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Introduction

Among the nutrients used by the plant for the growth of nitrogen due to its participation in the structure of
proteins, amino acids, coenzymes and nucleic acids are the main factors involved in plant growth and fertility. In
recent decades, a group of soil bacteria in the rhizosphere has been introduced as plant growth-promoting
bacteria that have been able to improve crop growth. In addition to the positive effects on soil properties, these
bacteria are economically and environmentally beneficial and a good alternative to chemical fertilizers.
Azotobacter and Azpirillum are the most important Plant growth-promoting rhizobacteria (PGPR) in plants that,
in addition to bio-stabilizing nitrogen, produce growth-promoting hormones such as auxin, gibberellin, and
cytokines. Modification of root system architecture by PGPR implicates the production of phytohormones and
other signals that lead to enhanced secondary root branching and development of the root system. Since
accessible water is the main factor limiting growth in rainfed agriculture, so one of the ways to improve nutrition
and plant growth is to use PGPR. Therefore, this study was carried out on the role of Azospirillum + Azetobacter
on root traits of new wheat cultivars in Ilam province.

Materials and Methods

In order to investigate the effect of growth-promoting bacteria on root system criteria in wheat under dryland
conditions, a field experiment was carried out as a factorial arrangement based on a randomized complete block
design with three replications at the farm station of Sarablah Agricultural Research Center during 2019-2020
cropping season. Experimental treatments include different wheat cultivars (Sardari, Karim, Koohdasht and
Rijaw) and treatment of different fertilizer sources, including control (without fertilizer treatment), 50% urea
chemical fertilizer (50% of required), Azospirillum + 50% 50% urea chemical fertilizer (50% of required),
Azetobacter + 50% N fertilizer, Azospirillum + Azetobacter + 50% urea chemical fertilizer (50% of required) and
100% urea chemical fertilizer (100% of required). Each experimental plot consisted of eight planting rows with a
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row spacing of 20 cm and a length of 4 m. Nitrogen fertilizer (120 kg.ha*) was applied at planting and stalking
stage based on soil test. Phosphorus fertilizer was applied from triple superphosphate source at the recommended
rate of 50 kg.halat planting time. In this study, root length, root fresh and dry weight, root volume, root surface,
root diameter, specific root length, root length density, root specific mass, root tissue density and root surface
area density were evaluated. Experimental data were analyzed using SAS statistical program. Comparison of
means were done by Duncan test and graphs were drawn with Excel software.

Results and Discussion

The results of this study showed that the interaction between cultivar x fertilizer sources was significant in
root characteristics of dryland wheat, so that the maximum root length (115.6 cm), root volume (13.3 cm?®), root
surface (137.2 cm?), specific root length (46.9 cm root length.g™* DW root), specific root mass (0.0045 g of DW
roots.cm® soil volume), root length density (0.214 cm root length.cm? soil volume), root tissue density (32.4 g
root.cm® soil volume) and root surface area density (127.5 cm?.cm?®) was obtained in Rijo cultivar x
Azospirillum + Azetobacter + 50% 50% urea chemical fertilizer (50% of required) compared to control treatment
(without fertilizer sources).

Conclusion

The results showed that due to the lack of rainfall in most rainfed fields of the province and also due to the
positive effect of fertilizer biofertilizer in maintaining soil moisture, improving the physical and chemical quality
of soil, to achieve proper grain yield in rainfed conditions of biofertilizer with chemical fertilizer Used nitrogen.
In this study, it was observed that in the combined system of biochemical and chemical fertilizers, the rooting
system increases so that the maximum root length, root volume, root area, root-specific volume, root length
density, root tissue density and root surface density was observed from Rijaw cultivar x Azospirillum +
Azetobacter + 50% N chemical fertilizer. Bacteria increase plant growth by affecting the plant by improving
physiological and biochemical conditions to increase resistance to adverse environmental factors in rainfed
agriculture. Therefore, the results of this study can be concluded that in rainfed conditions where the intensity
and fluctuations of rainfall are not predictable, having a strong root system can greatly reduce the harmful effects
of water deficit against environmental stresses in the region and cause an acceptable increase in the yield of
dryland wheat grain.

Keywords: Root diameter, Root length density, Root specific volume, Root tissue density, Root volume
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Table 1-Studied wheat cultivars characterstics
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Cultivars  Source  Drought stress Release year Tolerant to lodging
NS i i
Karim b J 2011 J
ICARDA Tolerant Tolerant
Sbangg : oo 2000 oo
Kohdast Tolerant Tolerant
ol5s) oyl Joxio 2011 Joxio
Rijaw Iran Tolerant Tolerant
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Table 2- Monthly mean value of precipitation and relative humidity in Agricultural Research Field Station of Sarableh
during 2019-2020 cropping seasons

obo Loy Jilus bod 2STas oyl ol Cagb, Blas  Cugb, oSlas
Month  Min. temp. (C) Max. temp. (‘C) Precipitation (mm) Min. RH (%) Max. RH (%)
ol 132 372 15 18 a1
Oct.
ot 0.8 27.2 44.6 33 73
Nov.
Al 0.2 19.6 134.4 53 83
Dec.
< -2 16.4 374 47 84
Jan.
ook -85 19.5 60.3 43 79
Feb.
_— 1.7 24.8 267.1 47 84
Mar.
©297° 2.6 26.6 335 40 80
Apr.
o) 48 36.5 113 24 64
May
0% 16 39.7 0 12 31
Jun.
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Table 3- Soil physical and chemical properties (0-30 cm depth) of experimental area 2019-2020
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o1} Available  Available Total  Organic EVERVW)
Fe Zn Cu Mn Mg EC
Texture P K N (dS.m1) PH
(mg.kg™) (%) '
)y 10 14 52 12 216 6 280 0.13 1.5 0.40 7.1
Loam-clay
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b5 plonl o) Cgodn ady) po 0515 dnsle 4l b
:(Hajabbasi, 2001)

7- Special root lenght
8- Dry root weight

9- Root water content
10- Root length density
11- Soil volume

12- Special root mass
13- Root tissue density

A Byme )L SO By b o Lad iy Guew 0dy g8 S
Jlsy S5 53 L) (st | oy 5 Jiio olSilof
S e b Jiowd il 5wy bads) 5 ojg Sk )l
S=Sojlasl il o ((Akhavan et al., 2012) u5 )5 yjs 030
o8 5o )3 iulel 390 (slaaity) iy 4 bgrpe slayie)ly
o AblIS el YA Gt 31,5 b a3 )5 Ve glad ,d gl
Loasiyy Job ad (jg pilie S <8 b Jlemd o3l 5 by
baogi ()05l ez ol )3 ol ol 8 5l g g s Lausgs
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il e JB

A bd wlbre yp uida Dleejla _Sa iy ada w
:(Akhavan et al., 2012; Shaban et al., 2012)
RA=2xSQRT(RV x3.14xRL) (Y) dsles
Jsb (RL" 5 aiy; woes IRV ity o 1'RA (o 5 oS
Sl o pod dddyy ISQRT el

(Hajabbasi, 15,3 auulows 55 dolee 3yl 5l ady, obls
2001)
RL
"RV
aiy Job RL ¢ (i, clls) adyy obls (RF ] 5 a8

RF (¥) Wsleo

b5 Lol 1 Cpgois ol dnslone )b o 4t sl
:(Hajabbasi, 2001; Schenk et al., 1979)

(4x FRW)
(RLx3.14)

Job RL wisy 5 59 FRW iy ylad PRD (o ,» &

RD = SQRT () alskeo

1- Root area

2- Root volume

3- Root length

4- Root fineness

5- Root diameter

6- Fresh root weight
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1- Root mass density
2- Root surface area density
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Interaction between cultivarxdifferent fertilizer sources
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Fig. 1- Interaction of cultivar X fertilizer treatments on root length of wheat under dryland conditions
(5955 oliowd 365 1o )3 O + pguls sy i :AZOSPIFIIIUM + 50% Nitrogen « 59,55 (obewd 368 1oy> 0+ :50% Nitrogen «als :Control

395 Moyd O + iShgisl+ packs yecwgi/:CO-in0CUlation + 50% NItrogen 59, obesd 345 203 8+ + L5455/ :Az0tobacter + 50% Nitrogen
059558 srlontd 35 Mo yd Vo - :100% NItrogen o 59,55 o lowsd
)5 gl me il Mo yd gy Jless] prdaw 0 S5l (glately Win g05T (Sline p BLT oo S ytiie s gl e a0 &S plaSike
Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan's Multiple

Range Test.
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Interaction between cultivarxdifferent fertilizer sources

23 by s SO0 @IS duly y o2 1 (6395 i (g1 jlowd X o8y S oR Y S
Fig. 2- Interaction of cultivar x fertilizer treatments on root volume of wheat under dryland conditions
(595 oloowd 365 1 )d O + pguls peruwg ;T :AZOSPIFIIIUM + 50% Nitrogen « 59,5 (oo 365 1oy> 0+ :50% Nitrogen wals :Control

39S Mo y> e + ,5Tgijl+ packs peess;T:CO-iN0OCUlation + 50% NItrogen « 39 i (olbewd 355 doyd B+ + ,i5T455/:AZ0tobacter + 50% Nitrogen
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Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan's Multiple
Range Test

dudis ) el
sobdn ] ) maw (9395 Cilisie glio X 08 LiiSeay il
(F Jgie) oo )13 586 cos oy S Jloto] aws )3 ()l e
il Pl) ko) g cp it Gimgly cnl Jl ol @l 4 g L
D+ + y5lgiil+ o pmogil Noss )3 gl w8y )3 (o) VAID
10l 5 5yl o) 53 o (S g 0gl atlrard 355 oy

5035 He dlse g Ol Dl > Cdo (ks ] Ady e
oS 4l 5 (2lpd Glacuond G (puyn 3 Cho S lgisa
e Cuus 457 00 ol (Ganjeali et al., 2007) 5l 5,
Slapasls onySete (S Slgie 2lon slapluil 4 ady)
(Caird et al., 2007) 1l olS bawg Ol Gl o5



Yov ceepisS o8l glaly ) v Gluogias g LSl w) ol Ko2 g (5 ol

olie g ol Gis aS w0l Lss (Majorana hortensis L.)
039 adyy gaw Al 5l 0L (8L jpan 3 Bpany (2lie
Laclying S a5 (Sajglgriud (sboanl)h o) losiins o
o125 ke s G331 o Sl ) s el ol e
ay il e, ole 5 Of Gl SIS Wl o

.(Abrishamchi et al., 2012)

O Sardari Karim

Root area (cm?)

b
o o
___Jo
==

m Kohdasht

=

=
"]
=
{%L
I,

ool 38l lacsySh b yods gl jod> )3 (g 3)90 pAS P18
oba3 ]l s (Abdelaziz et al., 2007) -, Kon ¢ 3154 Jous
O oaS'cus b gl s « (EL-Ghadban, 2002)

U49-5550 9 (Rosmarinus officinalis L.) (s)lej, olals s,

W Rijaw
a
a
b
b b
b b b
cd ce
ef d-fj
ca"-,? o I".? o ".é\
S D S
% e N
O . o\
X
A
pE
O\J
&
et

<
Interaction between cultivarxdifferent fertilizer sources
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Fig. 3- Interaction of cultivar x fertilizer treatments on root area of wheat under dryland conditions
(595 oloowd 3¢5 1 )d O + pguls serwg ;T :AZOSPIFIIIUM + 50% Nitrogen « 59,5 (oo 368 1o y> 8+ :50% Nitrogen wals :Control
395 Moyd O + iShgisl+ packs yecwg;/:CO-in0CUlation + 50% NItrogen 59, obesd 345 203 8+ + 51455/ :Az0tobacter + 50% Nitrogen
059558 srlontd 365 Mo yd Yo+ :100% NItrogen 5 59,55 (o lowsd
)5 gl me il Mo yd gy Jless] prdaw )3 SOl glately Win g05] (Sline p BLT o0 S ytiie s gl g a0 &S plaSike
Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan's Multiple
Range Test
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Interaction between cultivarxdifferent fertilizer sources
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Fig. 4- Interaction of cultivar x fertilizer treatments on root diameter of wheat under dryland conditions
(595 oloowd 365 1o )> O + pguls perwg ;/:AZOSPIFIIIUM + 50% Nitrogen « 59,5 (olbewd 368 1oyd 8+ :50% Nitrogen wals :Control
395 Mo yd O + iShgisl+ packs sy i/:CO-in0CUlation + 50% NItrogen 59, obessd 345 203 8+ + L5455/ :Az0tobacter + 50% Nitrogen
059558 srlontd 35 Mo yd Yo+ :100% NItrogen 5 59,55 (o lowsd
Wl ()b gine gl o> gy Jlot] s )3 S (sl atz el slive BT 0 S e B Sl s y2 3 S oSk
Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan's Multiple
Range Test
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Interaction between cultivarx<different fertilizer sources
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Fig. 5- Interaction of cultivar x fertilizer treatments on specific root length of wheat under dryland conditions
(5955 oloowd 365 1o )3 O + pguls sy i :AZOSPIFIIIUM + 50% Nitrogen « 59,5 (obewd 368 1o,> 0+ :50% Nitrogen «als :Control
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Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan's Multiple
Range Test
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Fig. 7- Interaction of cultivar x fertilizer treatments on specific root mass of wheat under dryland conditions
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Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan's
Multiple Range Test
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Fig. 8- Interaction of cultivar X fertilizer treatments on root tissue density of wheat under dryland conditions
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Fig. 9- Interaction of cultivar x fertilizer treatments on root surface area density of wheat under dryland conditions
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Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan's Multiple

Range Test
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Fig. 10- Interaction of cultivar x fertilizer treatments grain yield of wheat under dryland conditions
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Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan's
Multiple Range Test
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Introduction

Following population growth and increasing demand for food, agricultural systems have been considerably
altered across the world. Nonetheless, the majority of these changes have been accompanied with many
consequences by reason of focusing on economic growth and ignoring the relation between humans and
environmental wellbeing. Thus, it seems that any future increase in food production should be done in a
sustainable way which considers various issues. Based on this viewpoint, understanding the importance of
diverse women’s roles and addressing gender equality are indisputable preconditions for achieving sustainability
in the agriculture sector. Women significantly affect the welfare and sustainability of farmer households through
numerous tasks assigned to them by societies. However, women do not have the same rights as men in access to
productive resources because of gender-based norms. Although the sustainability of agricultural systems has
been evaluated by many researchers, they rarely used gender-based analyzes in their assessments. Hence, we aim
to determine women’s participation in various agricultural systems and evaluate the impact of women’s activities
on the sustainability of agroecosystems in Iran by using a comprehensive approach.

Materials and Methods

To explore answers to our research goals, a specific questionnaire was utilized, and its validity and reliability
were approved by experts and the Cronbach’s alpha test, respectively. We used the purposive sampling method
to identify townships and villages and applied the simple random sampling technique to select farmer
households. Based on different methods and the results of pre-test surveys, 930 farmer households were
considered as the appropriate sample size in this study. Because there are different climatic conditions,
agricultural products and subcultures in Iran, this study was carried out in all 31 provinces of Iran to cover
differences between regions. The sustainability of farmer households was assessed by applying 15 indicators.
Then, scores attained by farmer households were simplified to define three principal thresholds for sustainability:
unacceptable (scores< 1.5), limited (1.5 <scores< 2.5), and good (2.5 <scores). Women’s different activities in
market-oriented (male-dominated) agricultural systems were ranked by the Friedman test. The correlation
between women’s participation in male-dominated farms and the sustainability of farmer households was
determined based on the Tao B. Kendall correlation coefficient. Moreover, the effect of women’s participation in
female-dominated agricultural systems (home gardens) on the sustainability of farmer households was assessed
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by the independent samples t-test.

Results and Discussion

Results disclose that the majority of rural women are pushed back from market-oriented (male-dominated)
agricultural systems, especially from cash crop and fruit production systems. Nonetheless, women continue to
play a significant role in subsistence (female-dominated) agricultural systems, with 44.1% of them having home
gardens. Our findings reveal that farmer households do not experience the good threshold of sustainability, but
households whose women have home gardens succeed in gaining higher scores of sustainability than other
farmer households. Home gardens, compared with male-dominated farms, put the minimum pressure on the
environment because of their reliance on renewable energy inputs. In economic and social dimensions, women
meaningfully improve the sustainability of their households by producing different crops and fruits in home
gardens. Farmer households with home gardens are able to offer a wider variety of products for sale, make more
profit, and even have better savings and liquidity. Home gardens can also increase women’s economic ability,
which subsequently improves the food security, health and education of children. Women positively affect the
sustainability of farmer households by participating in male-dominated farms. Nonetheless, women’s
participation in these systems is not as effective on the sustainability of farmer households as their participation
in female-dominated agricultural systems (home gardens).

Conclusion

Our findings indicate that women’s agricultural activities influence the sustainability of farmer households in
a positive way. Therefore, we suggest that experts and policymakers address issues affecting the agriculture
sector through a gender lens. Because, the marginalization of rural women from the agriculture sector means the
transformation of rural women from economically active actors into consumers with a different lifestyle, which
undoubtedly puts a lot of pressure on the economy, both locally and nationally. It will also lead to numerous
environmental and social consequences.

Keywords: Economic sustainability, Environmental sustainability, Gender, Home garden, Household, Social
sustainability
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Enviromental sustainability

Social sustainability

Economic sustainability

— GHG mitigation

— Water conservation

— Soil improvement

— Species conservation

—— Renewable and recycled materials

Quality oflife

Child labour

Gender equality

Workplace safety and health
provisions

food sovereignty

— Community investment

— Profitability

— Product diversification

] Liquidity

— Hazardous pesticides
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Fig. 2- Indicators of the sustainability assessment of food and agricultural systems
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Table 1- Individual-familial characteristics of rural men and women
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B llliterate  diploma dg ree deqree y B
degree 9 9
N @) (N) (%) (N) (% (N) (%) (N) (%) (N (%) (N (%) (N) (%) (N) (%) (N) (%)
WO} 271 291 585 629 74 8 364 39.1 383 412 161 173 22 24
omen 213 229 515 554 202 217
I\;I/w 183 19.7 570 613 177 19 179 192 391 42 303 326 57 6.1
en
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Table 2- Descriptive statistics and the ranking of women’s participation in market-oriented (male-dominated) agricultural

systems
8 e s oSbe i chw
ailolw g4 Level of participation i @ . .
Type of PUpIS pes bawgle 3L; 3L ) (N) 815! f,S..wl .d)yb.uw’
system Very low Low Medium High Very high ol;/lf;:k df sCuhe;;'e Slglﬂlg\;g?nce
N (0 (N () (N () (N () (N) (%) a

= salle

Crop 573 669 30 35 111 13 143 167 - - 1.64

production

systems
b claabobes

Fruit 125 296 144 341 152 36 1 02 - - 1.88 137 2 66.978 0.000™
production

systems
b slaalobs

Livestock 33 108 2 07 244 797 27 88 - - 2.47

production

systems

S 386 415 264 284 186 20 94 10.1 - -

Total
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Significance level: ™ significant at 1%, ~ significant at 5%, and " non-significant
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Table 3- Descriptive statistics and the ranking of women’s participation at different stages of market-oriented (male-
dominated) crop production systems

S e g Sl <5 ,
Clled g4 Level of participation s, ep ’
. oS s oS e sb; ks e (N PSSl
Type of . > - ey Mean S0 Chi-  significance
activity Very low Low Medium High Very high of df square 9 level
N () (N (% (N (%) (N (%) (N) (%) rank i
wg 583 68 5 06 24 28 92 107 153 179 317
Planting
WIJ 604 705 8 09 32 37 73 85 140 163 3.06
Maintaining
w“)){
Harvesting 595 694 9 11 19 22 52 61 182 212 3.23 857 4 655.367 0.000"
NS 639 746 3 04 10 12 44 51 161 188 3.13
Post-harvest
O9° gs7 100 - - - - - - - - 2m

Selling
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Significance level: ™ significant at 1%, " significant at 5%, and " non-significant
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Table 4- Descriptive statistics and the ranking of women’s participation at different stages of market-oriented (male-
dominated) fruit production systems
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- - ; T g r 3.
Typeof o5 b ~ by 2 ks mean () fChi- Sid;ifi‘i;\:ce
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<2100 - - - - - - o - 2
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C—'AA:S“))J
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Significance level: ™ significant at 1%, " significant at 5%, and " non-significant
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Table 5- Descriptive statistics and the ranking of women’s participation at different stages of market-oriented (male-
dominated) livestock production systems

8 ) lio ans

Cllxd g4 Level of participation

. "Lw
u-:S:’“ a4 $v C

Type of
activity

oS o

Very low Low

buwgio 3L
Medium High

4.».8) : 5 "

g . Sl 15 sxo

3 N) oot ” &
25 Mean ¢ Chi- Significance

N) () (N (%) () (%) (N) (%)

Very high of df
N) (%) rank square level

el sl
Grazing
livestock

ENEPRIRE

P> 33 108 - - 36 118 99 324

Feeding
livestock

Lo yg3 T cbllas
Cleaning 33
barns

9 5090 b
Milking

and 3 108 - - 1 03 1 03

producing
dairy
products

D898 9 LS
P].)
Buying 306
and
selling
livestock

275 899 6 2 8 26 16 52

108 - - 18 59 73 239

L

1 0.3 1.73

138 451 357

182 595  3.83

306 4 1016.479 0.000™

271 88.6  4.26

- - 1.61
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Significance level: ™ significant at 1%, ~ significant at 5%, and "™ non-significant
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Table 6- Descriptive statistics of rural women based on the producing and selling of various agricultural products

My P9
. Producin Sellin
$5:9UiS Jgazme £9i ; 1 = i —
Type of agricultural product : > : i
Yes No Yes No
N) () (N (@ N () N (%)
Slrosee 41 44 889 956 25 61 16 39
Fruits
. - - 930 100 @ - - - -
Cereals
Sho 71 7.6 859 924 17 23.9 54 76.1
Beans
Sl o g Sl g i 408 439 522 561 54 132 354 86.8
Vegetables
i el 31 33 899 967 21 677 10 323
Industrial crops
sledsle Jlals - - 930 100 - - - -
Forage plants
s - - 930 100 - - - -
Livestock
i N g 272 292 658 708 124 456 148 544
Dairy products
Er o5 o5 572 615 358 385 232 406 340 594
Poultry and egg
(b).:.é 99 slg).o .LJLO) bv\‘f}d);l)é u\/yam
Processed products (such as jam, 930 100 - - 147 158 783 842
tomato paste, etc.)
£ 930 100 - - 321 345 609 655

Total
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Fig. 3- Descriptive statistics of rural women based on having home gardens
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Table 7- Sustainability of agroecosystems (farmer households)

d;‘-‘-l‘-.!.-\-’-;
Dimension of sustainability
Tl Gb.w -3 N g
SHlNy bl ; 5,0 &Ll g Il Sl g1l Total
Level of sustainability Environmental Economic Social
sustainability sustainability sustainability
(\) (%0) (\) (%) (N) (%0) (N) (%0)
-
o JBe - - 15 16 2 0.2 - -
Unacceptable
2 930 100 908 97.6 675 726 928 99.8
Limited
sl - - 7 0.8 253 272 2 0.2
Good
sl oljlael 1. Kike
ol Sl o 213 1.95 2.26 2.12
Mean of sustainability scores
£ 3.00
=]
< 250
£ 200
2 150
2 100
£ 050
@ 0.00
VA S L e S S T T ST SIS I NS S ST SSSESISEDS
SIS S TS ST FISESTTS LSS
- A & “ & & 9 > & & NN F & 3 & & F S TTAT
VYIS F F TS VEFTIEITIITSFS ST ESCF WV
S FE FETEE P& & F& ¥
c.-? & ~ < @5\' = '\.‘3} @'F \‘?’ é\; &
§% &7 ‘\Qb ~ Q:'s\ Q:é\ < &
& o aF
s \5 =3
& \-\3‘2 Province
e
B Environmental sustainability M Social sustainability Economic sustainability

Ol ! Alises gy biwl 43 (5550LiS soliiog oLl 5 slokal ¢ dawmoom j 5 Il -£ G
Fig. 4- Environmental, social, and economic sustainability of agroecosystems in the various provinces of Iran
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Table 8- Effect of the producing of agricultural products in home gardens by women on the environmental sustainability of
farmer households

&)l dodin S el il ol R F ¢ I3 Fxe e
Indicator of sustainability Having home gardens df Mean Significance level
lbdS ol ials &D 2.23
GHED BB o 0 690 1476.52 -3.00 0.003"
GHG mitigation b
2.29
Yes
- KI" 2.14
. > ° 913 96.31 -23.74 0.000™
Soil improvement b
2.54
Yes
iS5l cdslas rilo 174
_4’95 ’ . ° 900 221.47 -64.02 0.000™
Species conservation ok
2.20
Yes
siuigion o bl dlge '\’l’; 2.23
Renewable and recycled n 923 72.73 -13.94 0.000™
materials ’ 2.43
Yes
) bl |<|A> 183
= . ° 928 0.19 0.868 0.386"
Water conservation Y
1.82
Yes
L I\’f 2.03
Ceheecegi il 0 927 17.07 -29.80 0.000"
Environmental sustainability b 296
Yes '

e o9 ™ g ho ) i waw 5 b gxe o yd S aw 5 b dxe *F 1 )b dxe prlaws
Significance level: ™ significant at 1%, " significant at 5%, and " non-significant
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1- Payment for ecosystem services (PES)
2- Clean development mechanism (CDM)
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Table 9- Effect of the producing of agricultural products in home gardens by women on the economic sustainability of farmer

households
Syl e SB saxdil il @33l 4y oSle F t Sd e el
Indicator of sustainability Having home gardens df Mean Significance level
Lol g8l o 1.60
] Sl No 740 56.90 -3.99 0.000"
Community investment b 167
Yes '
[ ’fr 2.25
- “5;.)’ ;’r 0 816 11871 954 0.000™
rofitability sk 255
Yes
’f 2.26
Jree gt ° 928 0.00 5.84 0.000™
Product diversification b
2.39
Yes
S ’G} 1.98
L"i":’ 0 928 0.59 5.47 0.000™
iquidity b 213
Yes
Sbas gl S o 1oL
s . ° 536 182.40 -49.87 0.000™
Hazardous pesticides b 1.89
Yes '
Lassl (6 bl ,ir 1.82
ISR ° 928 1.13 2331 0.000™
Economic sustainability b 213
Yes '

e g ™ g Moy gy paw (0 b ixe o )d o aw D Iy xe *F g5 ixe pxlaws
Significance level: ™ significant at 1%, " significant at 5%, and " non-significant
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Table 10- Effect of the producing of agricultural products in home gardens by women on the social sustainability of farmer

households
Syl e S saxdl il @33l 4y oSbe F Sld e el
Indicator of sustainability Having home gardens df Mean Significance level
o KI" 1.80
‘;I'_\’) flf ° 928 0.74 -4.70 0.000™"
Quality of life b 200
Yes
5368 I8 rif 269
C;Ic;ft; ° 927 39.09 -3.17 0.002*"
ild labour b 281
Yes
o KI" 1.82
iz Sl ° 928 1.91 -6.88 0.000"
Gender equality b
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Table 11- Correlation of women’s participation in market-oriented (male-dominated) agricultural systems with the
sustainability of farmer households
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Introduction

Population growth and increased human demand for food have increased the requirements for agricultural
products. Sustainable agriculture is a farming method that emphasizes long-term sustainability with minimal
impact on the environment. Therefore, in order to achieve sustainable agriculture, it is necessary to identify
indicators and criteria of sustainability and make a real assessment of the situation in order to measure
sustainability or instability based on the criteria of sustainable agriculture. This study has evaluated and
compared the sustainability of agriculture and ranked selected cities of Semnan province (Semnan, Sorkheh and
Mehdishahr) according to the level of sustainability by using criteria consisting of environmental, social and
economic multi-criteria decision-making criteria.

Materials and Methods

This research is descriptive-analytical with an applied nature. The method of collecting survey data is the
library. In the analysis process, while using quantitative data from organizations and statistics, experts' opinions
have also been used. The selection of questioned people has been done in a stratified and quota manner, and in
this method random selection of people should be strictly avoided. There are various methods to evaluate
sustainability, but the most efficient ones are based on the explanation of various criteria and indicators.
Evaluation of agricultural sustainability in Semnan, Mahdishahr and Sorkheh cities in the form of three social,
economic and environmental criteria, and each of them includes several sub-criteria, which is carried out through
the Shannon entropy method of weighting them and then through the Vikor Bin method. The agricultural
sustainability of these three cities is evaluated.

©2023 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
ET distribution and reproduction in any medium or format, as long as you give appropriate credit to
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Results and Discussion

Based on the results obtained from the three criteria considered in the agricultural sustainability evaluation
section, the environmental criterion, with a final weight of 0.52 has won the highest score, followed by the
economic criterion, with a weight of 0.3 in the second place and the social criterion with a value of 0.17 has the
lowest weight of the criterion in the evaluation of agricultural sustainability. According to the obtained results,
among the environmental sub-criteria, the chemical fertilizer distribution sub-criteria with a weight of 0.101 and
the consumption of poisons with a weight of 0.097 and also the sub-criteria of efficient irrigation systems with a
weight of 0.081 are the most important and Soil fertility sub-criterion with a weight of 0.050 has the least
importance in agricultural sustainability. In other words, reducing the use of chemical fertilizers and pesticides
while simultaneously increasing the efficient use of new irrigation systems enhances agricultural sustainability.
This approach is one of the fundamental solutions to address water scarcity by improving irrigation efficiency.
Among the economic sub-criteria, the sub-criterion of water economic efficiency, with a weight of 0.076, and
the yield of agricultural products, with a weight of 0.062, are the most important. Conversely, the sub-criterion
of the income ratio of rural to urban households, with a weight of 0.032, is the least important. Among the sub-
criteria of the social index, the sub-criterion of forming sustainability promotion classes (education) with a
weight of 0.067 is the most important, and the sub-criterion of population density with a weight of 0.028 has the
least role in the sustainability of agriculture. The high importance of farmers' awareness of sustainable farming
systems means that increasing this awareness will significantly enhance agricultural sustainability. This can be
achieved through the formation of extension classes and necessary training programs, which will have the
greatest impact on promoting sustainable agriculture. Sorkheh City, with an area of 9222 square kilometres, is in
first place, Semnan with an area of 11017 square kilometres, is in second place, and Mahdishahr City is in third
place, with an area of 1943 square kilometres in terms of sustainable agriculture.

Conclusion

In general, the results of this research make it possible to know the importance of different parameters
affecting sustainability, to evaluate sustainability and to compare the cities of Semnan province with appropriate
accuracy so that an effective step can be taken in applying appropriate policies to improve the sustainability of
agriculture.

Keywords: Criteria weighting, Evaluation indicators, Multi-criteria analysis, Shannon entropy, Sustainable
Agricultural development
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1- Multi Criteria Decision Making
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Table 1- Agricultural indicators in the cities of Semnan, Mahdishahr and Sorkheh

Jw AR VoI | WERLA JOVPS JEV
0l glgis Gl e Year 1YY o
Indicator City 2012 2013 2014 2015 2016  Changes in 2016 relative
to 2012 (%)
oo 9579 9579 9579 9579 9579 0
Semnan
o 2l JF colee AR 5016 5316 5316 5316 5316 598
Total irrigated lands (ha) Medishahr
S 5385 5385 5385 5385 5385 0
Sorkheh
o 2 6 11 3 5 150
Semnan
ol d)l“’y 9 3RS (5“9.])‘ colus )‘e(““iA'P(" 0 2 0 1 0 _
Equipped and renovated lands (ha) Medishahr
S 0 5 0 1 0 -
Sorkheh
e 0 0 1554 69.3 2143 1279.02
Semnan
5918 bl Haa0 5 cSlo opilojls st
Organization of ownership and issuance of agricultural ~ * di;hahr 0 0 6.5 23 0 -
documents (hectares) )
e 0 0 0 21 74 -64.76
Sorkheh
e 53183 64464 79943 74827 65336 2285
Semnan
st oy N paea 2y AR 43e5 16533 12067 12991 8412 9271
Production of irrigated crops (ton) Medishahr
S 27146 24714 17712 16969 18346 -3242
Sorkheh
Qb 2567 2697 2831 2907 2943 1465
Semnan
pete el ol AR 3151 3239 3201 3366 3380 727
Fruitful gardens (ha) Medishahr
S 184 1964 2038 2134 2156 182
Sorkheh
e 13401 16709 19362 22395 22685 69.28
Semnan
Sl g ol AR 19987 21058 21945 22975 23415 1715
Garden production (ton) Medishahr
S 5069 6566 8256 9891 10074 98.74
Sorkheh
e 1408 1595 2312 3105 4963 25249
Semnan
SIS N pame 255 e AR gg5 95 990 1764 53856 4419
Greenhouse crops production (ton) Medishahr
S 300 300 480 444 259 1367
Sorkheh
e 75 85 125 16 211 18133
Semnan
SIS N pae CuS ;) g M55 52 55 19 13 150
Greenhouse crops cultivated area (ha) Medishahr
Sy 17 17 32 24 14 -17.64

Sorkheh
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Table 2- Indicators used in agricultural sustainability evaluation

Sl Sl 2 s T
Criteria Sub-criteria Code Description
I 4 s iy ) (55,9188 Blae g . .
B Voo x Gpan JS 4 Cand (55 9liS sl sejn) gloe] Bpan e
. re Eni The amount of groundwater consumption for agriculture relative to the
Share of agricultural use of groundwater to total consumption x 100
total consumption
el LS i _ bl I8 @ lis cov )Ll W?“"-’ ;’51)‘ o
L En: The ratio of lands covered by pressurized irrigation to the total lands
Efficient irrigation systems %)
hareCus; =hj omes il Enm =hj b JS & S ) aw s
Environmental Agricultural land fertility The ratio of cultivated area to total agricultural land
(En) lord 355 &g Ol Y garme CuiS ) g 2 predl (lord S35 Bpas i
The amount of chemical fertilizer En. The consumption of chemical fertilizers divided by the cultivated area
distribution (kg.ha'?)
I3 cais (1959) Jsdyn aslis el); plals gos - 420 H Jgo 8
=) &9 . . . " .
; . Ens Formula H, degree-diversity of agricultural crops (Herfindahl index
Crop diversity
(1959))
pyos Spas ojee Ene Y gaze CuiS ) daw ) el pgew Srae oljee
The amount of pesticides The consumption of pesticides divided by the cultivated area (L.ha)
i o ) Slagme) gaw S8 ggeme 4 09290 (S g S5 Egecme Cuns
Mechanization coefficient Ec: The ratio of the total available traction power to the total area of
agricultural land
$529liS” OY gaee 3 Slas Fes o a8 3 Slee
Crop yield Irrigated wheat yield (kg.ha™)
SRD 4 (plwgy gl 2l Con Ees S Pl 2oy & plog, Il 2aly o
Ratio of rural to urban household income Dividing rural household income to urban household income
oladl SiagkiS e (plels A5 &l Ee o ‘5}”:‘5ﬂygﬁlﬁd}”w&mﬂﬁw ]
. 4
Economic Per capita production of agricultural workers The added value of the agricultural sector divided by the number o
employees in the agricultural sector
(Ec) : . ) 5
<l golaidl 5y90 Ecs Frae ol jlabe 4y ()5 0l W Jpate Cus
Water economic productivity The ratio of agricultural production to the amount of consumed water
ol S L?él)‘ d.;‘).w Ee - ) fJ; “‘“"T 4 dé)ﬁl‘:‘; u:?‘a’“ TK “‘T‘g)’)d@‘““’ W‘“;] |
. . 6 e ratio of the cultivated area of agricultural products to the total area
Cultivated land per capita (hectares.person™))
355 3l (659liS sk 039381 5] ek B GAIBL g Sy oS (55,9l GiS0 A e
The share of added value of agricultural Ecs The amount of production of the agricultural sector divided by the total
sector from production gross domestic product (%)
55a]) )b g slaoedS Jusis ,
Fo(r;d;i‘iaczndo)f ;Clsate;izaiilg prorﬁotion So sy S & 50 S
classes (education) Proportion of promoters to rural population
by JUsl ¢ 5 Sos Voo x b Cumar 4 (aliwg) JELS Cmer s
oless] Rural employment rate Ratio of the rural working population to the active population x 100
3 - - l - - lMﬁ L'AM) - - .
Social e w5 ) Sos Solus & (liwg) Copad Cupnd
(S0) Population density Ratio of rural population to area
sty Bble 53 Sl o Sos gy @ble 3 olguls &5
Literacy level in rural areas Literacy rate in rural areas (%)
X . \”>< L‘:)“ > ‘\‘1 . L:As Ld' > «' .
59l i (LS e s : JELS S 5 4 sjglas JELS o _
05 The ratio of the population working in agriculture to the total working

Share of agricultural workers

population x 100

S xS promal 4y g Sl il Jaw S (& Wang, 2009

18839 Jse
aine 435 Ol gl paeal il g (ke (Jde 55504
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Table 3- Decision-making matrix of agricultural sustainability assessment criteria

oo (B solidl Sl
Site Environmental Economic Social
(eiarge) 1 455
Option 1 10.855 13.933 16.117
(Mehdishahr)
(_6’“)2 ol 25.763 26.398 25.628
Option 2 (Sorkheh)
(9@) 3wy 17.925 22.891 24.216
Option 3 (Semnan)
aa 54.543 63.223 65.962
Total column

hamoCuns 5 5,132l ol (S leno el 0aad o s ilo ~ Jgin
Table 4- Normalized decision matrix of environmental sustainability evaluation criteria

o shasmoCunny w3l slokal
Site Environmental Economic  Social
a1 a5 0.199 0220  0.244
Option 1 (Mehdishahr)
(5 0) 2 4259 0.472 0417  0.388
Option 2 (Sorkheh)
(o) 3 5 0.328 0362  0.367

Option 3 (Semnan)

S5l 51 g (W) Bylane (335 5 () Glaeb! as (E) oluabl y3lie -0 Jga
Table 5- Confidence interval (E), uncertainty (d) and criteria weights (w) after normalization

o sheeCan

golaidl  eloial

Site Environmental Economic  Social
K=1/Ln (m) -1.041 -1.065 -1.079
Ej 0.947 0.970 0.982

dj 0.052 0.029 0.017

Wj 0.524 0.300 0.174

03 L acns Jomn SigS ul i i poss 4B, a5 53 lee a1 Jgin 5l end] cansty gl ol
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Fig. 2- The final weight of the desired criteria in the assessment of environmental sustainability
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Table 6- The normalized decision matrix of agricultural sustainability evaluation sub-criteria
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Table 7- The results of the final weight for each sub-criteria in the assessment of agricultural sustainability

290l ylade Oluobl pus jlude Jbre s (039
shro a5 e 513 Entropy amount of weight Sub-
Criteria Code Sub-criteria value uncertainty criteria
( E;‘) ( d;‘) (“";‘)

Gy J5 4y s (aij ol 655US B las oaes
Eni Share of agricultural use of groundwater to total 0.709825 0.290175 0.059
consumption

En Sl 2L Sl 0.757286 0.242714 0.081
= Efficient irrigation systems
3 c o
J 2 En ) oy kel 0.74963 0.25037 0.050
i = Agricultural land fertility
2 Em o 3 @jg e 0.494379 0.505621 0.101
w The amount of chemical fertilizer distribution
Ens Lél”: &’S_ 0.67092 0.32908 0.057
Crop diversity
Ens pome Syas O'*’f’ . 0.594964 0.405036 0.097
The amount of pesticides
Ec: Ogeliln s 0.102719 0.897281 0.046
Mechanization coefficient
Ecz $iglsS Yy . > 0.018123 0.981877 0.062
Crop yield
Ecs SR gl S el o 0.165514 0.834486 0.032
o Ratio of rural to urban household income
m E 59U s kel Wy o
25 Eu il i (lld Ay il 0.105487 0.894513 0.051
3 S Per capita production of agricultural workers
o =
Y B elostatl g 0.131465 0.868535 0.076
Water economic productivity
Ecs D_M oS (o3 el . 0.743613 0.256387 0.038
Cultivated land per capita
Mg 5l (55y5liS Gis 035381 55 e
Ec7  The share of added value of agricultural sector 0.438792 0.561208 0.052
from production
(U5590) lnb gy sla WS JuSias
Sou Formation of sustainability promotion classes 0.444243 0.555757 0.067
(education)
So2 gy JUzdl g5 0.650122 0.349878 0.040
—.—3. = Rural employment rate
WS Sos Came o8 0.743959 0.256041 0.028

Population density

o - . ‘
Sos by Gble 3 Slge 0.701601 0.298399 0.033
Literacy level in rural areas

Sos SighsS S LS e 0.685533 0.314467 0.035
Share of agricultural workers

S slmslmnr 0 obel Crir S 4 25 (V) s 53 3 () olsnbl pie (59) gyl o
5 IV g L (ol 395 a2j98 Gl sl)line s e ol o o3l islas ¥ Joda )3 o ol 9 3,5 dulxe
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Siols Jlaoys; g Cuel oy yiin /oA i b (gyll LTS ol 005 030
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Fig. 3- The weight of environmental sub-criteria in the assessment of agricultural sustainability
(lrosd 355 @255 olive NG ey e s5dols NG (gl )8 (sl (s EN2 B pme S 4y s (nj ol ) (659lS B)las o L
pyow Byao oljee NG ¢ o]y5 cuiS g :ENs
Ena: Share of agricultural use of groundwater to total consumption, Enz: Efficient irrigation systems, Ens: Agricultural land fertility,
Ens: The amount of chemical fertilizer distribution, Ens: Crop diversity, Ene: The amount of pesticides
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Introduction

Water stress is one of the main factors in crop growth in arid and semi-arid regions of the world, which limits
the grain yield of the safflower (Carthamus tinctorius L.). To increase the soil fertility and yield of crops, it is
necessary to pay sufficient attention to the use of biomass of organic matter, especially crop residues, and its
conversion to biochar. This research aims to evaluate the biochar application produced from cotton and wheat
residues under late-season water stress in the south of Fars province (Darab) on photosynthetic pigments,
enzyme activity, yield components, and yield of safflower.

Materials and Methods

In order to investigate the biochar application and water stress on the amount of photosynthetic pigments,
enzyme activity, and yield of safflower, a field experiment was laid out as split plots in the form of randomized
complete block design with 3 replications in the 2019-2020 growing season. The experimental factors include
the irrigation regime as the main factor in two levels (optimal irrigation and cutting off irrigation after the
flowering stage), and the secondary factors were fertilizer treatment as subplot including control (without
fertilizer), consumption of 3 tons of biochar from wheat residues per hectare, consumption of 3 tons of biochar
from cotton residues per hectare, consumption of 150 kg of urea per hectare + 50 kg of triple superphosphate per
hectare, consumption of 112.5 kg of urea per hectare + 37.5 kg of triple superphosphate per hectare,
consumption of 112.5 kg of urea + 37.5 kg of triple superphosphate + 3 tons wheat biomass per hectare, and
112.5 kg of urea + 37.5 kg of triple superphosphate + 3 tons of cotton biomass per hectare. In this research,
chlorophyll a and b, total chlorophyll, catalase, and peroxidase activities, yield components, and yield of
safflower were calculated.

©2023 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
ET distribution and reproduction in any medium or format, as long as you give appropriate credit to
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Results and Discussion

The results of the experiment showed that the measured traits were significantly affected by the irrigation
regime and fertilizer treatment. Under cutting-off irrigation after the flowering stage, the fertilizer treatment of
112.5 urea + 37.5 phosphate + 3 tons of wheat biochar per hectare increased 55 and 40% chlorophyll a and total
chlorophyll compared to the control, respectively. Water stress increased the carotenoid content, catalase, and
peroxidase enzymes. The highest amount of catalase and peroxidase enzyme activity was obtained in the control
under cutting-off irrigation after the flowering stage, which increased by 48 and 38%, respectively, compared to
the control under optimal irrigation. The number of seeds per capitule and the number of fertile capitules per
plant in the treatment of 112.5 urea + 37.5 phosphate + 3 tons of cotton biochar under water stress conditions
increased by 8.8 and 19.51%, respectively. Also, under water stress, the application of 112.5 urea + 37.5
phosphates + 3 tons of cotton biochar improved and increased the relative content of leaf water, biological
capitules yield, and grain yield compared to the control by %53, %22, and %34, compared to control,
respectively.

Conclusion

Results showed that in both of the irrigation regimes, application of 3 tons of cotton or wheat biochar alone
can increase the biomass and grain yield compared to control. Overall, the application of 112.5 urea + 37.5
phosphate + 3 tons of cotton biochar under water stress conditions improved the relative water content of the
leaves, the number of seeds per capitule, the number of fertile capitule per plant, and finally, biomass and yield
of safflower. With respect to water shortage under late season in southern parts of Fars province, and in order to
decrease the detrimental effects of water stress, farmers can use the biochar of cotton combined with reduced
dosage of urea and triple superphosphate fertilizers.

Keywords: Catalase, Chlorophyll, Cutting off irrigation, Number of seed per capitule, Peroxidase
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Table 1- Physical and chemical properties of the experimental soil

o o o Gl SR e b i
Depth (cm)  Sand (%) Clay (%0) Silt (%) EC (dS.m™) P (mg kg)
0-15 38.96 194 41.64 0.336 22
15-30 40.96 17.4 41.64 0.739 26
Gos iy oo o $9s P
Depth (cm) K (mg.kg?) Fe(mgkg?!) Cu(mg.kg?) Zn (mg.kg?) Mn (mg.kg?h)
0-15 165.04 067 3.05 1.01 7.48
15-30 156.69 1.23 0.46 0.53 0.64

sladile 38 gy ad 48,5 )l )5 jie S S o dlols
@ Cals e85 el (s (prg Sldas 3y Juad Jsb > e
aS Cowl y S5 an piY 8 )T plosl cunn b g (5,848 g,
O3S o gl LS Ay b paS e JIE5 o A Bpas
Jbess sl 09l Bpman (line g 0392 p)SPhS VA (100
2225 Armyayio Jid O)S b sl LS 53 p)SokS V0
24 29 (P2l g (S Culid (S G e dw ) O
Jslas )i 3 0] oS okS 10+ g 45 dlitsl 8 ¥ alsyo n
o)9l Byman jwe (o )3 oAb 4B)S IS )3 595 oS oS VO
2 P55 PVesmyoio Jid )5 lp U8 13 p Sk VWYID sl
29 (P g (S p it (S i A pe dw ) O
£S5 05 Jokeo oy5) p,SolS \IVID oS 035 5,5 YY/Y alsyo yn
land g p)ShS B0 Bpan Jlod ) Grizes L3l Gisy
) @S 2 2 ST mpayte b Oy (S 53 S5
Oland pow p,SolS YYD G pns i 8§ s o (cudlS 51 LS
S 2 3 S VB (o pie (b ©)S (6l US> Jo
S ya cly L y5e Ol liae dslie il o (cudlS I )
53 (559 2o VFID) de o SLE (ohyj cad)ls (olal
o yin 93 Corluwe 4y (iwej dalad Lol ¢ gy opl j0 b a8)S
s 0l Sty b ol 59y 9 sel)3 e [Sbay g paseie
S9y5 9 )bl alad s 038 ()bl Sk ygbods e 9
drog gyto Sy b jho Bes 5L S celo W e ol (8
59 Ui o Cesby Blie 9 95 ploml (o)l paiges Ay
Ol plodlyw b o2ld dolsl Sloj b, pl .03,5 (65:505l]
a8 50 ply oa LB b po iy pSojlail g3 )3 cugb
=hi e )b Caghy byl Caghy lie cnl 5 dblae olal

3 s g A Sitblgn olEutyloj] 4y JGl 51 Ly S diges

bl Jols S il (gla Sy e oo 39 S 53
Jins (Rhoades, 1996) (EC) glusl ojlas ;5 6,0l colin
Solas Ly peuly (Olsen, 1954) o ol S o Ghays
(Helmke et al., 1996) x5 ,Yg o Lo S posigel Clinl
gty S (5 ySoylas b odlisel JB o 5 59y ccpnl (jiSin
() doy g ¢(Lindsay & Norvell, 1978) | — 5 >
(Gee & Or, 2002) jiog)im og)an (SB ) o3 5 o
Gy S an plal wudlS s agg Sldas 51 o N0d (5505l
2y Jold (Sllllae (laygish . (@pepte ¥ % ¥) slad 5 oy
e g ogllas )bl o 93 )5 (ol )iSLS lsisar o)l
(1 52035 L 3an 20 oy ) (3.5 e 5] o 5]
ol Jolid (6355 Jlow (=8 ,551 o (Flemmer et al., 2015)
Span S 53 paiS bl (S5 (5 dw Bpae 9 (o
0)9l p)S9kS VO+ GBpme S 5> dy (Sblly (s JIE5 o A
WY/B G pne S 3 oy Olawd pouw p)SelS 00 + 4k 4o
OS2 3 o i Slid g p)SolS TV/O + LS 53 059l p)SokS
Oland g p)5okS YYD + S ;5 o)l p,59lS VIV/D b pao
WY/B G o )bSa jd pAS st j 15 op dw + ,Sa o Jo
LS 53 5 Slad g )5k YVID + US55 09) p)S5hS
A cptaleil ol )3 g LSl 53 ay (a3 IS o du +
polie cjoyd J5 S0) 1 (g 395 0ligSh CuddlS (3, SIS
3w g Jiine )5 sblie )> ciS LB (b 5 (Sanles &
5 by s s ol S gluwl ,> (Bahadori et al., 2019)
oo sl gy Cdy g9y Aol g o le O Aol olacayd,

g 50 MO Lo ) S5 sy alold Ln )8 oS o 5lus 93 e b



\f.¥ QL}'..M.QU Fojlods I w559l @»m P9 A yuiad YV

¥oo glod jodgamme et baly il 10 0)68 10 alSlis o
Lod oyl 5o Celis duw Cdody ladiged g 03l ylys wgoudu d>jd
> gupddan M s Sl ol ] e H0d ()l
10 S 3l g bl w5 (Melo et al., 2013 ) xas
Sladi abons b Sk jl (S 528 03> 9 (o i
olie JS clale pund g ol od 03,91 ¥ Jgas )3
b5 p5 SC Jaie 53850 5 ol sy o el
FewS1B gl 43 00+ (sLad ;3 055 3 0ld g i)
cbale g a5 o Jloy 95 Sopn)ls sl 3 ¢ 5 235
Ding et ) 13,5 (¢ xSo0jl8l sl Cunds o)lac )3 Yl 3540 polic
o5 b b e bale ¢ | ols o,lac ;5 (al., 2015
U9y by maly ClalE Gegll YV- oo Job )3 yiegidy Sl
5 (Corning 510 UK) jiog 58 mu 18 ol b wgi e waleds
AAS PG) U_w‘ uA_> oK .E_wy L_Q)J.a.n ﬂ,,{ )..ol.».c clale
oy bwy slacs )5 e (990 PG Instruments. UK
Vo) Gomiluoge ookl b (Sunetal., 2014) o) San o ol
IS Ver) ojlas 3 (SO Sl colun el ate T 4y JlbeS

A ¢ pSejluil (Yang et al., 2016) ylaie Ul 4

.(Daneshmand et al., 2006) x5l

(V) asleo
Cugby sl =[( 5 ST (g — SiS S (o) [ SuiS S jghN e
aligy pSolae 5l ooliiwl Ly aslyy, @ygoa 5,5 T 5L
(¥ Jgaz) oy oLl s (cwlidlyn olSim) wliilgn (claosls
oS o YA Joleo (o5l j93 cadn b 23 S dlsye 13 6L
b adeyo 3 gpeyio ) a5 Fr & dwy el g0 WS
(S0 Sy gloj 3 Wad Bl (S cladis ¢ S
)l &y e ;i) ‘Ml> ).:I Bl )‘ o &y .))5»[4)& d)jo)]xl ‘_5‘);
3 g ad ot p SIS mhaw o5 5l aiuloll )8 1o ) aasg
3y Slas w285 415 Caclus FA Codody a3 )3 VY (slod )3
i g g Babo pd aily slasd iy j3 ubo Dlaw) 3 Sdae 4linl o
bl g5 93 Juobs odlaiwl 5yg0 i JIE5 0305 duwles (il
B9y Bk A4S 35 sy g paS Ll Jold il LS
Mendez et ) s ags dgdme S baslps )3 atal célSle S
Ay g pliS (blh &S 29y Cygeo opl 4 IS o, (al., 2012

VAR —IYAA ol Jw 50 Olyld liw s owliilgd glaodld =Y Jgus
Table2. Metrological data in Darab city in cropping year 2019-2020

GL.) — Clh) ; o) > . -~
] S S _ 38 9 8 S =8 XNEs 2= 4 s
w8 25 ¥538 25 98 $3 42 2E §5 28
Climatic > s 78 3 3 3 g 3z §<
index @ =
Lo a8’ (5:50ke
Average minimum 184 10.8 6.3 3.9 3.8 7.9 10.8 158 21.3
temperature
lod diply (e
Average maximum 354 26.2 19.8 17.6 18.3 23.1 23.6 319 40.5
temperature
o> bawgio
26.9 185 13 10.7 11 155 17.2 239 309
Average temperature
“’_ﬂj)b‘ 02 261 1173 1228 246 9.4 158.7 0.0 2.6
Rainfall

Gk 25559, g by @ L8l (dlgime (5y:S0jluil g gl Sl 5
S esS I0 by opl > a5 i plsl Arnon, (1967) 5,1 oo,

WLl guyida 48 dop A gl il e Ve g Sy 5 diges

Sl gl s g i gid gL 3455y i
T 3l (23S e 3 GRSl e gy Ve s (slao ST,
ploml (s )5 aiged Jlog o 3 axid (VL & S35 (e S p



YV

e G rwgid (o1 ) 59y (Fow ) JKE) B pan f gy oy g g0

(V) abslso
Chlorophyll a= (19.3 x A 663 — 0.86 x A 645)V/ 100W

(V) doleo
Chlorophyll b = (19.3 x A 645 — 3.6 x A663) V/ 100W
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mg chl. b) / 227
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Table 3- Some chemical characteristics of cotton and wheat residues biochar
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Property Cotton biochar  Wheat biochar
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S 10.3 5.35
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Total Mn (mg.kg™)
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Total Fe (mg.kg?)
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Table 5- The main effects of irrigation regime and fertilizer treatment on chlorophyll a and total of safflower

Main effects Chlorophyll a Total chlorophyll
content (mg.g*Fw) content (mg.g-* Fw)
- 99”40 d)L:J."
1.38 1.97
I‘”}""' t’”_”"” Normal irrigation
rrigation = T
regime e Erollds 1.19 1.73
Cutting of irrigation at flowering
LSD (0.05) 0.13 0.22
3 tons of wheat biochar per hectare
S 2 8k s JI) 5 0 130 1.80
3 tons of cotton biochar per hectare
S > Jo y Slad g p S olSBe + ,USn )3 o)) S5k V0 1.27 1.78
150 kg of urea + 50 kg of phosphate per hectare
)LSA)JJ»)Juwﬁwf)fgu\"V/a+)Ls\m))a)9‘f)§9L\f\\Y/a 111 1.68
&35 Jass 112.5 kg of urea + 37.5 kg of phosphate per hectare ' '
Fertilizer 4w+ LS 3 Ju )b ©liwd jygw p)SokS YV/0 + LS )3 051 p)SolS VIV/0
treatment S 3 puS g JE o 155 296
112.5 kg of urea per hectare + 37.5 kg of phosphate per
hectare + 3 tons of wheat biochar per hectare
At LS )3 o 5 Slad pgu £S5 olS YV/O + 1S 53 )9l )5k VIY/D
S ) dy (o JE5 5
kilograms of urea per hectare + 37.5 kilograms of 1.52 2.05
phosphate per hectare + 3 tons of cotton biochar per
hectare

LSD (0.05) 0.14 0.21
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Table 6- Comparison of average plant traits of safflower under irrigation regime and fertilizer treatment

S\l w235
Irrigation
regime

&35 o
Fertilizer treatment

Slgixe
Mgy,
Carotenoid
content
(mg.g*Fw)

Gb oy

g1 53 49,
No. of
capitule per
plant

B
Catalase
(U.mint.g
Fw)

S
Peroxidase
(U.mint.g?

Fw)

3> &> dlaws

No. of seed
in capitule

355 G Aalis
Control without fertilizer
S )3 P (g S5 (5 A
3 tons of wheat biochar per hectare
S )3 ay (G JIE5 55 4w
3 tons of cotton biochar per hectare
S 53 lind oS5l 00 + 05l p)Soks V0
150 kg of urea + 50 kg of phosphate per hectare
NSe > Slawd p)55lS YV/O + 0y9l p)55kS VIY/D
112.5 kg of urea + 37.5 kg of phosphate per
hectare
Ao+l )3 lawd p)SolS YV/0 + LS )5 0)5l p,55LS VIY/D
S8 3 paiS g JIE5 o5
112.5 kg of urea per hectare + 37.5 kg of
phosphate per hectare + 3 tons of wheat biochar
per hectare
+ S 55 Slawd p,5olS YV/D + S 45 09l p)SolS VY /0
S 3 Ay () JEj o
112.5 kilograms of urea per hectare + 37.5
kilograms of phosphate per hectare + 3 tons of
cotton biochar per hectare

slas ()l
Normal
irrigation

0.13

0.14
0.20

0.14

0.15

0.15

0.16

1.94 1.98 8.60

1.87 1.78 9.20

1.92 1.89 9.30

1.14 1.40 9.40

1.26 1.48 9.23

1.48 1.59 9.30

1.69 1.67 10.30

140

14.40
15.0

15.50

14.60

14.90

15.80

365 gy ol
Control without fertilizer
S 3 puE ) J5 (5 s
3 tons of wheat biochar per hectare
S 5 dy (s JE5 o5

3 tons of cotton biochar per hectare

S 53 lind oS5l 0« + 05l p)Soks V0
150 kg of urea + 50 kg of phosphate per hectare

NSe > Slawd p)S5lS YV/O + 0)9l p)55lS VIV/D
112.5 kg of urea + 37.5 kg of phosphate per
hectare
dwo +,lSe )3 Slawd 0,5 ol YV/0 + LS )5 0)5] p,S5lS" VIV/D
S )3 puS iy JE5
112.5 kg of urea per hectare + 37.5 kg of
phosphate per hectare + 3 tons of wheat biochar
per hectare
dwo + e )3 Olawd 0,5 ol YV/0 + LS )5 0)5] p,S5lS VIV/D
SR ) ddy  J5 o
112.5 kilograms of urea per hectare + 37.5
kilograms of phosphate per hectare + 3 tons of
cotton biochar per hectare

» sl s
N
Cutting of
irrigation at
flowering

0.17

0.24

0.28

0.24

0.17

0.24

0.29

2.88 2.75 8.20

2.65° 271 8.60

241 2.57 9.0

1.88 2.22 9.50

2.10 244 9.20

1.22 1.80 9.50

1.58 2.05 9.80

12.50

12.60

12.80

12.76

12.60

13.40

13.60

LSD (0.05)

0.10

0.20 0.17 0.93

1.20
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Normal Cutting of irrigation at flowering
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OControl without fertilizer
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0150 kg of urea + 50 kg of phosphate per hectare
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B 112.5 kilograms of urea per hectare + 37.5 kilograms of phosphate per hectare + 3 tons of cotton biochar per hectare
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Fig. 1- The interaction effect of irrigation regime and fertilizer treatment on relative leaf water content (RWC) of safflower
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Fig. 2- The interaction effect of irrigation regime and fertilizer treatment on safflower biological yield.
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Fig. 3- The interaction effect of irrigation regime and fertilizer treatment on safflower seed yield
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Introduction

Among the approaches that have received attention in recent years to sustain agroecosystems is the
identification and employment of traditional/indigenous/local knowledge and strategies of smallholder farmers
around the world to solve the basic challenges of these ecosystems regarding food production. In this regard, the
role and function of biodiversity as the main component of indigenous knowledge is of particular importance. At
the same time, with the expansion of new agricultural solutions, the use of these farmers' approaches has
decreased over time and, in some cases, has completely disappeared. Therefore, this study was conducted with
the aim of identifying the indigenous methods used in the agricultural ecosystems of the Sabzevar region and
their role in increasing biodiversity. Biodiversity loss has been a major concern to humans, especially during the
last quarter of the previous century. Nowadays, various efforts to protect agricultural biodiversity are emerging
that seem not enough. Biodiversity in agricultural ecosystems causes effective control of weeds, pests and
diseases and greater resistance to changing environmental conditions and leads to better management of
agricultural systems and increased food security. Additionally, biodiversity is carefully managed and nurtured to
interface with hydrological and nutrient cycling to provide for ecosystem resilience, food security and diversity,
and risk minimization. Although potentially less important in the short term, biodiversity, encompassing
variation from within species to across landscapes, may be crucial for the longer-term resilience of ecosystem
functions and the services that they underpin. Accordingly, in this research, the methods employed by local
farmers to increase biodiversity were investigated.

Materials and Methods

In order to evaluate the usefulness of indigenous knowledge for assessing trends in biodiversity, a case study
was undertaken in two counties, Sheshtamad and Sabzevar, in Razavi Khorasan province. This involved the use
of participatory rural appraisal (PRA) techniques, including semi-structured interviews and transect walks. To
study local methods employed by farmers, 453 farmers were interviewed and questions were asked to the
farmers about the number of crop species and the amount of use of methods to increase biodiversity such as
rotation, fallow, mixed cropping, etc.
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Results and Discussion

The results showed that agricultural systems in these areas have shifted from livelihood systems to market-
based systems. Local farmers in these areas used a variety of methods such as using different crops from
different families, intercropping, rotation, fallow, seed exchange, integration of livestock with cropping and
horticulture to increase diversity in their farms. The main common products in these two cities were plants such
as wheat, barley, cotton, alfalfa and pistachios. Most of the plants used in the cultivation pattern of farmers in
these cities were related to plant families such as Poaceae, Fabaceae, Malvaceae, Asteraceae, Cucurbitaceae,
Amaranthaceae and Rosaceae, which had a different contribution in the cultivation pattern of the studied
villages. There was a significant difference between the villages, districts and two counties in terms of the plant
species and plant families used. In all the studied villages, farmers employed more than one method to increase
the diversity of their farms. The fosterage of livestock and horticulture plus to cropping in these agroecosystems
led to greater economic security for farmers, in particular in adverse weather conditions. In general, the results
showed that rural development has led to a reduction in the use of traditional knowledge/local methods only in
limited cases, and the employing of local methods in some cases has increased the net income of farmers from
wheat farming systems.

Conclusion

The results approved that the farmers in these areas used different crops from different families and groups
and also used methods such as intercropping, rotation, integration of livestock with cropping, fallow and seed
exchange to increase the biodiversity in the three levels of species, function and ecosystem in the
agroecosystems of these regions. Increasing biodiversity in agroecosystems is very important and significant
issue, especially in arid and semiarid areas, because improved biodiversity in these areas can increase food and
economic security to some extent. Diversification could become an essential tool for sustaining production and
ecosystem services in croplands, rangelands and production forests.

Keywords: Food security, Livelihood systems, Market-based systems, Participatory Rural Appraisal (PRA),
Resilience
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Fig. 1- Map of Sheshtamad and Sabzevar counties including their villages
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The surveyed villages are shown with red circles
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Fig. 2- Frequency distribution for age groups of total participating farmers in Sabzevar and Sheshtmad
counties
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Fig. 3- Frequency distribution for education level of total participating farmers in Sabzevar and
Sheshtmad counties
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Fig. 4- Frequency distribution of experience in agricultural activities for total participating farmers in
Sabzevar and Sheshtmad counties.
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Fig. 5- Frequency distribution of using media for total participating farmers in Sabzevar and
Sheshtmad counties
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Fig. 6- Frequency distribution of the main production purposes for participating farmers in Sabzevar and
Sheshtmad counties
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Fig. 7- Frequency distribution for contribution of produced crops in household consumption of total participating
farmers in Sabzevar and Sheshtmad counties
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Table 1- Results of Chi-square (3?) test for comparing the frequency of the number of farms for the plant species cultured
(species richness) in Sabzevar and Sheshtamed counties
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Table 2- Results of Chi-square (3?) test for comparing the frequency (percentage) of the number of farms for the number of
plant families used in Sabzevar and Sheshtamed counties
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The significance level ™ significant at a=0.01
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Table 3- Results of Chi-square (y ) tests of comparing the frequency (percentage) of the number of farms for the number
of plant families used
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Table 4- Results of Chi-square (y ?) test for comparing the frequency (percentage) of applied methods to increase
biodiversity in Sheshtamad and Sabzevar counties
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The significance level: ™ non significant
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Table 5- Results of Chi-square (y ?) test for comparing the frequency (percentage) of applied methods to increase biodiversity in studied

counties located in Sheshtamad and Sabzevar
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The significance level: ™ non significant
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intercropping
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OBl jolateds cjae 9 (3l Ell poS g «yd ale (Y g
ol 3 ly slpls Sl e 5 Pl o 4 ecstely lie
2 B ek 45 3,8 o)Ll (Sl g o 4 g5 0 adlats
5 4525 (Sithole, 2020) 35 o sanlotio 15,5l ¢ )30 ples
S 53 el hygp &5 w300 Ui (SSgleSTe ST slaaidly Jiloo
Si9sS laplas (ca )5 slaanld (giloaig 4 omie ol
(o 9 LI (Sejglons walats ¢ dlse gooxs (lid polis 4 2)
3 ai o] (So3eden il G ) g il aales
$935 9 sl lio 10l (dloged 4y 45 00 Jlimd (slaye;
o=l (o9 Bl e L(Jahan et al., 2015) &y oo 0540 8
clial gl 5 (AL laass jl cblix > bl (lj)slis
i g i bl 5 b Bl aied Lol cladisS Lbigs ]
;9 (Mosothwane, 2007) uS' o SaS Oljlud islo, JBlas
=i slepliipg ) (s £95 bads a yoxie (3)b
395 (eelS Sly (295 @t piomen (Al sbapllas (235
> @lio gl 68 5B el ((Bib 5l g witl oo (o
oa (i) (sLwodysl b g0y 5 alS ¢ JB aiile (5)laels L Laipo
OlagtiS sl )y (s2baiBl (g9l QU g S dipef 355 &S

S (o ol 3

sy HS 5o pls (i, 9 2
bl )3 (agr (lipglisS 48 (6,503 slasby) atex ]
9 Cely) 3l p oo )54 395 £ly5e £95 dgae S (g,
) £95 Olali8l cge LS & ggdge nl & Cunl (69 el
9lols g csial ialiél Slage (ed9a b aSh s laplaspg
o byl (ool )y wlio 4 iwiso g4 o oly9liS (ool
g g deidid Gliwped 93 53 aalllae 3590 (slaliwg) )
oRlBl Cax 3 35290 gl laeh I ol5ygliS dops A ) it
Mg ol (V0 JS8) 8 om0y 398 sapliipg: (s 45
1553 5yt ol Blaal ) Lnpls (ol 4y (sl abole
Slalivwg y3 a8 3l (L @l ey Jdod g (o) 28le
310Ul e g el g st ol e 5l gy 9 3L 0
3y90 ¥ gmaze ddg US55 GljyeliS (obed g s e
Ol 3 ekl 3)90 I oI Al 0 5 P> Byg 0 4 sl
(ol ale aliwsgy 5l (639050 dluai )3 g 009y MidwsS bl
JB OLSS 1 agi e aidly 55 5 hygp 4 gy g Sl
SIS Gl o Sl by 5 5SS depllipg: ol 5> Job
294853 &l Sloslowy adlate )3 (iw Sy hg) (pwyp Ml
Ay S 5 it () 53 ol 48 3l L 0glses



1F.¥ ol:-hhh-:ls Fojlods I w559l swm Py A i YeF

Wso =37.1%

120 ~
100 A
< 80 A
S
> 60 A
(&S]
8
S 40 A
o3
8 20 -
i
0 -
<« Q@b & ‘e& T & S ‘WQQ S & s S&
‘}& > > & QQ\ N &0 9@9 ‘).qo ’0‘) b% QQO Nad .Q‘b' “&\A b
SR Y LS SO Mt
T 50"’\ U
< Village Qs&

Cely; US40 old a3 lime (wlal pr BB glalivng, jd 0uiiSCS jlio (5 59LiS Jlgl )8 xaje5 — Y+ UKW
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clasgls waar b 51 wyp o b inloj] ol g o0
Ol opyiadi a8 0 Lo paiS g pd il 5 Slee 25
olals sl &S ud Jobs ooy )b 5 adgle 5 paS &ild 3 Slos
3 ool a8 ol L gt (pimmen i8S )5 A b gl
pAS—C3 polde cutS Lol iy olS 93y 3, Slas  uto b
Pirasteh-Anosheh et ) cwl ooy jials 1) ol 95 (pl 5 Slas
50l oMe 3 Shes (g9, p Slivlejl 3 ol b (al., 2016
e OBLS g9y p Wl 5 Bgw sl 598 A )3 dilins
by s eMe b gl > (g Y quase g apsSd clle i
2 a8 1568 35S e b ely om0 Me 5 Slos &S
.))|9_A Loy AF (B B Qv 4l > Ay ul.mLfbu5l»
@l (orioren WD Col g Sl I ke 2,k
A b6 Lildl 4 e 50 Glee b M Cgls oS ol L
Eoiie CuilS lapimms o plpls Ab dald GY gase opl 5 Slas
4 plugw ol )5k 9 O3 Shoe (il 4 ot A5
olals 5l eslawl 4 S w0 a5 & (Reckling et al., 2022)
worod BB Cugh) Glise dose e ;RS L ool > oglise

=5 ol
2 il gy (osl); gl jleslil Glie ()
0=l OlpglusS as ol L Jlgsus g deidid (sl i s
o O g5 sl gy ol 3L Oleds il
e )2 48 G cp S (o0 oMl 393 (25 slaplliips
F S Bl olipglisS aoyd Ar ) i Jlas 390 (slaliog,
e 51N JS5) B0 54 |y athaie )3 gl aaglts (slagSl
— ey ao plyie belbieg (l 3 @) 29l slagS
(i maipS (i p S A ey (sl gampaS
—ladsle g 0 Sl Ghlmamaeds (b pmpas
5 pAS— Linalpa S ity i paS wlpdinpaS-g (]
2,5 o)l il Ly sS850 35290 lalS o gl
bplsips: cnl )3 39250 ol gy 00 Hlaiil & 455 Glod (ol
5 tbe gl adllas 3,90 slaligy 15 L LS ulul,
odlaswl 4 S ol Lis dilaie (pl )0 39390 (slagl 505 (ggm
Sy 59l S o8 5 35290 (LS slasisS 3l Pl
dle Slals jgas cpizmad (ol 0dd 03l gy S tieo
Uy Jdsan ¥ gane plo 5 O olhen 4 gl 53 459
M5 Sos Sl il 4 ot 95 30 Y g (ks S



YoV s 55 Gl e ooliiusl 390 (031 55095 3o (oo 5 (g3lg

Zare-Feizabadi & ) oui g)lj0 5,n cladile 5 oLl S
0y Slos 390 g0 i 5 i o (NOuri Hoseini, 2013

Db gl p3 pol LS

120 -

100 A

g

Frequancy (%)
3

29 S e LB jiud dlgme Rl S B ol
d—Sse SIS Sl oy e Jld 5 po 5 o8l el
290 <lyj gl piizen (Rahimizadeh et al., 2012)

o, =45.9%

=135 I 5385 )54 a0 bl 2 Blidee laliwg) 3 0aL5'CS U (315,98 Sl @ajo5 -V ) S
Fig. 11- Frequency distribution of participating farmers in different villages according to employing crop rotation

Ao 00l it wo baliog) Gren 53 (lage) cnl (99 S2s8
x5 B0 e 38 SV ganme b gl )3 STl ol palas
P> sl 390 1y (215 e S il les 53 l3p9ltS 3,150
o=l i ladile J5uS Cage LS ggdge (nl &S Mimd a1,
Y gad dawlyay y a3 3)90 (305 Cugll arge a5 w0l g)l5e
03b jow b slacile (l5yoliS I (phn coninan 9 e Laply
b (o) At s 395 Olgisay (2)d 1B ) o)) e
PSS oo a3 )50 (yej Caghl crge ok (i 5 03)
sbooylia g Laoygd 53 (Shl (5l ooliiwl )50 (sla by,
48 gy el 039y (555l (glapypoj S il s
CitS 3 ofgar il 3l st Sl Sl Sl (ljoslis
S lie 551 l3psltS o0 Sl ol )15 (685550 5 3l
) 65251t sliiymes (0 S 5 4 BUS o d 1> ()]
O e e S Al o o8 sl o gy oyt s
e S o Jlod 53 59,8 9 65 (slaliug) )3 bley (S cuslS
Mol 4y g o il pj a1y 08 o) sog inglsS 59
) el ol Jd Lol g e " 0t e g 295

i
P p ES ol i 3 4 ol (L gl

Sl GlipglsS doyd As 5l iy lgja g detitid (sl i s
) 395 Cyej il dnkad S5 by ¢ 6,138 T slaco jo ) odlazul
loliug) o (Jlo plyied (VY JS3) 28 o oy (2ol 900,
oled 2Ll e § (55 2Ll s (S5 gy U] g
4 0,5 oo a3 5 065 o; LS b gl )3 1y T ol sl
obisg) ol > S Gl e SV ) (S5 o sy o i
gl andl sl (65,9LS” (slaiymej 4 G ()] O 29008
g ey S Gl o Attn sl cal 2 3ble ol g2
L 1y &V guamo bl o )3 5 00 (e (i jgm Loy g bo)S
0y 5 Cagh age (55t ian S oo U5 (390>
Ale Waliwg) jl (mdny )3 dn ST 090 (305 )3 yid Cagho,
g okl sl B oy Jdoay o b g )Ll sl oSzl
Olied 0l3pgliS o)) sloge) (o9 SasS Jdsar ((Bib )
Jihaas) Szl (sl sady S oo oalisl T 5l (608
i g 095 aals pr (ohyj Slage) (5855 )18 9 (g SliwdsS



1P liwal Yo, lods N8 alor (55 gL owliod pgs a s YA

Jsb > 0ligliS” cnl copizmen 29 o0 SB sdome (4995l G290
g WS oS sz alepl sl 350 1y e 350 (e ]
o) VY guad bl sy 5ym slacile J S peus b a0 )8

.(Rankoana, 2017) 545 S (g 5dhols g 3

4 sl e glse BT )85 o) Cagh ym slacile S
Shah-) 395 () 95 Jilidl crge Wlgie 255 4 4
= 29— L 31 )3 oS Ll ,> (Hosseini, 2019
99 Oy |y 395 039w )8 £)l50 )30 5l 6)le 53 (som il
Jos ol Lagl psls a5 w8 o by 2] g0 Jlo gy b

120 q *
0 Yoo, =19.5
100 A
< 80 T
S
> 60 1
(&)
c
2 40 -
2
L 20 A
0 -
S D & 2 XD D S D
6&‘1& S &, \Sv“ Q\@S& e"é‘e’oé&c}?‘)‘\ X & @o\ 3,?§ S &8 S5
F o T RE ¥ e s
FFsHP A & P &L
& ‘2&% & ™ “—:,Q‘) i
& &

Village ~2~°%

il (855 54 5o olawl Ao (glaligy )3 2SS b ;9L (Slglyd @595 )Y JSUd
Fig. 12- Frequency distribution of participating farmers in different villages according to employing of

2 E=b9e (=l i (g SIS o odlaiwl (6y9liS e
)‘ w_) llbh'._wﬁ) L)Jl uoLcJ P aS ol uL.ZZ) |1 298 dy90 Lgl.ht'w)”
O g (VW US) o35 odlitwl (g cul 51 0359l auoy3 Ve
B s S 395 (o) sbimes e Capte 4 i
J.J.)d._: ul)”l_wS Ja_w93 = FL‘?)‘ )I )a.awud odlawl &5 )y oo
ool 15 olipsliS el |y e Covial oagy e &S ol
LSt 5 i LS 4 G | i3S o oty SgS
iagliS g (slinydl )3 sagradd sl )3 051> (gt Cuoglio
Sl ) deols yia g ang o ) (ol Jpame «wiily
L s b 55 il (gl layds aiiS o 083 ey (ST ool

fallow

298y 92d
asdllas 5)90 (lalisg) ;> ol5)sliS &5 ala by, 3 K> (S
Sl 3)90 y9dn HArgs oo A cuj g5 Ll gl
bl iyl 9 Vgmame il o 5L S0 Sl din o &jg0dy
3 e Jlo cisS (gl 095 55 3590 5k (el sl o p5lisS
alsyo bl ) & ©jeo s ile e ol 8 Jlo cludgs
ol 32 ¥ same 45 el oo Jl aakad o (lalS g1,
g3l g Bl |y cal " 5" e g0 g g il w3 i
A4S Uiine 5L S e ooliiel day Jlo 3 €S gl o
058y 0y Cansl (Sao ¢ £l)5 (o) 13 Heds (5 )Se ST oy
g 2 by el ] e kS o 1 5 j9ds 4l
S o &y 2 0ske ssba ) 355 CBlS )90 Hods (IS (yren
P A GBS Gl pegada gadge (nl & WIS o HAags )b
3403 ok el sl l59UiS 3,1 sl ool S ¢6S)



¥4

vor ) E g | 381 S oolainl 0590 (091 SS9y (L (0 g (53le

500, 5 cpoiwd |y byl U 50 4 s 45 (Rankoana, 2017)
Olatokun & ) a8 o (6 )Mt dn Jad jd csl 4l
.(Ayanbode, 2008

sly Byl (25 g o Ll CBS (gl S5 g gy ()
ol as el ki g onilus T o 1y ol &y i B!
b Ol a5 gl j9d g WS o LI 0 (i
S5 god 03l Cu3lS (glys 9 Al Ly g Soy Jloisl

120 -
oo s, =45.87
& 80 1
g
g %]
3
S 40 -
L=
=
20 -
0 -
o v"b v‘*b S & F S &%0 S V"b sb& ‘fa?b v'*b
S PSS & LS ¥ OO IR b
T SR SHY 9 W & S8
b V‘%O"z > AN S 9& & ?
T & s 9
& . &
Village &°

294 a9 ol el g lides (galiwg) 53 oAU CS L (3155 WS (S92 o5 — VT JSud
Fig. 13- Frequency distribution of participating farmers in different villages according to the amount of seed
replacement

Jlize 8 o )3 (65,988 g5 oS Ll 3l ileagad
S o S a9 00 Lo (55> 5 (2L @lie
5| g azaly ol 18] ((Brookfield & Stocking, 1999)
Lo g slag L8l alon 5l SLS 500 5 a5 005 Shgnge
01535 S Gl J) (e 5 5 loolibles,S 5, slacile
Ly e (6558 (6l aiilgi o a5 Wil o i juolis 43 >
Sy9liS s g5 (Koocheki et al., 2004) ail , o
=hi QLS 3)50 3 85 035 (e g Sloj sl )l (izeen
il oLl g e CutS ) edaw 95 jl S)lime SlSe 93
905 o#y3 USin b 5 bgbie €3S I 3 g lje 3 5 0391 (oS
5 Sy | padlh 5 oy sl b Slej g9 g S oo by
L plyl 5 baaiss ol (03l copo 500 Oyl a4 b S 95
L ay ol (Bajwa, 1995) ail o plej (b 3 K0S
WS o el |y Lapllaipg, ol (53,5508 g9 oS 4ol s o

A3l s 5 oty a3 g5

8915 ol 331 5 gdiliodes (i gy S ) Wl (558 LS4
)
ol 2 llede gaw ) (2 slaplipy (o)
2 ol Lo 55 )5liS poles Loy 48 o> s adllas 3,90
=hj slopllips: ap il (el £55 (sl a3 2)50 Bedod
)—”I O—il oS ‘(“c JS—‘:’) ”\—“““3)'f )154? l) (.)::’5) “g" 5' P ‘555
o83 | (s 55 | Jols (sblie g ol cuenl oz lis
ciliee S (wyp > @l o)bgd yepe bl oljyeliS
OlpglaS &8 ols L Jlai 550 slapllaips: )3 (i) £95 il
U glize (LS 4555 Lid I jles el b Ll Wliwgy oyl 5
oS Lo 51 Ll eslodntisn Sgua |y 4565 o 55 (sasj £935 (39>
0355 JS' () 55 Ll & pB oleSa Az (S g5
FSS)n =hi sleplipg 13 63,55 95 Cunnl 5 A 4
Y gazms 35 (63,515 55 S sl (iglisS” clpliy il e
clswl glite (LS (slaog)S g odlgils I 255 cudlS 390



1P liwal Yo, lods N8 alor (55 gL owliod pgs a s ¥y

100 -

Frequency (%)
2

Psop =62.37

&l AliSeo g gy o350 331,15 bl CAliSee (cdliwgy 13 8uiS'CS yLio (15,9WiS Jlalyd ayjei —VE IS
(St 95 a3
Fig. 14- Frequency distribution of participating farmers in different villages according to employing of
different methods to increase biodiversity

Slois g 13,815 ol bais  olgmgd inriyi Bysd Sl
=5 sloplpg (65l b 5 (5l )3 oge yol (ot
o L (54595 (193 95 04035 0y 45 (Jw) £95 9 0392
e SYob (6 yolols dn yoie Al o bl o pimmmagS]
Oliver et ) 59 o] closs 1 o3lizal 5 _otumosS] (5las 1S
(al., 2015
4o gblie cnl 3 (g (l5)9liS &5 (6% laghy) e ]
QS o odlissl ol Jlag 5 gl5e 0 s g5 GI3B pokaie
)8 S 3 an gl (95 poed 5 (LS GLli: (5SS
5 &l3e Sl > (ol oS cupde 5 £l); G5 50 bapgS]
sy 895 ORI 4 e 38 g5 4 & Wbl e Lt (slacyme;
Sglite (N sladgS 3, LS4 04 0 SB 9,3 g paw 5
o9Me 0w glaiwgpeS 5 e 395 ¢ oD 395 Wil
Lo g 03905 SaS o) (mg)Se Capmadr d9a0 4 S (gl
snlgs 15 ol cadn 5 log cage SB un £55 G5
olo 5l edlasl (gl cglate (b pie (slaogus JBS] ¢ pisads A
selol byl 3 50 o (ol 35 3,90 )50 () 55 S5
o1 Lol 54 gults il (a3 23,8 Anlgd (SaS lasomo

Jil a5 lapiumsST mdow 1> £45 ¢ Jaomo jobody

g g0 (A mands © (SBB glagl o T uss IS 3 ply g sl
OioglisS aS sy oo sl 4y ¢l (Karimian et al., 2014)
byl cuiS gz (bbb ST b addlas 3)90 3blio )3 (oon:
woled 5 99 Al W G egl)je il > plals cls
P 90> U 5 ] g9 5l e (il sl 518 53 ply (3.4
ddxio sla by ool 5l edliiwl LSloduisy deuy 265 slaplaipes
Tond 6358wz Jledine) (5 () 95 SRl pslaten
Glod sl i oolaiwl 4y oxie sl 4o g Lapllaspy 4ol
G sladile g GLI 8 59 i Condld Al | osuamagS|
u_ﬂ .>|9_a 9 L;?L..i;é]ab)f ‘Ls'i“l-é polic dd > Doy Cugh a).:_">5
as asgr b ooyl pli (Isbell et al., 2017) 555 0 S )5 39390

1- Agropastoral

2- Agrosilviculture
3- Silvopastoral

4 -Agrosilvopastoral
5- Homegarden

6- Multifunctionality



YAV s o Gl 381 gy ool 0390 so91 s b9y (25l o0 3 (5092

Ol 8l o plo sy xS Gl I g glite
Ol 3 a5 95 LSy by cpl > (i) £95
Gl ely; LS ) o> 3l b o letiges Sl odlatul dapllips,
OlS53 5 caelj eply 3l el ) 5 cslys LS 0 (Sl Gl
S99 odmd s Las & ggdge cnl 45 29 ;a0 JUS > (£
50 £S5 crge Ay (Bl oo s aw )3 4295 LB g9
o=l 9 olyglisS s oolasdl el ol pli g el yd guie 4
Loyl cliol @l yis d dngi b g IS jobay Lol Lagy dilate
235 9 S5k plime ptlS) adlate ol o algmgc] 5 (ol
gy oS Sunyoo a5 4 (g (eim 3 bl o e 0
2l jloolitwl g (g €45 3500 canlio lacawlus S0l pas
OligltS cuiS oSl loj yg e daplliips: (nl )3 39250 Blie
byl by Joode lalS 4 dgime g Sodle liw b g3 ol )
sy Balyd Slgi o g9d9e cnl 45 A5l ()58 5 (Suis

.J)’L.: 4}]9‘4 > Lgl.mu,‘JB

S5l Fwlps

Ciglas Slluiel Joxo JI(FY720 5l SSL) (iagh ol 4239
Ot 45 20335 el g (g ORI (6308 5 (gl
Db oo (2)15 dlwg

References

o b 5slas” a8 oy Lt L )5S )3 Blglo S looge oy 53
slodss  odlitl il (6)leSS el a5le o jbgy (o S
=hin OlalS cuslie Copte g o 355 5 ol 298 aile I
9 2l (3 la Sh d9e sl ) gl Sl
Pt 13l cnge e g 03505 I SB (Kol
Ansong Omari ) 5 o 2lgagol dclual Ll s 5 & )l50 o]

J(etal., 2018

S 5 4o

2 &5 hli8l aiue) 5> 03litnl 3590 (ogr (SS9 (o) 2

55180l LS dessd g lgsem sl ped (o)) slapllaipy:
0y slaplliipg )3 lagsdyy cnl 354 oloj s9pee 42
399 Elyge 33 SlipghiS 3l odnr o gt Lol el 005 508
Ly (l5ogliS” & ol Gl siman qults 55 0 0500 Log) 0l
9 Egite (2LS slaog)S g odlgls I oy Clisee (ladiss Sl
15 alS ClS oy le S A le ula bs, 5 edlitul 5
Kz g g Ol i U8 5 Pl gy ool el 3o 4l
o ) () E95 I Cage (0900 U ocudlS 0)90 59k b
o=l shj slaplipg ) sotuwsST 5 (63,5)5 (slaisS s
5 5 3590 (slaliog) (algmgo] bulyd & Lol 1 g oo blie

@9 U glie ol o ()l g oolitl 5,90 ol e 5

1. Abbasi, N., Ghoochani, O., Ghanian, M., & Kitterlin, M. (2016). Assessment of household food insecurity through
use of a USDA questionnaire. Journal of Advances in Plants and Agriculture Research, 4, 155-167.

https://doi.org/10.15406/apar.2016.04.00155.

2. Ahmadrash, R., & Danesh Mehr, H. (2013). Indigenous knowledge and development (insights and methods in the
study of indigenous knowledge). Sociologists Publications, Tehran, Iran.

3. Ainsworth, G.B., Redpath, S.M., Wilson, M., Wernham, C., & Young, J.C. (2020). Integrating scientific and local
knowledge to address conservation conflicts: Towards a practical framework based on lessons learned from a

Scottish case study. Journal of
https://doi.org/10.1016/j.envsci.2020.02.017.

Environmental

Science and Policy, 107, 46-55.

4. Akbari, A., Ebrahimi, M., & Amir Ahmadi, A. (2013). Preparation of land use map of Sabzevar city using maximum
likelihood methods and multilayer perceptron artificial neural network. Quarterly Journal of Environmental-based
Territorial Planning (JETP), 23, 127-148. (In Persian with English abstract)

5. Altieri, M.A. (1999). The ecological role of biodiversity in agroecosystems. Journal of Agriculture, Ecosystem and
Environment, 74, 19-31. https://doi.org/10.1016/S0167-8809(99)00028-6.

6. Altieri, M., & Nicholls, C. (2005). Agroecology and the Search for a Truly Sustainable Agriculture. United Nations
Environment Programme. Environmental Training Network for Latin America and the Caribbean.

https://conference.naaee.org/conference.


https://doi.org/10.15406/apar.2016.04.00155.
https://doi.org/10.1016/j.envsci.2020.02.017
https://doi.org/10.1016/S0167-8809(99)00028-6
https://conference.naaee.org/conference.

VFo¥ (bl Vo, loid I8 ol ¢(6559LinS ol pgw ag s YV Y

7. Altieri, M.A. (2009). The ecological impacts of large-scale agrofuel monoculture production systems in the
Americas. Bulletin of Science, Technology and Society, 29(3), 236—244. https://doi.org/10.1177/0270467609333728.

8. Altieri, M.A,, Nicholls, C.I., Henao, A., & Lana, M.A. (2015). Agroecology and the design of climate change-
6resilient farming systems. Journal of Agronomy for Sustainable Development, 35, 869-890.
https://doi.org/10.1007/s13593-015-0285-2.

9. Ansong Omari, R., Bellingrath-Kimura, S.D., Sarkodee Addo, E., Oikawa, Y. & Fujii, Y. (2018). Exploring farmers’
indigenous knowledge of soil quality and fertility management practices in selected farming communities of the
Guinea  Savannah  agro-ecological zone of Ghana. Journal of Sustainability, 10(4), 1034.
https://doi.org/10.3390/su10041034

10. Azam-Ali, S. (2007). Agricultural diversification: The potential for underutilized crops in Africa’s changing
climates. Biology Journal, 100, 27-38. Available at Web site https://pubmed.ncbi.nim.nih.gov/17592817/ (Verified
25 April 2007).

11. Azizi Damirchiloo, A. (2012). Modern rural management is a solution for the realization of rural entrepreneurship.
Rural Development Conference. Guilan, Iran. p. 1-6. (Verified 20 April 2016)

12. Bajwa, M.A. (1995). Wheat research and production in Pakistan. In: L. Villarel Wheats for More Tropical

Environments. Proceedings of the International Symposium, CIMMYT, Mexico, 68-72.

13. Barrios, E. (2007). Soil biota, ecosystem services and land productivity. Ecological Economice, 64(2), 269-285.
https://doi.org/10.1016/j.ecolecon.2007.03.004.

14. Bisht, I.S., Rana, J.C., Jones, S., Estrada-Carmona, N., & Yadav, R. (2021). Agroecological approach to farming
for sustainable development: The Indian scenario. https:// www.intec hopen.com/ online- frst/ 78809. (Accessed on
16 Jan 2022)

15. Boerma, D., & Koohafkan, P. (2004). Local Knowledge Systems and the Management of Dryland Agro-
ecosystems: Some Principles for an Approach. Food and Agriculture Organisation of the United Nations (FAO).
Available at Web site http://www.fao.org/docrep/015/ap026e/ap026e.pdf (Verified 24 September 2022).

16. Brookfield, H., & Stocking, M. (1999). Agro diversity: Definition, description and design. Journal of Global
Environmental Change, 9, 77-80. https://doi.org/10.1016/S0959-3780(99)00004-7.

17. Chambers, R., & Conway, G. (1992). Sustainable rural livelihoods: practical concepts for the 215 century, Institute
of Development Studies (UK). Available at Web site https://www.ids.ac.uk/download.php?file=files/Dp296.pdf.
(Verified 20 June 1993).

18. Collins, M.R., Knutti, R., Arblaster, J., Dufresne, J.L., Fichefet, T., Friedlingstein, P., Gao, X., Gutowski, W.J.,
Johns, T., Krinner, G., Shongwe, M., Tebaldi, C., Weaver, A.J., & Wehner, M. (2013). Long-term climate change:
projections, commitments and irreversibility. In: T.F. Stocker, D. Qin, G.K. Plattner, M. Tignor, S.K. Allen, J.
Boschung, A. Nauels, Y. Xia, V. Bex, P.M. Midgley, (Eds.), Climate Change 2013: The Physical Science Basis.
Contribution of Working Group | to the Fifth Assessment Report of the Intergovernmental Panel on Climate
Change. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.

19. Coumou, D., & Rahmstorf, S. (2012). A decade of weather extremes. Natural Climate Change, 2, 491-496.
https://doi.org/10.1038/nclimate1452.

20. Degaga, J., & Angasu, B. (2017). Assessment of indigenous knowledge of smallholder farmers on intercropping
practices in west Hararghe Zone; Oromia National Regional State, Ethiopia. Journal of Agricultural Economics and
Rural Development, 3(3), 270-278.

21. Deur, D., & Turner, N.J. (2005). Introduction: reassessing indigenous resource management, reassessing the history
of an idea. In: D. Deur, N.J. Turner, (Eds.), Keeping it Living: Traditions of Plant Use and Cultivation on the
Northwest Coast of North America.

22. Garibaldi, L.A., Gemmill-Herren, B., D’Annolfo, R., Graeub, B.E., Cunningham, S.A., & Breeze, T.D. (2017).
Farming approaches for greater biodiversity, livelihoods, and food security. Journal of Trends in Ecology and
Evolution, 32(1), 68-80. https://doi.org/10.1016/j.tree.2016.10.001

23. Ghanian, M., Ghoochani, O., Dehghanpour, M., Tagipour, M., & Taheri, F. (2020). Understanding farmers’ climate
adaptation intention in Iran: A protection motivation extended model. Matthew Cotton. Land Use Policy, 94, 1-13.
https://doi.org/10.1016/j.landusepol.2020.104553.

24. Gebrewahid, Y., & Abrehe, S. (2019). Biodiversity conservation through indigenous agricultural practices: Woody


https://doi.org/10.1177/0270467609333728
https://doi.org/10.1177/0270467609333728
file:///C:/Users/f-soltani/Downloads/Eitaa%20Desktop/Agronomy%20for%20Sustainable%20Development,%2035,%20869–890
https://doi.org/10.1007/s13593-015-0285-2.
https://doi.org/10.3390/su10041034
https://techniumscience.com/index.php/biochemmed
https://pubmed.ncbi.nlm.nih.gov/17592817/
https://doi.org/10.1016/j.ecolecon.2007.03.004
https://www.fao.org/docrep/015/ap026e/ap026e.pdf
https://doi.org/10.1016/S0959-3780(99)00004-7
https://www.ids.ac.uk/download.php?file=files/Dp296.pdf
https://doi.org/10.1038/nclimate1452
https://doi.org/10.1016/j.tree.2016.10.001
https://doi.org/10.1016/j.landusepol.2020.104553

YAV s 959 Gl 381 gy oolisiunl 0390 s01 s b9y (25l 0oy 3 (5092

species composition, density and diversity along an altitudinal gradient of Northern Ethiopia. Journal of Cogent
Food and Agriculture, 5(1), 1700744. https://doi.org/10.1080/23311932.2019.1700744.

25. Giri, K., Mishra, G., Rawat, M., Pandey, S., Bhattacharyya, R., Bora, N., & Rai, J.P.N. (2020). Traditional farming
systems and agro-biodiversity in eastern Himalayan region of India. Journal of Microbiological Advancements for
Higher Altitude Agro-Ecosystems and Sustainability, 71-89. https://doi.org/10.1007/978-981-15-1902-4_5

26. Gizaw, B., Tsegay, Z., Tefera, G., Aynalem, E., Abatneh, E., & Amsalu, G. (2018). Traditional knowledge on teff
(Eragrostis tef) farming practice and role of crop rotation to enrich plant growth promoting microbes for soil fertility
in East Showa: Ethiopia. Agriculture Research and Technology, 16(5), 1-17.
https://doi.org/10.19080/ARTOAJ.2018.16.556001

27. Hamadani, H., Rashid, S.M., Parrah, J.D., Khan, A A., Dar, K.A., Ganie, A A., & Ali, A. (2021). Traditional
farming practices and its consequences. In: Traditional farming practices and its consequences, Chapter 6, 119-128.

Hanjra, M.A., & Qureshi, M.E. (2010). Global water crisis and future food security in an era of climate change. Journal
of Food Policy, 35, 365-377. https://doi.org/10.1016/j.foodpol.2010.05.006.

28. Hens, L. (2006). Indigenous knowledge and biodiversity conservation and management in Ghana. Journal of
Human and Ecology, 20(1), 21-30. https://doi.org/10.1080/09709274.2006.11905897.

29. Howden, S.M., Soussana, J.F., Tubiello, F.N., Chhetri, N., Dunlop, M., & Meinke, H. (2007). Adapting agriculture
to climate change. Proceedings of the National Academy of Sciences of the United States of America, 104, 19691
19696. https://doi.org/10.1073/pnas.0701890104.

30. Isbell, F., Adler, P.R., Eisenhauer, N., Fornara, D., Kimmel, K., Kremen, C., Letourneau, K., Liebman, M., Polley,
H.W., Quijas, S., & Scherer-Lorenzen, M. (2017). Benefits of increasing plant diversity in sustainable
agroecosystems. Journal of Ecology, 105, 871-879. https://doi.org/10.1111/1365-2745.12789.

31. Jackson, L.E., Pascual, U., & Hodgkin, T. (2007). Utilizing and conserving agrobiodiversity in agricultural
landscapes. Journal of Agriculture, Ecosystems and Environment, 121, 196.
https://doi.org/10.1016/j.agee.2006.12.017.

32. Jahan, M., Amiri, M.B., Javadi, M., & Jahani, M. 2015. Agroecology. (Translation). Publications of Ferdowsi
University of Mashhad, Iran. Publication number 640.

33. Karimian, V., Safaei, M., & Matinkhah, S.H. (2014). Using indigenous knowledge of nomadic people as a suitable
guidance for optimal management in forest natural ecosystems. Journal. of Wood and Forest Science and
Technology, 21(4), 95-114. (In Persian with English abstract)

34. Kassie, M., Shiferaw, B., & Muricho, G. (2011). Agricultural technology, crop income, and poverty alleviation in
Uganda. World Development, 39(10), 1784-1795. https://doi.org/10.1016/j.worlddev.2011.04.023

35. Ki Khosravi, Q., & Yarmoradi, Z. (2013). Locating suitable sites for artificial feeding of underground water sources
and flood spreading areas using geographic information system (GIS) (case study; Sabzevar city). Journal of
Geographical Information Scientific-Research Quarterly, 23, 25-31. (In Persian with English abstract)

36. Koocheki. A., Nassiri Mahallati, M., Javadi, M., & Davar Panah, J. (2021). Evaluation of water use efficiency in
intercropping of sunflower (Helianthus annuus L.), cotton (Gossypium spp.) and fodder beet (Beta vulgaris L.).
Journal of Agroecology, 15(4), 643-663. (In Persian with English abstract).
https://doi.org/10.22067/agry.2021.68427.1014

37. Koocheki, A., Nassiri Mahllati, M., Zarea Fizabadi, A., & Jahanbin, G. 2004. Diversity of cropping systems in Iran.
Pajouhesh and Sazandegi, 63, 70-83. (In Persian with English abstract)

38. Mairura, F.S., Mugendi, D.N., Mwanje, J.l., Ramisch, J.J., Mbugua, P.K., & Chianu, J.N. (2007). Integrating
scientific and farmers’ assessment of soil quality indicators in central Kenya. Geoderma, management strategies in
Tigray, Ethiopia. Managing Africa's Soils, 10-23. https://doi.org/10.1016/j.geoderma.2007.01.019.

39. Moonen, A., & Ba "Rberi, P. (2008). Functional biodiversity: An agroecosystem approach. Agriculture, Ecosystems
and Environment, 127, 7-21. https://doi.org/10.1016/j.agee.2008.02.013.

40. Mosothwane. M. (2007). the role of indigenous/local knowledge in sustaining environmental quality and its
implications for environmental education Teaching. Pakistan Journal of Social Sciences, 4(6), 725-738.
https://doi.org/=pjssci.2007.725.738.

41. Muragea, W., Karanja, N.K., Smithson P.C., & Woomerb P.L. (2000). Diagnostic indicators of soil quality in
productive and non-productive smallholders’ fields of Kenya’s Central Highlands. Agriculture, Ecosystems and
Environment, 79, 1-8.


https://doi.org/10.1080/23311932.2019.1700744
https://doi.org/10.1080/23311932.2019.1700744
https://doi.org/10.1007/978-981-15-1902-4_5
http://dx.doi.org/10.19080/ARTOAJ.2018.16.556001
https://doi.org/10.1016/j.foodpol.2010.05.006
https://doi.org/10.1080/09709274.2006.11905897.
https://doi.org/10.1073/pnas.0701890104
https://doi.org/10.1111/1365-2745.12789
https://doi.org/10.1016/j.agee.2006.12.017
https://doi.org/10.1016/j.worlddev.2011.04.023
https://doi.org/10.22067/agry.2021.68427.1014
https://doi.org/10.1016/j.geoderma.2007.01.019.
https://doi.org/10.1016/j.agee.2008.02.013.
https://doi.org/=pjssci.2007.725.738.

VFo¥ bl Vo loid 8 ol ((65y9LinS b pgu 4y pii VY

42. Nakhzari-Moghaddam, A., Dehghanpoor, O., & Rahemi Karizaki, A. (2016). The effect of nitrogen levels and
different ratios of replacement intercropping series on forage yield and competition indices of barley and green pea.
Electronical Journal of Crop Production, 1, 199-214. (In Persian with English abstract)

43. Nelson, F. (2012). Blessing or curse? The political economy of tourism development in Tanzania. Journal of
Sustainable Tourism, 20(3), 359-375. https://doi.org/10.1080/09669582.2011.630079.

44. Kumar, N. (2020). Plant production through indigenous traditional knowledge. Journal of Just Agriculture, 1(3), 1-3.
Olatokun, W.M., & Ayanbode, O.F. (2008). Use of indigenous knowledge by rural women in the development of Ogun
State. African Journal of Indigenous Knowledge Systems, 20, 47-63. https://doi.org/10.4314/indilingav7il-26392.
45. Oliver, T.H. Matthew, S.H., Isaac, N.J.B., Roy, D.B., Procter, D., Eigenbrod, F., Freckleton, R., Hector, A., Orme,
C.D.L., Petchey, O.L., Proencga, V., Raffaelli, D., Blake Suttle, K., Mace, G.M., Martin-L6pez, A., Woodcock, M.,
& Bullock, M. (2015). Biodiversity and Resilience of Ecosystem functions. Journal of Ecology and Evolution,

30(11), 673-684. https://doi.org/10.1016/j.tree.2015.08.009.

46. Pandey, D.K., Momin, K.C., Dubey, S.K., & Adhiguru, P. (2022). Biodiversity in agricultural and food systems of
jhum landscape in the West Garo Hills, north-eastern India. Food Security, 16, 1-4. https://doi.org/10.1007/ s12571-
021- 01251-y.

47. Patel, S.K., Sharma, A., & Singh, G.S. (2020). Traditional agricultural practices in India: An approach for
environmental sustainability and food security. Journal of Energy Ecological Environment, 5(4), 253-227.
https://doi.org/10.1007/ s40974- 020- 00158-2.

48. Pilling, D., Bélanger, J., & Hoffmann, 1. (2020). Declining biodiversity for food and agriculture needs urgent global
action. Journal of Nature Food, 1(3), 144-147. https://doi.org/10.1038/543016-020-0040-y

49. Pirasteh-Anosheh, H., Edalat, M., & Dehghany, F. (2016). Midterm effect of maize (Zea mays L.), wheat (Triticum
aestivum L.) rotations on grain yield and soil properties. Iranian Journal of Crop Sciences, 18(2), 147-160. (In
Persian with English abstract)

50. Rafifar, J., Danesh Mehr, H., & Ahmadrash, R. (2012). Insights and methods in indigenous knowledge research and
its place in the process of sustainable rural development. Journal of Rural Development, 4(1), 19-38. (In Persian
with English abstract)

51. Rahimizadeh, M., Zare Feizabadi, A., Kashani, A., Koocheki, A., & Nassiri Mahallati, M. (2012). Evaluation of soil
fertility in wheat-based double cropping systems under different rates of nitrogen and return of crop residue. Journal
of Water and Soil, 25, 1277-1286. (In Persian with English abstract)

52. Rajasekaran, B. (1993). A framework for incorporating indigenous knowledge systems into agricultural research,
extension, and NGOs for sustainable agricultural development. Studies in Technology and Social Change. Ph.D.
Dissertation No. 21. Ames, IA: Technology and Social Change Program, lowa State University.

53. Rankoana, S.A. (2017). The Use of Indigenous Knowledge in Subsistence Farming: Implications for Sustainable
Agricultural Production in Dikgale Community in Limpopo Province, South Africa. Creative Commons Attribution
(CC-BY) Available at Web site (http://creativecommons.org/licenses/by/4.0/). (Verified on December 20, 2022)

54. Reckling, M., Albertsson, J., Vermue, A., Carlsson, G., Watson, C.A., Justes, E., Bergkvist, G., Steen Jensen, E.,
Cairistiona, F., & Topp, E. (2022). Diversification improves the performance of cereals in European cropping
systems. Journal of Agronomy for Sustainable Development, 42(118), 1-14. https://doi.org/10.1007/s13593-022-
00850-z.

55. Renard, D., & Tilman, D. (2019). National food production stabilized by crop diversity. Journal of Nature,
571(7764), 257-260. https://doi.org/10.1038/ s41586- 019- 1316-y

56. Salem, J., & Dehghani-Tafti, M.A. (2019). Indigenous knowledge in the management of optimal water consumption
in agriculture in Yazd province. Agricultural and natural resources research and training center of Yazd province.

57. Sanders, R. (2010). Agriculture, Agricultural Biodiversity and Sustainability.
www.bioversityinternational.org/fileadmin/bioversityDocs/Announcements/COP10/Agricultural  biodiversity and
sustainability. (Verified 5 September 2010)

58. Shah-Hosseini, A. (2019). Indigenous knowledge at the core of peri-urban developments; Karand and Farur villages
in the north of Garmsar city. Development of peri-urban space, 1(1), 67-82. (In Persian with English abstract)

59. Sithole, M. (2020). Indigenous knowledge systems in crop management and grain storage in Chimanimani District
of  Zimbabwe. Southern African Journal of Environmental Education, 36, 21-32.
https://doi.org/10.4314/sajee.v36i1.3.


https://doi.org/10.1080/09669582.2011.630079
file:///C:/Users/f-soltani/AppData/Local/Temp/Rar$DIa14356.13859/African%20Journal%20of%20Indigenous%20Knowledge%20Systems,%2020,%2047–63
https://doi.org/10.4314/indilingav7il-26392.
https://doi.org/10.1016/j.tree.2015.08.009
https://doi.org/10.1007/%20s12571-%20021-%2001251-y.
https://doi.org/10.1007/%20s12571-%20021-%2001251-y.
https://doi.org/10.1007/%20s40974-%20020-%2000158-2
https://doi.org/10.1038/s43016-020-0040-y
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s13593-022-00850-z.
https://doi.org/10.1007/s13593-022-00850-z.
https://doi.org/10.1038/%20s41586-%20019-%201316-y
http://www.bioversityinternational.org/fileadmin/bioversityDocs/Announcements/COP10/Agricultural
https://doi.org/10.4314/sajee.v36i1.3.

YA o s 9 Gl 381 gy oolisiunl 0390 s0g1 5L b9y (25l oy 3 (5092

60. Smith, J., Potts, S.G., Woodcock, B.A., & Eggleton, P. (2008). Can arable field argins be managed to enhance their
biodiversity, conservation and functional value for soil macro fauna? Journal of Applied Ecology, 45, 269-278.
https://doi.org/10.1111/j.1365-2664.2007.01433.x.

61. Statistical Center of Iran. (2015). Statistical Yearbook of Razavi Khorasan Province. Tehran; Statistical Center of

Iran. Available Online at: www.amar.org.ir. (Verified 5 September 2021)

62. Tikai, P., & Kama, A. (2010). A study of indigenous knowledge and its role to sustainable agriculture in Samoa.
Ozean Journal of Social Sciences, 3(1).

63. Toledo, V.M. (2013). Indigenous people and biodiversity. Encyclopedia of Biodiversity, 4, 269-278.

Turral, H., Burke, J.J., & Faures, J.M. (2011). Climate Change, Water and Food Security. Food and Agriculture
Organization of the United Nations Rome, Italy.

64. Van Wyk, B.E. (2011). The potential of South African plants in the development of new food and beverage
products in South. African Journal of Botany, 77, 857—868. https://doi.org/10.1016/j.sajb.2011.08.011.

65. Zare-Feizabadi, A., & Nouri Hoseini, M. (2013). Study on the variations of organic carbon and some nutrients in
soil in wheat-based rotations. Iran. Journal of Soil Research, 27, 629-643. (In Persian with English abstract)

66. Zhang, Y., Min, Q., Li, H., He, L., Zhang, C., & Yang, L. (2017). A conservation approach of globally important
agricultural heritage systems (GIAHS): Improving traditional agricultural patterns and promoting scale-production.
Journal of Sustainability, 9(2), 295. https://doi.org/10.3390/su9020295.


https://doi.org/10.1111/j.1365-2664.2007.01433.x
http://www.amar.org.ir/
https://doi.org/10.1016/j.sajb.2011.08.011
https://doi.org/10.3390/su9020295




Journal of Agroecology
Homepage: http://agry.um.ac.ir R

Research Article
Vol. 16, No. 2, 2024, p. 317-330

Investigating the Effect of Organic Fertilizers Municipal Waste Compost and
Orange Waste Compost on Growth and Yield of Common Millet (Panicum
miliaceum L.)

Mohammad Hassan Sayyari Zahan ~ *, Ali Asghar Beigi? and Gholam Reza Zamani 3

1- Associate Professor, Department of Soil Science and Engineering, College of Agriculture, University of Birjand,
Iran.

2 and 3- Graduate M.Sc. and Associate Professor, Department of Plant Production and Genetics Engineering, College
of Agriculture, University of Birjand, Iran.

(*- Corresponding author's Email: msayari@birjand.ac.ir)

How to cite this article:

Received: 27-01-2023 Sayyari Zahan, M.H., Beigi, A.A. & Zamani, G.R. (2024). Investigating the effect
Revised: 14-06-2023 of organic fertilizers municipal waste compost and orange waste compost on
Accepted: 18-07-2023 growth and vyield of common millet (Panicum miliaceum L.). Journal of

Available Online: 18-07-2023 Agroecology, 16(2), 317-330. (In Persian with English abstract).
https://doi.org/10.22067/agry.2023.80781.1142

Introduction

Common millet (Panicum miliaceum L.) belonging to the family Gramineae is a warm-season grass with a
growing season length of 60-100 days. It is specially adapted to hot summers in the tropics and high altitudes,
where the growing season is short, and the soil is poor in fertility. Among grain crops, common millet has the
lowest water requirement and can grow on any type of soil except coarse sand. Therefore, appropriate
management of common millet is necessary to maximize yield and yield components. Organic matter is one of
the most important constituents of soil, significantly affecting the availability of nutrients and improving the
soil's physical, chemical, and biological properties. Therefore, the purpose of this study was to evaluate the
effects of different levels of municipal waste compost and orange waste compost on vegetative, reproductive
growth, and yield of common millet.

Materials and Methods

The experiment was designed as a factorial arrangement based on a randomized complete block design with
three replications under field conditions in Gonabad during the growing season of 2018. Treatments were three
levels of municipal waste compost (0, 7.5, and 15 t.ha) and three levels of orange waste compost (0, 7.5, and 15
t.ha’?). The measured indices including vegetative characteristics (plant height (cm), number of tillers per plant,
plant dry weight (g.plant®), number of leaves per plant, panicle height (cm)) and reproductive characteristics
(seed yield per plant (g), 1000-seed weight (g), seed yield, biological yield (kg.ha) and harvest index). Finally,
the experimental data were statistically analyzed using the SAS program ver. 9.1 and comparison of means was
performed by LSD test at 5% probability level.

Results and Discussion

The results showed that with increasing use of municipal waste compost as well as orange compost in soil,
plant height, dry weight and grain yield and harvest index increased. The highest amount of municipal waste

©2023 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
EY distribution and reproduction in any medium or format, as long as you give appropriate credit to
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compost (15 t.ha?) and orange waste compost (15 t.ha) increased the plant height by 15.8 and 11.8 percent,
respectively, compared to control. The reason for the increase in plant height due to the use of organic materials
is due to the improvement of the chemical and physical properties of the soil, the increase in the storage capacity
of nutrients, and the preparation of the ground bed for better root growth in the soil. The maximum dry-weight
plant was obtained in the treatment of municipal waste compost (15 t.ha™') and orange waste compost (15 t.hal).
The nitrogen present in organic fertilizers enhances vegetative growth, and the high potassium in these
fertilizers, in addition to accelerating cell division and directly affecting vegetative growth due to its role in the
production of carbohydrates and proteins and the concentration of cell sap, increases the dry weight of the plant.
The highest seed yield was observed at the level of 15 tons per hectare of municipal waste compost, with a
60.2% increase compared to the control, and at the level of 15 tons per hectare of orange waste compost, with an
increase of 37.4% compared to the zero level. Also, the simple effect of municipal waste compost and orange
waste and the interaction of two treatments on grain weight per plant, 1000-seed weight, biological yield, and
harvest index were significant. The highest seed weight per plant was obtained from the highest levels of
municipal waste compost and orange waste (15 t.ha + 15 t.ha'). The highest 1000-seed weight and biological
yield were observed in the treatment of municipal waste compost (15 t.ha™*) and orange waste compost (15 t.ha"
1. Also, the highest harvest index was related to the treatment of municipal waste compost (15 t.ha*) and orange
waste compost (7.5 t.hal). Probably, the availability of more nutrients for the plant has led to an increase in the
production of photosynthetic materials for the seeds and, as a result, an increase in their weight.

Conclusion

The results of this study showed that municipal waste compost and orange waste compost had a significant
effect on the yield and growth characteristics of common millet. Thus, results showed that municipal waste
compost (15 t.ha') and orange waste compost (15 t.ha') had a strong impact on the yield and growth
characteristics of common millet under field conditions.

Keywords: Harvest index, Millet height, Panicole, 1000- seed weight
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Table 1- Physical and chemical properties of soil used in experiment
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Table 3- Analysis of variance (mean of squares) for investigation characters of common millet
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15 94.42 7.71 7.05 24.38 28.87
LSD (0.05) 6.87 0.85 0.31 1.79 1.38
J& 5 oluls CasgreS
Orange waste compost
(t.ha't)
0 82.61 5.43 7.16 20.18 29.37
7.5 88.77 6.28 7.08 21.34 29.06
15 92.36 6.89 7.03 23.51 28.55
LSD (0.05) 6.87 0.85 0.31 1.79 1.38
(etal., 2017 wgs S ()9
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Ylwis! 45 sy s a5 4 (Penkin, 1977; Rosa et al., 1999
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Table 5- Analysis of variance (mean of squares) for investigation characters of common millet

a8 4 515 s
@] gy 40 A1 (39

ails 5l o9

Ol i 2alio . Gl a,Slos Sujgdem dShes Gl el
S.0.V 30! Seed weight 1000-seed Seed yield  Biological yield  Harvest index
T d.f per plant weight
Bifk 2 0.38 ™ 0.09 ™ 361784.4™  340293.4 ™ 10.16 ™
b A Cougen 2 34,70 6.76 7704191+ 3546514+ 501.07+
Municipal waste compost
Sy ks Congeed 2 6.58° 13.32 3404565 4994679 97.10 ™
Orange waste compost
J cluldx 6,25 b 4 5.68 * 2.06° 8862521 4144862 292.46 **
Municipal wastex Orange waste
> 16 0.96 0.51 390708 609510 47.11
Error
s - 8.1 11.25 15.98 8.87 15.29
CV (%)
o> iy g Moy Sy Jloil e )3 4y e 9 (i b i T 9T
ms, **and *: represent non significant, significant at 1 and 5% level of probability, respectively.
45 SB Jsbro 3 yolis 5 Cagh) iy s Colld b CusgieS a3 059

bl olS sl oo Jh8 oS JLidl 3 ) polis m)aiay
2y i3l Sl s s i Ly 03,8 3l pslles
Malakouti, ) 33,5 o «ls 138 39 (iol38l o] Cdlaio g jiwgssd
5 N sladss 15U )y b (Yazdani, 2010) ls;, (1999
(Silybum marianum L.) Jljlo o9yl obS (g9 3 (So59000
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Table 7- Mean comparisons for simple effects of Municipal waste compost and waste orange on reproductive criteria of
common millet

il 552 o9

Ao Slos  SUjelam 3,Sdos

Lo &g 0 Aild 45 Cadld LS
Trea)tm“ens Seed w:i-!g)flt per‘;I);nt (9) 10(_)0-seed Seed yield  Biological yield Harv;tﬁex
weight (g) (kg.hat) (kg.ha!)
S Ay CungeS
Municipal waste compost (t.ha%)
0 8.93 5.41 3052.50 8087.30 39.17
7.5 11.91 6.65 3790.60 8998.50 42.15
15 12.64 7.08 4891.10 9290.90 53.32
LSD 0.05 0.98 0.71 624.65 780.19 6.85
J& ) cluls CasgreS
Orange waste compost (t.hal)
0 10.21 5.43 3282.10 7959.80 42.08
75 11.39 5.95 3941.00 9020.80 44.06
15 11.88 7.75 4511.10 9396.10 48.50
LSD 0.05 0.98 0.71 624.65 780.19 6.85
O piy &g ygbdy Bl Gl (4 re sy jobody Ailials @y g Slas

Ariafar & ) as Jols CusgaeS )i 3 5 Yo Jled j ol Hlade
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Syl Sleden Lo zuls L o5 (Forouzandeh et al., 2014)
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Fig. 1- Mean comparisons effects of municipal waste compost and orange waste on weight seed per plant millet
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Fig. 2- Mean comparisons effets of municipal waste compost and orange waste on 1000-seed weight millet
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Fig. 3- Mean comparisons effets of municipal waste compost and orange waste on biological
vield millet
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Introduction

Farmers are under increasing pressure to use fewer pesticides for production and pest control. Farmers and
other producers are responding to consumer concerns about pesticides by creating new marketing opportunities
for products grown with environmentally friendly practices. The purpose of this study is to estimate consumers'
willingness to pay for each of the information provided in the "Protective Agriculture Label™ and determine the
factors affecting consumers' willingness to pay. The two conservation agriculture labels designed in this study
are the "How to Cultivate” label and the "Environmental Damage" label. The cultivation method label provides
information about the raw materials used to produce the product, while the environmental damage label provides
information about the environmental harm caused during the production process. The purpose of this study is to
estimate consumers' willingness to pay for each type of information provided on the conservation agriculture
labels and to determine the factors affecting consumers' willingness to pay.

Materials and Methods

In this study, in order to analyze consumers' preferences for protective agricultural products in Mashhad, the
choice experiment method was used, and conditional logit models and logit with random parameters were used
to estimate its parameters. Choice experiment is a common tool for valuing environmental functions and
services. The required information was obtained by completing 170 questionnaires from the consumers of
Mashhad city. The analysis of collected data is done using many models, most of which have a logit form. In this
study, conditional logit and logit models with random parameters have been used to investigate the effect of the
characteristics of agricultural product labels on consumers' willingness to pay and to estimate the amount of
willingness to pay for each of the characteristics.

Results and Discussion

In this article, consumer preferences for protective agricultural products have been analyzed using the choice
test method. For data analysis, conditional logit and logit with random parameters model were used. The results

©2023 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
EY distribution and reproduction in any medium or format, as long as you give appropriate credit to
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obtained from this study have shown that the characteristic accuracy of the measurement method was the highest
and the label-issuing organization had the lowest willingness to pay. The variables of gender, the presence of a
child in the family, and the presence of people with a specific disease in the family had a positive and significant
effect, and the variable of age had a negative and significant effect on the willingness of consumers to pay. In
both labels, the sign of the price variable is negative, which is in accordance with the theory of economic utility.
The comparison of the calculated final effect for two labels of environment and method of cultivation has shown
that, in general, the probability of choosing the label of method of cultivation is higher than the probability of
choosing the label of environmental-biological damages. In 53% of the cases, the selected option was the label
of how to cultivate, and in 15% of the cases, none of the labels were selected. The amount of willingness of
consumers to pay to obtain information about the way of cultivation and damage to the environment is very low.
Even consumers willing to pay to obtain detailed information on production (such as the degree of water
pollution with which the product was irrigated, the level of soil pollution in which the product was grown, and
the type of poisons used) and environmental damage (such as contamination of groundwater with The reason for
product production is not air pollution due to product production and global warming (increasing temperature
due to product production). In this regard, more research is suggested in the field of reasons for the low
willingness to pay of consumers.

Conclusion

Examining the willingness to pay of consumers has shown that people are willing to pay more for the
accuracy of the measurement method than for the label-issuing organization. The amount of consumers'
willingness to pay for the characteristics of the organization issuing the label and the accuracy of the
measurement method were obtained as 5 and 17.04 Tomans, respectively, so it can be concluded that Accuracy
is more important than an organization for consumers.

Keywords: Consumer preferences, Choice experiment, Conditional logit Model, Mixed logit model.
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Table 1- Characteristics under study and their corresponding levels (label of environmental damage)

SR <
attributes Levels
I
Governmental

e saS ))Lo uLo)L»

Label issuing organization oBuily

University
el o
International
oS
Low
&ySoilul ybgy > Caunn (Sl
The accuracy of the measuremen No information
s
High
Jyazms 155 > & 1m0 031 e
Air pollution due to product production
SleMb Jaaze 3dg Juds 4 Loy i3l oliee
Information Temperature increase due to product production

Joaze Mg S & e sl (s o3gll (e
(oless 10500) Jguare cuasd b p> 5

5% of the product price
(oloss 11000) Jouases Censd 1usys 10

10% of the product price
(oloss 11500) Jouases Cansd duoys 15

15% of the product price

Price

(Cuds (SsSe oy ) BT Bl Zobw g axllliodjg0 G SH9-T Jos>
Table 2 - Characteristics under study and their corresponding levels (labeled with how to cultivate)
SR T
attributes Levels
9
Governmental
oy 08 plo ol oKl
Label issuing organization University
el o
International
oS
Low
&ySoilul gy > s SleMbl
The accuracy of the measuremen No information
sk
High
ol oai cuiS ol Jgame &5 S Sogll mlaws
Soail pollution level
ol o ill ol b Jpasme o o (Sogll a2y

QLcwo.' Degree of contamination of water
Information o .
o2lisul 2)90 pgouw £95
Type of poisons used
(oloys 10500) Jguasro cuasd 2o )3 5
5% of the product price
. (ologs 11000) Jgao cuasd 1oy> 10
F::::fe 10% of the product price

(0les 11500) Jguaso cuosd 1o y> 15
15% of the product price
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1- Extreme-value (Weibull) distribution
2- Independence of irrelevant alternatives
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Table 3- The results of the Hausman test for the Independence of irrelevant alternatives

Jlain! ol YX 2,b] s i iy 35
Probability Computational statistics YX  Option removed
-8.01 Jgl 4258
0.09 The first option
0.01 ~13.04 P32 255

The second option
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Table 4- Table of individual characteristics

&2 sB SRy w2y
Individual characteristics Percent
Gender
o) 77.65
Female
30 22.35
Male
Education
old) 47.06
Undergraduate
ALy ol
Bachelor and above 52.94
Jbsl cunsg
Employment
Jels 35.88
Employed
e 64.12
Unemployed
&lalo ol
Monthly income
obeg Oseke ¥ 18.82
Under 3 million tomans
Obog oo ALY 51.76
Between 3 and 8 million tomans
Ol Oygebee A ) ity 29.41

More than 8 million tomans

odlgls > ol (gylaw Lol 3l gl
Specific illness in the family

b 27.65
Yes
s 72.35

No
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Table 5- Estimation results of conditional logit Mixed logit model

b CunY Jae

”M Conditional logit model ‘;.ms’s H?y Jae
Variable Cl Mixed logit model
Coefficient Coefficient
(5, kel Gl (5, kel G315
standard deviation standard deviation
eyt 05 0355 ol lojlus 0.09670%* 0.09680*
Label issuing organization (0.04648) (0.04648)
xS0l pe, b 0.33402% 0. 33438**
The accuracy of the measuremen (0.04790) (0.04792)
SleMb 0.03818 0.03849
Information (0.04799) (0.04803)
(4u3) 51y Cunsd 0.0000544 -9.83472%
Price (0.0000992) (1.85671)
(pgs) yesia) (5D Cund 0.01169
Price(random variable) - (5.85122)
o -0.02027%* -0.01932%*
Age (0.00674) (0.00674)
o 0.96854** 0.94478*
Gender (0.18996) (0.19064)
ol )3 ok (g lows il 0.57861% 0.59007*
Specific illness in the family (0.19469) (0.19533)
odlgils ;> S ;
presence Zf a)childﬁgirft‘; family h 0.303014°
(0.16704)
Slialie slass
Observations 4590
L5035 0jll
Sample size 170
sl s o5
Log likelihood
-1446.0226 -1443.5025
O SleMb| Lo
BIC
2980.041 2997
O Oledbl jlas
2917.005
AIC 2916.045 LR Chi?(12) =129.07

Doy ) g0 N il paw )3 ()l gxe Ay

Prob > chi2= (0.000)

#, #% ands==x Are significant at the 10, 5 and 1 probability levels, respectively.
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3yelym Jie sl yidn (asld cpl Slyoo aw 4 caws CHI2
WAV L ol LR oyle] ol & an g b sl o )l5 (imo 0
WAV e il 0 VY ply Slou Hlade g ol sdal s 4

P-aed o lis a8 ol iy Wose o jlads |l

26 31 dpuslos ) ol gl 1 Jgan

Table 6- The results of calculating the marginal effect

Gl Jloss! B! Jloss! B! Jloss! sl Jloss!
sl Jlois ! sl Jlois !
byxo con o g oy 5 o 5
o G 5

The possibility
of choosing an
environmental

The possibility
of choosing an
environmental

The possibility
of choosing an
environmental

The possibility
of choosing an

The possibility
of choosing an

The possibility
of choosing an
environmental

label label label environmental  environmental label
label label
) S Sbj) b &5 Slo3) S o)) S o)) chw o5 b))
S S b)) pobileghe bl 5( e E( LS (s
(il s ko3l (il (il Al dw 83 ol 93 S8 Accuracy level
e T T Accuracy level Accuracy level is one
Organization Organization Organization should be three is two
level is three level is two level is one
Jleisl Lawgie
0.34 0.32 0.29 0.39 0.31 0.25 ol
(0.25-0.39) (0.23-0.37) (0.22-0.35) (0.33-0.45) (0.26-0.37) (0.20_0.30) Average
selection

probability




Yo o .. 030 6 (g3 3l ooliiw! (gl g (B ASSS pao Olos § oo )00 g 00!y (A

5 5 Caa¥ g (bl Can¥ gladae 390y s -V s
Table 7- results of estimation of conditional logit models mixed logit model

i b Car¥ Jao oS5 5 Cea¥ Jae
Variable Conditional logit model  Logit model with random parameters
Coefficient Coefficient
(5wl alyol) (bl Gl )
standard deviation standard deviation
eyt 05 085Sl lojlus 0.09670%* 0.09680**
Label issuing organization (0.04648) (0.04648)
SExSoilul gy 0.33402% 0.33438**
The accuracy of the measurement
(0.04790) (0.04792)
| f*L‘W‘_' 0.03818 0.03849
nformation (0.04799) (0.04803)
0.0000544 ez
(43m) (Bl cund -
Price (0.0000992) 1.83671)
(P9 siie) (15 Cungd 0.01169
Price(random variable) - (5.85122)
o -0.02694%* -0.02587%*
Age (0.00635) (0.00635)
i 0.62467% 0.59584**
Gender (0.16973) (0.17048)
odlgls 1> ol (g )lows ails 0.63875*
Specific illness in the family 0.62735** 0.18422)
s s ot (0.18348)
odlgls > SagS Hga> e
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Table 8- The results of calculating the marginal effect
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Table 9- Calculation of the willingness to final payment of each of the characteristics under study in the logit model with
random parameters with panel data

e Sl & bled 9
Willingness to pay Attribute
(oless) 5 a2 0338 b lojl
Label issuing organization
S5l yhgy B
(oleg) 17.04 pSojll by e8>

Accuracy of the measurement

Source:Reserch findings

oad 4y olsusl gejl g, 5l ookl b blis ¢jysliS
SV gz oy Lo Shy 5 Jabs gl ol
9 (brd cY b Jie jl BuS S pae e 5 (65)5liS
adlbas ol 5l odelcimnd gubs .l oad edliiwl oS5 cunY
Olesbo 9 oy (5 S o3ll gy €85 (Shg o Cunl 03l (s
WA 1y sl an Jled i oy piaS o2 0diiS oo
oS ol oy s Lelotnl — (o3laidl o puite 399§ Jeols gl
Solon Ly 3ldl 5 g 0dlgils )3 395 )5l i pite
Josine g o 13 SIS b mn o o3l 3 Lols
» 0l Golen 9 395 &5 ol 5 agils S0 leds 1)l
oy g SV g a5l gt oS 6 edlgls
g o 3l oy ymie a8 Canl 00 LS ol pumen 9 W)l
(o 500 & ful Al HBASG pas s 5 (6 Gxe

Sy lp ]y a4 Ll ol ygl0 @l b Jg
Sy o a5 4 oelcunddy gl wds gl ey o L b Sy
Py (S0l Jhay By S gl BALSG pan &S
‘_;1-44" Lm..\xj).) Cjaw ubyu»b )L) Jl.ou>|4) .J.Jlb)y Jﬂ.@ 1) Cood
OBAES By ine e By an Joled dgomls o S opps
Oloslow (Shg & Cud S50l (hg) €8> (Shy sly i
Cowal (Shg cpl o Ui &5 Sd 0 cunn p (04S j0lo
Sl ez oS o plojlw Sy d Cand gy
..))l) QKJJJSJ)«M

(S 325 Aomai
u‘..\_Jy ‘5\)_3 olfd&.;{u_é)m ub:.o): Jubu 4 dlio Og'l 5



\f.y QL}'..M.QU Fojlods N ol (55,9l @»m P9 A yuad Y¥A

Uhey €8 Sha sl 1y o palsl doe b ysls oyl a8 col
by e p oaiS plo lojlw (Shs 4 Caws (g pSojlul
Sy Slp QRS Bpas by 4 bl Glise piomen Ailes
c S A 5ol () €85 5 e p oS lo (lejle sl
ey ol e a5 bl .l oselcanday \WW/-F 0
Ok b «55gliS Vg lacus p glp GBS S pas
pay pgeos T 5 LI (I3 b &S 20 o dloiiy el 035
S (Sge ) 55ygliS Y gae sy 3)90 5
g Al LE)) aheej ol 3 (ogos Siph (L) baome oz g
OBl ez > Y gare Bpas g 45 Sl p3ye hle
aleMbl cews gl BuS G pns caby & blod jlade b
2 S oMbl cws gy csby 4 b BuusGpne o
o1d )bl (T Jpasmo &5 o] (Sogll a2 )3 o) g saio;
E9 g Cawl o cutS )] Jgame S (S Sogll maw ol
osodgll A le) ;b oo (clacal g (03lituld g0 pgons
o s ls adergl Jsamo A s 4 (oj 0 slac]
Sy s an (o Raljdl) o) 0,8 (e S 9 Jgame Mg
Yo (gduo; po yide clabss Lwly cpl ;3 it (Jguamo

Dy o dpiudiny GBS B e caby 4 bl g b

Refrences

At sl NS me ety 4 led e R L
plosl Gldllas 2 (5)950 bbioo (IBE cunzpr sl SV giae
g Sl g vt dalllae ] 5> sdelcandds gl b cdise ol 5> o
oipgsy Jelsisdy Amd o )15 4l 3,00 1y Gimghy ol b
Olese oo Lugyl o (Gurnert et al., 2014) aslles Ly , sl
it 131 (L5 & oie SV gaze g9y 2 Ik lacs p
odlitl (gl LS B e Sl 5 1 e )l stme b (s
S e YL e Lol 8l) o) e (glyls &Y g iame
9 Crto U5 G 5 (15 o 030l 2 (s> Y guao
b oY giame gl (BUSGyine Clows i 4y (o)l ixe
Mt S jlazme ()50 puier (oye & S 015 ) oz
W) e gl OV g iae (gl siin caby a4 bl g
o GBS By no (XU et al., 2012) )b il
ol gl et ) scaa @ 2l glalie gl
Logl Sloma i g <oy & bled g9y 22 o Joid | Slolgs &S
;» (Loureiro et al., 2002) .45l o 50 &Y ouamo pl sy
A ol o S5e Jelos Jlodgaiod ) aliy 598 )3 (dagl
200 LS o gyl sl slp BAS G pae iy
e ol Olise (opp 0 VL cBby & Lles (U oS
S Bl (65,58 i)y sly BaSBpas iy
o3l (Lt bl adlllas )3 (o) 3y90 Gla Sy Sl acdie

1. Abolhassani, L., Baiani, A., Shahnoshi,N., & Mohammadi,H. (2017). Estimating the economic value of

Naharkhoran Park's recreation facilities and services using the choice experiment method. Journal of Natural
Environment, 70(4), 799-812.

Adamowicz, W. L., Boxall, P., Williams, M., & Louviere, J. (1998). Stated preference approaches for measuring
passive use value: Choice experiments and contingent valuation. American Journal of Agricultural Economics, 80,

Aoki, K., Akai, K., & Ujiie, K. (2017). A choice Experiment to Compare preferences for rice in Thailand and
japan: the impact of origin sustainability and taste. Food Quality and Prefernces, 56, 274-284.

Bagherzadeh, A. (2006). Organic farming. Analytical report of Tehran Institute of Agricultural Economy Research
Banovic, M., Reinders, M. J., Claret, A., Guerrero, L., & Krystallis, A. (2019). A cross-cultural perspective on

impact of health and nutrition claims, country-of-origin and eco-label on consumer choice of new aquaculture
products. Food Research International, 123, 36-47. https://doi.org/10.1016/j.foodres.2019.04.031

2.

64-75. https://doi.org/10.2307/3180269
3.

http://dx.doi.org/10.1016/j.foodqual.2016.03.001
4.

and Planning. Ministry of Agriculture. (In Persian)
5.
6.

Barghi, H., Hasani nrzhad, A., & Shayan, M. (2017). Evaluation of the effects of agricultural chemicals on the
environment of villages (case study: villages of Zarin Dasht). Management of Natural Hazards (knowledge of
former hazards), 4 (3), 247-262. (In Persian with English abstract)
http://doi.org/10.22059/JHSCI.2018.248113.306


file:///C:/Users/Dmehr/Downloads/.%20https:/doi.org/10.2307/3180269
http://dx.doi.org/10.1016/j.foodqual.2016.03.001
https://doi.org/10.1016/j.foodres.2019.04.031
https://doi.org/10.22059/jhsci.2018.248113.306
https://doi.org/10.22059/jhsci.2018.248113.306

Y¥4

w030 Gl (g w3 edlaswl (gl UGS U pan Wls i Judond o] ) g 00l (&

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Bateman, 1.J., Carson, R., Day, B., Hanemann, M., Hanley, N., Hett, T., Jones-Lee, M., Loomes, Mourato, S.,
Ozdemiroglu, E., Pearce, D., Sugden, J., & Swanson, J. (2002). Economic G., Evaluation with A tated Preference
Techniques, a Manual, first ed. Edward Elgar, Cheltenham.

Ben-Akiva, M. E., & Lerman, S. R. (1995). Discrete Choice Analysis: Theory and Application to Travel Demand.
MIT Press. Cambridge, MA. http://doi.org/10.4236/ib.2014.64019

Carson, R. T., Louviere, J. J., Anderson, D. A., Arabie, P., Bunch, D., Henisher, D. A., Johnson, R. M., Kuhfeld,
W. F., Steinberg, D., Swait, J., Timmermans, H., & Wileg, J. B. (1994). Experimental analysis of choice.
Marketing Letters, 5(4), 357-368. https://doi.org/10.1007/BF00999210

Chen, X., Gao, Z., Swisher, M., House, L., & Zhao, X. (2018). Eco-labeling in the fresh produce market: not all

environmentally  friendly labels  are equally  valued. Ecological Economics, 154, 201-210.

https://doi.org/10.1016/j.ecolecon.2018.07.014

Cheraghi, M., Suhrabi. M., & Shayesteh,K. (2012). Evaluation of copper and cadmium concentration in
greenhouse tomatoes produced in Hamedan province in 2011. Food Hygiene, 3(4), 31-40. (In Persian with English
abstract)

Demiyurek, K. (2010). Analysis of informaton systems and communication networks for organic and conventional
hazelnut producers in the Samsun province of Turkey. Agricultural Systems, 103 (7), 444-452.
https://doi.org/10.1016/j.agsy.2010.04.002

DeShazo, J. R., & Fermo, F. (2002). Designing choice sets for stated preference methods: the effects of complexity
on choice consistency. Journal of Environmental Economics and Management, 44, 123-143.
https://doi.org/10.1006/jeem.2001.1199

Golmohammadi Tolani, M (2008). Investigating the environmental problems and bottlenecks of the Mashhad river
discovery. Journal of Geographical Sciences, 3(9).

Grankvist, G., Dahlstrand, U., & Biel, A. (2004). The impact of environmental labelling on consumer preference:

Negative VS. positive labels. Journal of Consumer Policy, 27(2), 213-230.

https://doi.org/10.1023/B:COP0.0000028167.54739.94

Green, P. E., & Srinivasan, V. (1978). Conjoint analysis in consumer research: Issues and outlook. Journal of
Consumer Research, 5, 103-123. https://doi.org/10.1086/208721

Green, P. E., & Srinivasan, V. (1990) Conjoint analysis in marketing research: New developments and directions.
Journal of Marketing, 54(4), 3-19. https://doi.org/10.2307/1251756

Grunert, K.G., Hieke, S., & Wills, J. (2014). Sustainability labels on food products: Consumer motivation,
understanding and use. Food Policy, 44, 177-189. http://doi.org/10.1016/j.foodpol.2013.12.001

Guru. M.V., Horne J.E. (2000). Food labeling. The Kerr Center for sustainable Agriculture for Sustainable
Agriculture Poteau, Oklahoma.2-67.

Haghjo, M., Haiati, B., Mohammad rezaei, R., Pish Bahar, A., & Dashti, Gh. (2011). Factors affecting consumers
potential willingness to pey a premium for safe food products (Case study: Agricultural Administration of East
Azerbaijan). Journal of Agricultural Knowledge and Sustainable Production, 21(3), 105-117. (In Persian with
English abstract)

Han, B., Ren, S., & Bao, J. (2020). Mixed logit model based on improved nonlinear utility functions: a market
shares  solution  method  of  different  railway  traffic ~ modes. Sustainability, 12(4), 1406.
http://doi.org/10.3390/su12041406

Hanley, N., Mourato, S., & Wright, R. (2001). Choice modeling approaches: A superior alternative for
environmental valuation? Journal of Economic Surveys, 15(3), 435-462. https://doi.org/10.1111/1467-6419.00145

Hausman, J., & McFadden, D. (1984). Specification tests for the multinomial logit model. Econometrica: Journal
of The Econometric Society, 1219-1240. https://doi.org/10.2307/1910997

Hensher, D.A., Rose, J.M., & Greene, W.H. (2005). Applied Choice Analysis: A Primer. Cambridge: Cambridge
Univerisity Press.

Iranian Organic Association. (2011). Organic Agricultural, Retrieved form: Available at Web site< WWW.
Iranorganic.com >.

Jalili Kamjoo, S.P., Khoshakhlagh, R., Fotros, M.H., & Derakhshan, M. (2014). A new approach in estimattion of
regional and non- regional visitors preferences with Zayandehrood ecosystem services: Choice Experiment


https://doi.org/10.4236/ib.2014.64019
https://doi.org/10.1007/BF00999210
https://doi.org/10.1016/j.ecolecon.2018.07.014
https://doi.org/10.1016/j.agsy.2010.04.002
https://doi.org/10.1006/jeem.2001.1199
https://doi.org/10.1023/B:COPO.0000028167.54739.94
https://doi.org/10.1086/208721
https://doi.org/10.2307/1251756
http://doi.org/10.1016/j.foodpol.2013.12.001
http://dx.doi.org/10.3390/su12041406
https://doi.org/10.1111/1467-6419.00145
https://doi.org/10.2307/1910997

VP Glawsl (Yoylols N8 ol ((65)9Lis owlich gy 4y yi Yo

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

44,
45,

46.

Conditioanl Logit. Quarterly Eneregy Economics Review, 10(42), 1-24. (In Persian with English abstract)

Jalini, M., & Dosti, F. (2011). Investigating the accumulation of nitrates in potato and tomato products. Scientific
Quarterly of Environment, (50), 62-71. (In Persian with English abstract)

Karimi Jashni, H., & Karimi Jashni, A. (2008). The role of agricultural activities in environmental degradation.
Regional conference on agriculture based on growth and development, 1-12. (In Persian with English abstract)
Keshavarz, F., Allahyari, M., Azarmi Sesari, Z., & Khayati, M. (2010). Effective factors on non-acceptance of
cultivation of high-yielding rice varieties among Guilan province farmers. Journal of Agricultural Promotion and
Education, 4, 99-122. (In Persian with English abstract)

Kontoleon, A. (2003). Essays on non market valuation of environmental resources; policy and technical

explorations. University of London, University College London (United Kingdom).

Krystallis, A., & Chryssohoidis, G. (2005). Consumers' willingness to pay for organic food: Factors that affect it
and variation per organic product type. British Food Journal, 107(5), 320-343.

http://doi.org/10.1108/00070700510596901

Li, Y. (2020). Competing eco-labels and product market competition. Resource and Energy Economics, 60,
101149. https://doi.org/10.1016/j.reseneeco.2020.101149

Latifi, S., Raheli, H., Yadavar, H., & Saadi, H. (2017). Identification and analysis of drivers of conservation

agriculture development in Iran .Extension Sciences and Agricultural Education of lran, 13(1), 105-125.

20.1001.1.20081758.1396.13.1.8.6

Loureiro, M. L., McCluskey, J. J., & Mittelhammer, R. C. (2002). Will consumers pay a premium for eco-labeled
apples? Journal of Consumer Affairs, 36(2), 203-219. https://mwww.jstor.org/stable/23859924

Louviere, J. J., & Hensher, D. A. (1982). On the design and analysis of simulated choice or allocation experiments
in travel choice modeling. Transportation Research Record. 890, 11-17.
http://onlinepubs.trb.org/Onlinepubs/trr/1982/890/890-003.pdf

Louviere, J.J., & Woodworth, G. (1983). Design and analysis of simulated consumer choice or allocation
experiments: an approach based on aggregate data. Journal of Marketing Research, 20, 350-367.
https://doi.org/10.2307/3151440

Louviere, J. J., Hensher, D. A., & Swait, J. D. (2000). Stated choice methods: analysis and applications,
Cambridge University Press. https://doi.org/10.1017/CB09780511753831

Lusk, J. L., & Hudson, D. (2004). Willingness-to-pay estimates and their relevance to agribusiness decision
making. Applied Economic  Perspectives and Policy, 26(2), 152-169. https://doi.org/10.1111/].1467-
9353.2004.00168.x

Maddala, G. S. (1983). Limited-dependent and Qualitative Variable in Econometrics. Cambridge University
Press. Cambridge, MA. https://doi.org/10.1017/CB0O9780511810176

Mahdavi, A., Koocheki, A., & Rezvani Moghaddam, P. (2004). Sustainability indicators: Tools for  quantifying
concepts of ecological agriculture. Environmental Sciences, 1(4),1-10. (In Persian with English abstract)

Malek Saeedi, H., Rezaei Moghadan, K., & Ajili, A. (2010). The study of Fars province agricultural Jihad experts
in the field of organic agriculture. Extension Sciences and Agricultural Education of Iran, 6(9), 49-62. (In Persian
with English abstract)

Marette, S., Messéan, A., & Millet, G. (2012). Consumers’ willingness to pay for eco-friendly apples under
different labels: Evidences from a lab experiment. Food Policy, 37(2): 151-161.
https://doi.org/10.1016/j.foodpol.2011.12.001

McFadden, D. (1974). Conditional logit analysis of qualitative choice behavior. Frontier in Econometrics,
Zarembka, P. (ed.) New York: Academic Press, 105-142. http://doi.org/ 10.4236/health.2017.91008

Meier-ploeger, A. (2005). Organic Farming, Food Quality and Human Health. NJF Seminar Report. VVol. 1, No.1.

Mohammadi, Z., & Babaei,Y. (2015) . The need to control the pollution of the effluents entering the Kashf River
of Mashhad and providing appropriate solutions. National Water Conference with Clean Water Approach, 1-8. (In
Persian with English abstract) https://civilica.com/doc/104476/

Molavi, F., DehghaN, H., Alizade, A., & Hosseini Fatemi,M. (2019). Investigating the pollution status of the Kashf
River with the approach of protozoan parasites. Journal of Experimental Animal Biology,1(8), 29-38.


http://doi.org/10.1108/00070700510596901
https://doi.org/10.1016/j.reseneeco.2020.101149
https://dorl.net/dor/20.1001.1.20081758.1396.13.1.8.6
https://www.jstor.org/stable/23859924
http://onlinepubs.trb.org/Onlinepubs/trr/1982/890/890-003.pdf
https://doi.org/10.2307/3151440
https://doi.org/10.1017/CBO9780511753831
https://doi.org/10.1111/j.1467-9353.2004.00168.x
https://doi.org/10.1111/j.1467-9353.2004.00168.x
https://doi.org/10.1017/CBO9780511810176
https://doi.org/10.1016/j.foodpol.2011.12.001
file:///C:/Users/AtiSH/Downloads/001
http://doi.org/%2010.4236/health.2017.91008
https://civilica.com/doc/104476/

Yoy

w030 Gl (g w3 edlaswl (gl UGS U pan Wls i Judond o] ) g 00l (&

47.

48.

49.

50.

51.

Morrison, M., Bennet, J., & Blamey, R. (1999). Valuing improved wetland quality using choice modeling. Water
Resources Research, 35(9), 2805-2814. https://doi.org/10.1029/1999WR900020
Nasimi, A. (2000). The position of modern agriculture in the sustainable development of Iran's agriculture.
Zaytoun Magazine, 164, 48-55. (In Persian with English abstract)
Owusu-Sekyere, E., Owusu, v., & Jordaan, H. (2014). Consumer preferences and willingness to pey for beef food
safety assurance labels in the Kumasi Metropolis and Sunyani Municipality of Ghana. Food Control, 46, 152-159.
https://doi.org/10.1016/j.foodcont.2014.05.019
Pooralijan, M., Amirnezhad, H., Mojaverian, M., & Taslimi, M. (2021). Investigating the willingness of
consumers to pay for organic oranges using the choice experiment method in the city of Sari. Agricultural
Economics and Development, 28(4), 93-116. (In Persian with English abstract)
http://doi.org/10.30490/AEAD.2021.299602.1081

Rashid, N. R. N. A. (2009). Awareness of eco-label in Malaysia’s green marketing initiative. International

Journal of Business and Management, 4(8), 132-141. http://doi.org/10.5539/ijbm.v4n8p132

52.

53.

54.

55.

56.

57.

58.

59.
60.

61.

62.

Ranjbar,G.H., Najafpoor,A., & Dehghan, A. (2020). Investigating the concentration of heavy metals (lead,
cadmium, arsenic and mercury) in the vegetables of farms near the Kashf River of Mashhad in 2017. Journal of
Research in Environmental Health, 2(6). 107-116. https://doi.org/10.22038/jreh.2020.43163.1322

Ryan, M. (1999). Using conjoint analysis to take account of patient preferences and go beyond health outcomes:
an application to invitro fertilisation. Social Science & Medicine, 48 (4), 535-546. http:/doi.org/10.1016/s0277-
9536(98)00374-8

Salehnia, M., Hayati, B., Ghahremanzadeh, M., & Molaei. M. (2015). Estimating the value of improvement in
environmental situation of Urmia Lake using choice experiment. International Journal of Agricultural Mnagement
and Development (IJAMAD), 27(4), 267-276. (In Persian with English abstract)

Sharzehi, G., & Jalili Kamjoo, S.P. (2013). Choice modeling: a new approach to valuation of environmental
commodity (case study: Ganjnameh Hamedan). Quarterly Journal of Economic Research, 13(3), 1-18. (In Persian
with English abstract)

Stobbelaar, D. J., Casimir, G., Borghuis, J., Marks, 1., Meijer, L., & Zebeda, S. (2006). Adolescents’ attitudes
towards organic food: a survey of 15- to 16-year old school children. International Journal of Consumer Studies,
31(4), 349-356. https://doi.org/10.1111/j.1470-6431.2006.00560.x

Taefe Sultan Khani, A. (2010). Organic agriculture and its role in creating food security. New Food Technology
Magazine, 16, 34-35. (In Persian with English abstract)

Tonukbar, P., Amirnezhad, H., & Shirzadi, S. (2021). Investigating rice consumers preferences for peyment
ecosystem services of Sefidrood River. Journal of Agricultural Economics and Development 35(2), 121-132. (In
Persian with English abstract) http://doi.org/10.22067/JEAD.2021.67055.0

Train, K.E. (2000). Recreation demand models with taste differences over people. Land Economics, 74, 230-239.

Waldman, K.B., Ortega, D.L., Richardson, R.B., & Snapp, S.S. (2017). Estimating demand for perennial pigeon
pea in Malawi using choice experiments. Ecological Economics, 131, 222-230.
https://doi.org/10.1016/j.ecolecon.2016.09.006

Willer, H., and Lernoud, J. (2017). The World of Organic Agriculture. Statistics and Emerging Trends 2017 (pp. 1-

336). Research Institute of Organic Agriculture FiBL and IFOAM-Organics International. available online
at: https://shop.fibl.org/chde/3503-organic-world-2017.html

Xu, P., Zeng, Y., Fong, Q., Lone, T., & Liu, Y. (2012). Chinese consumers’ willingness to pay for green-and eco-
labeled seafood. Food Control, 28(1), 74-82 https://doi.org/10.1016/j.foodcont.2012.04.008


https://doi.org/10.1029/1999WR900020
https://doi.org/10.1016/j.foodcont.2014.05.019
http://doi.org/10.30490/AEAD.2021.299602.1081
http://doi.org/10.30490/AEAD.2021.299602.1081
http://doi.org/10.5539/ijbm.v4n8p132
https://doi.org/10.22038/jreh.2020.43163.1322
https://doi.org/10.1016/s0277-9536(98)00374-8
https://doi.org/10.1016/s0277-9536(98)00374-8
https://doi.org/10.1111/j.1470-6431.2006.00560.x
https://doi.org/10.22067/jead.2021.67055.0
https://doi.org/10.22067/jead.2021.67055.0
https://doi.org/10.1016/j.ecolecon.2016.09.006
https://shop.fibl.org/chde/3503-organic-world-2017.html
https://doi.org/10.1016/j.foodcont.2012.04.008




Journal of Agroecology
Homepage: http://agry.um.ac.ir R

Research Article
Vol. 16, No. 2, 2024, p. 353-367

Evaluation of the Effect of Foliar Application of Iron Fertilizer on the
Phytochemical and Functional Characteristics of Borage (Borago officinalis L.)
in Intercropping with Roselle (Hibiscus sabdariffa L.)

Vali Mohammad Abdolahi 1, Mehdi Dahmardeh = 2* and Issa Khammari = 2

1 And 2- M.Sc. Graduated Student and Associate Professor, Department of Agronomy, Faculty of Agriculture,
Zabol University, Zabol, Iran. respectively
(*- Corresponding author's Email: dr.dahmardeh@uoz.ac.ir)

How to cite this article:

Abdolahi, V.M., Dahmardeh, M., & Khammari, I. (2024). Evaluation of the effect
of foliar application of iron fertilizer on the phytochemical and functional
characteristics of Borage (Borago officinalis L.) in intercropping with Roselle
(Hibiscus sabdariffa L.). Journal of Agroecology, 16(2), 353-367. (In Persian with
English abstract).

https://doi.org/10.22067/agry.2023.81455.1149

Received: 04-03-2023
Revised: 18-04-2023
Accepted: 26-04-2023
Available Online: 26-04-2023

Introduction

Sustainable agriculture refersp to the correct management of agricultural resources that, while meeting
changing human needs, and preserve the quality of the environment and the capacity of water and soil resources.
Among the components of sustainable agriculture, we can mention the agroforestry system, integrated pest
management, crop rotation, and intercropping. The purpose of intercropping is to find plants that have the least
competition with each other and use the available resources more effectively. The purpose of this research is to
the effect of intercropping of Roselle on the quantitative and qualitative traits of borage under foliar application
of iron fertilizer and to determine the best ratio of intercropping to achieve the highest yield and the highest level
of land equivalent ratio.

Material and Methods

This research was carried out in the educational research farm of the Faculty of Agriculture of Zabol
University in the agricultural year of 2014-2015. The experiment was carried out as a factorial in the form of a
randomized complete block design with three replications. The treatments examined in this research include
foliar spraying of sulfate fertilizer as the first factor in three levels including |(no foliar application or control,
3gr.I'* and 6gr.I"Y) and eight levels of intercropping including (pure Roselle, pure Borage, 75% Roselle + 25%
Borage, 75% Borage + 25% Roselle, 50% Roselle + 50% Borage, 50% Roselle + 100% Borage, 100% Roselle +
50% Borage, 100% Roselle + 100% Borage were as the second factor. Both plants were planted at the same time
at the end of March in 2x2 plots, where the distance between the planting lines was 50 cm, the distance between
the rows was the same, but the density was different in each row. Irrigation was done according to the needs of
the plants, weeding and thinning during the growth period and weeding was done by hand during three stages.
Wagner's method was used to measure the amount of anthocyanins. The criterion for evaluating intercropping
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was using the land equivalent ratio. At the end, data analysis will be done using SAS version 9.1 software, and a
comparison of means will be done using Duncan's test at the 5 % level.

Results and Discussion

Results showed that the interaction effects of foliar application, iron, and intercropping were significant on
the anthocyanin and mucilage content of borage. Additionally, the simple effects of foliar application of iron
were significant on the number of flowers per stem, stem height, number of sub-branches, biological yield, and
harvest index. The effects of intercropping were significant on the number of flowers per stem, anthocyanin
content, mucilage content, stem height, number of sub-branches, economic vyield, and harvest index. The
comparison of means effects of different intercropping systems showed that the highest biological yield (1412.8
kg.ha'!) was obtained from the intercropping system of 75% Roselle + 25% borage. In addition, the comparison
of means effects of different intercropping systems showed that the highest amount of economic yield (49.68
kg.ha') was obtained from the treatment of pure borage cultivation. Comparison of means showed that the
highest percentage of mucilage with an average of 0.0713% from the foliar treatment of 6gr.I of iron sulfate in
the conditions of pure borage cultivation, and the lowest percentage of mucilage was obtained with an average of
0.0280 from the control treatment (no application of iron sulfate fertilizer + 100% Roselle + 50% borage). The
highest land equivalent ratio (2) was obtained from intercropping of 100% Roselle + 50% borage harvest.

Conclusion

According to the results obtained in the present study, the effects of foliar application of iron and
intercropping systems had significant effects on yield and yield components of borage. By increasing the foliar
application of iron improved growth traits and yield. The highest proportion of LER obtained was from 100%
Roselle+ 50% borage, which indicated superior cropping compared to pure crop. This superiority is probably
due to the better use of mixed components of growth resources such as light, water, and nutrients compared to
pure crop.

Keywords: Anthocyanin, Intercropping ratios, Land Equivalent Ratio, Mucilage
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Table 4- Comparison of means effects of intercropping and spraying of iron sulfate solution on the
characteristics of borage
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Oljsls 70 + i gle Ve 0.0210 b9 i
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Ol Ve + oy sl Ve hi
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* Means in each column followed by similar letter(s) are not significantly different at 5% probability level using LSR
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Table 5- Variance analysis of the ratio of land equality in mixed cultivation of Roselle and European borage

Ol S il @33l 4y O3 Sl S
S.0.V. d.f LER
] 3
2 2 0.1149"
Replication
orl Sl 2 0.0009"
Iron sulfate
bglses cuiS o2
e S ol 5 0.7445™
Intercropping
Fe X1 10 0.0419"
s
34 0.0481
Error
- - 13.44
C.V (%)

il go o pd S5 g iy gdaw Hd (6P sime (o) xe pie Silo sy s g % NS
ns, *, and **: not significant and significant at 5 and 1% probability levels, respectively
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Table 6- Comparison of Land Equivalent Ratio
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level using LSR
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Introduction

Drought stress is one of the most important abiotic stresses that can seriously reduce crop yield depending on
the season, intensity, and time of occurrence. Corn (Zea mays L.) cultivation and production in Khuzestan
province face limitations such as lack of water resources in summer, low percentage of soil organic matter,
heavy soil texture, and soil salinity that one of the reasons for which is the excessive use of chemical fertilizers,
which can reduce some of these problems by using crop management and breed methods. Using compost

fertilizer has beneficial effects on the physical, chemical, and biological conditions of the soil and has positive
effects on grain yield and yield components of crop plants. Also, one of the factors affecting the growth and
development of crops is the method and pattern of cultivation, which affects the distribution of plants in the
field, distances between plants, the use of growth sources such as light, water, and soil nutrients, competition
between plants, etc. that finally, these factors affect the growth and yield of crops. This study was designed with
the aim of investigating the response of silage corn to the effect of the place of cultivation and different
replacement ratios of nitrogen fertilizer and organic fertilizer (sugarcane (Saccharum officinarum L.) residue
compost) under drought stress conditions in the Agricultural Sciences and Natural Resources University of
Khuzestan.

Materials and Methods

©2023 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
Er distribution and reproduction in any medium or format, as long as you give appropriate credit to

the original author(s) and the source.

4 https://doi.org/10.22067/agry.2023.81459.1150



http://agry.um.ac.ir/
https://jame.um.ac.ir/page_46.html?lang=en
https://orcid.org/0000-0003-0431-3883
https://orcid.org/0000-0001-9284-3563
https://orcid.org/0000-0002-5493-2829
https://orcid.org/0000-0001-9016-0312
https://orcid.org/0000-0002-6074-7611
mailto:A.moshatati@asnrukh.ac.ir
https://doi.org/10.22067/agry.2023.81459.1150
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/agry.2023.81459.1150
https://doi.org/10.22067/agry.2023.81459.1150

\f.¥ QL}'.m.gU Fojlods I w559l G.»LI.& P9 A yuiad YV

This experiment was conducted as a split split-plot arrangement in a randomized complete block design with
three replications in the summer of 2021 in the experimental farm of the agricultural college of Ramhormoz in
Khuzestan province. Experimental factors including irrigation regimes at three levels; Irrigation after draining
30% of available moisture in root development depth (l1: control irrigation), irrigation after draining 50% of
available moisture in root development depth (l.: mild stress) and irrigation after draining 70% of available
moisture in root development depth (I13: severe stress) in the main plots, five fertilizer treatments including the
complete supply of nitrogen required by the plant through chemical nitrogen fertilizer (N1) (180 kg.ha?
nitrogen), 75% nitrogen+ 25% compost (N,) (135 kg.ha* nitrogen+ 12.5 ton.ha* compost), 50% nitrogen+ 50%
compost (N3) (90 kg.ha'* nitrogen+ 25 ton/ha compost), 25% nitrogen+ 75% compost (N.4) (45 kg.ha nitrogen+
37.5 ton/ha compost) and the complete supply of nitrogen required by the plant through the sugarcane residues
compost (N5) (50 ton.ha™ compost) in the sub plots and the planting site was by two methods of planting on
ridges (P1) and planting in furrows (P) in the sub-sub plots.

Results and Discussion

Variance analysis showed that the effect of different levels of drought stress caused by different irrigation
regimes, ratios of chemical and organic fertilizer replacement and cultivation methods was significant on all the
measured traits. A mean comparison of the interaction effect of the cultivation method and combined application
of nitrogen fertilizer and sugarcane residue compost under drought stress conditions showed that the treatment of
50% chemical fertilizer+ 50% organic fertilizer (consumption of 180 kg.ha* of nitrogen fertilizer and 25 tons.ha"
! of sugarcane residue compost) compared to other treatments, caused a significant increase in total fresh yield
and total dry yield of corn. Under favorable irrigation conditions, the chemical nutrition treatment resulted in the
highest total dry yield, with the combined nutrition treatments ranking next. However, under conditions of mild
and severe drought stress, the combined nutrition treatments produced a higher yield compared to both the
chemical and organic treatments.

Conclusion

In general, based on the results of this experiment, it seems that the integrated application of chemical
fertilizer along with organic fertilizer with the providing of nutrients, their gradual release, and maintaining
moisture in the soil and planting in furrows by maintaining more moisture and creating a suitable microclimate
for the plant has developed growth, moderated drought stress, and increased corn yield.

Keywords: Available moisture, Dry yield, Integrated application, Planting in furrows
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Table 1- Monthly average of minimum, mean and maximum temperature and precipitation during corn growth period in the
summer of 2021
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29 29.7 37.6 455 0.0
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i 24.2 32.2 40.2 0.0
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Table 2- Physical and chemical properties of soil (0- 30 cm) and sugarcane residue compost
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Physical and chemical properties Soil Sugarcane residues compost
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0397 0.85 1
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- 1459 76
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el 273 5000
K (mg.kg?)
sl pogaze 0 138 i
Bulk density (g.cm™)
b Silty clay loam -
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Table 4- Mean comparison of interaction effect of irrigationx nutrition for plant height, leaf area index, ear length, ear diameter and ear to

total ratio
. - Gg sy, o el . 4 M S
b pan 31 s (5, i » £%, : M Job I 5la
L ead Plant Sy ; J5
Irrigation after L. - Ear length Ear diameter
consumption Nutrition height Leaf area (cm) (cm) Ear to total
(cm) index ratio
(No) o 202 - 2123 3.78 22.68 451 42.84
100% N (Ny)
Loy YO+ (59508 doyd VO
(N2) CusgeaS 208.2 3.48 20.32 4.27 42.81
75% N + 25% compost (N2)
. o3 B+ g o )d O
5 v ol .
SE ot JB a0 (N3) CavgeaS 203.3 3.46 20.44 423 43.00
30% soil available water
50% N + 50% compost (Ns)
Loy YO+ 5958 do ) YO
(Na) CooguoS 198.6 322 18.98 4.08 46.22
25% N + 75% compost (Ng)
(Ns) CungyaS 2oy 3« 191.0 3.3 19.09 3.96 4721
100% compost (Ns)
LSD %5 - 4.80 0.28 2.14 0.06 2.08
(No) o 202 - 1918 251 19.79 3.98 4201
100% N (Ny)
Loy YO+ (595 doyd VO
(N2) CavgueS 198.1 2.96 20.77 4.08 42.02
75% N + 25% compost (N2)
. . oy B+ g Ao )d O
SE e JB oo (Na) ComgaS 196.3 2.85 21.11 4.12 39.09
50% soil available water
50% N + 50% compost (Ns)
Loy YO+ 595k Aoy YO
(Nag) CowgueS 190.2 2.42 20.25 3.99 41.51
25% N + 75% compost (N,)
(Ns) CungyaS 2oy 1« 1822 2.18 18.47 381 44.73
100% compost (Ns)
LSD %5 - 4.70 0.41 1.29 0.12 117
(Ne) oy 202 - 1745 2.10 17.07 3.65 47.43
100% N (Ny)
Loy YO+ 5955 do pd VO
(N2) CavgueS 180.0 2.14 17.64 3.73 47.15
75% N + 25% compost (N2)
. . oy B+ gy o)y O
SE o JB ol a0 ¥ (N3) CovgiaS 183.9 248 1835 3.83 47.08
70% soil available water §
50% N + 50% compost (N3)
Loy YO+ 59508 doyd YO
(Nag) CowguoS 176.4 2.19 18.69 3.74 49.08
25% N + 75% compost (N)
(Ns) Cungas 20 1« 1708 2.00 17.61 363 49.77
100% compost (Ns)
LSD %5 - 4,78 0.33 0.41 0.06 1.22
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Table 5- Mean comparison of planting place effect for plant height

. .skpu
planting place

gy gli5 )l
Plant height (cm)

wiy ol
On ridge
S S
In furrow

187.81

193.31

LSD %5

1.07
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Table 6- Mean comparison of interaction effect of irrigation x planting place for leaf area index, ear length and ear diameter

G pan 5l s 5, CulS Joo Sy gl ol W Jsb W ki
Irrigation after consumption Planting place Leaf area index Ear length (cm) Ear diameter (cm)
. o i ol 3.21 19.35 4.10
SB Goyid JoB Ol oy ¥ On ridge
30% soil available water S &S 361 2124 433
In furrow
LSD %5 - 0.17 1.35 0.04
. o “i ol 2.28 19.32 3.91
SB o yid JoB Ol oy 8¢ On ridge
0 e - )
50% soil available water S &S 289 2083 408
In furrow
LSD %5 - 0.26 0.81 0.07
‘ o i ol 2.02 17.45 3.66
SB oy JB Ol ao )y V- On ridge
0 cmi . .
70% soil available water S S 535 18.30 375
In furrow
LSD %5 - 0.21 0.26 0.03
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Table 7- Mean comparison of the interaction effect of nutrition x planting place for ear diameter

4y CuiS Joxa s s
Nutrition Planting place Ear diameter (cm)
i ol 391
(N2) 9528 dopd Ve e On ridge
100% N (N1) Lo S 415
In furrow
wly ) 3.95
(N2) CusgsaS Lo )3 YO + 5955 Juoyd YO On ridge
75% N + 25% compost (N2) G S 411
In furrow
i oo 3.97
(N3) w9m§ Lo > B+ 59 o yd B¢ On ridge
50% N + 50% compost (N3) G S 415
In furrow
< o 3.89
(Na) CongaS 203 VO + (5525 2u0)d YO On ridge
25% N + 75% compost (N4) S S 308
In furrow
i ool 3.72
(N5) CangeeS duoy> Vo On ridge
100% compost (Ns) G S 381
In furrow
LSD %5 - 0.17
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Table 8- Mean comparison of the interaction effect of irrigation x nutrition x planting place for leaf, stem, and ear dry yield,
total fresh yield, and total dry yield

) 3,Sos 3,5os 3 Shos # 3,Slas 3 Shos
Span il an )bl wis CiS e S Suis dilo SuES S Suis Js J5 Suis
Irrigation after Nutrition Planting place ~ Leafdry Stem dry Ear dry Total Total dry
consumption yield yield yield fresh yield yield
(kg.ha!) (kg.ha'!) (kg.ha'h) (kg.hah) (kg.ha'h)
N g \ (;:”na’;z 4114 9585 10170 77764 23877
1) O3gks op> Voo
. X
100% N (Na) S 4513 10208 11126 83975 25847
In furrow
YO+ oy oy VO andy o,
. 4023 9011 9658 73778 22692
(N2) cungpeS doy> On ridge
) 75% N +25% S 4137 9197 10178 76026 23877
BB Ol as s ¥ compost (N2) In furrow
Oy bet Oigd Aoy 00 i o) 3842 8454 9229 69879 21526
30% soil available (N3) CungpoS do On ridge
water 50% N +50% S 3966 8698 9606 72245 22271
compost (N3) In furrow
VO Ol hep VA “d o) 3112 6820 8539 59454 18472
(Na) CausgeeS 1oy On ridge
25% N +75% S 3213 7056 8814 61434 19083
compost (N4) In furrow
CosgpaS doy3 Vo v il ol 2282 6261 7429 50863 15725

On ridge
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(Ns)

100% compost ‘5;* = 2399 6514 7729 53001 16389
(Ns) In furrow
LSD %5 - - 238.9 508.8 506.1 1580.7 419.9
s 3039 7339 7551 60517 17930
(N1) (59505 duoyd Ve On ridge
. ‘
100% N (N2) S 3155 7793 7890 63689 18839
In furrow
YO+ gy o> VO il ol 3157 7364 7688 61351 18210
(N2) CosgeeS 3oy On ridge
75% N +25% S 3362 7878 8085 65192 19326
compost (N2) In furrow
JB ol oo 0o B+ jgs o> b b ol 3634 7597 7268 62448 18499
P pwd (N3) covgueS 10yd On ridge
30% soil available 50% N + 50% Sor S 4035 8290 7867 67185 20193
water compost (Ns) In furrow
Vo + Ljgy uep2 VA “i ool 2700 6662 6590 54010 15925
(N4) CusgsaS 2oy On ridge
25% N +75% S 2818 6932 6995 56623 16746
compost (Na) In furrow
=095 " e 2099 4691 5466 40950 12256
CuwgaoS duo)d ) ady ool
(Ns) On ridge
100% compost Sz IS 2188 5010 5887 43727 13085
(Ns) In furrow
LSD %5 - - 364.7 330.8 474.4 2529.3 875.9
i ol 1980 3813 5231 38249 11025
(N1) (59505 dopd Ve On ridge
. 4
100% N (N2) O 2099 4009 5512 40291 11620
In furrow
YO+ g 2oy VO i ol 2110 4015 5464 40211 11589
(N2) CavgeaS duzys On ridge
75% N +25% & 2215 4287 5789 42689 12292
compost (N2) In furrow
R R O R Ry ay o) 281 4484 6014 44417 12780
o > (N3) CusgsaS 2oy On ridge
30% soil available 50% N + 50% Ko S 2518 4771 6484 47223 13774
water compost (N3) In furrow
VB + 9yt dey YO i ol 1807 3823 5491 38549 11121
(N4) CasgsoS 20y On ridge
25% N + 75% & 1859 3966 5751 40109 11576
compost (N4) In furrow
CusgpaS duoyd Vo v “wdy o) 1552 3560 5129 35779 10242
(Ns) On ridge
100% compost e 1668 3808 5389 37767 10865
(Ns) In furrow
LSD %5 - - 278.1 332.2 385.4 2367.7 678.0
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Introduction

Currently, more than 90% of the edible oil needed in Iran is supplied through imports from other countries.
This amount of oil import is not suitable for a country with high potential and capacity to produce agricultural
products. Therefore, it is necessary to increase the production of oilseeds in the country. Camelina (Camelina
sativa L.) is a new and unique oilseed plant for Iran. This oil plant is part of the Brassicaceae family, and it has
been shown in various tests that it has much less water needs and more resistance to spring cold than other oil
plants, especially canola. Therefore, considering the importance of self-sufficiency in oil production in the
country and the introduction of crops that can have a good yield in the dry climate of most parts of the country,
this research aims to evaluate the effect of sowing date and nitrogen fertilizer application on the nitrogen
productivity of camelina as a new crop was implemented in the crop rotation with most of the rainfed crops.

Materials and Methods

This study was conducted in order to investigate the effect of sowing date and nitrogen fertilizer application
on the nitrogen capture and use efficiency of camelina under the conditions of rainfed fields in the climatic
conditions of Kermanshah city in 2018-2019. A split plots experiment was conducted based on the randomized
complete blocks in three replicates at the research farm of the Campus of Agriculture and Natural Resources at
Razi University. The main factor was the sowing date (October 25, November 9, and November 21), and the
secondary factor was nitrogen fertilizer application (0, 50, 100, 150 kg.ha'). The implementation of the sowing
date treatment was based on the occurrence of effective rainfall, and the source of nitrogen fertilizer application
was 46% urea fertilizer. The nitrogen fertilizer was applied at three stages (at the end of the six-leaf stage, at the
end of the stem elongation stage, and at the beginning of the grain filling stage). The plant was harvested on each
sowing date according to the physiological maturity (browning of 90% of pods). The evaluated traits were grain
protein percentage, grain protein yield, nitrogen harvesting index nitrogen capture and use efficiency, and

©2023 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
EY distribution and reproduction in any medium or format, as long as you give appropriate credit to
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nitrogen productivity.

Results and Discussion

The results showed that the treatments of sowing date and nitrogen fertilizer application had significant
effects on the evaluated traits. In the maximum fertilizer application treatment, compared to the control
condition, the grain protein percentage and grain protein yield increased by 39.0% and 128.8%, respectively. The
highest nitrogen capture efficiency (0.81 kg of total plant nitrogen.kg? of soil nitrogen) and nitrogen use
efficiency (11.4 kg of grain.kg? of nitrogen) was observed on the November 9 sowing date and the lowest of
these belonged to the November 21 sowing date. The increase in the amount of nitrogen fertilizer application
decreased the nitrogen capture efficiency (64.8 %), nitrogen use efficiency (63.7 %), and nitrogen productivity
(51.3 %) in the treatment of 150 kg of nitrogen application per hectare compared to the treatment of no nitrogen
application.

Conclusion

The results showed that most of the investigated traits of camelina were observed in the sowing date of mid-
November, and the delay in the sowing date led to a decrease in these traits. The highest nitrogen capture
efficiency, nitrogen use efficiency, and nitrogen productivity were observed in the treatments with the lowest
amount of nitrogen fertilizer application and the control treatments. In general, the results of this research
showed that under the climatic conditions of the Kermanshah region, it is better to sow the camelina in the rain-
fed fields in the middle of November, and because of the undeniable effects of using nitrogen fertilizer on
improving the grain yield, but if the environmental risks of excessive use of chemical fertilizers are considered, it
is better to application nitrogen fertilizer in the minimum amount the plant's needs.

Keywords: Grain protein yield, Nitrogen capture efficiency, Nitrogen harvesting index, Nitrogen use
efficiency
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Table 1- The average of some meteorological parameters during the Camelina growing season
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Month November December January February March April May June
uf’)l% faaad
Total rainfall 52.5 111.9 19.4 39.2 146.3 91.7 40 0.01
(mm)
bod (1 ke
Average temperature 10.1 5.9 4.4 3.7 9.7 11.2 17.7 25.3
0
755 5:Ske
Average evaporation 21 0 0 0 0 21 6 11.6
(mm)
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Table 2- Physical and chemical properties of the soil at the experiment site
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“‘L‘” Y 252 594 154 1.08 11 295 199 470 11 7.3
Silty loam
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Table 3- Analysis of variance of the measured characteristics related to the nitrogen use efficiency in Camelina

©la e aS0le
Mean of squares
e @y = . o Lo oda 1,8 . p
Ol g é.;lm " gy o yd W,,.;a,&lo.c Cwldp yad b =@l d’md.l)ls o
SOV &35 . . - 0395 R QI S19° %
D ail> ail> 0395 . Ojore :
df G i ) R ) N N“:rogen A Nltrogen
rain protein  Grain protein N Nitrogen capture Nitrogen use  productivity
percentage yield harvest index efficiency efficiency
. ’I’S_K 2 16.3" 2101.4m 31.1m 0.181" 6.5™ 12.3m
Replication (R)
<3 &) 2 63.7" 20347.5™ 457.8" 0.417" 75.1° 5.2m
Sowing date (S)
RxS 4 1.4m 3690.8™ 151.6™ 0.142" 46.4" 14.9m
;)z"\‘;; 3 85.5™ 9710.2" 157.3™ 0.569™ 168.1"" 54.3"
N xS 6 80" 8295" 230.1™ 0.102m 30.5m gns
s 18 0.309 2264.2 97.9 0.080 16.3 7.7
Error
el 155 35 235 35 36 21.9
CV (%)

Lo pd K g doyd oy Jlein ] o )3 J e g 43 e pd a5 54y K 9 * NS
ns, * and **; non-significant, significant at the probability level of p<0.05 and p<0.01, respectively.
g g p y p p p y
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Fig. 1- The effect of sowing date and application of nitrogen fertilizer on camellia grain protein percentage
(P<0.05) 5,155 s e (gylol BB iS5 b oS o By 5 J3his (il (olouSikio
Means followed by the seme latter, are not significantly different (p<0.05).
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Fig. 2- The effect of sowing date and application of nitrogen fertilizer on camellia grain protein yield
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Means followed by the seme latter, are not significantly different (p<0.05)
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Table 4- The effect of sowing date and application of nitrogen fertilizer on the measured characteristics related to the
nitrogen use efficiency in Camelina

s 2,8

Ogp ey 3Sles Gy yad b T G595k e 1S i 330
FHI &> pidg 0595 ‘j””*" Nitrogen N N“itro en )
Grain protein ~ Grain Nitrogen NJ“;Z?(%“ utilization producti?/ity
percentage  protein yield harvest index effﬁ:iency e(flzlcfn?)y (kg N absorb?)
0, -1 0, B
’ (%) (kg ha?) (%) (kg kg g kg
Oc‘i;*l'); i‘“z 5 20.08° 80.4 39.4b 0.59° 7.8° 12.28
3 &8 SLTYA
Sowing N o ber 9 24.072 135.42 49?2 0.812 11.42 13.42
date OYir,‘nv er
No :rﬁbé 25 20.07° 54.8° 37.4b 0.44° 6.6 12.3
vember
C.mus | 16.9° 56.5° 42.82 0.912@ 14.58 15.82
039 355 ontro b b b b
N fertilizer 20 K9 21.9% 104.2 38.12 0.692 9.3 13.59
100 kg 23.22 70.9° 4752 0.53¢ 5¢ 10.8°¢
150 kg 23.52 129.32 39.52 0.32¢ 5.8¢ 10.6°
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* According to Duncan's test, the means with similar letters in each column are not significantly different at the probability level of

p<0.05.
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Introduction

Removing the gap between the yield that is currently obtained by farmers and the yield that can be obtained
by using the best water, soil, and crop management practices (yield gap) is the key solution to overcoming the
nutritional challenge of the growing world population. Wheat has played an important role in the economy and
food security of the world over the history. Considering the importance of the wheat crop in food security and
human feeding, as well as the importance of Lorestan province in producing wheat crop in Iran, the current
research was carried out using the modeling method in order to estimate the yield gap of irrigated wheat agro-
ecosystems of Lorestan province.

Materials and Methods

The current research was conducted in 6 locations in Lorestan province, Iran (Aleshtar, Aligudarz, Borujerd,
Khorramabad, Kuhdasht, and Pol-e Dokhtar). To evaluate the APSIM-wheat model for the Chamran cultivar,
some independent field experiments were used under different treatments, including planting date, irrigation, and
nitrogen regimes. NRMSE, d-index, and MBE indices were used to evaluate the crop model. Then, the
management, soil, and climate data of the studied locations were collected. To find the most optimal sowing
date, an initial simulation experiment set was performed. After obtaining the optimal sowing date for different
locations, the attainable yield (85% of the potential yield) was simulated. Finally, from the difference between
attainable yield and actual yield, the total yield gap for the locations was obtained. Also, the contribution of
different management practices, including nitrogen, irrigation, and other reducing and limiting factors, was
calculated from the total yield gap. In the current research, OriginPro software was used for all statistical
analysis and drawing of figures.

Results and Discussion

The results of the model calibration showed that the APSIM-wheat model was able to simulate the days to
flowing, biomass, and grain yield accurately. The normalized root mean square error for days to flowering,
biomass, and grain yield was 5.13, 5.29, and 7.87%, respectively. The model validation results of the model also
showed that the model simulates the grain yield well (10.3%). In the initial simulation, the best production
potential (8433 kg ha') was related to the October 15 sowing date. Attainable, water-limited, and nitrogen-
limited yields were equal to 7179.2, 6302.7, and 4212.5 kg ha*in Lorestan province. Across different locations,
the water-limited yield ranged from 1.4722 to 2.7448 kg ha™ followed by attainable yield (from 6537.5 to
7982.7 kg ha®) and nitrogen-limited (from 2.2 3850 to 4414.5 kg ha'). The total yield gap of irrigated wheat in
Lorestan province was equal to 4177.5 kg ha. The results also showed that, in general, throughout the studied
locations and years, the contribution of nitrogen, water, and other reducing and limiting factors in Lorestan
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province was equal to 69, 22, and 10% of the total yield gap. There were many changes among different
locations in terms of the total yield gap in Lorestan province so it varied from 2661.8 kg ha (Pol-e Dokhtar) to
5608.4 kg ha* (Aligudarz). In terms of yield gap due to water limitation, the highest amount was related to Pol-e
Dokhtar (31%), and the lowest value was related to Khorramabad city (14%). For the yield gap caused by
nitrogen limitation, Aligudarz had the largest share (77%), while the lowest share of this limitation was obtained
for Khorramabad (59%). The maximum share of the yield gap caused by other limiting and reducing factors was
also recorded in Khorramabad (27%), while its lowest value was calculated in Aligudarz and Aleshtar (without
restrictions).

Conclusion
In general, the total yield gap of irrigated wheat in agro-ecosystems of Lorestan province is equal to 59%.
Also, the results revealed that the largest share of the total yield gap is related to the lack of optimal application
of nitrogen management (time of nitrogen application), and if the optimal management of nitrogen fertilizer is
applied, the total yield gap will be significantly reduced at all studied locations in Lorestan province.

Keywords: APSIM-wheat model, Calibration and validation, Water and nitrogen management, Yield reducing and
limiting factors
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1- The Agricultural Production Systems sIMulator
2- The Agricultural Production Systems Research Unit
3- Radiation Use Efficiency (RUE)
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Table 3- Genetic coefficients of the Chamran cultivar in APSIM-wheat model (Deihimfard, 2011).
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Table 4- Field experiments used APSIM-wheat validation for the Chamran cultivar.
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Fig. 2. APSIM-wheat model validation for the Chamran cultivar using Madani et al. (2012), Baygi et al. (2017), and
Enayatgholizadeh et al. (2011) studies.

Al 5, Shas wilise 3blio pol o )3 ol Cawnd 4y, p,S5LS
Ll i an 0l Yo 500 0 socdls o)l o ol pais
O D LS 3 p)Se LS YASAIY g Ae¥+/¥ A-YV/Y
(USE 3 pySokS AAVWV/F) 3,8kec 35Vl ciliske (sl jiiSion
oo D9 e VO Sl Gy g 5095l ddlate iiSen >
GiSen )3 (LS )3 pS oS FoNIY) 5 Slas line (28
21 JS8) b gjlusand Gl ) il )b g sl ikl
V0 CdlS 2yl g 595l adlate )3 iy 3)Slas (555 dine;
adbate 3 pde 3 0)93 Job o (oS (oo |y £9590 (nl e

Cddils (sl syl ool AliAs dbolie Jucailiy g Slas
§153
cos i Glisl )3 of paiS Jousily 3,Slee S ok 4
39,8 0 pSe LS MYY/Y 1_3)_3]).3 caliee glacwsls @)U
caliso gblio p (ol oS Juwsly 3,Slee cpisman (¥ )
1o, Sles Lacc sl g, pwlypw 0 aS (g)5b a dgr ciglato
dwmudhwlfc;)bu»p .)y)yﬁpj)bﬁldﬂa;p



FAY  o5ladon g, 1 eoliswl b ¢yl oylil T pusS o 5o s 0,57 5 ¢ 3], 80 5 (600>

(al., 2021
il Fyls adliee slacsl @)l o > 4l 4 4295 L
sl 53 Jomiliy 3, Shoe BLod jleclS 20,6 (i oo V0
e sl dinge B )b lgie 4 CllS )b ol og sbbe
9 9950 Ol oliwd Job 5, Slee arwlxe cas (gan g5l

A5 o] dgdze 45y

Jobo Oimen g (59, V2 V) 3blia plo 4 Cund (59, VIYF) 255!
sl d G (59 VYY) joe V0 S )b o piddin A5 0590
Pl A3y 093 Jobo gBly )3 93 o)Ll (jg, Y+V) eudlS &6
o=l aS 09 b 0 Sis odlo il (il g iy iwed cely
S 235 o iy 5 Sas Linlal el colys o Siis oolo
3y Slos g giday by 0)90 Job Cute byl s jlis cildllas
; Rahimi-Moghaddam et Amiri et al., 2021) xx s 5YL

10000 Aleshtar

| T e = S

Aligudarz

el s

10000+ Borujerd

o] SN

Khorramabad

== == == ==

Potentail grain yeild (t ha™)

10000 Kuhdasht

st

Pol-e Dokhtar

. =

7-Oct 23-Oct 6-Nov

21-Nov 7-Oct

23-Oct 6-Nov 21-Nov

Sowing date

ilisee CS glagy U g andllaed g0 bl ;5 e Jamiliy 5 Slos —F JSS
Fig. 3. Potential grain yield in the study areas under different sowing dates.
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Fig. 4. Wheat actual and attainable yields in the study areas under different years. Note that the continuous and dashed lines
represent the main attainable and actual yields in the study years, respectively.
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Fig. 5. Wheat actual and water-limited yields in the study areas under different years. Note that the continuous and dashed
lines represent the main attainable and actual yields in the study years , respectively.
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Fig. 6. Wheat actual and nitrogen-limited yields in the study areas under different years. Note that the continuous and dashed
lines represent the main attainable and actual yields in the study years, respectively.
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