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Figure 1- Effect of Wild oat on height and harvest index (a) Water productivity, infertile tiller ratio,

(b) Length of spike, (¢) Grain number per spike and thousand grain weight, (d) of wheat.
The same letter indicates no statistical difference at P= 0.05.
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Table 4- Mean comparison of yield and yield components traits affected by deficit irrigation regimes

Sl slaley e, g Comd  aildalaag Al 15 05 dyiw Job ol <l 9050
(o i) 29)kb i (255) (o giiluv) Caild 2 (&30 70 32 0,5945)
Irrigation Height Inf_(lelrtlle Ggam 1000 grain Spike length Harvest Water productivity
treatment (cm) tiller nUMbET per weight (g) (cm) index (%0) (kg m®)
ratio spike
Fl 96.52 2 1.26°¢ 39.022 34.01°% 10.06 ® 40.48°% 1.25°
80% FI 95.28° 1.56° 35.18"° 30.94° 9.778 39.13° 1.31°
60% FI 85.69° 2.35° 32.98° 27.54°¢ 8.85° 3155° 1.08°¢

M gt pp > S e s Sy il el elaySile oS A b oy 5

. WL 60% FI pAS @] W Moy Al u.,oib 80% FI pAS @] 3 oy Ve u“"L :FI

W50 o gy Jleis] pdaw )3 (g )b ize
FI: Supply of 100% of wheat water requirement, 80%FI: Supply of 80% of wheat water requirement, 60% FI: Supply of 60% of
wheat water requirement. Within each column the same letter indicates no statistical difference at P = 0.05.
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Table 5- Mean comparison of spike number in irrigation regimes affected by Wild oat density

Cbuo N PUER g BYe o515 Wild oat density (plants m?)
Trait Irrigation regime 0 20 40 80
SBEN G154 8 61207 a 59389 b 57656 c
i s 100% of W.R
(@20 520 ) ol Sl 7oA 61133 ab 57633 543 d 52667 de
Spike number 80% of W.R
-2 T8 o e
() o S5 7 ol 532 de 517 e 49033 f 48333 f
60% of W.R

T Water Requirement

)l e ol 31w by ey 5l edlatel b cdop guy Jlein] pdaw p3 (g)b gime MR S i B S JBls )b sla 1 Sle
Means with same letters don’t have significant difference, using Slicing method, p=0.05
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Table 6- Correlation coefficient of measured wheat traits

Olas

. 1 2 3 4 5 6 7 8 9
Traits
elasyl - 1
1. Height
&oye yio yd b dlaas - 0.90 1
2. Spike number per square meter *x
Al 5> &l dlaws —Y 0.69 0.88 1
3. Grain number per spike * *x
&l a9 —F 0.78 0.89 0.90 1
4. 1000 grain weight *k *k *k
Al Jgbo -0 0.85 0.87 0.89 0.86 1
5. Spike length X X x ok
Hoybb Aoy s —F -0.88  -0.96 -0.91 -0.91 -0.89 1
6. Infertile tiller ratio *k ok oK o oK
&l 3,Sdos -V 0.91 0.97 0.87 0.94 0.93 -0.95 1
7. Grain y|e|d kk kk kk XK Xk Xk
S5edgn 3,5des —A 0.85 0.93 0.87 0.90 0.87 -0.90 0.93 1
8. BiOlOgical y|e|d ko ko ko k% Xk Xk k%
Ol yg0 0 pals -4 0.74 0.79 0.86 0.85 0.87 -0.90 -0.90 094 1
9. Water productivity index *k *k *k *k o o *ok *k
Loy iy 9 So Jlois! pgla 3yl gae sy * 9
** and * significant at 1% and 5% probability levels respectively
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Figurel- Effect of drought stress on length (a) and dry weight (b) of plumule in irrigation regimes
(Means with same letters don’t have significant difference, using Slicing method, p=0.05)
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Introduction: Water stress is one of the most important abiotic factors that restrict the growth and
production of plants in the world, especially in arid and semi-arid regions. In Iran, a majority of wheat are
located in arid and semi-arid regions. In these regions, drought stress occurs due to the lack of water which
causes a considerable decrease in the yield of wheat. A suitable strategy to achieve satisfactory production in
these areas is to apply deficient irrigation systems with the aim of improving water use efficiency and acceptable
yield. Weed competition is another factor which decreases the wheat yield. Wild oat, due to its high
compatibility and different ecological conditions, is one of the most important weed in wheat in most areas of
Iran. Therefore, it is necessary to understand their behavior in the field, if we plan to apply appropriate weed
management methods. Because any management change in the field may change weed behavior, and since the
drip irrigation is spreading and the merits of deficit irrigation is known, it is necessary to evaluate their behavior
at these conditions. Thus, the aim of this study was to study the wheat response to the interference of wild oat
under deficit irrigation conditions.

Materials and Methods: An experiment as split plot in randomized complete block design was conducted to
evaluate the effects of deficit irrigation in three levels (supply of 100, 80 and 60 percent of crop water
requirement as main plot) and wild oat density in four levels (0, 20, 40 and 80 plant m?) on wheat yield in
Shahrood agricultural research center. Wild oat seed was collected from wheat field around Shahrood and was
planted with wheat. Crop water requirements calculated by Penman-Monteith equation amended by FAO.
Irrigation treatments was applied at the beginning of jointing stage and continued during the growing season. At
the end of experiment, two square meters of each plot harvested to measure the grain yield and biological yield.
At this time 0.25 square meters of each plot harvested and yield components were measured. Data were analyzed
in SAS software (version 9.1). Slicing method was used for interaction mean comparison.

Results and Discussion: The effects of irrigation regime and wild oat density were significant on the number
of spikes, the number of grains at spike, infertile tiller ratio, spike length, plant height, biological yield, grain
yield, harvest index and water productivity. Decreasing the water usage to 60% of the water requirement
decreased the grain yield and biological yield of wheat by 38.59 and 11.64%, respectively at the density of 80
bushes m?. Increasing the wild oat density up to 20 plants per m? had no significant effect on the grain and
biological yield of wheat, while increasing it up to 80 plants in the deficient irrigation regime with 60% of water
requirement, decreased the grain and biological yield of wheat to 52.3 and 26.2%, respectively, compared with
the control (100% of the water requirement) and zero density of wild oat treatment. Spike numbers per unit area
showed a significant and positive correlation (r=0.97"") with yield. Moreover, the results showed that deficient
irrigation regime with supplying 80% of the water requirement reduced the grain yield and water usage by 9 and
12%, respectively and it improved the water productivity by 4.6% compared with the optimum water conditions.
Whereas, reducing the amount of irrigation water to 60% of the required water, decreased the water productivity
by 13.6% compared with the optimum water conditions.

Conclusions: Results showed that the deficit irrigation decreases the yield and yield components. Reducing
water usage to 80% of water requirement reduced the water usage to 12%, consequently, although the water
productivity increased, the yield decreased by 9%. Thus, it could be a suitable approach for regions with low
water reservoirs. In the other words, in low water regions, the best choice to manage optimum irrigation to
achieve constant production and increasing usable water is “the lower water-the higher productivity” strategy.
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Increasing wild oat density up to 20 plants m? had no significant effect on the grain and biological yield of
wheat. However, increasing wild oat density up to 80 plants m® decreased these properties under all irrigation
regimes. The insensitivity of wheat to wild oat competition in lower densities is due to the growth characteristics

and competitive ability of Alvand variety.

Keywords: Drought stress, Height, Number of spike, Water productivity, Weed
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Figure 4- Steps in cross calibration and validation of

model using leave-one-out (LOO) method based
on 3-year yield data.
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1- Exploitable gap
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Table 1- Comparison of percentage root mean squared error of prediction (RMSE %) for irrigated wheat and sugar beet
yield in 3 agroclimatic regions of Khorasan Razavi after validation of model at plot level and after cross validation

Region 1 Region 2 Region 3
) asb Y 4ol Y asb
Wheat ».5
Plot validated model « s )5 jlsel o 19.2 18.4 18.7
Cross validated model e jlzel oy 11.3 10.6 11.1
A RMSE 79 7.8 7.6
Sugar beet x3,us
Plot validated model « s ;5 Jlsel o 205 19.7 19.1
Cross validated model e jlasc! s 13.1 12.1 12.6
A RMSE 74 7.6 6.5
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Figure 5- Cross validation of observed and simulated yields of wheat and sugar beet in 3 agroclimatic regions
(R1, R2, R3) of Khorasan Razavi province. For both crops the slope of regression lines
was not significantly different from 1:1 line (dotted line).
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Table 2- Mean actual yield and its coefficient of variation (CV) and simulated values of potential yield, yield gap and
relative yield gap for sugar beet during a 10-year period (1384-1393) in 3 agroclimatic
regions of Khorasan Razavi province and up-scaled results to the whole province

Region 1 Region 2 Region 3 Province
Y 4l Y asl Y anl Ol
Sugar beet
A ydse

Actual yield (YA kg ha™) g 5,8kas 36.4 3458 34.9 34.2
CV (%) (%) s gy 9.5 11.9 10.8 9.2
Potential yield (YP kg ha™) bty 3 Slas 84.9 78.6 87.7 83.9
Yield gap (YG kg ha™) 3,Slas M5 485 43.8 52.8 49.7
Relative gap P VE 0.57 0.56 0.60 0.59
Yield gapgsy, (YGasw kg ha™®)(/As) s Skee s 35.8 32,0 396 37.1
Relative gap (85%) (FAD) (o5 M5 0.50 0.48 0.53 0.52
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Figure 6— Potential yield (YPgs,) and exploitable yield gap (Y Ggso,) of sugar beet in 3 agroclimatic regions of Khorasan

Razavi province (a-c) and relative gap (d-f) during 1384-1393 periods. Yield gap is presented as negative values to show the
rate of gap filling (b, t ha™ y') during the studied period
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Table 3- Mean actual yield and its coefficient of variation (CV) and simulated values of potential yield, yield gap and relative

yield gap for irrigated wheat during a 10-year period (1384-1393) in 3 agroclimatic regions of Khorasan Razavi province and
up-scaled results to the whole province
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Figure 7- Potential yield (YPgse,) and yield gap (YGgse,) of irrigated wheat in 3 agroclimatic regions of Khorasan Razavi
province (a-c) and relative gap (Y Gygso,/YPgso,) in the studied regions (e-f) during 1384-1393 period
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Figure 8- a) Time trend of grain filling of wheat simulated by LINTUL model (data from simulation results under Mashhad

conditions for 2011-2012 season) and fitted sigmoid function. b) Grain filling rate estimated from the first derivative of the
sigmoid function. ¢) Third derivative of the sigmoid function showing start and end of effective grain filling period (EGFP)
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Figure 9- Relation between effective grain filling period (EGFP) and potential yield of irrigated wheat (a) and response of

EGFP to mean daily temperature during grain filling period (b). Data points (n=60) are obtained from 10 years simulation of
wheat yield in 2 selected stations from each of 3 climatic regions of the province
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Figure 10- a) Frontier production function for relation between rainfed wheat yield and annual precipitation in Khorasan
Razavi and Shomali provinces. The function is fitted to yields recorded in controlled experiments and high yielding farms
(closed circle a), actual yields are shown with open circles. b) Relation between yield gap of rainfed wheat and annual

precipitation and. c) relation between ratio of actual yield to attainable yield (Y,/Yw) and annual precipitation in Khorasan
Razavi and Shomali provinces
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Figure 11- Relation between water use efficiency (WUE) and annual precipitation for rainfed wheat production systems of
Khorasan Razavi and Shomali provinces obtained from frontier production function, closed circles show WUE of controlled
experiments and high yielding fields and open circles are actual WUE
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Table 4- Mean actual yield and its coefficient of variation (CV) and predicted values of potential yield, yield gap and relative

yield gap for rainfed wheat over a 10-year period (1384-1393) in 3 agroclimatic regions of Khorasan Razavi province and up-
scaled results to the whole province

Region 1 Region 2 Region 3 Province
Y 4l Y asl Y anl bl
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22 fAif
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Potential yield (Yp kg ha™) iy 5,Slas 2812 1994 2537 2431
Yield gap (Y kg ha™) 5 ,Shos M 2250 1651 2130 1990
Relative gap RS VS 0.80 0.83 0.84 0.81
Yield gapgsss (Yossw kg ha™)  (/A) s Sles -5 1828 1352 1749 1625
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Figure 12- Relation between yield gap of rainfed wheat yield and water use efficiency (WUE) in production systems
of Razavi and Shomali provinces
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Figure 13- Time trend of potential yield of rainfed wheat (Y\) and relative yield gap (Yg/Yw) in 3 agroclimatic regions

(R1, R2, R3) of Khorasan e Razavi province during 1384-1393 period. Slope of the trend line (b, kg ha™ y?) is also shown
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Introduction: To realize global food demand by 2050 world cereal production should be increased up to
49% compared to 2006. This level of production could be achieved by annual yield increment of 1.16%.
However, the current rates are much lower. At the same time, there is a very restricted area to increase cultivated
lands because of resource limitation, provided that increase in crop yields is the main option to sustain food
security. Potential yield (YP) could be achieved when limiting and reducing factors are completely absent during
crop growth. YP is an indicator for the yielding capacity of a given environment and management system and
estimating the difference between YP and actual yield, known as yield gap, is crucial for improvement of crop
production systems at regional or national scale. In this study yield gap and its temporal trend for sugar beet,
irrigated and rainfed wheat are estimated over Khorasan Razavi province based on the method developed by
Global Yield Gap Atlas.

Materials and Methods: Following the protocol provided by Global Yield Gap Atlas, Khorasan province
was clustered into agroclimatic zones using the proposed indices (cumulative degree days above 0 °C, aridity
index and temperature seasonality) based on 10 years (1384-1393) weather data. YP of sugar beet and irrigated
wheat for the study period in the climatic regions was first estimated for selected cities within each region using
LINTUL model and finally the simulation results were up scaled from cities to region and from regions to the
whole province. The model was cross-validated against measured data using leave-one-out (LOO) method to
increase accuracy of predictions. Potential yield of rainfed wheat (YW) was estimated from frontier production
function which was fitted to yield data over a wide range of annual precipitation. Yield gap (YG) of the studied
crops was estimated as the difference between potential (YP) and actual yields (Y A) for each region and over the
10-year period. In addition exploitable gap (YG85%=85%YP-YA) was also calculated.

Results and Discussion: The accuracy of LINTUL model for simulation of sugar beet and irrigated wheat
yields was considerably increased after cross validation and the prediction error was reduced by 6.5 - 7.8%.
Mean YP of irrigated wheat in the climatic region 1 (temperate, semi-dry), 2 (hot, dry) and 3 (temperate, dry)
was respectively, 7248, 6478 and 7852 and for the whole province 6936 kg ha-1. Time trend of YP for irrigated
wheat was not significant in 3 climatic regions however, high annual variation of YP was found over the studied
period. Results indicated that up to 74% of this variation was accounted for by changes in the effective grain
filling period in response to temperature. YG85% of irrigated wheat in all climatic regions was increased up to 4
t ha™* during 1384-1388 but decreased later on so that relative gap was 0.48-0.50 of YP in 1993. Average YW of
rainfed wheat in the climatic regions of the province was estimated as 2000-2800 kg ha™ with a negative trend
due to decreased precipitation, the highest negative slope in YW (59 kg ha™ y™) was found in the hot dry region.
Rainfed wheat showed an extremely high yield gap in all climatic regions and mean relative yield gap (YG/YW)
was estimated as 0.75-0.80 over the province. Mean YP of sugar beet in different climatic regions of the
province was estimated from 78 to 88 t ha-1 with the lowest potential in hot-dry region. However, declining
trend was found in the yield gap of sugar beet in all studied regions with the highest gap filling rate of 1.44 t ha™
y* in temperate-dry region.

Conclusions: Simulated YP of sugar beet and irrigated wheat were higher in temperate-semi arid regions of
the province and lower in hot-dry regions. However, cold-semi arid regions had the highest YW of rainfed
wheat. When up-scaled over the province, YG85% was about 50% of YP for irrigated wheat and sugar beet and
25% for rainfed wheat. It was concluded that closing yield gap of sugar beet and irrigated wheat would be
possible mainly by improving management practices however, for rainfed wheat breeding strategies should be
considered as the first priority.

Keywords: Cross validation, Exploitable yield gap, Global yield gap atlas, Potential yield
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FogVe) (ol i oy g ol o o Sl bl 2 (ol 85
Opgodey g sl b g any (ylal A5 @i g 050 (100
Fekel glejlos Ol jlide (glyal gy 5 €85 plosl (Suin
drogs 3l ey Sl loloss Jlos] o b oalitl ez 58
olosls 3 ot Gu)l5 ) (il ad> o g9y 5l B g ol JolS
5 Gl et Jleel sl oloj ol Bl s s YYR¥-40
g Sk 090 A Sy et g A je ul 5 olS
Coildp 85 Sygo Ol Lyme 3 pgrddpo JShs Cuiy oyl
g lacS s ad 0, L IYAY-A0 ols ooy 0 0 o ¥ slag,l ,o
A5 plsl s J5Sg8
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Nigussie et al., ) )l 3459 SIS 59,20 Lo )d ilidl
o3l > (2012; Njoku et al., 2016; Foster et al., 2016
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Table 1- Physicochemical properties of the experimental soil

Sl G o e LBl ] o Fojer gl cule dbawl
Soil Clay Silt Sand Swls PP K S TotalN S oS pH
texture (%) (%) (%)  CeEC  Availablep (Mokg) oc (%) SP EC
(cmolc kg™)  (mg kg™?) (%) (%)  (dsm?)
Loam 21 41 38 8.9 12 220 0.837 0.079 40.2 1.9 7.65

o3l 3,90 Hlorgm (lownd 9 (a8 SS9~ T Jga
Table 2- Physicochemical properties of the biochar used for the experiment

Cug 9 51538 Jlolge oy B o oS SWeds  SySicyls e
Volatile organic matter & K AvailableP  TotalN  Carbon Sl EC pH
moisture CEC (uS cm™)
(%)
46.95 0.21 0.01 1.27 45.44 0.27 200 9.7
63,8 odalie JolS S o e yiens BB Aud as o
Sl g 398 foisne SB oy BB jid g il
S asliy

Olie 2 slarge 48 0b Lt (uib)ly w20 5l Jols ol
Cily gy mme 55U oy Sy Jloin] s > SB gpuilsy
Hege wl38l b &S ol L eale Sl il S5l awglds (Y Jais)
WYY LAYAS | SLS pealy e LS o 5 YU Y-
5 sl e 31 (F Jgin) <l Gl oS58 )5 08 L
L) 1Bs sloss & bgrpe 50 i 5 392 e 5 Sl
o (laom LS 0 o3 Ve st b aon Ve bl
Sl )3 (0 J3i2) 23 pSyLS 3 oS oo WSIV i
ol oyl jlagn e Liuli8l L S puwly iol38l 4 50 calisee
Jas )lose (Dume et al, 2016; Njoku et al., 2016) <!
FS Glagg ol 3 Sosls Pl )08 Gll b
yolis gl o olS yiag (g pted Sl g 0)1> 4B el dlex
ol olBl > lie polie (39 s Jdoar Jlrgn ogMledy 395
.(Puhringer, 2016) cusl g0 S > yolic

S Jlouls s yu

355 b xe o ol g bjled plo 31 g cudly (g)ld sixe
Ollial 51 s a s ol lis edle @l Sle duslis (Y Jois)

AoV Jleinl o )3 (oliesd 355 9 8opd gy Jlots] a5
(¥ Jgaz) ls s gine 3B SB- o iwd BB jiud 2o)>
oialS eel (oland 395" jl ookl (g Hlagn Gaid G
Fd Qi 9 S 0l L ey ol ool b S jhud
olaize Jg (Nelsonetal., 2011) b g jlogm by
orom sl sbajles ) oyiws BB jaud (il 4 (6503
aou g S andwl deme |y Ll pl s 9 05,5 6Ll
Dume et al., ) 55,5 olo ol 5 posuegl sla g cullsd inlS
el ot ) iy B jiud 2 Jlagn 30 pas (2016
i 33 oL U 0 Lo i gy ke s 40 Ve
by ol i Gime Lo (olierd 355 51 (36 (639
SLah)liS L guos ol (ol & canl S oSy S
5 &)l e @l il g (Foster et al., 2016) o, Ko g yiwgd
(7 Jgaz) g o sime j abord 35579 o)l 9 )Lase
Gyae gd +ml s 2o ¥e (o) 1By e 4S5 b
b S s iy o )SolS )3 p)S (e V3 L (Sl
4 lrord 355 5 Jlagn (k! Blite SIS0 Jgaz) 20 1l
=3l deps o bl (L) 1Bz Jlos yid 586 S0l
392 SLS b do)d 1o ((okosd 355 Bpas + jlagn (o +
=B aub 35 (Foster et al., 2016) )\ Kon g yiwsd (& Joi)
bl Yo dn G (i85 o8 glalass )3 1) (gytdin oo g
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Vet (ol s aopd Voo olul  (5lT) 11BaFy o 4 bguye
200 Joda) 390 ((olosss 355 Gpuas + oo JiSa 0 o
2 olite Lo )55 Jdday (09,50 o35 (p)S 2 ks
o=l (Lehmann et al., 2011) cwl asl_ib 55 <Yl
biyo SIS g9 g (Srae slogn plio 5 g9 b @ls ) boglis
L (9550 0395 cnpS ali8l @ (e | (5
(Demisie and Zhang, 2015) 4555 o )lsl jl> g0 B yas iol58l
21 (955 03558 cnpS (il 58 (603 plie (Jg

oy (Dempster et al., 2010) 15,8 lgie 365 sla ikl
Wl S9a0 53 Jlrgn (AUl b SB (29500 035 ()5
UA_MJ)KM: )l A_,]yu_n )l_>9u RS 05)4_94_3 Ca h».’)_n
e polie 5 S 035 & 5008 65 sl Ll 3 S

(Zhang, 2014) .8’ S8

Vo lew )3 g 3o WYAY T osle )logn S p3 o5 Ve e
38 5 pliie (¥ Jgio) 392 2uop3 VOOA Sl g JiSa 1> (5
S 4 g 02958 L S Josle g S8 olie Stal3l 4
oS oo Lil3l (Dume et al ., 2016) asle>,S o )Lis|
2 AT oS I @Vl dey s394 slesn Bpae (il33 L SB
S Josle lsse 45 ol & sy bl bigrpo sbys slog
o slagn 98] el SB (gjlols ppe saddge I (S
Sl bl Yl gte 3195 (oo o VL ()5 Jdoay S
Slogad 3000 a5 9 SLS S olse 5 00 39008
(Freddo, 2013) sal, S cadlo Lo 55 5 slronsd § Sused

S0 03 ghCy (2 S
L3S JySen b i S g S 5] (15
yolie gilodljl 5 g cunl agiumwsST 55 I dlge 4550 ¢ caliso
gyl 3403 ) gljwas 18 S (il 5 2lie
U o3 Ll a3 ST g S o353Enmts 015
YAYA (9)5u0 0355Cuun 5 (p)S JMie oy g Cubld (g5l xe
g JUSB 53 (5 Ve Bpac bgje S a5 Vee e S e
Sl blie gl algd blize Sl gl o 3 (F o ¥ slasls) 59
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Table 3- Analysis of variance (mean square) for the effect of studied treatments on some properties of experimental soil

5 @l @Milanyy U gie e LB jhd oy SB Jislge S O T
S.0VvV d.f Total Available Potassium Soil organic 195w
nitrogen phosphorus matter Microbial biomass
carbon
S 2 0.0051™ 0.891™ 3292.1"™ 1.518™ 35.29™
Block
ol 2 0.0000 ™ 8.25™ 1357.4™ 0.003™ 38.76™
Irrigation (1)
clas Lol s )S 4 0.0003 435.8 0.108 30.95
Main plot error
Ji oW 2 0.0007* 1.91™ 4317.1** 0.253* 49.74*
Biochar (B
bl x )1%(%) 4 0.0001™ 25.44%* 1762.9* 0.052"™ 67.74*
IrrigationxBiochar
orbonsngS 1 0.0003 ™ 78.48** 185.1™ 0.123™ 67.84™
Fertilizer (F)
bewsngs x bl 2 0.0001™ 179.6™ 0.067™ 147"
Irrigationx Fertilizer
orbondag8% o g 2 0.00006 ™ 4.43™ 311.5™ 0.021™ 0.021™
Biocharx Fertilizer
orbeondaeSx s g bl 4 0.00036 ™ 14.37** 9185™ 0.128"™ 124.7%*
IrrigationxBiocharx
Fertilizer
b sl S olbs 30 0.0002 685.7 0.065 18.92
Sub plot error
Oy oy - 19.2 16.9 17.9 11.8
C.V. (%)

70 o 7N Jlean] gaw 1 s sxe cud g # g % NS
ns, ** and *are significant at p<0.01 and p<0.05, respectively
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Table 4- Means comparison for biochar effects on soil properties

K9S Ty 5 Ojas el SB Jislge (529550 0395 o j (325
Factor Total Potassium  Soil organic matter Microbial biomass carbonic
Levels Nitrogen (mg kg™) (%) (mgc100g soil ™)
(%)
Jirow 0(By) 0.076b 143.1b 1.329b 36.87ab
; i -1 10 (By) 0.085ab 148.6b 1.392ab 34.96b
Biochar (tha”) 20 (B5) 0.089a 172.2a 1.558a 38.28a

)l doyd ey Jleis] e )3 5 xe gy Syiie B S JBls gyl gla (1 Siko 556 g gt b 4D

In each column of each experimental factor, same letters had not significant differences in Duncan’s multiple range at p<0.05

S Sloogad 5 tlandags x g x (5)ll S aw ST g sl 893 Jliso 31 ls dullin -0 Jgo
Table 5-Mean comparison of interaction effects for irrigationx biochar and irrigationx biochar x fertilizer on soil properties

o o s BBy ] (52950 8395 Com§ (2,5
Treatment Available phosphorus (mg kg™) Potassium Microbial biomass carbonic
(mg kgt (mgc100g soil ™)
1,B; 13.53c 148.3bcd 34.15cd
1,B, 15.5ab 156.7abc 35.62bcd
1,B3 14.17bc 186.7a 41.54a
1,B; 11.12d 119.2d 39.57ab
1,B, 12.7cd 144.2cd 38.25abc
1,B3 15.4ab 176.7ab 35.99bcd
13B, 16a 161.7abc 36.89abc
1B, 12.93c 145cd 31.03d
1;B3 12.97c 153.3bc 37.32abc
1,B\F; 14.2 cdef 35.9bcdefg
1,B:F, 12.8defg 32.3efgh
1,B,F, 14.6cde 40abcd
1,B,F, 16.4bc 31.1fgh
1,B3F; 13.2 defg 37.1bcdefg
1,B3F, 15.1cd 45.9a
1,B.Fy 10h 41.1abc
1,B:F, 12.1fgh 37.9bcdef
1,B,F; 11.7gh 37.5bcdefg
1,B,F, 13.6defg 39abcde
1,B3F, 12.6efg 41.6ab
1,B3F, 18.2ab 30.35gh
13B,F; 12.2efgh 33defgh
15B:F, 19.7a 40.7abc
13BoF; 12.8defg 34.2cdefgh
13B,F, 13defg 27.7h
13B3F, 11.9fgh 39.7abcd
13B3F, 14cdefg 34.9bcdefgh

I3, 1, and I5: 100, 70, 40% water requirement, respectively;

By, By, B3: 0, 10, 20 t ha™* biochar, respectively; F; and F,: non-using chemical fertilizer, using chemical fertilizer, respectively

)l doyd ey Jleis] gdaw )0 I gine Ggley Syidie B S JBlas gl slo (1 Sle g6 5 g o )0

In a column of each experimental factor, same letters had no significant differences in Duncan’s multiple range test at p<0.05
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03958 2 g s dne b pas (P Ji2) bl (5 > dne
Schulz, et ) cewl sais (5155 55 (6,50 sl iulejl )y Lol
355 5 ookl blize I o 2lS g olS 5 Slae oy iy L(al., 2014
395 o+ ol 5L doyd Vo) 1P, clajlos a0 bosye (olows
(cstlhord 355 Bpmot (ol 5L dop3 Vo v ) 1Py 5 (ko
Sl (A Jgas) 290 )LiSa 43 )55 LS YYD o ¥+ FF i pa
3033 V) 13BoFs (elalass YL 3B orimd Lt o dus lizo
3,80as 1 (tlhord 255 e+ lagr 1S 53 5 Ve + ol Sl
OlFee ulple (8 Jgio) (S 2 p ok FFV ) 390 1S5 08
ol ol yanas Lagw g (olow 365 3l oolil &8 cusly bl
Ao by Aol 5 (olde Dlge g Ol s walyd el ol
4 (lorahim, et al., 2015) ,San 5 oulpl .ol 04335 oL
bl g g ol slojles > GHS 5 o 5 Slae ity (i3l
Szen o9t lajlas b awslio 3 olS ol 5l ao s A bl
@3 0LS 59y 2t (tlojl > 4508 o)Ll (g ylul wop> Voo
2l 355 ol yondy Jlrgn Jlo )> IS g ol 3 S o 5V
i ceel oo 255 U jlagn lojed solitwl .05 sdnlin
5 are Om bl g o ol stunl (g3Ladlil g Jlagr b ()30
—iagy 4y lalidl ol do 48 29 e gl (5o
(45 4 hhnn (355 38 i 53 ol oS 2
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.(Gokila and Baskar, 2015)
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O ((2lead 295 GByian + )logn US> o5 Ve +
o gD p)SelS IYVY o /YA ol say) il |y Ol Gpas Gl
53y Shos 539 YL b Ol Gpan L Gl38 (A Jgio) (esa

LS L b po Olio
dils o Slac

= ol o ine 13 S ool uilyly o S

Oals Sl ook 3l 1 Sle dunslio (5 Jgia) 59y ild 3 Slas
=2 W aod Ve g Veesled b ol 5L aoyd Fe jlas Iy xe
a5y plS U L olal G5 (Y Jsi) o5 il 5 Sles
Shabanzadeh ) 5,1y o 1y 5,See cidl wlS ;5 iy 5 g,
s 565 Llize 5 wlSes Llize <l o, (et al., 2011
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0y Sloe o9 Vb il ) aily 5, Slos oy yiiig iS40 p S6lS
hae o i (ialS 3 Jlagn 18U KU Jlas 93 (0l
o Voo sla 4 )lboy jl eslaiwl b olgh o cud 5 cpldy ol
L 23,8 onlatul aildoluw cuiS (gl 5l 390 Of duoyd Vo5l o)l
s il “j YL ojg pdaw b Bl JJs 4 jlagu 2y,8
oS b 3)Slae Slarge Vb O (5115 @08 5 lie polie
(Mo iis cood lS (o jlbge S0 cyle 4 )3 oalys
bl e 5l i osd Gyme O Hlade sljl @ 1y &l 5, Slee
Al 3 Sas 33l oyl (Baios G 50 b ]38l lo gy Ve
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4235 odalidie jlagn ;LS )3 (5 VO 5 0+ Bpae b duglio
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Table 6- The analysis of variance (mean square) for the effect of studied treatments on seed yield,
straw yield and water use efficiency in black seed

s alio o3l 4 yn &ils 3 ,Slos QNS 5 0l5 5 S Ol dpae g,
S.0.V d.f Seed yield Straw yield WUE
J ns
Bl ’hk 2 338414.05 ™ 4908604.05 ™ 0.051
ocC
T ns
. d).L,gl ) 6787186 * 4387008.56 0.002"
Irrigation (1)
kol sl S llas A 66526.7 1136303.54 0.017
Main plot error ' '
Bi ’:’“ ®) 2 18891.2™ 124676.87™ 0.001"™
lochar
o X“"E"*' 4 30726.2™ 238939.54™ 0.002"™
IrrigationxBiochar
F “?LIMJ’ZF) 1 101375.7™ 16534020.6™ 0.004"™
ertlizer
B 1 ns
tbesd Xl 2 41023.2 675786.42" 0.001"™
Irrigationx Fertilizer
LawdogSx la o>
g e 2 168023.7* 20575.56 ™ 0.008
Biocharx Fertilizer
otbronddgSx )‘%%Xd)@."
IrrigationxBiocharx 4 79246.9° 620880.02" 0.005™
Fertilizer
R e 0 sl 30 26548.1 246939.3 0.001
Sub plot error
ol yaai g
NN - 15.0 16.7 15.1
C.V. (%)

70 9 7N sl o p3 5 re ol gy # g s NS
ns, ** and * are significant at p<0.01 and p<0.05, respectively

Aildokww 0LS )3 Aild 3,Sas 1 (55l Hlowd 03w 1 (Sl duglio -V Jou
Table 7- Means comparison for the effect irrigation on seed yield in black seed

49518 Zobw aily >, Sdos
Factor Levels Seed yield (kg ha™)
d)L:J.1 100 (|1) 1239.3a
Irrigation (1) 70 (12) 1157.9a
(%) 40 (ls) 814.2b

)l Aoy gy Jlais] grdaw 3 )b e ©olds Syt (Y B S JBlis )b slo 15 be 556 g gt )
In a column of each experimental factor, same letters had not significant differences in Duncan’s multiple range test at p<0.05.
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Table 8- Mean comparison of interaction effects for irrigationx fertilizer and biocharx fertilizer on yield,
straw yield and water use efficiency in black seed

Pysqu aild 5,Slos QNS g 015> Slhos Ol dpzo 8
Factor Seed yield (kg ha™) Straw vyield (kg ha) WUE(kg m®)
I F, 2747h

ILF> 3725a

1,F, 2502b

1,F, 4044a

I5F, 2000c

I5F> 2800b

B.F; 1117abc 0.233abc
B:F, 986.3c 0.203c
B.F1 1033bc 0.213bc
B.F, 1184ab 0.243ab
BsF; 987.4c 0.203c
BsF, 1227a 0.253a

I3, 1, and I5: 100, 70, 40% water requirement, respectively; By, B,, Bs: 0, 10, 20 t ha-1 biochar, respectively; F, and F,:
Non-using chemical fertilizer, using chemical fertilizer, respectively

)l o)y gy Jlais] pdaw 3 )b e ©olds Sy Y B K Sl )b sla 1 Slo 556 g gt o )
In a column of each experimental factor, same letters had not significant differences in Duncan’s multiple range test at p<0.05.

9 QIS 9 0155 o ailad Shos 1yl an 9 (2 bowidoS ¢ gyl Al dur Jilike W1 51 il dwg e -4 Jgu>
wilsobw obS 1> Of & pas oI5

Table 9- Mean comparison of interaction effects for irrigation x fertilizer x biochar on yield, straw yield and water use efficiency

et 4133 Slos LS g 053 o Ol B pan 9,5
Factor Seed yield (kg ha) Straw yield (kg ha™) WUE (kg m®
1.B/F, 1278ab 2747efgh 0.239abcd
1,.B1F, 1289ab 3327bcde 0.246abcd
11B,5F, 1140abcdef 2773efgh 0.207de
1.B,F, 1314ab 3874abc 0.24abcd
1,B3F, 1232abc 2720efghi 0.234abcd
1,B3F, 1182abcd 3973ab 0.213cde
1,B,F; 1131abcdef 2400fghi 0.228bcd
1,B41F, 1087abcdef 4053ab 0.218cde
1,B,yF; 1052bcdef 2273ghi 0.212cde
1,B,F, 1356a 4420a 0.272ab
1,B3F; 996.7cdefg 2833defgh 0.202de
1,B3F, 1325a 3660abcd 0.262abc
15B,F; 941.2defg 1893i 0.23bcd
15B,F, 583.7h 3080cdefg 0.146f
1sB,F; 906.3efg 2007hi 0.222hcde
1sB,F, 880.7fg 2213hi 0.218cde
15B5F; 733.1gh 2100hi 0.173ef
13B3F, 1174abcde 3107cdef 0.284a

I3, 1, and I5: 100, 70, 40% water requirement, respectively; By, B,, Bs: 0, 10, 20 t ha-1 biochar, respectively; F;
and F,: non-using chemical fertilizer, using chemical fertilizer, respectively
W55 o gy Jlais] pdass p3 b e @old Sy Y Bpx S Bl ()b sl Sihe (g o )
In each column, same letters had not significant differences in Duncan’s multiple range test at p<0.05.
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Effects of Biochar on Soil Fertility and Water Use Efficiency of Black Seed
(Nigella sativa L.) under Water Stress Conditions
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Introduction: Application of chemical fertilizers since green revolution, make the crop production doubled
or even tripled in some crops. However, long-term overuse of these fertilizers decreased soil quality. Thus to
obtain the same yield, the rate of inorganic fertilizer application steadily increases from year to year. Recent
studies revealed that in order to increase the chemical fertilizer efficiency, it needed to integrate organic
resources with chemical fertilizers to soil. However, using organic manure in the soil will be decomposed very
rapidly. Biochar is a source of high organic carbon which highly resistant to decomposition. It has a porous
quality and large surface area which reduces leaching of nutrients. Biochar addition to soils can change microbial
biomass, adsorb toxic compounds and improved soil water and pH status. The internal porosity of biochars may
help soil microorganisms avoid grazers. Globally demands for plant- based medicines are growing. Black seed
(Nigella sativa L.) is annual plant to Ranunculaceae family, is grown in arid and semi-arid regions of the world.
Black seed considered as a spice, medicinal plant and used as seasoning in cooking and foodstuffs. Recently,
there has been an increasing interest in integrated approaches in improving crop production to resist conditions
of nutrient-poor soil, drought, and salinization. Since, a few attempt has been made to investigate the effects of
biochar amendment on medicinal plants in semi-arid agricultural systems, the present study was initiated in agro
ecological condition of Mashhad.

Materials and Methods: A field experiment was conducted as split plots factorial layout based on a
randomized complete block design with three factors and three replications at the Research Station, Faculty of
Agriculture, Ferdowsi University of Mashhad, Iran during growing season of 2016. Three levels of irrigation
(100, 70, and 40 percent of water irrigation requirement) were assigned as main plots and the combination of
three levels of biochar (0, 10, and 20 ton ha™) and two levels of chemical fertilizers (without and with chemical
fertilizer) were allocated as sub plots. Recommended dose for nitrogen, phosphorus, and potassium was 150 kg
ha?, 75 kg ha® and 100 kg ha™, respectively. The size of each experimental unit was 3x2 m?. Black seed
thinning was performed after emergence to get a plant population density of 200 plants m™. Post experimental
soil which was amended with biochar and fertilizer were analyzed for total nitrogen, available phosphorus,
potassium, soil organic matter, and microbial biomass carbon. Plant criteria which studied were such as grain
yield (kg ha™), straw yield (kg.ha) and water use efficiency (base of grain yield). Analysis of Variance
(ANOVA) and Duncan multiple range test were used to compare the recoded data.

Results and Discussion: Soil N, K, SOM, and Microbial biomass carbon were significantly affected by
biochar application. Phosphorus was not affected by biochar. The highest biochar effect on soil characteristics
was found under 20 ton ha™ biochar application treatment. The results showed that application of 10 and 20 ton
ha™ of biochar improved soil nitrogen compared with control treatment. Soil organic matter was increased by
1.56% compared with 1.33% in control when 20 ton ha™ biochar was used. It has been reported that the biochar
may increase the organic matter of the poor soils. The soil microbial biomass carbon was increased by biochar
and fertilizer application. It seems that the reason for increasing soil microbial biomass by adding biochar to the
soil is enhancing available soil nutrients, adsorption of toxic compounds and improved soil water and pH status.
The internal porosity of biochars may help soil microorganisms avoid grazers. Combine use of fertilizer and
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biochar were more affected on plants growth than biochar or fertilizer alone. The interaction between biochar,
chemical fertilizer and water requirements significantly affected the seed and straw yield. The significant
increase of grain yield, straw yield observed in 1,B,F, (70% water requirement+10 ton ha™ biochar+ with
chemical fertilizer) and 1,B3F, (70% water requirement+20 t.ha™ biochar+ with chemical fertilizer) treatments.
Biochar significantly increased water use efficiency which shows that under water deficiency, biochar can
increase the uptake of water and nutrients. As a result, plants tolerance against water deficiency increase and
more yields will be produced for a specific value of water. This means the water use efficiency can increase and
the use of water will decrease.

Conclusions: This study confirmed that biochar application can help in increasing of black seed production
through the improving some physical and chemical properties of the soil such as soil pH, soil nutrient
availability, soil nutrient holding capacity, and soil microorganism conditions. Although the application of 20
ton ha® biochar improved soil properties compared with 10 ton ha™, the difference was not significant.
Application of biochar with chemical fertilizers had better effects on seed and straw yield, compared with solely
application of biochar and chemical fertilizers. It may belong to the biochar ability to decrease nitrate and other
elements leaching due to its high porosity and high water retention capacity which increased water use efficiency
in the plant. This is important in particular, in arid and semi-arid areas, where reduces the amount of water
consumed and increases water yields for plants that are under water stress. The seed production of black seed
was not affected by reducing water requirements up to 70 % of its total water requirements when biochar was
applied. This means that, by using the biochar in soil, only 70% water irrigation required. These results may use
for water saving in agriculture in arid and semi-arid conditions.

Keywords: Chemical fertilizer, Seed yield, Soil microbial biomass carbon, Soil organic matter
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Table 1- Name and origin of the studied rapeseed cultivars
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Figure 1- The mean of minimum, maximum temperature and daily rainfall of Shirvan in crop growth period
a) 2014-2015 and b) 2015-2016
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Figure 2- Monthly radiation (MJ.m>.d") (a) and rainfall (mm) (b) in Shirvan region in 2014-2015 and 2015-2016
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Table 2- Combined analysis of important phonological stages of different canola cultivars in 2014-2015 and 2015-2016.

Em: day to emergence, SHO: day to elongation, SFL: day to flowering, EFL: day to end of flowering,
SF: day to grain filling, PM: day to physiological maturity

(MS) &l yo ike

(Year) Ju 1 68.90" 1775.35" 602.92" 9.95™ 142.99™ 4453.93"

(Error) s 6 1.40 3.50 6.85 3.71 5.05 4.27
(Cultivar) 43, 19 15.45™ 737.14" 625.74" 558.04" 617.75" 453.93™

(CultivarxYear) Juxes, 19 0.41"™ 29.45™ 41677 76.18™ 71.06™ 51.04™
(Error) s 114 0.45 3.32 3.01 3.64 2.61 2.47
CV (%)
11.3 1.0 0.9 0.9 0.7 0.6

(s <o)
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Table 3- Mean comparison of important phonological stages of different canola cultivars in 2013-2014.Em: day to emergence,

SHO: day to elongation, SFL: day to flowering, EFL: day to end of flowering, SF: day to seed filling,
PM: day to physiological maturity

(Cultivars) o1, EM SHO SFL EFL SF PM
Licord 8.75° 189.00° 197.25° 227.50% 225.75" 256.25"
Bilbao 8.50° 193.00° 200.75% 236.50° 230.75° 260.75°

GKH-305 4.25" 184.00° 190.25¢ 219.50' 211.25" 246.50%
SIm046 5.75° 186.50° 196.75° 227.50% 219.50°% 251.50%
(Sarigol) Js sl 7.00° 160.00" 178.00% 203.754 202.00/ 238.25'
(Talayee) Mo 450" 167.75¢ 181.25° 207.50’ 207.25" 244,50
L72 4.50¢ 184.50° 192.00¢ 223.50%" 230.25° 255.75°
Sw102 4.25" 184.25° 191.00¢ 226.00°" 222.50% 252.75%%
(Shirali) Ji,ws 4.50° 161.50" 177.00° 201.50' 197.75 236.75!
(Zafar) ,il 5.00% 160.00" 176.75° 203.754 202.25! 239.00
GKH-1103 450" 183.75° 191.25¢ 222.50%" 209.25" 245.50%"
Opera 4.75" 190.25%¢ 197.75° 229.75% 215.25¢ 247.75'
(Zarfam)ls,; 4.50° 167.509 180.50°f 206.50% 196.00% 234.25%

(Karaje 3) ¥ z,5 4.50° 182.25 190.25¢ 221.50" 214,759 252.00%%
Kodiak 5.00% 190.25%¢ 198.50%° 231.50™ 220.25% 253.50%
Okapi 4.50¢ 190.25%¢ 201.25° 226.75% 216.25° 250.75°

(Karaje 1)\ ¢ 5 4.75° 184.50° 192.00¢ 220.75" 211.25" 243.75'

Modena 7.25 191.25% 199.00%* 225.00°1 222.75% 251.75%
GKH-2005 450" 187.75% 198.00™ 232.25™ 217.25% 254.00%

Traviata 4.25" 190.50%¢ 198.50%° 233.00° 223.50™ 257.25°
(Mean) ;Lo 5.27 181.45 191.38 221.32 214.45 247.12

LSDg.0s 0.84 3.05 2.96 3.04 2.77 2.07
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Table 4- Mean comparison of important phonological stages of different canola cultivars in 2014-2015.Em: day to emergence,

SHO: day to elongation, SFL: day to flowering, EFL: day to end of flowering, SF: day to seed filling,
PM: day to physiological maturity

(Cultivars) 8, EM SHO SFL EFL SF PM
Licord 9.50% 179.75 199.75° 224.00% 222,250t 266.502°
Bilbao 9.75° 184.00° 210.33° 235.33% 225.00% 267.66%°

GKH-305 6.50° 180.25° 200.50° 223.009" 221.00% 264.50%
SIm046 8.25° 176.25¢ 198.00¢ 221759 218.75" 261.509
(Sarigol) Js ¢, 8.25" 158.75" 176.75" 210.50% 200.25 244,00
(Talayee) 4L 5.50% 168.75 185.00¢ 211.25% 206.75! 249.50'
L72 5.75% 174.25% 198.75% 228.25" 219.75%" 261.509
Sw102 5.25¢ 173.50° 193.00° 221.50M 218.00" 260.25%"
(Shirali) I, 5.50% 159.00" 176.25" 209.75% 201.50 244,00
(Zafar) ,ib 6.25% 157.75" 176.25" 209.75% 200.25% 244.001
GKH-1103 6.50° 181.25° 205.50° 226.00%¢% 220.75% 264.00°
Opera 6.00% 181.25° 201.00° 223.50%" 221.25°%% 265.25%%
(Zarfam) pbs,; 5.50% 165.00° 186.75' 221.00M 205.50! 250.00'

(Karaje 3)v ¢,5 5.50% 173.75° 201.00° 225,254 223.75™ 266.75%°
Kodiak 6.25% 180.25° 194.50° 223,755 221.50°%% 265.75%
Okapi 5.50% 181.00° 204.25° 225.00% 226.75° 268.25°

(Karaje 1)y ¢,5 6.00% 176.00¢ 196.75¢ 220.50! 215.25' 258.75"
Modena 8.25° 181.00° 205.25° 227.25"4 223.00% 262.00™

GKH-2005 5.75% 178.25° 198.00¢ 222,259 221.75%f 265.00%%
Traviata 6.00% 181.00° 201.25¢ 227.50 22350 265.50%
(Mean) ;Sbe 6.58 174.43 195.25 221.85 215.08 258.34
LSDg 05 1.04 1.95 1.84 2.39 1.78 1.85
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Figure 3- Cluster analysis of yield of different canola cultivars by method of average distance in 2014-2015 and 2015-2016
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Figure 4- Trend of changes of leaf area index against day after planting in different varieties of canola in 2014-2015
(a) and 2015- 2016 (b)
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Table 5- Estimated logistic model coefficients of (equation 1) leaf area index against day after planting in different varieties of
canola in 2014-2015 and 2015-2016 (a, b and ¢ are equation coefficients,
LAl is maximum leaf area, T,,,, is days to maximum LAI)

(Cuflii/ar) n axSE c+SE LAImax T max R2

Growing Bilbao 9 0.070+0.011  213.9+2.89  358.3+44.00 6.27 216 0.95
season Jsesbe 9 0.060+0.009  204.243.12  366.7+45.12 5.50 204 0.96

93-94 Y s 9 0.070+0.011  211.0+#3.19  312.9+41.49 5.46 208 0.95

Growing Bilbao 9 0.063+0.005  214.1+1.85  330.1+23.53 5.22 214 0.98
season Jsesle 9 0.086+0.013  210.9+2.36  196.7+24.35 4.25 202 0.95

94-95 Y s 9 0.060+0.006  208.1+2.06  294.2+23.02 4.42 210 0.98

Bilba0 13, s g Mt osalite pl)] yo SWS] 3l Suid oule pan (g o3I

e sl g8y 9 ptias (il g Jlo 93 G IS8T 2lgn
S 00l meod o Dbl alas cle pgd Jlo 53 (5! sls2)
9V &S o5 92 0w Jgl Jle 2 (V9 ) JS8) canl Jlo 93 (0
5l gyl xe glas Suis odle oo iSTas e 51 Bilbao
Sglite ;50 08y 93 5l IS oylw od,y a5 b 53 s samlie (o)l
Gl e Sy e w Ginli 8l Laay by caws pByl )0 Sy
Oil38l gilwodle g jtuwgid OT &5 &g by Y ddyes midds
e ¥ 25 9Bilbao )l ) Sy maw (edls s eb .l
Slej 4 Camd F U (ghedysd gdadl oS Aoy Sl b 4
D g dawy Sy pdaw asld Sl 4 56 ke o8 &
ol s U Sy e w asls gl by sl plpls
Conl Pl b YU 3 Soe & gbcwwss (gl 30855 51 (8L )
9 S o o (asld o Siuen (Lucas et al., 2003) ¢!

aaaa

(O Jsis) cusl dllus oy
a3 Slas g St goslo geod S (o 698 (Ko
g2 Jools olS s i (Ve Jpiz) (1= /AVT) culs a2
3y Slas 3,50, gLoy oS (s Snte S (S0 g (s ftiegid Slgs
0js S5 0ilsl L psdie 1 (5l &7 (5 ysbas el Jgaze
(o laplisl JS s )5 g olS s slayise Suis
25 (6o (Gardner, 2005) wlod,S w6 s 4 pladl
HSan g o3l gmslogle Slilllas L adllas ol 3 K25 g
Nazeri et ) -, 4 5,bU o (Tahmasebizade et al., 2009)

il cdsllas (@l., 2012

A wloe B a Ly a S (Y dolee) Situod dbolas jl oslazul )
Sis ool piSTas 5 SLid oolo 2 )Slos o pd A0 Jguas los
@l Crwddy Suis odlo oz jl oot Chuogs Wb odldinl gugS

03l ey sl Y oloy e Hlas 5l BB,1 VS (P o)
Py L,.J).m Agy 9 09 glate 35 ySls Mo yd B 4 Sl
Jlw 3 e Liolesl Jlw 93 o wcodld D93 yas ol 5l Jlo 93 o
o 59y VoV ¥ s oole o3 00 4 sy o (1wl ol
YooY 55 505 YIVO 135 b clos ol pos Jbo 55 Lol gy cals” 5)
9 VeSSl pB)l 53 sl Jlo )3 0> (g9 <l 51 g S,
NN s o8 Siid 00lo Ao yd B+ > )lo; Bilbao
oiwlajl ped Jluw y3 bl 5l coslS’ 5| s 9, YoV/Y g YoV/Y
YoM g YVIY DAF/E j5 e ids oads (S5 Byl o el oyl
2l JUos 83 oy glite agmo Lyl (glysS a8 skl lis
0 JSs 3 Lioloejl y90 plB)] i odle il yuis K9y (F Jgi)
Sis 0ol Sl 094 o0 odliiie do ylin Ll ous o3l L
» bt p e Sujl ey Glise Sl oo e pB)) 5
L oles oy ilsl )5 IS jeba S oo s (o5 Jlo 53 2
2) slio (LS Gidgy 3929 b o8 @lindd g (b glod 4 a2
pLB,l ol Jlaw p3 il o v 8 S odle aJsl Lildl (15
e Setd ol i Sl () by adgl ol )3 ialojla s
E9-8) CilS jl a9y Wl g wi iy oo Ly g0l S
G ) A8 St 503 05) 93 5 S s)le o8y SIS (235
Sl a ashy us  leg )3 9 (05 ilol o pYL s A5,
2R3 5y 93 Lol sy ol Ay Sl 5595 08 ) (g e
o3l Lgi g bl cews el by 4 5y (Y 2,8 5 Bilbao)
59 YV U pgd Jlus 10085 oy S sl o) 5l o St



WAA Hla o olods AV ol oyl o)) Sloinsiy 4 pis FYF

2000
1800
1600
1400
1200
1000
800
600
400
200

)

-

e Sl ke
Total dry matter (gr.m

150 170 190 210 230 250 270

CailS 51 s 335
Day after planting

1800 - b

~ 1600 - !‘ -
* -

m
—
ey
]
(=]

1
||

1200 -
1000 -
800 -
600 -
400
200 -
150 170 190 210 230 250 270 290
Codls 51t 33
Day after planting

8l
-_— -

=5
......... Bilbao

e Sl ke

Total dry matter (gr.m-

9 (a) YFAY-AL ely5 Jlw ;3 1305 ciliises 08,1 55 CuldlS 31 (st 595 Jolio 45 (@ep0 yite 33 055) (oo SWid (godlo ol pudi Wigy —0 JSS
(b) Y¥a£-90 _ely; Jlw
Figure 5- Figure 3- Trend of changes of cumulative dry matter against day after planting in different varieties of canola in
2014-2015 (a) and 2015- 2016 (b)
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Table 6- Estimated logistic model coefficients of (equation 2) dry matter against day after planting in different varieties of

canola in 2014-2015 (DM,,,,, is maximum dry matter, a is equation coefficient,
b is time requiring to achieve 50% of maximum dry matter)

~)

+ + + 2

(Cultivar) n dmmax£SE a+SE bxSE R
Growing Bilbao 9 2037.7+£134.8 0.063+0.010 207.3£3.22 0.99
season 93- Sl 9 1692.3+58.87 0.074+0.009  193.3+1.67 0.99
94 YzS 9 1966.9+136.3 0.069+0.013  202.2+3.16 0.99
Growing Bilbao 9 1789.4+134.6 0.046+£0.006  208.9+4.43 0.99
season 94- B 9 1455.6£56.97 0.059+0.007 196.6+2.17 0.99
95 YesS 9 1577.4+190.6 0.043+0.008 210.2+7.40 0.99
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Figure 6- Trend of changes of crop growth rate (CGR) against days after planting in different varieties of
canola in 2014-2015 (a) and 2015-2016 (b)
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Figure 7- Trend of changes of relative growth rate (RGR) against days after planting in different varieties
of canola in 2014-2015 (a) and 2015-2016 (b)
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Figure 8- Trend of changes intercepted radiation (%) against leaf area index in 2014-2015 (a) and 2015-2016 (b)
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Table 6- Estimated extinction coefficients (Kp,gr) (equation 3) in different varieties of canola in 2014-2015 and 2015-2016

Growing season of 2014-2015

Growing season of 2015-2016

Cultivar n KpartSE R? n KpartSE R®
Licord 20 0.02+0.70 0.99 20 0.03+0.71 0.99
Bilbao 20 0.01+0.71 0.99 15 0.02+0.71 0.99

GKH305 19 0.02+0.72 0.99 20 0.04+0.75 0.99
SIm046 20 0.01+0.70 0.99 20 0.02+0.74 0.99
Sarigol 19 0.02+0.77 0.99 20 0.03+0.76 0.99

Talayee 20 0.02+0.74 0.99 20 0.02+0.72 0.99

L72 20 0.02+0.67 0.99 20 0.02+0.70 0.99

Swl02 20 0.03+0.70 0.99 20 0.03+0.75 0.99
Shirali 20 0.02+0.65 0.99 20 0.05+0.70 0.99
Zafar 20 0.02+0.77 0.99 20 0.04+0.80 0.99

GKH1103 20 0.01+0.67 0.99 20 0.03+0.64 0.99
Opera 20 0.01+0.72 0.99 20 0.02+0.68 0.99

Zarfam 19 0.01+0.66 0.99 20 0.03+0.72 0.99

Karaje 3 20 0.01+0.67 0.99 20 0.02+0.63 0.99
Kodiak 19 0.03+0.72 0.99 20 0.02+0.71 0.99
Okapi 20 0.01+0.66 0.99 20 0.03+0.76 0.99

Karaje 1 20 0.01+0.70 0.99 20 0.04+0.78 0.99

Modena 20 0.03+0.76 0.99 20 0.03+0.76 0.99

GKH2005 20 0.02+0.76 0.99 20 0.02+0.78 0.99

Traviata 20 0.03+0.72 0.99 20 0.03+0.68 0.99

mean - 0.70 - - 0.72 -
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Table 7- Linear equation coefficients (y=a+bx) of fitted for cumulative dry matter (gr.m) against cumulative intercepted
radiation (MJ.m™>.d") in different varieties in 2014-2015 and 2015-2016

Growing season of 2014-2015

Growing season of 2015-2016

Cultivar a+SE RUE+SE R? a+SE RUE+SE R?
Licord 404.68+-2100.11 0.50+3.93 0.89 165.03+-1211.16 0.32+4.12 0.96
Bilbao 287.64+-902.90 0.52+4.08 0.89 118.98+-1287.38 0.19+3.71 0.97

GKH305 430.74+-1917.2 0.52+3.90 0.88 162.36+-1288.48 0.27+3.55 0.96
SIm046 384.66+-1265.21 0.59+3.82 0.85 131.29+-996.21 0.23+3.28 0.97
Sarigol 408.07+-1244.69 0.49+3.01 0.84 242.78+-1129.67 0.36+3.07 0.92
Talayee 414.56+-1254.63 0.51+3.03 0.83 240.94+-1214.08 0.44+3.40 0.90

L72 299.31+-1105.62 0.50+3.86 0.89 101.40+-1046.96 0.18+3.49 0.98
Sw102 287.87+-1130.65 0.50+3.90 0.89 250.57+-1934.84 0.35+£3.94 0.95
Shirali 434.42+-1226.97 0.54+3.14 0.89 263.09+-747.59 0.55+3.51 0.86
Zafar 564.84+-1431.67 0.65+3.25 0.77 155.80+-1069.74 0.30+3.52 0.95

GKH1103 448.61+-1349.12 0.67+3.98 0.85 108.72+-1136.84 0.18+3.41 0.98
Opera 307.13+-1567.90 0.43+3.82 0.92 186.63+-932.96 0.35+3.29 0.93
Zarfam 502.50+-1716.86 0.55+3.31 0.83 352.99+-1127.18 0.54+3.27 0.83

Karaje 3 342.17+-1422.06 0.47+3.68 0.91 163.67+-1373.98 0.26+3.64 0.98
Kodiak 431.55+-1471.64 0.52+3.26 0.86 132.10+-1230.59 0.25+3.98 0.97
Okapi 341.55+-2025.89 0.42+3.79 0.93 177.14+-1326.07 0.31+3.84 0.97
Karajel 404.82+-2010.43 0.48+3.92 0.91 86.39+-720.24 0.22+3.55 0.98
Modena 370.31+-1198.03 0.60+3.91 0.87 128.59+-768.61 0.28+3.16 0.95

GKH2005 284.70+-1123.54 0.50+3.92 0.90 112.66+-626.62 0.34+3.94 0.95

Traviata 279.44+-1544.19 0.42+3.98 0.93 152.06+-831.37 0.33+3.88 0.95

o : :
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Figure 9-Linear regression fitted for cumulative dry matter against cumulative intercepted radiation in
different varieties of canola in 2014-2015 (a) and 2015-2016 (b)
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Table 8- Correlation coefficients among investigated characteristics in different canola cultivars

Cdo 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Y 1

BY 0.81" 1

PN 0.78" 0517 1

SN 0.64™ 065" 053" 1

SW 040" 0.23® 0427  0.02" 1

HI 079"  0.29™ 074" 037" 0407 1

EM -0.09™ -0.01™ -0.13™ -0.26™ 028"  -0.13" 1

Ssho 050" 0427 033" 047" 012" 035" 0.02% 1

FIL 066™ 046" 0817 0457 031" 059 -0.24™ 0.09™ 1

DLAln 0317 023" 016™ 029™  013™ 023° 016™ 0777  0.02" 1

LAl 0537 0637 029" 0547 -0.13™ 022 -0.25™ 0.23° 029"  -0.09™ 1

K -0.12™  -0.17® -0.17® -0.27® -0.003" -0.02" 0.23® -0.24™  0.03™ -0.01" -0.41" 1

RUE 045" 035" 0357 0457  0.27" 037"  -0.02™ 0.70"  0.24™ 0.68" 0.09™ -0.12" 1

H 063" 068" 047" 068" -0.06™® 033 -0.37" 045" 0.042™ 0.28™ 082" 033 -034 1
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Figure 10- Mean comparison of different cultivars of canola in 2014-2015 and 2015-2016 growing seasons
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Introduction: Canola (Brassica napus L.) is one of the most important oil crops in the world. It has placed in
third rank after soybean and palm and has the fastest of growth rate among oil seed in recent decades too. Canola
yield was 1592 and 1567 kg.ha™ in Iran and the world in 2003, respectively, however it has increased to 2125
and 2043 kg.ha™ in Iran and the world in 2014, respectively. Crop physiologist should investigate the important
physiological parameters which in the past have increased yield and can help to increase the quality and quantity
of crop vyield in the future. Therefore, the current study was carried out to evaluate the physiological traits
associated with canola (Brassica napus L.) genotypes yield improvement.

Materials and Methods: Experiment was conducted as randomized complete block design with four
replications at Higher Education Complex of Shirvan during growing seasons 2014-2015 and 2015-2016.
Treatments were included 20 cultivars and lines of rapeseed. The record of phonological stages was done based
on Sylvester-Bradley (1984)’s method. Before the plants showed elongation. Aboveground biomass and leaf area
index (LAI) were measured from destructive sampling and it has been continuing at intervals of 6 to 10 d until
physiological maturity. The ratio intercepted photosynthetic active radiation (PAR) was obtained by measuring
of radiation at the top and bottom of the canopy with a Ceptometer (ACCUPAR model LP-80). Light was
measured just before each destructive sampling between the hours of 12 to 14 on clear days. To calculate the
daily cumulative solar active radiation we used RLY- calc program (Soltani, 2011). In order to investigation of
growth indices, we have divided the varieties to three group based on cluster analysis and is select a variety as
group representative. The groups are included high yield (Bilbao), medium yield (Karaje 3) and low yield
(Sarigol).

Results and Discussion: Results indicated that there were significant differences among studied varieties in
terms of phenological traits. So that Sarigol, Talayee, Shirali, Zafar and Zarfam were achieved earlier than others
to physiological maturity. Positive and significant correlation of flowering duration with yield and the number of
pod plant™ has showed its importance in determination of yield. Positive and significant correlation among
flowering duration with yield (r=0.66"") and the number of pod per plant (r=0.88"") showed its importance in
determination of yield. Also, the most important of stage at making yield was affected by environmental
conditions such as temperature, radiation and rainfall. LAI for Bilbao was higher than Sarigol and Karaje 3.
Also, Sarigol was achieved maximum LAI earlier than two other varieties. There was strong correlation between
yield and maximum dry matter accumulation (r=0.81**). The synchronization of maximum LAI with more solar
radiation was much more important to achieve maximum yield. In the first year of experiment, crop growth rate
(CGR) and relative growth rate (RGR) were higher than second. There was more solar radiation in first year that
it was increased growth indices. The average extinction coefficient of light (KPAR) is estimated 0.70 and 0.72 in
the first and second year of experiment respectively. In the first year of experiment, KPAR was varied between
0.65 (Shirali) to 0.76 (Modena and GKH-2005). In the second year, the highest and lowest extinction coefficient
was belonged to the varieties Zafar (0.80) and Karaje 3 (0.63) respectively. The average of radiation use
efficiency (RUE) is estimated between 3.8 and 3.6g MJ.m in the first and second year respectively. Reducing
light use efficiency in the second year can be probably because of obvious difference of weather between two
years especially decreased of radiation. In other words, more scattered radiation in the second year than first year
can be a major reason for this difference. In general, grain yield in the first was more than the second year of the
experiment. The average yield of cultivars in the first and second year was 453.8 g.m? and 401.8 g.m?

1- Former Ph.D. student of Crop Physiology, Department of Plant Production, Faculty of Agriculture, Gonbad Kavous University
2- Associate Professor of Crop Physiology, Department of Plant Production, Faculty of Agriculture, Gonbad Kavous University
3- Assistant Professor of Crop Physiology, Department of Plant Production, Faculty of Agriculture, Gonbad Kavous University
4- Associate Professor of Crop Ecology, Department of Plant production, Higher Education Complex of Shirvan

(*- Corresponding Author Email: abbasfrooghi@yahoo.com)
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respectively. The highest yield in the first year belonged for Bilbao, Kodiak, SW102, GKH-305 and Traviata
with the mean 495.5 g.m and the lowest yield related to Zarfam, Sarigol, Talaei, Shiraly and Modena with the
average amount of 370.5 g.m™2 The highest yield in the second year belonged to Bilbao, GKH-305, SIm046,
L72, SW102, Kodiak and Traviata with the average amount of 450.3 g.m? and the lowest yield belonged to
cultivars Talayeh, Opera, Karaj 3, Okapi, Modena, GKH-2005 and Karaj 1 with an average yield of 349.7 g.m™.
In general, cultivars with a higher LAI, as well as whose their maximum LAl coincided with higher radiation
input had higher yield.

Conclusions: It can be concluded the importance of the synchronization maximum leaf area index with more
solar radiation. For canola if the maximum LAl is less than four can say that growth and yield will be limited
due to lack of leaf area because LAI about four is sufficient to obtain about 90 % of solar radiation. Therefore in
spite of second year, in the first year LAI was not limiting factor to achieve maximum biomass. Since maximum
LAl of canola occurs in flowering stage, so higher leaf area index at this time was caused the cultivars use more
solar radiation. In addition to maximum LAI, the coincidence maximum LAI with higher radiation input was
important factor to achieve a higher yield as a result more dry matter accumulation.

Keywords: Extinction coefficient, Leaf area index, Phonological characteristics, Radiation use efficiency
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Table 1- Analysis of frost resistance ratio in chickpea genotypes under cold room condition
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Table 2- Mean comparisons of frost resistance ratio in chickpea genotypes under cold room condition

8l L) SO 4 Cwglie Comd
NO. Genotype Frost Resistance Ratio
1 (S 00787*Flip 98-28C)* ILC 1929 0.250
2 S 00791*Flip 98-23C)* ICCV2 0.392 ¢
3 Flip 98-131C*Flip 99-47C 0.450 ¢
4 Flip 97-195C*Flip 97-23C 0.100 ¢
5 Flip 98-128C*Flip 97-102C 0.350¢
6 Flip 97-220C*Flip 98-178C 0.222°¢
7 Flip 98-131C*Flip 98-50C 0.400¢
8 Flip 97-220C*Flip 98-178C 0.579°¢
9 Flip 98-130C* Lebanese market 0.167 ¢
10 (Flip 97-81C*Flip 97-25C)*ICCV2 0.200 ¢
11 (Flip 97-149C*Flip 97-26C)* ICCV2 0.746
12 (Flip 98-28C*Flip 98-22C)* ICCV2 0.054 ¢
13 SARAL (Cold Tolerance Check) 0.892 ¢
14 (Flip98-138C* SEL99TER85074)*SEL99TH15039 1.000 ¢
15 Flip98-138C*SEL99TH15039 0.153 ¢
16 Flip98-15C* S 98033 0.219 ¢
17 CA9783007*SEL99TER85534 0.700 °
18 UZ-6075*SEL99TER85581 0.650 ¢
19 (Flip98-52C*Flip98-12C)* SEL99TH15045 0.700 ¢
20 (S 00794*Flip 98-38C)*ILC 1929 0.400 ¢
21 Flip 98-130C*Flip 97-23C 0.250 ¢
22 Flip 98-133C*Flip 98-117C 0.208 ¢
23 Flip 97-131C*Gokce 0.558 ¢
24 (ILC4291* Flip98-129C)*S 98008 0.190°
25 FLIP 98-108C 0.313°¢
26 FLIP 97-118 C (Saeid) 0.117°
27 FLIP 00-75 0.675°¢
28 FLIP 00-84 0.975°¢
29 FLIP 02-85 0.512°¢
30 Sel 96™.11439 0.456 ©
31 ILC 482 0.153°
32 ILC 3279(Binalood) 0.135°
33 ILC 533(Cold Suseptible Check) 0.132°
34 JAM 0.306 ¢
35 Ghazvin Local 0.069 °
36 Kaka 0.053°¢

LSD 1% =0.63
LSD 5% = 0.46

2o 4 C B gLSD 7N maw j3 (50550 4 pglie 10l | 268 Jes oaims ylis € s LSD 70 gdaw y3 (J)lo 18,) (52560 4 polie aali jl S oo oximdlis d u’a);
sl (o gime AWM o) (50550 4 polie sald pdaw )> Joos
“d letter indicates the tolerance less than the freezing tolerance of check (Saral) at LSD=0.05, e letter indicates the resistance less than
the freezing tolerance of check (Saral) at LSD=0.01 and c letter indicates no significant difference with check (Saral).
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Figure 1- Frost resistance ratio frequency histogram of chickpea genotypes under controlled condition
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Introduction: Chickpea is the most important field crop among food legumes in Iran. According to
the published statistic by agricultural ministry of Iran, cultivation area of chickpea varies between
550— 900 thousand hectares that more than of 90% them cultivated under dryland condition. More
than 63% of country has cold and higher cold climates and more than 60% of drylands in Iran located
in cold and highlands where temperature declines to -25°C in some years, with continues cold duration
(more than 100 days per year). Reports show that the yield of chickpea is low in cold areas (about 500
kg.ha*) because of the spring planting and lack cold tolerant cultivars suitable for autumn planting. In
cold regions that absolute minimum temperature in winter reaches under -6°C till -12°C, studies
showed that it may be complete damage occurrence if chickpea planted in autumn. Studies showed
that planting of cold tolerance varieties increased the yield of chickpea almost twice. Hence, screening
chickpea germplasms for cold tolerance will help to release new cold tolerant cultivars. The literature
review suggests that most studies related to the evaluation and screening of chickpea cold tolerance
were done under natural conditions (field), but the spatial and temporal variation in the weather under
such circumstances may lead to different results. Researchers reported that using from controlled
condition for screening cold tolerance genotypes in chickpea germplasm would prevent seasonal
restrictions, saving time and increasing the accuracy of studies while eliminating unwanted factors.

Materials and Methods: In order to study on cold tolerance of 33 Kabuli chickpea genotypes
along with three controls (Saral, ILC 533 and Jam), this study carried out in square lattice design (6x6)
with two replications under controlled condition (cold room) at Maragheh Dryland Agricultural
Research Station, during growing season 2014-2015 . Ten seeds of each genotype after surface
sterilized with fungicide (Benomile with 0.015%) planted in five cm depth in planting boxes
(100x80%25 cm) at early autumn (29 September). In order to simulation of natural growth condition in
autumn and acclimation of seedlings, planted boxes incubated outside of green house. Number of
germinated seeds was recorded and seedling of genotypes at six-week stage, incubated in cold room.
The temperature of cold room decreased two degrees in each hour up to minus 15°C and seedlings
remained for one hour at this temperature. A thin layer of ice nucleation active bacteria sprayed on the
surface of seedlings at -2°C in order to establish ice nucleation and prevent ultra-freezing of seedlings.
Then temperature increased up to 4°C for three days and boxes transferred to green house for two
weeks under 20+3°C. Frost resistance ratios (FRR) of genotypes calculated and analyzed. According
to other studies and reports the genotypes with 0.91-1 and 0.81-0.90 FRR classified in highly
resistance and resistance groups, respectively.

Results and Discussion: Results showed that there was significant (p < 0.01) differences in frost
resistance ratio (FRR) among the investigated genotypes. Lines 14 (Flip98-138C*
SEL99TER85074)*Sel.99th.15039, 28 (FLIP 00-84 C) and Saral cultivar had the highest FRR (100,
98 and 89 survived percentage, respectively) among the genotypes. Also Kaka cultivar and line 12
(Flip 98-28C*Flip 98-22C)* ICCV2 had the lowest frost tolerance among the studied genotypes.
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About 30% of genotypes could tolerate the frost damage, for example, genotypes 14 and 28 had
between 0.9-1.0 ratio, whereas, the FRR of susceptible check (ILC533) was 0.13.

Conclusions: The existence of wide range of diversity for frost resistance among the studied
germplasm would be useful to introduce new tolerant chickpea cultivars with autumn-sown potential.
Moreover, the tolerance of Saral cultivar to frost stress, its cultivation under cold dryland regions
could be recommended as the first frost tolerant variety in the country.

Keywords: Dryland, Frost resistance ratio, Line, Saral cultivar, Seedling
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Table 1-The characteristics of phosphate solubilizing bacteria strains
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Genus, species and strain Slderophore IAA production P_h_os_phate_ . AQC
production solubilizing ability deaminase
Pseudomonas putida strains 168 0.70 9.8 + +
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Table 2- Monthly mean temperature, precipitation and relative humidity in Agricultural Research Station of Ilam University

and Agricultural Research Field Station of Sarableh during 2013-2014 cropping season

b Jilas b Sl o3k olsme Cagb, Jlas Cugb, WSlas

Min temp. (°C) Max temp. (°C) Precipitation (mm) Min. RH (%) Max. RH (%)

Month olo ! abl oo ! abl oo L abl s ! abl o L il
Oct. e 11 12.3 27 30.6 0 0 14 15 41 38
Nov. ol 7.5 8 25.6 19.6 163.5 156.4 45 45 84 78
Dec. ] 2.7 35 12.7 13.1 103.3 100.5 45 54 89 86
Jan. @8> -1 -0.5 10.8 10.6 89.9 85.4 42 52 88 86
Feb. Ok 2 0.9 11 12 151.3 95.2 43 53 89 88
Mar. S 5 5 15.8 17.3 93.1 75.9 43 46 85 85
Apr. 2095 6.4 6.5 19.8 215 324 31.8 27 33 74 78
May Culgad,)l 12,8 12.7 27.1 28.8 27.2 24.8 21 24 59 65
Jun. b ys 16.9 13 324 40.4 0 4 14 16 39 41
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Table 3- Soil physical and chemical properties in Agricultural Research Station of Ilam University and Agricultural Research
Field Station of Sarableh during 2013-2014 cropping season

o Location
P il
llam Sarableh
Gos Depth (cm) 0-30 0-30
<l Texture iy sy
Sandy loam Clay loam
(mg kg™
ool Fe 9.16 5.71
&9 Zn 1 1
e Cu 1 11
e Mn 5.04 7.78
o2 0 Mg 3.6 2.4
Gl LB s Auvailable P 7.2 6.2
ol BB el Available K 310 270
(%)
X s Total N 0.12 0.13
S ens Organic Carbon 1.28 1.4
(ds m™)
S ySIl Cylan E.C 0.97 0.45
S sl pH 7.2 7.31
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Figure 1- Interaction of cultivar xfertilizer sources on root volume in dry land wheat cultivars
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Means within same letter are not significantly different (p<0.05).
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Figure 2- Interaction between cultivar xfertilizer sources on root area in dry land wheat cultivars
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Means within same letter are not significantly different (p<0.05).
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Figure 3- Interaction between cultivar xfertilizer sources on root length density in dry land wheat cultivars
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Means within same letter are not significantly different (p<0.05).
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Table 4- Combined Analysis of variance (mean squares) for cultivar and fertilizer sources on grain yield and root system in

two dry land wheat cultivars

df Volume Area Diameter Length density Surface density
o Location (L) 1 7.05** 2399.1** 0.009** 0.0147** 9156.4**
. Block in
Ole J3b Sl location 4 0.29 114.6 0.014 0.0016 145.9
) Cultivar (C) 1 3.06** 1213.3** 0.009** 0.0074** 1781.4**
. Fertilizer ox o o ox o
&35S @b sources (FS) 7 5.8 2246.7 0.02 0.016 3124.4
6355 mliex o8, CxFS 7 0.32** 147.9*%* 0.001** 0.0011** 223.3**
w8y % 8 LxC 1 0.014ns 4.09ns 0.002** 0.00001ns 31.6ns
< LxFS 7 0.028ns 4.4ns 0.0005ns 0.000049ns 58.09**
8
by X S
LxCxFS 7 0.016ns 4.2ns 0.00009ns 0.00043ns 6.2ns
‘5395 GL.AX
las Error 60 0.048 13.8 0.0005 0.00009 19.8
L:)‘ o o .
e C.V (%) - 6.1 7.9 6.03 10.4 7.8
(3o))

Lo > Sy g iy Jlaio] a3 o e iS4 :**;
and : significant at the 5% and 1% levels, respectively
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Table 5- Combined Analysis of variance (mean squares) for traits related to grain and yield components in dry land wheat

cultivars influenced by fertilizer sources

o 4?):— A dlani 53 aodiuw dlas &> sy 13,152 o439 s s 3, Shos
i glbo S.0.v LU 2250 ya 43 A algow > 1000-grain Grain yield 03¢5 Comad
d.f Spikes.m?  spikelet.spike®  Grains.spike™ weight Biomass yield
o Location (L) 1 98.01ns 0.16ns 894.2* 8.3ns 5870407.4ns  40926775.4*
ih S i
JSb st Blockin 4 3926.1 13 595 104 115035577  4868382.8
oo location
©5) Cultivar (C) 1 2871.09** 64.6** 896.7** 61.6** 3826172.4**  8345847.2**
. Fertlllzer *x ** *k ** *k **
&35S b sources (FS) 7 1314.9 58.8 488.8 43.02 5314073.6 15970442 .4
&l X8,
< CxFS 7 373.06** 7.1%* 52.4** 8.07** 520658.05**  2110590.3**
<s°
S oK LxC 1 23.01ns 0.05ns 5.04ns 1.6ns 5451.1ns 55560.3ns
< LXFS 7 4.5ns 0.35ns 16.3* 1.03ns 125412.01ns 224064.7ns
)
X8 xS
LXCXFS 7 15.03ns 0.26ns 48.13ns 1.01ns 14869.4ns 114753.9
&35 gl
s Error 60 71.05 0.51 6.3 1.7 83740.7 337829.3
o po
s C.V (%) - 3.4 5.4 8.3 6.7 11.9 9.8
(22 ))
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“and™": significant at the 5% and 1% levels, respectively
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Table 6- Mean comparisons of interaction effect of location xcultivar sources on root diameter in two dry land wheat

cultivars
oo Location o) Cultivar Root ;:;1 ;::j (cm)
S Ilam Mo ol S Keras Sabalan 0.38 (+0.013)*
ol Saji 0.35 (+0.011)"
Ayl puo Sarableh oM ol Keras Sabalan 0.39 (+0.011)
=l Saji 0.38 (+0.009)*

)15 ()l sime Cglis luo )3 B Jlossl e )3 (Sl (glaals w903l sliae il o S yiiio By (Il A4S ygie ya 3 (o lapSSle
Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan's Multiple Range Test.
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Table 7- Mean comparisons of interaction effect of location xfertilizer sources on root surface area density under dry land

wheat
oYl llam
Control 50 kg.ha™l P PSB GM PSB+GM Psgfg'_\f';zs E;E;lzg lg'\r’]';?i
234 (#1.5)7  38.07 (x2.6)° 413 (x1.7)® 414 (+2.8)® 441 (1.9 642 (¥3.07)" 604 (¥1.5° 60.9 (4.8)"°
byl yao Sarableh
37.1(x0.91)° 52.8(+3.8)° 586 (15" 592 (43" 64.1(x3.7)° 88.6(+3.5° 86.1(x2.6)° 835 (#6.2)°
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Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan's Multiple
Range Test.
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Table 9- Mean comparisons of interaction effect of cultivar xfertilizer sources on grains.spike™ d in two dry land wheat

cultivars
2 llam
Control 50 kg.ha‘1 P PSB GM PSB+GM PS%T&MEZS I;gSE;%SP I%%;'%SP
147 (+1.18)) 259 (x1.21)" 285 (x1.52)"  24.7 (+x2.8)" 27.1 (x1.15)" 311 (+1.16)® 343 (*¥1.3) 30.7 (+1.18)7
alylys Sarableh
19.2 (+1.18)'  30.8 (x1.18)" 31.9 (1.7)°®  35.06 (+2.9)° 31.6 (+1.3)™ 4017 (£2.5)° 341 (¥1.04) 43.7 (x2.9)°
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Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using
Duncan's Multiple Range Test.
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Table 8- Mean comparisons of interaction effect of cultivar xfertilizer sources on Root diameter and root surface area density
in two dry land wheat cultivars

gy ylad Root diameter (cm)
oWew I, Keras Sabalan
-1
C”’i‘“ | 50 kg.ha™* P PSB GM psprom  POBYOMIZSKINET popias kghat P GM+25 kgha® P
ontro
0.44 (x0.017)°  0.43(x0.022)® 0.39 (x0.013)°®*  0.43 (x0.014)®  0.40 (+0.014)% 0.31 (£0.011)° 0.32 (£0.013)"  0.34 (x0.014)
ES™ Saji
0.41 (x0.019)®  0.40 (x0.018)  0.40 (x0.012)  0.37 (x0.010)°  0.38 (x0.012)® 0.31 (£0.012)° 0.32 (£0.014)®  0.31 (£0.0099)°
aly) oo JSs Root surface area density (cm*cm™)
oM WIS Keras Sabalan
26.9 (¢3.1)7 42.3 (4.1)° 50.9 (+4.3)Y  50.42 (x3.3)Y  50.3 (x4.4)° 70.4 (+5.5)° 74 (£6.5)° 60.1 (+4.5)°
b Saji
33.6 (¢3.2) 48.5 (x4.7)° 49.1 (+4.05)° 58 (+4.8)° 57.9 (¢5.6)° 82.4 (+6.03)° 75.5 (¢5.6)° 84.3 (¢5.8)°

L5 6l gime gl duoyd B Jlazs aw 1 5SSl (latels wix geil (slise p Wsb o S piie B (gl 45 (ygtw oy ¢ olapSike
Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using
Duncan's Multiple Range Test.
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Table 10- Mean comparisons of interaction effect of cultivar xfertilizer sources on yield and yield component in two dry land
wheat cultivars

yo oy Al dlami Spike.m™
oM wl,S Keras Sabalan
ls . PSB+GM+25 ) ]
kg.ha' P PSB M PSB+GM - PSB+25 kg.ha®’ P GM+25 kg.ha™ P
Control 50 kg.ha S G SB+G kgha' P S 5 kg.ha G 5 kg.ha
225.1(x5.7)" 249.1(24.03)" 258(+6.16)™ 246.8(6.64)% 249.6(7.03)“ 263.8(x6.9) 267.3(¢6.9)° 267.3(x4.2)°
b Saji
222.6(x7.9)" 239.1(25.02)° 232(x6.14)7 246.1(x2.62)% 236.8(6.24)" 248.8(x7.01)®  242.1(+5.98)®  257.5(x4.51)™
s 55 4l olass Grains.spike™
s oS Keras Sabalan
14.3 (+0.59)! 25.9 (+1.4)7 28.5(x1.8)" 247 (x1.4) 27.1 (+1.6)7 32 (2.0 34.3 (2.2) 30.7 (+1.8)
b Saji
19.2 (x1.5) 30.8 (+1.6)7 31.9(x2.3)* 35.06 (+2.8) 31.6 (x1.7)* 40.1(x1.6)° 34.1(x1.5)% 43.7 (¥1.1¢°
@l Jlia o 1000-greain weight (g)
oMo lyS Keras Sabalan
32.03 (+0.69)" 32.9(x0.36)" 34.4(0.76)%0 34.1(+1.07)" 33.7(x0.67)" 35.9(+0.48)" 37.1(+0.68)° 35.5(+0.56)°
b Saji
33.2(20.4)% 34.2(20.27)*" 34.4(0.2)*" 35.7(x0.59)™* 35.3(0.34) 39.7(x0.47) 36.4(x0.37)™ 39.5(x0.9)°
ails 3 Sles Grain vyield (kg.ha™)
s oS Keras Sabalan
C
985.1(£196.78) 195901(t11176) 5300411504y  10493(x122)'  2066.9(+187.65)" 2727.9(x23098)° 3158.6(x161.23) 2000-5(+239.28)
o Saji
1286'2(;-'176'5) 2310.08(+158.62) 2350.7(x197.05)%  2741.7(+219.41)° 2382.9(+147.06)* 3517.8(+143.45)* 2838.7(+180.8)* 3571.6(+199.87)*
0355 Can 5,Shos Biomass yield (kg.ha™)
e S Keras Sabalan
b b
3340(x310.1)° 54433(x35153)" 5808.5(x368.7)% 5078.8(+259.77) 5138.3(x362.75)" OOLT(RAILTE) 4y01 6419665y O1216(435.16)
o Saji
3865(+314.34)%  5668.3(x373)""  5661.6(x371.1)"" 6439.8(+492.1)™ 5571.1(+367.9)*"  7840.6(+445.34)° 6526.6(+476.84)° 7758.3(+565.9)°

)85 (I gime gl duoyd O Jlossl o p3 (Sl (glaals dix yg0j] slie bl o Sy By gl A4S ygie 2 3 (o lapSSle
Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan's Multiple
Range Test.
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Introduction: Current estimates indicate that 25% of the world agricultural lands are affected by water
stress. Iran, with an annual 228 mm of rainfall, is classified as a dry region in the word. Wheat is one of the main
cereal crops, cultivated for human feeding. In order to increase crop yield per unit area, largely chemical
fertilizers are used. The result of these activities in recent years has been the crisis of environmental pollution,
especially water and soil pollution that threatens human society. Phosphorus is one of the limiting elements for
crop production. It is essential for energy transfer, photosynthesis and other biochemical and genetic activities of
plant. Biofertilizers have been used as source to improve plant nutrients in sustainable agriculture. Phosphorus
Solubilizing Bacteria (PSB) plays an important role in phosphorus nutrition by enhancing its availability to
plants through release from inorganic and organic soils phosphorus pools by solubilizing and mineralization.
Mycorrhizal crops often have greater tolerance to drought than nonmycorrhizal crops. The use of arbuscular
mycorrhizal fungi capable of forming symbiotic associations with most agricultural crops and has potential
under such systems due to its higher binding capabilities and mineral nutrition. Therefore, the main of this study
was to study the effect of phosphate solubilizing bacteria and mycorrhizal fungi on root characteristics and grain
yield in dryland wheat cultivars.

Materials and Methods: This experiment was carried out as factorial arrangement based on a randomized
complete block design with three replications at the Agricultural Research Station of llam University (46*28' N,
33*37 E; elevation 1174 m) and Sarableh Agricultural Research, Recources Center (34*46 N, 33*45 E; elevation
975 m) during growing season 2013-2014. Experiment factors consisted of two dry land cultivars (Keras Sablan
and Saji) and fertilizer sources including of 1: without application of phosphorious chemical fertilizer, 2: 50
kg.ha™* phosphorous chemical fertilizer, 3: pseudomonas putida (PSB), 4: Glomus mosseae (GM), 5: PSB+GM,
6:PSB+GM+25 kg.ha'phosphorous chemical fertilizer, 7: PSB+ 25 kg.ha™ phosphorous chemical fertilizer and
8: GM+25 kg.ha*phosphorous chemical fertilizer. At flowering stage root traits such as root volume, root area,
root diameter, root length density and root surface area density were studied and measured. At full maturity,
agronomic traits such as spikes.m?, grains.spike™, 1000-grain weight, grain yield and biomass yield were
recorded using a sample of ten random guarded plants from the middle ridges of each plot. The data were
analyzed statistically by SAS program and the data means were compared by Duncan's multiple range test
(DMRT).

Results and Discussion: Results indicated that interaction effect between cultivarx fertilizer sources had
significant effect on root length total, root volume, root area, root diameter, root length density, root surface area
density, spike.m?, grains.spike™, 1000-grain weight, grain yield and biomass yield. Using fertilizer sources had
positive and significant effect on root traits and grain yield in two dryland wheat under dry land condition, so
that Saji cultivar xGM+25 kg.ha™ had the highest root volume (4.6 cm?), root area (70.9 cm™), root length
density (0.158 cm root length.cm™ soil), root surface area density (84.3 cm®.cm™), spike.m? (257.5 spikes),
grains.spike™ (42.7 grains), 1000-grain weight (39.7 g), grain yield (3571.6 kg.ha™*) and biomass yield (7840.6
kg.ha) and the lowest root traits and grain yield belonged to Keras Sabalanxcheck treatment. There was
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3- Professor, Soil and Water Research Institute, Karaj, Iran
(*- Corresponding Author Email: rahim.naseri@gmail.com)
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significant different between cultivars to response of Using of phosphate solubilizing bacteria and mycorrhizal
fungi, so that Saji cultivars had the best response to mycorrhizal fungi. Therefore with regard to cultivation of
wheat is facing to drought and heat stress indicated that Saji cultivar and using of mycorrhizal fungi can be the
best result under dry land conditions.

Conclusions: The results indicated phosphate solubilizing bacteria (PSB) and mycorrhizal fungi (GM) had
positive effect on root system and grain yield, so that root traits and grain yield had the better status in presence
of inoculation with GM. In fact PSB and GM could alleviate the partial of grain yield in presence of dry land
farming. Recent studies indicated that symbiosis bio-fertilizers also improved soil physical and chemical traits
and increaced organic matters content, root system and P available to coexistent plant.

Keywords: Fertilizer sources, Grain yield, Root area, Root volume, Root system
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Figure 1- Plot of factor loadings of first and second principal resulted from principal component analysis for studied
genotypes

glis)l H (a8 g9, 5 U o) FD e s 5l JssS” ol 85, FCH (S’ S5 (59 CW (S Jobo LCL JsuS' 3 :CD «Sojses 2,8kas BY
ol 3L 53 JguS sliss NC\M (e (claasli )3 JgunS sluss INCAB ¢ e 5 aslis slaw :NB ( Sss g9, b 59, :MD wils 3o 59 HSW sy
s 3,Sloe SY JgunS S il 459 SWAC JgunsS S 53 4l sluws :SNAC 429, a0 )3 0L iy K (sla JguusS slss NTC



WWAA Hleg ) oylols AV ade> Il (ly) sl 4 s Ve A

Biplot
4.8 f' ' ' : ' '—_
~ 28 §
% o 1
(= -84 1
g 0.8 . ]
o @ |
QA2 )
3.2 L ]

O
w
S
~

Component 1

901 93 485 418 SBiaigh] | (dn (o 3590 GBS (51 BalGe s 5o 5 Jols 093 5 Jl allge My gL - JSS

i gy 1y 485 O )90 09,5
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genotypes in it and grouping done for genotypes
2:Akyang, 4:Anthalya-1, 5:Ba fang tuo, 11:Black c-2-c, 13:Boryung, 15:Bukbak, 17:Daeyang, 18:Dongbu, 20:Dulce
101/87. 23:Godae, 24:Gogun, 25:Gyum 1 1, 27:Haeree, 32:Hanyim 1, 34:Hoechon 2, 46:Jungkyung, 47:Keumyu,
49:Lao hong zhi ma, 51:Local 123, 53:Margo, 60:Q21115 (non-shattering selection), 63:Sagok, 64:SC 4520-2-1,
77:VNIIMK 1651, 79:White ¢323-2, 84:White Sindos 381 (early), 92: st
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Introduction: Sesame (Sesamum indicum L.) is considered as the queen of oilseeds for its high oil quality.
Sesame oil is rich in micronutrients, antioxidants and essential amino acids as well as polyunsaturated fatty
acids. Proper understanding of the relationship between grain yield and its components can significantly improve
the performance of the breeding program through the proper use of selection indicators.

Materials and Methods: In order to determine the relationship between the seed yield and oil percentage
with some important agronomic traits, and to find the direct and indirect effects of important agronomic traits on
both seed yield and oil percentage and also select best genotypes in terms of different traits, 91 sesame genotypes
(received from botanical gene banks of Germany, Canada and Australia) were studied based on an augmented
design with 3 checks (Oltan, Yellow white, Naz tak shakheh) at seed and plant improvement institute, Karaj, Iran
in 2016. 17 agronomic traits including flowering date, maturity date, first capsule height from surface of earth,
height of plant, number of branches, number of capsule per branches, number of capsule per main stem, number
of total capsule per plant, seed number per capsule, seed weight per capsule, 100-seed weight, capsule weight,
capsule diameter, capsule length, oil percentage, biological yield and seed yield were studied.

Results and Discussion: The results of simple correlation indicated that seed yield per plant had a high
correlation with total number of capsules per plant, number of capsules in branches, biological yield, number of
capsules per main stem and plant height. Also 100 seed weight, seed yield per plant, number of capsules per
main stem, number of capsules per plant and seeds weight per capsules were in a high correlation with oil
percentage. The result of path analysis showed that the number of capsules per plant, number of capsules per
branch, biological yield and capsule length exerted the greatest positive effects on seed yield and therefore
suggest that they can used as selection criteria in seed yield improvement. Also seeds weight per capsule, capsule
length, seed yield and number of capsules per main stem exerted the greatest positive effects on oil percentage.
The results of principal component analysis showed that 6 components comprised 82.77 % of the total variations
in genotypes. In the first components of this study biological yield, seed yield, capsule weight, number of
capsules in the branches and number of capsules per plant had high positive coefficients. The number of seeds
per capsule, the seed weight of a capsule and the weight of a capsule had the highest coefficients in the second
component. In the third component, the traits of the day to the beginning of flowering and the day to the
beginning of the maturity had the highest positive coefficients and the height of the plant had a high negative
coefficient. In the fourth component, the weight of 100 seeds, oil percent and seed weight per capsule had the
highest positive coefficients and the height of the first capsule from the ground surface had the highest negative
coefficient. The fifth component, including oil percent, capsule length and height of the first capsule from the
ground had positive coefficients and the numbers of capsules in the main branch were negative. Finally, the sixth
component included the number of seeds per capsule and the number of capsules in the main branch with
positive and 100-seed weight and the height of the first capsule from the surface with negative coefficients. Lao
hong zhi ma and Black c-2-c, Dulce 101/87 and Bukbak had the highest yield in component 1 and 2 biplot. The
genotype number 79, with the name of White ¢323-2, had a good relative yield and also a good relative seed oil
content. In addition, genotypes number 79 and 51, with the names of White ¢323-2 and Local 123, have a good
relative yield and also relatively early. Finally, genotype number 49, with the name of Lao hong zhi ma, had the
highest relative yield and seed number per capsule.

Conclusions: For improvement of each component, we must pay attention to the related traits because gene
or genes which control number of capsules per plant, probability control biological yield, capsule weight and
other significant traits in this component too, and the component or gene which control this traits is similar gene
or factor. By identifying these phenological and morphological patterns that effective in the structure of sesame
and determining the relationships between them, breeders can use them in future programs.

Keywords: Oil percentage, Path analysis, Principal component analysis, Seed yield
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Table 1-Pedigree genotypes of wheat

@3, Plot No/ e Pedigree/s yxud
. - BOL1.11//F35.70/MO73/4/YMH/TO/3/LIRA CIT92/ M 0- E-OYC-7YC-
&y OYC-1YC-OYC-3YC-0YC

2 e /90-ZHONGS87 BK

3 po) ER 732/ N ALVAND/

4 C-93-4 TILA/SHARK/F4105W2.1 NWAA15/A

5 C-93-5 ERYT1554.90/MV1

6 C-93-6 SPN/MCD/3/NZR/4 LD"s'..

7 C-93-7 BOW/CROW/3RSH//3B/3/91 U

8 C-93-8 JI4//SHARK/F4105W2.1 R8/

9 C-93-9 BLUEGIL-2/ UCUR /SI E NA

10 C-93-10 AJIVI A

11 C-93-11 K-1 G HA 196/
D= 1-( Ys /YD)
SSI=[1-(Ys/YP)]/D (1)
STI=(Yp * Ys)/ (YP)? (v)
TOL=Yp-Ys (v)
GMP=AYpxYs (¥)
MP=(YP+YS)/2 (&)
HARM=2(Yp)(Ys)/Yp+Ys (%)
MSTI=kiSTI (V)
K1=Yp* YP 2
K2=Ys? YS 2
RE%=[(Yp-Ys)/Yp]x100 (A)
YI=Ys/ Ys (*)
YSI=Ys/Yp )

—

—_ —~ —~ —~ —
—
— .
—_ — — = —

—

ATI=[(Yp-Ys)( Y p/ Y s)][VYpxYs]
SSPI=[(Yp-Ys)/2(Y p)]*x100

—
-

SNPI=[3V(Yp+Ys)(Yp-YS)] [BV(YpxYsxvys)]
DI=Ys x (Ys/Yp)/ Ys

Cou g gl O bl 3 cigif 5 Sles Y YL CYoles 13 45
IS5 08 os (S0 YP et Ly 5o giy 2,8Les S (15
Lacas) JS 2,es 60ke Y505 (g Laalpd )3 iy
Turual o pi el gy K2 g KL g s as D o i byl yd jo
bl G 9 G5 g bulyd 5 STI

Jlo e 51 g ol 3148 sl (L o8y (ily)ly 42329
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Table 2- Analysis of variance composite at two years on grain yield

POV VTN &35 4y Olarpo (Ko
S.0.vV df Mean of squares
Year/ Ju 1 24.946%*
Rep/(JLo),),ss 4 0.444 ns
Irrigation/ ¢ Ll 1 158.39 **
IrrigationxYear / ¢,Lilx Juo 1 2.172ns
Errorl/l s 4 0.415
Genotype/wy; 10 0.469 *
YearxGenotype/ ugix Jus 10 0.740 **
lesigix gl 10 0.134 ns
IrrigationxGenotype
B 955% 6 lulx Jlo 10 0.209 ns
IrrigationxGenotypexYear
Error 2/2 s 80 0.201
CV=7.5%

e dfe

Loyd ) 90 s 53 lsine 5 Bsine b ayhy 9T NS
ns, * and **: no significant, significant at level 5 and 1 percent respectively

VoIV g SV coipgan |y oy ST5 g cidnge U puS sland, UialS 1o d WIE ol Jls 4 o pgd Jlo 3 ails 3 Sas
.(Saeidi et al., 2010) s jials vsys Sy lyy Jlo 99 50 aily 5,Slee o 4o xe VST 4 0l L
asy Jad 3] (S i blys p a8 o lis olidss (¥ Jods) 391 2lgm 9 O Ol 150 51 5L a5l

&y Slidlos, 5 als o 5l sy paS Siwgid (D (gl il 0, Sl 5L b cely Bind ol 2 ond Jlesl i
iwgid jl ol dlgo olams] [ad dgiome cuely 45" a0 byly s a Cans (ol M) 0y90 (Sis i bylyd j0 baeuie
3 a5 oy Slae yialS Cob ) pas 0 o a4 ol (o)l> O WUl St as e lis LialS asp vy S o)l
Fiwgd (ialS & olgi e |y (ol 48 0)93 (St (i Ll o ploxl Gimghs (¥ Jgio) Canl il (18 gy plej > (Sis
.(Ehdaie et al., 2008) sl> cows oS ()= asly 5, Slas puiS by Ay 090 jd (Suid i ol )l z S

OS5 39031 (basly 413 3,Sas 3 s 31 (5ile duglio Y S
Table 3-Mean comparison effect of year on grain yield on base Duncan test

Jw 413 3 Slos
Year Grain yield (kg ha™)
2014-2015 6407 a
2015-2016 5537 b

5l gei (P<0.05) o ine AU (glyls sy 45 S o By > |y sliel
Numbers followed by the same letter are not significantly differentns (P<0.05)

5 L e i bl b o dald pLE )l 5, Sles blod 4 oy s ash 5y Shes o Lac 595 (wSSle duslie Joio
I gy & Cons b padls (Suid 5 4 Jood gy (5:0ke O B3 £95 S0l 45 W5l o dme SIS (oo L lacassl
7 Jpoo) 5395 Josgiy 53 JB oSl 010 5 (S5 5 Lnly b 55 20 b (en 5 039 b
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Table 4- Mean comparison effect of drought stress on grain yield on base Duncan test

&b aild 5,Slos
Irrigation Grain yield (kg ha)
Normal/ ls' L] 7068 a
4877b

Stress/ i blys 55 )l

A3 es (P<O.05) s sxe B! (glyls (g y 55 S yidio gy b dlae]
Numbers followed by the same letter are not significantly differentns (P<0.05)

OS> (9031 (ol 2 a5 4l 3 Shos (1ale dunglio -0 Jgua
Table 6 - Mean Comparison genotypes on grain yield on base Duncan test

e al> 3 Slos
Genotype Grain yield (kg ha™)

1 5816 de
2 5848 de
3 6053 bc
4 5924 cd
5 5724 ¢
6 6168 ab
7 6100 abc
8 6288 a
9 6159 ab
10 5943 cd
11 5671e

ALl o3 (P<O.05) o gne B! ghyly g yo 45 S yidio g s b slel]
Numbers followed by the same letter are not significantly differentns (P<0.05)

695 odeie plsisa aad olaitldgia ) S 4 Jood
s GMP, MP, 1 i [asuin (S0 Guisd )0 (5 Jado) Ad adlid
ol bl il g 0wl 5 Slas b b pixe 5 Cuto (Siuen STI
OtySmslio Golsl (o py 9 LD Jyaxe (ol (St
s yme JL St 4 Jooxte slacisss ol sl o pasls
.(Saeidi et al., 2016) s

GMP ,MSTIK1 HM STI ,MP sla asls bl 5
oo glacis) plolid gl boasls opcwle plysa
Sosy iolojl )3 .(Afiuni et al ., 2009) Kas B yre (Suid 4
GMP MP ,STI .Yl DI (laasls U paS cooij ¥
slacss) alolid gy bpasls o Sewlio plgicas ,MSTI
9> ;> (Farshadfar et al ., 2013) Bud 80 (Suid 4y Jocio
PSPyl b 6y 5 (b paS sl b (S w340
ash oy Slos (sl pL3)l jase iz 4 0B SSI s i)l55 pgyge0
.(Sanjari et al., 2010; Zebarjadi et al., 2013) 1L o3
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Table 7-Mean grain yield (kg ha™) at non-stress (YP) and drought stress at reproductive phase (YS) on two years and

amounts of tolerance and susceptibility to stress

«HS¥; Yp ) Ys ) SSi g) STI &, GMP a4, MP &, TOL ad)
1 6839 10 4793 8 0.964 4 0.661 9 5725 9 5816 9 2046 3
2 6896 7 4801 7 0.977 6 0.662 8 5753 8 5848 8 2095 4
3 7240 3 4865 6 1.057 9 0.705 5 5934 5 6052 5 2375 9
4 6858 9 4990 4 0.877 1 0.685 6 5849 6 5924 7 1868 1
5 6665 11 4783 9 0.909 2 0.683 10 5646 10 5724 10 1882 2
6 7439 1 4896 5 1.099 10 0.729 3 6035 3 6167 2 2543 11
7 7201 5 5000 3 1.983 7 0.72 4 6000 4 6100 4 2201 6
8 7400 2 5176 1 0.967 5 0.766 1 6188 1 6288 1 2224 7
9 7239 4 5079 2 0.961 3 0.736 2 6063 2 6159 3 2160 5
10 7104 6 4782 10 1.051 8 0.68 7 5828 7 5943 9 2322 8
11 6862 8 4479 11 1.118 11 0.615 11 5543 11 5670 11 2383 10

ol G5 iy oam LS et Ll ad) (ke 5 bgina) ) iSasS sl
Numbers of lower in ranking , mean of rank indices indicate advantage genotype

9 oialojl Jlwgd ;5 (YS) (ouis 295 (Swid (Wi g (YP) Jol5 (5,lel dasl ol 55 ([US2 15 0,5 9S) ails 3,50os pSile 1 Jguar ol
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Continue Table 6- Mean grain yield (kg ha™) at non-stress (YP) and drought stress at reproductive phase (YS) on two years

and amounts of tolerance and susceptibility to stress

JRRD DI a3, MSTIK2 45, MSTIKI 4, HM 4,  YSI 4, YI 4,
1 0.688 6 0.63 9 0.619 9 5609 9 0.7 4 0.982 8
2 0.685 7 0.641 8 0.63 8 5660 8 0.696 6 0.984 7
3 0.67 8 0.701 6 0.739 5 5819 5 0.671 9 0.997 6
4 0.744 1 0.717 5 0.645 7 5776 6 0.727 1 1.023 4
5 0.703 5 0.613 10 0.576 11 5569 10 0717 2 0.981 9
6 0.66 9 0.734 4 0.807 2 5905 3 0658 10  1.004 5
7 0.712 4 0.757 3 0.747 4 5001 4 0.694 7 1.025 3
8 0.742 2 0.863 1 0.839 1 6091 1 0.699 5 1.061 1
9 0.73 3 0.798 2 0.772 3 5969 2 0.701 3 1.041 2
10 0.66 9 0.654 7 0.687 6 5716 7 0.673 8 0.98 10
11 0.59 11 0.518 11 0.579 10 5420 11 0652 11 0918 11

ol g5 (655 0amI LS b jad s ady 1:Kike 5 baganad, jd yiSe oS dlasl
Numbers of lower in ranking, mean of rank indices indicate advantage genotype
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Continue Table 6-Mean grain yield (kg ha™') at non-stress (YP) and drought stress at reproductive phase (YS) on two years
and amounts of tolerance and susceptibility to stress

9 SNPI 4, SSPI 4, ATI ) RE 4, Lad L 4 ) wSike
1 9.604 7 14.47 3 8.15 3 29.9 4 6.7
2 9.609 6 14.82 4 8.31 4 30.4 6 6.5
3 9.55 8 16.8 9 9.72 10 32.8 9 6.8
4 10.26 2 13.21 1 7.54 2 27.2 1 3.7
5 9.65 5 13.31 2 7.32 1 28.2 2 6.5
6 9.51 9 17.99 11 10.591 11 34.1 11 6.4
7 9.93 4 15.57 6 9.18 6 305 7 4.7
8 10.37 1 15.73 7 9.943 9 30 5 3
9 10.17 3 15.28 5 9.034 5 29.8 3 3.05
10 9.36 10 16.42 8 9.33 8 32.6 8 7.8
11 8.67 11 16.86 10 9.11 7 34 10 10.3

ol G5 iy oam LS et s ad) (ke 5 bgina) ) iSasS sl
Numbers of lower in ranking, mean of rank indices indicate advantage genotype

St dilein 3 alej] Jlw 93 (o 53 slidlgn 5ol 50 Y Jpin
Table 7- Some meteorological parameters during two years of experiment in Mashhad

ob (%0) (oo b, (mm) Sa,b (Mmm) juses (C%) &l an 3 (1S5le
Month Relative humidity Precipitation Evaporation Mean temperature
2014 2015 2014 2015 2014 2015 2014 2015
2015 2016 2015 2016 2015 2016 2015 2016
e a7 45 16.7 13.8 156.5 148 18.1 18.6
October
Ul
o 65 61 30.6 17.6 39 82.2 8.7 11.2
November
5
” 73 64 318 16 55 6
December - -
o 67 56 20.9 12.7 - ~ 6.5 7.3
January
o 70 62 38.7 13.7 75 5.2
February - -
KU
73 65 41.6 58.4 5.7 12.1
March - -
0#229° 58 66 216 94.6 181.4 65.4 14.9 136
April
P l
me) 43 55 236 413 2376 179 21.4 21.2
May
REyes
23 38 0.3 6.6 364.1 300.4 26.9 25.6
June
» 22 28 0 0 4442 358.1 29.7 28.1
July

oke 54 54 225 274 142.2 113 144 14.8
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Table 8- Correlation coefficients between grain yield and tolerance evaluation and stress susceptibility indices

YP YS Tol MP GMP STI SSI Yl YSI HM  MSTIKL  MSTIK2 DI Re ATI SSPI SNPI
YS .586
Tol .697° -172
MP .924* 852" 37
GMP .884*  897* 281 .996*
STI .883* .897* 279 .995*° .999°
ssl .612° 226 944 289 204 202
YI 598 1* -.169 .853* .898°* .899° -.224
YSI -.405 .502 -.973" -.25 .69 .70 -9 5
HM .841* .931* .199 .983* .996°° .994° 122 .932° 153
MSTIK1 .969* .763* 504 .987* .969° .969° 417 765 -.173 944
MSTIK2 .750* 973" 50 .945% 971 972 -.33 974° 296 916 .886°°
DI 135 .882* -.616" 504 583 583 .635° .88* .850* .649° .369 -.754*
Re 446 -.462 .952°* 71 -.23 -.24 .932° 459 .997*° -.108 217 -.256 -.825*
ATI 878" 127 .955* .628" 552 551 .889™ 130 792 478 736 342 -.355 .819*
SSPI 697° -172 1 .370 281 279 .944° -.169 -.937* 198 503 5 -.616" .952°° 955
SNPI .332 .549 -.82 474 497 .507 -.188 .549 .264 .508 441 .55 483 -.266 .805 -.083
203V 50 g )3 e cuspa T 5"
*,** significant at level 5 and 1 percent respectively
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Introduction: Wheat is important plant in the economy of the world. Between wheat cultivars, bread wheat
(Triticum aestivum L.) is the best cultivar for nutrition. Drought stress led to decrease production, therefore, it
causes problems for nutrition and agriculture. Iran is located in dry belt of the earth and its annual rain average is
250 mm. In dry land, grain filling phase is faced with a warm season when the air temperature is high and soil
water storage is reduced. For screen best drought tolerant genotypes must use from drought tolerance and
susceptibility indices. The purpose of this research was to identify and determine drought tolerant and high yield
lines for introduction in drought stress conditions during reproductive phase and to determine the indices with a
desirable efficiency for evaluating reaction of genotypes to stress conditions.

Materials and Methods: An experiment based on randomized complete bock design with three replications
was conducted Torogh Mashhad Agricultural Research Stations, Iran, during 2014-2016 growing seasons. In this
research eight genotypes of winter wheat with three control cultivars of Mihan, Orum, zare were compared under
two conditions of full irrigation and water stress during reproductive phase. Statistical analysis was performed by
using SAS and SPSS software. After harvesting, yield and indices drought tolerance indices including SSI
(Stress Susceptibility Index), STI (Stress Tolerance Index), GMP (Geometric Mean Productivity), HARM
(Harmonic Index), MP (Mean Productivity), YSI (Yield Stability Index), Y1 (Yield Index), DI (Drought Index),
MSTI (Modified Stress Tolerance Index), ATI (Abiotic Tolerance Index), SSPI (Stress Susceptibility Percentage
Index), RE% (Reduction Percentage), SNPI (Stress non-Stress Production Index), TOL (Tolerance).

Results and Discussion: Results showed that the effect of year, genotype and irrigation and interaction
effect between year and genotype were significant on all of studied traits. Drought stress decreased yield of
genotypes about 32% and 30% in the first and second year, respectively. Other investigation showed that
drought stress at the reproductive phase led to reduce current photosynthesis and high respiration. According to
Fernandez, indices that have a significant correlation with grain yield in both stress and non-stress conditions are
superior indices because they are able to distinguish high-yield genotypes in both conditions. In our research
there was a significant and positive correlation between GMP, MSTI, HM, STI, MP with grain yield in both non-
stress and stress conditions. In drought stress conditions genotype 8 and 9 ranked had the highest yield (5176 and
5079 kg ha'), and were selected as the most tolerant genotype.

Conclusions: This research showed that drought stress at the reproductive phase reduced grain yield. GMP,
MSTI, HM, STI and MP showed significant and positive correlation with grain yield in both non-stress and
stress conditions. Genotype 8 had the highest rank in all of the mentioned indices, it could be considered as
tolerant genotype to the drought stress at the reproductive phase due to the proper grain yield in both stress and
non-stress conditions.

Key words: Lake moisture, Productivity, Sustainability, Yield index
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Table 1- Physical and chemical characteristics of the soil
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Table 2- Analysis of variance of the effect of biofertilizer application and intercropping on yield and yield
components of linseed

EAJOves Iy 9 a sl -dA L slaad Slases aldslasd G 59 Sujglem 2les aily 3,Slos Ofgy o yd
S.0.V sl Height S PP JgwnS JogmS 45 &l Biological Seed yield Oil
d.f No. of Gg No.of  1000- yield percentage
lateral No. of seed per seed
branch capsule capsule  weight
5 2 15.44 "¢ 1.78" 251747  0.07™  0.18" 3467.62"* 252,702 231"
J
Replication
cuiS oS 3 196197 8247 956087 4917 014" 59242707  17601.91"  90.71"
Cropping
. 1 61054 1989 917607 7.605™ 6937  16801.04"  30271.56" = 109.01
st 05
Biofertilizer
s xS 8l 3 5.76 " 0.63"° 465" 0.052"™  0.12" 562.15" 974.98"* 10.19"¢
CxB
s 14 11.71 0.32 15.43 0.140 0.14 1369.62 379.48 5.05
Error
e - 73 12.3 6.8 5.8 8.7 6.5 13.2 5.9
CV (%)

ol 20y3 S g g o 5D I3 xe VS| 343 5 I ime BB pas osimd U5 cus i 1FF, *, NS
ns, * and **: Non significant, significant at 5 and 1% probability levels, respectively.
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Table 3- Means comparison of yield and yield components of linseed in intercropping different patterns with faba bean
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Cropping patterns Height Swasls JoweS JoweS 53 PH Sojegw Seed y_ileld Qil
(cm) ol gy No. of -1000 Biological (tha”) percentage
No. of No.of  Seed per seed yield (%)
lateral  capsule  caPsule  yeight (tha’)
branch  per plant (@)
oAl cuss 54.27 a 6.26 a 71.85a 7.62a 483a 7.153a 2.230a 34.00b
Monocropping
Vi) Lol cuis 4340 ¢ 4.67 bc 53.92¢ 5.63¢ 4.18b 5.117 bc 1.130 b 41.00 a
Intercropping 1:1
VY byl cuis 48.37b 4.12b 62.85b 6.54b 440b 5.567 b 1.540 b 4201a
Intercropping 2:2
¥ ¥ Lglsee cuiS 4148 ¢ 353¢ 42.30d 5.80¢c 425b 4.992 ¢ 1.040 ¢ 3501b

Intercropping 3:3
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In each column, means followed by the same letter (s) are not significantly different at 5% probability level,
using Duncan's Multiple Range Test.
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Table 4- Means comparison of yield and yield components of linseed affected by biofertilizer application
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Fertilizer gy s ls gy JomaS 3 &l N Seed y_ileld Oil
treatment — peight it No. of No.of  seed-1000  Biological (tha’) — percentage
(cm) No.of  Per capsule seedper  \ysiont yield (%)
lateral plant capsule ©) (tha?)
branch
365 b puae pis 41.83b 3.72b 51.54 Db 5.83Db 3.89Db 5.440 b 1.130 b 36.01b
No use
Biofertilizer
) 295 51.92a 555a 63.91a 6.96 a 496 a 5970a 1.840 a 40.04 a
Fertilizer
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In each column means, followed by by the same letter(s) are not significantly different at 5% probability level,
using Duncan's Multiple Range Test.
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Table 5- Analysis of variance of the effect of biofertilizer and intercropping on yield and yield components of faba bean

Olpti b Fa g HIKeY Al b pelidlan pabalasd &l 5 4 3 ,Slos 413 3 Slos
S.0.V s Height srasls Pod Sy ol 1000-seed SOj9gm Seed yield
d.f ol length No. of No. of weight Biological
No. of seed per seed per yield
lateral pod pod
branch
- 2 32.70" 0.582 ™" 0.722 " 159 ™ 0.150 "¢ 75.54 " 9010.16 ©  473859.29"¢
Replication
cutS 558
Planting 3 332967 1.49™ 768" 6.58 " 1427 8859.72"°  97856.81 "  2947102.27"
pattern
s 3 1 0.80 s 0.570 ™ 6.60 " 425" 2877 34504.16 ™  27270.05  9938214.01”"
Biofertilizer
ed Xpt“;ﬂ 3 969" 0152™  0357"  0054"  0.742"  1381.94™  19160.05"  3223.44 "
Ef;r 14 16.42 0.053 1.37 0.165 0.311 3325.59 2239.14 177051.72
LR e U
o (%) - 5.8 6.0 15.2 76 135 6.9 9.2 12.0
ol 2o S g g aaw )l dme S| 3gng g I3 xe BMB] pac sximd Ui s 5y TFF, * NS

ns, * and **: non significant, significant at 5 and 1% probability levels, respectively.
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Table 6- Means comparison of yield and yield components of faba bean in intercropping different patterns with linseed
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Cropping pattern Height rasli Pod Wig ol 4o Seed yield
(cm) e length No. of pod No. of seed Biologica_llyield (tha?)
No. of (cm) per plant per pod (t.ha™)
lateral
branch
oals s
. 78.50 a 451a 8.82a 6.61a 4.82a 13.300 a 4.280a
Monocropping
) byl cuss
¥ bole 61.30d 3.35¢c 6.43 ¢ 4.10c 3.77hb 10.240 ¢ 2.590 ¢
Intercropping 1:1
VY bolso cuis
¥ byt 72.53b 391b 8.50 ab 561D 4.13 ab 11.860 b 3.650 b
Intercropping 2:2
Y bolswe cuis
66.47 c 3.63 bc 7.12 be 511b 3.80b 11.290 b 3.410b

Intercropping 3:3

2,85 (gl gixe gl Mo yd gy Jlosn] prdaw y3 (Sl (glasels wix yg0j] olsl p cdituan S b g (o) &S olan1 ko gte ya 5D
Means in each column, followed by similar letter(s) are not significantly different at 5% probability level,
using Duncan's Multiple Range Test
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Table 7- Means comparison of yield and yield components of faba bean affected by biofertilizer application

&35 ylowd CWwas L slany ol Job g 40 ol dlaai ild slaad 313 039 S ielgm 5 ySdos &l >, Slos
Fertilizer P[P8 Pod length  No. of pod ol PHE Biological yield Seed yield
treatment No. of lateral (cm) per plant No.of  1000- seed (tha™) (that)
branch per plant seed per weight
pod )
355 Uyae pis 3.70b 7.19b 494Db 3.78b 792.50 b 11.340b 2.840b
No fertilizer
st} 55 4.00 a 8.24a 5.78 a 448 a 868.30 a 12.010 a 4.120a
Biofertilizer
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Means in each column, followed by similar letter(s) are not significantly different at 5% probability level,
using Duncan's Multiple Range Test.
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Figure 1- Partial Land Equivalent Ratio and Land Equivalent Ratio (LER) for seed yields of linseed and faba bean in
intercropping patterns affected by biofertilizer application
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Introduction: Intercropping is defined as the growing of two or more crops at the same time in the same
piece of land. Intercropping of legume with non-legume compared with monoculture has many advantages such
as reducing the risk of crop failure, making efficient use of available land, improving productivity and income,
more efficient use of resources (water, nitrogen, and radiation) and increasing food security in vulnerable
production systems. Biofertilizers are important not only for the reduction of quality of chemical fertilizers but
also for getting better yield in sustainable agriculture. Application of biofertilizers and no use of chemical
fertilizers are rapidly gaining favor. Arbuscular mycorrhizal fungi (AMF) has been well documented to be a bio-
fertilizers that have a symbiotic relationship with many crops and by increasing the uptake of nutrients mainly
phosphorus, and enhancing the water absorption and resistance to pathogens, improves growth and yield of host
plants in sustainable agricultural systems. The main objective of the present study was to determine the effect of
biofertilizers (nitrogen, phosphorus, potassium and sulfur solubilizing bacteria+ Arbuscular mycorrhizal fungi)
and intercropping on seed yield and yield components of linseed and faba bean.

Materials and Methods: This experiment was conducted as factorial layout based on randomized
complete block design with three replications at the Research Farm of the Faculty of Agriculture, Urmia
University, Iran, during growing season of 2017. The first factor was five intercropping patterns including 1 row
linseed + 1 row faba bean, 2 row linseed + 2 row faba bean, 3 row linseed + 3 row faba bean, and monocropping
of each crop and the second factor was included control (no fertilizer), and biofertilizers (nitrogen, phosphorus,
potassium and sulfur supplier bacteria+ arbuscular mycorrhiza fungi). Before the sowing, the related
biofertilizers were shaked completely to cover the whole seeds surface after which the seeds were shadow-dried
and planted, irrigation was done immediately after seed sowing. No fertilizer was used during the growing
season. In addition, the land equivalent ratio (LER) was calculated to determine the advantages of intercropping.
The Analysis of variance was performed using SAS 9.4 software; means were compared by using Duncan's
multiple test at 0.05 probability level.

Results and Discussion: The results showed that the effect of cropping pattern on all measured traits was
significant on height, number of lateral branch, number of capsule per plant, number of seed per capsule, 1000-
seed weight, biological yield, seed yield, oil percentage of linseed and on height, number of lateral branch,
number of pod per plant, number of seed per pod, 1000-seed weight, biological yield, seed yield of faba bean.
The highest seed yield of faba bean (4.280 t ha™) and linseed (2.230 t ha™) were obtained in monocropping
treatments, respectively. The higher production in linseed and faba bean monocropping may be due to the less
disturbance in the habitat in homogeneous environment under monocropping systems. The results showed that
biofertilizer had a significant effect on all traits, in linseed and faba bean. The highest yield and yield
componenet of both plants were achieved in use of biofertilizers. In linseed, the highest oil percentage of all
treatments was higher than solecropping. Also, total LER was more than 1 and the highest values were observed
in all treatments. The maximum LER values (1.50) were obtained for intercropping 2 row of linseed + 2 row of
fababean with using biofertilizers. It seems that better utilize of the growth resource in the intercropping led to
reach this result.

Conclusions: In general, the results of this experiment showed that the faba bean and linseed yield were
influenced by different intercropping patterns and biofertilizer. The highest seed yield for both plants (faba bean
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and linseed) were achieved in monocropping. In the present study, application of biofertilizers could improve the
yield and some characteristics of faba bean and linseed. In addition, with application of biofertilizer the seed
yield of linseed and faba bean about 38% and 31% compared with control (non-consumption), respectively. It
seems that the use of biofertilizers in intercropping is one of the suitable strategies for achieving optimal yields
with minimum inputs, which in the long run can reduce the need of crop systems to chemical inputs.

Keywords: Azotobacter, Land equivalent ratio, Qil, Planting pattern, Pseudomonas
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Table 3- Characteristics of scenarios A1B, A2 and B
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Table 4- LARS-WG model evaluation indicators

Felb MAE RMSE R?
Parameter
e 0.145 0.1887 0.9995
Minimum temperature
| e gl 0.2107 0.2511 0.9995
Maximum temperature
b 0.1634 0.2355 0.9972
Radiation
ot 4.0557 5.5066 0.8899

Precipitation
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Sayari et al., 2011; Ansari et) cusl odpw, 3ol & 5 pbie Gilwans 3 15l e oo g Conl canlio wliilgn (sla S
[(al., 2015 LARS- Jae VL (oLl 555 odlitul 0an] 053 (slys Waodls

4l 093 )3 (951 9 lod (55lwrdmsd 53 (o908 (13,5 (S0 (sl laye (S0l Ady; -0 Jgi
Table 5- Root mean squares error of general circulation models in temperature and precipitation simulation in baseline period

oL 095 s GFCM2.1 HadCM3 INCM3 IPCM4 MPEHS5 NCCCSM
General circulation models
> 7.9 2.4 31 2.7 0.59 3.3
Temperature
f’z_)b' X 1.15 0.76 0.77 0.79 0.28 0.6
Precipitation
s (e 45 1.59 1.94 1.78 0.43 1.95
Mean error
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Table 6- Results of t and F tests at 5% probability level

ol g e SBLOBL Ol il sles alalo ofile i1 o wlale (nSile

"' g
e Aersielonny o (BN MO A A oy
variances temperature temperature
(Statistical test) s bl o905 t-test F-test t-test t-test
omnsd olo 3o oo
Solar month Christian month 0.99 0.17 0.52 0.29
Ot 445 (January)
REEN 4,4 (February) 0.99 0.34 0.9 0.29
o598 ol (March) 0.55 0.21 0.18 0.91
Cadigmd)) Josl (April) 0.37 0.52 0.34 0.77
sl = (May) 0.33 0.71 0.038 0.43
5 ope; (June) 0.34 0.74 0.23 0.84
sl «Ys (July) 0.15 0.22 0.25 0.83
JYRes cags] (August) 0.34 0.09 0.6 0.13
s ol (September) 0.09 0.64 0.29 0.3
Ul 51 (October) 0.49 0.56 0.69 0.79
;N sy (November) 0.61 0.55 0.48 0.14

@ solos (December) 0.42 0.83 0.39 0.44
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2030) compared to the base period (1979-2010)
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Figure 2- Comparison of the average monthly simulated maximum and minimum temperature and rainfall
(2046-2065) compared to the base period
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Table 8- Growth period of corn cultivars during the base period (1980-89) and future periods (2011-2030) and (2046-2065)
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g w)\ ’i \ YoV Y Yoy Ye£1-YeN0
Variety e Growth period (day) Growth period (day)
Gro"‘(’ég)f’)emd 1980-2010 2046-2065
1980-2010 SRA1B SRA2 SRB1 SRA1B SRA2 SRB1
SC705 120 119 119 118 115 115 116
SC704 120 117 177 116 114 114 114
SC70 125 122 122 120 118 118 119
bgio
122 119 119 118 116 116 116
(Average)
y)t.u) SR
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Table 9- Grain yield of maize cultivars during the base period (1980-1989) and future periods (2030-2011) and (2046-2065)
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5l . Average yield (kg.ha™) Average yield (kg.ha™)
Variety Average yield 2011-2030 2046-2065
(kg.ha)
19802010  SRAILB SRA2 SRB1 SRA1B SRA2 SRB1
SC705 5515 5098 4850 5008 5035 4770 5050
SC704 5657 5161 5132 5069 5354 5364 5395
SC703 5321 5180 3939 5085 4121 4131 4130
buwgio
5497 5146 4640 5054 4837 4755 4858
(Average)
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Table 10- Biomass of maize cultivars during the base period (1980-1989) and future periods (2030-2011) and (2046-2065)
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a3,ls YAAe-Y Y~ Average yield (kg.ha™) Average yield (kg.ha™)
Variety A\/erage }/1|e|d 2011-2030 2046-2065
(kg.ha)
1980-2010 SRA1B SRA2 SRB1 SRA1B SRA2 SRB1
SC705 12052 10600 10182 10406 10607 10682 10691
SC704 14038 10793 10683 10591 11115 11138 11205
SC703 13055 10742 9648 10545 10047 10071 10124
bwgie
13048 10712 10171 10514 10590 10612 10673
(Average)
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Introduction: According to the present state of climate science, the increase in greenhouse gas
concentrations will result in changes of the climate parameters; particularly, an increase of the global
temperature and changes in precipitation are expected. These changes in climate, which are likely to occur
during future decades, may have significant consequences (positive or negative) on the development, growth,
and crops yield. Climate change and its impacts on water recourses is known as one of the most important
challenges which human would be faced with it in future century. Future climate change in each region can be
predicted through the models of the Globa Circulation Model (GCM). It is also possible to investigate the effect
of climate change on the yield and the water requirement of plants using performance predictive models as
Aquacrop model. The main objective of this study is to assess the effect of climate change on the future climate
of Moghan plain and also, simulation three corn hybrids parameters such as grain yield, biomass yield and
growth period of corn, under different irrigation treatments.

Materials and Methods: In this study, AquaCrop model was used to simulate grain yield and biomass of
different maize hybrids under the future climate in different irrigation treatments. For this purpose, rainfall data,
minimum temperature, maximum temperature and sunshine model of the LARS-WG fine-scale model with
using six general circulation models (ADCM3, HadCM3, IPCM4, GFCM2, NCCCSM INCM3), for which three
scenarios the fourth report of the Climate Change Board (A1B, A2, and B1) was predicted and reviewed for the
Moghan region during 1970-2010, 2011-2030 and 2046-2065. AquaCrop model was calibrated and validated by
field data (2015 and 2016 year), corn plants collected in the area. Then, the grain and biomass yield values in the
upcoming periods for different irrigation treatments (11 = normal irrigation, 12 = irrigation cut off at vegetative
growth stage, 13 = irrigation cut during flowering stage and 14 = irrigation cut off at the seed filling stage)
different maize hybrids (C1 = SC704, C2 = SC703 and C3 = SC705).

Results and Discussion: According to the results, in the statistical period of 2011-2030 compared base
periods (1970-1999), the average monthly temperature was 1.41, 1.35, and 1.66 ° C, respectively for scenarios
Al1B, A2, and B1. Also, the average monthly rainfall will be reduced to of 6, 11 and 15 mm, respectively, for
scenarios A1B, A2 and B1, and during 2046-2065 periods, compared to period of 1979-2010. Furthermore, the
monthly average of the temperature will be increased to 2.9, 2.69 and 2.32 ° C respectively, for scenarios A1B,
A2 and B1. During this period, the amount of rain reduction was estimated at 18, 15 and 14 millimeters,
respectively, in scenarios A1B, A2, and B1. The results of simulation of grain yield and total biomass of maize
cultivars under the influence of irrigation administrations using AquaCrop model showed that the root mean
square variables of seed and dry matter yield errors in years 2015 and 2016 were 413 and 891 kg.ha™. The root
mean square mean of normalized error of seed and dry matter yield was 11 and 10%, respectively. Also, with
using future meteorological data under different scenarios was observed that growth period, grain yield and
biomass yield during 2011-2030 and 2046-2065 periods for three scenarios A2, B1 A1B were decreased. Among
the cultivars studied, Hybrid SC704 corn had more growth and yield than other corn hybrids, and this figure
could be recommended for future climate change for Moghan area.

Conclusions: Future meteorological data under different scenarios of climate change will decrease growth
period, grain yield and biomass yield during 2011-2030 for scenarios A1B, A2 and B1, respectively, 7 %, 16 %
and 9%, and during period 2045-2065 for scenarios A1B, A2 and B1, respectively, 13 %, 14 % and 12 percent.
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Among the cultivars studied, the growth period of SC 704 hybrid was higher for all three scenarios than other
hybrids and it has more growth and yield, therefore can recommended to change future climate for Moghan
region.

Keywords: AquaCrop model, Climate, Drought stress, Water crisis
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Introduction: Drought stress has osmotic and physiological effects on plants, resulting in reduced growth,
metabolic disorders and oxidative stress in plants. Different plants use several strategies to cope with drought
stress. External application of different compounds such as organic solvents and minerals is a solution to
increase drought tolerance in plants. Salicylic acid is recognized as a plant hormone and its role in defense
mechanisms against biological and non-biological stressors is well defined. The purpose of this experiment was
to evaluate the effect of salicylic acid on reducing the effects of drought stress on yield, water use efficiency and
some physiological characteristics of the barely.

Materials and Methods: This experiment was carried out as factorial experiment based on randomized
complete block design with three replications in the Kizor fields located in the city of Sabzevar in 2017. The
altitude of this area is 1195 m above sea level and is 36° 5 N latitude and 44° 3' E longitude. The treatments
included irrigation at two levels of cut-off irrigation (irrigation cut from booting to harvesting stage) (Z39) and
non-cut-off irrigation and salicylic acid spraying treatment at four levels of zero (control), two, four and six mM
at stage of shoots on barley. Data were analyzed with the SAS software ver 9.1 and the means were compared
with LSD test.

Results and Discussion: The results showed that in both conditions of non-cut-off irri%ation and cut-off
irrigation, the highest number of spikes, number of seeds, seed yield and biological yield per m“ were obtained in
two to six mM of salicylic acid, respectively, and the lowest was related to control treatment. The lowest water
use efficiency (0.38) was obtained under non-cut-off irrigation conditions without salicylic acid and with the
consumption of salicylic acid up to six mM, water use efficiency increased. Also, salicylic acid spraying in cut-
off irrigation conditions compared to non-cut-off irrigation led to increase water use efficiency. In both
conditions, non-cut-off irrigation and cut-off irrigation, the highest and lowest grain yields were obtained from 6
mM salicylic acid and control treatments (without salicylic acid spraying), respectively. Under non-cut-off
irrigation and cut-off irrigation, spraying with 6 mM of salicylic acid increased the grain yield by 44% and 48%
compared to control (without salicylic acid spraying). It seems that the effect of salicylic acid spraying in cut-off
irrigation conditions was more effective than non-cut-off irrigation conditions. The cause of higher water use
efficiency in cut-off irrigation conditions in comparison with non-cut-off irrigation was high waste of water due
to evapotranspiration and deep penetration in non-cut-off irrigation treatments. Spraying with salicylic acid by
stimulating the growth of hair and sub-roots plays an effective role in increasing water use efficiency. In cut-off
irrigation conditions, salicylic acid consumption has reduced the amount of electrolyte leakage so that the spray
at a concentration of 6 mM of salicylic acid compared to the control (without salicylic acid spraying) decreased
electrolyte leakage about 38 %. The reduction of membrane damage due to the use of salicylic acid is related to
the production of antioxidants. Spraying with salicylic acid increases the stability of the membrane against
oxidative stresses.

Conclusions: Water deficit at first affecting the structure of the cell membrane, increased the permeability of
the membrane relative to the ions and macromolecules and at second stage decreased the photosynthesis by
decreasing the chlorophyll index, which finally reduced the yield and its components. Also, salicylic acid
alleviate drought stress by reducing ion leakage, increasing proline concentration and chlorophyll index resulting
to improved wheat grain yield under cut-off irrigation conditions compared to non-cut-off irrigation.

Keywords: Chlorophyll index, Cut-off irrigation, Grain Yield, lon leakage, Porolin
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Table 1- Details of the cropping system inputs for CERES-Wheat model during the different time periods

Olaswin aly 0,90 XV
Features Baseline period Future period
RCP2.6 RCP4.5 RCP6 RCP8.5
S fols 16 October
Planting date
cuiS WSl 350 plant m™
Plant density
CuilS Gos scm
Planting depth
Sl e 6500 (m® ha)
Irrigation amount
sl 2l 55% 55-70%
Irrigation efficiency
shasboy A5 jlone dlniin 65%
Maximum soil
water depletion
SI95 255 e 150 kg ha™
Nitrogen fertilizer rate
oS AeSTley clale 384 ppm 434 ppm 446 ppm 437 ppm 464 ppm
Co, concentration
i) Pge (e 60 cm
Effective root depth
S el Clay loam, Loam and Sandy clay loam
Soil texture
Yeor Bos ;3 placo,s adhin (LS Gluwogas hwgn -Y Joia
Table 2- Average characteristics of the Torbat-e Jam soils at depth of 0-30
SB cdb by l‘°“"5 5 OFor A—?‘i O‘)s 6}9“'3 Prowe |
Soil textu}e K P Total N Organic C EC bH
(Ppm) (ppm) (%) (%) (dsm?)
Clay loam 280 9 0.06 0.5 4.3 1.7
Sandy clay loam 180 6 0.03 0.35 3.6 7.5
Loam 260 10 0.05 0.45 41 7.3
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Table 3- Genetic coefficients of wheat in the CERES-Wheat model.

ulps

Coefficients

ipog

Definition

P1V Days at optimum vernalizing temperature required to complete vernalization
P1D Percentage reduction in development rate in a photoperiod shorter than the threshold (10 hour)
P5 Duration of the grain filling phase (°C d)
Gl Kernel number per unit canopy weight at anthesis (kernels g™)
G2 Standard kernel size under optimum conditions (mg)
G3 Standard, non-stressed dry weight of a single tiller at maturity (g)
PHINT Interval between successive leaf tip appearances (°C d)
30 300
C—JRainfall —#=MeanTemp =—@—Tmax =k—Tmin
25 B 250
'ﬁlw
o 20 H H H 200
< B
P e M_
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Figure 1- Yearly maximum, minimum and mean temperature and precipitation during 20 years period

for Torbat-e Jam, Iran
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Figure 2- Mean of long-term variations in precipitation and temperature for the near future during wheat growth
period under four different climate scenarios compared to precipitation and temperature of Torbat-e Jam in baseline
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Table 4- Mean weather variables during wheat growth period and simulated growth parameters of wheat in the first
and last 5 years of the baseline period
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Figure 3- Annual variations of simulated wheat grain yield in clay loam, loam and sandy clay loam soils during
1998-2017 in Torbat-e Jam
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Figure 4- Mean of precipitation before (left) and after (right) wheat anthesis during growth season. Data are the average of
first and last 5 years in the period of baseline (1999-2017)
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Figure 5- The ratio of light interception (A) and light use efficiency (B) in wheat during the growth period under the baseline
conditions and different climate scenarios in the Torbat-e Jam
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Table 5- Mean simulated variables of growth and yield in the irrigated wheat under the four scenarios of climate

change and baseline period
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Table 6- Mean of simulated yield of the irrigated wheat under the four scenarios of climate change in terms of reducing
irrigation water with increasing and no increase in the irrigation efficiency

so g Ve gyl gl

SL gy . = . =7
Irrigation efficiency of 50% Irrigation efficiency of 70%
Clay loam 6585(392) 6720(366)
Loam 5982(395) 6041(354)
CPR2.6 Sandy clay loam 5133(553) 5270(516)
4 Sle
0 5900 6010
Mean
Al 0y9 & Cod Ol s
Variation compare to the +240 +26.3
baseline period (%)
Clay loam 6203 (307) 6320 (331)
Loam 5830 (238) 5858 (203)
CPR4.5 Sandy clay loam 4774 (370) 4901 (363)
. ’~]w°
0 5602 5693
Mean
b 0)9d 4 Copd Sl
Variation compare to the +17.7 +19.6
baseline period (%)
Clay loam 6391(319) 6458(315)
Loam 6206(383) 6352(350)
CPR6 Sandy clay loam 5246(488) 5345(547)
. /'Lm
0 5948 6052
Mean
b 0)9d 4 Copd Sl
Variation compare to the +25.0 +27.2
baseline period (%)
Clay loam 6652 (434) 6677 (407)
Loam 6173 (534) 6188 (480)
CPR8.5 Sandy clay loam 4998 (545) 5067 (522)
4 Sle
o 5941 5977
Mean
Al 0)50 4 o Slyds
Variation compare to the +24.8 +25.6

baseline period (%)

s L lore Bl Sy sl 51 sl

Values in parentheses are standard deviations.
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Introduction: Wheat production is an important component for national food security. Studying the impact
of future climate change on crop production is crucial to manage crop productivity. Improving our understanding
of potential responses of the wheat plant to these changes while taking into consideration agricultural
management is required for identifying best adaptation strategies. In Khorasan Razavi province, over 12% of the

total cultivated wheat area is belong to Torbat-e Jam region. The current study aimed to quantify the potential
impacts of climate change on irrigated wheat yield in the next 30 years for this region.

Materials and Methods: In this study, information on regional cropping systems and meteorological data to
study the effects of climate change were collected and finally, the impact of climate change on irrigated wheat
yield was studied using simulation approaches under different climatic scenarios. Long-term daily weather data
for future was generated using MarkSim weather generator software and the past meteorological data was
gathered from regional weather station. Daily weather data generated by four scenarios RCP2.6, RCP4.5, RCP6,
and RCP8.5 for a 30-year period. The generated and measured daily weather data was used for running CERES-

Wheat model. Finally, crop model outputs were used to interpret climate change impacts on wheat growth and
production.

Results and Discussion: The average air temperature during the wheat growth period showed that
temperature increased about 1.6% in the last five years compared to the first five years of the baseline 30-years
period. Furthermore, the average annual precipitation for the last 5 years was 51 mm less than the first 5 years of
the baseline period. The air temperature will increase about 1.1, 1.6, 1.2 and 1.8 °C during the wheat growth
period for the near future (30 years) under the RCP2.6, RCP4.5, RCP6, and RCP8.5 scenarios, respectively. The
precipitation over the wheat growth period will reduce by 9 and 8% under RCP4.5 and RCP8.5 scenarios,
respectively. Furthermore, the precipitation over the growth period would increase by 11 and 17% under RCP2.6
and RCP6 scenarios, respectively. The simulated wheat yield by the CEREC-Wheat model showed that the grain
yield increased by 5% in the first 5 years compared to the last 5 years of the baseline period (1998-2017). The
biomass production and harvest index (HI) also increased by 2.3 and 1%, respectively. The increased dry matter
production and HI can be due to temperature increase during the cold seasons, and more amount of precipitation
during the reproductive growth. The simulated wheat growth during the near future period (2018-2047) showed
that wheat growth cycle will reduce from 5 to 7 days under different emission scenarios. In the different soil
textures, wheat yield under RCP2.6, RCP4.5, RCP6, and RCP8.5 scenarios will increase by 24.4, 19.9, 24.9 and
25.2%, respectively. Furthermore, the highest and the lowest yield were obtained from clay and sandy clay loam
soils, respectively. Under the different emission scenarios, the mean incident light and light use efficiency during
the growth period would be increased by 20.8-24.6% and 5.5-8.3%, respectively, in projected climate change
as compare to baseline period. Reducing irrigation water as amount of 300 m* ha™* and simultaneous increase in
irrigation water use efficiency are possible incident scenarios for the near future. Based on these scenarios,
simulations showed that grain yield increased 26.3, 19.6, 27.2 and 25.6 % under RCP2.6, RCP4.5, RCP6, and
RCP8.5 emission scenarios, respectively.

Conclusions: The increased temperature and atmospheric CO, concentration during the next 30 years will
decrease wheat growth cycle, but increase the potential biomass and grain wheat yield under the different
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emission scenarios. The results showed that the increased yield production will occur under climate change
conditions, even if the available irrigation water would decrease by 300 m* ha™.

Keywords: Diffusion scenario, DSSAT, MarkSim, Simulation, Temperature rise
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