bLo: ¥eeA-YYIF

2AR

(r 2 & ko )

Yo ol gic

kil S 3 Ko 3, g 0 Dloogeas 3 oy Hilgm § B 30 995" B g2

1'*--.4 ------

ary

[ Trigomrella focmum-graecum 1)

B e e e o

--------- Al gk 8 AL cleeliais g delio 1S90y bl 3 Ll (8350l Slaplaipg O Selerl SagT ol b iyl

5 0 e 3 S S Ll s s 5 s S i R0

Okt Jae Soslid b Sl de o S e s g SIS g b blad ceesd

r

(30 (St 230 (550l DY e (52300 4dfllan)
Falidas e s Ve oty pemllad (Mg s

Slogas g sldgle (Sorghum bicolor L.) paf 39 8 (Zea mays L.) S35 balses 225 3 (5lol 90 41
dyle AT 9 T

g s e 9y gt e o Sl 03 B0k s

(Zea mays) 232 3 ((Phaseolus valgaris) oy baldw S8 sandge b adl 9 3 fCes ol ol o3 Koz b 55
Rhizobium phaseoli 5 550 b mill Cod

A8

Bl e g 5 Sy ol e kst (g MRS ol

e mb sl Ol 32 (Amygdalus commanis L) plab SOl dawel ol Sladp mdas hJjTﬁ

¥ia

(GIS) Ll g Sleof dilol
JJlﬂulFLJ-L;J_J_hJL.ﬂUJ:k;fJS‘dI.,HT

(Oryza sativa) g p Suif” plln 4 JT sladgs 5 O JU 573000 595 Jie belge Solle oo

¥y

e Ol e 2
ol sy I-f\-ﬁl-j&_;Jr.-FJ-ﬁu‘jJrS-r”?‘j

WSl S5 O (5390 op 9 S5 03k 8 los O e 5 ket 33 AquaCrop  Jue Suec o § e last
438 2 308 ol 8 Salol Lilohs gla RS9 Cond (Zea mays L)

A e

S e e fa Mot (g e ) )

T ol 33 cllE o (Vigella setiva L) el il Sl wiedl 3 Ko il 8 3 Klos b 3,
b T g g aal ol gl U gl At b M Baladeon




(4olLad) (S5y9Lis™ wlil poy 4 43

Ao (w9 48 oL
Ol BLG 51 9 =T 8 D159 1 AV/ATA 45550 A1/TY010 dilg p oyl b
S29Ld 9 sy pole D159 TAR/A/A 45550 AA/T/1Y/OTEVA ojled g (ole 4> 50

Bl pL m" ode T phd 4 A oode Tas 50 (81510 Db pid Al TN Lo S e D139 dguan bl g

Ve o Oybie £ o olods 1ol
A@.ﬁww}}}o@dbi}&ﬁﬁ}lﬁ:&‘ g_,ol.a

dgban g 2 oKl (89S e aSlisls skl (K («L.g;j:f: JQM P
wijéaliul;“_;j”uso.&ul;;ul‘rmgly)ﬂuﬁ;:xga,»

Agias w93 ol (S slS e uSlisls Ll ‘d°(J5' s 5SS :&'é P

(LT B9 > o j4) 4 o8 i Slias!

3B s 58 o&ils S 5y 5l 4l ;57

Syl s o8t (655518 0aS il sl ¢ Ko 25 0 ;ST

U0, oaits ( ALE p sl 0aSiils ¢ ony sl ¢ JS g dasmn 575

ol orb lias (65518 p ke o sils sl ¢ 255 0 Al Cean ST

OWIT e n 8" s s oBtils  Sins 5 syl ol 55

dgia g 53 b oSS (6355l oS3 LIS o3 05 g ST

S o1 (635518 08l sl i (Sbamma L3 Jsle S

dgta opd b oSS (63,58 0dSils caliul Sty S 5S>

dgten (o333 o8C5 ((65)5LaS oSl skl pkia Sy s 5S>

Sgo) Ol 3 (65,5l Dlidss S e ookl (golT L2d ol el S

o odomio VLI 5SG 5S0 55 ol bl ¢ pledn Slinj dnw S

A &M S o8ty (o155 0bLS 5 &S ple o5 8 S ple Siash odiald doam S
L ¢ S REE ;Jf\::,- pske 05,5 (she dual S

D8 S ab e 5 555508 p ke ol eslal ¢ (5,56 A5 5 ST

STl ol (65 55LaS” 0dSLisls ealiml ¢ 53l 3 gate ;S

At 33 o815 (655 5aS” oSl eolal LS pligs ST

Sl b mlie 5 (65,558 o5l o ekl (W (65110 Lo ydomms S

h3 st o5k 5 b i o8I (2 ke 05 Tl (g3l Gbme ol S5
dgia o335 ol (635 5LaS” 0uSLisls caliul ¢ SMoen (6 i (Shge ST

G §353LST i p g g 255 85 ¢ ok D 25 G 1 (655557 0dSCs cgtin w33 o5 eys  ¢633T Ol cgtn 2 SIS
WOV

OV-FAVAVFY : plod COV-FAAFEOF a8
https;//agry.um.ac.ir :oebw w1 agroecology@um.ac.ir : g S g

B0 0 lod g3 SO 1 4 4i5 oyl
DOAJ, CABI, Google Scholar, AGRIS, Internet Archive, Ebsco, Europub
(MAGIRAN) ygi5™ i yi5 OleMb! <Sb ¢ (ISC) el Ol (Sl oS

Sl 0l dlod fols”™ Ao 9 5900 4 https:/fagry.um.acir colw 3 oled oyl SYGo


mailto:agroecology@um.ac.ir
https://agry.um.ac.ir/

oAl

-y

iy

1éo

1y

A0

Yio

¥y

Yy

(Trigonella foenum-graecum L.) abba obs™ & slos § 39099 30 Dlo g 3 by Sligu § (£ g0 395 Wl (wyy
Sl Gl 5 Sl e (OB sloms 03 3 sl o dazes

SRl i 9 il S e dulio 1550 ) Olul B Sl (S39L8” SELSE g (T 3g8e5 9Tl (b3

s 05 5 3 (S oS Lo e ( GVoma (6 i s gy B oK

S39lis” WY gt (§0 90 dxfllae) O bwl Joko 1 odlitnl b (T 45 o S ) Lo cur 3 109 4 Blod yaedd
(00 (SN 036

§5 5058 o 5 SV sr (o2 0 el ) S 6ok sl

9 N Slhogas p (sladgls (Sorghum bicolor L.) pes™ sew 9 (Zea mays L.) &5 bl cuis™ 9 5okl 598 51
“gle

25 g s 5 (65 gt dal ¢ lam 0313 B5Le dn

o (Zea mays) &b g ((Phaseolus vulgaris) legt belss Cuis™ (Shwdgw S asLe 9 8 Khos 51321 0 Khos b 34
Rhizobium phaseoli (s s b zedli

bl o domen 5 (o 0 Olagy oy 4l (6 a155 ooal

Ailolo 31 (S p570 5a b i Ol 35 2 (Amygdalus communis L.) plal culls” drwgi cwbn Sbaig adaw 3537
(GIS) oLél > Ot

Sl s 5 (o Lo e (a8 T

Ol yei 3 (Oryza sativa) goi g cuis” pla 4 JT oS 31 O™ JU 6 w554 (595 F 50 Jolge Skl Juro
Jgo3e

oy 1333 3 sms 5 (63l o s (5 Sl |2

Zeamays ) I418 O3 ST (8390 5@ § &Xis 05k d Khos O w0 (S Hwdands 33 AQUACTOP o (owdre § (m sbis!
43955 985 Tobu 9 ol Lilieo S gy oo (L.

SSL e 5 i i (S dom 15k i 2005 415

OB 7 50 cbls &b 4 (Nigella sativa L.) 4faabuw Cilise Sbowighl 8 los s3>0 § 8 o (20 35!

2 ol T s (5 oal e Gl U1 35508 Ao 3 ¢35 Goloteos



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

Research Article
Vol. 16, No. 4, 2025, p. 587-604

Investigating the Effect of Chicken Manure and Potassium Sulfate on the
Physiological Properties of Fenugreek (Trigonella foenum-graecum L. )

Medicinal Plant

Mohammad Hossein Aminifard =", Sajjad Nadafan?, Hassan Bayat'='® & Mehdi Jahani"=*

1- Associate Professor, Department of Horticultural Sciences and Regional Plant Research Center, Faculty of
Agriculture, Birjand University, Birjand, Iran.

2 and 3- MSc. Student and Associate Professor, Department of Horticultural Sciences, Faculty of Agriculture, Birjand
University, Birjand, Iran, respectively.

4- Associate Professor, Department of Plant Pathology, Faculty of Agriculture, University of Birjand, Birjand, Iran.
(*- Corresponding author's Email: mh.aminifard@birjand.ac.ir)

How to cite this article:

Received: 10-12-2023 Aminifard, M.H., Nadafan, S., Bayat, H., & Jahani, M. (2025). Investigating the
Revised: 03-02-2024 effect of chicken manure and potassium sulfate on the physiological properties of
Accepted: 12-02-2024 fenugreek (Trigonella foenum-graecum L.) medicinal plant. Journal of

Available Online: 12-02-2024 Agroecology, 16(4), 587-604. (In Persian with English abstract)
https://doi.org/10.22067/agry.2024.85755.1175

Introduction
Fenugreek (Trigonella foenum-graecum L.) is an annual plant found in many countries in Africa, Asia, and
Europe, and India is the largest producer in the world. There are two types of fenugreek, one botanically known as
Trigonella foenum-gracum and the other Trigonella corniculata (Champa or Kasturi Methi) of the Leguminosae
family. The integrated management system is a system in which reducing the use of chemical fertilizers, and the
combined use of chemical fertilizers and organic materials are considered. Among organic fertilizers, chicken
manure is very important due to its high nitrogen concentration, high carbon quality, low carbon-nitrogen ratio, and
large amounts of important nutrients required for plant growth. The appropriate amount of potassium sulfate
fertilizer in the soil facilitates the osmotic adjustment in the soil, as a result of which the osmotic pressure remains in
the leaves, and in this way, the plant's ability to cope with drought stress increases. Therefore, considering the
mentioned cases and the lack of scientific information in the field of combining fertilizers, in this research, an
attempt was made to find a suitable fertilizer combination consisting of chicken manure and potassium sulfate for
the fenugreek plant.
Materials and Methods
To investigate the effect of chicken manure and potassium sulfate on the physiological characteristics of the
fenugreek medicinal plant, factorial research was conducted based on a randomized complete block design with
three replications in the crop year 2021-2022 in Qochan city in the north of Razavi Khorasan province.

©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
the original author(s) and the source.
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Experimental treatments included chicken manure at three levels (0, 1000, and 2000 kg. h) and potassium sulfate at
four levels (0, 1.5, 3, and 5 per thousand). The chicken manure concentrate was given to the ground according to the
investigated area before planting. The planting depth of fenugreek seeds was considered to be 1.5 cm. To prevent
the binding of seeds, the seeds were covered with fine sand mixed with animal manure. Then, at the 4-6 leaf stage,
thinning was done to reach the appropriate density. The first irrigation after planting and subsequent irrigations were
done once every six days until the end of the growing season. Also, Soluptas fertilizer was applied as a foliar spray
after planting, from the six-leaf stage to the flowering stage, three times with an interval of 14 days. The investigated
traits of this experiment included morphological and physiological traits, which were sampled after the plants were
fruited and the pods turned yellow by removing the marginal effect.
Results and Discussion

The results showed that the highest level of secondary and main stem height, leaf dry weight and other growth
traits were obtained with the highest level of chicken manure (2000 kg/ha), which, of course, was not significantly
different from the level of 1000 kg/ha of chicken manure. The use of chicken manure, especially in arid and semi-
arid areas, which mainly have low organic matter levels, in addition to increasing soil organic matter and availability
of nutrients, can improve the physical, chemical, and biological characteristics of these soils. Also, the highest
amount of growth traits was obtained with the use of the highest level of Soluptas, i.e. five per thousand. In the
interaction effect of two investigated fertilizers, it was observed that the interaction of organic and chemical
fertilizers caused a double effect on the investigated growth traits. The level of 2000 kg of chicken manure caused a
16.38% increase in the weight of a thousand fenugreek seeds compared to no fertilization. The weight of 1,000
seeds was 10.408 gr at the 5 per thousand Soluptas level and 8.906 gr at the non-fertilization level. Also, the
interaction of chicken manure 2000 kg/ha with each level of Soluptas caused the highest number of pods in the
fenugreek plant. The highest levels of both treatments caused an increase of 83.76% and 93.28% of seed and
biological yield compared to no fertilization (control level).

Conclusion

In general, it can be concluded that among the simple effects, the highest amount of traits was related to chicken
manure, and among the investigated levels in two treatments, the highest yield of fenugreek dry matter was obtained
with the consumption of 2000 kg/ha of chicken manure and 5 per thousand Soluptas.

Keywords: Harvest index, Organic fertilizer, Pods, Soluptas
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Table 2- Characteristics of chicken manure decomposition of 70% chicken manure used in the experiment
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Table 3- Characteristics of decomposition of potassium sulfate fertilizer used in the experiment
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Table 6- Mean comparison of average vegetative traits under the effect of chicken manure treatment compounds and
Soluptas foliar application
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(kg.ha't) (in 1000) (cm) (cm) @

0 17.37 6.43 2.56 2.68 0.58 0.023 4.00

0 15 18.62 7.43 2.78 3.73 0.66 0.026 4.66

3 23.80 11.26 3.10 6.69 1.04 0.060 6.00
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LSD 0.5 1.71 1.78 0.34 0.96 0.13 0.01 1.34
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Table 7- Variance analysis of yield traits and yield components under the effect of chicken manure levels and Soluptas foliar
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S.0V eight o ry umber o umber o L
1000- weight of seeds per pods per Siﬁg B|oli(;g|.;(|jcal '{'ﬁ}g’:}f
seeds pods plant plant y y
Bifk 2.170™ 0.00002™ 306.01" 0.016™ 219.44" 39869 211.52™
. 3 7.598™ 0.045™ 29927 7.221 168§ 69 387703  519.86™
Chicken manure (C)
gl 3433 0.016" 13978" 5087 287 o521 76451"
Soluptas (S)
CxS 2003 0.006™ 3375™ 27120 MO gopggr 14688
Eli:;r 0.867 0.004 1478.1 1.089 21395 13614 258.49
u"“g\;”"‘o 9.69 12.28 25.40 9.177 13.74 9.06 12.62

B sixe BB ol g doyd S g oy Jloin] zokaw )0 )l (me iy NS g s o
%, %% and ns: significant at 5 and 1% probability levels and without significant difference, respectively
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Table 8- Mean comparison of average yield traits and yield components under the effect of chicken manure levels and
Soluptas foliar application

SR S 3 > dld dloxs > EYE dlawy 5L
ot e e aoa,Shos Sy oSl O
* eight of e &g &g s . N Cowld p
] eed yield Biological
Treatments  1000-seeds  pryweight ~ Number of Number of (kg.hal)  yield (kg.hat) ~ Harvest
(@ of pods (g)  seeds per plant  pods per plant index (%)
Er 2
Chicken manure (kg.ha't)

0 9.03 0.51 105.68 10.76 47.45 115.50 41.52
1000 9.26 0.56 143.67 11.10 52.91 121.41 46.66
2000 10.51 0.63 204.67 12.24 59.29 149.16 40.53

LSD o.05 0.43 0.08 47.53 2.00 3.73 5.65 2.93
(Vree53) oliglge
Soluptas (in 1000)
0 8.90 0.51 115.25 10.59 44.61 95.00 47.65
1.5 9.60 0.56 133.04 11.27 54.16 121.77 46.05
3 9.50 0.58 150.76 11.10 56.83 148.44 39.06
5 10.40 0.62 206.31 12.51 57.27 149.55 38.84
LSD o.05 1.00 0.06 37.26 0.78 3.22 12.56 5.80
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Table 9- Mean comparison of average yield traits and yield components under the effect of chicken manure treatment
compounds and Soluptas foliar application

Ly yLoud
Treatments &gy > AL slani a1 3 ,Sos S 9 g 3,5os s sl
_ 005 (Vorr 13) oobizglgms Number of pods Seed yi_elld Biologicalyield Harvest index (%)
Chicken manure Soluptas (in 1000) per plant (kg.ha") (kg.ha*)
(kg.hat)
0 9.66 38.00 89.33 43.69
0 15 9.62 36.50 113.33 32.13
3 10.77 57.83 129.33 44.79
5 12.99 57.50 130.00 45.47
0 10.44 47.33 93.00 51.90
1000 15 12.11 63.00 96.00 65.67
3 9.99 56.83 150.66 38.54
5 11.88 44.50 146.00 30.53
0 11.66 48.50 102.66 47.37
2000 15 12.10 63.00 156.00 40.37
3 12.55 55.83 165.33 33.84
5 12.66 69.83 172.66 40.53
LSD 0.5 1.36 5.58 21.75 10.05
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3 S 4 Sy 3 paie ol clale alS s ganails dls 5o
WBILE (B3 45 390 (BLS St 03lo p)SolS )3 p)5 V-
4 |y (Glycine max) Lgw ol &ils Voo 59 9 by slias jials”
—yp b ool b J(Hanway & Johnson, 1985) 5> JLs»
aw 38os clial g3 Sloe sl Clilgus 395 iliseo gslaw
AMe p asholis y el 265 B as ol )l s ile o8,
el 5L Jeloes (Shirvanipour et al., 2013) sl b sz
2 BLE ol Gl 4y i 5 (O 1) Ve ) p S ke K1)
Adimet ) o )LSen ¢ ool (Naser, 2017) us allis olS g
515 oLS gy 53 B st i oS 3,8 )5S (l., 2022
£0 395 + Joyd B olewd 355 ,leus > (Brassica napus)
A5 odalie (TB) s 365 + duopd B+ CuwgroS 365 + duoyd B+
Coily (i YY/E ili8l (joolde o yieS L) dald 4y Cows oS

(p<<+/-0)

dila o Slac

5 wlogdgw 3l aS L sl cowsa slaodls guls
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(* Jg)

len ¢ o (Guins cpl jledel Conday ol ol
boallis g ol @i oy, b (Salehi et al., 2017)
35 85 Sy 5 ol & loosd g (B30 255) I sloasS
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Oy (Rostaei & Fallah, 2016) o M6 5 olbusgy i b 20
@y 9+ wlaluw sy S led 5l olS g0 ya aily 5 Sas
O + (£0 355 doyd B+) Laudlh 365 muiie jl o i Al
589 5l o) 2 oS alel 2 03,5 (B)1S (Lakesd 365 20
)0 (Gossypium hirsutum L.) agy > )Slas 5 (old 368 jlade
B > 5 Ve i (e 395 45 3 (L s (288
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Introduction

Agriculture plays a very important role in the realization of many of the United Nations Sustainable
Development Goals (SDGs). If agriculture is to make a positive contribution to achieving these goals, ensuring
the ecological resilience of farmers, i.e. improving the adaptation capacity of the households as well as the whole
production system to a wide range of environmental changes and shocks, is crucial. The intensification of
climate change caused by global warming and its consequences, including the occurrence of long droughts,
floods and other natural disasters, have threatened the food security of subsistence farmers and smallholders in
the first place, and the food security of large communities in the long run. Also, recently, the COVID-19
pandemic and the possibility of similar epidemics have created more concerns. Therefore, the issue of resilience
has been highly considered by researchers and international organizations, especially the Food and Agriculture
Organization of the United Nations (FAO), so resilience has been defined as one of the 10 elements of
agroecology. On the other hand, numerous research evidence have shown that integrated systems (combination
of crop cultivation and animal husbandry) in order to increase structural and functional diversity and increase
ecological resilience against severe environmental stresses and climate changes. In addition, integrated systems
have different resilience and ecological stability depending on the intensity, amount and type of integration.
Therefore, in recent years, a large number of researches have been conducted to address the resilience of
agricultural systems. Since the ecological dimensions of resilience have not been comprehensively investigated
in Iran, the purpose of this research is to evaluate the ecological resilience of rural households in Razavi
Khorasan province and compare systems based on agriculture, based on livestock and integrated systems of
agriculture and livestock. In this research, the recommended method of FAO has been used to evaluate
resilience.

Materials and Methods

The required information was collected from 87 households from 10 cities within the province by completing
a comprehensive questionnaire and face-to-face interviews with households. Data were analyzed using the
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RIMA I1-FAO method. Clustering of 87 households based on their corresponding cultivated area of crops,
saffron and the number of livestock units resulted in 4 livelihood groups, including only cropping (G1), the
integrated crop-livestock at medium level (G2), only livestock at large level (G3) and integrated crop-livestock
both at large level (G4). The resilience of households in each group was evaluated based on 5 components (asset,
adaptive capacity, biodiversity, intensification, and use of ecosystem services), each measured by a humber of
indicators. The scores of 5 components were aggregated after weighting by using factor analysis and
normalization to develop a composite resilience index on a 1-5 scale.
Results and Discussion

The results showed a significant relationship between the resilience of rural households and the 5 mentioned
components, where intensification had a negative correlation with resilience, while the impact of assets,
adaptation capacity, biodiversity and use of ecosystem services on household resilience was positive with the
highest correlation for biodiversity. The households of integrated crop-livestock groups (G2) and (G4) had the
highest resilience compared to households in single enterprise groups i.e. only cropping (G1) and only livestock
(G3), with the lowest resilience in G3. In general, the high score of the components of biodiversity, ecosystem
services, and adaptive capacity, as well as the low level of intensification in small to medium-scale integrated
crop-livestock systems, resulted in more resilient households while large-scale single enterprise households had
lower resilience despite their higher assets.

Conclusion

Resilience is a fundamental basis of sustainability, and it refers to the ability of systems to return to their
initial state after facing environmental tensions. The main purpose of the present study was to evaluate the
ecological resilience of the agriculture ecosystems of Khorason Razavi province. The main findings indicated
that the integrated farmlands with other activities, particularly with animal husbandry, are much more resilient
than pure and monotype farm production systems.
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benefits of biodiversity intercropping
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Intens Indicating the level of intensification and e ™
usage of external inputs Chemical fertilizers
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Pesticides and herbicides
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Soil organic matter
Yy b sl
b plaipg @lass 5l (o)l poye 9 Cugil oliae oaims it Rotation With legiumes
o Lo, Blas (655l
Eco-Serv . A SBO) Al S
Indicating enhancement of ecosystem Conversation agriculture
services by management practices Sl (Bl cy e

Integrated pest management
celyj g 5ylael> 545
Mixed (crop + animal) farming
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7- Factor analysis
8- Loading
9- Eigen value

Bgd g0 Ly ya3 O yguo dw 4 gyl cadle 4 dis laales oyl
wla e  Volkov et al., 2021;Alinovi et al., 2008)
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1- Continuous variables
2- Ordinal variables

3- Likert’s 5-point scale
4- Dummy variables

5- Z score

6- Composite index
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Table 2- Pearson's correlation coefficients between crop and livestock income with cultivated area and the number of
livestock units per household (n=87)

(s&1y5 Y guamme) ol yd (g ptaels) ol ya
Income (crops)  Income (animals)
u;o]) _\>19
. . .629**
Livestock units 0.629
obie; cutS ;5 gdaw
. 0.525** -
Saffron cultivated area
ly; Y CuiS 5
=) 9‘"“’ 2 g 0.434** -
Crop cultivated area
25
= 50 A
75 1
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Fig. 2- Dendrogram of cluster analysis on 87 selected households based on 3 income determining variables
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Cluster analysis was done by Ward method and clustering based on 75% similarity. Agriculture only (G1), medium level integrated
management (Gz), animal husbandry only (Gs), high level integrated management (Ga)

1- Ward
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Table 3- Characteristics of the four household groups based on cultivated area of crops and saffron and number of livestock
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Mean cropping area (ha)
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Mean animal unit
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Mean saffron area (ha)
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Fig. 3- Violin plot showing frequency distribution of normalized score of each resilience component for 4 household groups
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Scores are normalized in 0-1 scale, variables used in calculation of score for each component are presented in Table 1. In violin plot
solid line shows median and broken lines show upper and lower quartiles.
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1- Collinearity
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Fig. 5- a) Mean values of composite resilience index for 4 household groups (Gi1-G4) normalized in 0-5 scale, bars are
standard error of means. b) Violin plot showing frequency distribution of composite resilience index for 4 household groups

(G1-Ga), the index is normalized in 0-5 scale, in violin plot solid line shows median and broken lines show upper and lower
quartiles
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Introduction

In recent years, attention has been attracted to the environmental pollution resulting from the production of
products, and as a result, the interest of the communities to know more about the environmental protection and
destruction factors has increased. Eco-labels are defined to respond to this need of society. Estimating the
economic value of eco-labels of agricultural products that provide environmental information about products and
their production process to consumers shows what share of the costs necessary to collect such information and
data will be paid by consumers. In this way, the value of labels can be determined for consumers. In Iran,
especially in Mashhad, where a significant part of fresh agricultural products is irrigated with urban and
industrial wastewater and the use of chemical fertilizers and pesticides in the production of agricultural products
is common, the implementation of the labelling scheme for fresh agricultural products due to its impact on the
health of consumers and the environment is very important. A large number of consumers of the above products
want to have information about the level of contamination of these products and use healthier products, and
therefore they are willing to pay to provide this information.

Materials and Methods
In this research, the evaluation of eco-labels on freshly packaged agricultural products by measuring people's
willingness to pay for these products in 11 regions of Mashhad is discussed. In the present study, the contingent
valuation method and single-bound dichotomous questionnaires were used, and the bid amounts used in the
questionnaire were designed using the Boyle and Bishop methods. The spike model has been used to measure
the willingness to pay and check the factors affecting it.

Results and Discussion
The results from the questionnaires indicate that out of 150 participants, 27 stated they would not be willing
to pay for eco-labels on freshly packaged agricultural products. Consequently, the bids, designed using Boyle
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and Bishop's method, were applied to the remaining 123 participants. The suggested bid amounts were 10%,
20%, 30%, 50%, and 80%. The results from the spike model show that the variables of marital status, monthly
family income, the market where the product was purchased, the importance of the product's appearance, the
individual's attitude towards the environmental impact of traditional agriculture, prior knowledge of eco-labels,
and the bid amount all have a significant and positive effect. The variables of age and the importance of the
shape of product packaging have significant and negative effects on willingness to pay. The studied population is
willing to pay about 71% more for freshly packaged agricultural products with an eco-label than the sample price
without a label. The significant percentage of willingness to pay calculated in this research is due to the fact that
the percentage results depend on the price of goods, and for goods and services that have a lower price (such as
fresh agricultural products considered in this research), the percentage of willingness to pay will be higher. It
should also be noted that the statistical population of the present study is the 11th district of Mashhad, whose
residents have a relatively high income level (the opinion of municipal experts). The estimated willingness to
pay also indicates the importance of eco-labels for freshly packaged agricultural products.

Conclusion

The studied population is willing to pay about 71% more for freshly packaged agricultural products with an
eco-label than the sample price without a label. The significant percentage of willingness to pay for eco-labels
indicates the importance of these labels for freshly packaged agricultural products from the consumers' point of
view.

Keywords: Bid design, Boyle and Bishop Method, Contingent valuation, Dichotomous response method,
Eco-label design
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1- The method of complementary random numbers
2- Spike model
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1- Jump-discontinuity
2- Place

3- Promotion

4- Product

5- Price
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Table 1- Descriptive statistics of independent variables

ko (S gdiud Slol2
Variable Grouping Frequency (percentage)
2 33 (22.00%)
Copuni Man
Gender o 117 (78.00%)
Female
) Sz 79 (52.67%
ol Cumsg Single ? (52.67%)
Marital status Jole 71 (47.33%)
Married '
FS 5 Jlo ¥ 56 (37.33%)
o Years and under 25
Age Jo Y0 5l ity 94 (62.67%)
More than 25 years
Ooelen S 25 26 (17.33%)
Under 8 million
u?‘l*" Vo U el %
(ologs) o313l wilialo sl 8 to 16 million 50 (33.33%)
Monthly family income gl YE UV 45 (30.00%)
16 to 24 million '
e VE VL 29 (19.33%)
Above 24 million
s fogee ojlhe 94 (62.67%
Ly e il Fruit shop (62.67%)
Shopping market b )lik ylo

7.33%
Other markets 56 (37.33%)

Knowing eco-labels in advance

The importance of having any type of label on the product
A person's attitude towards the environmental damage of
traditional agriculture
A person's attitude towards the positive relati onship
between doing environmental activities and prestige

The importance of product packaging

The importance of the appearance of the product

Attention to advertising

oy (e (Awog sbs ol &S b - JSG
Fig. 2- Likert spectrum of descriptive statistics of independent variables
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Tabel 2- Descriptive statistics of independent variables with Likert scale

B A
Variable Frequency (percentage)
S OByl (owans dudiod
Olidd &y an g Never Sometimes Always
Attention to advertising 28 51 71
(18.67%) (34.00%) (47.33%)
3,8 Coenl oS bwgie obj Sl i
Jyaze g plb JS5 Coenl Not important Low medium Much More than
The importance of the appearance of the product 5 9 31 49 56
(3.33%) (6.00%) (20.67%) (32.67%) (37.33%)
3, Coenl oS bwgie obj Sl i
Jaame (gadiny JSK5 Coonl Not important Low Medium Much More than
The importance of product packaging 9 24 51 35 31
(6.00%) (16.00%) (34.00%) (23.33%) (20.67%)
oilbe Mols L s ek iblye Mol
. e il wiblye
Jewy g () e (slacJld plosl Cute daly 408 (15,55 Completely Adainst No Aqreeon  Completely
A person's attitude towards the positive relationship opposed gams comment g agree
between doing environmental activities and prestige 55 15 0 35 8 0 37
36.67%)  (10:00%)  53339)  (5:33%) (o4 g70p)
- wilbe Mols s s ek e iblge Mol
S (55y9ltS” tny ame ol 408 (5,55 Completely Against No Agree on Completely
A person's attitude towards the environmental damage opposed comment agree
of traditional agriculture 27 16 0 68 18 0 21
(18.00%)  (1067%) 453300y  (12.00%) 14 5095
) A 318 ol S Luwgio oL Sl i
. Jyee 59, Tt £ 2 292y Sl Not important Low Medium Much More than
The importance of having any type of label on the 8 22 19 72 29
product (5.33%)  (14.66%) (12.67%) (48.00%)  (19.33%)
o bwgie oL;
I8 5l ;e glacns p eSS Low Medium Much
Knowing eco-labels in advance 56 38 56
(37.33%) (25.33%) (37.33%)
Woed Hlgieds did Mo Ae g Aoyd B« dod Tr ¢ dop Ve lyord ol slasliin 4 ful oy sloolel & Jou
Sl VF S oad olgidin 0 YO 4 dopd Ve Hlade ol subs 45 00 )S el 45 YV codiiS 8 b VO yle e o lis
el 03,873y 1y ol 85 S e g 4y 1) oledy (nl b o35 gl Y gane (59 () b Slacus sl
Cansss (gl pdlae il3al b oY Jodo CleMbl gl uiocen =>hb polhe cous )3 9 LIS caby 4 bled wld (sabdiug
)1 (o390 Loy (s higy db 4y claguuly oy Vo oolpiidin polie WA dlgiddi oile 8L 445 VWY & o

iy & oy (wogi glao,lol Y Jou
Table 3- Descriptive statistics of the response to the proposal
g p3lie

Bid amounts (%)

10 20 30 50 80 &%
Total

sleidy palie 4 Gl > 1 8 15 15 17 56
Response to the bidamount . 24 20 13 4 6 67

& 25 28 28 19 23 123
Total
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Table 4- Estimation of the spike model

. . sl
e o
! z P>
Variable Coefficient e ||
Std. error
S -0.1176089  0.6090325 -0.19  0.847
Gender
Sl Cendy 1108437  0.5967402 1.86  0.063
Marital status
o -1.735772  0.674621 -2.57  0.010
Age

odlgils ailale ey
Monthly family income
L5 e ik
Shopping market
Slils @ a5
Attention to advertising
Jyaze o mll JS5 cuonl

The importance of the appearance of the product

Jyame aidiny JS5 Coonl
The importance of product packaging

Sty 9 G e lacllad ploxl cute dally 438 (5,8

0.4902125 0.2574905 1.90 0.057

1.052265  0.5422007 1.94 0.052

0.0333536  0.3740859  0.09 0.929

0.5598942  0.2813358  1.99 0.047

-0.6541791  0.2900694 -2.26 0.024

A person's attitude towards the positive relationship between doing -0.2601341  0.1879686  -1.38 0.166

environmental activities and prestige
e $5ygliS ) Lo (Slacul 0,8 3,55

0.334121  0.1749805 191 0.056

A person's attitude towards the environmental damage of traditional agriculture

Jyame S5y cuz y £5 2 3529 Cuonl

The importance of having any type of label on the product

JB 5 Gt b lace p colis
Knowing eco-labels in advance
ey slade
Bid amount
lae jl oye
Cons

-0.1796699  0.183377  -0.98 0.327

0.6414721  0.3105154  2.07 0.039

0.0678237  0.014801  4.58 0.000

4.783705 1.015401 471 0.000

VO =lialin sluss
Number of obs = 150
Wald chi2 (13) = 49.63
Prob > chi2 = 0.0000
Log likelihood = -54.363447

Ly 50 (o) e iz p () Y sy S puno
(My etal., 2018) 5 s célles
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1- Oryza sativa

T g 8l e b laceas y 8D e
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LS CB13y 5 e AVY dgds

o3 33,8 odlazl Cdldp 4y biled 35905 (gl bl Jao 5l oS
A Joles gl Gua b ladlae > (e lgicds .ol ol
(Wang et al., 2023) « 39,00 sla weel &5, gl by
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cLlje 3590y Gua by (6,505 adlllas 4 (YOO & Kwak, 2002)
Siteln Gl 5 ) e Gdge I slasgoome slo]
Jis a5 (Saz-salazar & Garcia-Menendez, 2001) «ou

S35 @ Joled 9 Salews! ylado 359152 -0 g
Table 5- Estimation of spike amount and willingness to pay

Sl

The amount of

3, bl slas

P> | z |
Std .error

Caby 4 bles
Willingness to pay

70.6543

20.89637  3.38 0.001

Y game (g9) d9290 (s barxe oz p ()35 5j)
by & bl ol oyS0jlul b odds (gaidin o3l (gj)5lis
253 a0 pY ol oai Ay g S$ A9 sladel yinw
Sloolaiwl U cdalllas cpl 50 ot &3] w5 oo sy sl
5 el 0d b b asl yiw p SOl osel Canday SleMb|
Sl 8 eslar wl )y o comnp alb > wl piY
W odgw gy SYNg B aadFwl

ey boyde (6138 (555l hgy 5o (ool dlo JI?Q]J'I
U“>|)‘b O"?) ul_’xw‘ ol )]J.f).ul; o .))9]){ wb)_» L Jal.oj
5y, oo a1 ol sl o (3leiy Wlon (sl ol
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Introduction

Iran is located in the arid and semi-arid region of the world and is considered one of the low-rainfall regions
of the world (Khatami et al., 2020). The agricultural sector is considered to be the major water consumer
therefore paying attention to the optimal use of water in this sector is of great importance, and any saving in this
sector is considered an effective contribution to saving water resources (Khajeh Khezri et al., 2018). The
selection of suitable cultivation patterns and systems is one of the useful solutions for the optimal use of
production resources, including water. In agricultural systems with limited resources, the use of intercropping is
of particular importance. It has been reported that between 16 and 22 percent of the production of the agricultural
sector in the world is supplied through various intercropping systems (Chamkhi et al., 2022). Many studies have
been done regarding the intercropping of two C4 fodder plants in the investigation of their performance under
mixed cultivation conditions. The value of LER in corn (Zea mays L.) — sorghum (Sorghum bicolor L.)
intercropping under normal irrigation and moisture stress conditions were reported as 1.35 and 1.62 respectively,
which indicated the superiority of corn and sorghum intercropping over the monoculture of both plants,
especially under stress conditions. In all countries of the world - especially in Iran - research and progress in
fodder production, management and exploitation of these plants have received less attention than other plants.
This experiment was carried out with the aim of evaluating the quantitative and qualitative performance of two
types of forage corn and sorghum in the intercropping system and the responses of these plants to different levels
of drought stress.

Materials and Methods

The experiment was carried out as strip plots based on randomized complete block design with three
replications in Hasharabad village, Regan city, Kerman province. In this experiment, the irrigation regimes with

©2023 The author(s). This is an open access article distributed under Creative Commons
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three levels were considered as a vertical plot and different proportions of corn and sorghum mixture with five
levels as a horizontal plot. The vertical plot includes three levels of irrigation 100 mm of evaporation from the
class A evaporation pan (control), 175 mm of evaporation from the class A evaporation pan (mild stress) and 250
mm of evaporation from the class A evaporation pan (severe stress). The horizontal plot also has five levels of
different proportions of fodder corn and sorghum, including monoculture of corn (M), intercropping of three-
quarters of corn + one-quarter of sorghum (3M:1S), one-half of corn + one half of sorghum (2M:2S), one-quarter
of corn + three-quarters of sorghum (1M:3S) and monoculture sorghum (S). Quality characteristics included Dry
Matter Digestibility (DMD), Water Soluble Carbohydrates (WSC), Crude Protein (CP), Acid Detergent Fiber
(ADF), Total ASH, and Crude Fiber (CF) were measured and analysed. In order to calculate the benefits of
intercropping, the evaluation indicators of intercropping, including Land Equivalent Ratio (LER), Actual Yield
Loss (AYL) and Intercropping Advantage (1A) were used (Javanshir et al., 2000). Data were analyzed using SAS
9.1 software, and the means were separated by the least significant difference test at 5% probability level.
Results and Discussion

The experimental results revealed that as the irrigation interval increased and drought stress intensified, there
was a decrease in total fodder yield, total ash content, acid detergent fiber, dry matter digestibility, and the yield
of protein and crude fiber in the fodder. Regarding the effect of intercropping on the qualitative characteristics of
fodder, the findings indicated that an increase in the proportion of sorghum in the intercropping system led to a
significant reduction in the share of leaves in the total sorghum biomass, water-soluble carbohydrates, acid
detergent fiber, and fodder digestibility. The evaluation of the advantage of intercropping based on LER and
AYL index showed that the intercropping of 75% corn with 25% sorghum in severe water shortage stress
(irrigation after 250 mm evaporation) compared to other ratios intercropping had a higher superiority than the
monoculture of the species.

Conclusion

In general, the results of this experiment showed that the use of intercropping, especially under conditions of
limited irrigation, can be a suitable solution to improve fodder production compared to pure cultivation.

Keywords: Advantage of intercropping, Irrigation restriction, Quality of fodder, Replacement intercropping
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Table 1- Climate characteristics of the experiment site in 2019
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@ = annual
s gl
Max temperature(°C) 313 354 428 446 432 420 380 278 232 139 201 253 323
Joles sles
. o 177 232 277 298 294 247 222 135 9.6 2.2 8.6 13.3 18.5
Min temperature(°C)
S8k
36.6 0.0 0.0 0.0 0.4 0.0 0.0 1.0 6.6 12.8 0.2 18 59.4

Precipitation (mm)
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Table 2- Physical and chemical characteristics of the experiment soil
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Soil characteristics

Depth (0-30 cm) Depth (30-60 cm)
<dly 5 o9 5 o9
Texture Sandy loam Sandy loam
LY
0.15 0.15
Organic C (%)
oSl colin
4.16 3.12
EC (dS.m7?)
pH 8.1 7.8
55 wiens
0.15 0.15
Total N (%)
Gl LB jaus
1.2 15
Absorbable P (mg.kg™?)
i b el 151 142

Absorbable K (mg.kg™)
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1-Near infrared reflectance spectroscopy
2-Dry matter digestibility

3-Water soluble carbohydrates

4-Crude protein

5-Acid detergent fiber

6-Total ash

7-Crude fiber
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1-Actual yield loss
2-Land equivalent ratio
3-Intercropping advantage
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Table 3- The results of variance analysis of irrigation interval and intercropping effects on some quantitative and qualitative
characteristics of fodder corn and sorghum
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;! =2 Leaf ' b s
SOV Leaf - o o»  digle D g CF
df ed share in - ASH ry CP yield
share  sorghum wsC Holuw DMD fodder yield
in corn ADF yield
’I_’SJ_ 2 0.55"™ 2.80m 11.36™ 19.98™  899™  1.71™ 4.35™ 0.05" 0.24m™
Replication
. _d)t‘:"l a 2 1.24m 5.50m 41.59™ 521.3* 710.1*  1.48* 29.9** 0.33* 0.25**
Irrigation interval (A)
Al 4 0.774 3.28 277 36.8 57.3 0.252 0.936 0.056 0.250
Error a
byle WS 0.11m 2.45* 162.6** 211.4**  439.9* 0.55™ 7.20m 0.06" 3.29*
Intercropping (B)
E dua; 6 0.473 0.413 7.87 21.91 74.34 0.412 2.63 0.042 0.540
rror
AxB 6 1.12m 1.27m 16.3" 279  118.6* 0.51™ 8.83m 0.05" 1.45™
E dua; 12 0.49 1.498 7.887 12872 47381  0.396 7.237 0.052 1.641
rror
CV (%) - 12.29 17.79 10.94 13.55 20.93 13.90 20.35 22.01 21.74

*k * ns

oyd Sy g iy Jleisl gaw )3 5D ne 5 )0 me iS4 T
ns, * and **: non-significant, significant at the 1% and 5% probability level, respectively.
Pl b 3 Slac CF b 5459 3,Shee 1CP ¢ JS juuS15 AASH agle wusn <olols DMD Jobus o slage Jobos lgsd ADF (s Jgloes lyiungy S WSC
WSC: water soluble carbohydrates, ADF: acid detergent fiber, DMD: dry matter digestibility, ASH: total Ash, CP: crude protein, CF: crude
fiber
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(Rahmanian Sharifabad et al., 2023)
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Table 4- Mean comparison of some quantitative and qualitative characteristics of fodder as affected by irrigation interval
and corn-sorghum intercropping
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slowd P ymd R S Js i oo Sl ol 35 Joleo PP g O,
Treatment ~ CF cp dry ASH adgle s WSG leaf share leaf
yield old fodder DMD insorghum  share in
y yield ADF corn
(ton.hat) (%)
sl 59
Irrigation interval
1100 6.52 1.17 14.35 4.56 29.79 18.40 23.88 6.52 5.58
l175 6.01 1.07 13.67 4.82 32.38 14.56 25.96 6.68 5.44
I250 5.15 0.873 11.64 4.20 36.47 12.74 27.18 7.64 6.05
LSD (5%) 0.42 0.21 1.87 0.39 3.08 4.01 3.51 2.08 0.98
Ll cai§
Intercropping
M 5.15 0.973 12.10 4.22 4351 9.71 30.45 - 5.79
3M:1S 5.85 1.15 13.52 4.64 35.60 13.02 27.96 7.18 5.64
2M:2S 5.46 0.934 12.45 4.43 29.68 13.41 26.97 7.34 5.78
1M:3S 6.57 1.05 13.98 4.46 30.39 17.87 23.44 6.83 5.56
S 6.42 1.07 14.05 4.88 25.22 22.18 19.56 6.16 -
LSD (5%) 0.85 0.24 2.87 0.74 9.94 5.39 3.23 0.74 0.79
5 yie duo YO+ 51 s o5kl 21250 ¢pse e oo VYO s ()bl H1175 ped yie Juo Voo 5l e (oybl 200
P}f)w :S sk:J):) :M

l10o: irrigation after 100 mm evaporation from class A evaporation pan, lizs: irrigation after 175 mm evaporation from class A
evaporation pan, l2so: irrigation after 250 mm evaporation from class A evaporation pan
M: Corn, S: Sorghum
Pl b 3, Slas ICF o (g 3,5dee :CP (S Sl :ASH wdgle wuan bl :DMD (Jolor on (sloso (Johoo s AADF i3 Jgloxo il jungs S WSC
WSC: water soluble carbohydrates, ADF: acid detergent fiber, DMD: dry matter digestibility, ASH: total ash, CP: crude protein, CF:

crude fiber
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Table 5- Mean comparison of dry matter digestibility (DMD) in fodder produced from corn and sorghum intercropping as
affected by irrigation interval x intercropping interaction
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Irrigation interval Intercropping
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l100: irrigation after 100 mm evaporation from class A evaporation pan, lizs : irrigation after 175 mm evaporation from class A
evaporation pan, lzso: irrigation after 250 mm evaporation from class A evaporation pan
M: corn, S: sorghum
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Fig. 1- Mean comparison of irrigation interval X corn and sorghum intercropping interaction on LER
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Fig. 2- AYL values for different treatments of irrigation interval x intercropping
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Introduction

Intercropping involves cultivating two or more crops together in the same field within a single cropping year.
One common method to supply nitrogen to plants is through the use of chemical fertilizers containing nitrogen.
However, excessive use of nitrogen fertilizers conflicts with the principles of sustainable agriculture. An
alternative approach is to utilize microorganisms capable of nitrogen fixation, such as rhizobial bacteria and non-
symbiotic bacteria (Azospirillum, Herbaspirillum, Azotobacter, etc.). The purpose of this study is to evaluate the
usefulness of intercropping of Guilan bean (Phaseolus vulgaris) landrace and maize (Zea mays) under
inoculation with Rhizobium phaseoli.

Materials and Methods

The present study was conducted in Talesh, Guilan province, as split plots based on the randomized complete
block design with three replications. The main factor was the use of bacteria at two levels (inoculation and non-
inoculation) and the split factor was the ratio of maize-bean intercropping in five levels (monoculture of maize
and bean, 25% bean + 75% maize, 50% bean + 50% maize and 75% bean + 25% maize). Maize and bean seeds
were planted simultaneously on May 22, 2022. Beans were harvested in late August, and maize was harvested in
mid-September. Each gram of inoculant contained 107 bacterial cells. To inoculate with bacteria, the seeds were
first coated with Arabic gum, and then 10 grams of inoculant was added per kilogram of seeds. Planting was
done after half an hour and drying the inoculated seeds in the shade. After measuring seed yield at harvest,
various indices were used to evaluate the effectiveness of intercropping, including the Land Equivalence Ratio
(LER), Relative Crowding Coefficient (RCC), Competition Ratio (CR), Aggressivity, and Relative Value Total
(RVT). The analysis involved variance assessment, mean comparisons, and calculations of intercropping
usefulness indices, all performed using R software.

©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
the original author(s) and the source.
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Results and Discussion

In bean, the effect of inoculation was significant on plant height, number of pods per plant, number of seeds
per pod, pod length, hundred seed weight, biological yield, seed yield, and harvest index and the effect of
intercropping was significant on plant height, number of pods per plant, number of seeds per pod, biological
yield, seed yield and harvest index and the interaction effects of two factor were significant on plant height,
biological yield and seed yield. In maize, the effect of inoculation was significant on plant height, ear length and
grain yield. The effect of intercropping was significant on plant height, ear length, number of grains in the ear,
grain yield, biological yield and harvest index, and the interaction effects of two factors were significant on ear
length and hundred-grain weightUnder both inoculated and non-inoculated conditions, the Land Equivalence
Ratio (LER) exceeded one across all intercropping ratios, demonstrating the superiority of intercropping over
monoculture in these systems. The highest LER and Relative Crowding Coefficient (RCC) were observed in the
planting ratio of 75% bean + 25% maize under inoculated conditions, indicating that inoculation enhanced the
yield of both species compared to non-inoculated conditions. In the inoculated condition, the Competition Ratio
(CR) was greater than 1 for beans and less than 1 for maize across all intercropping ratios. However, under non-
inoculated conditions, for the ratios of 75% bean + 25% maize and 25% bean + 75% maize, the CR was greater
than 1 for maize and less than 1 for beans. This shift indicates that maize had a lower competitive ability
compared to beans in inoculated conditions within the mixed cropping system. The Aggressivity index for beans
was positive under inoculated conditions across all three intercropping ratios, further supporting its competitive
advantage. The Relative Value Total (RVT), which combines the RVT values of beans and maize, was greater
than 1 in all intercropping ratios, highlighting the economic benefits of mixed cropping compared to
monocropping of either species.

Conclusion
In general, for the sustainable production of crops, the intercropping of bean and maize under inoculation
with rhizobium bacteria can be one of the suitable solutions to reach the optimal yield performance.

Keywords: Biological nitrogen fixation, Growth promoting bacteria, Land Equivalence Ratio, Rhizobial
symbiosis, Sustainable agriculture
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2- Aggressivity
3- Relative value total
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Table 1- Analysis of variance for some of bean traits under Inoculation with bacteria and intercropping ratios
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Table 2- Effect of Inoculation and non-inoculation with bacteria on some of bean traits

SEWE slaxs
55U W, YL 43 aild dlaxs A Job &l Yer oyig Cuild py o L
Bacteri'a No. of No. of seeds per Pod lenght Hundred seed weight Harvest index
pods per pod (cm) C) (%)
plant
" @‘r‘]‘ch’z o 18.91 4.41 13.25 49.25 21.45
n-inoculati
- (:C“-’l’;;t,on 23.83 6.91 19.83 51.83 18.47
noculati
(a) )li_g Z;;”) e 1.27 0.91 1.12 2.39 2.27
0
5
E an
=y
y
215
k-
2o
:
g 41
I:l T T T 1
100 % Bean TEWM B+ TSV v B+50% M T5% B+ X% M

Infercrropng rafic
boles CoisS Cillises (s 53 Lug) digy 1> BIE Slawi - JSU

Fig. 1- Number of pods per plants of bean under the difference intercrroping ratio
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Table 5- Effect of Inoculation and Non-inoculation with bacteria on some of maize traits
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Table 7- Mean comparison of some of maize traits under the difference intercrroping ratio in Inoculation and Non-
inoculation with bacteria
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Introduction

Drought stress is one of the major environmental stresses affecting more than 60% of Iran's area. The use of
drought-resistant plants, especially Almonds (Amygdalus communis L.) that grow in hilly areas with calcareous and
stony soils is of great importance. Iran is recognized as the fifth largest almond producer in the world. Almond
cultivation not only has high nutritional value but can also contribute to ecosystem improvement, increase farmers'
income, and create job opportunities. Fars province is one of the suitable regions for almond cultivation, ranking
first in terms of the cultivation of dry almonds and sixth in terms of under cultivation of irrigated almonds.
However, almond performance in this province is unsatisfactory and is positioned lower. It appears that the province
has not fully utilized its potential, and almond cultivation in many suitable lands has been neglected. Therefore, this
study focuses on analyzing land suitability for almond cultivation in Fars province by integrating the Analytic
Hierarchy Process (AHP) and fuzzy algorithm with the Geographic Information System (GIS).

Materials and Methods

In order to estimate the extent of suitable areas for dry almond cultivation in Fars province, four criteria
(including climatic, topographic, environmental adaptation, and socio-economic) and 14 sub-criteria were used.
These sub-criteria include elevation, land slope, slope aspects, land use, soil texture, seedling growth temperature,
the minimum temperature during the flowering stage, relative humidity flowering stage, growth cycle temperature,
fruit formation and ripening stage temperature, mean annual precipitation, distance from the road, distance from
water levels and distance from population centers. The weights of criteria and sub-criteria in the study were
calculated using the Analytic Hierarchy Process (AHP) process and Expert Choice software. After fuzzy mapping
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and combining fuzzy scores with the weights obtained from the AHP analysis, the Fuzzy overlay algorithm was
used to overlay different thematic layers (climatic, topographic, socio-economic, and environmental adaptation).
Finally, the map estimating the extent of suitable areas for almond cultivation was classified into five classes.

Results and Discussion

In this research, suitable areas for almond cultivation have been identified using the Analytic Hierarchy Process
(AHP) and GIS. These areas were selected based on 14 different sub-criteria. The findings identified mean annual
precipitation as the most critical sub-criterion for almond tree cultivation, followed by elevation, mean seedling
growth temperature, and relative humidity during the flowering stage. After fuzzifying the maps and combining the
fuzzy scores with the assigned weights, thematic maps were generated for each criterion. Analysis of these maps
revealed that the most limiting factors for almond cultivation in Fars Province are climatic conditions (including
precipitation, mean minimum temperature during the flowering stage and temperatures during the fruit formation
and ripening stages) and topography (slope percentage and elevation). Despite these limitations, the study found that
Fars Province has significant potential for dry almond cultivation. Specifically, the study determined that highly
suitable, suitable, and moderately suitable lands for almond cultivation account for 9.02%, 16.46%, and 21.63% of
the province's area, respectively. The highly suitable zones, covering approximately 9.02% of the province, are
particularly favourable for almond cultivation. Additionally, suitable and moderately suitable zones make up
16.46% and 21.63% of the region's area, respectively, further supporting the potential for almond farming in the
province. However, the suitability of about 17.09% of the region for almond cultivation is low, and 5.01% of the
province area is unsuitable for almond cultivation. Additionally, around 30.79% of the total province area is not
recommended for almond cultivation due to land use types. In general, the northwestern, western, and southwestern
areas of Fars province have suitable capability, and the southeastern region of Fars province has unsuitable
capability for dry almond tree cultivation. Based on the analysis and results obtained, the importance of proper
planning for agricultural crop cultivation and appropriate land suitability analysis for optimal land resource
utilization for sustainable agricultural development is evident.

Conclusion

Based on the findings, Fars province holds significant potential for dry almond cultivation development, yet it
has not fully utilized all of its capabilities to date. Consequently, it is recommended that the expansion of almond
tree cultivation in this province be prioritized. Proper planning and optimal utilization of suitable areas in Fars
province, considering environmental conditions and defined criteria, will enhance the performance of almond
cultivation and facilitate sustainable agricultural development in this region. The results of this study can be
valuable to all individuals and organizations active in the field of agricultural development and land resource
management (including farmers and horticulturists in Fars province, officials and policymakers related to agriculture
and rural development, researchers, and academics in geology, agriculture, and sustainable natural resource
development in Fars province) and assist them in decision making regarding almond cultivation development.
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Table 1- Area, production rate and yield of almond crop

29:4né 295 o
Non-fertile area (ha) Fertile area (ha)
L o2 &2 il o2 &
Irrigated  Dry Total Irrigated Dry Total
o 686 6668 7354 5564 21808 27373
Fars
295 7009 9368 16377 78160 59876 138036
Country
5 1 1 6 1 1
Rank
Mei ol 3 Shos
Production rate (t) Yield (kg.ha)
<! 2 EXv e Qo <! o2
Irrigated  Dry  Scattered Total Irrigated Dry
o 7005 14705 10 21719 1259 674
Fars
295 86558 31278 1385 119221 1107 522
Country
- 1 1 16 10
Rank
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1- Multi-Criteria Decision Making
2- Analytical Hierarchy process
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Fig. 1- The importance of criteria affecting rainfed almond using Expert Choice software and Analytic Hierarchy Process
method

Synthesis with respect to: Sutable areas fordry Almond
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Relatve humidity flowering stage an
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Land Use 062
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Slops percent 057
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Distance from the road 032
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024
016

Mean growth cycle temperatune
Distance from Water levels
Distance from population centers
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Fig. 2- Final weight of sub-criteria affecting the dry almond cultivation extracted from Expert Choice software
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Table 2- Sub-criteria weights of the study area in each criterion using the Analytic Hierarchy Process method

. 2ok 09 et
o )luso B )lexe 09 b lro s S5l &
Criteria Criteria Sub-criteria o Inconsistency
weights Sub-grltena rate
weights
L 0.45
Precipitation (mm)
Wlg> wd) slod (1Slo 019
Mean seedling growth temperature (C) '
T Relative humidity flowering stage (%)
- 0.50 235 Al o Lod Jolus 555ke 0.04
Climatic ; ST 0.11
Mean Tmin during flowering stage (°C)
A5y ad 2 glod (ke 0.05
Mean growth cycle temperature (°C)
Oty Al yo 5 0500 LS5 (glod (Lo
Mean fruit formation and ripening stage 0.07
temperature (°C)
. 0.55
Elevation (m)
i 0.31 el e 0.24 0.02
Topography Slope aspect
s o)) 0.21
Slops percent
Sk el 0.39
S Soil texture
o )55 T wolo b alold
Environmental 0.13 Lo 0.17 0.02
. Distance from water levels
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Land use
e STy b alols 0.33
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Distance from the road (meters)
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Table 3- Phenological stages of almonds at the studied stations
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Stage
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Seedling growth

2O A o
Flowering stage

Growth cycle

41>,.o 9 0940 JeSis
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Fruit formation
and ripening stage
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Table 4- Coordinate information for entry into GIS

ok o> ke
Slod (ke e Jola " 9% by eSle 9 0980 oSl
O baw e lga oy 7 RRJPEGE Oy dls yo ool
County X Y Mean seedling 2 S5 Mean growth Mean fl_’UIt Precipitation
growth Mean Tmin ~ Mean RH. cycle formation (mm)
temperature during flowering  temperature and ripening
flowering stage stage
stage temperature
A;;Z'eh 5262 31.20 9.89 4.05 34.63 20.45 21.62 139.7
Ol
oo 5328 2994 13.24 7.96 39.08 24.93 26.25 230.5
rsanj
E:t:ﬁ;;n 5405 29.14 15.38 7.09 39.72 25.08 26.27 2605
FL“” 53.72  28.90 14.34 7.17 48.68 25,62 26.89 287.2
asa
P";‘i‘““;p;‘f 5289 20.92 13.94 5.55 47.18 25 50 26.81 282.9
S IS
Dg’”é)’an 5247 30.18 13.27 5.96 45.64 24,66 25.95 445.9
rudz
Zﬁ’b”' 52.70 29.78 13.89 4.84 48.50 25.34 26.63 298.6
argan
S)tlf;;\z 52,60 29.54 13.86 6.54 40.57 23.78 25.81 315.6
Saf):; LP?aohr 53.16 30.59 9.26 0.26 39.87 20.39 21.63 206.2
Nﬁ“f' 5435 29.19 15.60 9.47 35.81 26.65 27.89 195.6
eyriz
5"““: 51.56  30.70 9.55 3.96 48.99 20.13 21.31 790.1
asuj
B"“"*t 5361 30.48 14.47 7.36 32.18 23.34 24.24 2121
avana
e
cqig 5263 3090 12.56 6.77 36.86 21.22 22.10 311.1
|
I“;‘(’;ﬁ;s't 5213 3153 13.76 6.60 34.99 23.19 24.15 151.7
Z
Sd'fz*” 5201 30.23 13.23 8.23 44.79 23.58 24.63 631.8
epidan
o 5155 3142 8.71 5.50 41.39 20.22 21.57 502.0
emirom
gl:’a“; 55.66 29.47 11.46 7.54 39.08 22.04 23.50 1355
irj
Ja"h’:gm 5353 28.48 12.12 5.96 51.55 26.72 28.32 264.2
K:'s:'r‘fn 51.65 29.60 13.05 8.4 55.53 28.06 29.74 360.1
Zeru
Y 5320 2736 16.68 10.29 51.52 31.29 32.90 2173
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Y
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5437 27.67 13.24 8.62 51.49 27.63 29.22 213.0

olee! 51.71 3252 12.49 8.31 35.36 23.73 25.46 123.8
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b A0
Bandar 50.16 30.05 15.95 11.88 58.47 29.76 31.27 239
Deylam

Rebg: 50.82 28.96 16.81 13.65 63.72 26.14 29.23 248
Bushehr

<

: 5436 27.21 18.29 11.50 53.78 29.82 32.68 262.8
Bastak

JZ:W 52.36 27.82 15.20 10.04 51.29 29.32 30.88 344
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Fig. 3- From left to right: A) map of annual precipitation distribution (mm) in Fars province, B) map of distribution of mean
seedling growth temperature in Fars province, C) map of distribution of mean temperature during flowering stage in Fars
province; D) map of distribution of mean RH. flowering stage in Fars province, E) map of distribution of mean growth cycle
temperature (in degrees celsius) in Fars province and F) map of distribution of mean fruit formation and ripening stage
temperature in Fars province
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Table 5- Status of zoning by climate sub-criteria for almond cultivation in Fars province

&35 Cubld Cpogi Coluno Coluwo doyd
Alternative Capability description Area (km?) Percentage of area
>500 sl e 719.54 0.59
Highly suitable
400-500 WLA 9190.99 7.52
Suitable
L i 300-400 relie L 23554.78 19.26
Annual precipitation (mm) Moderately suitable
250-300 S el 46277.05 37.85
Marginally suitable
<250 sl 42529.63 34.78
unsuitable
12-16 el e 98732.11 80.75
Highly suitable
Wl 28) o> olen 16-19 and 10-12 treelis 22068.78 18.05
Mean seedling growth temperature Suitable
7-10 and 19-22 . 1471.11 1.20
Moderately suitable
) o 30-40 el b 16200.91 13.25
5 Al e slos il 1 SSle Moderately suitable
Mean Tmin during flowering stage 40-60 _pf wb 106071.09 86.75
Marginally suitable
_ 10-15 and 27-29 _“'““’h‘ ’L“‘” 36559.08 29.90
25 Al o s Cugh, Highly suitable
Mean RH. flowering stage 0-10 and 29-32 relis 85712.92 70.10
Suitable
17-25 . ol )L“J 39694.86 32.46
Highly suitable
) 25.27 and 14-17 e 42653.61 34.88
A5y 45y glad Sibe Suitable
Mean growth cycle temperature 27-29 and 12-14 reolio bl 28794.44 2355
Moderately suitable
oS Gels
10-12 and 29-35 . . 11129.09 9.10
Marginally suitable
22-24 . ol )L“ 3428.48 2.80
Highly suitable
sy Ao g o0 LS55 s> pSle 20-22and 24-25 S%;L;’Ie 20023.55 16.38
» o Sl ui
Mean fruit formation and ripening stage R
temperature 17-20 and 25-30 i o 66134.94 54.09
Moderately suitable
S cwls
15-17 and 30-35 32685.04 26.73

Marginally suitable
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Table 6- Classification of average climate criteria in Fars province

Q9> Cubild Cpogi Coluws Colue 2oy
Row Capability description Area (km?) Percentage of area
Lol
1 ) 24808.99 20.29
Unsuitable
l-:..
2 5 ol 37207.37 30.43
Marginally suitable
o b
3 T 20774.01 16.99
Moderately suitable
Lo
4 - 33331.35 27.26
Suitable
Loyl
5 [T e 6150.28 5.03
Highly suitable
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Fig. 4- From left to right:A) AHP fuzzy map estimating suitable almond cultivation areas in Fars province based on the
topographic criteria, B) map estimating suitable almond cultivation areas in the study area based on the topographic criteria
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Table 7- Classification of topographic criteria in Fars province

&35 Cubld Guogi Colno [P WKW
Alternative Capability description  Area (km?) Percentage of area
ot Jad 5 Jlod el o 2704857 22.12
North and Western North Highly suitable
s 5 B Jad elis 30093.99 24,61
s Slp North-east and West Suitable
Slope aspects E CE g Gy coolio L 34036.45 9784
East and Southwestern Moderately suitable ' '
5 o5 5 g 5 el 31093.00 25.43
South & Southeast Marginally suitable
s O el Sl 482655 3.95
Highly suitable
o3 Y- - 6830.75 5.5
Suitable
el 2 oy Vem)0 reolie b 14070.89 11,51
Slops percent Moderately suitable
o3 VO - S ks 2564194 2097
Marginally suitable
) Caunlials
Lo Ve 5l il i 70901.87 57.98
Unsuitable
1-650 . e ’Lw 12405.52 10.14
Highly suitable
650-1050 WLA 24612.66 20.13
Suitable
ew) 1050-1450 trewlie bl 1825417 14.93
Elevation (m) Moderately suitable
1450-1700 5 el 18094.51 14.80
Marginally suitable
>1700 S 48905.15 40.00
Unsuitable

0B bl p3 (315195 (gaatb A Jgao
Table 8- Classification of topographic in Fars province

93, ClilB Gpogs Colwe LT WKW
Row Capability description  Area (km?) Percentage of area
eslie s 20069.32 16.41
Highly suitable
2 reelic 27960.59 22.87
Suitable
3 treelio s 25570.72 20.91
Moderately suitable
S el 26884.05 21.99
Marginally suitable
Cawliols
5 j 21787.32 17.82

Unsuitable
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Fig. 5- From left to right: A) slope aspect map; B) slope percentage layer and C) elevation layer in Fars province
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Fig.6- From left to right: A) AHP fuzzy map estimating suitable almond cultivation areas in Fars province based on the
topographic criteria, B) map estimating suitable almond cultivation areas of the study area based on the topographic criteria
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Table 9- Classification of environmental adaptation criteria in Fars province

&35 Cubld uogs ol Columo duo >
Alternative Capability description  Area (km?) Percentage of area
0-1000 el o 11583.27 9.47
Highly suitable
1000-2200 WLA 13522.12 11.06
Suitable
ool 2200-3400 o s 5982.61 4.90
Distance from water levels Moderately suitable
3400-4600 _”5 WL’ 13098.64 10.71
Marginally suitable
4600 relial 78085.35 63.86
Unsuitable
P? reelie e 79295.05 64.85
Loam Highly suitable
, T ) e reolie 2652.44 217
SB sl Silty-Clay and Sandy-Clay Smta_ble
Soil texture PP treolie bsud 38421.01 31.42
Clay loam Moderately suitable
%4 N 1903.50 1.56
Salt Unsuitable
&y 5 o)l reelie e 70689.51 57.87
Drylands and rangelands Highly suitable
g relis 366.24 0.31
Garden Suitable
SirglsS o2l trewlie bl 8355.42 6.82
ol e Agricultural lands Moderately suitable
Land use SR g ol 2l _f"f “‘“’L’ 4082.25 26.56
Fallow land and forest Marginally suitable
Bare lands, watercourse Unsuitable '
2 5 [B)l35ad (s Gl el o 7568.13 5.84

Residental areas, salt marsh and etc Highly unsuitable

P SR R PX

Table 10- Environmental adaptation

olb oy Coaluno
Classes Percent  Area (km?)
. eole )'““’ 44.48 54392.48
Highly suitable
“"_‘”l“’ 22.89 27983.12
Suitable
bis Lo 2048 2504321
Moderately suitable
oS wels 5.34 6531.75
Marginally suitable
bl 6.81 8321.44

Unsuitable
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Fig.7- From left to right:A) zoning map distance from water levels, B) soil texture; C) land use for almond cultivation in Fars
province
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Fig. 8- From left to right: A) AHP fuzzy map estimating suitable almond cultivation areas in Fars province based on the

environmental adaptation criteria, B) map estimating suitable almond cultivation areas in the study area based on the
environmental adaptation criteria
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Table 11- Classification of socio-economy criteria in Fars province

sbroj &35 by Coluws Colue 2oy
Sub criteria Alternative Suitability Area (km?) Percentage of area
0-2000 . oo ’L““’ 18433.59 15.08
Highly suitable
2000-4000 "'_““t" 30689.44 25.10
Suitable
. ol Jl el 4000-8000 el L“““’ 36460.32 29.82
Distance from the road Moderately suitable
8000-12000 _"’5 W’L’ 20364.14 16.65
Marginally suitable
>12000 sl 16324.52 13.35
Unsuitable
0-2500 . eole )L““ 29084.99 23.79
Highly suitable
2500-5500 relis 35123.11 28.72
Suitable
e ek e 5500-10000 rewlie b 33144.40 27.11
Distance from population centers Moderately suitable
10000-15000 5l 17445.28 14.27
Marginally suitable
Caunlials
>15000 T 7474.22 6.11
Unsuitable
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Fig. 9- From left to right: A) map estimating distance from the road, B) distance from population centers for almond
cultivation in Fars province
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Table 12- Zoning map suitable almond cultivation based on the socio-economy criteria

b Coluw o)
Classes Area (km?)  Percent
Canlio jlows
o T 27841.33 22.77
Highly suitable
LA.M)L;.A
i 24429.95 19.98
Suitable
cawlio b
i i 30763.63 25.16
Moderately suitable
.'J o 26007.25 21.27
Marginally suitable
Caunlials
T 13229.83 10.82
Unsuitable
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Fig. 10- left to right: A) Fuzzy zoning map estimating suitable almond cultivation areas in Fars province based on the socio-
economy criteria, B) zoning map suitable almond cultivation areas based on the socio-economy criteria
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Table 13- Final zoning map

olb ol oy
Classes Area (km?) Percent
Lo b
[T e 13755.60  11.25
Highly suitable
Lo
- 27156.61 22.21
Suitable
Lo b
T e 36339.24  29.72
Moderately suitable
oS el 3230426  26.42
Marginally suitable
Lol
- 12716.29 10.40
Unsuitable
é S0°00"E S1°00°E $2°00°E $3°00°E S4°00'E $$°00'E $6°00"E & g 50°00"E SI°00'E 52°00"E S3°00'E 54°00"E 55°00"E 56°00"E g
) 9 0 A 0 A — £ —
A) P 6P
(4 S g £ s _?;
£ g
£ gz 4
|5 e - 2 .
z . Low :0.176147 e BB i z € S 0204 ® 120 160 &
? O — — o eters -? ? ’ Highly Suiable Kilomater -ia
! 50°00°E S1°00°E $2°00°E $3°00°E S4°00°E $S°00°E S6°00"E . 50°00°E SI00'E S200°E $3°00°E 5400°E S5°00°E 56°00°E h

Dl Lo (2l i (@ cwyl8 bl 15 @lsl CB )5 CullS drwgi dslume (19 (658 Jo anids (W :Cwly & 519 UKW

Pl Cé > CuilS arwyi asluw

Fig. 11- From left to right: A) fuzzy model map of suitable almond cultivation development areas in Fars province, B) the
final map of locating suitable almond cultivation development areas in Fars province
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Table 14- Suitable almond cultivation development areas in Fars province

Capability description Area (km?) Area (%)
colio jlas
1 T 11028.93 9.02
Highly suitable
2 wrecle 20125.97 16.46
Suitable
3 j o 26447.43 21.63
Moderately suitable
clis
4 el 2089629  17.09
Marginally suitable
onliol
5 o 6125.83 5.01
Unsuitable
Sals
6 ofest 3764755  30.79
Impossible
S?; SU‘D.'G‘E SFUA'U"E OI'DE 53:0.\]'5 51:0.0‘5 O“O‘E 56‘0.\)‘5 § 5 ‘0‘0.‘0'5 ‘l:ﬂ.'ﬂ"E *2:0.'0"15 (3:0“0‘F (PO.VO‘E ““]"\‘l"E ‘6’0"0"!:, i
: A) \\'@t i B) \\‘@E )
g € £ | €
EE z
; '2‘ 2.‘ £ Marginally Suitable ':
£ 02040 8 120 160 Z E ’ e 02040 S 120 160 £
;g.. o —— — Kilometers. -rg‘ ﬁ'_ ’ Highly Suitable o —— — Kilometers _'Q.

o8 bl ) elal Cudls selmo Bblio ghaw 3591w (2l il (@ oy bl byl (59,15 anids (W1-VY JSUS
Fig. 12- A) land use map for Fars province, B) fin location map for estimating suitable almond cultivation areas in Fars
province
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Introduction

Agriculture is an essential part of every country’s economy and plays a decisive role in income, employment,
and food security globally. Agricultural soils are critical for the efficient production of crops and safe food to
meet the needs of a growing population. However, improving soil quality is a critical component of sustainable
agriculture. Given the socio-economic and political pressure to improve soil fertility and increase agricultural
productivity, widespread chemical fertilizer use, beginning in the 1950s and 1960s, led to increased food
production at significant environmental cost. Chemical fertilizers and pesticides have improved short-term food
production. However, soil degradation, greenhouse gas emission increases, and water pollution risks have
emerged through their widespread use. Consequently, excessive use of chemical fertilizers negatively impacts
human health throughout the food chain. For example, excessive use of phosphate fertilizers can lead to
cadmium pollution, which, if ingested can lead to osteoporosis. Excessive use of nitrogen fertilizer leads to the
accumulation of nitrites in plants; nitrites combine with amines, increasing the risk of cancers of the digestive
system and methemoglobinemia in severe cases. Fertilizer use leads to surface runoff and groundwater
pollution, contributing to eutrophication and, consequently the deterioration of natural ecosystems and reduction
of genetic diversity. Rice is one of the main Iranian foods, but the excessive use of chemical inputs in the
production of this product has reduced its quality and properties, previous research shows that it is possible to
use organic fertilizers in rice cultivation. It can provide nutrients needed by the soil to produce this product.
However, rice farmers do not have much desire to use it in rice cultivation. In line with this importance, the
present study was conducted with the general aim of investigating the factors affecting the use of organic
fertilizers by rice farmers during rice cultivation in Dezful county.

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,
EY distribution and reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source.
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The statistical population of this research in 1401 is made up of 4700 rice farmers of Dezful County, and the
sample size was estimated based on the table of Karjesi and Morgan using the cluster sampling method of 360
samples. Data collection was designed in the form of a questionnaire based on the Likert spectrum scale. The
form and content validity of the questionnaire was confirmed by experts' opinion, and its reliability was
confirmed through Cronbach's alpha and composite reliability

Results and Discussion

The results of the structural equation modelling research showed that the variables of self-efficacy (1=0.257;
P=0.000), action guide (A=0.222; P=0.000), perceived intensity (A=0.121; P=0.035) and perceived sensitivity (A=
0.100; P=0.046) and perceived benefits (A= 0.319; P= 0.000) have a positive and significant effect on the use of
organic fertilizers among rice farmers in Dezful County. This is despite the fact that the perceived obstacles
variable did not have a significant effect in this section. In addition, it can be said that the variables of the health
belief framework could explain 67% of the variance of the dependent variable of the research (the use of organic
fertilizers in rice cultivation). In general, the results of this research can add new knowledge to the existing
knowledge and provide new insights for policymakers in this field to promote and develop organic and safe
products.

Conclusion

This study was conducted with the general aim of determining the factors affecting farmers' willingness to
use organic fertilizers in rice cultivation. In this study, the health belief model was used to identify the factors.
The results showed that this theory is very efficient in this field because it was able to explain 67% of the
variance in farmers' behaviour in this field. In general, the results of this study can provide new insights for
policymakers in this field in order to produce healthy products.

Keywords: Environmental protection, food safety, structural equation modelling, sustainable agriculture
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Table 1- The results of the fit of the measurement models
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Constructs Measurement item  Factor load Re'?at}'ig?fyand
SE1 0.727 23.153
SE2 0.711 27.171
R SE3 0662 21575 AVE:0.565
g SE4 0760 37983 CR:0.857
Self-efficacy SE5 0512 10822 Apha 0,810
SE6 0.620 16.652 "
SE7 0.749 35.153
PS1 0.752 25.146
15 S5 ol PS2 0760 36292 AVE:0.541
T PS3 0.803 33684 CR: 0.854
Perceived susceptibility PS4 0.721 28.074 ~loha: 0,786
PS5 0.631 20.079 pna. 9.
PSV1 0.719 26.772
PSV2 0.729 35.097 .
0bs S > Eoas PSV3 0.736 25.480 AVE_' 0.511
Perceived severity PSV4 0629 17006 CR:0.852
PSV5 0.767 32.081  alpha: 0.793
PSV6 0.608 18.984
N PB1 0.669 17542 AVE: 0.537
ol S bl PB2 0.769 32.098 CR: 0817
Perceived benefits PB3 0.735 28.693 s M
' ' alpha: 0.766
PBR1 0.759 21.132 .
0i5 S 3 wlge PBR2 0.598 11.337 AVE_' 0.519
Perceived barriers PBR3 0.695 13.814 CR:0.812
PBR4 0.685 13.046  alpha: 0.756
CAl 0.776 35.131
RN CA2 0.842 50522 AVE: 0.620
e CA3 0815 49020 CR:0.853
Caes to action CA4 0705 26658  ha: 0.846
CA5 0.719 39.452 T
Behl 0.831 57.153 }
5y Beh2 0.849 74.296 AVE_' 0.619
Behavior Beh3 o617 17621 CR:0.865
Beh4 0.827 50.270  alpha: 0.792
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1- Combined reliability
2- Average variance extracted


file:///C:/Users/f-soltani/Downloads/جدول%201-%20بررسی%20برازش%20مدل%20اندازه‏گیری%20پژوهش
file:///C:/Users/f-soltani/Downloads/جدول%202-%20بررسی%20اعتبار%20تشخیصی%20سازه‏های%20پژوهش
file:///C:/Users/f-soltani/Downloads/جدول%202-%20بررسی%20اعتبار%20تشخیصی%20سازه‏های%20پژوهش
file:///C:/Users/f-soltani/Downloads/جدول%203-%20ارزیابی%20شاخص‏های%20مدل%20ساختاری%20پژوهش
file:///C:/Users/f-soltani/Downloads/جدول%203-%20ارزیابی%20شاخص‏های%20مدل%20ساختاری%20پژوهش

YV T sleogs 51 s JUs 65,54 59y Fde Jalse g)lislo Ju oyl )lSad g (g il

ol 5l ao FY aS 15,08 32855 (gl sl oS NN ol gbs
oS O JLS Gle o 1) o cuiS ) T slaagS 655,54
(F Jgox) ws

- .

g Cunl 13y 50 (wlio G35l 5l Jae & €S ol 00 08 )15
D905 Gialajl 1y Baios Slus b ol ol g oo
oinitiy (ot Jace B 3 Ladi o8 (905l jglatods
A ol wl ()l L Jae (b)) yoame Jlod g 51 Gl
5 00 3 lbiwl Jole slaylb (iula U idgiy e Jio

ol 0 &3] ool (Y Sl 9 ¥ JSC0) 5o (gl pixe
2l 85U mls als jo ol )5 1308005 Olud 48 g0
el ors &8l)) gy S > I eladgS 65,54 (gg; L puiio

Hloads Sy cad &S ol L ¥ g )3 oids &l s

30B) 3,15 gy ctS ) T sladgS (655,50 (595 5o sine
045 Sy ah A4S S g5 e dBl cpl oo 0 () And 8
i e S lyiear |y Jlai 5)50 S o Cunl (pl oSl
caliseo slal 3 1y ol aely g dimd )3 d g5 390 395 oDl y
1S Spoe s oolail g gy o elain] (o CoM
Boazar et) l,Sen 5 ,lics wlllls 45" (Boazar et al., 2020)
o=l (Huang et al., 2020) )L 5 Slsa 4 (al., 2020

3 otey L plen L jrse o s (6l im0 oy slatods
S5y 3l pslaie cnl (sl o5 b ool Sl il Gy (6525
90 ;0 S ol L zuls .ab edlaiwl diged Yoo g Vee s g0y
Hlael 5l zls 5 auis sl el )l 3es 5l dxe )3 (6 s
o 5l b yusie (o balg) (390 ) e 125 90 J10y98 0 (eSe
g toylol Jlade )3 0,8 sl a8 (6 S 5 Copis 5l diges
onien 25 el ) Sls B g Sy Jae B )3 g o W

o9 (Lol (eauduidd il ow ) -Y Joua
Table 2- Correlations with square roots of AVE

1 2 3 4 5 6 7
(_gmj)lfop 0.809
Self-efficacy
28 I3 Sl 0.648 0.735
Perceived susceptibility
2 IS Db 0.624 0.423 0.714
Perceived severity
° £y J al -
S b 0.599 0.522 0.584 0.732
Perceived benefits
03U H|
2S5 lye 0.578 0.472 0.556 0.618 0.720
Perceived barriers
s ‘51’“‘?" 0.493 0.459 0.539 0.661 0.488 0.787
Case to action
’u)_ 0.625 0.581 0.484 0.672 0.588 0.520 0.786
Behavior
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Introduction

The decrease in rainfall in recent decades and the occurrence of drought in Iran, which is one of the arid and
semi-arid regions, as well as the significant wastage of water in the agricultural sector, have caused many
researchers to look for new irrigation methods that lead to improving water consumption. Therefore, the
importance of conducting this experiment is to reduce surface water evaporation, save water, and reduce
leaching and use of nitrogen fertilizer in maize cultivation. Nowadays, due to the decrease in rainfall and the
excessive water consumption in the agricultural sector, the importance of water resources management has
received more attention from researchers. Therefore, simulation models an effective role in evaluating irrigation
management methods to improve water consumption in the agricultural sector. This study aimed to assess the
AgquaCrop model in terms of simulating the yield and biomass of maize under two methods of irrigation (wick
and surface) and nitrogen fertilization (topdressing and fertigation).

Materials and Methods

This experiment was carried out in 2020 and 2021 in the Faculty of Agriculture of Razi University.
Experimental treatments included wick irrigation and surface irrigation (at three levels of 100, 70, and 50%) and
two levels of nitrogen fertilizer, 100 and 50% of the plant's fertilizer requirement. The statistical design was
factorial in the form of randomized complete blocks and was implemented in three replications. In the wick
irrigation method, fertilizer was provided to the plant through tanks and in solution. In the surface irrigation
method, fertilizer was topdressing on the soil surface. Nitrogen fertilizer was applied in three stages. In each
watering, the amount of water used will be measured and recorded through the meter. At the end of the
experiment, the data measured in the first and second years were used for calibration and validation,
respectively. For both stages of calibration and validation of the model, the measured (observed) and simulated
values of yield, biomass, canopy cover, and water productivity were compared and statistically analyzed. For

©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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statistical evaluation, root mean square error (RMSE), efficiency coefficient of the Nash-Sutcliffe model (EF),
and Wilmot agreement index (d) were used.
Results and Discussion

The results indicated that the root mean square error (RMSE) for simulating canopy cover development
under various irrigation and fertilizer treatments ranged from 1.5% to 6.1% during the calibration stage (2020)
and from 2% to 6.4% during the verification stage (2021). The model's efficiency factor (EF) for canopy cover
simulation was between 0.91 and 0.99 during the calibration stage and between 0.93 and 0.99 during the
validation stage. For biomass simulation, the RMSE values ranged from 1.07 to 2.1 tons/ha in the calibration
stage and from 1.4 to 2.9 tons/ha in the validation stage. The model's EF for biomass simulation ranged from
0.87 to 0.98 in the calibration stage and from 0.92 to 0.99 in the validation stage. These results demonstrate the
model's high accuracy and reliability in simulating both canopy cover and biomass development across different
treatments. AquaCrop simulation results showed that the model was able to simulate water productivity better
than yield and total biomass, so the coefficient of determination (R?) related to water productivity, yield, and
biomass of maize was obtained as 0.82, 0.52, and 0.54, respectively.

Conclusion

The simulation of yield, dry matter, and water productivity in the calibration and verification stage was lower
than the actual value in all treatments. The most significant difference between the observed and simulated
values of yield, biomass and water productivity was observed in the wick treatment (first and second year).
According to the obtained results, it can be concluded that AquaCrop was chosen well and within the
expectations for the studied area and the ability of AquaCrop in the field to provide a low irrigation model like
the wick method is suitable and practical.

Keywords: Calibration, Irrigation management, Modeling, Urea fertilizer, Verification
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Fig. 1- View of wick irrigation in the field

S osdate ol sl () Jgi) 28 2l aslyy 4y 5 dslone ilej]
sladlgwl jleolaiwl U 03)s sicuws SB sladiges « ol o
SIS 055 Ciwd diged g yio il gy gl g Jlad b (o0Ygd
Slod ) Ladiged ¢ purw A cdldy yio Sl =Y+ Ges
Cogby ke 5 (s iogyied hgyts S5 <3l dlas I S (35
ol&wd jl oolatwl b w3ls (3505 aladi 5 elyj cudyls 3 oy

A5 plsl L VD 5 /YY sl b e pay (o lid Olris

S b ) gmyesie S bl by Al Cue

o A 033 18 (e B Sl 3 sl e 9 Sl

OISl JI3Ble s 5> Sipmsly gumal plol g 2lsp (uSe S8
A8 (LS b oliee )bSe oy Ve e

S slacals
gl (Sdgpi colin 1l ui)le SB 4 byyye sloodls
5 (Fo) e 30 s (SAT) gludl > o ] (sl (Ken)
oo SLE sl Laoaly o] (PWP) a3ls Soye3 dlais

Table 1- General properties of the soil of the experimental site (depth of 0-30 cm)

Sk oleogas 2020 2021
Soil properties
o 14.40 19.40
Sand (%)
o) 44.00 37.20
Clay (%)
o 41.60 43.40
Silt (%)
el 40.90 39.40
Field capacity (%)
Sgyen el 5.00 16.14
Hydraulic conductivity (mm.h-%) ' '
glesl b 50.0 58.2
Saturation (%)
Sy Aol 26.30 23.80

Wilting point (%)
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Table 2- Meteorological information of the experiment site during the maize growth period in 2020 and 2021

> Cogb,
Jlw obo Tempecure (°C) Humidity (%) Y
Year Month SSlas gl Jilas Sl g J8las Precipitation (mm)
Max Avg. Min Max Avg. Min
i) 335 17.7 3.7 75 47 20 401
May
0% 37.6 25.1 9.8 39 22 4 0
June
2020 » 427 217 131 31 18 6 0
July
B0 422 29.6 14.3 31 18 4 0
August
IRRE 37.8 19.0 115 29 16 4 0
September
a3 36.3 213 5.5 50 30 9 8.0
May
e 423 25.9 9.8 31 17 3 0
June
2020 » 413 30.4 153 22 13 3 0
July
0y 42.6 29.5 15.8 28 16 5 0
August
e 39.7 26.5 10.4 25 14 3 0
September
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Table 3- Statistical indices of crop cover and dry matter simulated by AquaCrop under different irrigation and fertilizer

treatments in 2020 and 2021

Jls Soss ol ludgy Suts o3le
- Cover crop Biomass
Year Treatment
RMSE* (%) EF? o2 RMSE (ton.hal) EF d
-\.. 39574.1,;.9 3.0 0.99 1.0 1.07 0.97 0.99
Wick-fertiliterioo
L 3.6 094  0.99 2.1 0.87 0.9
Wick-fertiliterso
VeeagS e b 6.1 096  0.99 11 098 10
Surfaceioo- fertiliterioo
s Brg5 N oo 15 099 10 14 097  0.99
(raq) Surfaceioo- fertiliterso
Calibration (2020) VoY 48 097  0.99 12 098  0.99
Surfacero- fertiliterioo
Be g3V (rlaw 38 096  0.99 11 097 099
Surfacezo- fertiliterso
Ve ea5m0e (e 5.6 099 10 2.0 096  0.99
Surfaceso- fertiliterioo
Be gD (b 5.1 091 097 15 094 099
Surfaceso- fertiliterso
S 39574_1,.:5 5.6 096  0.99 22 097  0.99
Wick-fertiliteroo
D ag5maks 21 097  0.99 2.9 .92 0.98
Wick-fertiliterso
VeragS e 42 098 1.1 14 099 10
Surfaceoo- fertiliterioo
o Brog) e oo 47 093 098 2.0 097  0.99
() Surfaceioo- fertiliterso
Validated (2021) VoY e 6.4 094 099 2.0 096 099
Surfacero- fertiliterioo
De3g5=Ve (rbaw 41 097 099 2.3 0.96  0.99
Surfacezo- fertiliterso
Vgl e 5.2 095 099 2.2 0.96  0.99
Surfaceso- fertiliterioo
03550 (rlaw 2.0 099 1.0 21 093 098

Surfaceso- fertiliterso

Bl sl ¥ (Jao o5 dlas Slope 1Sl didyy 1)
1: Root Mean Square Error, 2: Model Efficiency, 3: Index of Agreement
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Fig. 2- Comparison of observed and simulated canopy cover under the treatments of surfaceso-fertilizerso (A), surfaceso-
fertilizerioo (B), surfaceso-fertilizerso (C), surfacez-fertilizerioo (D), surfaceioo-fertilizerso (E), Surfaceioo-fertilizerioo (F), wick-
fertilizerso (G), wick-fertilizerioo (H) during two growing seasons (2020 and 2021)
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Fig. 3- Comparison of observed and simulated biomass development under the treatments of surfaceso-fertilizerso (A),

surfaceso-fertilizerioo (B), surfaceso-fertilizerso (C), surfacero-fertilizerioo (D), surfaceioo-fertilizerso (E), Surfaceioo-fertilizerioo
(F), wick-fertilizerso (G), wick-fertilizerioo (H) during two growing seasons (2020 and 2021)
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Fig. 4- Relationship between observed and simulated total biomass (A), seed yield (B) and water productivity (C) for
AquaCrop calibration (2020 year)
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Fig. 5- Relationship between observed and simulated total biomass (A), seed yield (B) and water productivity (C) for
AquaCrop validation model (2021 year)
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Table 4- Observed and simulated yield, biomass and water productivity by AquaCrop under irrigation and fertilizer treatments in 2020

and 2021
&> 3 ,Slos Suis ol c,.vi (839058
Jw slowd Yield (t.ha?) Biomass (ton.ha?) water productivity (kg.m)
Year Treatment g & g & 5w g & slwnmd
Observed Simulated Observed Simulated  Observed Simulated
Voo oAl 13.42 12.78 28.05 27.64 3.57 3.40
Wick-fertiliteryoo
_a' >5§—-41?:3 10.89 9.98 19.71 18.57 2.90 2.66
Wick-fertilitersy
Vo odg8=Y oo o
Surfaceso- 11.12 10.78 24.83 23.84 1.60 1.55
fertiliteryoo
B 38—V e+ xlaws
Surfaceyo- 10.22 9.84 25.36 24.66 1.47 1.42
fertilitersy
2020 VoSV
Surfaces- 8.60 8.22 23.20 22.78 1.77 1.70
fertiliteryoo
O b9§—V~ u.z]a..;
Surfacew. 7.68 7.24 18.52 17.85 1.58 1.49
fertilitersy
Voo 29800 o
Surfaces- 8.37 8.07 19.88 19.23 241 2.32
fertiliteryoo
O >,§—a~ u.z]a..;
Surfaceso_ 6.98 6.43 21.50 18.43 2.01 1.85
fertilitersy
A 15.02 14.41 36.53 34.05 3.38 3.24
Wick-fertiliteryoo
i 14.33 12.87 34.17 33.11 3.22 2.89
Wick-fertilitersy
Ve odgS—Ye o idaws
Surfacesoo- 14.78 14.35 34.17 34.00 2.05 1.99
fertiliteryoo
B 38—V e+ xlaws
Surfaceio- 13.75 13.36 35.33 34.46 1.90 1.85
fertilitersy
2021 VoSV
Surfaceso- 13.50 12.78 30.33 28.83 2.67 2.53
fertiliteryoo
0255V xbaw
Surface70_ 8.50 7.82 33.67 31.26 1.68 1.55
fertilitersy
Vo e 35S0 oedau
Surfaceso- 11.48 10.79 32.50 31.08 3.18 2.99
fertiliteryoo
02950+ xbaw
Surfaceso- 8.99 7.85 23.33 21.62 2.49 2.17
fertilitersy
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Introduction

The use of medicinal plants has been done since ancient times and may even be considered the origin of
modern medicine. Medicinal plants are a source of biomolecules with therapeutic potential and lead to
development of new drugs. Black Seed (Nigella sativa L.), often referred to as a "miracle herb," is a medicinal
plant that has been used worldwide for centuries in the treatment and prevention of diseases such as cancer and
diabetes. Additionally, it has been valued as a spice and flavouring agent in products like bread and sweets .

Various factors influence the growth and yield of black seed per unit area, with the planting date being
particularly significant. The timing of planting affects environmental conditions during the plant's growth stages,
influencing the rates of vegetative and reproductive growth and ultimately impacting yield. Therefore, selecting
the appropriate planting time is crucial for the successful cultivation of any crop, including black seed. The aim
of this research is to determine the most suitable planting date of black seed for this plant and the response of
different ecotypes of this medicinal plant to the planting date in the weather conditions of Gorgan city.

Materials and Methods

In order to evaluate different ecotypes of black seed in response to planting dates in Gorgan, a field
experiment with four planting dates was carried out in the cropping year of 2020-2021 at the research farm of
Gorgan University of Agricultural Sciences and Natural Resources, Iran. The experiment was carried out in the
form of split plots based on completely randomized block statistical design with three replication, in which four
planting dates were 18" December, 17" January, 16™ February and 18™ March as the main plot and thirteen
ecotypes (Such as Tafaresh, Gardmiran, Razan, Hamedan, Arak, Esfahan, Semirom, Eqlid, Ashkazar, Zabol,

©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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Bajestan, Sarayan and Khaf) with three replication were considered as sub-plot. In this research, the attributes of
plant height, number of branches per plant, number of follicles per plant, number of grains per follicle, weight of
1000 grains and grain yield were measured. After harvesting, measurements were taken and then the data were
analyzed with SAS 9.4 statistical software and means comparison was done with LSD’s test in significance at
5% probability level. Graphs were prepared using Excel software.

Results and Discussion

The results showed that the interaction effects of planting date and ecotype on plant height, number of
branches per plant, number of capsules per plant, number of grains per capsule and 1000-grain weight were
significant. However, the main effects of planting date and ecotype on grain yield were significant, and the
interaction effects were not significant. With the delay in planting, all measured traits decreased. The highest
grain yield was obtained from the first planting date (December 18) with 1245 kg per ha. The highest grain yield
was obtained from Khaf (1245 kg.ha?), Sarayan (1179 kg.ha'), Bajestan (1156 kg.hat), Zabol (1141 kg.ha't)
and Esfahan (1117 kg.ha*) ecotypes. In contrast, the lowest grain yield was obtained from the fourth (March 18)
planting date with 694 kg.ha*. The lowest grain yield was obtained from Arak and Gardmiran ecotypes with 903
and 890 kg.ha, respectively. With the delay in planting, the grain yield of high-yield ecotypes decreased linearly
(8-9 kg.ha for each day of delay in planting), with the difference that the decrease in grain yield in the Bajestan
ecotype (5.8 kg.ha for each day of delay in planting) was less than other ecotypes, which indicates the high
adaptability of this ecotype to the planting date and environmental conditions of Gorgan. Also, there is a positive

and significant correlation between grain yield and traits of plant height (0.73**), number of branches per plant
(0.56**), number of follicles per plant (0.83**), number of grains per follicle (0.84**) and 1000- grain weight
(0.55**).

Conclusion

In general, the results of this research showed that planting date and ecotype have a significant effect on
black seed yield, and it is recommended to plant high-yield ecotypes in December to obtain higher grain yield in
Gorgan and additional tests should be done in this area for final confirmation.

Keywords: Environmental conditions, Medicinal plant, Neglected plants
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Table 1- Meteorological information during the growing season of black seed

&> ookt MRl dj08 Culpd)l A 4

January February March  April May June  July

o3 458 2.58 1.75 4.81 4.15 11.48 16.73 20.71
TwMinimum (OC)

le> diple 15.81 19.33 14.61 18.51 25.77 30.71 3345
TMaximum (OC)

“_55_“\3’1"_ ol 279 37.4 65.1 74.7 46.2 102 223

Precipitation (mm)
ol gy 222 74.05 75.69 80.99 84.42 76.35 64.62 62.48

Relative humidity (%)
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odd 33 o )S & ygod yislejl (Moghaddam et al., 2014
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1- Split-plot
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5- Box-plot
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Table 2- Names of studied black seed ecotypes
Ecotypes name  «uwioS! ob

Tafresh ooy
Gardmiran Ol S
Razan b
Hamedan Olen
Arak sy
Esfahan Olaiuo!
Semirom £ yrons
Eqlid 2,430
Ashkezar Sl
Zabol Bl
Bajestan Ol
Sarayan bl

Khaf Slgs

sby b (b p> alose g3 )3 B g0ty 6 e o)l

yods sl alinls sl S c il lej S g
Snl s Sty podle 28,5 pLosl oS 53 Sy o3l
Slogrd Lo iy (55 9 gy ()ad Sutd g b 35 Jols
Sl 29— JPS5 5 sed (A S g olew 5 JsSg8 (0
s s o ailimls Gl clbeaisS] 3 ,Shos s3] 2,50l
Wdig el Glas 5 0ud cudldy JISS j il aigy Ve Ll celisls
2 39350 a5 Dli gy 0 JoSgd oluai ¢ 048 (slaadl sl
FS3 Y S g pSojlal Al lie g 9 JoSdes
2y Gglite oSt g CublS Fu )l ds g b iy guyl oS ol
NAY=Y-F Cuipas plas g pow pgd o Jol cdls gu,ls o &S
Ot il L5 €BlS 1 5, Ve IYe o Vo)A ASA-VAY
Fom @S oyl dSlos b)) slaieds g2 e S|
5 oy o) s g3 Gl g &S cloil 5 Ll j1 2o s B
e Jsbar e <) 93 slaaily 5 Slas canils SIS 3 o



VOV Lo ailaslow diliee gloui oSt 8 Slos <1321 g 5 ,5hos b5l oyl y 5o g (55 20!

.(Charkandi et al., 2021
SLCWIE U @ gowly 45 diludlow (s sST aild 5,Shos 9 5 ,SKhos £ljal (S 59093 po Cilbio (las po (3uSlae) uils ylg 3205 -F Joua
s
Table 3- Analysis of variance (mean of squares) for morphological traits, yield components and seed yield of black seed
ecotypes in response to different planting dates

©la e n0be
Mean of squares
w35 2alio a5l as > ) . .. 5 JoSdgd dluas > 1> alaxs
oy CUTT wppalide okipew) ’s: > ? 15y Gyl gy i3 Sles
No. of branches — cwils p (S, N ff””_ | No. of ’3 . 1000-grain Grain
er plant i 0. ot follicle 0.ofgrainin weight ield
Perp Plant height per plant the follicle g y
’]’g 2 0.04m 5.46M 0.17m 20.51*" 0.0228™ 72220.4™
Replication
28 &b 3 44.45™ 3992.07" 30.46™ 11503.87" 0.64™ 2860369.9"
Planting date (D)
Vsl 6 0.03 5.89 0.17 16.63 0.08 80638.2
Error 1
il 12 0.49™ 49.00™ 0.95™ 118.06™ 0.41™ 176840.4™
Ecotype (E)
ExD 36 1.025™ 39.12" 0.87™ 60.81™ 0.05™ 27496.3™
Vol 96 0.10 7.60 0.26 1.72 0.0006 25991.8
Error 2
Sl - 7.08 4.22 9.65 1.92 1.17 15.54
C.V (%)

Wbl oo doyd S g gy Jlein] pdaw 50 (g)ld gime g (61 gime puE Gl Sy sk 9w NS
*, ** and ns: are significant at 0.05 and 0.01 probability levels and non significant, respectively
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Table 4- Mean comparison of the average number of branches per plant of different black seed ecotypes in response to
planting date

i o5 Jol cwils’ &, 090 Cols )b pgw Sl &b 2 ke cwil & ,U
Ecotype First planting date  Second planting date  Third planting date  Fourth planting date
A 7.00 6.33 6.33 433
Tafresh
R 6.00 6.00 6.67 5.33
Gardmiran
0 7.00 6.00 6.67 5.33
Razan
Ohon 6.33 7.00 6.67 5.00
Hamedan
< 6.33 6.00 6.67 5.00
Arak
olee! 7.00 7.00 6.67 433
Esfahan
P 7.00 7.00 6.67 4.00
Semirom
- 6.00 7.00 6.33 3.33
Eqlid
53 7.00 7.00 6.33 3.67
Ashkezar
H; 8.00 7.00 6.00 433
Zabol
bz 8.00 7.00 6.00 4.67
Bajestan
okl 6.67 7.00 6.00 4.67
Sarayan
g 7.00 6.00 6.33 433
Khaf
LSD (0.05) 0.001" 0.277 0.878™ 1.01%

Wbl oo Mo yd S g gy Jloin] pdaw )0 (g)d dme g (61 gixe puE Gl S sk 9w NS
*, **and ns: are significant at 0.05 and 0.01 probability levels and non significant, respectively
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Table 5- Mean comparison of the average plant height (cm) at the time of harvest of different black seed ecotypes in response
to planting date

i S| Jol clls & 46 090 Cuils & ,U P CuilS g ,U o,k Cudls b
Ecotype  First planting date  Second planting date  Third planting date  Fourth planting date
A 67.00 62.33 54.00 52.33
Tafresh
ohpe)S 70.67 61.33 48.33 54.67
Gardmiran
o 71.67 56.00 49.67 50.33
Razan
o 69.00 54.67 43.67 53.33
Hamedan
< 70.33 57.67 43.00 57.67
Arak
e 67.33 52.00 45.00 4367
Esfahan
Foeee 68.67 59.67 54.00 52.67
Semirom
- 70.33 54.00 47.00 46.00
Eqlid
T 72.67 49.00 4333 57.67
Ashkezar
H; 75.67 55.00 49.33 48.67
Zabol
O 75.00 49.33 48.33 49.67
Bajestan
okl 70.67 52.67 46.67 53.00
Sarayan
g 69.67 50.67 45.00 52.33
Khaf
LSD (%5) 3.658" 1.615" 1.674" 7.124"

bl oo Mo yd S g gy Jloin] e j3 (g)ld gize 9 (gl gine g o Sy e

*, **and ns: are significant at 0.05 and 0.01 probability levels and non significant, respectively
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Table 6- Mean comparison of the average number of follicle per plant of different black seed ecotypes in response to planting

u.:s,ﬂ JQ‘WK@)U ,agb&.&ilf@,l.? pwwlfé)ls p)%wlsé.;)ls
Ecotype  First planting date  Second planting date  Third planting date  Fourth planting date
A 6.67 6.67 5.67 4.00
Tafresh
ohpe)S 6.33 5.67 5.00 5.00
Gardmiran
o 6.00 5.67 5.33 5.00
Razan
o 5.67 5.67 6.00 5.00
Hamedan
1)
<h 6.00 5.33 5.67 5.00
Arak
ol 6.67 5.67 5.00 4.00
Esfahan
f e 6.67 5.67 5.33 4.00
Semirom
A*-J’l' 6.00 5.67 6.00 3.00
Eqlid
. 6.33 5.33 6.00 4.00
Ashkezar
H; 8.00 5.33 6.00 4.00
Zabol
O 7.33 5.33 6.00 5.00
Bajestan
okl 7.00 5.67 6.00 5.00
Sarayan
Sl 7.33 6.33 6.00 5.00
Khaf
LSD (%5) 1.374" 1.013™ 0.562" 0.002"

Wl e o yd S g gmy Jloin] o 50 ()b bize g () bze pE Py e g % NS
*, **and ns: are significant at 0.05 and 0.01 probability levels and non significant, respectively
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Table 7- Mean comparison of the average number of grains in the follicle of different black seed ecotypes in response to
planting date

ST Jl Cunils' &)U 093 CusllS U Pow Cudls )l oyl Gl &)U
Ecotype  First planting date  Second planting date  Third planting date  Fourth planting date
A 74.00 57.67 54.33 23.67
Tafresh
OIMJ_’S 77.00 47.67 56.33 33.67
Gardmiran
O 72.33 52.33 63.33 31.67
Razan
ohea 68.67 48.67 52.67 29.67
Hamedan
1l
<h 75.33 48.00 46.00 37.67
Arak
oledee! 82.00 62.33 63.00 35.67
Esfahan
fowos 78.33 57.67 55.33 34.67
Semirom
'\”b_l 68.33 48.67 47.00 28.67
Eqlid
. 73.00 53.00 52.00 36.67
Ashkezar
].
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Table 8- Mean comparison of the average 1000 grain weight (grams) of different black seed ecotypes in response to planting
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Table 9- Correlation of measured traits with seed yield of different black seed ecotypes
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Fig. 2- Fitting the linear regression model to the grain yield data in response to planting date in different black seed ecotypes
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x-axis is time based on days from the first of Azar. R?, the coefficient of explanation of the equation and Pr>t indicates a significant
probability level.
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