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Introduction to the Persian Journal of Agroecology

It is very appropriate that a new Journal of Agroecology has appeared in a part of the world that
history tells us is where some of the earliest organized crop farmers and animal managers in the
world first began their work. The traditional farmers of the Persian region are famous for their
ability to design and manage sustainable agroecosystems, making them some of the first
agroecologists. Their extensive knowledge about water conservation, dryland farming, irrigation,
crop and animal domestication, to name a just few of their abilities, have long served as models of
wise natural resource management under limiting environmental conditions.

Traditional agroecosystems have developed in the region that are complex systems of
interrelated activities focused on the work of each household unit, and their relationships with local
communities. Crop farming, animal husbandry, and local handicrafts all combine to provide year-
round participation of the entire family. A large variety of animal and plant products, available
throughout the year, provide food security that withstands major environmental limitation
(especially from drought) and socio-economic uncertainty (especially from market fluctuations).
But perhaps most importantly, many farmers of the region live and work within the limitations of
the ecological backdrop within which they are located, using local resources and inputs. The
ecological and social sustainability of agriculture in such systems is strongly interdependent.

But modern agriculture in the region, as in most parts of the world today, is rapidly displacing
this local, traditional knowledge. New sources of energy and technology, most often dependent on
non-renewable and costly external inputs, have helped raise yields dramatically. A strong focus
has been placed on production for distribution to distant markets that are not in touch with the local
understanding of the limits to agroecosystem design and management.

Over the past few decades, the long-term costs and liabilities of the introduction of these modern
farming techniques have been documented. Soil and water degradation, loss of agricultural
biodiversity, contamination of air and water by pesticides and fertilizers, and increased pest and
disease resistance to agrichemicals, are just a few of the environmental problems faced by
agriculture today. And the loss of productive agricultural land to urban and industrial development,
the displacement of farmers from the land to the cities, and the frequent hunger and poverty in rural
regions have become all too common problems on the social side of agriculture.

This journal offers a forum for the re-building of a sustainable agriculture for the region. Using
the ecological concepts and principles, local agroecologists can provided a firm foundation for
designing and managing the sustainable agriculture of the future. On the one hand, agroecological
studies of traditional agriculture can point out the strengths and values of local knowledge. On the
other hand, an agroecological analysis of modern agriculture can point out both the strengths as well
as the weaknesses of new technologies. A combination of local knowledge and new understanding,
all tested by an analysis of sustainability, can once again provide the natural resource conserving,
economically sound, and socially equitable agriculture needed for the future.

I congratulate Dr. Alireza Koocheki and Dr. Reza Ghorbani of the Faculty of Agriculture at
Ferdowsi University in Mashhad, Iran, for this big step forward for agroecology and sustainable
food systems. They are both pioneers in this field and a valuable example for students and farmers
of the region.

Steve Gliessman
Ruth and Alfred Heller Professor of Agroecology
University of California, Santa Cruz
March 2010
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Table 1- Name and pedigree of durum wheat cultivars and promising lines

L Y o Lo

W Y 0 yoeid
Lines . .
Pedigree of lines
number
G Dena (T .durum)
Gy Parsi (T aestivum )
Gs GUANAY*2/4/CHEN_1/TEZ/3/GUIL//CIT71/CII/S/SOMAT 4/INTER_8/6/SOOTY_9/RASCON _37//TILO
_1/LOTUS 4
CLAUDIO/7/ECO/CMH76A.722//BIT/3/ALTAR
Gy 84/4/AJAIA_2/5/KIOVE 1/6/MALMUK 1/SERRATOR 1/8/HUBEI/3*SOOTY_9/RASCON_37/3/CRAK
E 10/RISSA
1A.1D 5+1-
Gs 06/3*MOJO//RCOL/3/SNITAN/SOMAT 3//FULVOUS_1/MFOWL_13/10/AVILLO 1/3/CANELO_8//SOR
A/2*¥*PLATA _12/9/
USDAS95/3/D67.3/RABI//CRA/4/ALO/S/HUI/YAV _1/6/ARDENTE/7/HUI/'YAV79/8/POD_9
Ge ARMENT//2*SOOTY_9/RASCON 37/4/CNDO/PRIMADUR//HAI-OU_17/3/SNITAN
G PLATA_6/GREEN_17/3/CHEN/AUK//BISU*2/ Sﬁég;FVAE_N/ CREX/ALLA/3/SOMBRA _20/4/SILVER 14/
PLATA_10/6/MQUE/4/USDA573//QFN/AA_7/3/ALBA-
G D/5/AVO/HUI/7/PLATA _13/8/THKNEE 11/9/CHEN/ALTAR
84/3/HUI/POC//BUB/RUFO/4/FNFOOT/10/GREEN_32/CHEN_7//SILVER 14/3/DIPPER 2/BUSHEN 3/4
/SNITAN
Go GODRIN/GUTROS/DUKEM/3/THKNEE 11/4/DUKEM_1//PATKA 7/YAZI 1/3/PATKA_7/YAZI 1/5/A
JAIA 12/F3LOCAL(SEL.ETHIO.135.85)//PLATA 13/3/ADAMAR
WID22248/10/LD357E/2*TC60//J069/3/FGO/4/GTA/5/SRN_1/6/TOTUS/7/ENTE/MEXI 2//HUI/4/'YAV _1
Gio /3/LD357E/2*TC60//J069/8/SOMBRA_20/9/JUPARE C
2001/11/PORTO_6/GREEN 38/3/SOMAT 3/PHAX 1//TILO_1/LOTUS 4
CLAUDIO/10/PLATA_10/6/MQUE/4/USDA573//QFN/AA_7/3/ALBA-
Gu D/5/AVO/HUI/7/PLATA 13/8/THKNEE 11/9/CHEN/ALTAR 84/3/HUI/POC//BUB/RUFO/4/
FNFOOT/11/AJAIA_ 12/F3LOCAL(SEL.ETHIO.135.85)/PLATA_13/3/POD_9/4/RASCON_37*2/TARRO
_2/5/SORA/2*PLATA_ 12//SOMAT 3
G MERIDIANO/3/SOMAT 3/PHAX 1//TILO_1/LOTUS_4/5/TATLER_1/TARRO 1/3/CANELO_8/SORA/2
*PLATA 12/4/ARMENT//SRN_3/NIGRIS 4/3/CANELO 9.1
Gis AJAIA 12/F3LOCAL(SEL.ETHIO.135.85)//PLATA_13/3/SOMBRA _20/4/SNITAN/5/SOMAT 4/INTER _
8/6/SOMO/CROC_4//LOTUS_1/3/KITTI/4/JUPARE C 2001
Gis SOOTY_9/RASCON_37//GUAYACAN INIA
STOT//ALTAR 84/ALD/3/THB/CEP7780//2*MUSK _4/6/ECO/CMH76A.722//BIT/3/ALTAR
Gis 84/4/AJAIA_2/5/KJOVE 1/7/RASCON_37/2*TARRO_2/4/ROK/FGO//STIL/3/BISU_1/5/MALMUK 1/SE
RRATOR 1
PLATA_10/6/MQUE/4/USDA573//QFN/AA_7/3/ALBA-
Gie D/5/AVO/HUl/7/PLATA_13/8/RAF197/9/MALMUK 1/SERRATOR_1/10/ARMENT//SRN 3
/NIGRIS 4/3/CANELO 9.1/11/SHAG 21/DIPPER 2//PATA 2/6/ARAM _7//CREX/ALLA/S/ENTE/MEXI
_2//HUI/4/Y AV _1/3/LD357E/2*TC60//J069
G AJAIA 12/F3LOCAL(SEL.ETHIO.135.85)/PLATA_13/3/SOMAT 3/4/SOOTY_9/RASCON 37/5/1A.1D
17 5+10-6/3*MOJO//RCOL/4/ARMENT//SRN_3/NIGRIS_4/3/CANELO 9.1
ISLOM_1/DUKEM 2//TARRO_3/5/CREX//BOY/YAV_1/3/PLATA_6/4/PORRON_11/6/YAZI 1/AKAKI
Gig 4//[SOMAT 3/3/AUK/GUIL/GREEN/7/TOSKA 26/RASCON_37//SNITAN/4/ARMENT//SRN_3/NIGRIS

4/3/CANELO 9.1
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Table 2- Combined analysis of variance for durum wheat genotypes in three locations and two years

5 gl @3l ey Slazpo (ke 2 4o il g
Source of variation df Mean of squares Explained Variance (%)
U'Kf’ 3 127.14ns 43.22
Location
b 1 17.48%* 1.98
Year
Jooxgfse 3 61.63%* 20.95
Location xyear
(oialefl) S5k 16 1.54 2.79
Block (expriment)
) 19 0.78ns 1.68
Genotype
oo i 57 0.67ns 433
Genotypex location
Juo s 19 1,27+ 2.73
Genotypex year
Jlx GlSex e 57 1.04%%* 6.46
Genotypex location xyear
wrielei] ol 304 0.46 15.85
Error
Oyt gy B 9.6 )
CV (%)

3o yd s Jloin | o 53 45 dxe sy 4 FF g b el MS
ns: nonsignificant and **: significant at 1% probability levels, respectively.
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Table 3- Variance analysis of additive main effects and multiplicative interaction for durum wheat lines yield

i Zle @3l 4y Olapo (Wbe 2l gl uilyyly
S.0.V. df Mean of squares Explained variance (%)
£ 323 27 ;
Total
o 107 6.75" -
Treatment
5 17 0.59 1.4
Genotype
b 5 124.86™ 86.5
Environment
(GE) s S 85 1.03" 12.1
Interaction (GE)
IPCA, 21 2.07" 49.64
IPCA; 19 0.95 20.56
olecdl 45 0.85™ 29.83
Residuals
*Ssh 12 424" -
Block
A 204 0.49 -

Pooled error

Soyd K g g Jlein] polaw )3 5 dxe i 4 FEGF g b ixe i ms

ns: nonsignificant, * and **: significant at 5% and 1% probability levels, respectively
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Fig. 1- Biplot of genotypes and environments mean and the values of their first IPCA
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Table 4- Mean yield, coefficients of interaction components, AMMI and Wrick statistics and their ranks for genotypes

‘o S 8des (ke : : : : :
s Mean yield * ppcar ¥ pca, 0 asvi R XA
Genotypes (tha™) ank Rank Rank Rank Rank

1 8.193 3 -0.2 4 -0.55 17 0.73 5 1.8464 15 6.36

2 8.401 1 -0.33 7 -0.22 8 0.83 7 1.3923 9 4.79

3 7.961 11 0.58 16 -0.32 11 1.43 16 1.4055 11 4.84

4 8.022 7 0.35 8 -0.21 7 0.87 8 0.8589 2 2.96

5 7.947 12 0.37 10 0.17 5 0.91 9 1.0559 5 3.63

6 7.972 10 0.49 13 -0.25 9 1.21 13 1.4881 12 5.12

7 7.896 15 0.51 14 -0.19 6 1.24 14 1.3599 7 4.68

8 7.852 16 0.56 15 -0.002 1 1.35 15 1.0347 4 3.56
9 7.927 13 0.005 1 0.7 18 0.7 4 4.7616 18 16.39

10 7.995 10 -0.46 12 0.09 3 1.11 12 2.5062 17 8.63

11 7.925 14 -0.22 6 0.54 16 0.76 6 1.6412 13 5.65
12 8.047 4 -0.39 11 0.11 4 0.95 10 2.365 16 8.14

13 7.784 17 0.21 5 0.43 12 0.66 3 0.6304 1 2.17

14 8.366 2 0.35 9 -0.52 15 0.99 11 0.9115 3 3.14

15 8.006 8 0.16 2 0.48 13 0.62 2 1.3844 8 4.77

16 8.024 6 -0.17 3 0.26 10 0.49 1 1.2025 6 4.14

17 8.032 5 -0.99 18 -0.51 14 2.44 18 1.4048 10 4.84

18 7.647 18 -0.8 17 0.009 2 1.93 17 1.8023 14 6.2
5] B e 10y W2 ¢ lacaiss sl Sy psVIsST W2 dacaisi) sly ol g0l o)l AS Vi dacsiss <yl adlge uesd 5 sl IPCA,  [PCA,

e 31,5

IPCA| and IPCA;: The first and second components of genotypes effects, ASVi; AMMI stability value for genotypes, W2i: Wrick
equivalence for genotypes, and %W?>i: Percentage share of each genotype in interaction

Lluse grad, 9 Su,y ui¥lgeS! g AMMI (glao,lol g Joliie 551 (gWdilie cul b clrsme 5 Sk (pilo -0 Jou>
Table 5- Mean yield of environments, coefficients of interaction components, AMMI and Wrick statistics and their ranks for environments

OoeSbe
Jb ol 35k ) pCA 0 pCA SoAsy; 0wy 0wy,
Year Location Mean yield ~ Rank Rank Rank Rank Rank
(t.ha'l)
2015-16 Os 7.592 4 1.63 6 -0.53 3 15.73 5 108 6 37.29
Karaj 7
2015-16 sbidle S 10.628 1 0.12 2 0.65 4 0.51 1 2.62 1 8.99
Kermanshah
2015-16 ”JLM 8.538 2 -0.28 3 0.33 2 0.56 2 3.37 3 11.54
Neishabour
2016-17 Os 7.074 5 -0.68 4 -0.17 1 2.71 3 3.95 4 13.53
Karaj
2016-17 sbidle 6.172 6 -0.8 5 -1.03 6 4.42 4 5.55 5 19.02
Kermanshah
2016-17 ”JLM 7.995 3 -0.04 1 0.74 5 0.56 2 2.81 2 9.63
Neishabour

e 51 )3 lamo & vt 2u0yd W2i% dalame (glp Koy (VST W2 dalaxe (gl AMMI (g)lib o)lo] :ASV ¢ oo Il adhe (yogd 9 oulgl IPCA; ¢ IPCA,
IPCA, and IPCA,: The first and second components of environments effects, ASV;: AMMI stability value for environments, W2;: Wrick
equivalence for environments, and W2%: Percentage share of each environment in interaction.
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Introduction

Durum wheat (Triticum turgidum L. var durum) consists of only 5% of the world’s total cultivated wheat
area and contributes about 10% to the total global wheat production. In recent years, the production level of
durum wheat has risen to more than 30 million tons and EU, USA and Canada together representing 60% of the
production. Durum wheat in Iran is grown on 300-400 thousand hectares with an average annual production of
500-600 thousand tons. Increase in yield is one of the primary aims pursued in plant breeding programs. Similar
to other crops, insufficient yield stability in durum wheat is recognized as a one of the factors responsible for the
gap between actual yield and potential yield. In breeding programs, the identification of superior genotypes is
difficult due to environmental variability of target locations and the interaction of these variability with the
investigated genotypes. Therefore, it is important to evaluate the advanced agronomic lines across various
environments and over multiple years to ensure their yield stability and production. Many statistical models have
been suggested to analyze GXE interaction. The additive main effects and multiplicative Interaction (AMMI)
model is a multivariate statistical method that entirely justifies genotype and environment main effects as well as
multiplicative GXE interaction effects. This method provides a clear interpretation of GXE interaction effect. The
objectives of this study were to analyze genotype by environment (GE) interactions on the seed yield of some
durum wheat lines by AMMI model and to evaluate genotype (G), environment (E) and genotypex environment
(GE) interactions using statistics parameter i.e. AMMI stability value (ASV) and ecovalence (W2;).

Materials and Methods

Sixteen promising durum wheat lines (Gi-Gie) along with two check cultivars (durum wheat cv. Hana and
bread wheat cv. Parsi), were investigated for two cropping seasons (2015-2016 and 2016-2017) at three
Agricultural Research Stations (such as Karaj, Kermanshah and Neishabour cities) The experimental design at
all locations was a randomized complete block design with three replications. Some agronomic attributes such as
the number of days until anthesis stages, plant height, number of days till physiological maturity, 1000-kernel
weight and grain yield were determined for each genotype. However, only the grain yield data was used to
analyze GxE interactions. Combined analysis of variance for grain yield was performed using ADEL-R
software. The GGE Biplot methodology was employed to analyze GxE interaction. The AMMI M model was
used for the following purposes; (i): Evaluation of yield stability, (ii): The simultaneous selection for yield and
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stability, (iii): Identification of ideal durum wheat genotypes, and (iv): Assessment of the characteristics of and
relationships among the testing environments.

Results and Discussion

The combined analysis of variance showed that the main effects of year and location were significant at 1%
probability level, while the main effect of genotype had not significant. Genotypex year interaction and triple
genotype X year X location interaction were significant at 1% probability level and also genotype X location
interaction was significant at 5% probability level, indicating genotype * environment interaction. The results of
AMMI ANOVA showed that about 86.5% of total variation was related to environment effect, 1.4% to genotype
effect and 12.1% to genotypex environment interaction. Overall, the average grain yield of the evaluated lines
ranged from 7.6 to 8.4 tha! and the Gis and G, lines had the lowest and highest grain yield, respectively. Main
effect due to environment and genotype X environment interaction as well as two first interaction principal
components (IPCA..») were found to be significant, indicating that the agroclimatic environmental conditions
were different, and that there was a differential response of the genotypes to the environments. The first two
IPCA components of the GE interaction explained about 70.2% of the GE interaction. According to IPCA,, Go,
Gis and Gie had the lowest scores and were the most stable genotypes whereas Gi; and Gis with the highest
scores were found to be unstable. The lowest ASV was observed for Gis that was the most stable genotype
whose mean yield was higher than the grand mean. However, the highest ASV scores were achieved by Gi7 and
Gis. AMMI Biplot was used to visualize mean seed yield performance and stability of durum wheat genotypes.
AMMI Biplot was able to distinguish stable genotypes with broad sense and narrow sense adaptation and
environments with high and low genotype discrimination ability. The genotype Gis with higher seed yield than
the total mean were the most stable genotypes, while the genotypes Gi7 and Gig with the highest contribution to
GE interaction were the most unstable genotypes. Wricke’s ecovalence stability parameter (W?) showed that the
genotypes Gis, G2, Gs and G4 were the most stable genotypes.

Conclusion

The results indicated that AMMI model and their biplots was an appropriate method for simultaneous
selection of performance and stability of cultivars and lines. Also, according to all of methods, genotype Gis was
selected as a stable and high genotype across all environments. Finally, it can be considered as a favorite
promising line compared to the check cultivar Hana and as a candidate in the temperate climate.

Keywords: Genotype x environment interaction, Stability, Superior genotype.
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Table 1- Physical and chemical properties of soil used in experiment

Texture pH EC (dS.m™)  Organic matter (%) TotalN (%) K (mgkg!) P (mgkg?')
w? 7.7 2.3 0.68 0.06 220 40
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Table 2- Analysis of variance (mean of squares) characteristics of coriander vegetative traits under folwic acid and amino

acid treatments in vegetative stage

g g5

O s galie @l a2y TEE g P 39 Wy S ()9 £ 58 4L dlax
S.0.V. d.f height Fresh weight of plant  Dry weight of plant  Number of branches
Sk 2 10.50 20.81" 0.9 0.88"
Block
(F) Soggh 2 118.50° 339.3* 4.89™ 9.38"
Fulvic acid (F)
(A) siel 2 1 45.12" 27.75 0.101™ 4.50
Amino acid (A)
FXA 2 7.26" 102.3% 4.34™ 1.500
ks 10 42 48.34 0.37 1.22
Error
s ey 5.81 16.54 9.63 11.50
C.V. (%)

ns, ** and *: represent non- significant at 1 and 5% level of probability, respectively.
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Table 3- Analysis of variance (mean of squares) characteristics of coriander vegetative traits under folwic acid and amino
acid treatments in vegetative stage

e 1. Ags 4,0 S g dlaad = .. = e L o oy S i dlawy
Ol s @lio FrOR S o SpSis oy T -
. Number of . . Number of Number of
Source of variance Fresh leaf weight  Leaf dry weight
Leaves umbel umbelet
S 2.88™ 0.44m 0.065" 0.66™ 0.055"
Block
(F) e 2ol 75.05" 118 0.141 4.66 1.72°
Fulvic acid (F)
ol
(é) = .A"“‘ 1.38™ 3.38™ 0.387" 37.55™ 2.00"
Amino acid (A)
FxA 3.38" 5.36" 0.013" 10.88" 1.16™
g 7.95 2.52 0.066 2.00 0.32
Error
Syt 10.55 19.52 21.33 8.65 15.02
C.V.
oy gy 9 Sy Jlol s )3 (line g g )bsment i F o s
ns, ** and *: represent non- significant at 1 and 5% level of probability, respectively.
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Table 4- Effects of fulvic acid concentrations on vegetative characteristics of coriander
Sglgd dpl Ay £S5 D9 ¥ 09 Wy WS B39 Blw s 5 LG las
Fulvic acid  Plant height Fresh weight of plant Dry weight of plant  Stem diameter = Number of branches
(kg.ha'l) (cm) (g.plant'l) (g.plant'l) (mm) (per plant)
0 30.25%" 35.02° 5.60° 1.90° 8.160°
5 38.7 41.072 6.20° 237 10.332
10 36.7° 49.97* 7.37° 2.22° 10.33*
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* Similar letters in each column vas not significant at 5% probability level based on DMRT.
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Table 5- Effects of fulvic acid concentrations on vegetative characteristics of coriander

Soglgd dl gy ;5 Sy Sl Sy P ol

o dlass S g dlaas

Fulvic acid Number of leaf  Fresh leaf weight  Dry leaf weight Number of umbrellas Number of umbrellas

(kg.ha) (per plant) (g.plant!) (g.plant™!) (per plant) (per plant)
0 22.66" 8.43¢% 1.37% 15.66° 3.16°
5 28.332 8.36* 1.06* 16.00° 4.00°
10 29.16* 7.63° 1.20° 17.33? 4.16°

)85 oSl (glataly 1ix 90l (el p oy g pdaw )3 (I3 me BMB] gty 3 wlie by ys
* Similar letters in each column vas not significant at 5% probability level based on DMRT.
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(LS 2 F/N) Syin oli oy b odaaliie S yin dli Cudo
(B8 3 S0 Y1) o] (a5 5 Salgh 2l p S35 )+ o
Aol LS 53 2 Sk - g iy jless o el g a4 by e
o (Y Jodn) ol D939 (ol cogls S yan sl 3 Soglgd
Khalesro & Malekian, ) LSle g g, alls ¢ imgiy ol b
sy 1y Seogan dlgo casto 5l 398 Sliiss gl ) (2016
o)lsS (Trachyspermum copticum L.) Lg; Sy o >
Jlebsl 55 (Nardi et al., 2002) l)LSan 5 (63,5 0559y 035

Slezslo 13 (595 5 ool 2929 oy Shogen lgo 3,18 o8 il
by ol Pl 2,8kes Sy oo 5] polie (il (el L Bl o ]
gy g 5 sl g olaws ilisl Cow g dad Hl\8 )gb Cod
Haj Seyyed Hadi et) ,lSen g (63l sy gl guls oyl alio
Sl (il Jgdore a8 sy L 08 (sla wyp o (al., 2010
ol 9 Kzt g ol IS 5 Slas (2 5VL s gl IS 5 il

oed (Khattab et al., 2016) ) Sen g Ollad yuiocan .45 olS
sl azgs o il 4 o aiel sl ) oolisd 48
lad wl (a5 a8 Loged by i sals b dwlis o 5y sl S
o2 g A comai ) il oo olS gy A5) gt 3 dinel
Sl Bpao b 4 duy o 530 @ coplpls b o ol Stnge
b LiulislolS 5> J5 sluas aiel

S (¥ Jgiz) Ghalef] @l 109 Wi 9 35 (39
Ll Lol gy gy s 9 5 (59 i 0 Suglgd dpwl )b xe
L il Cao ol g oo sine 5l baylews ilite 1 ¢ aiel
905 3y e gdise patube (ke duslie S @ 4oy
P eSS Ve jla ()5 VIV 9 ¥R i) wig Sis
YOI+ s ) gy SUid 9 5 (39 (pieS 9 Suglgd ol 1S
3 eSS Ve e )0 a5 g ygbds el Canday aalis ) (p)5 0/5 4
9 YYD sy |y dgy Siid g 45 (59 (ilime «Soglgd dpl HliSa
o=l s alie (¥ Jaas) ol (ioli8l sals 4 cud doys YH/Y
Aghhavani Shajari et al., ) 4L Ken 5 5z  Sledljingh
Sl dlos ) (Seoged dlgo 38" Wob Hlis ey 40 (2014
il 388 olS S g 5 i p ol Cto 8L (Sl
5,5, (Ahmadian et al., 1998) L, Ken g Laes! (5,55 &
g 3y Slae (ual3l o (Sog)gh g Sangen sowl) JI (sloagS
S ) pezmed b (Cuminum cyminum L) juw 05 oLS
abjly olS (s9y 2 355 Liulejl ;> (Younesian, 2011) ;\luigs
g &g 3 Slas p (g)b me Sl Siosud dloo jlas &S 5,87 ()15
ole yladlas o (Liet al., 2007) oLl o (J acil als
2 Al SLid 5 (il cuw Soglgd sl 5,8 a8 Wnged
OhLSed 5 (2l yioren i (Glycine max L) Lgw olS
Sl ) (Seoged dlge oS nizily Hlpbsl (Salehi et al., 2010)
Oren 9 SLS Cdl g pladls 20 b (Shogen 5 Suglo
alox gt ld jolie (SB S5l Jols o)l lulj3)
sy oS ol (52 48 ey e )B el sl 5 ) (5
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Table 6- Effects of amino acid concentrations on vegetative characteristics of coriander

el Sl . .. e . P = = iy s .
A:x;'n ; id Gy W) Y9 P 09 Wg Sudd (59 dBlw yhi PSRN WRKES,
ZPZr o Plant height  Fresh weight of plant  Dry weight of plant  Stem diameter Number of branches
-1 1
thousand) (cm) (g-plant™) (g-plant™) (mm) (per plant)
0 33.66"" 40.78 6.31° 2.19° 9.11°
3 36.83" 43.26" 6.46° 2.15° 10.11*

)85 oSl (lataly 1ix 90l el p oy g pdaw )3 (I3 me BMB] gt ya 3 wlie by ys
* Similar letters in each column vas not significant at 5% probability level based on DMRT.

3l bl g g o gy digal sl e (SBCLE 11V Sy
Table 7- Effects of amino acid concentrations on vegetative and reproductive characteristics of coriander

Wl dpl  dgr 4> Sy dlam Sy P 0k Sy SWES 09 Yo olam S o Sy
Amino acid Number of leaf  Fresh leaf weight  dry Leaf weight  Number of umbrellas Number of umbrellas
(Per thousand) (per plant ) (g.plant™?) (g.plant!) (per plant) (per plant)
0 26.4%* 7.71° 1.06° 14. 8° 3.44b
3 27.00° 8.57 1.36 17.7% 4.112

55 S5l (glaely sin g0l bl doyd gy e 53 ()b dme BB gt o 4> wlie gy
* Similar letters in each column vas not significant at 5% probability level level based on DMRT.
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Table 8- Interactive effects of fulvic acid and amino acid on vegetative characteristics of coriander

9098 ] Aol nn! A glis dBlw ,hi gy 3 S g dlans Fa dlass
Fulvic acid Amino acid Plant Stem diameter Number of leaf Number of umbrellas
(kg.ha) (In thousand) height (cm) (mm) (per plant) (per plant)

0 0 28.50%" 1.91¢ 20.66° 14.00°

0 3 32.00¢d 1.89¢ 21.66° 17.332

5 0 35.00° 2.552 25.33% 13.33%

5 3 42.50? 2.19% 31.332 18.66%

10 0 37.50° 2.10% 30.332 17.332

10 3 36.00° 2.36% 28.00% 17.33%

)85 oSl (glataly wix 90l (el p oy g pdaw )3 (I3 me BMB] gty 3 lie by ys
* Similar letters in each column vas not significant at 5% probability level level based on DMRT.
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Table 9- Analysisof variance (mean of squares) for Seed characteristics of coriander under f ulvic acid and amino acid

Ol i aslio &83las y &1 5,Shos & g1 3,Sdhos P Sl Caild g yad W wla 515 0
. . . Seed . 1000-seed
Source of variance d.f Seed yield Plant yield Harvest index .
number weight
Sk 2 150.00" 838500.0m 40.66" 9173.01" 0.97"
Block
(F) &9]95 ! 2 81337.5™ 29478.5" 407.16™ 433.72™ 0.75m
Fulvic acid (F)
(A) dizal sl . . :
. . 46512.5 5512.5™ 440.05 40.50" 7.43
Amino acid (A)
FXA 2 64137.5™ 501637.5™ 249.38" 13.16™ 5.40"
ks 10 2865.00 45210.0 52 34.72 0.95
Error
el 6.50 11.11 3.72 12.82 14.48
C.V. (%)

ko kk

Waoyd iy g S Jlein] paw )0 (6l bxe g ()l gre et i g o FF s
ns, ** and *: represent non- significant at 1 and 5% level of probability, respectively.

5 oS Sluogas yy Sogu dlse 3l (Rozbahani et al., 2013)
3 Slae ey o 155,55 03900 allan | L ol (S
Nardi et ) ol)LSen 5 63,5 2ol Cowdds 20l b duslio )3 a5
Seng Judody (Seogud dlgo (8 pno oS wizib bl 55 (al., 2002
olS 3 Sloe polic cpl ool b Slg oo of claiilos 15 59y 9 32
PO s (Saged Sl 5 izran amd ) b o))
23 o ialidl ) lalS 5 Sles 5 20 o 0S8 iuwgid slacdly
oediie s 51 Al (Se3lprseb ate sl oo J 55 5
3 Slas G331 5y b 5 e il 5 LS (slo ok

S ol obls
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YoV0) a5y Slas oy i b ol (S50 duglis gl
5 Saglsd Al LS 3 )59 LSV lesd I (S )3 p)SolS
Cuwddy Jald 1 (LS 3 p)SolS V) Cio () e oy yieS
Soglsh dual S )3 £ Sk Ve g iy sloless o A2z o ol
PSS Ve e Sispsba (V0 Jgz) 3 dg2g ()bl glis
Loy YO 1y oy Slae lime dald 4 Cans Sigled sl jiSa jo

OHLSen 9 Slagjsy (idghs 10 pdls Guind ailde b iuliél
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Table 10- Effects of fulvic acid concentrations on reproductive characteristics of coriander

S glgs s il o,Slos  digr d,Slos JROJIKEY] Cudld o yas b &13 153 539
Fulvic acid Seed yield Plant yield Seed number Harvest index 1000-seed weight
(kgha')  (kgha')  (kg.ha!)  (per plant) (%) ®
0 710.0¢ 1660.0° 184.3° 42.5° 6.06
5 815.0° 2002.5 199.0° 44.2° 6.82°
10 942.5° 2075.0° 198.1° 45.9° 6.36°

)85 oSl (glataly 1ix 90l (el p oy g paw )3 (63 me BMB] gty 3 lie by ys
* Similar letters in each column vas not significant at 5% probability level based on DMRT.
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Table 11- Effects of amino acid concentrations on reproductive characteristics of coriander

doo] S il o,Slos  dig 3,Sdos JROJIKEY] Coild py sl &l 158 439
Amino acid  Seed yield Plant yield Seed number Harvest index  1000-seed weight
(Per thousand)  (kg.ha™) (kg.ha™') (per plant) (%) ()
0 771.6° 1895.0° 188.8° 35.5% 6.10°
3 873.32 1930.0° 198.7° 52.9* 7.39°

)85 Sl (glatals w90l bl o g e )3 (6 ime BMB] gty 3 wlie by *
* Similar letters in each column vas not significant at 5% probability level based on DMRT.
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Table 12- Effects of fulvic acid and amino acid on reproductive characteristics of coriander

Sigghapd Sl 4> 3,Sdos Gt 3,5dos i olass 155138 o9
Fulvic acid Am:;zracld Seed yielld Plant yi‘::d Seed number 1000-seed weight
1 - -
(kg.ha™) thousand) (kg.ha) (kg.ha (Number per plant) (€]
0 0 725.00% 1315.0° 173.3° 5.32°
0 3 695.0° 2005.0° 195.32 8.80°
5 0 645.0° 2205.0° 193.32 6.70°
5 3 985.0° 1800.0° 204.6° 6.93°
10 0 945.0° 2165.0° 200.0? 6.28°
10 3 940.0° 1985.0° 196.3? 6.44°
Bl Sl glael sy g0l Mo yd g g 3 (g dxe BB gt 4D ke gy ¥
* Similar letters in each column vas not significant at 5% level based on DMRT.
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Introduction

Medicinal plants are one of the main natural resources of Iran from ancient times. Coriander medicinal plant
is one of the most valuable resources in the vast range of Iranian natural resources which, if properly managed,
can play an important role in non-oil production and export. Management and environmental factors such as
nutritional management has a significant impact on the quantity and quality of plants. Application of organic
fertilizers in conventional farming systems is not common and most of the need for food plants supply through
chemical fertilizers for short period. The use of bio-fertilizers and organic matter are taken into consideration to
reduce the use of chemical fertilizers and increase the quality of most crops. The use of organic and biological
fertilizers in the production of medicinal plants in a sustainable agricultural system is important in order to
achieve product quality environmental protection and community health. Stability and soil fertility through the
use of organic fertilizers are important due to having most of the elements required by plants and beneficial
effects on physical, chemical, biological and soil fertility. Therefore, the purpose of this study was to evaluate
the effects of different levels of amino acid and fulvic acid on vegetative, reproduction characteristics and yield
of coriander.

Materials and Methods

In this study, the effects of applications of fulvic acid and amino acid on yield and growth characteristics of
coriander were evaluated under field conditions. Treatments were two levels of amino acid (0 and 3 per
thousand) and three levels of fulvic acid (0, 5 and 10 kg.ha!). The experiment was designed as factorial
arrangement based on randomized complete block design with three replications at the Research station of
Faculty of Agriculture University of Birjand during growing season of 2017. The measured indices including
vegetative characteristics (height plant, branches number, plant weight, leaf weight, leaf number) and
reproductive characteristics (grain yield, 1000- seed weight, seed number, yield biological and harvest index).
Finally, the experimental data were statistically analyzed using SAS ver. 9.2 and means were separated Duncan’s
multiple test at 5% probability level of probability.

Results and Discussion

The results showed that fulvic acid had a significant effect on vegetative characteristics (height plant, fresh
and dry weight of plant, branches number, leaf number and leaf dry weight), so that the highest fresh and dry
weight (49.9 and 7.3 g, respectively) were obtained with application of 10 kg.ha'! of fulvic acid. Also, the
results showed a significant effect of fulvic acid on reproductive characteristics (seed yield, biological yield,
harvest index and seed number), so that the highest seed yield (942.5 kg.ha'') was obtained at 10 kg.ha! fulvic
acid, and the lowest of seed yield was observed (710.0 kg.ha™') in the control treatment. Amino acid also affected
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vegetative characteristics (leaf number and leaf weight), and reproductive characteristics (grain yield, seed
number and 1000- seed weight), so that the highest number of leaf (27.0 per plant) and grain yield (873.3 kg.ha
1) were obtained with the application of 3 per thousand amino acids. Interaction effects showed that different
levels of fulvic acid and amino acids had a significant effect on reproductive performance (grain yield, biological
yield, seed number and 1000-seed weight). The highest grain yield and seed number (985.0 kg.ha! and 204.6.
per plant, respectively) were obtained at 5 kg.ha! fulvic acid and 3 per thousand amino acid.

Conclusion

The results of this study showed that fulvic acid and amino acid had significant effect on yield and growth
characteristics of coriander. Thus, results showed that fulvic acid (5 kg.ha') and amino acids (3 per thousand)
had strong impact on yield and growth characteristics of coriander under field conditions.

Keywords: Biological yield, Growth, Harvest index, Seed number.
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Table 3- Mean comparisons for the effects of deficit irrigation, gibberellin and antitranspirants on yield and harvest index of
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* Means with same letter(s) for each column have not significantly different based on Duncan test at 5% probability level.
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Means with same letter(s) have not significantly different based on Duncan test at 5% probability level.
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Means with same letter(s) have not significantly different based on Duncan test at 5% probability level.
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Means with same letter(s) have not significantly different based on Duncan test at 5% probability level.
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Means with same letter(s) in each figure have not significantly different based on Duncan test at 5% probability level.
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Means with same letter(s) in each figure have not significantly different based on Duncan test at 5% probability level.
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Means with same letter(s) have not significantly different based on Duncan test at 5% probability level.
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Means with same letter(s) in each figure have not significantly different based on Duncan test at 5% probability level.
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Fig. 8- Mean comparisons for the A) deficit irrigation and B) antitranspirants leaf area index of corn
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Fig. 11- Mean comparisons for the effect of deficit irrigation on protein content of corn
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Means with same letter(s) have not significantly different based on Duncan test at 5% probability level.
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Means with same letter(s) have not significantly different based on Duncan test at 5% probability level.
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Introduction

Corn plant (Zea mays L.) is the main source of energy and has a vital role for birds feeding. Thus, increasing
cultivation area and yield improvement are very important. Corn may be highly productive even in winter season
in many locations due to its adaptability. Silage of maize is a good source of energy and food for animals and
can produce more energy compare to other forages. Drought stress is one of the important factors that limits crop
growth in arid and semi-arid environments and imposes a detrimental effect on maize yield. Drought stress
imposes many different biochemical and physiological responses in plants. Studies have shown that water stress
would directly and indirectly affect the maize yield.

Materials and Methods

This experiment was conducted as split plot based on complete block design with three replications, in 2017
(1396) in Mehran town in southwest of Ilam, which characters an arid and semi-arid climate. Main factor
included of three levels of irrigation (equivalent of 40 mm (Normal), 60 mm and 80 mm of accumulated
evapotranspiration of class A pan evaporation). Sub-plots included: 8 different levels of gibberellin application
(100 ppm), no application of gibberellin but 4 levels of transpiration reducer including Salicyclic acid (0.5 molar
concentration) ascorbic acid (120 mg.I""), paclobutrazol (50 ppm) and control which was pure water. All
treatments imposed at 6-8 leaf stage of plant growth. Each plot consisted of 6 cultivation rows with 4 m length
and 0.75 m between rows and 0.20 m within rows distances. Distance between blocks was 3 m and sowing depth
was 3-5 cm. Fertilizer requirement was calculated based on soil analysis. Therefore 160 kgha' of Super
phosphate triple, and 100kg.ha! urea were applied at sowing and when crops were at 10 leaf stage, before
tasseling, 200 kg.ha! urea was applied again.

Results and discussion

Irrigation levels showed a significant difference (P<=0.01) effect on grain yield, biological yield, harvest
index, 1000 grain weight, grain number per ear, leaf area index, and relative leaf water content. ANOVA results
showed that gibberellin had significant (P <= 0.05) effect on biological yield. Transpiration reducer also showed
significant (P <= 0.05) effects on grain yield, biological yield, harvest index, 1000 grain weight, grain number
per ear, leaf area index, and leaf water content. Interactive effects of drought stress and transpiration reducer was
also significant (P<=0.01) on grain yield, biological yield, and harvest index. Triple interaction significantly
(P<=0.01) affect grain yield and harvest index. The highest seed yield under normal irrigation conditions was
obtained by simultaneous application of gibberellin and salicylic acid (11.11 t.ha'!). Also, the lowest seed yield
was obtained under 80 mm irrigation stress without gibberellin and transpiration reducers (6.42 t.ha!). Drought
stress reduced grain yield compared to normal irrigation treatment. The lowest protein content was under normal
irrigation conditions (0.092) and the highest amount was under 80 mm stress conditions (0.1). The highest
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accumulation of soluble sugars was in 80 mm dry stress (525 mg.g!) and the lowest accumulation was in normal
irrigation conditions (402 mg.g!). The highest amount of chlorophyll (2.9) was observed in normal irrigation
treatment and the lowest level was observed in drought stress treatment of 80 mm (2.46).

Conclusion

This study results showed that a right combination of transpiration reducer and growth stimulants under
drought stress can help corn plant to increase its production. This enhancement is because of higher antioxidant
activity and also growth conditions. In other words, positive effects of transpiration reducer, result in deduction
of stress effects on grain production and biological yield so can increase corn quantity and quality grain yield.

Keywords: Drought stress, Leaf area index, Leaf water relative content, Water use efficiency, Yield stability.
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Table 1- Climatic characteristic of reference weather stations including mean annual solar radiation (SRAD, Mj m?d?),

maximum temperature (TMAX, °C), minimum temperature (TMN, °C), mean temperature (TEMP, °C) and total
precipitation (PR, mm) and irrigated wheat lands within the covered area by the stations (ha)
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No. Station SRAD ;5 MA): TMN TEMP PR Wheat lands
area*
e oLl Ml
1 e 20.5 22.7 53 14 426 46852 (2.1%
Eslamabadgharb (@.1%)
2 S 18.4 19.3 3.1 11.2 414 44624 (2%)
Saghez
3 Sl 19 21.2 6.4 13.8 379 34998 (1.6%)
Nahavand
4 4"‘5." 17.4 18.5 53 11.9 295 56518 (2.5%)
Oromiyeh
5 @wb". 19.5 23.1 7.5 15.3 804 22691 (1%)
Yasouj
6 o K e . 19.2 25.5 9.5 17.5 298 23794 (1.1%)
Takhtejamsheid
7 obs; 19.5 25.6 8.2 16.9 287 36583 (1.6%)
Zarghan
O‘M
8 19.9 19.7 33 11.5 294 19479 (1.0%)
Hamadan
9 }‘f*& 20.2 26.5 10.5 18.5 298 23481 (1.1%)
Shiraz
10 092 19.8 24.6 10.8 17.7 442 28192 (1.3%)
Dorodzan
11 25 ‘) : 14.8 15.5 6.3 10.9 379 46422 (2.1%)
Meshkinshahr
12 .5,:55\,;\ 18.9 19.7 6 12.8 400 44219 (2%)
Aligoodarz
13 s 17.9 19.9 5.8 12.8 319 26491 (1.2%)
Ghoochan
14 o 18.5 20.4 5.4 12.9 251 47415 (2.1%)
Komijan
15 JL“.F"}L) 20.9 31.6 14.7 23.2 170 27669 (1.2%)
Hajiabad
16 ”’w 16.6 19.4 7.9 13.7 243 20235 (0.9%)
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Ahwaz
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9.1 16 148 26499 (1.2%)
12.9 18.8 452 27078 (1.2%)
10.8 15.7 382 32508 (1.5%)
16.5 24.6 291 115119 (5.1%)
13.2 18.4 529 95397 (4.3%)
11.7 18.4 176 29414 (1.3%)
12.8 19.5 115 34404 (1.5%)
15.5 23.1 38 49020 (2.2%)
19.5 26.6 192 147983 (6.6%)
18 26.1 218 51077 (2.3%)
19.2 26.6 134 30124 (1.3%)
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* The values in the parentheses show the percent of the existing land within each RWS where the sum of the area covered by the
RWSs was around 58% from national irrigated wheat lands.
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Fig. 4- Spatial distribution of irrigated wheat potential yield across Iran
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Fig. 5- The relationship between cumulative thermal time over the year and irrigated wheat potential yield
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Fig. 10- The effect of decreasing phyllochron on irrigated wheat potential yield across the whole country
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Introduction

Wheat (7riticum aestivum L.) known as a main crop in Iran. It is the main source of calories and protein which
directly provides 37 percent of the food calories and 40 percent of daily protein for people in Iran. Breeding to
produce new cultivars is always an important way to increase crops yield. New cultivars breeding is a very complex
process because there is an interaction between climate and genotype and the time is limited to produce new
cultivars adapted to new climates. The target trait identification can accelerate new cultivar breeding process. The
objectives of this study were to explore the potential benefit of irrigated wheat traits over the country to increase
the yield.

Materials and Methods

This study was performed at potential yield simulation using SSM-Wheat crop model to evaluate different
traits impact on irrigated wheat potential yield in Iran. For this purpose, the protocol presented by Global Yield
Gape Analysis (GYGA) was used to identify the same climate zones and the main weather stations for irrigated
wheat in Iran. The potential yield of irrigated wheat was simulated by SSM-iCrop model for the area covered by
each main weather stations. The average potential yield was calculated at the country level by scaling up the
simulated results within the area covered by weather stations using the GYGA protocol. All the simulations and
calculations were done for existing cultivars and for the cultivars with desired plant traits, identified in this study,
under current and future climates. The effect of desired plant on potential yield was quantified by comparison of
simulation results between existing cultivars and the cultivars with desired plan traits. Future climate (2055)
scenario were created for the sites using the baseline 1986-2005 and the projections for delta mean air temperature
(and precipitation) which is the difference between the future air temperature (and precipitation) and baseline air
temperature (and precipitation). Deltas of air temperature and precipitation were obtained from the international
panel on climate change report which it used 42 GCM model outputs under RCP4.5 climate change scenario to
calculate them.

Results and Discussion

In this study, the effect of increasing and decreasing of biological days from tillering to stem elongation,
biological days from anthesis to philological maturity, the rate of canopy development and radiation use efficiency
on irrigated wheat potential yield were evaluated. Increasing biological days from anthesis to philological maturity
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increased the potential yield in all the regions under current (15.3 %) and future climates (16.8%). The potential
yield gain from increasing radiation use efficiency was 14.7% under current climate and 13.7% under future
climate. The effect of decreasing biological days from tillering to stem elongation, biological days from anthesis
to philological maturity, the rate of canopy development and radiation use efficiency on the potential yield were
negative. Monpara (2011) reported that increasing duration of grain filling period was an effective trait to increase
wheat yield in India. Yang et al. (2008) demonstrated that the yield of rice increased with increasing cumulative
radiation receiving during grain filling period. There was positive correlation between cumulative radiation
receiving during grain filling and grain filling duration. With longer stay green duration, the potential yield of
wheat increased thereby raising photosynthesis during wheat grain filling period (Spano et al., 2003).

Conclusion

Increasing radiation use efficiency positive effect on potential yield in the regions with warmer climate was
higher than the region with lower average temperature over the year. Increasing radiation use efficiency had
negative effect on potential yield in some cooler regions. Increasing biological days from tillering to stem
elongation just had positive effect on potential yield in the region with warmer climate and its effect was negative
in the regions with cool climate. The faster canopy development had no significant effect on potential yield.

Keywords: Environment, Genotype, GYGA protocol, Late maturity, Radiation use efficiency, SSM-wheat
model.
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Table 1- Physical and chemical characteristics of the soil experimental region (Gonabad station)
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Clay Silt Sand S sl Total N Available Available Organic C Organic . I:I
() (%) (%)  EC (@dS.m) (%) K (mgkg") P (mgkg") (%) matter (%) P

16 22 62 1.9 0.028 121 7.49 0.27 0.46 7.9
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2-Minimum tillage
3-No -tillage

clacSsl LB p ous 3 clacs S 7k 5l eslial b iolej]
2 LS (g550lis cladnd ol jo S0 dw j Bolay ol
Sl inlojl oy .as 1a] (WYAN=20) dlo Hloa )95 S

oo Jold Juol (sl S 33 (65505 Calists ogud duw jl 0gy



ITAQ 5aly « Yo loud Il (63,9l ool pgg 4 ot YYF

So5elam 0, lee I LG Lads oy jd i pbool Heay, b a0,
9y = Ll Olise dssloee Gl (25 QLS cudby (jadls
buwgy cuil y glas)] yusi b a8 yam pdy i ool S pdaw
55@69))}&&)@ 9 b.)b'.mg‘l O )ygods blm )I Ls.aw\?U upl.mf
w=h; Y same Sl g guly pBB)l 5l addllas opl j> ad isy
(poyoyio $ov) yio Yox¥e inlojl o8 @S 1o slal b odlazal
22 Colie a8 a8)S a5 3 pe 93 (o5 ) 93 (g alold
;i.g. dl)). wLa)T Coluo 9 é{)a)la\“x;'” =VA.- U’_Lol u)f
53 D90 LS VE Jiolejl JS (cly g qoyeyio 00+ dga )),SS
590 sla gy prailaoly Y guazs 1 GG 12 ged g My 0)90 b
S 52 st oS o 2 ol canlia oloj 59 Sl

ol o SIY Jgdo )3 dalllas (ol &Y guasmo

L o9 Jold (aLS (Ll o pie prdaw dw g (B4 b padine
24 paS bl ( R60) 15 lais g (R}o) LG, %Y+ Las (Ro)
el (29l i adlllae (ol 3 il H8 o8 sl S
Eord &S Cud S5 4 pY ) pAS 5 4y g2 pulS Jold adate
5oy o Ll Jsle cglyal i Ly g ptiS b gl ol
(65595 E g) malions oS g )3 b plorsl otylol sloc S
S So L g s pbdl (65,551 Slles S8 cuiS 5l LS
P9y 3 b plsil sy e ) e CuiS )1 e &S >
5 ad odliiwl 1Sy = Jpz b S olSod S 51 (65,9508
CaiS gl (w9 3 pool A e G (655 S Gllas
ol W) jl 3y Jgame slp g it )14 5l M
Swgd 5 BT 2 819 bawsi (53,9 K cpguye (B 50 0
Jgmaime 8IS 5 SIE LS s b M S uges 5 plox

4y g 92 e Ngame §l Sy 52 (2155 S Sy j S0 -T g
Table 2- Some of the agronomical characteristics of wheat, barley and cotton crops

Jpao PR Jlw Cuils &9,U gre Coild g, 3,500 il
Crop Variety Year Planting date  Seed (kg.ha')  Harvesting date _ Yield average (Kg.ha™)
ps U“”L 2012-2013 14.11.2012 200 17.06.2013 4989
Wheat Parsi
> Syl 2013-2014 20.11.2013 180 16.06.2014 3490
Barley Nosrat
i by 2015 02.05.2015 40 17.10.2015 1997
Cotton Khordad
P U“”L 2015-2016 07.12.2015 200 23.06.2016 4256
Wheat Parsi
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4- Energy use efficiency
5- Energy output

6- Energy input

7-Yield

8-Specific energy

9- Net energy gain

10- Energy productivity
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Table 3- Equivalent energy for inputs and outputs

53959 a1y Jaleo (55551 &b
Input Unit Equivalent energy (M j per unit ) References
Sl (59505 cels 1.96 Mohammadi et al. (2008)
Manpower hr
£ .L? - 2 .
5535) <& 90 # 56.31 Erdal et al. (2007
(Js555) )
Fuel Lit
g S celo p ClyslS 3.6 Ozkan et al. (2004)
Electricity Kw.hr!
o\lh;’,,,&ln cels 62.7 Mohammadi et al. (2008)
Machinery hr
(N) g pAAS 66.14 Mohammadi & Omid (2010
. )
Nitrogen kg
(BoOs) s psS 12.44 Mohammadi & Omid (2010)
Phosphorus kg
(KO) ety psS 11.15 Mohammadi & Omid (2010)
Potassium kg
S eile # 238 Gundogmus (2006)
Herbicide Lit
u“f ‘-‘5' )“J 101.2 Esengum et al. (2007)
Pesticide Lit
okl o Sa o 1.02 Mohammadi et al. (2008)
Irrigation water m?
pAS ,d PSS 20.1 Ghorbani et al. (2011)
Wheat seed kg
P b pAAS 14.7 Mobtaker et al. (2010)
Barley seed kg
ik Sisd 1.8 Yilmaz et al. (2005)
Cotton seed kg
9
Output
pus wb pAAS 14.48 Ghorbani et al. (2011)
Wheat grain kg
pas o8 prkS 925 Ghorbani et al. (2011)
Wheat straw kg
g b pAAS 14.7 Mobtaker et al. (2010)
Barley grain kg
# ol pAAS 11.6 Givens et al. (1988)
Barley straw kg
iy pAAS 11.8 Yilmaz et al. (2005)
Cotton kg
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Table 4- Total amount of input and output energy in studied crop rotation

pas » iy pas
&S Wheat (2012-13) Barley (2013-14) Cotton (2015) Wheat (2015-2016)
Energy
%929 AT E'f P A E P A E P A E P
Input
ha MJ.ha'! % ha'  MJ.ha! % ha!'  MJ.ha! % ha!  MJha! %
(cels) Sl sop 69 136 0.24 69 136 0.26 826 1455 2.07 69 136 0.24
Manpower (hr)
(cels) Y peisle 14 898 1.6 14 898 1.72 14 898 1.28 14 898 1.62
Machinery (hr)
(35) b guo 129 7283 12.97 129 7283 13.95 93 5256 7.48 129 7283 13.10
Fuel (Lit)
(5oLS) o39ris 150 9921 17.67 150 9921 19 175 11575 16.47 150 9921 17.85
N (kg)
(p,5LS) s 150 1866 3.32 100 1244 2.38 150 1866 2.66 150 1866 3.36
P (kg)
(£S5 okS) ol 150 1672 2.98 100 1115 2.14 100 1115 1.59 100 1115 2.01
K (kg)
(p,59LS) 355 xox 450 13459 23.97 350 12280 23.52 425 14556 20.71 400 12902 23.21
Total fertilizer (kg)
() pasaile 10 2380 4.24 10 2380 4.56 10 2380 3.39 10 2380 4.28
Herbicide (Lit)
(cslo p Olgshs) ditpuny Sl 6179 22244 39.62 5808 20909 40.05 9997 35989 51.21 6179 22244  40.01
Electricity (kw.hr!)
(cexKayia) s kol 5617 5729 10.20 5280 5385 10.32 9088 9270 13.19 5617 5729 10.31
Irrigation water (m?)
(pS4kS) » 200 4020 7.16 200 2940 5.63 40 472 0.67 200 4020 7.23
Seed (kg)
(S p Jg550) (6399 55! JS - 56150 100 - 52211 100 - 70275 100 - 55593 100
Total input energy (MJ.ha™)
29
Output
(p,55LS) s 4989 72242 - 3490 51306 - - - - 4256 61622 -
Grain (kg)
(p,55LS) o5 8144 75334 - 4577 53101 - - - - 9002 83268 -
Straw (kg)
(PS5 9kS) 4y - - - - - - 1997 23565 - - - -
Cotton (kg)
o sl IS - 147576 - - 104207 - - 23565 - - 14489 -
Total output energy (MJ.ha') 0
chaw aolg 3 03l e AT
Input per unit area
551 Jlas ETT

Equivalent energy
S35 551 JS 31 a0y P
Percentage of total input energy
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Table 5- Relative contribution of direct and indirect energies in different methods of soil tillage in studied crop rotation

vy > 4 P
Wheat (2012-13) Barley (2013-14) Cotton (2015) Wheat (2015-16)

CT? MT' NT CT MT NT CT MT NT CT MT NT

il dudj’.ﬂ 66.47 61.35 60.66 68.08 62.83 62.13 75.88 73.01 72.69 67.07 6199 61.32
Direct energies

b 2 Slass ) 33.53  38.65 3934 3192 37.17 37.87 2412 2699 273l 32.93 38.01 38.68
Indirect energies

&
Total (%) 100 100 100 100 100 100 100 100 100 100 100 100

rom| L;})jg_f\& 09 9 Mbu.m\f dﬂ.m dhdj)jdﬁ o.\;.m)dw %)SQ:NTHT 9 MTt CTF
CT!, MT' and NT''': represents conventional tillage minimum tillage and no tillage, respectively.

(f o3031) ol )3 O¥guasme 51 Sy 2 (55,51 (B ad L (il lg 4525 -1 Jgs
Table 6- Anova for energy indices of each crops in rotation (f test)
Olodi @l S5l Bpa0 1) ohg 5 0AB S5 G5 Sa90e
S.0.V. EUE EE NEG EP
(T) 5,95
Tillage (T)
pS * ns ns ns
Wheat (2012-13)
> * ns ns ns
Barley (2013-14)
Cotton (2015)
pS * ns ns ns
Wheat (2015-16)
R) L
Residue (R)
pas ns ns ns ns
Wheat
I ns ns ns ns

Barley
Ay
Cotton
pas ns ns ns ns
Wheat
TxR
pas ns ns ns ns

Wheat
. ns ns ns ns

Barley
Cotton

pas ns ns ns ns
Wheat

siopd iy Jlaisl o 53l e g o sine ity 58
ns and *: are Non- significant and significant at 5% probability level, respectively.



¥¥\ e plS oo SBlis ely; el o 555l 2 e le b))l (owad g SSI5 LSgs

92 9P S5l Span ) 2 65595 ST nSle duglio -V Jgaa
Table 7- Mean comparison of the tillage effect on energy use efficiency of wheat and barley

$5:9518 lrogan ) ) > a
Tillage methods Wheat Barley Wheat
& (2012-13) (2013-14) (2015-16)
s 2420 1.820 234"
Conventional tillage
Bl el 2.64% 1,943 2,66
Minimum tillage
wriiase oS 2.85% 2.6 2.86°

No till

Sy ho > ey Jleis] g 3 (60 gime BMB] ¢ygi b )3 Syt g ghyly slay il T
1 Means within a column that have a same letter are not significant at 5% probability level.
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Table 8- Means amounts of energy use efficiency and total use energy for each one t tillage methods in conventional rotation

Index Conventional tillage = Minimum tillage  No tillage
il Spae 2B 1.78 1.9 2.1
EUE
a B .‘
Frae i S 258788 224460 219434

Total use energy (MJ.ha'!)

22 Sl LS 5 38 s 00l Bpas (51 S ke (S 5 g
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Introduction

The relation between agriculture and energy is very tight. Agriculture itself is an energy user and energy
supplier in the form of bio-energy. Energy consumption in agriculture has intensified in response to increasing
populations, limited supply of arable land and desire for an increasing standard of living. In all societies, these
factors have encouraged an increase in energy inputs to maximize yields, minimize labor-intensive practices, or
both. Effective use of energy is one of the conditions for sustainable agricultural production, since it provides
financial savings, fossil resources preservation and air pollution reduction. In developing countries, agricultural
growth is essential to fostering economic development. In Iranian economy, more than 33% of the total
population is engaged in agriculture sector. Recent years with the rise in world energy prices the governments
has taken steps to reduce fuel and energy consumption. Energy in agricultural sector are divided into two groups
of direct and indirect, direct energy is required to perform various tasks related to crop production processes such
as land preparation, irrigation, threshing, harvesting and transportation of outputs. Indirect energy consists of the
energy used in the manufacture of fertilizers, seeds, herbicides and farm machinery and so on. Recently,

application of integrated production methods are recently considered as a means to reduce production costs, to
efficiently use human labor and other inputs and to protect the environment.

Materials and Methods

This research was carried out to evaluate the effect of conservation agriculture system on energy indices in
conventional rotation systems including wheat, barley and cotton. The experiment was conducted at Gonabad
Research Station as a moderate climate condition between 2012 and 2016 by using split plot design in a
randomized complete block design (CBD) with three replications. Two substantial criteria were investigated
such as different tillage methods including conventional plowing, reduction of tillage (Minimum tillage) and
direct cultivation (No tillage) as a main plots, as well asamount crop residue involving absence of residues 30
and 60%of the remains as a subplots. The area for each subplot and main plot was 600 and 1800 m?,
respectively. In this study, energy indices were calculated using equations. Besides, data analysis and mean
comparisons were performed via SAS (SAS, 2002) software and Duncan test, respectively.

Results and Discussion

According to results, electricity, chemical fertilizers and fuel inputs shared the highest energy consumption
from the total amount of energy in the conventional crop rotation with 43, 23 and 12%, respectively. On the
other hand, the lowest energy consumption related to the input of human resources with an average of 0.7%. In
addition, variance evaluation and statistical analysis of energy indices demonstrated that only energy efficiency
index for wheat and barley at level (p<0.05) dramatically affected by tillage methods. . However, the effect of
residues and interaction between soil tillage % residues on other energy indices was not significant. Comparison
of average values of energy use efficiency index in the conventional rotation illustrated that the highest and
lowest values of this index were observed in two methods without soil tillage or direct planting and soil tillage or

1 and 2- Instructor and Associate Professor Researcher of Agronomical and Horticultural Science Research Department, Agricultural and Natural
Resources Research Center of Khorasan Razavi, AREEO,Mashhad, Iran, respectively.
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customary tillage. Therefore, the average of energy use efficiency index for wheat and barley crops in non-tillage
method was represented increasing 21 and 9%, respectively, than that of conventional tillage and minimum
tillage methods.

Conclusion

Consequently, based on data analysis, it seems that the implementation of conservation agricultural systems
with various tillage procedures (non — tillage or minimum tillage) to enhane energy use efficiency is exclusively
recommended for wheat and barley agronomic systems in climate condition of this study.

Keywords: Crop residue, Crop rotation, Energy use efficiency, Tillage.
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Fig. 1- Relationship between annual precipitation and grain yield (A) and soil organic matter (OC), P (av.) and K (av.) weighted geometric
mean and plant response to PGPR (B) in Iran's dryland research stations
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Introduction

The explosion of world population in recent decades has caused excessive application of chemical fertilizers
in agricultural systems; resulting in critical environmental and health issues. Integrated Nutrient Management
(INM) method or biofertilizers are considered as logical strategies to reduce the rate of chemical fertilizers. .
Biofertilizers consist of various types of microorganisms in soil which are in close relation with plant roots and
are called Plant Growth Promoting Rhizobacteria (PGPR). Several mechanisms have been postulated to explain
how PGPR benefit the host plant, which could be classified into four categories a) The ability to produce plant
growth regulators or phytohormones such as indole acetic acid (IAA), cytokines, and gibberellins; b) Enhancing
a symbiotic N fixation; ¢) Solubilizing inorganic phosphate and mineralization of organic phosphate and/or
other nutrients; d) Antagonistic effect against phytopathogenic microorganisms by production of siderophores,
the synthesis of antibiotics, enzymes, and/or fungicidal compounds, and competition with detrimental
microorganisms. Therefore, PGPR are commonly used as inoculants for improving the growth and yield of
agricultural crops, however screening for the selection of effective PGPR strains is very critical. This study
focuses on the screening of effective PGPR strains on the basis of their potential for plant growth promoting
activity under water stress conditions in Iran's cold temperate and warm dryland areas.

Materials and Methods

Experiments were carried out in randomized complete block design (RCBD) with four replications in 2009-
2010 cropping year. Treatment included fifteen PGPRs with a control (without inoculation) in six dryland
agricultural research stations; including Maragheh, Ghamloo (Kurdistan), Sararood (Kermanshah), Gachsaran,
Khodabandeh (Zanjan), Shirvan Chardavol (Ilam). Soil samples collected from 0-25 cm depths before planting
time and was characterized through determination of soil available P, K, Fe, Mn, Zn and Cu, soil texture, organic
carbon, pH, EC and calcium carbonates equivalent. Dryland wheat Azar2 cultivar was cultivated with 350 seed
per m? in 5 to 7 cm soil depth. Moreover,plant traits such as grain, straw and biological yields, TKW (1000-
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kernel weight), number of spikes per m?, number of seed per spike, harvest index (HI), plant height and spike
length, were measured. All research data was analyzed via GenStat14 statistical software.

Results and Discussion

The results showed that, the plant growth promoting bacteria (PGPR) had increased the grain yield of dryland
wheat in the Maragheh, Kermanshah, Kurdistan, Illam, Zanjan and Gachsaran regions. This increase in most
experimental dryland stations has been significant statistically. The maximum grain yield increase in Maragheh,
Kermanshah, Kurdistan, llam, Zanjan and Gachsaran were in the order amount of 19.6 (treatment no. 2), 45.1
(treatments no's 4 and 12), 12.4 (treatment no 8), 18.4 (treatment no 11) 10.2 (treatment no. 11) and 11.6
(treatment no. 11) kg.ha!, which was 382 kg.ha'! for the best average plant growth promoting bacteria in all the
study regions. With the use of GGE biplot method, the inoculating treatments of plant growth promoting bacteria
had 2 groups, including the high yielding groups with treatments (2, 3, 6, 8, 9 and 10), and low yielding
treatments (1, 4, 5, 7, 11, 12. 13, 14, 15 and 16).The study locations were separated in 3 groups, first group
including; Gachsaran and Kurdistan regions, second group including; Maragheh, zanjan and Ilam regions, and
the third group including; Kermanshah region. The suitable treatments were the treatment numbers 9 and 10 for
the first group, treatment numbers 2, 3, 8 and 6 for the second group and treatment numbers 7, 4 and 5 for the
third group. Among the mentioned treatments, the most suitable treatments for first, second and third groups are
treatment number 9, treatment number 2 and number 5, respectively.. According to these results, if the first aim
is introducing the growth promoting bacteria for all the regions, this strain is the inoculating bacteria number 9.
In the second order, the treatment numbers 13 and 10had the closest conditions to the estimated ideal treatment.

Conclusion

Therefore, for the plant growth promoting bacteria, we can use them in reducing the effects of environmental
stresses, and conducting non-environmental stresses on dryland conditions, as well as increasing in grain yield of
dryland wheat.

Keywords: GGE Biplot, Seed inoculation, Yield improvement.
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Fig. 1- Location of study area in the country and province
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Table 1- Planting and harvesting specification used in the experimental farm

Cuils &,U
Planting date

C;ws‘.:).) &0
Harvest data

oo 0,0 owande 395

oo T30 owond9§ 395

Solar data  Julius day Solar data  Julius day

2008.10.1 275

2009.6.30 181
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Table 2- Soil physical and chemical characteristics of experimental farm

oSl Colan Ey ity bl . ;
e o dpal SR ESE gploateen 0 o ke ol
Depth EC&f (s i)I:I o513 <=s Bulk density Texture Cl2y Silt  Sand
(cm) of saturation PWP  FC (g.cm™) (%) (%) (%)
extract (dS.m™)
0-30 1.06 8 7.3 20.1 1.51 “lw ? 18 52 30
Silty-loam
dalojl as 50 43 o3likl 3590 O (arliosd Cloogad —Y Jga
Table 3- Water chemical characteristics used in experimental farm
SN gl St e e Comd Dot ol
EC (dS.m™) H SAR Cations (meq.lit™") Anions (meq.lit")
: P Ca” Mg~ Na° K CI HCO; CO;” SO~
0.6 7.9 3.5 3.5 35 1.1 25 2.8 0 1
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3- Root mean square error
4- Mean absolute error
5- Coefficient of determination
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1- Long Ashton Research Station-Weather Generator
2- Representative concentration pathways
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Table 4- Models and scenarios characteristics used in this research

(43 e 2lbdl i 12y ) S 0511

Horizontal resolution (latitudexlongitude, degree)

S gy ylw Jse U e youlS
Emotion scenarios Model name Founder country
buls
CanESM2
a Canada
1S5 yol
GFDL >
America
. ‘:.
RCP4.5 MIROC .
& Japan
RCP8.5 IPSL sl
France
(W]
CSIROMK3.6 s
Australia
1S5 ol
GISS-ES-R e
America

1.25%1.875

2.5%2

1.77x2.81

1.875%3.75

1.8x1.8

2x2
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Fig. 2- Calibration (top) and Validation (bottom) of SWAP model with soil moisture data of 30 cm depth
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Table 5- Estimation of simulated and measured soil moisture content

Jae 2l ‘e MAE (%) RMSE (%) R*(%)
Model estimation Depth (cm)
Pely
L 0.045 2.31 79.5
Callpratlon 0-30
Validation 0.12 247 72

Ao 5 £/0 g2 3w 93 Cod (ST 9 aly 2)93 13 (codlil (Sba il y il wgio y230o 1 Jgor
Table 6- Daily average values of climate parameters in the base and future periods under two scenarios of 4.5

and 8.5
Ll slags Uww il glod S5l sled ook
Emotion scenarios Minimum temperature ("C) Maximum temperature (‘C) Precipitation (mm)
Baseline 6.80 22.08 0.63
RCP4.5 8.40 22.22 0.71
RCP8.5 8.64 22.56 0.69
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Table 7- Daily average values of climate parameters in the base and future periods for GCM models under the
scenario 4.5

Je Jilss glod Sl slod ok
Model Minimum temperature (C) Maximum temperature (C) Precipitation (mm)
Baseline 6.80 22.08 0.63
CanESM2 8.31 23.39 0.79
GFDL 7.92 21.37 0.75
MIROC 8.73 22.27 0.63
IPSL 8.78 22.57 0.71
CSIROMK3.6 8.45 22.21 0.65
GISS-ES-R 8.19 21.54 0.74

Olls8l s iaS g oy iy «GISS-ES-R 4 MIROC (¢l Jus
9 GFDL 4 CanESM2 sla Jio & bgyype coipay Sl glos
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Table 8- Daily average values of climate parameters in the base and future periods for GCM models under the
scenario 8.5

Je Jlas glod Sl glod oyl
Model Minimum temperature (C) Maximum temperature (C) Precipitation (mm)
Baseline 6.80 22.08 0.63
CanESM2 8.55 23.70 0.74
GFDL 8.49 22.15 0.66
MIROC 8.95 22.57 0.71
IPSL 8.83 22.56 0.64
CSIROMK3.6 8.63 22.54 0.62
GISS-ES-R 8.41 21.82 0.78
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Table 9- Average values of weekly moisture in the base and future periods under two scenarios 4.5 and 8.5

S Cugb,
Sl gWgy b Weekly moisture
Emotion scenarios oSbe PS5l BEIKES
Mean Maximum Minimum
Baseline 0.301 0.342 0.233
RCP4.5 0.295 0.338 0.213
RCP8.5 0.294 0.339 0209
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Table 10- Average values of yearly moisture in the base and future periods under two scenarios 4.5 and 8.5

Sl Cugb,
SLiS! lags luw Yearly moisture
Emotion scenarios Sl PSlas BEIKES
Mean Maximum Minimum
Baseline 0.300 0.316 0.282
RCP4.5 0.295 0.307 0.282
RCP8.5 0.294 0.309 0.279
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Table 11- Average values of weekly moisture for the six GCM models under two scenarios of 4.5 and 8.5

SLiS! glags L
Emotion scenarios
Jae RCP4.5 RCPS.5

Model " o~ " o~
NEJKES PSlas ol JEJRES PSSl Ol
Minimum Maximum Mean | Minimum Maximum Mean
CanESM2 0.216 0.337 0.298 0.232 0.334 0.297
GFDL 0.215 0.337 0.295 0.209 0.337 0.291
MIROC 0.219 0.335 0.292 0.220 0.335 0.293
IPSL 0.224 0.338 0.295 0.214 0.336 0.292
CSIROMK3.6 0.213 0.336 0.293 0.212 0.337 0.293
GISS-ES-R 0.227 0.337 0.296 0.219 0.339 0.295
Baseline 0.233 0.342 0.301 0.233 0.342 0.301
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Table 12- Average values of yearly moisture for the six GCM models under two scenarios of 4.5 and 8.5
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IPSL 0.284 0.305 0.295 0.279 0.301 0.292
CSIROMK3.6 0.286 0.304 0.293 0.286 0.304 0.293
GISS-ES-R 0.288 0.305 0.296 0.283 0.309 0.295
Baseline 0.282 0.316 0.300 0.282 0.316 0.300

My9 5 Cgby (eSSl ol (albaiin 4> 53 g wlod oo S
0lS adyoys0 (b Ve g YA TV OY Ve ladian .cuwl 009
090 &y Canas A/D g ¥/0 g5 )l 53 2 (gly s liin sladaiin

9 sl ) (K oy el Cugb) Sl 5, T SS

@ i LS o asdio olS WD) 0)53 (b 3 AID 5 ¥/D 55k
wlS A 0)93 (slaaiin jl Sy yp )3 390 0 patede SO
55e Al 0)9> sy G Sl oyp0 (b 3 SB (Stim cash,



ITAQ Jurly « Yo loud 1Yl (63,9l (ool pgg 4, YVA

0.4
0.35 . P
. g SN e Y AN/YVA &
0.3 &, S S - d .
e RS =y —+— Baseline
- =4 —
5025 i = CanESM?2
Z o2 ¥ . CSIROMK3.6
Z o1s - —=— GFDL
GISS-ES-R
0.1
IPSL
0.05 MIROC
S
1 3 5 7 911131517 192123252729 3133
Week
0.4
0.35 - ~
=N -
0.3 & ,\” "‘\\9‘;'0 e y .
" : &\\1*4:‘ g & £ Ard§ f:g/ —+— Baseline
5025 = =R, = CanESM2
g o2 "  —«— CSIROMKS3.6
= 015 —=— GFDL
2o
—+— GISS-ES-R
0.1
IPSL
0.05
MIROC
0 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
1 35 7 911131517 192123252729 3133

Week

(omb) Ao o (YU) £/0 g1 ,bew g3 Cou ST g aly 09 15 STE Sidad Cugby Ol punis -V IS
Fig. 3- The weekly moisture variations of the soil in the base and future periods under two scenarios of 4.5 (top)
and 8.5 (bottom)
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Introduction

Climate change is one of the major challenges which society will face during current century. Temperatures
are projected to increase up to 2 °C by 2100, which is expected to result in major changes in the atmosphere’s
energy balance and the hydrological cycle. The term soil moisture generally refers to temporary storage of
precipitation at a depth of 1 to 2 meters from the soil profile). Soil moisture in the root zone well known as a
very important factors that severely effects on crop productivity. Hence, the study of soil moisture changes is
crucial for the planning and managing water resources in the coming periods. Accordingly, this study was
conducted in order to predict and stimulate soil moisture in upcoming period (2020-2039) according to baseline
(1992-2011).

Materials and Methods

The study area in this research was Neyshabour plain located in Khorasan Razavi province. At first, SWAP
model implemented using meteorological and agronomic data from study area, and soil moisture of field
capacity is simulated for 30 cm soil depth. Then, to ensure the results of moisture simulation, the moisture
content of the model is calibrated and validated using the measured soil moisture content of the 2008-2009. After
ensuring the accuracy of the model results, soil moisture is simulated for the baseline (1992-2011). Then, to
estimate moisture content in the upcoming period (2020-2039) six models (CanESM2, GFDL, MIROC, IPSL,
CSIROMK3.6, and GISS-ES-R) and two emotion scenarios (RCP4.5 and 8.5) were used, as well as the ratio of
the weekly and yearly values of the meteorological parameters of the upcoming period, which estimated using
the baseline. In addition, to evaluate SWAP model accuracy, Root Mean-Squared Error (RMSE), Mean Absolute
Error (MAE), and Coefficient of Determination (R?) were used. Data obtained by Neyshabur Synoptic Station
(1992-2011) were utilized in order to determine daily weather patterns and future weather parameters.
Temperature and precipitation parameters determined by the LARS-WG model.

Results and Discussion

In order to use the SWAP simulated moisture, initially the model calibrated and validated with measured soil
moisture data from 2008-2009 growth season. So, after soil moisture simulation for 2008-2009, the measured
data by TDR used for calibration and validation model. The coefficient of determination factor (R?) between
simulated and measured results was 79.5%. The climate parameters used in this study include minimum and
maximum temperatures and precipitation, which are known as the most important factors affecting the soil
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moisture. According to table 6, the minimum and maximum temperatures and precipitation for the upcoming
period will increase compared to the baseline. On the other hand, According to table 9 and table 10, under two
scenarios, the means, maximum and minimum soil moisture decrease compared to baseline. The weekly and
yearly uncertainty in soil moisture under two scenarios showed in figures 4 and 5, respectively. Under the 4.5
scenario, the MIROC model due to the lower band thickness and the IPSL model, due to the higher bandwidth
thickness, have the highest and lowest accuracy, respectively. Whereas, under the 8.5 scenario, the IPSL model
has the highest accuracy and the CanESM2 and GISS-ES-R models have the lowest accuracy compared to other
models. Results of weekly and yearly uncertainty showed less and more uncertainty for weekly and yearly soil
moisture, respectively.

Conclusions

In general, results of this study revealed that minimum, maximum temperature and precipitation will increase
in upcoming period compared to baseline. Soil moisture decrease in upcoming period compared to baseline
under two scenarios (4.5 and 8.5). Moreover, temperature was higher and precipitation was lower under 8.5
scenario rather than 4.5 scenario. Therefore, 8.5 scenario showed worse condition compared to 4.5 scenario.
Results of this study showed lower soil moisture in 1, 3, 6, 13, 18, and 19 years in upcoming period under two
scenarios. Therefore, these years known as warning condition compared to baseline.

Keywords: Climate change, Emotion scenarios, GCM model, SWAP model.
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Fig. 2- Zoning of suitable planting date (days after 22 Nov.) of rainfed wheat in diffrenet probability levels
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Fig. 4- Zoning of possibility of unfavorable temperature occurrence at different growth stages in occurrence probability
levels 25 and 95 percent
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Introduction

Stochastical analysis can increase decision-making reliability, meanwhile increasing the flexibility
of decisions. The critical role of climatic factors in land zoning on the one hand and the stochastical
nature of climatic variables, on the other hand, causes the uncertainty of land suitability grading for
plant cultivation, especially in dryland conditions. Golestan province has the third rank among the Iran
provinces with about 400,000 hectares of cultivated land and production of more than one million tons
of wheat, of which about 57 and 50 percent are allocated to rainfed cultivation, respectively. The
present study was conducted to examine changes in various climate variables affecting wheat growth
under the influence of different occurrence probabilities and zoning agricultural land in Golestan
province for the rainfed wheat cultivation under these conditions.

Materials and Methods

First, dates of planting and occurrence of each phenological stage of rainfed wheat were determined by daily
data of precipitation and minimum and maximum temperatures for 33 weather stations in Golestan province in a
26-year typical statistical period. Then, by fitting different probability distribution functions and selecting the
best distribution, the values of these variables were estimated at five occurrence probability levels of 25, 50, 75,
85, and 95 percent. Next, the average air temperature, the possibility of occurrence of adverse temperatures,
precipitation and ratio of effective precipitation to potential evapotranspiration of wheat for each growth stage
and total growth period were calculated for whole weather stations at different occurrence probability levels.
Finally, by providing zoning maps of these variables and other features including elevation, land slope, land
type, soil salinity and overlaying 22 layers for each occurrence probability level, agro-ecological zoning of
agricultural lands of Golestan province for rainfed wheat cultivation at different occurrence probability levels
was performed.

Results and Discussion

Results showed that increasing occurrence probability level from 25 to 95 percent due to delaying suitable
planting date from late autumn to early winter and its effect on the climatic-environmental conditions and the
length of the plant growth stages improved the degree of land suitability grade for rainfed wheat cultivation in
terms of mean air temperature in stages of flowering, maturity and total growth season, the occurrence
possibility of temperatures higher than 14 and less than 9 °C in germination and flowering and maturity stages,
respectively, and the amount of precipitation in the germination stage. Adversely, it resulted in degradation in the
degree of land suitability in term of mean air temperature in the germination stage, the occurrence possibility of
temperatures higher than 25 and 30 °C in flowering and maturity stages, respectively, and the amount of
precipitation and ratio of effective precipitation to potential evapotranspiration in stages of flowering and
maturity and the entire season. The results of agro-ecological zoning showed that the extent of suitable and
moderate zones was between 50-56 and 44-50 percent of the agricultural land, respectively, for the occurrence
probability levels of 50, 75 and 85 percent and the occurrence probability did not have a significant effect on
zoning. In comparison, at the occurrence probability levels of 25 and 95 percent (equal to the early and late

1- Associate Professor, Department of Agriculture, Gorgan branch, Islamic Azad University, Gorgan, Iran.
(*- Corresponding Author Email: kkaboosi@yahoo.com)
Doi:10.22067/jag.v12i3.79025



00 ce oS ClS (gly bindS bl (65, g9Lis oyl Yl — o8l gasudiyy (wglS

planting dates, respectively), about 91 and 78 percent of the province's agricultural land was located in a suitable
and moderate zone, respectively. These results are accordant with the findings of Hoseini et al. (2018), who
showed that the maximum extent of suitable land for cotton cultivation in Southern Khorasan province occurred
in the early planting date. Considering the majority of agricultural land of Golestan province is located in the
middle strip of the province, most changes of zoning maps by occurrence probability level have also occurred in
this region.

Conclusion

A low reduction in cultivation risk (increasing the occurrence probability from 25 to 50 percent) significantly
degraded the land suitability for rainfed wheat in Golestan province while more reduction in the farming risk
(increasing the occurrence probability up to 85 percent) led to no significant effect on land suitability. However,
if the minimum risk (95% probability) be selected as a management decision for rainfed wheat farming, the
lowest land suitability for rainfed wheat cultivation will occur.

Keywords: Agro-ecology, Air temperature, Evapotranspiration, Land suitability, Occurrence probability,
Precipitation.
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Introduction

Summer savory (Satureja hortensis L.) is an annual medicinal herb, belonging to the family of Labiatae. This
plant is native to the Mediterranean region and is cultivated extensively in France, Hungary, Spain, and Iran.
Drought is one of the most important environmental factors responsible for decreasing global production and
performance, especially in areas with low and irregular rainfall. Morphological indices such as plant height, stem
length, yield, leaf area, and many of the growth traits of the plant are affected by drought stress.

Materials and Methods

A factorial layout based on a randomized complete block design with three replications was conducted at the
Research Farm at the Mohaghegh Ardabili University, Iran, during 2016-2017. Treatments included three levels
of drought stress (Full irrigation (s;), Water cut at 50% of flowering (s2), and Water cut in early stages of
flowering (s3) and four vermicompost levels (including 0, 1, 1.5 and 2 t. ha'!). Plants were fully irrigated until
eight weeks after seeding, and then drought stress was started at the early stage of flowering and 50 % flowering
of plants. Fully irrigated plants throughout the growing season considered as control. The sampling was
performed from cultivated plants, by the random collection of 3 individual samples. Samples to evaluate the
morphophysiological, biochemical, and yield characteristics were taken at the full flowering stage. Traits such as
plant height, dry stem weight, lateral branches, relative water content, electrolyte leakage, chlorophyll
fluorescence, chlorophyll a, chlorophyll b, total chlorophyll, carotenoid, proline, protein, Catalase, and
peroxidase antioxidant enzymes were measured and assessed. Data were analyzes using SAS V9.2. Mean
comparison of results was made using Duncan's multiple range test at p<0.05 levels.

Results and Discussion

The results of the analysis of variance the effects of various vermicompost levels and drought stress and their
interaction have been presented. The results showed that the effect of drought stress and vermicompost on plant
height and shoot dry weight were significant at the 5% probability level. However, no significant effect was
observed on the number of lateral branches. Also, the interaction of drought stress and vermicompost fertilizer
treatments was substantial for plant height and dry weight of stem at a 5% probability level. The results of the
analysis of variance showed that the interaction of drought stress and vermicompost on chlorophyll fluorescence,
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chlorophyll a, chlorophyll b, and carotenoid was significant at 5% probability level, but the total chlorophyll has
a considerable effect. The highest chlorophyll a (23.33 mg.kg'), chlorophyll b (17.24 mg.g'!) and carotenoid
(8.08 mg.g!) in full irrigation treatment and two tons per hectare of vermicompost and minimum chlorophyll a
(17.73 mg.kg"), chlorophyll b (96.6 mg.g™!) and carotenoid (5.5 mg.g!) in Water cut in early stages of flowering
and without the application of vermicompost (control). Based on the results of the analysis of variance, the effect
of drought stress and vermicompost on the proline content of Satureja plant was significant at 5% probability
level. The results showed that with increasing drought stress, the amount of proline in leaf was raised. However,
with the use of vermicompost, leaf proline decreased, with the highest amount of proline (0.226 pg.g') in Water
cut in early stages of flowering (severe stress) and without application of vermicompost (control) and low
proline (0.15 pg.g') in Full irrigation (control) and vermicompost treatment (2 t.ha') were obtained.
Investigating the drought stress on German chamomile plant, researchers reported that drought stress increased
proline accumulation in the leaf (Ghaedi Jeshni et al., 2017). It was reported that increasing the amount of
drought stress in sorghum increased the amount of proline in the leaf (Esmaeilpour et al., 2013).

Conclusion

Based on the results, it can be concluded that vermicompost 2 t.ha"! can improve the medicinal plant growth
and yield under severe drought irrigation regimes.

Keywords: Catalase, Chlorophyll a, Electrolyte leakage, Medicinal Plant, Proline.
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Table 1- Geographical and climate characteristics of the studied regions

JUE . sk "’"5"? | Uf'\';)l'f ‘h‘“’y‘“ . - )“ &w)‘
R [N A : I o . WYL (5lo> brussio
. Ll e ] AWl by zhw
Region Longitude Wl y2 . Organic Mean annual X
CE) Latitude °N) Dominant C (%) Mean annual temperature (°C) Altitude
soil’ texture rainfall (mm) (m)
g
e 51° 407 32°377 CL 0.41 145 17.02 1551
Isfahan
52! 48° 407 31°207 SiC 0.45 192 26.59 22.6
Ahvaz
»’w 59° 127 32° 527 SL 0.20 132 16.86 1491
Birjand
I
bl 47° 557 39° 397 CL 0.6 286 15.53 31.9
parsabad
f’“ 46° 177 38° 057 SL 0.49 243 13.66 1361
Tabriz
L 61° 297 31°27 L 0.19 38 23.15 489
Zabol
35,83 54° 577 36° 257 L 0.28 140 15.67 1349
Shahrod
"".*& 52°36” 29° 327 SiCL 0.65 298 18.46 1484
Shiraz
@S. 50° 547 35°557 L 0.54 267 15.63 1312
Karaj
sbidle S 47° 97 34°217 SiCL 0.52 379 15.60 1318
Kermanshah
oSS 0 0
56° 587 30° 167 L 0.23 118 16.78 1764
Keman
o5 094 ° 547 i
54°24 36° 54 SiCL 0.80 515 18.11 0
Gorgan
et 59° 38~ 36° 167 L 0.38 220 15.93 999
Mashhad
U‘M 0 0
48° 327 34° 527 L 0.58 308 12.1 1741
Hamedan

T CL= i, o9l (clay loam); SiC= ., i (silty clay); SL= b o (sandy loam); L= p¢) ( loam); Sicl= sl ) o (silty clay

loam)

Al oo sy VY 3 1 S soyd G pi Juols 51 T osle 3o yn T
The percentage of organic matter is obtained by multiplying the percentage of organic carbon by 1.72. (Jimenez & Garcia, 1992)

S ren clale jiS s 5 JBls oylis da > lawgie Jols
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by Ay )l dxyd ey sl ¢ Jgaze g9 Jold (BLS
e Glapiie ()] g ady) Bes Wl @l ol 4y
e eyl 6y st (g 5lwodlel 09wl ccuilS ol Jolis
Lol Jade 5 )lel (3os (B O e ¢ Dm0 355 655
bl Jhe (nl (63979 Sl yiite (n Fieres Ao I (S Jgasme

ouldivul vy g0 Jas
Parton & ) CENTURY ver.4.6 Ji jl adlae oyl
Ly jlodud jslaieas (Rasmussen, 1994; Parton, 1996
L sl B o opl i oolaiwl puiS ey slapllas )5 59 500
Slotend Sl (elyj Cu e g SB e oodldl (sla e S 3030
adox 5l cilseo (slaptas 10 1) (N) Gissis 52 loanl b
sLayizo . (Parton et al.,, 1992) 3,91 waly 31, col); clapllss
adll s peize (65 5 i oo 5 Jgo Joli S
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Table 2- Selected from experiments used for model validation

o3l> g8 ailaio il Job @bl ooye &
Type of data Region Longitude (°E) Latitude (°N) Source
O)9r aﬁ)Lg )‘)“":’ 52° 367 29° 337 GL"“’”“’ 9 d.‘)’?d
Nitrogen application Shiraz Bahrani & Sarvestani, 2007
0395 >9§ UL")S 57° 057 30° 177 ()‘)K‘“m 9 GL’)‘” aok
N-Fertilizer Kerman Khaseh serjani et al., 2011
OI9F >9§ )‘9‘“‘ 48° 417 31° 097 ()‘)K“’m 9 Lr"‘)f
N- Fertilizer Ahvaz Gerami et al., 2013
0395 >9§ )"9‘“‘ 40° 207 32°20” O‘)K“‘m 9>
N- Fertilizer Ahvaz Madhej et al., 2009
39 385 Oleuo! 51°23~ 320327 ohen d).ﬂ)ﬁ
N- Fertilizer Esfahan Pourazari et al., 2011
9y 3)f)K Ay 59° 137 32° 567 O‘)K"“ 9 'x"“:b’)3
Nitrogen application Birjand Farshid et al., 2012
O)9rs aﬁ)Lg E)s 50° 547 35° 557 u"t‘:’ by 9 )BGLP(:’
Nitrogen application Karaj Shahabifar & Daryashenas, 2004
0395 >9§ e 59° 38~ 36° 167 O‘)K‘“‘m 9 @L‘“’“
N- Fertilizer Mashhad Bakhshaie et al., 2014
0395 >9§ Jﬁ)hu’ 54° 57/ 36° 307 IR
N- Fertilizer Sahroud Taghipoor, 2005
0395 >9§ Olf)f 54° 307 37° 457 O‘)KA‘“ 9 (s>
N- Fertilizer Gorgan Hosseni et al., 2011
39y >9§ 9 d)Lﬁ‘ Ry 46° 177 38° 057 GM"" Lﬁt“
Irrigation and N- fertilizer Tabriz Anabi Melani, 2007

A oolawl gy 0L rulzu'l &y OES9 d)ﬁfo)'l.ljl
Ol po goazme Hio sl o0l eolatwl b o Jdo jlael s
ol o 5509 (d) P olles a3ls 9 (NRMSET) las ons Jloy
odd (b plie g (Bly polhe (S (Sgee S ulyS
(Yang et al., 2014) ¥ slaasleo jl oslatul b asbl j3 .0d plodl
duole d g RMSE gl o3l o oy (Willmott, 1982) ¥ 4

(V) dbsleo

i(p, o) (¥) doles

n

>(pi-ol+loi-5|)

i=1

4- Normalized-root mean square error
5- index of agreement

43 bgte Sl (B Jio 3 Joniliy 595 5 550 sl

O Pk (Linacre, 1977) il o Sl wSlis o J8ls o)l
sogde 59y oM Ao b bl 3 Jao sla 295
555 lawgi ol adLS 59,10 Hlide (S 5elan 3 Slas il 3 Slas
by ol plas 5l oad z)B (59,50 e (piomed g yhuail g
2 Hne (595 e izan 5 (o1) Ll 5 gl oLzl il

Jae (i liiel
sl B wledbl ae o lagilejl 3 &Sul 4 g L
3929 ey D90 Bblie maw ) (595 (e (oriuw sl
Sy 3 Sloe gloodly 51 Jso  orwwlzel gly gy cpl jl ecuils
3 (¥ Jsi) s 3y500 Bblio > p1S aeyio slngiele]
Wyt 9 S el p)) (sladlate sl ialef] gl (yizren
(Annual Report, 2014) 4 (Annual Report, 2013) ‘}_\_‘5

1- Potential evapotranspirarion(PET)
2- Elit regional wheat yield trials
3- Advance regional wheat yield trials
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Fig. 1- Comparison of observed and simulated wheat grain yield
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Solid and dotted lines are 1:1 and fitted regression line, respectively (n=21). ns shows non significant difference between the slope of
regression and 1:1 lines.
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Fig. 2- Comparison of observed and simulated wheat grain nitrogen
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Solid and dotted lines are 1:1 and fitted regression line, respectively (n=17). ns shows non-significant between the slope of regression
and 1:1 lines.
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Fig. 3- Atmospheric nitrogen fixation as a function of annual precipitation in studied regions
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Slop of the regression line is the fixed nitrogen per mm! annual precipitation.
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Table 3- Variables correlation coefficient

S 1 2
Variable

3 4 5 6

Tk 0.75"
1- Pricipitation (mm)
S25glgn 3,5as
2- Biological yield (t.ha™)
S ] (359 550
3- Atmospheric nitrogen (g.m)
B bl (139
4- Diffused nitrogen (g.m)
Ll 59,55
5- Nitrogen straw content (g.m)

ol 3 Sl

6- Straw yield (t.ha™)

0.62" 0.88™  0.35 0.52"

0.28 0.86" 081" 091"

0.42 -0.02 0.14

0.61" 0.73*

0.96"

ol P 0.05 5 p< 0.01 Jlain] pglaws )3 (55 gixe odimd)lis o iy 1 g e

* and **: represent significant at 5% and 1% probability levels, respectively.
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Fig. 4- Straw nitrogen content as a function of straw yield and diffused nitrogen as a function of biological yield
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Slop of the regression lines are straw nitrogen content in kg.ha™! per t.ha! straw yield (a) and diffused nitrogen content in kg.ha™! per
t.ha! biological yield (b).
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1- Stepwise regression
2- Partial R?
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Table 4- Nitrogen contents in wheat cropping systems in 2013 to 2014

) IR0 B9 2 g ke e B9 &5 Oje Jlo 93 Coglis
adlaio Jw Nitrogen content except (50 sl £0 Gos 42) Total Difference for two
Region Year mineral nitrogen Mineral nitrogen in nitrogen  years (2013-2014)
(g-m?) 45 cm depth (g.m?) (g-m?) (g-m?)
i 2013 90.92 1.15 92.07 "2
Isfahan 2014 91.09 0.78 91.87 e
sl 2013 108.88 245 11133
ol -0.56
Alvaz 2014 109.64 1.13 110.77 :
s 2013 88.99 2.14 91.13
Birjand 2014 90.09 1.42 91.51 0.38
Mol 2013 20621 3.09 209.30
Parsabad 2014 211.30 2.06 213.36 4.06
oy 2013 89.93 3.76 93.69
Tabyiz 2014 89.32 0.80 90.12 -3.57
2 2013 89.93 0.78 90.71
Zabol 2014 89.84 133 91.17 0.46
290l 2013 90.40 3.04 93.44
Shahrod 2014 90.14 1.02 91.16 -2.28
s 2013 189.37 1.64 191.01
Shiraz 2014 186.89 1.55 188.44 -2.57
o 2013 130.55 5.59 136.14
Karaj 2014 131.89 1.75 133.64 -2:30
sLiile 5 2013 29527 3.19 298.46
Kermanshah 201 295.01 2.11 297.12 -1.34
oS 2013 93.12 427 97.39
o -3.52
Kerman 2014 92.74 1.13 93.87 :
55 2013 455.04 6.70 461.74
o 4.96
Gorgan 2014 451.65 5.13 456.78
e 2013 93.00 1.84 94.84
Mashhad 2014 90.60 1.18 91.78 -3.06
aon 2013 248.41 6.99 255.40
Hamadan 2014 247.67 1.28 248.95 6.45
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Table 5- Nitrogen input and output in wheat cropping systems in 2014

5399 09 9 Oj9
Nitrogen input Nitrogen output
i 395 39 F S o] Sl a1y (39 5 il gewol L a9y - 2e>
. Fertilizer =~ Atmospheric fixiation  Grain nitrogen Diffusion Leaching Straw Input-output
Region 2 2 2 -2 2 2 -2
(gm? (gm?) (gm?) (gm?  (gm?) (gm?) (g-m?)
e 10 1.19 7.06 0.54 0.03 3.76 -0.20
Isfahan
Sleal
Ahvaz 9 1.38 8.19 0.50 0.09 2.16 -0.56
Birjand 5 1.30 4.15 0.44 0.01 1.32 0.38
Ul )l
Parsabad 16.2 1.34 9.88 0.73 0.07 2.80 4.06
f’w 5.2 1.29 7.16 0.59 0.22 2.08 -3.56
Tabriz
Sl 5 1.22 3.47 0.40 0 1.89 0.46
Zabol
59,805 7.2 1.20 7.03 0.58 0.08 2.98 -2.27
Shahrod
J{ 7.2 1.64 8.38 0.57 0.04 2.41 -2.56
Shiraz
s 9 1.33 8.79 0.67 0.28 3.09 -2.50
Karaj
oliile S 9.2 1.88 8.65 0.66 0.12 2.98 -1.33
Kermanshah
Sleys 4.5 1.35 5.84 0.53 0.01 3.00 -3.53
Kerman
o3 6 2.79 9.65 0.90 0.02 3.18 -4.96
Gorgan
Agiio 7 1.74 7.75 0.61 0.04 3.38 -3.04
Mashhad
Q\Ao_m
7.5 0.55 9.03 0.76 0.82 3.89 -6.45
Hamedan
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Table 6- Stepwise regression analysis to determine the relative contribution of each nitrogen input variables

e 39,9 >y Je (el g S o
Variable Entry step Model coefficient of determination Partial coefficient of determination
355 -
- 1 0.9733 0.9733
Fertilizer
Sl Ly 9y 2 1 0.0267

Atmospheric nitrogen

ool P 0.01 paws )3 (gl imo o)Ll e
**: Repersent sicnificance at p< 0.01
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Table 7- Stepwise regression analysis to determine the relative contribution of each nitrogen output variables

ke 39,9 4> o Je G o 0 S O e
Variable Entry step Model coefficient of determination Partial coefficient of determination
4b i 1 0.9279" 0.9279
Grain nitrogen
e 2 0.9934" 0.0654
Straw nitrogen
*&_Ji
e 3 0.9993" 0.006
Leaching
Less!
2 4 1" 0.0007
Diffusion

Cad P 0.01 oo 3 (g5 simo ol L i

**: Repersent sicnificance at p< 0.01 probability level.
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Introduction.

The nitrogen budget or balance is often evaluated by comparing various nitrogen inputs and outputs in soil—
crop systems. Research on nitrogen balance can provide more detailed information on the nitrogen cycle and its
losses by integrating soil nitrogen processes with the total nitrogen budgets. There are restricted researches for
evaluation of nitrogen balances in the cropping systems. It is clear that accurate measuring of each component of
nitrogen budgets in relation to soil processes is difficult. Wheat (Triticum aestivum L.) is the main cereal crop
cultivated in Iran. According to published data the average nitrogen application rates in wheat cropping systems
of Iran is 120 kg.ha! but, the excessive use of fertilizer nitrogen is very common in wheat fields. It is estimated
that in Iran, about 2.2 million ha of wheat production areas are under irrigation. Alike, there are limited studies
on nitrogen dynamics, budgets and its losses pathways in wheat production systems of Iran. Such studies are
essential to understand the nitrogen behavior and balance in wheat cropping systems. This research was carried
out with the aim of evaluating nitrogen balance of wheat cropping systems with different climatic conditions
over the country by using CENTURY model.

Materials and Methods

We used CENTURY model (Parton et al., 1994) to evaluate nitrogen dynamics and nitrogen balance in wheat
cropping systems. For this purpose 14 wheat cropping system located in diverse climates were selected. Soil data
was collected from Soil and Water Research Institute and weather data from 2000 to 2014 were obtained from
Iran Meteorological Organization for 14 selected stations. The CENTURY model simulates the long-term
dynamics of Carbon (C) and Nitrogen (N), for different Plant-Soil Systems. The model can simulate the
dynamics of agricultural crop systems. The crop system of CENTURY have different plant production sub-
models which are linked to a common soil organic matter sub-model .The soil organic matter sub-model
simulates the flow of C, N through plant litter and the different inorganic and organic pools in the soil.
CENTURY model runs in monthly time step with monthly precipitation (cm), monthly mean minimum and
maximum temperature (°C), site latitude and longitude, sand, silt and clay (%), soil bulk density (g.cm), rooting
depth (cm), C and N content of the top 20 cm of soil and management information such as planting date, first
and last month of wheat growth, number and amounts of applied fertilizers, amount of irrigation water and its
schedules are required. For model validation we used two statistical measures including Normalized Root Mean
Squared Error (nRMSE), Willmott (1982) index of agreement (d value) and linear regression coefficients
between actual and predicted values.

Results and Discussion

Results revealed that the highest nitrogen input in wheat cropping systems (9.5 - 12.5 g.m?) was observed in
Northwest, West and Southwest and the lowest (7.3 - 9.4 g.m2) were in East and Southeast areas of the country.
Also, nitrogen output plan in wheat cropping systems was similar to nitrogen input. In addition, stepwise
regression analysis indicated that fertilizer application rate with partial coefficient of 97.33% and grain nitrogen
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with partial coefficient of 92.79%, respectively, were the most important variables in relation to nitrogen input
and output in wheat cropping systems of Iran.
Conclusion

According to the results, it seems that in relation to nitrogen input, the role of agronomic management such
as fertilizer application, coincidence of fertilizer application time with plant requirement and increasing nitrogen
use efficiency (NUE) which is mostly dependent on agricultural management are important issues. But in the
case of nitrogen outputs from wheat cropping systems, in addition to agronomic managements, use of improved
cultivars with higher nitrogen uptake efficiency is more important.

Keywords: Fertilizer, Grain nitrogen, Nitrogen input, Nitrogen output, Simulation.
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Cs: Carbon in Leaf and Stem, Cp Carbon in the economic organ: Cr: Carbon in the root: Cg: Carbon including secreted
and permeate material and root exudates in the soil. (Khorramdel et al., 2018)
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Table 1- Normality of data results using skewness, kurtosis, Kolmogorov-Smirnov and Shapirov-Wilkstatis indices in
different blow-ground and above ground organs of soybean
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Table 2- Harvest index (HI), Shoot to Root ratio (S:R) and carbon sequestration coefficient in R, (economic organs or

seed), Rs (Stem and leaf), Rr (Root) and Rg (Root exudates) in soybean and total net production of carbon in the plant
(NPPC), Above-ground net primary production (ANPPC) and below ground (BNPPC) of soybean plant
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Table 3- The geostatistical methods assessment results in estimating the amount of potential carbon sequestration
in soybean leave and stem in croplands of Gorgan Township
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Fig. 3- Zoning of carbon sequestration potential in soybean leaves (Fig. A) and stems (Fig. B) using the Kriging
of Gorgan Township method in the croplands
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Table 4- The geostatistical methods assessment results in estimating the amount of potential carbon
sequestration in soybean seed and pod in croplands of Gorgan Township
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Table 5- The geostatistical methods assessment results in estimating the amount of potential carbon
sequestration in soybean root in croplands of Gorgan Township
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Introduction

Climate change and global warming are the most important challenges in sustainable development, which is
due to increased concentration of greenhouse gases in the atmosphere. Carbon dioxide is a major component of
greenhouse gases. In order to reduce atmospheric carbon dioxide and to create a balance in the content of
greenhouse gases, atmospheric carbon must be absorbed in organic forms (Dieleman et al., 2015; Lichtfouse,
2009). For this aim, a study was done in agricultural lands of Gorgan in order to estimate the carbon
sequestration potential of soybean plant (Glycine max L.).

Materials and Methods

This research was carried out in 150 soybean fields of Gorgan township and sampled by quadrate 0.5%X0.5
m? as random method, during 2016-2017. The soybean shoot and root organs were individually harvested and
transferred to the laboratory. An electric burn furnace method was used to determine the carbon sequestration
potential in soybean organs (including pods, seeds, stems, leaves and roots). Also, the amount of shoot to root
and harvest index were estimated to determine the net primary production based on carbon content in the above
ground organ, below ground organ and total plant, and the carbon allocation coefficients in each soybean organ.
Then, using different interpolation methods, the spatial distribution of carbon sequestration of the plant organs
was investigated in ArcGIS software. All data were analyzed by SPSS software.

Results and Discussion

The results showed that Kriging method was the best model for carbon interpolation and distribution of
carbon sequestration potential in agricultural lands of Gorgan township. The amount of stored carbon was
obtained as 579.64 kg.ha'! in leaves, 744.81 kg.ha'! in stem, 881.16 kg.ha! in seeds, 340.16 kg.ha! in pods and
540.21 kg.ha'! in root. Also, according to harvest index (32%) and grain yield (3461.13 kg.ha'!), other indexes
were calculates as the ratio of shoot to root about 4.30, the total net primary carbon production 6734.8 kg.ha'!,
above-ground net primary carbon production 4867.2 kg.ha! and below-ground net primary carbon production
about 1867.63 kg.ha'!. Also, the shares of the allocation coefficients of economic organs, stems, leaves, root and
root secretions were 0.23, 0.49, 0.61 and 0.12, respectively. The zoning results showed that the total stored
carbon potential in soybean plant was highest in the eastern, north and southeastern regions of the surveyed area,
and the central, western and southwestern parts of this township had the lowest stored carbon potential. Also, the
amount of carbon sequestration potential (total above ground and below ground organs) was as 3085.98 kg.ha!
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in this study.

Conclusion

The highest proportion of carbon was allocated to the shoot organs, and the carbon of root exudates was also
lower than other plant organs. In this study, it has been found that the potential of carbon sequestration was
different in soybean plant organs and some variable such as agronomical management, soil and climatic
condition can affect on its contents.
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