)  0.085 (0.044; 0.125) - 1075.2 (601.1; 1549.3)
Local Esfahan Logestic
i @.\w'. 38.324 (18.40 ; 58.24)  -0.026 (-0.04 ; -0.011) -
Sofeh Exponential
¥y S
P e 46.03 (42.70;49.35)  0.183 (0.066; 0.299) - 652.0 (422.3; 881.6)
Third 411 Logestic
L“” M 47.61 (43.53;51.69)  0.160 (0.048; 0.272) - 751.8 (424.9;107.8)
Sina Logestic
el e &wd 46.84 (41.17; 52.51) etz - 567.8 (274.4; 861.2)
Local Esfahan Logestic Logestic
dio St 48.48 (44.95 ; 52.01) etz - 676.5 (426.3 ; 926.8)
Sofeh Logestic Logestic

il o0
Table 2- The estimated coefficients of the logistic model, including time of maximum net assimilation rate (tm) and fixed
coefficients (a and c) and exponential model including the net assimilation rate (b) and constant (a) for total safflower

s g Jolud (2lod Jo g (€ 9 ) ol culpd 5 (1) QA o Cospan J5Tas 989 (o Jolud Siwerd Jito Gl > (055 =Y Jgut>
B ol 359731 (513 w0 )3 A0 (ylineb! gus (CL iliseo gCudls g ,)U )3 oli,l ggooe gl (a) Coll s g (b) (B Qi lals

cultivars in different sowing dates. CL indicates the confidence limit of 95% for parameters estimation

(Third) ps.s

Logestic

47.20 (46.00; 48.40)

0.1660 (0.128; 0.193)

. A‘S > .

Cls )b e t, (CL) a (CL) b (CL) ¢ (CL)
Sowing date Model

. <
(First) Jo T 47.82(44.60;51.037)  0.068 (0.055 ; 0.081) - 989.7 (846.3 ; 1133.1)
Logestic
(Second) pgo @b - 39.39 (26.027 ; 52.57)  -0.029 (-0.039; -0.019) -
Exponential

- 5.660 (576.6 ; 744.4)
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Figure 2- Variation of leaf area ratio in different safflower cultivars on (a) first, (b) second and (c) third sowing. 411, SI, ES
and SF, respectively, are representing 411, Sina, Local Esfahan, and Sofeh cultivars. O represents the observed values and P

.indicates the line is fitted to the observed values
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Table 3- The estimated coefficients of the exponential model including the constant (a) and the decrease rate of leaf area
ration (b) for safflower cultivars in different sowing dates. CL indicates the confidence limit of 95% for parameters

estimation.
Clls &,6 ™) a(CL) b (CL)
Sowing date Cultivar
Jsl 1Y 689.3 (411.2;967.4)  -0.046 (-0.056 ; -0.036)
First 411
(T 823.6 (621.5;1025.7) -0.051 (-0.057 ; -0.045)
Sina
ool oo 617.3(505.4;729.2) -0.044 (-0.048 ; -0.039)
Local Esfahan
dbo 579.1 (464.2 ;694.0)  -0.044 (-0.049 ; -0.039)
Sofeh
pod 1Y 312.9 (84.94;540.9) -0.033 (-0.055; -0.012)
Second 411
[ 351.8(175.7;527.9)  -0.037 (-0.053; -0.022)
Sina
ol Ll 311.0v(160.0 ; 462.0)  -0.034 (-0.048; -0.019)
Local Esfahan
dbo 315.4 (161.1;469.6)  -0.034 (-0.049; -0.020)
Sofeh
pow 1Y 517.8(230.9;804.7) -0.048 (-0.064 ; -0.032)
Third 411
(T 401.6 (147.4;655.7)  -0.045 (-0.063; -0.027)
Sina
ool oo 315.5(105.7;525.2)  -0.036 (-0.054; -0.018)
Local Esfahan
dio 517.1(230.8 ;803.3) -0.047 (-0.063 ; -0.031)
Sofeh

SR 7, 50 o8 ) gg0x0 (615 (1) ol o b 9 (B) S 5 ek s (BN ek yaw Jolidh (lod Joto el b (o —€ Jgo
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Table 4- The estimated coefficients of the exponential model including the constant (a) the decrease rate of leaf area ratio (b)
for total safflower cultivars in different sowing dates. CL indicates the confidence limit of 95% for parameters estimation

sl o,

Sowing date a(Ch) b(Ch
Jsl 668.6 (536.5;800.6) -0.046 (-0.051 ; -0.041)
First
pgd 320.5(147.7;493.3) -0.034 (-0.051;-0.018)
Second
pow 430.5(218.4;642.6) -0.044 (-0.058 ;-0.030)

Third
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Figure 3- Variation of the relative growth rate in different safflower cultivars on (a) first, (b) second and (c) third sowing.
411, SI, ES and SF, respectively, are representing 411, Sina, Local Esfahan, and Sofeh cultivars. O represents the observed
values and P indicates the line is fitted to the observed values
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Table 5- The estimated coefficients of the Gompertz model, including maximum relative growth rate (RGR,,,,,), time to half
maximum relative growth rate (tm) and constant (k) for safflower cultivars in different the sowing dates. CL indicates the
confidence limit of 95% for parameters estimation

Cuils &,U

o)

RGR 5 (CL) t, (CL) k (CL)
Sowing date Cultivar
Js 1) 0.517 (0.136; 0.178)  61.70 (58.83 ;64.57)  -0.075 (-0.098; -0.052)
First 411

Lo 0.149 (0.128 ;0.170)  61.08 (58.23;63.92)  -0.095 (-0.133 ; -0.057)

Sina
ool e 0.169 (0.136 ;0.203) 58.53 (54.89;62.184) -0.094 (-0.143 ; -0.045)

Local Esfahan

dao 0.157 (0.136;0.176)  61.70 (58.83 ;64.57)  -0.075 (-0.098; -0.052)

Sofeh
pgd a1l 0.148 (0.127;0.168)  53.43 (50.40 ; 56.45)  -0.069 (-0.088 ; -0.049)

Second
Sina 0.087 (0.069 ;0.106) 61.45(56.86 ; 66.039) -0.159 (-0.304 ; -0.013)
Local Esfahan 0.211(0.193 ;0.229)  49.85(48.40;51.29) -0.116 (-0.147 ; -0.086)
Sofeh 0.153(0.139;0.167)  54.86 (52.90 ; 56.82)  -0.076 (-0.091 ; -0.059)
pow a1l 0.230 (0.201; 0.260)  52.22 (50.17 ;54.27)  -0.134 (-0.188 ; -0.08)
Third

Sina 0.220 (0.188;0.253)  54.19 (51.85;56.53)  -0.128 (-0.189 ; -0.068)
Local Esfahan 0.192 (0.156; 0.228)  54.52 (51.42;57.63) -.0112(-0.172;-0.051)
Sofeh 0.251(0.156; 0.288) 54.78 (52.54;57.02)  -0.145 (-0.172 ; -0.067)

9 (f) o iy S s $S T s & oty U (o (RGR pay) (omnund Sy a8 gt $5T0 Jolhd 55 308 Juto ] s oo =1 Jguin
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Table 6- The estimated coefficients of the Gompertz model, including maximum relative growth rate (RGR ,,,,), time to half-
maximum relative growth rate (tm) and constant (k) for total safflower cultivars in different the sowing dates. CL indicates
the confidence limit of 95% for parameters estimation

Cuils &9,U

RGR . (CL) 1, (CL) k (CL)
Sowing date
Jsl 0.159 (0.146; -.171) 60.67 (59.12; 62.23) -0.083 (-0.099; -0.067)
First
pod 0.146 (0.116; 0.177) 54.60 (50.42; 58.78) -0.092 (-0.143; -0.40)
Second
pows 0.223 (0.199; 0.247) 53.96 (52.28; 55.63) -0.130 (-0.775; -0.086)

Third
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Figure 4- Variation of the leaf area duration in different safflower cultivars on (a) first, (b) second and (c) third sowing. 411,

SL ES and SF, respectively, are representing 411, Sina, Local Esfahan, and Sofeh cultivars. O represents the observed values
and P indicates the line is fitted to the observed values
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Table 7- The estimated coefficients of the logistic model, including time of maximum leaf area duration (tm) and fixed

coefficients (a and c) for safflower cultivars in different the sowing dates. CL indicates the confidence limit of 95% for
parameters estimations

-GS oG "
B T ™) t,, (CL) a(CL) ¢ (CL)
Sowing date Cultivar
First J ¥y 59.62 (57.56; 61.68) 0.133(0.108; 0157) 804.0 (682.2;925.7)
411
s 60.52 (58.46; 62.59)  0.129 (0.106; 0.152) 807.0 (688.5 ; 925.6)
Sina
Sl e 61.07 (59.03;63.10)  0.133(0.110; 0.157)  1026.5 (874.6 ; 1178.5)
Local Esfahan
dbo 61.68 (59.64 ;63.72)  0.132(0.109; 0.155) 685.0 (584.1;785.8)
Sofeh
Second pg> 411 49.90 (47.84;51.96)  0.168 (0.128; 0.208) 429.1 (345.3;512.9)
Sina 50.54 (48.25;52.82)  0.144 (0.111;.178)  476.9 (387.6 ; 566.1)
Local Esfahan  51.62(49.32;53.92)  0.168(0.123;0.212)  483.1 (378.3 ; 587.9)
Sofeh 51.27 (48.84;53.70)  0.127(0.099; 0.155)  435.6 (358.4; 512.8)
Third pgu 411 49.30 (39.08; 59.53)  0.121 (-0.003; 0.245) 118.3 (23.96; 212.6)
Sina 49.63 (38.70; 60.57)  0.118 (-0.012; 0.247)  135.5 (20.46; 250.5)
Local Esfahan  50.24 (38.32;62.16)  0.113 (-0.023; 0.250)  187.8 (14.48 ; 361.1)
Sofeh 50.65 (40.13;61.17)  0.199 (-0.011; 0.249)  165.9 (26.56 ; 305.2)

&0 3 e8] ggomme Sl (€ 9) Gl cul 5o g (tn) S 2 o ol5> ST £989 (loj Jolud Siaed Joo caal p (o —A Jgi
il oo B golyl 39T 9 (51 Mo 1330 ylisebs] 3gus :CL .ilisee sACulS
Table 8- The estimated coefficients of the logistic model, including time of maximum leaf area duration (tm) and fixed

coefficients (a and c) for total safflower cultivars in different the sowing dates. CL indicates the confidence limit of 95% for
parameters estimations

Cuils &b
Sowing date

tn (CL)

a (CL)

¢ (CL)

First J)  60.71(58.66;62.75) 0.132(0.108;0.155) 830.6(707.8;953.4)
Second pgs  50.80 (48.83;52.76)  0.152(0.120;0.184)  453.8 (377.2;530.5)
Third sy 50.03(39.07:60.98)  0.117 (-0.013; 0.248)  151.8 (21.78; 8.281)
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Figure 5- Relation grain yield with maximum leaf area duration and maximum net assimilation rate during growing season.
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Table 9- Analysis of variance (sum of squares) for grain yield on different sowing dates and safflower cultivars

et 2o LRSS als 3,Shos
Source of variance Degree of Freedom Grain yield
",’“ ) 3 12617.66™
Replication
“‘“L{ &b 2 553440.03"
Sowing date
~ 3 19273.42"
Cultivar
phpedlS &0 6 56326.6"
Sowing date*Cultivar
ks 33 4614.4
Error
S e 20.58

Coefficient of variation

b xe M| pie 5 2o )5S oty gaw 50 Jb gre iy 4™ g7 E
*, ** and ns; Significant at the 5%, 1%, and non- significant, respectively.
(@205 33 055) s 3, 8hos Cduo (51 408 9 Condl U alito 13T (61 (piloo duulio =Y+ Jgut>
Table 10- Comparison of the interaction between planting date and cultivars for grain yield (g m)

P Jol cwols' &b P93 CedlS’ g, U P CudlS )b
Cultivar First sowing date  Second sowing date  Third sowing date
1) 501.40" 160.40° 82.31a
411
Lo 384.73 171.67% 117.64*
Sina
Olao! o 419.16™ 169.26" 92.22°
Local Esfahan
dbo 292.2¢ 157.51* 108.04"
Sofeh
oSile 399.37° 164.71° 100.05°
mean

W)l b e gl do 3y Jleis ] a3 s S yide B S Blas )b & oo Kb gt b
In each column, means that have at least one common letter are not significantly different at the 5% level.

S5 0 ady s Ll SSTas g dild 3 Sdos e (Summod Colps =YY Joua
Table 11- Correlation coefficients between grain yield and maximum values of growth indices in safflower.
RGR NAR LAR LAD YLD

RGR 1
NAR  0.782* 1
LAR -0.552™ -0.494™ 1
LAD -0.612" -0.685" 0.673° 1
YLD -0.465" -0.635" 0.508™ 0.879*" 1

Al o Joine S 5l Ao, 5 Ko Sl st 3 o350 bine S s Ty ™

** and *, show significant levels 1 and 5%, respectively; ns shows non-significant.
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Introduction

The study of growth parameters such as net assimilation rate (NAR), leaf area ratio (LAR), relative growth
rate (RGR) and leaf area duration (LAD) are important for analyzing yield constraints. The growth parameters
can be used to understand the crop response to environmental variables during the growing season. The aims of
the present study were to 1) consider the growth indices using regression method and 2) identify relationships
between growth parameters and grain yield in different safflower cultivars and sowing dates.

Materials and Methods

A factorial experiment based on randomized complete block design with four replicates was conducted in
2012 in Research Farm of Vali-e-Asr University of Rafsanjan. The factors were included sowing dates (4 April,
25 April and 16 May) and safflower cultivars (411, Sina, Local Esfahan and Sofeh). Leaf area, leaf dry weight
and stem dry weight were measured in 7-14 days intervals during the growth season. Grain yield was
determined at the end of the growing season. The trend of variation for NAR, LAR, RGR and LAD during the
season growth was determined by the nonlinear regression method using SAS software. Finally, the correlation
between grain yield and growth parameters was identified by the PROC CORR procedure.

Results and Discussion

In all sowing dates, NAR increased to 43-53 days after sowing and then it showed a declining trend. Results
showed that there was no significant difference among cultivars in terms of the time to maximum NAR among
all sowing dates and among cultivars. As the growing season progressed, gradual increases in leaf area improved
which resulted in increasing solar radiation interception and NAR. The NAR declining trend related to
increasing leaves shading. In the first and third sowing dates, there was no significant difference in time to
achieve maximum LAI among cultivars.

The maximum LAR was obtained in early growth season and its value decreased with slope of 0.033 to 0.051
cm’ g' d"' among the cultivars and sowing dates. The rate of decreasing in LAR during growing season was the
same among all sowing dates and cultivars. In the early growing season, the value of LAR in the first and second
sowing dates was higher than third sowing date. It was probably due to high temperature effect on crop growth
duration. As the growing season progressed, LAR started to decrease due to decrease in partitioning of dry
matter to leaves. In the early growing season, the allocated dry matter to leaves were great which is resulted the
higher ratio of leaf dry matter to total dry matter (LAR). The high LAR in early growing season is due to more
interception of solar radiation by crop.

The trend of RGR during growing season was the same among all sowing dates and cultivars. The estimated
maximum RGR varied between 0.149 to 0.169 g g'l d”! for the first sowing date, 0.087 to 0.211 g g'l d! for the
second sowing date and 0.192 to 0.251 g g d” for the third sowing date. For each sowing date, the estimated
maximum RGR had no significant difference among cultivars except for the second dates. However, the value of
RGR was decreasing with progress towards the end of the growing season. The high RGR in the early growing
season was due to the rapid crop growth, the more young tissues in plant and the low initial weight.

The value of LAD had the increasing trend in the early growth season and its value started to decrease
between 50 and 62 days after sowing. In the second and third sowing dates, the maximum value of LAD
obtained earlier than the third sowing date however, the value of LAD was lower than the first sowing date. It is
probably due to decreasing the leaf area index and increasing the senesce rate in higher temperature in the last
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sowing date.

It is resulted that the highest grain yield obtained for the 411 and Local Esfahan cultivars in the first sowing
date and the significant and positive correlation between grain yield and LAD (r = 0.88, Pr < 0.01) observed
whereas the value of grain yield increased 12.2 g m™ per unit increase of LAD. Increasing the LAD increase
solar radiation interception by crops and consequently the grain yield would increase.

Generally, it is concluded that the first sowing date with the highest LAD resulted the highest yield.

Keywords: Leaf area duration, Leaf area ratio, Net assimilation rate, Relative growth rate
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Table 5- Compares of mean for measured traits in 20 genotypes of canola in normal condition using Duncan's multiple range test
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ARC2 31833 T 1316 T 381 ¥ 283 ™ 2413 * 782 ® 4137 © 2537 ® 248 °* 1758 °®
ARC5 3292.0 * 1332 ¢f 339 ¢ 293 * 2353 ¢ 786 © 4047 ¢ 2543 * 2320 ® 1765 °*
Celecious 1978.0 ¢ 7444 M 304 0 207 M 1960 " 6.65 ¢ 37.63 ' 2487 ° 2503 T 1678 1
Dante 35053 ® 1517 ® 421 0 297 ' 2497 0 799 * 4327 ° 2497 ® 2560 ¢ 1805

Geronimo 3668.0 * 1519 ® 446 ' 257 °© 2540 " 7.80 ° 4140 °© 2543 ' 2526 < 1779 °°
Licord 34863 1552 * 378 4 287 ® 2770 * 7.84 ™ 4453 * 2537 * 2720 * 1802 **

Milena 1765.0 » 7177 ' 274 % 233 °f 1753 ' 685 ' 4067 ¢ 2507 ¢ 23.03 & 1720 ©
Opera 27973 1209 300 M 227 ® 1933 " 721 ° 4323 ° 2473 # 2396 ¢ 1770 O
Rainbow 21777 ¢ 8762 " 317 " 203 M 1930 " 688 © 4023 ¢ 2463 M 258 " 1716 ©
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Table 6- Compares of mean for measured traits in 20 genotypes of canola in drought stress condition using Duncan's multiple

range test
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RRT 4l : P = O @l e &1 % W)
w59 \ oil ORI Ge s S ; Sy Plant height

Grain s Thousand No. of L) Silique  Seed oil - . c1g
Genotype Yield Days to Seed protein

yield (ke.ha!)  seed - seeds per _No.of  length  percent ty ity percent () (cm)

(kg.ha™) . weight (g)  silique 5111;)1]1;‘;1 E)er (cm) (%) maturity p .
ARC2 24053 ™ 9477 ™ 2091 ° 247 ™ 2430 ° 738 ° 3940 ° 2400 °* 2326 " 1745 ¢
ARCS 24403 ¢ 933 * 304 * 243 ™ 2330 ° 736 ™ 3823 ' 2403 ® 2403 ** 1756
Celecious 10430 ™ 3788 ™ 227 ' 197 ° 1913 ® 590 ' 3633 ® 2397 ** 23.00 " 1651 ¢
Dante  2860.0 * 1170 * 3.68 * 277 * 2373 ™ 787 * 4090 * 2387 ™ 2530 * 1785 °
Geronimo 2558.0 ™ 967.8 "¢ 338 ¢ 237 ¢ 2477 © 732 ™ 37.83 ' 240.0 ** 2290 °° 1781
Licord ~ 2439.0 ¢ 1004 ° 288 ° 253 ° 2473 ® 742 ° 4117 * 239.7 *° 2443 ** 1789 °
Milena ~ 879.0 ° 3227 ' 201 ' 213 ¢ 1607 " 640 ¢ 3670 * 239.7 *° 2083 ' 1703 @ °©
Opera 21070 ' 8555 ° 239 ' 213 1887 ¢ 683 ' 4060 °° 2393 ™ 2303 °*° 1753
Rainbow 10750 " 3955 " 221 * 197 ° 1820 ® 634 * 3680 ° 2387 ™ 23.06 °° 1693 ©
Sahra 20633 ' 7813 ' 293 ¢ 223 ¢ 2347 ¢ 727 ¢ 3787 ' 2393 ™ 2350 ** 1717 ¢
Shiralee 26433 ° 1001 ° 274 ' 247 ™ 2213 ¢ 733 ™ 3778 ' 2397 ** 2483 * 1735 ¢
SLMO046 28333 * 1126 * 358 ° 273 * 2413 ™ 782 * 3973 * 2383 ° 2533 * 1801 *
Sunday 9120 ' 3062 ’ 218 * 193 ¢ 1350 ' 633 * 3357 " 2410 * 2180 ¢ 1688
Talaye 18770 ¢ 720 * 2,60 ¢ 247 ™ 2170 “ 723 ¢ 3837 ' 2403 * 2020 ' 1809 °
Talent 8763 ' 2889 ' 240 ' 183 " 1180 ' 628 " 3297 " 2390 ™ 21.76 ¢ 1738
Zarfam 29480 * 1177 * 3.73 * 283 * 2557 * 781 ° 39.93 °° 2387 ™ 2466 °* 1792 °
Okapi ~ 2157.7 8603 ° 277 ' 257 " 2363 ° 741 ° 39.87 °° 240.0 ** 2286 °° 1741
Hyola420 22737 © 9162 “ 2.66 ¢ 237 ° 2103 ° 696 ° 4030 °¢ 2403 * 2489 * 1668
Hyola330 24260 ¢ 9955 ™ 243 ' 243 ™ 2027 ' 691 ¢ 410 * 2393 ™ 2266 “© 169.1
RGS 25063 ™ 9959 ™ 253 " 237 ¢ 2097 ° 690 °° 3973 * 239.7 ** 2283 °° 1643 °®

il od (P<O.05) o ine ST gy cygis o 3 S e g > by Sl

Numbers followed by the same letter are not significantly differentns (P<0.05)
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&S gladdllas j> Zhao er al, 1991 zols 3g Jbyed 0 (y£9) duoyd
Mass ¢ yE gy 5 aild 3 Slae Slas (gly 138 p6,1 a8 sl> L ¢d S
M Lo )3 S Jlozs] prdaws j3 pygd 50 &ild ol ¢y )95
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Ol o il o3l 3 LialS abawlgas o] 5l e g SLisles,S
o a5 o3lasl el abaulgay ] 5w g @l g, Jo )y
.(Zarei et al., 2010) 53,5 o 4 y£5, 3 Slas g doyd ialS
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48 S plgien Sl p3 B (g 3Sles L ) (Stusen
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g b el Al & (g 3agid dlge 3l 6yt e sl Slis o
b oS 53 £y dmoyd alidl G 5 Alne o]
olyis o 30l @old gl (Hosseinzadeh et al., 2008)
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Table 7- Phenotypic (above diagonal) and genotypic (blow diagonal) correlation coefficients of measured traits in canola
genotypes in normal condition

Gy Wbl slaxs oy , 0y
3fles  3Sles U » gy P gy T ey £
. A . . . . . . K VW) .
e N % S IV NC S TN "’; Y Gy
Traits Grain Ol ThO(;lS No. (;)f No.of  Silique  geed o Seed  Plant
ield ield an seeds il length i . i height
y! y! seed per s1llqluet 4 oil . maturity proten; 2
weigh silique per plan percen percen
‘“",”i,“‘ .00 099" 0767 079" 0.85" 088" 067" 0.28™ 0.34"™ 047"
Grain yield
o) ”5, s 0.99  1.00 0757  0.86" 0.90" 0.92"  0.81" 0.29™ 0.35™ 0.51"
Oil yield
Thousand seed  0.79 0.73 1.00 0.70 0.71 0.84 0.34™ 0.32™ 0.32™ 0.66
weight
oeygs &b ol
No. of seedsper  0.847  0.827  0.70” 1.00 0.82" 092" 0717 0.47 0.18™ 0.56"
silique
o ) gt dlsd
No.ofsilique 0897 0877 0727 084" 1.00 081" 0727 0.30™ 0.37" 0.43"
per plant
o sk 0.92 089" 086 094" 0.84" 1.00 0.66" 0.40" 0.26™ 0.65"
Silique length
Ghofeaer gt 0787 034 073" 073" 068" 1.00 0.22" 0.23™ 0.45"
Seed oil percent
Sy 6 55, . .
Days to 029"  0.30™  0.32" 0.47 0.30™ 0.41 0.24™ 1.00 -0.19™ 0.28™
maturity
b gy Loy
Seed protein 0.39™  0.40™ 037"  0.20™ 0.43" 028" 027"  -021™ 1.00 0.08™
percent
2 5“’?" 0.557 058" 0747 064" 0.47" 0.75" 0.51" 0.31™ 0.14™ 1.00
Plant height
doyd Sy g g Jloinl aw j3 I3 gns )l dne gty ¥ K TS

and ” : Not significant, significant at 5% and 1% probability levels, respectively.

oy Al 1 Bun Ldg 1yls ails 5)Slas b (g5l Gixe g Cuio
ol as el (a5 )3 basly) (o) (9 (e
g calizee Glas (o (Siawed iy cpl 4 .0)l6 GBS e
I8 ey 3y9e Slao (i (9 Forh 5 (Siwg o545 515 Slee
Oliwe cpyieS =+ IVF 5= NAL iy (Sauwy b 35, .05 oo
o bl b Al oy Slas L) (o895 9 (g (Shunsen

S G5 byl i )3 Slhio (g g o 98 (Kiaod
2 0dd dloe (o955 g (agd (Simed o pd i
by e b wgi oaud 2wl ilyzul a8 o ol Sis i byl
a5 3,Skee g2 Slos (sl Slho ( (Stured 2 Sz b
byly b 3 00 (o) Sojlasl Glaw oled (A Jodn) canl atils
998 g (S (Sien (Shewy U jg) oy (SudS AT
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ol 040,83 8 il ot ppo slaadlie jI (S lsisay
i S5 &l cuign olise sy sl pas Gan et al, 2009
Loy Giolidl b )5 Sy as Sy in)S )ls ] (Sas
Sinaki et al., ) szl pMel |y Sid (i bylps Cod pigp
S o yas 50 aib slawy 5 Slee glipl Clas 0 51.(2007
o (ien (S Uk e S0 g Job g U 3 ey

b il 0o b1y ouie g (aeieid

1158 13905 0UgS b ol Jawsme Lalys 4 dog b cuihy (Sis
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9 Slookij )35 wligS 43) 090 b slacaii} 4o 3 dledioo
L g 0> )0 baudsy ol dr Cad 5000 900
5955 5 PV ieid (Siwaed (i ylyd > b 5,Sles
4wl 3,Sles 5 &l g lojen (il 5l lis a8 cushy /Y
OSgym duoyd yg 0y (abliie gulis )b Sis bylus o

o5 byl e )3 1515 (G digif ;3 sl (6 pS0511 o (B (ywl) (awigif g (a8 (SWL) (o ghd (Rimmod il p —A Jgo>
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Table 8- Phenotypic (above diagonal) and genotypic (blow diagonal) correlation coefficients of measured traits in
canola genotypes in drought stress condition

FIKeS)

O39 FKeY oy o
e T e gy Uin T ey
3Slas 3 Slos ). o :‘) Job .9) . e EW
Cduo Gl ofs, Y Noof RP e S S &l Gy
Traits Grain  Oil Thous seeds  No.of gjjigye Seed I]?l:{lslrtl‘: Seed  Plant
yield  yield and  per  silique jepggy ol protein  height
seed  siliqu per perce y ercent
weigh e plant nt p
‘“",’)ﬂf‘ 1.00 099 080" 088" 085~ 087 0797 018" 0637 046"
Grain yield
o9 258 e 0997 100 0797 0917 0867 0.89%* 0857 -0.19™ 0637 045"
Oil yield
Thousand seed  0.81 078" 1.00 0807 0.77 0.88 047" -031™ 0.62 0.67
weight
Oeye> &b ol
No.of seedsper 090 0897 0827 100 087 0927 0757 -020™ 057 058"
silique
o ) s> dlasd
No. of silique 086 085 078 0.86" 1.00 084" 0757 011™ 0537 0497
per plant
o = 000 0897 0887 0947 085" 1.00 067" -018™ 0557 071"
Silique length
Shofsyrer 080 084 048 0787 0767 0687 100 0.8 ™ 0497 028"
Seed oil percent
ey B s - - - - -
Days to -0.26™  -0.28™ 0797 0917 0.86 0.89 0.85 1.00 0.35"  -0.16™
maturity
b gy o)
Seedprotein 0737 07377 -0.45™ -029™ -0.19"™  -0.28" -0.26™ -046  1.00 0.18"
percent
4:9: &bu)‘ * * w3 w3 w3 e w3 ns ns
i 0.49 047" 0717 0617 0.64 0.62 054" -0.33 0.22 1.00
Plant height
oy Sy g gy Jlas) s 3 Jlostne lastne it iy FH H

and ” : Not significant, significant at 5% and 1% probability levels, respectively.
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Table 9- Stepwise regression analysis to determine the relative contribution of yield components in non-drought stress
condition

LX) 3 sl Cygamw )5y ol o

it i e 31 3 IICCRUNCION
co Standardized regression coefficients v ) o2se o e
Independent variable b b Intercept Cumulative R-squared
2 1
oo Job
Silique length - 0.906* -7166.759* 0.81
Sy 2 ot S 0.396° 0.576™ ~4875.276° 0.85

No. of silique per plant

2oy K g g Jlein] gaw (3 b me cuday FHg ¥
“and 7 : Not significant, significant at 5% and 1% probability levels, respectively.

S T g Tl e g3 (19, 3500 (150 (o tew (oS (S P A0 (g S ) 41525 Ve Jg
Table 10- Stepwise regression analysis to determine the relative contribution of oil yield components in non-drought stress
condition

e i . a:d:.,v.\;w 095 wf‘f;w t awo 51 0558 ESCS IV JUTRNS
Independent variable atl)l arcie regbressmn coe 1%1en > Intercept Cumulative R-squared
3 2 1
b 3 Sles — — 0.988** -164.418* 0.978
Grain yield
Gl gy o) — 0.206™ 0.844* -1063.744* 0.998
Seed oil percent
Gy glas )| 0.022* 0.200™ 0.837* -1269.406" 0.999
Plant height

e pis g doyd gy o S Jloin] o )3 )1 ze (S 54 NS g
** % and ™ are significant at the 0.01 and 0.05 of probability level and non-significant, respectively.

Suld 5 bl g 43 i1 3 Sl (15T (o mrew (S 12 P @R (g5 5 w30 -V ge
Table 11- Stepwise regression analysis to determine the relative contribution of yield components in drought stress condition

X W) 3 st ygaw )5 ) ol o

Jiwo yuile Standardized regression fane 31 03,5 T (o G g
Independent variable coefficients Intercept Cumulative R-squared
bz bl
o Jsb N .
Silique length - 0.899 -5910.870 0.80
€] -0.356° 1.156° 441.544™ 0.86
Plant height

Dl gme pis g Aoy gy o S Jloin] o )3 )1 dze S 54 NS g
** % and ™ are significant at the 0.01 and 0.05 of probability level and non-significant, respectively.

O Ay Sl o 5o IS 3 Slae slipl ple 53 (5
g 2 ol o (SCas i Jlesl g aib o Ly (Sis
o o2y 9 S5 b ) danly 4 BIS ol S (23 o265
Shahrabi ef ) 53,5 s &5 > (2 )55 A ) dogs B ialS

Jal., 2013

GRS bl 53 (g g dlge 4dye 29ieS &S a0 Jaiey

Sy el e (LSS lej 3 I gl pae el S
Coles 3 9 ol iy g lomysd ly (B Glise 4 (s55egd
(Shahrabi ef al., 2013) 55,5 o a5 5 cpo o5 2w ials
2 dsb olisy g dg )0 pajed i a8 o lis wliiss
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Table 12- Stepwise regression analysis to determine the relative contribution of oil yield components in drought stress
condition

LX) 3 sl ygamw )5y ol o

fi .. j 95 o . e .
s . Standardized regression coefficients e il oot il ,m e
Independent variable b b b b Intercept Cumulative R-squared
4 3 2 1
&l 5 ySlas
Grain yield --- --- - 0.996* -63.703** 0.90
4 (g 2oy 0.125*  0.896™  -600.229% 0.93
Seed oil percent
<9 ’f ‘.')"?”5 S - -0.047* 0.134* 0.929* -595.572* 0.97
No. of silique per plant
o i s 0.053*  -0.071" 0164  0.884™  -749.784" 0.99

Thousand seed weight

opd gy 9 S Jlain] paw ) 5 gxe iy g w
** and * are significant at the 0.01 and 0.05 of probability level, respectively.
O (gl 3 13 3,Sdos (gl eatians ol 9 aitione T ) (S G (Shummod ol 1325 VY Jgaa
Table 13- Partitioning of correlation coefficient analysis to direct and indirect effects for grain yield in normal condition

(Indirect effect) puiime pé 551

L . . Al 3 Slos U (Sl (Summod
Ol Wy 4D oy ygt dans . oo 531 . ’ .“) L
Traits i o9 Job Direct effect Genetic correlations with grain

No. of silique per Silique length yield
plant
Gt Job 0.334 - 0.585 0.92
Silique length
By 3 s s 0.491 0.398 0.89

No. of silique per plant

0.327= (Error) s

aSe glai)l g p gy duoyd il 3 Slas Glas (A Jodn) Had
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3905 4z g5 |y (489) 3 Sdes Clynss Sl 00 )00 ggeme 53 9 254
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Table 14- Partitioning of correlation coefficient analysis to direct and indirect effects for oil seed in normal condition

. (Indirect effect) paiiams gl 53 . ) . .
Sleo Ay glag,l Al gy Mo il 3 Slos s ] 059 258as Lt (Siij (Fuger
Traits #2E%) OF9) 22, Direct effect  Genetic correlations with oil yield
Plant height  Seed oil percent  Grain yield
&by 5 Slas
Grain yield 0.007 0.150 0.831 0.99
4 o5y 2oy 0.007 0212 0.81
Seed oil percent
4y ) 0.108 0.014 0.58
Plant height

0.058= (Error) s

O byl pad )3 1505 13 3,500 (513 onlioms ol 5 paliome 51 Ay (S Siasod il g 4355 —10 Joua
Table 15- Partitioning of correlation coefficient analysis to direct and indirect effects for grain yield in drought stress

condition
Ol (Indirect effect) paiimo gl 531 3 ) B
Traits JERRTRY ] b PO &y 2,Sdos U (SW55  Sumnod
#2E%) o Direct effect Genetic correlations with grain yield
Plant height Silique length
oog Job -0.261 1.16 0.90
Silique length
Gy &V’f)‘ . 0.847 -0.385 0.49
Plant height

0.360= (Error) s

93 3 4l 3, Slos Ly b yo Slio pms il 5 25250

S G 93 5 5 Byl
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A Jde 3)ly dtunly pusiio laisdy 484, 3, Sles &S LK Sis
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S l) Cho pl Ol 4y )3 |y whe Cn S0k Sl
Ol crwenl 35 Oldllas ple s (VY Jads) Lol olazs]
B b 0,00 IS P61 59 5,Skae 1 lag] a5 5 003 5
Hosseinzadeh et al., 2008; Jabbari et al., ) cowl 428,85
(2015
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slacsg) @llid )3 core padld 5 plos Jolo s 5Slos
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2358 ot 5 2L S 3 Shae IR a3 e 1S
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3 ol bt 3,mly 5 (oliSan by, Sl can cho )l

sl )95 1 (Slofag Curon

Lg) 30 2 395 1S
No. of silique
per plant

0.84

o395 Jgb
Silique length

ol bl )0 L(VF Jgas) 090 =+ /YAD 5 VNS o gy Wi
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Residual
0.32

0.40

ails 8 Shos

Grain yield

0.58

S (§iaT g Tl g 13 Aild 3 Sdos (5l e ul b 3o - Y JSWS
Figure 1- Path coefficient analysis for grain yield in non-drought stress conditions
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Table 16- Partitioning of correlation coefficient analysis to direct and indirect effects for oil yield in drought stress condition

(Indirect effect) pafimo gl 531

i - - . b s b (S5 (Swnod
Slao e e s Dot dla g a0 3Sles el .
Traits @l 152 o5 R . . ; O%9)
g &l FHI Direct . .
Thousand seed . . . effect Genetic correlations
Weight No. of silique Seed oil Grain with oil yield
per plant percent yield
&l 5 Slas
L 0.064 -0.043 0.166 - 0.802 0.99
Grain yield
S o o2 0.037 -0.038 0641 0207 0.85
Seed oil percent
Ggr 3 e dlis
No. of silique per 0.061 - 0.158 0.690 -0.05 0.86
plant
bl o)
Thousand seed --- -0.039 0.099 0.649 0.079 0.79
weight

0.095= (Error) ls
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5 0F9) 38es GV g malitns JlodiS g (129, 3 Slac g > e oy b ang L (89) 3)Sles e o e
(¥ J52) 48l oo b bulyd 13 .8)5 Gpgo (Sam)S) e 3 0ad )y Clao (i

o 9 b
Silique length 1.16
0.73
-0.38
Plant height

Swid W bl g yd A3 5 yShas (5l o g3 - SIS
Figure 2- Path coefficient analysis for grain yield in drought stress conditions

als & ySlos
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Introduction

Obtaining varieties with acceptable yield and tolerant to different arid and semi-arid climate condition of
Iran is an important goal in canola breeding programs. Selection of genotypes base on one or more traits without
regarding to correlation between them, could biases the expected results. Therefore, identifying of genetic
correlation among traits especially in environmental stress condition is very important. The use of genotypic
correlation helps evaluating the magnitude and direction of associations between characters facilitating the
application of indirect selection, because genetic changes in a given trait may change other traits, leading to
faster and larger genetic gains in plant breeding programs. Therefore, the selection for another trait may result in
indirect response in the low heritable trait, provided the following conditions are satisfied: the genetic correlation
between them is substantial, and the heritability of the secondary trait is greater than that of the primary trait. The
purpose of this study was estimating the total genotypic variability, genotypic correlations, and path analysis
among some important traits for selection criteria for improving seed and oil yield in canola under water deficit
stress condition.

Materials and Methods

For evaluation of genetic correlation among traits and identifying important affecting traits on grain yield
and oil yield in canola genotypes, an experiment was conducted based on a randomized complete blocks design
with three replications in two different conditions of water deficit (stress and non-stress). Different traits were
measured including seed yield, 1000-seed weight, number of seeds per pod, number of pods per plant, silique
length, oil content, days to maturity, protein content, plant height and water use efficiency. Genotypic and
phenotypic correlation coefficients were calculated for ten characters during growing seasons. The genotypic
correlation coefficients between seed yield and different characters were subjected to path coefficient analysis
separately for partitioning these values into direct and indirect effects. Step-wise regression technique was used
to determine the best model, which accounted for variation exist in plant seed and oil yield as dependent
variables in separate analysis. Direct and indirect effects of traits entered to regression model were determined
by using path coefficient analysis.

Results and Discussion

Results of this study showed significant differences among all genotypes performances, and also stress
condition caused a significant decrease in performance of all studied traits. The highest seed yield obtained from
Geronimo and Dante (with 3668 and 3505 kgha™, respectively) under non stress condition, and the highest seed

yield obtained from Zarfam and Dante (with 2948 and 2860 kg ha™', respectively) under drought stress condition.
Genotype Licord produced the highest oil content, which was significantly higher than that produced by other
genotypes in either regime. Genotypic and phenotypic correlation coefficients were estimated between all traits
and using stepwise regression, best model was introduced for two conditions. Under Non-stress condition, the
average of genetic correlations between grain yield and silique length was high and positive (0.92°"), suggesting
that the selection of prolific plants resulted in a gain of selection for yield. Under water deficit stress condition, a
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negative average of genetic correlations (-0.28) was observed for grain yield and days to maturity. Path analysis
based on the genotypic correlation under non-stress conditions between grain yield and other traits showed that
number of pods per plant and pod length had direct effects on grain yield, while under drought conditions, pod
length and plant height had important direct effects. Results of path analysis for oil yield under non-stress and

stress conditions showed that grain yield had the most direct effect on oil yield.

Conclusions

Finally, the most important traits in order to select index for grain yield and oil yield improvement under
stress condition were pod length and grain yield, respectively. Therefore, selection based on these traits would be
more effective to improving seed yield of canola in well-watered and water-deficit stress conditions. So, the
method of path coefficients proved useful in analyzing correlation coefficients in this system of interrelated
variables.

Keywords: Genotypic correlation, Oil yield, Path analysis, Stepwise regression
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Oml e (Hy ab pL5)) (B plgm sl g ady) 3 g
cos (Shes e 5 650 pB)l 2lsm plul 5 ady )5 dialaned
Arvin and Kazemi-pour, ) c.odl yials SCis s 850
Jloinl iz Olgie (305 (nl > Jol> @l 4 4257 1 (2003
Sedd S A L e )3 g e e Ul &S 0D
O Sl (g g Cdio g olS L g 0) (5w
G e Sl2g8 caslie i (S G5 4 olS Sl
2t (P +143) Sl 5 €IS o1y 5 i S8
15 g (Sid G5 () o) ety ()l dne Sl gy sgime
@b Jid9)lS i b Jd9)lS @ J39)IS p 5yl ine pleciil
2 () Jgaz) 2l Jdg)lS a4 595918 Comd 5 S b )lS
Jdo )l e Jidg)lS polie 53 (53 sine gl e pp ST 93 (o
soba polde (4 Cpgony b odalie S Ji)IS'5 b
(7 Jyin) 35t 3k 551 5t b oS53 5 3o
b Std G5 b o ()b tae ok 45955 e
G ol S5 20 )5Ae Jlog )0 15559)18" ke () Jgiz) <85
L Lol by (I3l o8 (4l Jloss) (ol Sl 2o p0V e o &
soboe jhade ol ol 5o o )F e raw 4 (S A5 B0
) S 3 sl SIS Y Jpin) il oS i
ol oyl o A5 giig IS g gire Ol))igl;’éi olS y> a8l
Manivannan et al., ) ¢l jialS g)b xe job 4  Sis
S e o5 18 IS o 5500 adllaa 5 (2007
8l (gobdme S ald Hlad & s (S AT GRIEIL
Sy o WaSgiie,lS gaixe yialS” .(Manoharan et al., 2010)
o] Sl 55 5 JUeb (5308 bawogs T ()5 30081 S &
L 25559)18 )lado o 3l (L5 (1905 (59 (orn Ol e il
(Ben Ahmed et al., 2009) 8L, il S Sis s Gwliél
Sge phals el (S 5 & Casl ol (B iz
b S| (Bideshki ef al., 2012) 15y ol 15 155545
S| G (5l M5959)5 e ol 6y dne sl
2 SIS (51 5 atyS) Hita 1 inn Y Jpi2) 2 39
Joisina JS JsinlS 3 b JiinlS @ JiolS (P < +1-0) o
CudlS @515 g oSl (St a5 Jlite 19 (F 9 ) Jgia) 392
Bosine (P =+/-0) a3 5 JB39)1 9 b SIS lade
Sy 35 J3g)lS 4 A5959)8 Cens () Jgi2) 235
B endls (WS15 g cuiss] Jlite glcos (P < +/+)) aw
oalS el )b e jobay (s (i (T 9 ) Joi2) <85
3 s Sl Slaslie (Y Jgdo) 13,5 Sy O s (sgixe

.(Zhu et al., 2002)
(FW — DW)

aw-ow

DW <5 (59 FW ool (s (s9x0 RWC (598 alslne ;5 oS
Al oobel 09 TW 5 Sits (53

5 V.9.1 SAS ¢ Lol clajlble, 5 5l osliul Ly Laosh
o925 o9y 3l (Sl Sluslie (¢ly 505 4 355 MSTAT-C
oA 03l Mo gy daw jd (LSD) jb jme 8! J8las

RWC = 120 ©)

Sy g b

Jolowe glaaid jlde (0 ()b jme GWli8l el (Sl i

Gal53) b ol (Kt i Ll o5 (Y Jpie) 20,8
Luly s o8 351 dnlgs )36 (o melaii 5 Joloe oS (sgine
Cicer ) 5550 au,lgfA L dlayly 3 yol pl iyl Joou 1y s
o0l LiliS 55 Ndg 0005 dalge (Suis i b &S (arietinum
Ol ol 5 Joloxe clanid polie o1oS b agalge j3 a5 cul
Jeloee slanid yoolie ilidl.(Sanchez et al., 1998) cuwl assly
Ol a8 JU) Joey Kl oo ¢ Suid (A5 4 Gy )3 oS
ey dlgo cpl aranl Bpas K> oo 4 S p 5l dlge
ol oSl jgyden ored (6,500 Slhwdi b g 45y pials
Lo yil5 3l (Kameli and LoEsel, 1996) a_il o),
St i Lyl o oS Jao e b s cslod
o ylsiea, (Hoekstra and Buitink, 2001) sl o lagye
b o) ine yobods (Suid (A5 31 ) B (liBl s ol Jale
Sanchez et al., ) sl o o yo 597 )lid Lads g (¢ jeml palais
byly b cod Jolxe sladiB (ggioe cid (S oS sk lan (1998
Jos 53 s i Gl ol 8l Gl (Ss as
93 )0 39390 Joloro (slanid Hlde )8 o) Sid i cod olS
O () Jodn) cobls gy pme wgles }50S5 b cuisS]
gl ©55 GuigST 93 Jolore (ladid jlade 5 ()b gine Cglis
o=l e L el cpl &S (Y Jods) i saline &bl cabisee
by ) Joloo (sladd pood b dlail) 13 qudsST 93 2 &5
9 450 i S0 SH L o S i byl cod Jeod sl
sbaaid Jlade 5o cdlS @515 Sl 65 4 Cond
5 (S G Jolite 531 Ll el (s bistee 1 Sy Jolors
3 St s e 1315 (P < +1-0) o > cullS (51
laad lade , (P < o/ve)) o p3 cldlS (ST g oS
S5 g sl o (S (i () Jgi) g2 s e S Jolone
W S g s9me 1 e S Sue (lS
oz 39 She il od) e oy 2 Slinleil (b () Jgie)
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Table 1- Analysis of variance of soluble sugar content, proline, pigments, leaf RWC of two garlic ecotypes under different drought levels in

three planting densities.

Ol yo (usilo
Mean Squares
sad . . . Jidg IS S Mighg,l5 Comd
e a8 a b Js " § : i : S
Oy golia D e odan Judg 5 Jedgls 5 Jidgls a/b RN b5 e
S.0.V 83l . Chlorophyll Chlorophyll Total . . Ol (o
.0.V. Soluble Proline Chlorophyll Carotenoid Caroteniod/
DF a b chlorophyll . RWC
sugars a/b ratio Chlorophyll
",’“ ) 2 162.62"° 0.0006™  0.071" 0.0041" 0.109" 0.17™ 0.0156™" 0.0029° 0.51™
Replication
S 2 36407 0.0058™  0.014™ 0.0005™ 0.019™ 1.88"™ 0.0018" 0.00005™  71.94"
Drought stress
J.“ sle 4 0.92  0.0016 0.005 0.0001 0.006 1.29 0.0001 0.0002 8.24
Main Error
d 1 27.33"  0.0009" 051" 0.0888"" 1.025™" 3.21™ 0.0641"" 0.0007"  393.54™"
Ecotype
""‘:)L{ fbf‘f ns ns ns ns ns ns ns ns ns
i ) 2 1L.71%  0.0012®  0.002™ 0.0017" 0.005"™ 2.46™ 0.0003™ 0.0007™ 0.94"
Planting Density
il rb-ﬂ)‘)“—"“;‘ ns ns * * * ns ns *x ns
e 2 27.32™  0.0003 0.018 0.0026 0.031 2.46 0.0012 0.0037 25.58
Ecotype*Planting Density
GO SIS G S5 1t 00009 0.011  0.0004™  0.012" 2.81™ 0.0015™ 0.0006™  35.03"
Drought stress* Ecotype
S i Sl 5 2 21.78™  0.0002™  0.007"  0.0008™  0.009™ 2.3 0.0001™ 0.0029°  30.45™
Drought Stress* Ecotype
oS oS e Suis i
e 4 15744 0.0034™  0.013™ 0.002" 0.022" 2.34" 0.0017™ 0.0003™  20.42™
Drought Stress*Ecotype*
Planting Density
o sl 30 19.07  0.0007 0.005 0.0007 0.008 1.24 0.0007 0.0005 11.71
Sub Error
YA W RO
()bt oy 21.05 14.71 12.58 14.69 12.23 25.01 12.90 8.46 5.68
C.V(%)

P95 Y gxe =ns (P +/40) Jlois! pdaw 55 jl5 gze =5 (P o/+)) Jlais| daw )3 5 dime =s (P o/e o V) Jlais | pedaws )3 lo e =see

***=significant at P<0.001, **= significant a

t P<0.01, *=significant at P<0.05, ns= non-significant.
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Table2- Mean comparison of soluble sugar content, carotenoid and leaf RWC under different drought stress levels

Nbe Olulie
Mean Comparison

S S Jolro slanid gy, Ol (o (550

Drought stress (S5 5 03905 2 055 ko) (S5 03905 2 o5 ) (w2 52)

Soluble Sugars Carotenoid RWC

(mg.g' FW) (mg.g"' FW) ()

ETc 100% 19.18+1.9878¢c 0.20+0.0112a 62.45+1.0210a
ET¢ 80% 21.07+0.9541b 0.21+0.0120a 59.35+1.1018b
ETc 60% 21.96+1.1665a 0.19+0.0126b 58.71x1.1775b

sl g doyd gy gaw 53 I3 gime M) BB (LSD) (905l ollae g s 3 S jide By o JBlis (il (glaypuSikio

Means with as least one similar letter in each column, according to LSD test, are not significant at P<0.05.

00 35193 13 S 3 O oo (59700 9 Migiig 15 (IS Judg S bUiby ISt Judy IS oo (il Clunlile —Y Jgur
Table 3- Mean comparison of content of chlorophyll a, chlorophyll b, total chlorophyll, carotenoid and leaf RWC in two
garlic ecotypes

0eNbe Olulis
Mean Comparison
. @ Jids 5 b Uy 5 JS iy b5 Migdg,l Ol (o ggione
EcotyPe (S 5 0ijg 0 5 e (S5 iges ppSe) (S ciges oS (Sppopnes nesse)  (w0)
Chlorophyll a Chlorophyll a Total Chlorophyll Carotenoid RWC
(mg.g” FW) (mg.g" FW) (mg.g"' FW) (mg.g" FW) (%)
T‘)‘;Jo 0.646+0.0192a 0.227+0.0059a 0.872+0.0248a 0.234+0.0067a 62.87+£0.6993a
abas
TJ”Jo d 0.4514+0.0178b 0.146+0.0063b 0.597+0.0213b 0.165+0.0075b 57.47+0.8621b
orou

sl o Moy dhy aw 53 Hb dme BMS] BB (LSD) (yg0j] Gollas ¢ygiw yo y> S gdo By K il gl (glay 1 Sibie

Means with as least one common letter in each column, according to LSD test, are not significant at P<0.05.

Sl 15155 9 g1 Jrlie 1 Codi Judg IS &1 g 5 Cumad 9 IS Jadg IS b ady IS @t edg IS sgione (il Sl lio—E Jgua
Table 4- Mean comparison of content of chlorophyll a, chlorophyll b, total chlorophyll and carotenoid to chlorophyll ratio
under interaction effect of ecotype and plant density

0l Ol i

Mean Comparison

S o5 5l PRI b Jidg s i B 4 Mg, 15 Cand
Ecotype*Planting & - & = = . = = 5 03905 5 e Sk) X
Density (Ex 5 0j9pl peSds)  (Sx 5 059p8 52 esSkw) (s Judg IS
Chlorophyll a Chlorophyll a % Carotenoid/
(mg.g" FW) (mg.g” FW) Total Chlorophyll Chlorophyll
(mg.g” FW)
blcl 0.630+0.0171a 0.220+0.0062a 0.850+0.0219a 0.268+0.0046b
blc2 0.673+0.0344a 0.238+0.0091a 0.912+0.0431a 0.260+0.0057b
blc3 0.633+0.0444a 0.2224+0.0139a 0.855+0.0578a 0.278+0.0068ab
b2cl 0.488+0.0359b 0.167+£0.0101b 0.655+0.0458b 0.267+0.0089b
b2c2 0.410+0.0241c 0.142+0.0070bc 0.552+0.0301c¢ 0.299+0.0031a
b2c3 0.455+0.0288bc 0.128+0.0117¢ 0.583+0.0265bc 0.262+0.0161b

sl g Mo ydghy aws j3 )b dme BMB] 1818 (LSD) g0l Gillas (ygiw ya 1> S e By K Bl ol slaSile
bl grperie 33 iy B 5 ¥ e e Cu3lS laeS1 e €3 502 €l 5390 STy o oS8T i 4 B2 5 b1

Means with as least one common letter in each column, according to LSD test, are not significant at P<0.05.
b1,b2 (Respectively): Tabas and Toroud ecotypes. c1,c2,c3 (Respectively): planting densities of 30,40 and 50 plants per m”.
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Table 5- Mean comparison of soluble sugar content and leaf RWC under interaction effect of drought stress and plant density

s e e s e Sl ol e
S 515 *“i“b "’w Mean Comparison
Drought suress” PIANINE ™ (532 5 03y a5 o5 kel oo o (50,2) ol s 5500

sty Soluble Sugars (mg.g'1 FW) RWC (%)
alcl 15.23+2.4003b 60.48+1.8129bc
alc2 21.86+4.0991a 61.55+0.8795ab
alc3 20.45+3.5852a 65.3142.0020a
a2cl 23.80+0.4876a 61.40+1.9037ab
a2c2 20.31+2.3107ab 58.68++1.6125bc
a2c3 19.09+1.1482ab 57.97+2.2010bc
a3cl 23.07+1.9737a 59.38+2.8913bc
a3c2 22.514+2.9824a 59.71£1.8356bc
a3c3 20.31+0.5965ab 57.03+£1.2482¢

dophe ETeso )V e+ cui gy a3 g a2 @l sl oo doydzhy gaw 53 )b e BMS! 186 (LSD) (y90j] oo ¢y yo > S jdo By K s gl sloSilio

Bl o mipeyio d wigle o ¥ Fe cudlS cbapSly i a3 g2 €l g Liwd ETe o pf+ g ETe

Means with as least one similar letter in each column, according to LSD test, are not significant at P<0.05. al,a2,a3 are ETc 100%, ETc 80%, ETc 60%,
respectively and cl,c2,c3 (Respectively): planting densities of 30,40 and 50 plants per m”.

Lo asn)s Ll (Seis (5 ply )3 olS Jood 3 (el pulais
OielS gl tme yyboany O (i sgime ¢SS 15 s
Gl d gm0 LI (5 ie sg bty b CisST 5
b Jedg)lS @ Jidg S jlaie )3 39239 )b ST s 63V
J9)lS 39898 S 9 JS hdg)lS /b Jidg IS s
ol Lol s sdaliin (gl dixe s (S i baylyd cod
ol cnl 457 03,5 W3959)l8 jlade 3 (5l ine S el (Suis
Jlsd sladisS lowe Laadsso)ls ud ds] cledy Llgs o
ol i ail o (e L (0 dedo 5 (5]
J89)S D Jedo)lS @ Jidg S polie shb (5)bine &g
s dag g 395k ST b awolie 13 (g e W95 5 S
slaasd jlads o ()b pxe glas &S ol Cued] (glyls 4SS oyl
3 355555 JS JdglSd Uy lS @ Lo S cisda o Jsbno
sanlitie GogSly (S (i Jlite S cov o (s g5ine
liwly 3o CuieST 90 yo &S sl ol odimd L yol opl &S cais
9 4909 alde ;08 b (Sid Ji5 lahd cod eod dlxy]
cel (S T A plt dogi b A (S a4 o
Wl 0303,5 Sy Ol (s (gm0 g A5gg)l polie LialS
GRS pegad 4 (Suid (A5 L olS opl drelse Sl 398 o0 dpoy
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Introduction

Drought stress is the most important growth limiting factor for crop production. Sugar accumulation under
drought stress strengthens and stabilizes cell membranes and maintains the water absorption and turgid property.
Under stress conditions, proline will also maintain the turgor pressure and decreased the damages caused to plant
membrane. Although proline concentrations may have undesirable effects on plant growth, because of deflecting
photosynthetic resources to the processes that are not involved in plant growth. Chloroplasts and its pigments are
also affected by drought stress. Density is one of the factors that has a significant impact on plant growth. Garlic
is one of the edible plants which has generated considerable interest throughout human history because of its
pharmaceutical properties. This study aimed to determine the effects of drought stress and plant density on some
biochemical and physiological treats of two garlic ecotypes and determining the more resistant ecotype.

Materials and Methods

The study was carried out in 2011-2012 in a farm land at the south east of Semnan city. The experimental
layout was a split-plot factorial with a randomized complete block design in three replications. The treatments
were comprised of three factors: irrigation regimes (60%, 80% and 100% of estimated crop evapotranspiration
(ETc)) that were assigned as the main plot and the factorial combination of 3 levels of planting density (30, 40
and 50 plants. m?) and two ecotypes (Tabas and Toroud) made up the sub-plots. The water requirement was
calculated based on FAO-56 crop water requirements instruction. FAO-56 Penman-Monteith equation was used
to calculate evapotranspiration. To calculate the content of soluble sugar, proline and leaves pigment, the
samples were collected in a random way from the youngest fully expended leaves one month before the final
harvest. Relative water content was estimated by measuring dry weight, fresh weight and turgor weight. All
calculations were performed with the help of the SAS and MSTATC soft wares. The statistical significances of
mean values were assessed by analysing of variance and LSD tests at P<0.05.

Results and Discussion

Drought stress increased the content of soluble sugars significantly. As an osmotic agent, the increased
sugars, induced by water stress, was significantly correlated to osmotic adjustment and turgor maintenance. No
significant differences were observed between different ecotypes under the interaction of ecotype-irrigation
regime and this indicates that none of the ecotypes were superior in resisting drought stress by increasing soluble
sugar. The drought stress, ecotype and plant density did not have significant effect on proline content. Regarding
ecotype effects, a significant increase was observed in the content of chlorophyll a, chlorophyll 5 and total
chlorophyll in Tabas ecotype in comparison with Toroud ecotype. The carotenoids amount in the treatment of
100% ETc was significantly higher than 60% ETc treatment. Carotenoid content can be reduced due to oxidation
by active oxygen and destruction of their structure. Tabas ecotype had significantly more carotenoid content in
comparison with Toroud ecotype. Drought stress significantly reduced the RWC. The effect of water decrease in
the plant can vary from a simple turgor pressure decreasing, to severe damages which can lead to protein
crystallization. RWC was significantly higher in Tabas ecotype in comparison with Toroud ecotype. Difference
in RWC of cultivars that are under drought stress may be due to the ability of more absorption of water from soil
or ability of stomata to reduce the loss of water.

Conclusions

The soluble sugar content was increased by drought stress but proline content was not significantly changed
under drought stress. Therefore, it can be tell that in this study, the soluble sugars had more important effect on
osmoregulation and plant tolerance against drought stress rather than proline. Under drought stress, the RWC
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and carotenoid content were decreased significantly. Tabas ecotype had significantly more RWC, chlorophyll a,
chlorophyll b, total chlorophyll and carotenoid content in comparison with Toroud ecotype. A significant
difference in the amount of soluble sugars, proline, chlorophyll a, chlorophyll b, total chlorophyll, carotenoids
and RWC was not observed in two ecotypes under different irrigation levels. This study showed that both
ecotypes in order to withstand drought conditions were similar to each other and did not have advantage to other
one.

Keywords: Chlorophyll, Evapotranspiration, Irrigation, Proline, Soluble sugars
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Table 3- Effect of different treatments on some measured characteristics of tomato
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Means with the same letter show no significant differences at 5% probability level, according to Duncan's test.
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Table 4- ANOVA of yield and marketable yield of tomato affected by different treatments

goe->s GOl an s sy ogae 3,SMes  hawgie (glaogae 35Slos w3 (Logme 3 yShas

Variable df Small fruits yield  Medium fruits yield Large fruits yield

".’“ ) 2 0.03ns 0.02ns 7.94ns
Replication

oss

5 2.69%* 0.2%* 272.3%*

Treatment

olewsl

Error 10 0.32 0.01 8.86

(0\% 20.13 5.55 5.03

oy K g gy Jlein] pdaw )3 b gxe BB 3939 9 45 e BB pic odind Ll u oy i g % DS

ns, * and **: Indicates non-significant and significant at the 5 and 1% probability levels, respectively.
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Table 5- Effect of different treatments on of yield and marketable yield of tomato

JS 2,50es 1) Srogme 3 Slas bugio slaogmo 3 Slas S yd 5 ogae 3 Sl
Total yield (ton ha Small fruits yield (ton Medium fruits yield (ton Large fruits yield (ton
D) ha') ha') ha™)
2ol 75°¢ 34 3.05° 1.45°
Control
lrord 355 .
Chemical 229% 6.8° 8.9 7.2°
fertilizer
e 11.5¢ 45°¢ 454 2.5
Cow manure
ad 163°¢ 520 7.5¢ 3.6
Poultry manure
Al oS 17.4°¢ 52° 9.1% 3.1°
Waste manure
CogenS o229 20.8° 359 10.3° 7°

Vermi compost

55 gy ixe gl Moy gy Jless] grdaw 53 (S ygaj] wlaly alie Cigs clils slaySile
Means with the same letter show no significant differences at 5% probability level, according to Duncan's test.
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Figure 1- Effects of different treatments on percentage of small, medium and large fruits
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Introduction

Although using animal manures and crop residues as a traditional method for increasing soil fertility and crop
yield has a long history but Conventional agricultural systems rely on the use of chemical fertilizer due to its
immediate availability of nutrients. In many of modern agricultural systems using chemical fertilizers as a fast
and easiest way to reduce nutrient deficiency and increasing soil fertility is considered. Intensive and continuous
use of chemical fertilizers leads to decreasing the stability and sustainability of agricultural systems and also
poses major threat to environment and human health. Organic fertilizers have positive effects on physiochemical
and biological attributes of soil and could be classified in three different groups (i.e. Animal manures, green
manure and composts).Using animal manure not only increase soil fertility but also could result in increasing
infiltration, aeration and water holding capacity of soil. The main role of these fertilizers is related to physical
change in soil. Different types of composts such as municipal waste compost and vermicompost also have
similar positive effects, but usually the farmers observe the main effect of these organic fertilizers in long term.
In order to investigate the effects of different types of organic fertilizers on growth indexes, yield and yield
component of tomato (Lycopersicon sculentum L.) current experiment was conducted.

Materials and Methods

The experiment was conducted based on randomized complete block design (RCBD) with three replications
and six treatments in the research station of Shahid Beheshti University. The experimental treatments were:
Control or no fertilizer (NF), chemical fertilizer (CF), cow manure (CM), poultry manure (PM), vermicompost
(VC) and municipal waste compost (MC). Considering nitrogen concentration in all of the treatments different
amounts of these fertilizers were used based on nitrogen recommendation for the field, so in all of the treatments
the total amount of applied nitrogen was equal (ca. 150 kg ha™). Tomato seedlings were transplanted in
experimental plots when the height of seedling reached to 15-20 cm. Total amount of tomato yield calculated at
the end of growing season after four harvests. At the end of growing season by using five plants from each plot
the dry weight of shoot, plant height, number of lateral branches and the number of fruits measured. Analysis of
variance was performed using SAS and mean comparisons done by Duncan’s multiple range test (P < 0.05).

Results and Discussion

Based on results effects of experimental treatments on shoot dry matter, plant height, number of lateral
branches, number of flowers and fruits per plant and leaf area index (LAI) was significant. Using all type of
fertilizers comparing to control treatment resulted in increase shoot dry matter and the highest amount of shoot
dry matter observed in VM and CF treatments. Different treatments have significant effect on plant height and
highest amount of this trait observed in PM treatment. There was no significant difference between CM and
control treatment for plant height and number of lateral branches but the highest number of lateral branches
observed in MC treatment. The highest LAI (6.2) observed in VC and CF whereas the lowest LAI (3.3) was in
control treatment. Effect of treatments on total yield also was significant and highest amounts of yield observed
in CF (22.9 ton ha™) and VC (20.8 ton ha™") but the lowest was in control treatment (7.5 ton ha™). Treatment
effect on all of yield component except mean weight of fruit was significant and by using CF and VC the number
of flower per plant comparing to control treatment increased 143 and 129 percent respectively.

Conclusions

Although in this experiment the highest amount of crop yield obtained in CF treatment, but by replacement of
chemical fertilizer with vermicompost tomato yield decreased just about 10%, so it seems that by considering the
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University

2- Assistant Professor, Department of Agronomy and Plant Breeding, College of Agriculture, Malayer University

(*- Corresponding Author Email: majidrostami7@yahoo.com)
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environmental issues, using vermicompost instead of chemical fertilizer is justified. In all of the organic
treatments tomato fruit yield significantly was higher than control treatment so it could be concluded that organic
fertilizers directly through nutritional effects and indirectly by amending soil physical and chemical properties
could increase the yield of tomato.

Keywords: Animal manure, Compost, Economical yield, Plant nutrition
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Table 1- Analysis of variance for the effect of irrigation and nitrogen on some agronomic indices, yield and yield
components of sunflower
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Figure 1- Mean comparison for the effect of irrigation and nitrogen on plant height of sunflower (I;-I5: irrigation till

flowering, irrigation till seed formation and irrigation at total growth period, respectively and Ny-N3: 0, 60, 120 and 180 kg N
ha’!, respectively), Different letters above columns indicate significant differences at the P<0.05 level
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Table 2- Mean comparison for the effect of irrigation x nitrogen interaction on anthodium diameter, number of seed per
anthodium, grain, oil and protein yields of sunflower
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Figure 2- Mean comparison for the effect of irrigation and nitrogen on 1000 grain weight of sunflower (I;-I3: irrigation till

flowering, irrigation till seed formation and irrigation at total growth period, respectively and Ny-N3: 0, 60, 120 and 180 kg N
ha’!, respectively), Different letters above columns indicate significant differences at the P<0.05 level
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Table 3- Analysis of variance for the effect of irrigation and nitrogen on grain quality traits and agronomic nitrogen use
efficiency of sunflower
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Figure 1- Mean comparison for the effect of irrigation and nitrogen on oil percentage of sunflower seed (I;-I3: irrigation till

flowering, irrigation till seed formation and irrigation at total growth period, respectively and Ny-N3: 0, 60, 120 and 180 kg N
ha’!, respectively), Different letters above columns indicate significant differences at the P<0.05 level
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Figure 4- Mean comparison for the effect of irrigation and nitrogen on protein percentage of sunflower seed (I;-I5: irrigation

till flowering, irrigation till seed formation and irrigation at total growth period, respectively and N;-N3: 0, 60, 120 and 180
kg N ha’, respectively), Different letters above columns indicate significant differences at the P<0.05 level
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Figure 5- Mean comparison for the effect of irrigation and nitrogen on agronomic nitrogen use efficiency (I,-I;: irrigation till

flowering, irrigation till seed formation and irrigation at total growth period, respectively and N;-N3: 0, 60, 120 and 180 kg N
ha’!, respectively), Different letters above columns indicate significant differences at the P<0.05 level
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Introduction

Sunflower (Helianthus annuus L.) is one of the most important oil crops in the world. Iran is climatically
regarded as an arid and semi-arid region in the world, where the lack of precipitation and its inappropriate
distribution, high temperature and extensive evaporation makes the irrigation the main way for meeting plants
water demand. Hence, studying the effect of irrigation on agriculture is more important in arid and semi-arid
regions. In addition, nitrogen is one of the major nutrients which enhance the metabolic processes that lead to
increases in vegetative, reproductive growth and yield of crops. Due to their importance and multiple functions
in plant living processes, water and nitrogen are considered as important environmental factors affecting plants
cultivation and production. Therefore, the current study was carried out to evaluate the effect of irrigation and
nitrogen fertilizer on yield, yield components, grain quality and agronomic nitrogen use efficiency of sunflower.

Materials and Methods

Experiment was carried out as split plot based on randomized complete block design with three replications
at Bu-Ali Sina University during 2012 growing season. Irrigation (irrigation till flowering, 1rr1gat10n till seed
formation and irrigation at total growth period) and nitrogen fertilizer (0, 60, 120 and 180 kg. ha™) were assigned
in main and sub plots, respectively.

Results and Discussion

Results indicated that the effect of irrigation and nitrogen was significant on all traits. The highest plant
height, seed weight, oil percentages and agronomic nitrogen use efficiency were obtained at full irrigation
treatment. The lowest value of these traits was obtained at irrigation till flowering stage. Moreover, the highest
and the lowest protein percentages were revealed at irrigation till flowering stage and irrigation at total growth
period, respectively. Mean comparison for nitrogen levels showed that the highest plant height, seed weight and
protein percentages were achieved in treatment with180 kg N ha” and maximum agronomic nitrogen use
efficiency was obtained in the treatment of 120 kg N ha™. Effect of treatment interactions on anthodium
diameter, the number of seeds per anthodium and grain, oil and protein yields were significant. The highest

anthodium diameter, the number of seeds per anthodium, grain, oil and proteln yields was obtained under
irrigation treatment during total growth period and application of 180 kg N ha" had no significant difference
with irrigation during total growth period and application of 120 kg N ha™'. The lowest values for these traits
were revealed under irrigation treatment till flowering stage and non-application of N. Decreasing of plant height
and anthodium diameter under water and nitrogen deficiency conditions can be related to the high sensitivity of
cell division and growth to drought stress since the decrease in water potential of tissues reduced cell turgor
pressure which it was not enough to their enlargement and it led to the decrease in cell enlargement. Since
potential flower number is the factor changing seed number per anthodium which is determined particularly by
leaf expansion during vegetative growth period. Water deficit stress during growing period decreases plant
photosynthesis source and enzymatic activity by the decrease in leaf area and its shedding and then, it decreases
anthodium size and flower number per anthodium. It can be said that seed, oil and protein yields decreased under
deficit irrigation conditions due to the decrease in plant growing period, seed filling, anthodium diameter, seed
number per anthodium and 1000-seeds weight and the increase in empty seeds percentage per anthodium.
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University, Hamedan, Iran.
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Conclusions

It can be concluded that full irrigation and consumption of 120 kg N ha™ is suitable for production the
highest grain and oil yields and it improves agronomic nitrogen use efficiency in sunflower cultivation.

Keywords: Chemical fertilizer, Growth, Oil percent, Oil seed, Protein percent, Irrigation water management
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Table 1- Chemical and physical characteristics of soil for experimental site

Soil ?l;’til;z::le P Potassium PH EC ocC OM
texture (ppm) (PPM) (PPM) (dS m™) (%) (%)
g
Sandy 65.4 66.7 356 7.92 7.86 1.32 2.28

loam

it (sadsS il Cod gladdss J5 Sullo abgle CupheS (a0 0Ska) (il jlg 42525 -Y Jga
Table 2- Analysis of variance (mean squares) for qualitative properties of grain Vicia villosa Roth forage

Olayyo (el
c s s yles
e le TP G nben i St i’wtif e
o Sh AR S NDF  ADF  Swéob ol o2 Suds

(Source of & (Crude 0) i

o : (ash) (Dry matter  (Organic (Yield
variation) (df) protein) Jryn " ¢ matter 1e

digestibility) digestibility) dry)

JIow]
(Treatment) 5 10.87"" 0.38™ 10.09™  13.58™ 68.22" 49.86 " 12614.7™
(\s) Error 12 0.64 0.47 36. 43 5.8 3.35 14.33 980/1

Loy Dy 9 oyd Sy e )0 HId e BB D939 cad iy 3 g iyl gme BMB] 393 pic NS
ns, *, **: non-significant, significant at p = 0.05 and p = 0.01, respectively
OB epomgi ply gl &5 ab pasuie (6,505 (ialejl 32012 PL gy

Aty yhgiy p> Slid oS o slags S loj) 9 1yeSee
335 (o (g Coled )3 9 OJ9r 9 shed ol il el
(Toro., 1998)
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sl (10 )2 VV/0A)
039 Ole 9 (Sas S 3y90 )3 dlols s 4 g L
O A a2y L (pizen g il lajles (g (LS 050
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395 392y (slaylass &S 3905 SVl (i (lgiee bl (g
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oy oyt uSan Olise 293 U3 Lo )3 (958 plly (conl)3
Ol 4S8 Ciwl oad i)l3 S (Zeidan et al., 2001) wsl o
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Figure 1- Changes in crude protein of Vicia villosa Roth plant as affected by different fertilizers
(Common letter on the columns indicate no significant difference between treatments at the 5% level probability)
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Figure 2- Changes ash of Vicia villosa Roth plant as affected by different fertilizers
(Common letter on the columns indicate no significant difference between treatments at the 5% level probability)
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Figure 3- Changes NDF of Vicia villosa Roth plant as affected by different fertilizers
(Common letter on the columns indicate no significant difference between treatments at the 5% level probability)
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Figure 4- Changes ADF of Vicia villosa Roth plant as affected by different fertilizers
(Common letter on the columns indicate no significant difference between treatments at the 5% level probability)
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Figure 5- Changes dry-matter digestibility of Vicia villosa Roth plant as affected by different fertilizers
(Common letter on the columns indicate no significant difference between treatments at the 5% level probability)
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Figure 6- Changes organic-matter digestibility of Vicia villosa Roth plant as affected by different fertilizers
(Common letter on the columns indicate no significant difference between treatments at the 5% level probability)
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Figure 7- Changes yield dry of Vicia villosa Roth plant as affected by different fertilizers
(Common letter on the columns indicate no significant difference between treatments at the 5% level probability)
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Introduction

Fertilizer management plays an important role in successful crop production. The biological fertilizers have
been suggested not only to elimination or significant reduction of chemical fertilizer dependency but also
increase of soil fertility and improvement of crop yield and quality.

Materials and Methods

This experiment was conducted in a completely randomized design with three replications at the Research
Greenhouse of Ferdowsi University of Mashhad. The experimental treatments included 1- mycorrhizae
arbuscular (Glomus mosseae), 2- mycorrhizae arbuscular (Glomus mosseae) + vermicompost (M+V), 3-
mycorrhizae + nitroxein (included bacteria Azospirillum sp. and Azotobacter sp.) (M+N), 4- mycorrhizae
arbuscular + Rhizobium (R. legominuzarum) (M+R), 5-mycorrhizae arbuscular + NPK Chemical fertilizer (40-
40-20) (M+NPK) and 6- Control (without fertilizer, C). In bio-fertilizer treatments, seeds were inoculated by
mycorrhizae and Rhizobium immediately before planting, according the standard conditions and company
recommendations. Chemical fertilizer and vermicompost were applied directly into the soil. The first irrigation
was done immediately after planting and an additional irrigation was also done 4 days after planting to improve
the seedling emergence. Subsequent irrigations were conducted at 10-days interval. Forage samples were
collected at stage of 10% open bud. The samples were oven-dried in 70°C for 48 h and then weighed before
being ground to pass through a 1-mm sieve. Both chemical analysis and in vitro digestibility assessments were
performed in triplicate. Crud protein (CP), Ash, neutral detergent fiber (NDF) and acid detergent fiber (ADF)
content of forages were measured by standard methods. An in vitro gas production method was conducted to
determine the dry matter (DM) and organic matter (OM) digestibility. All data were subjected to ANOVA using
the GLM procedure of SAS (SAS 9.1) and means were compared by using LSD-test at 5% probability level.

Results and Discussion

The results showed that in vitro DM digestibility was significantly (P < 0.5) affected by experimental
treatments. The highest in vitro digestibility of dry matter (73.44%) was observed in the combination of Nitroxin
bio-fertilizer and mycorrhiza whereas forages in mycorrhiza + NPK treatment had lowest (67.39%) in vitro DM
digestibility. However, experimental treatments had a trend to significant (1.0 > P > 0.5) effect on in vitro
organic matter digestibility. The highest and the lowest in vitro OM digestibility values were observed in the
Rhizobium + mycorrhiza (77.86%) and control (66.48%), respectively. Similarly, the results of previous studies
indicated that forage quality significantly improved by inoculation with mycorrhizal fungi fertilizer in
comparison with control. There was a significant difference between experimental treatments for percentage of
crude protein. All fertilizer treatments increased CP content of forages as compared to that control. The effect of
M, M + V and M+NPK treatments on CP was similar and the highest CP was associated to M + These effects of
fertilizer treatments may be related to increasing the nitrogen fixation and absorption capacity of plant. Although
a negative correlation has been reported between CP and fiber content of forages, the results of our study showed
a low non-significant impact of fertilizer treatments on fiber content of forage expressed as NDA and ADF.
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Moreover, the percentage of Ash for all fertilizer treatments was similar to control, except for Rhizobium +
mycorrhiza treatment that showed a higher significant Ash content than control. In this experiment, a significant
effect of fertilizer treatments was also observed for dry matter yield of forage. In comparison with control, the
combination of mycorrhizal and Rhizobium increased forage dry matter yield by 37.89%. These results are in
agreement with.

Conclusions

The use of biological and organic fertilizers improves availability of nutrients for plant without negative
impact on soil and environment. In the present study, we showed an increase in qualitative and quantitative
characteristics of Vicia villosa Roth forage by bio-fertilizers application under greenhouse condition. However, a
combination of mycorrhiza and Rhizobium had the highest positive impact on forage yield and quality of Vicia
villosa Roth. Further studies may be need to evaluation of the effects of these bio-fertilizers and/or their
combinations with other organic and chemical fertilizer on specific crops and conditions.

Keywords: Dry matter digestibility, Organic matter digestibility, Mycorrhizae arbuscular, Rhizobium,
Vermicompost
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Table 1-The soil physical properties
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Table 3- Some relevant crop parameters used in CropSyst model for Rice simulation
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&b D g9y gy 42 Begin grain filling 1300  C°-days
SSelor b (S G 4y Physiological maturity 1900  C°-days
al gled Temperature Basic 12 c°
39 i G pd Coefficient nitrogen absorption 1.12 -

IFAY 9 VYAY U jd (Sl g ailg) glod w8l e gyl O pdlio—€ Joua
Table4-Amounts Water Irrigation and Precipitation and Evaporation and Max Temperature in the 2013 and 2014

Bl yray YAy
Treatments 2013 2014

e . Slod S 1as (Sl .. ... . slod Sl (1Sle .. - .

Ojere Sk s Sl Skl ol e SayL Sk

29 290
N“; oge lrr igatio Max T E P 1 Max T E P 1
N, 804 744
N, J 801 724
N3 ! 789 712
N, 759 732
N, 726 701
N, . 28 312 59 741 27 291 79 703
N; 2 746 701
N, 746 707
N, 419 469
N, I 459 459
N; 496 461
N, 466 429
WPgr=Y/ET (v) WP=Y/T *)
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Figurel- a,b:Amounts observed and simulated grain yield and line 1: 1 for plant rice in year 2014 ,2013
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Figure 2- a,b: Amounts observed and simulated LAI and line 1: 1 for plant rice in year 2014 ,2013
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Table 4- Results crop parameters in cropsyst model for rice simulated in year 2013 and 2014

2lS el )b Plant Parameter Jle EF CrMm T test RMSE , RMSE R?
Soiedam 3,Slas Biology Yield(Kg/h) 0.98 0.06 0.13 9 1264 0.77
il Slas Grain Yieldxgn) 0.89 -0.02 0.32 7 461 0.73

Sy ow 23ls @Shis LAI 1392 0.22 0.2 0.04 29 1 0.58
oAd e e Absorb N(Kg/h) 0.75 -0.2 0.02 27 37 0.77
So3dam 0 ySles Biology Yield(Kg/h) 0.80 -0.04 0.27 10 1219 0.82
il Slas Grain Yieldxgn) 0.87 -0.14 0.03 15 847 0.84
oS e e LAI 1393 0.38 -0.7 0.02 68 82 0.82
Sy ow 23l @Shs Absorb N(Kg/h) 0.80 -0.2 0.1 23 0.8 0.73

08 Jlay slos Slasye Sk adyy RMSE, dlas clayyo :5iko ady) RMSE s cilagyo 5o i Crag « 0 (£5:50)01 polio (5 Sile s Ttest
cJve S EF. s (s :R2
T test:Test Amounts measured the mean Cgy, :Coefficient of residual mass RMSE :Root mean square error RMSE ,, :Root mean

square error.Normalized R2 :coefficient of determination EF :Efficiency of Model.
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Figure 3- a, b.: Amounts simulated grain yield by cropsyst model in levels N & R in year 2013 and 2014
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Figure 4- a, b.: Amounts simulated LAI by cropsyst model in levels N & R in year 2013 and 2014
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Table 6- Amounts simulated grain yieldandwater productivity via cropsyst model in year 2013 and 2014.

o (gjlwdnnd oyl

. 9y

B lous 1 89054 Sl Sl $y% . &ls 5,5
B
039 7 Gkl Jw  (WPrgr) WPgr (WPy)

Nitrogen Irrigation  Year Water Productivity (kg/ mz) Prezg?lon Irr(lfli: ;on Trarzirl’:snon ET (mm) Yigfi?gg/h)
N, 0.61 0.94 1.53 79 744 330 537 5053.8
N, s 0.81 1.11 1.87 79 724 350 586 6533.6
N; ! 0.83 1.19 1.88 79 712 347 550 6525.6
N, 0.86 1.28 1.92 79 732 363 544 6953.6
N, 0.68 1.08 1.55 79 701 340 487 52733
N, . 0.77 1.21 1.82 79 703 329 495 6001
N; 2 0.88 1.37 1.79 79 701 382 498 6825.9
N, 1392 0.91 154 1.86 79 707 385 464 7163.1
N, 0.92 1.17 1.86 79 469 270 429 5024
N, s 1.19 1.44 2.35 79 459 273 444 6405
N; ! 1.38 1.73 2.51 79 461 297 431 7466
N, 1.42 1.47 2.18 79 429 331 431 7213
N, 0.56 VES 1.48 59 804 330 533 4867
N, s 0.77 \TARS 1.63 59 801 407 586 6622.6
N; ! 0.78 \/Y 1.91 59 789 347 550 6614.6
Ny 0.79 VXY 1.86 59 759 360 544 6705
N, 0.67 Vits 1.65 59 726 319 550 5276.3
N, . 0.9 /Y 2 59 741 362 551 7225.1
N; 2 1393 0.9 VY 1.9 59 746 382 493 7266
N, 0.87 /¥4 1.94 59 746 360 502 6966.8
N, 1.05 /Y 1.86 59 419 271 518 5030.1
N, ; 1.2 V/FA 2.03 59 459 318 436 6470
N; 3 1.27 V/¥ 2.8 59 496 251 439 7040.4
N, 1.3 \Vids 2.1 59 466 330 429 7140

(ke p,5ols N4=150 §N3=120 ¢N2=90 9 N1=0) ;59,25 365 9 (I3= 50, A )3 do= jo, & > dj= b 0B,e) (o)L ,90
Irrigation(I;-Continuously flooded. I,-5perday.J;- 8 per day)and N fertilizer(N1=0 ,N2=90, N3=120, N4=150 Kg ha™)
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Introduction

Water consumption improvement in agriculture is very important compare with other sections. Because of
existing complexity in production and exploitation processes and optimized application of irrigation water and
nitrogen especially in dry and semi-dry areas facing with water constraint is an important goal in this field. Yield
gap analysis can help to identify how much yield increase can be expected without examine the actual nutrient
and water limitations. Application of crop growth models is one of those effective methods to reach these goals.
CropSyst is a simulation model for a variety of crops such as rice to enable us through calculations of data
statistics regarding situation of water, weather, soil, management system, and plant genetic to get the correct
results. CropSyst has been developed during the last 15 years into a multi-crop, multi-year simulation model and
can connect to GIS software consisting programs of CropSyst cultivation simulator system, reconstruction of
meteorological data (ClimGen), GIS connection program (ArcCs), watershed model, and several other useful
programs.

Materials and Methods

In order to evaluate the effect of nitrogen fertilizer and irrigation on growth and yield of rice this study was
conducted at the rice research institute of Iran, located in Rasht. To simulate the response function a split plot
experiment as a randomized complete block design with three replications was conducted with three irrigation
treatments (continuous, around 5and 8 days) as the main factor and the amount of nitrogen in four levels (0, 90,
120 and150kg N ha" Source of urea) as sub-factor. Version 3 of CropSyst was used in this study.To run the
model four sets of data are required as input, including files location, soil, and plant management. Definition,
application and all the required parameters of the model and parameter ranges is stated in the model manual.

Results and Discussion

The model validations were based on the comparison between simulated and observed data for all treatments
other than those used in model calibration. Results of the evaluation showed that CropSyst model with regard to
RMSE, 7, 15 percent and R? 0.73, 0. 84 To simulate the yield seed rice and also with regard to RMSE, 9, 10
Percent accuracy of simulations appropriate.The results of the simulation based on the amount of transpiration
water productivity for both years showed that N, and I3N; treatments had the highest amount. The results
showed to simulated based on the amount of water and rain water productivity for both years showed that
treatmentlsN,and ;N3 had the highest amount. The amount of evaporation in irrigation water management two-
year periodonly39% of evapotranspiration is evaporated, While the amount of intermittent irrigation
management 5 and 8days, respectively, 35% and 32% respectively. The nitrogen fertilizer management control,
90, 120, 150kg ha, respectively, 39%and 34%, 35% and 32% of the evapotranspiration just evaporates.

Conclusions

In the present study, the CropSyst model was calibrated, validated, and used as a tool to estimate
climatically-driven potential yield, yield production and water balance components of rice under a range of N
fertilizer and water regimes in a humid region of Iran.

CropSyst can be applied for simulation the effect of N and water management on growth, yield and water
productivity of wheat under Iranian subtropical conditions.

Keywords: Intermittent irrigation, Management water and nitrogen, Simulation, Rice, Water productivity

1- PhD Student, Department of Agronomy and Plant Breeding, Tabriz Branch, Islamic Azad University, Tabriz, Iran

2- Associate Professor, Department of Agronomy and Plant Breeding, Tabriz Branch, Islamic Azad University, Tabriz,
Iran

3- Associate Professor, Department of Agronomy, Islamic Azad University, Lahijan Branch, Iran

4- Associate Professor, Department of Agronomy and Plant Breeding, Islamic Azad University, Karaj Branch, Iran

5- Professor, Department of Agronomy and Plant Breeding, Tabriz Branch, Islamic Azad University, Tabriz, Iran

(*- Corresponding Author Email: Mirshekari@iaut.ac.ir)



Iranian Journal of Field Crops Research
Vol. 14, No. 4, Winter. 2017, p. 723-734

i

010! =y Sl gy 4yl
YYY-VYF .o AFAD Gl F oylods OF ale

Cot Lgw (A5 9 08 Oluwogad 1 Saludlwirw! 5 5, b Jsloxo 4l
e bl

i = . Yy ae .. #) . ..
2B e - planily ;e -7 )5 i
WWAR/ /Y 3l s

LXVCES

380ae Lol bl puizes 4> 0y 9 89y 2o 3 Sebpuallutsl cilio j0lio 5 (5, (oAl slome ol 15 31 ) yoliaton,

Jl 93 i) il (5,58 £ 3 S5 o b (3ol o oS5k 2 B 55 oS Tlnl Sty palofl dego (555 5 555
5 hol Jole lgisar (A (oS po5ed St Sl s yio ol Vg #0) oo 99 )3 )lel sloylogs Jold (otalojl slo ol a3 2l WYAY
2 Vil S er/0 jho e aw 3 Sledlospul (9098 9 (Spas ibras pic) gy pais (Shlglre S 5 ) ol (258 Jole
5,8las g CuisS 3 ool gy i 4 g yebody 138,83 it lol olnylos pS Tl ot ¢ oy 090 Sl oS Bl LS gl A 48,8 L
25U @Sl an Jolite @l cudly (g8 g b e (Siured o 5 o) 2,5des b aly 3, Sles Dy pidgratie 03 i (clacs,S y 4l
Nooibo0 g 9y (b Jsdome A (555 5 (Eg) a3, Shos (li 8l cans 155 (e GRIBIL 9) Brae 5 Sl
508l b i 31,0 0 ySlas ialS Sldlodiwl 5 (595 353)5 b caoome ;3 .000,5 dild 1 Bgy 5 19y o> (il 8] o Sl sl

Ol S L)l da g 1 o glae pl slaJlu 3 )]
el ols 5§l ol alod Lgw .ol Cuenl Pl> Jpame
3 slogzg Jolya 33 2 Cumdg & At g 390 Slia oIS 45
#6208 o] kS g CanS ol 155 009 094 355 (5sid
slagy sl ) e ol Jlasl 4yl cpl ele 355 00 51,8
GRS ke lped (Suid L cul ab (A4S Olas oS S
S YL gsd YU Ol mdanyn g (0 b el Jaoxe
5 235 S 3ty dn ol 5 SB (gdko dlse oS g d
(Wilkinson and Davies, 2010) cul bls)l > cow

F S glyedn oS 40is )3 BraenS polic jl ool
il S an placws 93, Shos g S slagshy)
S polie ol (Bl Jglxe canl grkae (25 GlalS 53 ()90 0
dgdioe Dgma yh (S g (o8 3)Slos o)) e cunlia by,
sl S i pln 3 bgw Coglie (13 YUy 3 &5 (SlasgS &
<59, (Ghasemian et al., 2010) s dbo Ol 39S Al
025 JLsd g 09 s ) &S 039 BpaenS polis I (S
3 blo w3l cpiiy sl g )b |y Lol i 3]

Lol liel ]y b cuas
Clale ey eSO i g lS g3l

doddlo
4SS cul Ay LS (Glycine max L)) ole pU b g
(e Mo pd e YL g &l gy Mo 2YAL Y. el Joa
P g 30 Gy Gl (p Fere g 435 )5 edlitul 390
Sgd s oS pldy axgi b .(Soja, 2011) 35y o jladids ylas yuol s
ool SIyly 3a)b 51598 JBh 59, (4l CByas duo )20
=Eg) ladsl CuiS drwgl Cas 32850 g (4540l p dgd o
Asadi and Faraji, ) couwl ()9, dilais 2 13 bow (ogadd
=) el ) diadyl peg)y olS S laicds bgw cuis (2009

el a1 oBisly ol p 3 sl ceelyj 09,8 b ol )8 (ggmmitils =)

obel ol g5

dige «(§5y98S gy g gl Wliind lojlu ele s gute ¥

oS od g Jb 4 9 ol Clisios

ST ol isly bl p 3 aly wxely; 09,8 (oly; alS (o59lerjub Lokl =Y

el AUl p 5 ol

(Email: zareiz98@yahoo.com s 0k g %)
DOI: 10.22067/gsc.v14i14.46637



IWAD ians F o)l AF alr ) o815 Seiobsly arpis VY

9 ooV e e pulidlgn Lol (ol adlaie &yl g s
oS8 sy LS4 el )b bl o 31,5l 42 )2\ V/D
oialel Pl oee (e 03 L2l )15 slaz o o 55 Ml
Cog 93 3 Ly 03) 3 1Nl )3 039y il & jgods LB Jlo a5
Pl ) o3zl g 5 43635 S o 33305 S
bls jlgrb glal dowe SB Clogad fusd caa 085
dostr (o) Wiges (s te Bl U jho Bes )3 4s)je il
9 029) (b0 395 (e «SB (pgeil s 8L Iy el
O el 1 B LS )3 p S slSN e g 00 lind g
09 S0P s gy Sl asdieg polis Gy g 4 2L
gy ado e 3 (place S2) bgw olS Slw a4 ol ke
ol 03005 7,0 ) Jgdo 55 o) gl a5 15,3 eslinul

ks jlae Jols ctlofl 08 50 9 SN ol S5 o
s 0 Laca, dlol g wib ad)S Hla > e gy Jsb 4 cusls
o ol dg i pae jylaioas Lol 39 yio Bl B &S
e Bas 53 jod 43S dnsi Alols e gy 290> 503 Sla S
Aol > culS aud cusS bardy (55 2 Cowd b el
Loy S JSis jolatody a3 plol (5)5p e ©jg0d; oloshy 5
pynoiy xS L ol Sl o8 ok cada) ) 59k Co
plsl cls’ lles plast gy ()bl (gl 005 il poSiinyls
Pl Olie 9 4e)5e S92 Cundg d A Ly s A
1ol Gillas (i jler 05 S Ao jo U s sl
St ol 1 s okl Ve b 2leS o g 0 ploc]
ol g 3 Glie 9y o cnlple A8 Jlesl A (WSl s
ool day o Lo 5o &S Sl g dpwlone Suts 4 adlsl Ol
wald glas S sl b 9L Sypocpty S pll dald e
CitS 4 ang L b pbl 6)ll Cog 6 i o S
s sl bl Pl o Jgbo )3 el Juad )3 Jguao
LY Jgds 55 Gialel slpl oo (oleago] cleMbl . cusly
ol 0445

F oy @ypots jmslacile b oj)le wlS 15) 0)90 Jsbo 5
O jglalods a3 ploxl Cugh dw > (2ASL (S VY ol
(K5 4y 1 Syt 5 el (i 5o ) ol 15
(Brmae g Byae pic) gg) pais (25 I JS 035 Jlals
) LS )LsSe o ) S e b g (il Jole gy
oS b a4 Sebudlospl (284 Bk 5l LS (23l
Moo lo o o/ clale 53 b sty )15 )8 slaw )
g Lo o5 43 ST aali lyieas jho 5 Silloyl (mM)
B Opgme (b gdoe (i Jlael loj 3 9 53 9 (25
bs 9o Bl (el Sjglonfid (Swms) dloye 3 by Sldas
85 plnil @y pio oz 3gi Colus )L

Joos 55588 lyicas STy g s jg)amacl ]
Ayad ) mles o cladls 6 acawMyg IS 5l cpl p 0gMe A o
2 Loy paie S5 SB ooy e JialS L (et al., 2010
yobodn oS sy Ad) Codgazme 4 dxgi b g 4l el S
ks .(Bagci et al., 2007) 35 0 43lss 59y 2908 L aclie
5 ol bl 5l o)l )3 69y 3988 &5 ol ] 5 (S lllas
L Siddog 3blio o a1 glosl jl glos il cals jo
e 3 o & BSE L (g F 3blis ¢ Sal class
Akay, ) 25 o 0dliio 5 iy b 8L b S g it Iga
2 &9y 20,8 Yasari et al, 2012 slaaisl, 4 4545 L (2011
5 45 89y Jlde 9 Aoy p e Sl otk Jobre 5 S
5 e 3 e slagialejl s 25 Lgw Jguaime g2
Bybordi et al., 2010) 1l 0 3,Slos p (55, b ol Coto
.(Chandra et al., 2009 ;

sl 33 By ©ogod 10y broslisS udals jl oxlil
Sebalos ol s ol 03g) e i BT jgalS (5 3,150
Lot 3l syl BT S 5 o] & drly LS 5 5 (SA)
Ll i J(Hayat ef al., 2007) cowl oads coli o
ey oz JBS g o Gl (Sl olS Al Sl
50 090 sy 5 (2AS Jbo)IS ke (g1, Colin rigtd
SA 5,8 5l usy Ll (Belkhadi et al., 2010) 5 )38
o (Drazic et al., 2005) Lsw (Azimi et al., 2013) pa5
Cuto il .Cuol 033,5 sanlis (Farahbakhsh er al., 2011) <>
38 s g G5 llpd cod iliee lalS ) Sl sl
$Ulje 4y o5 b .ol i )13 Popova et al., 2009 lawgs
@laidl ang (55 bl )3 (ol (g auiees 5 Glol eyt
Aoy jd 05sdn Nl LSoly S leieday Wil o5 0,
23,5 golae (G89) QLS (ogad )3 5jyliS (ng syl
bis g Byme JlalS' L cutS (508 cue ba)lSel; (o
(N goae 3Shac 0138 S )5S6 (vt lyear o e
Pl pimgly 11l IS 15 olS sy sl b ples Loy
5, Sbee p Sdowdlodpwl alises p3lis g g9y Slyil s
bl 50 g 0 (g 5 ) 3)8dae b o bl 5 &b
A 1yl oS

L g, 9 319
Obwl (65,9ltS ELy 3 WY Jlaw sl 5 gy ol
sl Jome (pldlia sk a8 Laloble s el ) @ly ol
g AoV SLblus oy 3y 5 aidoVey andFA il
S lawgie g VWY Ljs o | glasyl g (Jloud adBoY.



yYod

L cian a0 (uSg 9 089y Olie s Sejhsl s
5 el oS g aluS g slolKiws

) e ouialojl )5 a3l )y ooy o Sl b)) cax

g oy o 53 &b o) oS Slao § Sl bolas jeba

8 2l )90 4> (95 9 9y Oliee) (BS 9 (a1 5 Ses

oialejl Jore S o bond 9 (S jud ©laduuiio - Jgua
Table 1- Physical and chemical properties of soil experimental site

SB el SB Ayl C4Zn Mn K__°? Sal  SeScgle i s
Soil texture PH (ppm) Lime (%) EC(mmoscm®) 0.C (%)
e £ 7.9 1.3 1.1 7.5 295 4.8 28.2 0.59 1.19

Clay loam
Ul AY Jls (6558 o] (qulinilyn ol =Y Jpaz
Table 2- Meteorological data of the agricultre Khorramabad station in 2013
413 Co E]KEN Co 2Slas
lo3 JBlas lo3 yiSTas o 90 “Le 1905 ’5 5 e
ook (o o
Month slo
. Precipit .
Mintemp /. femp("C)  ation  Min.RH (%)  MaxRH (%) FYaporatio
(§9) n (mm)
(mm)
Jun. sbys 14.07 34.27 0 8.87 46.483 8.9
Jul. » 18.522 40.483 0 6.645 36.58 11.767
Aug. 350 17.638 39.309 0 7.255 40.387 11.612
Sep. 99 14.07 36.47 0 7.161 42.419 7.854
Oct. Ao 8.006 29.853 0 9.066 47.3 8.9

Iy Oilidl cpl a8 1 )5 sdalie (1ald Hlog 4 Cumd 1o )dYY/F)
DT 08l S S50 ke (5t dlge W 4 ol e
L oS« JolS (o lol Laslps 5 ol s SA (galiwgas S
A5 5 gy SMapli] s oo bl IS 5] 5550
2 548 o A 1) BME Dlusi (1 5 i (6 Fiawesd dlgo Cuwlio
S5 2 5 3980 Jolo gl ol 35 8l o s e
Imam and ) 55 3 o 45l g B Do ialS ccely Lis
od il Lo J5 5l B3y (IS Li5 > (Zavareh, 2005
a5l s adyy g drwss (glp (BB Cljamgs S cdl > 4 3840
5 ol syl b a8 34500 yieS &l slasi ol g i simlyso
5,8 3,y cdllas Mastrodomenico ef al., 2013 iolajl
shoby Lioli 8l s 2 VO/A dgis mye yio )0 1y Lgw aild sluss ¢ g3,
e 03,8 8y 03,5 Ayl (g Jiiw 3 (59, paits &Sl
Morshedi and ) 355 o a5b JSis o (Slidled )5 iul58l 4
Sl asb slis p Sladluswl (b Jsloxe .(Naghibi, 2004
clale ;3 SYYVF/ AL ke (o 5t (i Jlesl b g ansliS

Voo leoe/d clale islhas g)lol )35 Jols Ve Lo 5

37Skos 3 of s ol 51l (29) 0y (e 5l e
A A wbre LS (0 p 58 LS Cuns p dil (64, 3 Slas il
hoslawl b odly i dpuloee a5 peadddy 35 (g y 3 ySlos
Oge5l 3 oaliil L b pSile g osd 4555 SAS (g lol ,l3le 5
A wbro gly B0d dunlie doyd g paw jo SSb (glaebais
. 03zl MSTAT-C lidle s 5l Sissers o o

Sy g b

b ) giae (B9 3Slae 2 i ples l (s)lul b

S92 I gime 028 (5 pSojlal Clas ples p Sebdlosed 5 (55, S
ol o )3 D Gxe M dgng WSy ¢y Y ime pl &S
DS w iy b gine il Cov mpeyio 5 ail sl (¥ gds) cul
S @9y bes Al ke 285 518 SA 5 o)
Sy o b g sl 3la @ yopio 1 AVAVA/D L SA Yo Juo
(Fdsn) <5 8 aelito )bl 09,5 1> SA Voo Joor /D 5
Moo 105 55y (3 slxe cogllae yll bl )3
ad L as cdb ) glie cp YL SbYWY/F L Slowdlo sl

(i Il )3 a8 Jhee p Cul dtihy (g)b pxe BB Zolaw



IWAB limo) F oyled IF alr coll (25 Slbebgzy 4pds  VYP

o o ool Gliel L ials s pes 4 el w5 Slas
(¥ Jpi) 352 5813 50 35 s > Shac
38 3 oy e (ke SA 5 55y hlite Sl )
53 el G Ao dOVEIVY lieds SA Ygo Lot/ g (¢4,
09)5 Sy 3 s)lel il (g9 ol SA Yo Lo S clale
9 SA Voo doo [0 wlaw iiSmny )3 (7 Jou2) 28)5 )3
2 OFgy e Sl gy (iS5 Jlop Laulyd 93 8 3 (s,
Ot 4 4l 44 Gilil el SA Ll bl agi il
S 9 03 asbgw dlox I (29 ol a (&S (Shy
Juo OYOINY e & Sidillosnnl jY 50 Jior /0 clale 5 lude
s )8 g)lel 09,5 o )3 SA St cbale b g b s
9 203V (gngby (5 pae balpd )3 SA Vg0 it /0 5,8
=l Je 3l G ] g oliee 2o g GBS Ly 3
Oy Ol 2 raitee GRIBI Gage 2o DYOINY ke L (55,
Banks, 20045 U gl cpl a8 (¥ Jgds) cul oads &l
Sleoliss cdlad 5l 658 sls el (g9) 0508 )b cillas
@ 03,8 g b Slylud 4 joie g osd colaST 5T slas 5
Cel Wlgos (59) mais 39S ) cpl Sl 2980 (s sLis
ol iyl8 .( Yilmaz ef al., 1997) d4i 4y (9; (l5me Lials
il 5,Slos o ) dVA sald b duslis )3 (g9, (bl Jsloxe oS
Amd e lalidl]) Al (g hopd GBS g () Olise 2oyt
op=ieS o6yl slajles ;> .(Morshedi and Naghibi, 2004)
(YJedn) cush Bl i jlas 4 (o dVF/Y) ab g, olise
Lo by gy dmoyd g G5 ]y (g dop> (Sid 35 gBly
Amd e Il (A gi2) o9y 2o b (e (Siuson & a2y
Bouchereau .ail o oLS Sty ;3 g Jdoay clls oyl as
P UM cledy Cadl (Son yol ol S wiils Hblet al., 1996
b il 4 Mol J51 & conl 5,0 (Splie slann] )
2 o) Moy yhals s woby o) 55 Zahedi et al., 2009
ddome Jil g jrgs Gials Jdse obj Jles! 4 (Sis
Aoy Eslam et al., 2010 jisLojl 1> 4 Sy90 5 .Conl 039
2 8528 L8y 5 St 1 586 cos wb oég,
o=l 90,5 oo 1y aiulbl g,y 4 g, oy (JolS (o5l
SLaShy o ool (Stumed culpd 29 bz & il
Eyoyio > aib ol b gy doyd a8 Wdhy LS w390
b oYL (Siuen (r=o/VoF**) ashy s Slee g (r=o/va\**)
(5 Ly > 53535 5 SA GBIl S ) s (A 522)
g 00l ol 51 Laas Lol ey (o )3 1y (g35mo gy (€9, 3 Slas
L s o)lsl a8 565 clod sy gxe (695 0 (sl (S enp
s yonie Sl Jp 2Bl inlS s, 2oy SA il
Sediclosnnl oS Bpno b cplply s (84, 5,Slas ials

L SA Yo lo G cbale ¢ oS £439 L g (sou0 )2V B3I L
owlyls 1y aby sl wSlis sald & Cuns (g0 )dYY B3
ash ol i baly b Sl wdlwal (51581 L (ol ol
g aald jlas b anlie ) dlge balyd 4 cand (650
Jad Job )3 a5 1) 5 Sdes ialS 59y 20) (B 532) 2950
aage balyd 3 5 At e 29 dpaen b sl Sl
bulyd 1 (S 53 p)S sV ¥O/) (g 5t 4l 3 Slae il oy
il g (galS cinge (g9) d9eS A el |y
90> Sas o] ublato 45 0ud (g 5 Jslme Gl aimg: S
ol s (Efe and Yarpuz, 2011) b o sialS 35 il cuas
odlawl Wl yLis 45 Pable and Patil, 2011 gleasl L jiag}
33,5 (0 g oS 53 s 3o (133l e (59 paic
A Caus a3 Slas a0y ialS Cago 5.0y cisllas
o olge b o Sles (alS ] (FJa2) 43 Cgllas ()l
Jdoas Yl aS sl Caus 0LS 3 (gjlwosle g jiiwgid ials
Sy il adl Jisl plie dlge o S5l Ll jolie Cls ials
oy LS 5L 039 Ol D98 55 (slasely 45 s 4
A5y ialS Bl O Gl g (lasjey colia lie oop S puadgrlio
Seid i bl 3 )0, Slee ialS )5 3 belgs Sl ety
3 Kobraee and Shamsi, 2012.(Liu ez al., 2004) 1.5l 0
o baly s g0 L 4l 3,Sles (500 ,20Y/¥ B VY tals

48 adnd ) cpinpd Aiah lo 095 Ghagh o ) (Sas
ash 5 Sles g udy Lials 8)S &yaw Mak et al., 2014 lawgs

L ol (JolS ()bl 55 ais osmlie (Siis Loyl )3 Lgw ylalS
ash oy Sloe Cunl diuiles @yoyio jd &ld ol iy (615,63
Yoz 45 wles adgi |y 55 (035 balyd §1 St 1Y)
g e yolie 4 olS wyiwd Colild (5 Yo Ay 09 cleay
G ye il 0 3 Slae Ll s 2 5 ot i
38es 29 9o i G5 Lyl )3 ogadd Sl sl
S g 4 bgpye caly g3 o 3 b 3,Slas 5 43
Ol by SAcute 5 0SSy 205 il g SA V5o Lo
El-Tayeb, 2005 <Singh and Usha, 2003 ale> ;| (¢, 5>
S wdlodl clale (i)l g 59y Bpas b .Cosl 0l )15
alan Mo dali jlad ) Cans Lgw 4l 3 Sl giojo¥r iliél
bulyd 3 SAY 9o e o 5 595 Pl Spae b (FJga2) 23
Ol a0 dals Jlaws 51 500 plpV/E b 5 Slee ¢ i
LS Sl 039 e lo cnl 3 (S 4 Joo 005 wiS
Sy JUs] (il el olS St 5 A5y 2 5ot w6 Jdo;
ol o 3 ySlas (inli8l 4 e Colpd pd g 0 il 44 olie
ooy asb ol g ash oy Slas ey YU (Suod D929
Sl b cogapn ol Olyuss o5 sy o oLt (r=o/°\aA**)



3y Slas calols b 4 4o b .3 dgmg o, S0kl (r=o/V°\**)
Ioiine Lol (iiSmny 5 SA (g9, ool DIl o s (g
Slgash oy Slee 1y oo oo |y o ixe BMiS] 3959 pac .0
Cbale )3 gy 3 )Shes (Pt i (B9 doyd (B
A odyd bl 4y Cannd (g0 )WY MR L SA [Y g0 Liot /0
L plpln ccils Yoo deo o clale b ()b gre Cglis 45
L cadl pials g 3 Sles Silondludonl yolae il58l
s SA Y o e o 5 /0 sacdale b plgs (59, bpuan
405,5 asude b e Gilil g 5Sles 1o VYR 5 £/A
oLS 3 59y (b lne olpondy Sbowdlosnl clale iol3l &8
g 59y 3yShes (i (St Jgman s Lgw
Uramadny cogllaolss byl b &S Wileols 4L cldllas (5 Jaus)
ey ow |y by s coas g b Syl (S (S
O 394aS Lyl b 5> a8 ol 4595 b .(Anwar ef al., 2006)
9 59y B0 &y by (-89 9 4l 3 Shes Bl 5
Cape g 45)b Slaw opl (S BB e (id Sdanlodwl

D51 LilgS 4b oy (9 he osllae 3 Slas ()51 Cunday

(8 35 4ol

ol byl b o bgw ol 405 1 (g5 pais jl ool
9 = Ui sqw gl ials o 1y glalasMe BB jids o g,
clale o3sd Silunllodiwl 5 (g5) 3,5)5 5k olS 5, Slos dops
3o Sl Joan sl sless cn e Glsied ;Y e ke S
55 Ol Sl i sl i Ll ) aly
b Jddsay ;¥ o S clale g &S o Jodad o |y by yy s
g |y 5t a3 Slas cpyo o 53 i il dlaad 29
g awlS 4l 5 Shes g 49y dopd e oS bulpd )3 ules oo
ald 5, Sloe l5ae o yieS” (5 Jlosl b oaib 03938] (puiig et
5 by ol b ialS @ gl e 1y Lials cpl cde el cuns 4
2 b oS b 5Slas 1> 5 slip! jl (S Glaisd @iy o
b (0892 9 59y 20y3) 6 CudsS S ha (A5 g de bl
oS b Jodomo sl candds SA [Vgo Lot /B ¢ 59y 5,18
ade s e (8158) Coge Silomdludwl 5ol cdale b gw
Nwon 451 5y Slae ab SA G pns pas b dunlio o 29,
Al yegy 0, Slas 5 auye o b ol b (gl gize 5 Cuo
Jeadody (55 balyas po &y (g g 185y 3)Ses LialS il
ol &by 3 Slas il

Ol lFes ) 09y 2,8es (S (29, 20> Gl e
S SR 0Fg) 2 8es U 59 (Abslre (izen 25
El-Habbasha, and Abd El-Salam, 2010 g5 &b (¥ Jgi)
g & 5 Slas Sy g £LD (59 (AL Jglne lads Dl GIEIL «
Kidman and oy92e (6,505 olSuiagh 8l (ldl oés)
WU Coos wBigp g gy 3)Sdes a5 wisly oL Paul, 2001
3pSes (i balyd )3 .85 58 (Brae 59y slde Sl
(Fdsiz) el (ol Jol (o)l 4 Cod 20 VY o8
285 )5 sy 5 Sl S a8l o6 Lgw oty 3Skee
L 55 cotlidsoe 5 ogdlae (o)l 53 Jado oy Sty
ogi ol 3 (Fdgaz) €85 (3l LS )3 p)55LS00/0)
O 3y Shes 5 4l 3y Sloe i ()P ixe 5 e e
gy Loy SIS oy co 5 4 (Adgz) )b 292 (r=2/207)
popasay b gy 3 Skas il 5 e ol 51 s 3,Shas
4 bgoye Lulul 89, 5,Skes @lyuss 10 0l o6 bl )
)b Slesealackson, 2000 zuls b &S ol &ils 5,Sloe iy
9 93 LS wiym 0dlw ciuloll olajlos plod jd Cpigp duo )y
Byan (Y Jgiz) 15 oz 5kl 3 SA Jlos jl pé asloau
Al pgm liwe s el SA Yy o Lot/ 5 (59,
5 by G baulyd 3 ad (S bl 5 (0o, 3FYIVY)
)5 5 oLl 09,8 Sy 55 (59 sk SA Ve Jae/d
mes im0 Joale S 4 St Selendlodal 35 clale
S clale g0 b o Al sy Hlade LialS el a5 odg0d
ey e pyieS Cal o )] (do,SYA/EY) Lioli8l cage
0399 (ibolisS zgo G b b oS (A Ll )5 b
2 4S8 Dy b oo dld pd Awlids 0y3d lo yialS 5 Loy A
Sajedi and Rajali, ) bb o ial33l &l (pZgp doyd )] doess
O ylsse )38l b Roustaie et al., 2012 zls 5.l (2011
2 ORI nl &5 b oo I}l Ligw > (g Aoy (g
sy G5 bl 3 e 5] P25 g ol o S8
el (g9, jl oslaiwl .(Pour Mousavi, 2005) s a3 (g9,
2 9y 6518l .l oad 2o YN Sl 4y puig yial8l
pac balyd 5 il gl b 45 s psbas 039 e (olnS Laolpd
ORIl o3 gy 9 S 3930 iy elig e B 9 S5
193001 &S a5l S cdld a4 Y] il clde cal
slacJld 4ot L g 0g-d e badyo Alud (g cSlo
Banks, g5 b 45 w3l gloysd clooyuisn Lhalidl 5 (Slsiio
S pais Spanl bgw &b (i Olie (1P 2 (e 2004
9 Oy Ao b (ke (Siwod (w89 dop> 0)b llas
Naseri et al., olLi)lS b (A Jsds) cunl aily «ly 5,Sloc
b $9) 9 an Ol O P 9 shie (Siran 2010



IWAB o) F ojlods IF wler cylal (o515 Sleedeoly arpits VYA

159, Buer apdnw s,ueoun Fuisn (oA AN1qeqold o4 Je JuaIeIp APuedlIuSIS J0U dIE (S)10)9] Jeruwis £q PIMO[[0J UWN[NOD Yoed Ul SUBIA]
ol QA0 gp (|57 <60 opl o s K e (D Srv qpomp? qies® o€ oo [wre* 82 cCor b oo oo

q01°0¥L B90' ¥ 9999 LyY 89'vCq 9 L1081 J68°LYET ! 0zl
20T 1€9 q90'6¢ PoTy'L8E 60'vCo P S8091 P 680881 0
BEe8 JL59¢ BLISSOS 66°SC®e B $'06CC B T0°L00€E ! 09
906'60L 26¢°9¢ q98YTS8Y 'sce qgelcel 9 65979C 0
H .
(.ey (%) (%) - uurer (.eyp  (uonerodead wrur)
)] E@__z w01 g JUIYUOD UINOIJ (-84 33) PPY IO JURUOI IO (1-&y 3%) pri< uress AR _o=_N uoneJLLI
sopslc ¥eer?  <Co Koo qpe sorste (650 Come €650 qpev sorsieqee avye v o ot %5 M
uedqAos Jo syen parnsedur uo uoneddde 1e1jo) dUIZ pue SSAI)S JIDIJIP 19} BA JO JI9)J9 UOLDBIN U] -f A qE L
b 3- KV gm® e Y Eongb e (69 K o ferifo gH 5 oo by
159 [, 98uel 9dnnw s,ueoun( Juisn [oAd] Anjiqeqoad 946 18 JudIdJIp APJUBOIUSIS J0U dIE (S)I9)9] Je[IWIS Aq PIMO[[0] JOJOB] PUB UWIN[NOD OB Ul SUBIA
o€ o et 6K @ e AP 5 0|9 b ol o e K e (A0 Sv ey s < R e B2 o o e (S ey
BYSTSLL qTy8¢ B 6805 B 90°ST B 6'520C B 890°0£5C !
B6CO8LL B £9'6¢ BZ90°10S B EEST ByTL6I B S0TTYIT $o
qQLETEY dTL9E q199vcy qvyve qeseLl q990vcce 0
BSS98L B L8E B 160°0CS B EEST B6'SY0C B8SY'LLIT I
qQISS0L9 qQ8'LE qQLECIEY qesyT qQTOoLLL q EvLESTT 0
B G989 B 90°0% 091vq 9% qeve qrIsoLl qe6Eviic 0¢l
BE8YILL q¥9¢ BT8E0VS B GGC B60LIC B 808918¢C 09
(%) 1uayu0d (%)
(164 3y) uro)o1 g (.24 3¥) JUd}U0d 10 (,-8q 3¥) - WWELH () (.eqn  (uoperodesd urur)
PRK U)ol e PRY IO . PRIA ureas ok proe ddifes duz uonesLLI
LE i : : = S (13 g
S S I G L S e ey

uvoneddde 1eIj0) puE SSII)S I9)BAL JO S[PAI] JUDIJJIP Y} UdOMII( SHEI) JO uosLIedwod ey -¢ I qel,
<6 (- o A IS oy o6Ce Ko™ BO g6 2 onorpe er© MQ_MJ 6 SﬁmﬂJ?uJ o om (v € €65



AR

359 ], 98uet sjdnnuw s,ueoun Suisn ‘JaAd] A1j1qeqold 946 e JuaIogIp APuedyIuSIs Jou a1k (S)I919] Jejiuls £q pAMO[[0) UWN|NOD OB Ul SUBIIA

o€l b0 A gp |9 Kb vl o @ K oo (A0 Srveperey? s o o <m0 B8R ot @b w9 oo

B L90°€€8 €€8¢eq B 19¥"81S qsc B'G8IC B pSGL8T [
qe LEY'SO8 66'6€® BOLY EES B £T9T qTTeoe B 9008LC §0

dSIICL 8L€q q91€8LY 9q LL'YT q 66161 9q LL'9LET 0 !
STYYLIL s8eq q6LE 691 qIrec 2 €'9981 PO $T8'S8IT I
9'0SL°9¢CC 8To6E® 4929891 q VYT qeerel q £0'70ST 0]

P 685 €¥S d2¥9'6¢ 2900°0LE ° A_ _.WN P 80EST P 9€1L0T 0 0

Y
(e 3%) (%) 3U2}U0d U1 (4 3Y) JuRyu0d IO (-4 33) Lwuread (ww) (_eypourz
PRK uId)01g o PRX 10 pRIA uread . pReOAdIES !
sopste K60 Con 6o quev sopcc (60 Nlag sorte cir vy qper o ol LR R 172
o 3 oCom (650 ¢ TS
ureIsd uvdqAos Jo sonsupeIeyd Ajenb pue saneypuenb uo uonedrdde aero) proe J1Ad1 s PUE JUIZ JO J33)J9 UONIBIAU] -9 J[qR],
0 L H ¥ g exapb (e (657 € v g K omd 5077 € 5770 qjev oy
159, 93ues sjdnnuw s ueoun uisn [oAd] Ajiqeqoid 946 e JuaIPIp ApueslyIuSis Jou a1e (S)1919] Jejiwls Aq pAMO[[0) UWINNOD OB Ul SUBIIA
o€ @l b D AR gp o |9 e el 9 @ K e (A0 Loy st o oo o[ FR Lo mfo oS v

qp8 EEL q+0°0¥ d91L'8YY 1$%Co °q L'Tesl 280¥1€T !

99.80°9CL By LY OI'LEY O €6'vC9q O I'CSLI 98L'00CC co

P CET6S dL8¢ P TTT9¢ IL'ETP SoEsI P P 61€8C8I1 0 0cl
BLO6I8 289¢ B 10°69S Qe 95T Bl6lCC q88CTLYLC I

B £8'6C8 P E8LE B EV'Y9S €Lsce BoE6lT B 81E€80¢ co

2 L0°699 J VL YE qsIeesy L1"SToqe q20c6l 918619¢ 0 09
(e 8y) (%) (B30 (o) yumuoopg  (FUE) . wurers () (uope1odeads wur)

PRK urdj0Ig U UO0D UI)OIJ PPK IO PP wers . proe J1dnes uonesLLI
sopsle Kéew?  lor KéeiOqr songlc (650 cCo a0 e sopsfoge T ol R e g e

uedqAos Jo syen parnseow uo uoneddde aeroy proe d1jAd1es pue UONESLLII JO 139}J9 UONIBINU] -G QB L,
[ 0-HaV s (T S € exaf PR mtrem g # omd v fa g5 v ey



IWAB Glhumo) P ojlods IF wlr cylal (o515 Gloedudgly arpits VY

6

#

el o (9 o oo e R € B Coy

K[oAnoadsal ‘sjaaa] A111qeqoad o451 PuB 9,6 8 UBIYIUSIS iy 4 PUB 4

1zcro 5060 31670 71870 Torsie KD preif urejord
$8C0- 18C0- 90€°0- o 63O qiev JUQIUOD UIS)OI
L6060 L1160 sose (650 pPIeIL IO
L90L°0 L 1SL°0 cfome (650 qep JU2IU0D [10
106°0 o5 qjee ploIk urein
JUI)UO0I UINOLJ PRIA IO JU)U0I [10Q PRIA uread N*w. ureis .
Con &6 os0 orsfe (650 o€ o (650 sopste qjev covje gjev o ok KR oo ) sonsLIdjIBIRY Jue[d

spudun) a1y uonedidde 1e1j0] PR e JJAJI ¢S PUE JUIZ ‘UOD ESLLIT Ul SONSLId)IEIeyd jue[d uedqAos uddm)d( S)udI}Jo0d uon e.LI10d A durlS -g JqEL

S - i i g 50 e e o €€ 0 S g DA €690 6 v

€l b A0 gp (|57 <6 ol o s & oo (oD SrrepryS” cies? o oo (o0 R o b e oo

359I, d8uer apdnnur s,ueoung ursn ‘[aAd] Anjiqeqoid 046 18 JueIdlIp APueoyIuSis jJou e (S)IePI] Je[Iuns £q PAMO[[OF UWIN[NOD YOBd Ul SUBIJA]

qe 09't6L qQTrov P2 990°9Lt 3P YT YT 2 L1961 29 686'TILT I
P39 0€'16L v TLTh 9p 98€°65t qe £1°97 P LSLI 2889'L¥HT $0
POY'HLY q500f JLYS'86¢€ °L9°€T P 9°€891 P 600°€881 0 I
pSTSLY qL96¢ P LSYITH o 8L+ P L'00LI pELISI6] I
PO L20L qQsr oy PoIsYIY OYLET P ELYLI P 9L8ES6] $0
09761 pageLe 8.L0092¢ 96L€T Y LLET P €9 ELLI 0 0 0zl
BEOILS %p £T9¢ ©968°079 qe LL'ST ©T90tC qe [01'8€0€ I
B 79658 PISTLE ©809°L09 ©7E9C Qe ¢'L0ET eHEpTITE $0
P39 66'LIL 366ce q.980°85S qe L8'ST 29 7981T Qe 7€5°0L8C 0 I
P39 €L°65L PoLELE 99 Z0ELIS 9qe 15T 22€0T 29Lt'95HT I
qe 69'86L OTH'8€ 99 LEY'TTS P9 €1°$T 99'6L0T qE H0TYS0E $0
905 1LS Je6ee P S0091F 3pd 84 ¥T PI'¥891 9 €01'69€T 0 0 09
o, o,
(.-eyq 3Y) Eo«:hu\ﬁv_ﬁem (,-eq 3y) E&m_%ov o (,-ey 3y) W uei3 (JAur) (_eypouz (vonerodead wur)
PPK uId)0I1g . PRK IO - pRI& wrexs KR E;o« o_m»om_,mm I- osm ; :o_w&:b
FTSCHED e WG 0 o7t (650 P At S i (F

ureIs uedqAos Jo sdnsLvIeIeyd Aienb pue sapeuenb uo 309539 uonde W JdLIY -2 dqBL

S0 A-H Vs e gev K oo 507 6 ST v 6



2 S SA Yo Joo Ko g (5, 5l bl ol 2 2l o0 o Slino | (S 3 Cundlys oS G5 Senl g L
A gl Siladlosl Yoo Joot/O L g5y Bpae 5 YU oty 59 38U cggere 13 Lol iiS Jlosl (5 5t i 00

Dged odlatwl i bylyd 13 ole o kS 5 S0 30 YU 50 (g9 peiiuns yilodiad L oyl aS gy 5 i
References

1. Akay, A. 2011. Effect of zinc fertilizer applications on yield and element contents of some registered chickpeas

varieties. African Journal of Biotechnology 10(61): 13090-13096.

2. Anwar, F., Zafar, S. N., and Rashid, U. 2006. Characterization of Moringa oleifera seed oil from drought and
irrigated regions of Punjab, Pakistan. Grasas Y Aceites 57(2):160-168.

3. Asadi, M. A., and Faraji, A. 2009. Applied principles of agriculture oilseeds (soybean, cotton, canola and
sunflower). Agricultural Extension and Education Publications.

4. Ayad, H. S., Reda, F., and Abdalla, M. S. A. 2010. Effect of putrescine and zinc on vegetative growth,
photosynthetic pigments, lipid peroxidation and essential oil content of geranium (Pelargonium graveolens L.).

World Journal of Agricultural Sciences 6(5): 601-608.

5. Azimi, M. S., Daneshian, J., Sayfzadeh, S., Zare, S. 2013. Evaluation of Amino Acid and Salicylic Acid
application on yield and growth of wheat under water deficit. International Journal of Agriculture and Crop
Sciences 5(8): 816-819.

6. Bagci, S. A., Ekiz, H., Yilmaz, A., and Cakmak, I. 2007. Effect of zinc deficiency and drought on grain yield of
field-grown wheat cultivars in central Anatolia. Journal of Agronomy and Crop Sciences 193(3): 189-206.

7. Banks, L W. 2004. Effect of timing of foliar zinc fertilizer on yield component of soybeans. Australian Journal of
Experimental Agriculture and Animal Husbandry 22(17): 226-231.

8. Belkhadi, A., Hediji, H., Abbes, Z., Nouairi, 1., Barhoumi, Z., Zarrouk, M., Chaibi, W., and Djebali, W. 2010.
Effects of exogenous salicylic acid pre-treatment on cadmium toxicity and leaf lipid content in Linum
usitatissimum L. Ecotoxicology and Environmental Safety 73(5): 1004—-1011.

9. Bybordi, A., and Mamedov, G. 2010. Evaluation of Application methods efficiency of zinc and iron for canola
(Brassica napus L.). Notulae Scientia Biologicae 2(1): 94-103.

10. Bouchereau, A., Clossais, B. N., Bensaoud, A., Beport, L., and Renard, M. 1996. Water stress effects on rapeseed
quality. European Journal of Agronomy 5(1-2): 19-30.

11. Chandra, D., and Khandelwal, R. B. 2009. Effect of zinc and phosphorus on yield, nutrient uptake and oil content
of mustard grown on the gypsum-treated sodic soil. Journal of the Indian Society of Soil Science 57(1): 66-70.

12.  Drazic, G, and Mihailovic, N. 2005. Modification of cadmium toxicity in soybean seedlings by salicylic acid.

Plant Science 168(2): 511-517.

13. Efe, L., and Yarpuz, E. 2011. The effect of zinc application methods on seed cotton yield, lint and seed quality of
cotton (Gossypium hirsutum L.) in east Mediterranean region of Turkey. African Journal of Biotechnology
10(44): 8782-8789.

14. El-Habbasha, S. F., and Abd El-Salam, M. S. 2010. Response of two canola varieties (Brassica napus L.) to
nitrogen fertilizer levels and zinc foliar application. International Journal of Academic Research 2(2): 60-66.

15. El-Tayeb, M.A., 2005. Response of barley grains to the interactive effect of salinity and salicylic acid. Plant
Growth Regul 45(3): 215-225.

16. Eslam, B. P., Monirifar, H., and aher Ghassemi, M. T. 2010. Evaluation of late season drought effects on seed and
oil yields in spring safflower genotypes. Turkish Journal of Agriculture and Forestry 34: 373-380.

17. Farahbakhsh, H., and Shamsaddin Saiid, M. 2011. Effects of foliar application of salicylic acid on vegetative
growth of maize under saline conditions. African Journal of Plant Science 5(10): 575-578.

18.  Ghasemian, V., Ghalavand, A., Soroosh zadeh, A., and Pirzad, A. 2010. The effect of iron, zinc and manganese
on quality and quantity of soybean seed. Journal of Phytology 2(11): 73-79.

19. Hayat, S., Ali, A., and Ahmad, A. 2007. Salicylic Acid: Biosynthesis, Metabolism and Physiological Role in
Plants. Salicylic Acid: a Plant Hormone 1-14.

20. Imam, Y., and Zavareh, H. 2005. Drought tolerance in higher plants (analysis of the physiological and molecular
biology) (translation). Center for Academic Publication.

21. Jackson, G. D. 2000. Effect of nitrogen and sulfur on canola yield and nutrient uptake. Agronomy Journal 92(4):
644-649.

22. Kidman, F., and Paul, K. B. 2001. Effect of zinc fertilization on yield, protein and oil of canola. Plant Soil 112:



A8 Glimn F osled IF s 1) (o8l leobagly i VIY

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

327-329.
Kobraee, S., and Shamsi, K. 2012. Effects of drought stress on dry matter accumulation and morphological traits
in soybean. International Journal of Biosciences 10(2): 73-79.

Liu, F., Andersen, M. N., and Jensen, C. R. 2004. Root signal controls pod growth in drought-stressed soybean
during the critical, abortion-sensitive phase of pod development. Field Crops Research 85: 159-166.

Mak, M., Babla, M., Xu S-C., O’Carrigan, A., Liu, X-H., Gong, Y-M., Holford, P., and Chen, Z-H. 2014. Leaf
mesophyll K+, H+ and Ca2+ fluxes are involved in drought-induced decrease in photosynthesis and stomatal
closure in soybean. Environmental and Experimental Botany 98: 1-12.

Mastrodomenico, A. T., Purcellb, L. C., and King, C. A. 2013. The response and recovery of nitrogen fixation
activity in soybean to water deficit at different reproductive developmental stages. Environmental and
Experimental Botany 85: 16— 21.

Morshedi, A., and Naghibi, H. 2004. Effects of foliar application of Cu and Zn on yield and quality of canola
grain (Brassica napus L.). Journal of Agricultural Sciences and Natural Resources 11(3): 15-22. (In Persian with
English Abstract).

Naseri, R., Fasihi, K., Hatami, A., and Poursiahbidi, M. M. 2010. Effect of planting pattern on yield, yield
components, oil and protein contents in winter safflower cv. Sina under rainfed conditions. Iranian Journal Crop
Sciences 12(3): 227-238. (In Persian with English Abstract).

Pable, D., and Patil, D. B. 2011. Effect of sulphur and zinc on nutrient uptake and yield of soybean. International
Journal of Agricultural Sciences 7(1): 129-132.

Popova, L. P., Maslenkova, L. T., Yordanova, R. Y., Ivanova, A. P., Krantev, A. P., Szalai, G., and Janda, T.
2009. Exogenous treatment with salicylic acid attenuates cadmium toxicity in pea seedlings. Plant Physiology and
Biochemistry 47(3): 224-231.

Pour Mousavi, S. M. 2005. The impact of manure on indicators of growth, agronomic and physiological
characteristics of soybean in conditions of water stress. MSc Thesis, Faculty of Agriculture, Zabol. (In Persian).
Roustaie, K. h., Movahhedi Dehnavi, M., Khadem, S. A., and Owliaie, H. R. 2012. Effect of different super
absorbent polymer and animal manure ratios on the quantitative and qualitative characteristics of soybean under
drought stress. Journal of Crops Improvement 14(1): 33-41. (In Persian with English Abstract).

Sajedi, N. A., and Rajali F. 2011. Effects of drought stress, zinc application and mycorrhizal inoculation on uptake
of micronutrients in Maize. Iranian Journal of Soil Research 25(2):83-92. (In Persian with English Abstract).
Singh, B., and Usha, K. 2003. Salicylic acid induced physiological and biochemical changes in wheat seedlings
under water stress. Plant Growth Regulation 39(2): 137-141.

Soja, E. 2011. Tecnologias de produgdo de soja: regido central do Brasil 2012 e 2013. Londrina: Embrapa Soja
261 p.

Wilkinson, S., and Davies, W. J. 2010. Drought, ozone, ABA and ethylene: new insights from cell to plant to
community. Plant, Cell & and Environment 33(4): 510-525.

Yasari, E., and Vahedi, A. 2012. Micronutrients Impact on Soybean (Glycine max (Merrill)) Qualitative and
Quantitative Traits. International Journal of Biology 4(2): 112-118.

Yilmaz, A., Ekiz, H., Torun, B., Gultekin, I., Karanlik, S., and Bagci, S. A. 1997. Effect of different zinc
application methods on grain yield and zinc concentration in wheat cultivars grown on zinc-deficient calcareous
soils. Journal of Plant Nutrition 20(4): 461-471.

Zahedi, H., Noor-mohammadi, G. H., Shirani-Rad, A. H., Habibi, D., and Mashhadi- Akbar-Boojar, M. A. 2009.
The effects of zeolite and foliar applications of selenium on growth, yield and yield components of three canola
cultivars under drought stress. World Applied Sciences Journal 7(2): 255-262.



Iranian Journal of Field Crops Research el =) Gleipg sy 4 pis
Vol. 14, No. 4, Winter. 2017, p. 723-734 i VYT VTP o IFAB i F oylods IF ul

Effect of Zinc and Salicylic acid Foliar Application on Quantitative and
Qualititative Characteristics of Soybean under Deficit Irrigation Conditions

Z.Zarei' - J. Daneshian’- A. Khorgamy3
Received: 10-05-2015
Accepted: 06-01-2016

Introduction

Soybean (Glycine max (L.) Merrill) is a leguminous annual crop belonging to the Fabaceae family, that
because an important source of food containing 20 to 28 grain oil percent and high protein is the most important
oilseed of worldwide interest. Recently, cultivation of this plant is considered as a valuable oil plant in crop
rotation. Drought, salinity, heat and freezing are environmental conditions that cause adverse effects on the
growth of plants. Water deficit more than other stresses limits the growth of crops. Yield of soybean decreased
due to drought stress. The consumption of fertilizers increases the quality of crops. According to the findings of
Yasari and Vahedi (2012) use of Zn in soil and foliar application has an increasing effect on the percentage and
the amount of oil and protein in soybean product. The role of salicylic acid (SA) isreducing the effects of
environmental stresses. It appears that water stress impairs plants and zinc alleviates water stress injuries. Thus,
the purpose of this study was to evaluate the effect of water stress, zinc and salicylic acid foliar application on oil
and grain protein percentage and their relation with oil and protein yield of soybean.

Materials and Methods

This study was carried out in the agricultural garden of Lorestan-Iran, in 2013. The meteorological data of
the region are representing in Table 2. The soil was clay-loam texture (Table 1). The experiment was performed
using Split factorial in a randomized complete block design with four replications. In this study, main factor was
two levels of irrigation regimes: after 60 (optimum irrigation) and 120 mm (stress) evaporation from evaporation
pan class A and subplot were considered combination of zinc foliar application (Zero and 1 L/ha, in two levels)
and salicylic acid (0, 0.5 and 1 mM). All statistical analyses were carried out using SAS software and the
correlation was done using MSTAT-C program.

Results and Discussions

In the experiment, the traits were affected by the treatments. Water stress significantly decreased grain yield,
the number of grains per m’and oil percent and grain yield. Higher number of grain per m® was at 0.5 mM
(2642.2), while stress reduced the number of grains. Other studies reported similar results in agreement with this
character (Banks, 2004). There were significant changes between the irrigation treatments in grain yield.
Although the application of Zn and SA in all irrigation levels had desirable effects on grain yield, significant
changes not observed in their interactions. However, these effects were significant at simple affects, the
interaction irrigation in Zn and salicylic acid maximum amounts of grain yield were produced under stress
conditions in plots that containing of Zn and 1 mM SA. Increased concentration of salicylic acid and stress has

decreased the oil content (2/4 and 4.7%, respectively), while the protein (9.1%) was increased. Foliar application
of zinc and 0.5 mM salicylic acid increased grain oil (26.23 percent) and protein (39.99 percent) content. Triple
interactions had a significant effect on grain protein and oil content. In the present study, water stress had
significant effect on grain oil content and decreased it by 4%. Zahedi et al (2009) reported that oil percent was
decreased by drought stress, most likely because of a reduction by photosynthesis and assimilate remobilization.
Trials have shown that unfavorable conditions, especially drought, might alter the grain composition and related
qualities (Ayad et al., 2010). Plants in complete irrigation gave a significantly higher oil yield (540/3 kg/ha).

According to the correlation coefficients, oil yield is directly link with grain yield (r= 0.7"") and oil content (r=
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0.75""). Zn and SA spraying had significant increase and positive effects on protein yield trait, as compared to

non-application (Table 6). There were no significant interaction effects between irrigation with Zn and SA
application. Irrigation did not significantly affect grain protein yield (Table3).
Conclusions

The results showed that water stress significantly decreased yield and grain quality. Grain yield, oil and
protein yield were increased by using salicylic acid and zinc under stress conditions. The increase of salicylic
acid concentration decreased oil and protein content. There was a strong correlation between grain yield and oil
and protein yield. In general, the use of zinc and salicylic acid compensated yield reduction due to water stress
and it increased grain quality in plant.

Keywords: Concentration, Drought stress, Grain quality
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Introduction

Details of the mutual effect with the agronomic factors, genetic and climatic conditions should be identified
to crop a plant in a new area. The purpose of sowing date determination is to find the desired planting time as
environmental factors at the time that is suitable for growing, seedling and plant’s survival and resume of growth
and development and the plant does not meet unfavorable conditions. The plant density is the most important
influencing factors on the development and production of medicinal plants and is an important factor in
achieving optimal performance. This research has been conducted for determination of best sowing date and
intra row Roselle cultivation in Jiroft area. The objectives of the study were to evaluate the effects of plant
density and sowing date on yield, yield components and some of morphological traits on Rosellee (Hibiscus
sabdariffa L.) and also determine the optimum intra-row spacing and sowing date in order to obtain better yield
in Jiroft environment conditions.

Materials and Methods

The field experiment was split plot in a randomized complete blocks design with three replications in
agricultural research field (Long. 57°44" E., Lat. 28°40" N., Alt. 650 m) of Jiroft University at 2013-2014
growing season. Main plots were sowing date at five levels of 11" and 30™ March, 14™ April, 5" and 22" May
and intra-rows were spaced of 100, 75 and 50 cm as sub plot. Each plot was 3x6 m. The spacing was 1 m
between sub-plots, 2 m between main plots and replications. Traits such as plant height, the number of branches,
the number of bolls per plant, boll dry weight of plant, sepal yield, seed yield, biomass yield, seed harvest index,
and sepal harvest index were measured.

Plants were harvested on 1™ December, 2014. An area equivalent to 2 x 3 square meters from the center of
each plot was harvested by removing the effect of marginal plants from the soil surface to measure the yield of
sepal and biomass. After drying the plants were weighed in open air and the shade. In addition, properties of the
height, the number of bolls per plant, the number of branches per plant, sepal dry weight per plant and seed
weight per plant, randomly were picked and measured by the five plants of adjacent lines of each plot middle
rows. Sepal and seed harvest index, was calculated from the sepal and seed yield proportion to total biomass,
respectively.

Results and Discussion

The results indicated that sowing date and intra- rows of plants had a significant effect on most of the studied
traits. Delayed sowing date reduced plant height, the number of branches, the number of bolls per plant, dry boll
weight per plant, sepal yield, seed yield and biomass yield. Sepal harvest index and seed harvest index were not
affected by sowing date treatment. By reducing the distance between the row increased height, sepal yield, seed
yield, biomass yield and the number of branches per plant, the number of bolls per plant, dry boll weight per
plant, seed weight per plant and seed harvest index was decreased. The intra-row had not a significant effect on
sepal harvest index. Yield of the seed and sepal in 50cm row spacing showed increment than 75 and 100 cm row
spacing about 9%, 19% and 16.5%, 50%, respectively. In this study, according to long-term growth of Roselle
plant, it seems that in the distance between 50 cm plant row and with doubling plant density than a distance of
100 cm, has been provided less space and food material for plant. Therefore it causes intensifying the Inter-
specific competition and the number of bolls per plant, boll weight, seed weight and sepal weight per plant
decreased. But increasing the number of plants per area unit led to increased seed and sepal yield.

Conclusions
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According to the obtained results of this study can be say that the delay in sowing date led to reduce the
number of bolls, dry boll and sepal weight, as well as reduction of seed and sepal yield. Reduction the distance
between rows of plants from 100 to 50 cm causes to reduce the number of bolls, dry boll weight, dry sepal
weight and seed weight per single plant but increased seed and sepal yield per unit area. 11" March sowing date
produced the highest seed and sepal yield. However, according to the no significant increase of the sowing date
relative to 30" March sowing date in order to reduce production costs, Roselle sowing date in the first half of
March to mid of May with plant row spacing of 50 cm, seems to be appropriate by the good climatic conditions
of Jiroft.

Keywords: Boll, Harvest index, Intra-row, Sepal
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Table 1- Values and coefficients of treatments based on the Box-Benken design

el Bylow 23lie
R Coefficients Amounts of treatments
T ST N EPH PR Cugby O3 pow  Swoginwl  (5lul o2
ﬁg;‘:ﬁgﬂg Water super Humic Volume of Water super Humic Volume of
absorbent acid irrigation absorbent acid irrigation
(Kgha™) (ha' Kg) (m® ha™) (Kgha) (Kg ha™) (m* ha™)
1 0 0 0 120 6 300
2 -1 0 -1 80 6 200
3 0 0 0 120 6 300
4 0 +1 -1 120 8 200
5 +1 -1 0 160 4 300
6 +1 0 +1 160 6 400
7 -1 +1 0 80 8 300
8 +1 0 -1 160 6 200
9 -1 -1 0 80 4 300
10 +1 +1 0 160 8 300
11 0 -1 -1 120 4 200
12 0 0 0 120 6 300
13 -1 0 +1 80 6 400
14 0 +1 +1 120 8 400
15 0 -1 +1 120 4 400

Ailog 556 o xS 5 s b 2w it - ) )
* +1, -1 and 0 are high, low and average levels of each factor, respectively.

SLE 5e0id oliee 5 ash gy b ploul cib y clles
ol s AOAC Official Method 968.06 (4.2.04) g4
Semi- ol jl osliiul L g JdxS” (29) 4 (g ) (e
Horwitz and ) s plosl Automated Distillation Unit
((Latimer, 2005

kg ) (WUE) ()Ll o 8 yae (D)LS oo g
Koocheki et al., ) 13 osliil \ &slas jI (Grain.m® Water™
:(2015

1- Water Use Efficiency
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2- Full quadratic regression
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1- Root mean square error
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Table 2- Characteristics of used soil, humic acid and super absorbent

adliwl 3580 3l 3 g Olo guad 53] 3 550 Suosabimms] oo gua S oplonsd § oSt jud Sluoguas
Characterls;:)cssoif):;:d polymer super Characteristics of used humic acid Physiochemical characteristics of soil
S )39 . A0 pugegrg s ol SB il
4 » © WGS S04 6""“ b N '°9J Soil texture
’ Appearance ? Trade name  Silty loam
White powder 85%
Less than 5 (303) Caghoy Hlde 85 (14053) Spogespns 0.061 (10p3) I 3950
Moisture content Humic acid (%) Total nitrogen (%)
0 Copows 9 52 12 (323) by 45T 114 (mgkg") (o mod 5 o
Odor and toxicity Potassium oxid (%) Available phosphorus (mg.kg™)
0.8 (gom?) ooy JS | (42)3) ! 463 (mgkg") ooy b5 el
Mass density (g.cm™) Fe (%) Available potassium (mg.kg™)
67 oH 0.8 (220) I 0jor . (dS.m”) S 4 Ol s
Organic nitrogen (%) Electrical conductivity (dS.m™)
Sk e
9-10 pH 0.54 (vo9) SB I 3
Soil organic carbon (%)
8.23 SB
pH

25000

Seed yield (kg/ha) 50000

15000

Humic acid (kg/ha)

Water superabsorbent

SIS 40 CaSogio Yo v Cull mhaw 30 Suogad il 9 Cugby CBla g g Cilisio Zglaw dy Coumnd 3 dild 3, Shas frawly—dhaw - S0

&)l
Figure 1- Response surface of maize grain yield affected by different levels of water superabsorbent and humic acid in
constant level of 300 m*.ha™! in each irrigation
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Figure 2- Graph and regression line equation of the fitted and observed values for grain yield and the RMSE values based on
model of full quadratic regression



IWAB bums) F olods IF wlr ol (o535 Sledbofy  pis VO

‘A[oAnoadsal quedy1ugis-uou pue [9A9] AN[1qeqoad Jo GO'( Pue [(°( Y3 I JUBOLIUSIS QI8 S'U PUB 4 ‘4

w30 6 g U D gl of oo <o B 6 BR cfor 6 srdé<be e o

1 Jo 3poe
STUZyo SUIce SUI9IL STUR0ECY89Y STULLESBEI € avd K0
uone3LU[xpIoe dIuny
STU6L"0 SUp0°0 sugse STUCTO80ET S'Up8189% [ riraoisax (5
co:swthxéoﬁmmnﬁogzw
STUST0 STUCSy S'Uy809 STUQOYCLYLT SUCSEYYYL I K oS
p1oe o1uny xEo%oBansm
sTUQT0 STUCS0 supl STUQ091190T S'Uy6099y [ K e
199JJ9 UOTIORIAIU]
SUIT0 STUQL'T STUQSIT STUCLI06€£0T STUITTo81Y € & ol
uonEeI LU xUoNBILLI]
xxEL°L *C1'ST *%C86€6 *8LOEELOLT #x189LGL8ST I DX
poe omm::Ix.Eum orwny
STUIS 0 %6011 *€8CE9 SULETHYRI11 SUCSOT9Tr1 [ [rrasimqiresie
wdqIosqeradng xjusgiosqeradng
00y *Cl'CE #*%x8LOGT STUGEEBTII9L %[ 1887858 ! K e e
arenbg
x09°¢ x61°0C #%[968L S Upyy99T9€l «VSYISOLL € oy
uonjes L]
STULY0 SURL'E *%8890€1 *E108EVITE #*x8C0LEBILT ! e
Eom Jruny
SUQT'C SUree xC169C STUECT0968I18 *9CELO8EY I v
juaqlosqerodns
SUpS 0 suzge'l STUC066 STUQOTEBYSI STUOY9YT891 [ P
Ieaur|
STULO'T SULTT *GE8SS STUB0YT6S0v1 *%x899616CI 1 € S
[opouw uoIssaIZY
x99°1 STUSO'8 *6Y9SY STU9L1€8066 %« [8LS8LY9 6 o (b
JUBISUOD)
ANA uRjo.d urero juepd 1ad JquInu uresn PRIA 1aew L1(q PRIA ure.an Ja UOI)BLIBA JO 32.IN0S
SF e S H6o qpev eevjc g of Koy Forstc )ces) wrme sopsleqe o< £ MR o

uoI1ssd.133.1 dyeapenb [nj jo (saaenbs ueow) ddueLIEA JO SIsA[BUY -€ d[qEL
Sré( (- pl v 60RO (Mg o) ov € Lenibe? ¢l 2p o6 qof? o€ b Qg (b € ivabings 6 Y0P K K 6 DS e



YOY By 2 solelnS bulpd 30 Srogadannl g Caghy GOl 5 gm0 ilicko p3lie 51 ouwy

Cg3 il YU s ol &by sl Jitue sla e
iy o LS 1y oad )9l e

Ayd SamwyS,y Jde il ealael b aily 5)Slas posd jslaied
(R?) Crs clys b o3liial ¥ Jgin cleMbl 5l Jols” g
U cov atly b yuie 5l o b Sl do > sosimdlis

@3 53 alllao 3590 Mo Slao (5151 93 @253 (g )5 5 Adlre el 9 ga S )l S - € g
Table 4- Regression coefficients and coefficients of determination of regression equation fitted for corn studied traits.
Y= agta, X +a, X a;Xa+ta, X 2 +asXo +asXa 2, X Xo+agX  Xa+tag X, X

Response variables gl gl puzio

ol po Aol SWid godl 3 Shos Wgr 4D Ald duas W gy Ol dpae 8
Coefficients Grain yield  Dry matter yield  Grain number per plant  Grain protein WUE
ag -64995 -91020 -2495 -21.70 -13.59
a; 806 837 26.25 0.399 0.17
a 8513 20679 424 5.08 1.83
a3 925 666 23.90 0.15 0.20
ay -3.01 -2.84 -0.11 -0.0018 -0.0006
as -491 -1406 -32.73 -0.45 -0.09
ag -29.14 -38.10 -0.70 -0.01 -0.006
a; -13.50 -28.40 0.02 0.004 -0.002
ag 2.27 3.48 0.06 0.001 0.0004
ag 11.40 80.10 -0.31 0.003 -0.007
R’ 94.49 85.21 94.77 88.05 88.90

it g5lol 5 Seagitinl ogby O3l pgw Jitus (sl pite coi e X3 9 Xo X
X, X, and X; are independent variables of water superabsorbent, humic acid and irrigation, respectively.
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Figure 3- Response surface of maize dry matter yield affected by different levels of water super absorbent and humic acid in
constant level of 300 m® ha™' irrigation
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Figure 4- Response surface of grain number per plant in maize affected by different levels of water super absorbent and
humic acid in constant level of 300 m>.ha™ irrigation
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Table 6- Optimized values of water superabsorbent, humic acid and irrigation in order to achieve expected dependent variables in different scenarios
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Introduction

Water super absorbents are water absorbing natural or synthetic polymers (they may contain over 99%
water). They have been defined as polymeric materials which exhibit the ability of swelling in water and
retaining a significant fraction (> 20%) of water within their structure, without dissolving in water content. The
applications of hydrogels are grown extensively. These materials do not have any harm to the environment.
Development of using super absorbent hydrogels to reduce crises such as soil erosion, frequent droughts or
providing food security requires knowledge of their behaviors and performances in the soil.

Humic substances are a mixture of different organic compounds that extract from various sources such as
soil, humus, peat, oxidized lignite and coal. They are different in molecular size and chemical structure. A little
amount of humic acid increase soil fertility by improving the physical, chemical and biological characteristics of
soil.

Increase in agricultural production and productivity depends, to a large extent, on the availability of water.
Hence, the importance of irrigation is however, the availability of irrigation facilities which is highly inadequate
in Iran. Determining the optimal amount of irrigation water has always been a main goal of researchers. Among
the problems of excessive irrigation can be pointed to leach the nutrients especially nitrogen from the soil, the
pollution of groundwater and environment and reduce fertilizer use efficiency, especially water-soluble
fertilizers.

To determine the optimal irrigation water and fertilizer, the use of mathematical models is inevitable. One of
the most common methods used to optimize these factors is the central composite design. A central composite
design is an experimental design, useful in response surface methodology, for building a second order
(quadratic) model for the response variable without needing to use a complete three-level factorial experiment.

Despite of many researches on the effect of water super absorbent, humic acid and irrigation on different
crops, information on simultaneous optimization of these factors for many crops is scarce, therefore, in this study
optimum levels of water super absorbent, humic acid and irrigation in maize were determine.

Materials and Methods

In order to estimate the optimized application rates of water superabsorbent, humic acid and irrigation in
cultivation of maize (Zea mays L.), an experiment as Box-Behnken design using Response Surface
Methodology, was conducted at Research Farm of Ferdowsi University of Mashhad, during 2013-14 growing
season. The experimental treatments were designed considering of the high and the low levels of water
superabsorbent (80 and 160 kg ha™), humic acid (4 and 8 kg ha™) and irrigation (200 and 400 m’ ha” in each
irrigation) using Minitab 17 statistical software, as the central point in every treatment replicated 3 times, so 15
treatment combinations were provided totally.

Results and Discussion

The results showed that linear effects of humic acid and irrigation and quadratic effects of superabsorbent
and irrigation were significant on seed yield, as the highest grain yield obtained in treatments of 120 kg% ha™
super absorbent, 8 kg ha™ humic acid and 300 m® ha™ irrigation. The middle level of humic acid (6 kg ha™) led
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to the highest dry matter yield and increase of humic acid from 4 to 8 kg ha™ improved grain protein by 7%. In
economic scenario, usin% 126.06 kg ha! superabsorbent, 7.19 kg ha™' humic acid and 347.47 m’ ha™ irrigation,
resulted in 26710 kg ha” grain yield. In eco-environmental scenario, using 123.63 kg ha™ superabsorbent, 7.19
kg ha™ humic acid and 323.23 m’® ha™ irrigation, resulted in the highest grain yield (26309 kg ha™) and the
highest water use efficiency (5.23).

It seems that application of 120 kgha' water super absorbent increased grain yield by improving soil
physical properties. Jahan et al., (2011) reported that the highest and the lowest grain yield of bean (Phaseolus
vulgaris L.) obtained in treatments of 80 kg ha™ water super absorbent + humic acid and Non-applicaion of
water super absorbent and humic acid, respectively. Yazdani et al., (2012) evaluated effect of different amounts
of water super absorbent and irrigation on yield and yield components of soybean (Glycine max L.) and reported
that with increasing amounts of water super absorbent, grain yield was increased.

Conclusions

According to the ecological perspective, eco-environmental scenario is a priority compared two other
scenarios, therefore by using the optimized values of resources in this scenario can be achieved to the sustainable
production of maize, meanwhile can be minimized environmental pollutions.

Keywords: Box-Behnken, Eco-E nvironmental Scenario, Nitrogen Losses, Quadratic Equation, Water Stress



Iranian Journal of Field Crops Research
Vol. 14, No. 4, Winter. 2017, p. 765-774

i

010! =y Sl gy 4yl
YEB-YVF .o Y4B oliwms F o los IF al

OLundS sl 55 sl (58 o (b 3 o9 9 (1D 3, Sdos dguty gy (om0

£ . y Y o, )
AW e — (6 ym0 Cmunds =7 (S 50,5 o]y Jo -9 2l doguare
WA/ F/YA 3L 53 a0

LXVCLS

o9lS A5 50 9 (oo g ke a3 Wb o Shes (lial g3 )Shee (Slgm 3)Shas iy (aSLE Sl () ysliteds

el yloss 5 ol WAY-RY elyi s 15 Lyogalf 045 olSutils 3l de 5o 5 1,55 e b dolas JolS slacSsly )b U5 )5 oty
i 51 P10l (s gl idgy gy 5 ol cp S 9le o yes F S e 5 s o Jold 2 @B A bl cnl )3 ey 290
5 GYYIS L (505 5 08, 25inS 5 2.5 e VITY y5nlo 5, 4 b 8l (3 e S5 s B b b allas 3,50 Sl
21y Al S o 5 g 9 T s9mle 885 391 y9ale 05) (250 5 (0S5 o) 4 bgiye dlitus 3 Al Sl (St g e yie
pB,l 5> g Cuwl atdly yu158] &g o oy dlaws Mol gy (b cjanle 18 Aile adyd,Y A8y 45 aS sl Ll ls wish olaid] deddy xyesie
eSS 9 9= @yeyie 3 pSTAYY L Chogy o) & bgaye s 3)Slas on St ol 48,50 © 90 Can ol )3 (A 43 b >
L 0055 05 5 o 0505 9 40y YVISF Iyomio 635 ) oy (ad L (54t 092 oy sio )3 p SYEYINY L 50 5 o8 4y gy 3Sles
w28 o8] &y s muyoyio )3 doeiy Dl g > 59 GiuliEl e o |y yemle Jio adsdyen wan plB)l 5 5 Sles il38l Ll sanlie Ao yd V/YY
5 3 Shae Gl el 6 3y Sl 4 (a5 5 oo sy 5 o8 o] L sl > gy o sy S I8y 3 5 Condls ais,Y
5,8des 5t 45 0 L gls IS jeboay sl ls 5,Shos i 1y 23l ot Al p> il 3lus a3 LS pae 35 Cpined ol

ol @l ili8l floj b el y asli g 0dg Han plil 4 by e

syl (g o, las slial g 3, Ses o clacaisi) wule 4o 16l (aojly

o5 (oS lid 5 (Koo Seirge o > ikl
Malek et al., ) Sod 0 JyiS s3b5 sloyyj bows el g 4l
it o3 J5 il oo J ol 1ol S >,Shs (2012
25L8) ol 3, Sla s Gl L a5 5 00 15
Gk 93 2 il ) Shee Gl a0 Vb 93 pa b (il
SLS 0 aS Canl oid (asuin 4uiiS sla Jlw (b )3 .5, 349
5L Gl > Slae Jrudly all g2 5 g5 opS a5l
2oy Slas g cciby (edld (Siuued 5039 olyan iy
(Morinaka et al., 2006) cewl YU ;5 el); oblS jl o)l
ash oy Slos 5 Sis 0dlo ey ygu Jloud pd ol CuiS (glags )
Saigs 5 e bulyd & a2 b Ban ol el gl VL
Rafischer and Kohn, ) cewl piy LSel g5 5, Sloe 5 4,
.(2002
PSS Su3 Eaid owyp yslaiedy Naghavi ef al, 2002
9 L) oS 586 (sl & Loy po (Triticum durum) po,ed
3 adlas 5)50 1) Ciliseo Slio g sy | Guigi) oA Slass 4 5

doddo

Lod ptee 4l yo)ox Hordeum vulgar ols pU L o>

g ol (2t 0ole (i g 9 03 IS Sl (A
(Akar et al., 2004) 39, o jloi 40 L3> oo JgazeV e s i
Gl b 5l (ool sl oS 5 4ot SV gase ST 50 5 Sles
Ol 2359 (e E9-8gen 9o 9 M) (b )3 & Cunl (S5l 5

3 5329 03Sitls S5 (5508 4] a8 il (somids -

0938 S ol (e mlis

DS olRED b e 5 65ysliS 0uSly Lals wln g 5 skl =Y

T

A oSl mb oo g (55l 0aSb Lols la guis g Ll Y

TN

e b e 5 sl gl 5 Claiod 35 e gy ol ¥

3L ey 5 Ghisel «lidos lesls

(Email: Alirahemi@yahoo.com s e 0N 55 — %)
DOL: 10.22067/gsc.v14i4.48516



WA (o F oylonds IF aler oyl (o815 leiingy 4 pid VEF

Ol e 4SS ol by 031428 ,55 108 dalllas 3 )50 LS dilato
5y Slas olyandy Sl Shs dx LS ddlais 3 ply &S cudl
2l 3 Sesds da U la Sy ol sl 03,8 Iy o &l

29 3 Slas i Sgp crge NP ST (sladels

gy 9 dlge

(oS 35 sy o Jols g 13,8 5l ool b iulejl

b B () o) g ) o3 gmle oo TS
acyie ™IYAY ol o ), S5 s b dolas JolS (clacSsh
w3y 2 sl oS bl s Ial Leggls wsS olKuisly Slasdisw
Ohio 5 1035 atd wagls A5 Sladog S pe 1Bl s
203l dlginiy oS 5 Bl gyl G Pl ple (sl 380 ]
2 aSbYYe olal @l (gl e o] avo g 4 sleba;
CuiS bghad Sl b mulats o8) ablie (g 4 4295 L g @perie
oS balad oy alold g o gy Job @ sV e )8 2
o [F s S o Aol s b b 48,8 el 0 e Dl
o inlesl 3550 JLuw oloyd )3 eej (gjlwodlel caa 39
Ji 5 05 035 K> e 53 g 9 005 5 21515 Aoy
ol g 80l (Ggiers (b5 hgy e b (o) 53 59 C
0ol (58 355 o duogi 395 i «SB ay i iule ]
)3 LS )3 p)5 5LSAe 0)0ud 358 5 LS )3 p)5 SLSVA-
@ Sl L Glejon 0dud 395 JS g ()79 5 295V /V &S b 485
Ay Siaoniy Al ye jd edlo Bl 59500 355 V/Y g AS 031> (ye;
Oz - odlawl Ju 35 Olaud y g guio 1 pad 58 A 031> e
9 rpslacils Bl gle 5 md sl Lyl ) Galesl
L glals alsye 93 (o olecyg)b ) e plsl g slacs)low:
Cgr b (bl (0] g+ 3 o )V) Sl (S8
Jolre 3 (s g dlsye (paiz as)ie jasladile b oj)le
Slial g 0, Shos e gl 8 plosl GlalS g iz
Laa,als Bls U bl oSG 5ede a8 (St jl ooy 3 Slas
Colue ol diwolisl g jasciio b3 ol e ol
Al (g casly Sl caliw Sl i w glay)l cala WY ol
b (SSiedan 0,Slas 5 aib 3 Slas (65505101 (glys s (g8 0510]
29 oS b U g capeyio S paw 5o g laails Gl
C9S e b g odd (g e NS A, pasde laSsS
pySVer by o ilad g Sl als g g b las olS” 51wl
Sdeds a3 VF (clod b 9] 50 Cugby doyd (6 pSojluil cgs il
Cagby do )3V olal p 2 Slas Colgs 5o .0 02y )8 celuVF

Sob iz M Slaw ST a5l dalllas 590 (slacuigs) ctish
e 534S 3l s sdal Canday o i a5 b
YL g e a3 Slae by el 9 Sofglgm > Ses
3 (e aibtane yo 3 ladh Al joolo U 5oy S 39290l b o9
OB el il dliiw 5,Sles (1 Kko p dliiws 0 &b sl 35k
ab,li 50 9 dliw jd il dhwt a5l Sl guad &S 48 )T does
5,8 loe daas g jd ol sl olayedli lgiedy e o ],
» Peyghambari et al, 2005 .5, S a0 pg)yg paiS 53 s
Lo Sles (Stugon oS wizib olo oo (pYVY g5y p slaslllas
039 8 g 5 d oy dlaal caliw jd by dlawd Wiy glayl Wl
by s cude 4350 gl pined g b bxe 5 Cute dild)lia
Al pd al sl g alslin 59 cdoniy dw lawgio padiue il S
L Guarda et al,2004 .55 YU, 5 Cuzo il 3 Slas Lawgio p
(Triticum aestivum) b pAS 345 5 (038 slodiyly awyp
9 3,Sdas (glinl 13 ob ool (i b 0 Sloe i8] &S a8l
s ol 035 ohon oS (S55lgd )90 Cluogad 53 oa
gl 3,8 48y (65 Gl Sy b Lo ly (loj CuldS L %00
g gdaw asly jd ash slaws 90,8 oy (Eals &byl 5 g dg
8l oli 8l e claa )y L anslio o cuthy asls
Sl Wb o oS s i dw jl OMe plu g g (gl 3 Slas
S Sogun 5 aibdylia 59 9 dliw )0 ails dlawd cpdaws dnly 53 Al
i s 2ySlas )0 39390 55 Jole oleiias 5)Slas gl
Al ol Cal &by 5,Slas 1 S50 53 (ulsl adaw daly )> Al
(Behzad, 2008) s 25 o L Siuser b 5,Sloe b e
L SOl byl e w asly o ails sl GMS 4y &by )lia 459
Gilize Jolge 15l p«}o))wf\Jw 93l puiS )5 il 5 Sles
Khan and .(Wood et al., 2003) >4 o gls £l)5 o (oo
PS5 )3 ol lial g wils 5, Slas dlasly wyyp 5> 3o Dar, 2010
3 Slos 0anl38l e il 51y abas (3 5 59k aoxy S )b
20,8 oyl &b
2Ll yolareas 45 Etesami ef al, 2008 Lol gl
g by yasls s o Sles gl b o] bls,l g 4l 3, Sles
by s g ol ploul ldS liwl o g )0 Kjedan 3 Slas
A P & bgrye cudlbyy (adls g s 3 )Slee o e oS
Gl (Sajsle b Sle 9y 2 & 2lagigR Foke ) s
ol g aib oy Slee e bLgHl el a8 )8 & yguo 5 Slos
L Sfglgn 0y Slas g ails 3y Slos (o Lol codgy st el
Conl 035 Cax s Hlun bLI) 0l U ac ily 09 g (b))
= @B G wyp ogas > Morgounova et al, 2010
Lo ool ciliso laygi > s 4l 5,Slas il
3 o cpl 5l g a8yl 9SG aSToul )il o ploul (o3L;



\74% ey bendS Lol )0 Sl ()8 i b 0 110 92 (sl O Slos Sty Wigy (o

Ceon g mbs

stlopgol bl

s dediy ol b GiolesT )90 33 (conldl (o yiol,l dunlie
oinlejl )90 (b Jils clod (pSlo a5 oy L oggls 4
0390 FnS (pdy9y8 9 oyeke 8> (slolo yd Senily Hlol 4 s
slrole y3 islojl oyg b ¢yiSTus (claled 3y40 4> Cpinpd col
Do ol aesily el 5l 5 i il g (23598 (Cyele
sy Loy JBls 5 Sl (gl 0y9n cpl o MBS oy 5 s
Lod 35Slae Liolajl )90 (b 48 Cudigudyl (slmolo 4 bgsyo
Jolis slod oS sl g ool ol 51 5 31,5 b 4 ,50/0
0390 ety Lol I zaS 3l e 4z 3 Jlea islejl 0)ed b
ol

S5k 5 ilail 0)93 (slmele ) (Sa5)l lire dulio
inlojl 093 b (Sx,b lime 3 ole y3 a8 sl L corenily
ol 5l 55 Laolo plow )3 9 Cul 03gr tadidy Hlol 51 i
olosd 4y bayye (S5 ;0 OB oy 5 i Canl 0390 lonily
&y S5k ole ol > ey ol 5l 568 yia Juold o/ &S 54
(Y Jase) sl odls

9 SAS (asbp b ny ] 5JUT g laodly Julow g 4550 .05 aploxe
.28 5 g0 EXCEL l58ls 5 5l oolaul b o ylyges puy (peipon
Mgsine S Sl g 5l b (0 S0ke sl sl (izpn
Ao 5 ol ealatul (sla pste (i3S Caps A eslawl (LSD)
S oS b ype 4355 9 435 odlawl STEPWISE i) jl poanne

A plosl SAS e )3 proc reg s,

axdlb 5,90 95 EU,1 (g5l 3151 Jlw - Joua
Table 1- Release year of barley genotypes
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Table 2- The average maximum and minimum temperatures, total rainfall during barley growing season compare with the
long-term statistics, in Gonbad Kavos
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Rainfall Minimum Temperature Maximum Temperature
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ke Jan-Feb 25.7 57.6 0.0 34 13.0 12.4
Ml Feb-Mar 46.8 73.3 9.2 5.2 14.0 14.5
09,9 Mar-Apr 54.7 60.3 7.2 9.0 21.5 19.3
g Apr-May 28.4 47.2 15.3 13.8 30.4 24.9
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Table 3- Results of analysis of variance of barley yield and its components
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Table 3- Results of barley average yield and yield components comparison
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Table 5- Results of step by step Regression
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Table 6- Path Analysis of yield and its components
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Introduction

Barely (Hordeum vulgare) is the fourth most important cereal after wheat, corn and rice. Regarding the role
of breeding to increase barley grain yield a large number of studies have been done in different countries.
However, a few studies have been performed across Golestan Province, in Iran. Therefore, this study was
conducted to know what barley traits have changed with grain yield during recent years. How these traits will
further improve the barley grain yield in the future breeding programs?

Materials and Methods

In order to study barely grain yield improvement during the last half century across Golestan Province, this
expriment carried out at randomized complete block desing with 4 replications in Gonbad kavous university
research field in 2013-2014. Treatments were included nine barley cultivars: Sahra, Dasht, Torkaman, Gorgan4,
Nimruz, Mahoor, Khoram, Reyhan and Yousef. We analysed the results using ANOVA in the statistical software
package SAS. Step by step regression analysis and pathway analysis was done to evaluate the relative proportion
of different traits on yield and direct and indirect impacts of yield components on grain yield, respectively.

Results and Discussion

The results showed that the values of the studied parameters were significantly different in different
cultivars. Results illustrated that the hieghest and the lowest grain weight were related to Mahoor (37.33 mg) and
Torkaman (22.66 mg), respectively. Due to the high number of rows per spike in barely cultivars, grains are
closer together and there are less space for growth and phothosynthetic material storage. In addition, total
assimilation was not enough to fill the grain of cultivars which have the more grain numbers per spike and it
caused low grain weight. Although thousand grain weight is among the main grain yield components with high
heritability, it influenced by other components such as the number of spikes and its length. The highest and the
lowest grain number per spike were related to Torkaman and Mahoor cultivar, respectively. Mahoor and Yousef
had the hieghest and the lowest spike numbers per square meter, respectively. Six-row cultivars had more
number of grians per spike compare with two- rows cultivars due to more rows per spike. Yousef cultivar with
1529.7 gr.m™ had the highest biological yield and Reyhan had the lowest biological yield with 1155.7 gr.m™.
Results indicated that biological yield was increased during released years. If carbon produced during
photosynthesis, allocate on economic parts or grains, rising of biological yield would be an effective parameter.
In other words, barely cultivars with high biological yield and harvest index, would be likely to have a high grain
yield. The highest and the lowest of grain yield with 388.33 gr.m™and 243.33 gr.m” were obtained at Yousef
and Torkaman cultivar, respectively. The results indicated that the potential of grian yield is different among
various barely cultivars. Results revealed that new cultivars had high grain yield. The highest and the lowest of
harvest index with 32.66% and 20.33% were observed at Sahra and Torkaman, respectively. It seems that new
cultivars allocate more phothosysnthetic material to grains. Path way analysis showed that thusand grain
weights, the number of grians per spike and the number of spikes per square meters had direct effects on grain
yield, respectively. furthemore, among these three factors, the number of grains per spike had the highest direct
effect on grain yield. The indirect effect of thousand grian weights on grain yield through number grains per
spike was high and negative. moreover, correlation results showed that these two traits had negative effect
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together.

Conclusions

In summary, the results suggested that the highest yields were related to new cultivars and harvest index was
increased during released years of cultivars. New cultivars had higher grain yield than the old cultivars. In
addition, path analysis results showed that the number of grains per spike had a major effect on grain yield.

Keywords: Barley cultivars, Path way, 1000 grain weight, Yield and yield components
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Introduction

Since discovery of food, clothing and shelter, human wanted to improve their physical sufferings, and using
experience separated toxic plants from non — toxic ones and medicinal herbs from non — medicine. Medicinal
herbs are agricultural products which have a very important role in the health of people in society. Among the
medicinal herbs, fennel with scientific name (Foeniculum vulgare Mill.) traditionally was used for treating
problems such as Inflammation and Cramping. Now, one of the main objectives of the modern agriculture is
decreasing the consumption of fertilizers and greater the use of organic fertilizers especially livestock fertilizers.
The use of organic fertilizers in nano-dimensions can absorb the nutrients needed to plant. Better use of nano-
technology for producing organic fertilizers, suitable for recruiting plant can help plants in variable
environmental conditions and be effective in the growth, quantity and quality performance (Sumner, 2000). By
the considering the same management of organic and chemical fertilizers consumption especially nano—organic
fertilizers, is of great importance and necessitate further research and consideration in all kinds of plants, medical
and aromatic herbs and plants in particular.

Materials and Methods

A factorial experiment, arranged in a randomized complete blocks design with three replications, was
conducted in the Saffron Research Institute at Torbat - Heydarieh University in 2014. The geographical location
of the experimental station was 35° 20" N and 59° 13" E with the altitude of 1450 m. Factors, including
utilization of nano-organic fertilizer in four levels (zero, 10, 20 and 30 tons per hectare) and nitrogen fertilizers
application in four levels (0, 25 , 50 and 75 kg per hectare). Each experimental plot was 3 m long and 2 m wide
and contained 4 rows with 50 cm distance. Seeds were directly sown by hand in late May. First irrigation was
done 10 days after seedling emergence. The rest of irrigation was done every 5 days. The spacing between plants
were 20 cm that was achieved by thinning plants in 3-4 leaves stage .Weeding was done manually tree times.
Fennel harvesting was done in early September at the time of physiological maturity. At the first five plants
harvested randomly from each plot for measurement of plant height, the number of lateral branches per plant, the
number of umbels per plant, the number of seeds per umbel, the number of seeds per plant, weight of 1000 seed
and fresh and dry weight of plant. Then for measurement of biomass, grain yield and harvest index, one m™ of
center of each plot was harvested. Seed and straw essence were measured using distillation method with distilled
water by Clevenger apparatus. The data was analyzed using the SAS software. Means comparisons were done
with Duncan’s multiple rang test at 5% probability.

Results and Discussion

Results showed that height, the number of lateral branches, the number of umbels per plants, the number of
seeds per plant, 1000 seed weight, dry weight, seed yield, straw yield, biological yield, harvest index, and
essence yield were affected by nano-organic manure. Nitrogen fertilizers had significant effect on height, the
number of seeds per umbrella, the number of seeds per plant, plant fresh and dry weight, seed yield, straw yield,
biological yield and essence yields while the number of lateral branches, umbels per plant, seed weight and
harvest index was not affected by this factor. The interaction of nano- organic manure and nitrogen fertilizer had
not significant effect on the measurement characteristics. While the application of 10 ton ha™' of nano-organic
manure or 25 kg ha™ of nitrogen fertilizer could increase biological, seed, straw and essential oil yield, higher
amount utilization values of each treatment had no effect .Consumption of 25 kg ha'! of nitrogen fertilizer
increased seed yield by increasing the biological yield, while 10 tons ha™ nano-organic manure increased yield
by increasing the number of umbrellas per plant, number of seeds per plant and seed weight.
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Conclusions

In general it can be concluded that consumed 10 ton ha-1 of nano-organic manure can be an appropriate
alternative for nitrogen fertilizers in fennel and probably has less adverse effects on environment.

Keywords: Biological yield, Harvest index, Number of seeds per umbel, Number of umbel per plant
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