e il
(obikcd) (S 9Ls  wlols P o

AP A e

bLo: Ve A-YYIY (WY 2l osles)

=) | R P

Y Do g AT AT 3T 21 3e5ke 00 3 padld e TS D3 (ST Sl S ST
T (Mentha piperita 1.,) Jaldpbs b balss st o (Salviw afffcinalis L) 2w

e el p galesl e ia el g sl

£ o (CPA) 25 50 el WUT a4 witp Ol pes AUTLe 53 (Brassica mapns L.} 100 & Klee odiif 39dome Jolge  gmi
v P g 3 s el s gl o 5 i 5T

e e gt e gyl e 33 (Oryza sativa L) g6 g aded il 3381 g o gyl oadaataniat
a¥ 5 |_I|_'I'u.il ‘:__:JI'.;J l_fllhlu- “.='-l| LL‘-LIE- N Lu_:l-'l.lJ r.,_‘,.'F'

P Sl eSS e Dl g g b3S e § Cemmend 008 0kat el Cagend ge 8 Wb b 3!
AT {Hibiscus sabdarilTa L.)

A e e g s b s s g 5 A Ly s 3 s g B il

&2 s de g2 (Triticum aestivam L, ) paol® 6l g3 gale gl pgo 8 GC25 20l o JIEH  us
e sl sbld _alies palis

Ayl g mil gltad s et s ptas

Wl j1 53 polis B g otder g Tl g bl Sl 2 Klak et 3 385 3 plosad JT Slaags 3l i1
L i Foenicolum vulgare Mill.)

bl e w rta e esls dllibe A ooyt gal e La g e cal 3 olle e tile

b LOA Sl 4552 3 § 9T 8433 ool p S 2000 (S33505 subas S gatns 287 (59901 (09
Bt gl 9 5 a1 S e




(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

1440 sle 1o ylods YAl
.L«.:aw,;)éolixlazﬁﬁgjlﬁ:al o=>lo
At 53 o8N (6355l 0uSCils sl LS plgs 73 1 S ghue ke
wijsa\iuu‘smuso&u;;ul‘rmgiy)ﬁu;;:ﬁaﬂ
Agrin 33 o315 06355158 Sty HLsils o dsp 5 g ST 1 S ke

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

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

Syl Gimes o815 (655518 0aS kil 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 (63558 oS> LIS o3 o5 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 0 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 colbw 38 osled oyl SYGo


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

r 20 P9 50 Dlhogas 9 AT 9 5 35Ms 3 132595k FIB 9 Pek wSISO I3 (s skeT Slw S S

(Mentha piperita L.) s slx b bolseo cuis™ 5o (Salvia officinalis L.)

S il g ekl e 03 juil g e

A (CPA) 5 5 515 dwlio 30T 9 4 sgig Oliw g UG 53 (Brassica napus L.) 1357 8 shos oS 390w folge (o g
035 Ao ysio 5 o) eal ol ¢ Slabe 23l (6 hnm 43T

10 g Ol e gwdil ik 5o (Oryza sativa L.) g g wdei Jawily 3597 9 9 (o015 (rmwdlmin!
235 Galo (234 5 Slake 28l (B e by 2 S

A S Sl b 9 38 Dlho (B g (2030 Sl 9 Cuwgead’ (039 03LaE ol Cuwgead” 039 T (5!
(Hibiscus sabdariffa L.)

St 9 L e 5 e 5ok ilaan 3y (5 el L) dasms 03 083 (Sugn (S0 415

yey 20lo g Sl hgy 4w o (Triticum aestivum L) puus™ 4518 30 (S k> jiiwgid maw 9 <Xis 00k duomo JES! w2
AL SLk i

L T el 5 6 bdiinl ¢ ol dn goane

1YY (Foeniculum «b3ly 30 solie B9 Qoo 2T 9 (il Cuies”™ 3 5hos g i ) 395 9 2 boowii— JIT (Sl295™ a5 i1
vulgare Mill.)

bl e g o o (sl dlslbe daw (W (3] 0 Lo jkazee 315 g ls o lile

149 LCA Uil 43 > b33l 9 T (Sbd) (wlal g Cd g Sulsd (5339LS” ohoe DY guasmo SuiS™ (5951 0y 9

BeS (Sler 5 S tarlm ¢S (SHB Lo s






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

Research Article
Vol. 18, No. 1, 2026, p. 1-37

Effects of Irrigation Regimes, Titanium Dioxide Nanoparticles, and Mycorrhizal
Fungi on the Quantitative and Qualitative Yield and Physiological Traits of
Sage (Salvia officinalis L.) in Intercropping with Peppermint (Mentha piperita
L.)

Abdollah Javanmard"®'**, Ali Ostadi"“"* and Haniyeh Shabkhiz"**

1- Department of Plant Production and Genetics, Faculty of Agriculture, University of Maragheh, Maragheh, Iran
(*- Corresponding author's Email: a.javanmard@maragheh.ac.ir )

How to cite this article:

Javanmard, A., Ostadi, A., & Shabkhiz, H. (2026). Effects of irrigation regimes,
titanium dioxide nanoparticles, and mycorrhizal fungi on the quantitative and
qualitative yield and physiological traits of sage (Salvia officinalis L.) in
intercropping with peppermint (Mentha piperita L.). Journal of Agroecology, 17(4),
1-37. (In Persian with English abstract)
https://doi.org/10.22067/AGRY.2025.95607.1254

Received: 29-09-2025
Revised: 09-12-2025
Accepted: 14-12-2025
Available Online: 04-04-2026

Introduction

Currently, due to the adverse effects of climate change and rising global temperatures, agricultural yields are
declining, with the most severe impacts in arid and semi-arid regions. Drought stress is one of the most critical
abiotic factors limiting plant growth and productivity in many areas, including Iran. With limited water resources
and an average annual rainfall of only 250 mm, approximately two-thirds less than the global average (Biglari et
al., 2019). Iran is particularly vulnerable. The severity and duration of drought stress significantly alter the

ecophysiological, biochemical, and molecular characteristics of plants, adversely affecting both the quantity and
quality of growth and yield (Salehi-Lisar & Bakhshayeshan-Agdam, 2020). Arbuscular mycorrhizal fungi
(AMF), as biofertilizers, enhance plant tolerance to various biotic and abiotic stresses, including drought,
nutrient deficiency, heavy metal toxicity, and salinity. In medicinal plants, the application of AMF has been
shown to improve photosynthesis, enhance water uptake, increase chlorophyll and carotenoid levels, and boost
antioxidant enzyme activity under stressful conditions (Varma et al., 2018). Within the framework of sustainable
agriculture, the use of nanotechnology-based alternatives to conventional fertilizers is considered a promising
strategy to increase crop productivity and help meet the food demands of the rapidly growing global population
(Liu et al., 2015). Among nanomaterials, titanium dioxide nanoparticles (TiO> NPs) have been recognized as
effective plant growth stimuland (Ingle, 2021). Additionally, intercropping one of the most important sustainable
agricultural practices plays a crucial role in enhancing biodiversity and improving overall productivity.

Materials and Methods

This study was carried out at the Research Farm of the Department of Plant Production and Genetics, Faculty
of Agriculture, University of Maragheh. The experiment followed a split—split plot design within a randomized
complete block design (RCBD) with three replications, conducted over two consecutive years. The main factor
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consisted of three irrigation regimes: 25% (MAD2s), 50% (MADsp), and 75% (MAD7s) maximum allowable
depletion (MAD) of soil available water (SAW), representing normal irrigation, mild water stress, and severe
water stress, respectively. The sub-factor was planting pattern, including peppermint monoculture, sage
monoculture, and peppermint—sage intercropping. The sub—sub factor involved fertilizer treatments, including:
(i) no fertilizer (control), (ii) TiO, nanoparticles (100 mg.L™), (iii) arbuscular mycorrhizal fungi (AMF)
inoculation, and (iv) combined application of AMF and TiO, (AMF + TiO,). Each plot consisted of five planting
rows, with inter-row and intra-row spacings of 40 and 25 cm, respectively, for peppermint and sage. The AMF
inoculum (Funneliformis mosseae) was obtained from Varian Biotechnological Company, Karaj, Iran. At
planting, 80 g of soil containing fungal hyphae (equivalent to 1000 spores per 10 g of soil) was applied to each
row. Peppermint and sage seedlings were established at a density of 10 plants.m™2. The first irrigation was
applied immediately after transplanting. To facilitate seedling adaptation and optimal establishment, drought
stress treatments were initiated one month after planting. Soil moisture content was monitored using a moisture
meter to ensure accurate application of drought stress. At full flowering, dry matter yield, essential oil (EO)
content and yield, EO composition, and photosynthetic pigments were measured. Data were tested for normality
before analysis. A combined analysis of variance was performed using a two-way split—split plot design in SAS
(version 9.4). Mean comparisons were conducted using the least significant difference (LSD) test at the 5%
probability level, and graphical illustrations were generated in Microsoft Excel.

Results and Discussion

The results indicated that sage dry matter yield decreased by 27% and 64.1% under mild and severe drought
stress, respectively. Considering the interaction effect of cropping pattern and fertilizer sources, the highest sage
dry matter yield (172.7 g m2) was observed in monoculture with the combined application of AMF + TiO,. The

combined application of AMF + TiO, increased sage dry matter yield by 36.1% compared to the control
(absence of fertilizer). The highest essential oil (EO) content in sage (1.33%) was obtained under intercropping
with the integrated application of AMF + TiO,. Notably, EO content under mild drought stress was 41.2% higher
than that under normal irrigation. Chemical analysis of EO compounds revealed that the maximum levels of
dominant compounds, namely cis-thujone and 1, 8-cineole, were achieved in intercropping with AMF + TiO;
under both mild and severe stress conditions. Enhanced secondary metabolite production serves as an effective
defense mechanism in medicinal and aromatic plants, mitigating the adverse effects of drought stress. Typically,
EO formation and accumulation increase under environmental stress, protecting the plant against excessive light
and water deficiency. The observed increase in sage EO with AMF + TiO, application is associated with
improved photosynthetic activity, enhanced absorption and availability of key EO-forming nutrients such as
nitrogen and phosphorus, and the development of additional EO-secreting glands.

Conclusion

In summary, the integrative application of arbuscular mycorrhizal fungi (AMF) combining TiO: in the
intercropping system of sage with peppermint is highly recommended as a sustainable and effective approach to
improve both the yield and quality of essential oils, particularly under drought stress conditions. This strategy
not only enhances plant resilience against water deficit but also promotes more efficient nutrient uptake, leading
to healthier growth and higher production of valuable secondary metabolites. Implementing this combined
approach can be a practical,eco-friendly solution for farmers seeking to optimize essential oil production while
maintaining soil health and long-term agricultural sustainability.

Keywords: Bio-fertilizer, Drought stress, Essential oil, Medicinal plants, Sustainable agriculture
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Table 1- Some physical and chemical properties of the soil where the experiment was conducted
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Table 2- Mean temperature and cumulative monthly precipitation throughout the growth period
29 R Mage g Bl Cudgud)l ondyesd (3,56l da ) ble slod (il

September  August  July  June May April Monthly mean temperature (°C)
22.1 27.8 276 257 18.5 104 2019
23.8 25.1 28 242 19.1 11.8 2020
(o) ailalo (39,1
Monthly precipitation (mm)
0 0 0 4.2 37.8 51.3 2019

0 1.2 0.1 2:6 12 63.3 2020
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1 - Split split plot

2 - Titanium isopropoxide

3 - TiO(OH);

4 - Homogeneous titanyl nitrate [TiO(NO3),] solution
5 - Transmission electron microscopy

6 - Dynamic light scattering

7 - Zetasizer Nano ZS90- Malvern, ZEN3600

8 - Scanning electron microscopy
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Fig. 1- TEM image of the titanium dioxide nanoparticles used in this experiment
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Fig. 2- Size of the titanium dioxide nanoparticles used in this experiment
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1- Time domain reflectometry
2- Soil available water
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Fig. 3- SEM image of the titanium dioxide nanoparticles used in this experiment
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Table 3- Results of variance analysis of the effect of different treatments on colonization percentage, dry matter yield, EO
content and yield of sage
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(1520555le @B + posits wuslied) X syl w23,
(Nano titanium dioxide + Arbuscular mycorrhizal fungi) x 6 1262.55™ 7695.55" 0.12™ 1.85"
Irrigation regimes
(ess8ele 6 + pasts 20uSs3) X cu (5550
Planting patterns x (Nano titanium dioxide + Arbuscular 3 10.86"* 1456.12" 0.007" 0.033"*
mycorrhizal fungi)
d"?f éft"’ X cus d?in X d)L:"1 S33) 6 0.63"s 396.69"S 0.012"s 0.08"s
Irrigation x Planting patterns x Fertilizer sources ' ' ' '
(l}lﬁgil“‘ C)ls + P?‘-‘L“ﬁ’ Aﬁ"“ﬂdJ) XJL“ ns n.s n.s n.s
Year x (Nano titanium dioxide + Arbuscular mycorrhizal fungi) 3 1711 586.20 0.010 009
(3555le )8 + poslis 3uSlis3) X (ilel wjy X Jlo
Year x Irrigation regimes x (nano titanium dioxide + arbuscular 6 22.70"s 345.60" 0.014"* 0.06"*
mycorrhizal fungi)
(I52y550le 26 + poslis duSTes) X S (2o X o
Year x Planting patterns x (Nano titanium dioxide + Arbuscular 3 1.30"s 116.21" 0.001"* 0.01"s
mycorrhizal fungi)
(132955e )8 + poslis 1uSi63) X S (698U X gyl 5y Xl
Year x Irrigation regimes x Planting patterns x (Nano titanium 6 0.85"¢ 109.64"* 0.003"¢ 0.02"s
dioxide + Arbuscular mycorrhizal fungi)
Sl 72 11.11 304.17 0.01 0.05
Total error
PP 9.16 13.53 8.48 15.19
CV (%)
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*k

, “and ns: are significant at the 1 and 5 percent levels, respectively, and there is no significant difference.
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Fig. 4- Mean comparison of sage roots colonization under the influence of different different irrigation regimes, nano

titanium dioxide and arbuscular mycorrhizal fungi (AMF)
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Fig. 5- Mean comparison of the sage root colonization in the first and second years of the experiment
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Fig. 6- Mean comparison of sage dry matter yield under the influence of different irrigation regimes, nano titanium dioxide
and arbuscular mycorrhizal fungi
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Fig. 7- Mean comparison of sage dry matter yield under the influence of different planting patterns (Monoculture and
intercropping with peppermint), nano titanium dioxide (TiO2), and arbuscular mycorrhizal fungi (AMF)
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Fig. 8- Mean comparison of the essential oil content of sage under the influence of different irrigation regimes, nano titanium
dioxide, and arbuscular mycorrhizal fungi
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Fig. 9- Mean comparison of the sage essential oil content under the influence of different irrigation regimes and planting
patterns (Monoculture and intercropping with peppermint)
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Fig. 10- Mean comparison of the sage essential oil content under the influence of different planting patterns (Monoculture
and intercropping with peppermint), nano titanium dioxide (TiO2) and arbuscular mycorrhizal fungi (AMF)
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Fig. 11- Mean comparison of the sage essential oil yield under the effect of different irrigation regimes,
nano titanium dioxide and arbuscular mycorrhizal fungi (AMF)
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Table 7- The analysis of variance the effect of planting patterns of monoculture and intercropping with peppermint, nano
titanim dioxide and arbuscular mycorrhizal fungi (AMF) on chl a, b, total and carotenoids under different irrigation regimes

Ol (1255ke
Mean of squares
Wy - : - P
O i @lio e a Judg I b Jedg 5 JS Judg i5 Mg,
SO.V B hiorophyll Chlorophyll b Total c id
df ophyll a orophy chlorophyll arotenol
(mg. g* Fresh (mg. g* Fresh (mg. g™ Fresh (mg. g* Fresh
weight) weight) weight) weight)
b 1 0.03' 0.02' 0.11ns 0.005"*
Year
a sl 4 4.62 0.41 7.77 0.43
E(ror a
ol sl 2 66.30" 3.84" 9931+ 9.84™
Irrigation regimes
kel 3, X Jlo 2 0.07"s 0.02' 0.03n:s 0.01"
Year x Irrigation regimes
Error b 8 0.20 0.01 0.22 0.12
i 555 1 24.30° 3.80" 47.66* 3.95's
Planting patterns
ol ey X S sl 2 0.27s 0.08" 0.17ns 0.05"
Irrigation regimes x Planting patterns
i S X 1 0.02"¢ 0.02"s 0.03n.s 0.09"*
Year x Plantmg patterns
i o X bl o, X Jo 2 0.047 0.008"* 0.06n.5 0.003"*
Year x Irrigation regimes x Planting patterns
€ sl 12 0.37 0.008 0.39 0.06
Errorc
(2550ke &8 + 9ol 10u5is3) . . .
(Nano titanium dioxide + Arbuscular mycorrhizal 3 16.55 1.08 25.59** 119
fungi)
(55950 @B + postis usTis2) X ()bl w23,
Irrigation regimes x (Nano titanium dioxide + 6 3.14™ 0.29™ 4.88** 0.16™

Arbuscular mycorrhizal fungi)
(1550l g8 + poslis 1usSligo) X cuiS sl
Planting patterns x (Nano titanium dioxide + 3 1.76" 0.26™ 3.31* 0.05"*
Arbuscular mycorrhizal fungi)
258 o X i 55X ikl ) 6 1.49" 0.08" 1.72%* 0.01"¢
Irrigation x Planting patterns x Fertilizer sources
(52095l @) + poslis duSligd) X JLo
Year x (Nano titanium dioxide + Arbuscular 3 0.02" 0.004"¢ 0.03n.s 0.008"*
mycorrhizal fungi)
(33950ke 2B+ postlis wauSTi63) X ()bl oy X Jlo
Year x Irrigation regimes x (Nano titanium dioxide + 6 0.02"* 0.015"* 0.07n.s 0.007"*
Arbuscular mycorrhizal fungi)
(I95ole 8 + paslis 1puSis) X S (50 X Jlo
Year x Planting patterns x (Nano titanium dioxide 3 0.15"s 0.008"s 0.21n.s 0.008"*
+Moycorrhizal fungi)
@B+ poslis 4puSi3) X cutS (oS X ()l 5, X Sl
(3255l

Year x Irrigation regimes x Planting patterns x (Nano 6 0.12" 0.006™ 0.17ns 0.003
titanium dioxide + Arbuscular mycorrhizal fungi)
Sl 72 0.24 0.02 0.25 0.07
Total error
P 16.22 19.79 13.25 22.02
CV (%)

* B

I gine gl pas g dopd gy g S 50 5 gixe A NS ¢
, "and ns: are significant at the 1 and 5 percent levels, respectively, and there is no significant difference.
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Table 8- Mean comparisons of the sage chl a, b, and total under treatment combination of irrigation regimes, planting
patterns of monoculture and intercropping with peppermint, nano titanium dioxideand and arbuscular mycorrhizal fungi

i a Judy I8 D Judg f5 S5 Jsd i
B lowi ChloroPhyII a ChIoroPhyII b Total chlorophyll
Treatments (mg. g™ Fresh (mg. g™ Fresh (mg. g* Fresh
weight) weight) weight)
aald 2.10 0.35 2.45
Control
ol deuSlisd il 451 0.79 5.30
Nano titanium dioxide
oAb cuss lss5ole )6 2 4.72
Monoculture AMF 38 090 '
JSlied g+ 1350500 )6
o poslis o 521 1.30 6.51
Jey ol Avrbuscular mycorrhizal fungi + Nano titanium
Normal dioxide
irrigation sals 3.89 0.92 481
Control ' ' '
ol deuSlisd i 451 1.26 5.77
bylse caiS Nano titlgniirrpdi(l)éxideand
I [ I © . : .
ntercropping Arbuscular mycorrhizal fungi 500 099 599
poslsd dnuSlied g+ 152050 le g,
Avrbuscular mycorrhizal fungi + Nano titanium 5.56 133 6.89
dioxide
Aals
1.56 0.22 177
Control
ol JeuSlisd il 243 0.75 3.18
Nano titanium dioxide
oAl i rosile 8 2.49 0.72 321
Monoculture Arbuscular mycorrhizal fungi ' ' '
oS Tied $b +5,50GLe z )8
poslis o 3.24 0.76 4.00
oo 25 Arbuscular mycorrhizal fungi + Nano titanium
Mild stress d'OXL'Se
- 2.95 0.95 3.90
Control
porlis 2eSless S 335 1.08 443
[INESY y ;182 .
I [ RO &) 2.72 . 7
ntercropping AMF 0.98 3.70
Pl dpmlied g+ 13,5500 g )8
Avrbuscular mycorrhizal fungi + Nano titanium 3.90 1.22 5.12
dioxide
wald 1.09 0.22 131
Control
ol JeuSlisd il 136 0.47 183
Nano titanium dioxide
oAl s bgile g6 115 0.22 137
Monoculture Arbuscular mycorrhizal fungi ' ' '
SeuS1e5 9l + 13,50k 7,18
— pols o 240 0.30 2.70
LA D Avrbuscular mycorrhizal fungi + Nano titanium
Severe dioxide
stress aald 2.26 0.53 2.79
Control
poliad S o 2.84 0.79 3.63
bl oS Nano |t~itin§)itm dl;oxide
Int [ HIPLE & 1.18 0.30 1.48
nIereropping Arbuscular mycorrhizal fungi
poslid ASleed g+ 15,550k )8
Arbuscular mycorrhizal fungi + Nano titanium 3.05 0.58 3.63
dioxide
LSDo 05 0.4855 0.1085 0.5848
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Introduction

The pressing need for global food security, particularly concerning strategic oilseeds like canola (Brassica
napus L.), underscores the importance of increasing agricultural productivity. Mazandaran province, though a
major producer, exhibits an average yield (1715 kg.ha) even below the national figure, with Behshahr County
being a critical area within the province for production. Closing the gap between actual and potential yield
remains the most effective pathway to enhanced national oilseed production. This study was specifically
undertaken to quantify the yield gap and precisely identify the key managerial constraints responsible for this
shortfall in irrigated canola farms within the Miankaleh district of Behshahr County, Mazandaran Province, Iran.

Materials and Methods

The research employed the Comparative Performance Analysis (CPA) methodology across two consecutive
cropping seasons (2021-2022 and 2022-2023). The study involved a comprehensive field survey and detailed
interviews conducted on 100 canola farms in the Miankaleh region, characterized by a moderate and humid
climate. Data collection covered farmer demographics, field characteristics, and intricate details of all agronomic
management practices, including land preparation, variety selection, sowing date, fertilization (base and top-
dressing), pest and weed control, irrigation, and final yield. The collected data allowed for a thorough analysis,
which began with the development of a yield function using stepwise multiple regression. This statistical model
linked various management variables (both quantitative and qualitative) directly to grain yield, enabling the
estimation of the average observed yield and the attainable potential yield by substituting average and optimal
managerial values into the final, predictive model.

Results and Discussion

The average yield achieved by the surveyed farmers was calculated at 2247 kg.ha, whereas the estimated
potential yield for the region stood at 4798 kg.ha*. This disparity resulted in a considerable total yield gap of
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2551 kg.hal. Importantly, the stepwise regression analysis successfully isolated and quantified the influence of
six distinct managerial factors that collectively accounted for a substantial 89% of this observed yield gap,
thereby providing clear targets for intervention. The single largest contributor to the yield loss was identified as
the suboptimal management of plant nutrition. A detailed breakdown showed that the most significant individual
constraint was the inadequate application of phosphorus (P) fertilizer, contributing a major 43 percent to the total
yield gap. Following this, the insufficient or complete lack of amino acid supplements accounted for a further 16
percent reduction in yield, indicating a gap in adopting advanced nutritional practices. Additionally, a deficiency
in sulfur (S) fertilizer usage contributed another 6 percent to the gap. Collectively, these nutritional deficiencies
highlight that nutrient management is the dominant factor limiting current production. Beyond nutritional issues,
pest control emerged as the second principal area of concern. Specifically, inadequate and untimely control of
snails during the crucial early stages of the growing season was quantified as contributing a significant 22
percent to the total yield gap. Finally, poor weed management practices also played a role. This was reflected by
the high frequency of herbicide application (11 percent contribution) and the need for supplementary hand
weeding (1 percent contribution), both of which signal sub-optimal control strategies and increased weed
competition that negatively impact yield.

Conclusion

The results unequivocally demonstrate that the most efficient pathway to closing the existing 2551 kg.ha™
yield gap lies in the optimization of the nutritional management program. Priority must be given to ensuring
adequate and timely application of key fertilizers, particularly phosphorus and sulfur, alongside the integration of
beneficial supplements such as amino acids. Furthermore, the establishment of an immediate and highly
effective strategy for controlling early-season pests, especially snails, is crucial. By focusing resources and
efforts on these specifically quantified managerial factors, a significant portion of the current yield shortfall can
be practically addressed, leading to enhanced farm profitability and a vital step towards achieving national self-
sufficiency in oilseed production.
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Fig. 1- Frequency distributions (cumulative and normal) for canola agronomic indicators in Miankaleh Dehestan, Behshahr

county (including A: field size, B: farmer's experience, C: cultivars, D: sowing date, E: growth period duration, F: sowing
methods, G: seed rate, H: plant population, I: nitrogen top-dressing, J: harvest date and K: yield)
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Table 2- Study of the significance of the studied (quantitative) variables on canola yield

5 bxse Re S
Variable Pr>F
() o 2860.01+297.63  -13.28+6.3  0.0428 0.0389 *
Age (year)
KJL») e w‘” 2450.87+152.17  -8.32#5.64  0.0217 0.1433 Ns
Production experience (year)
(Jl) ‘_’K Sth “’L” 2323.1+115.34  -8.62+11.19  0.006 0.4427 Ns
Canola production experience (year)
(Lse) JS colue

Total canola area (ha)
(Jls) ¥l eSSl Jlo 3]
Last year of legume cultivation (year)
(223) (M Jgparee sLli:
Previous crop residue (%)
(o03) iSj oo
Drainage problem (score)
(o09) (S35 S
Waterlogging problem (score)
(dlaw) e Sl
Plowing count (count)

() Sy dlasws
Disk count (count)

2366.62+98.18

2288.64+88.53

2192.13+217.09

-31.9+17.73 0.032 0.0751 Ns

-24.79+33.13  0.0057 0.4562 Ns

2550.5%£316.21 -161.66+169.26 0.0092 0.3419 Ns

2282.19+82.68 -202.4+220.97 0.0085 0.3619 Ns

2274.48+83.34 -127.5+215.19 0.0036 0.5549 Ns

2158.83+163.49 79.26+114.75 0.0048 0.4914 Ns

25.3+77.83  0.0011 0.7458 Ns
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(LS )3 p)S k) Hds e
Seed rate(kg.ha™)

(o l) CdlS 3as
Sowing depth (cm)

(32 Jol 31 59,) 59, 4 cedlS 06

Sowing date (days after September 23)

(LS 53 p 5 5kS) b (RIS (g e
Base N (kg.ha™)

(LS )3 p)S5kS) by Al (ol 3987 ke

Base K (kg.ha™)

(S 1 p)SelS) 4l Haud s
Base P (kg.ha™)

(USa 5 p,55hs) 3,555 (alls 358 i

Base S (kg.ha™)
(S ) £,55kS) Al majure e
Base Mg (kg.ha™)

(e )5 p,55kS) aly ool e
Base Fe (kg.ha™)

(S 5 p SolS) a4l 350 Hlado
Base Mn (kg.ha™)

(LES2 )3 p,55kS) 4l g9y slde
Base Zn (kg.ha™)

(LS )3 p)5kS) Sengaenl jlade
Humic acid amount (kg.ha™)
(3lass) S paw 258 Slass
Top-dress count (count)

(ESa 53 p )5 5hS) S palls (5955 sl

Top-dress N(kg.ha™)
(LS )3 p)SokS) S yand e
Top-dress P(kg.ha™)
(LS 3 p)SokS) Sy alls (oliy e
Top-dress K (kg.ha™)
(LS 53 S okS) S 3,555 )l
Top-dress S (kg.ha™)
(dhw3) o gutripunl dlass
Humic acid count (count)
(LS )3 p)5kS) Sengaenl jlade
Humic acid amount (kg.ha™)
(3hss) Syslgbges Slass
Fulvic acid count (count)

(ES2 )5 p,55LS) Saglsdanusl e
Fulvic acid amount (kg.ha™)

(dlaw) 985 dlaws
Booster count (count)

(LS )3 p)SkS) (g 395 )lade
Booster amount (kg.ha™)

1938.12+263.9

2160.58+195.75

2068.01+185.8

2277.41+98.2

2195.92+95.96

2298.24+121.35

2238.72+91.44

2263.66+80.84

2250.41+78.68

2250.41+78.68

2248.79+78.59

2266.08+79.23

2385.95+249.46

2018.48+211.5

2234.21+77.59

2247.8+81.52

2217.04+82.5

2191.94+90.48

2238.75+81.69

2260.16+79.01

2260.16+79.01

2288.39+89.48

2265.37+85.35

41.35+32.6

43.45+80.05

8.07+7.17

-1.58+4.75

4.49+4.03

-1.58+3.63

0.78+1.91

-10.61+34.73

1070.84+1123.99

1873.98+1966.98

79.23+71.37

-8.03+10.99

-32.01+59.19

1.2+0.99

408.61+188.19

3.47£7.49

20.4+13.74

115.72+80.93

5.97+7.19

-225.16+790.1

-450.31+1580.2

-56.45+79.72

-7.73+34.37

0.0162

0.003

0.0128

0.0011

0.0125

0.0019

0.0017

0.001

0.0092

0.0092

0.0124

0.0054

0.003

0.0149

0.0459

0.0022

0.022

0.0204

0.007

0.0008

0.0008

0.0051

0.0005

0.2076 Ns

0.5885 Ns

0.2627 Ns

0.7411 Ns

0.2683 Ns

0.6637 Ns

0.6826 Ns

0.7607 Ns

0.3431 Ns

0.3431 Ns

0.2696 Ns

0.4667 Ns

0.5899 Ns

0.2261 Ns

0.0323 *

0.6439 Ns

0.1408 Ns

0.1559 Ns

0.4079 Ns

0.7763 Ns

0.7763 Ns

0.4805 Ns

0.8225 Ns
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(sa) aipal dpnol slaws
Amino acid count (count)
(S 43 (57) (Eye 355 e
Poultry manure amount (t.ha™)
(LS )3 o5) (ol 357 e
Animal manure amount (t.ha™)
(slass) u.Susl ladd dlasy
Pesticide count (count)
(dlw) ezl xds wlads
Snail control count (count)
(dlw) LiScle clads dlass
Herbicide count (count)
(shaw) Sz, cwlads dluss
Fungicide count (count)

(dlas) (puzg Dl
Hand weeding count (count)

(@royie > G32) @yoyio 3 IS g2 oS5
Plant density (plants m™)

(@rore > S5) @porie 3 jp e (515
Weed density (plants m2)

(320 Jgl 31 59) ceiilsp 206

Harvest date (days after September 23)

(0209) 029 JSe
Lodging problem (score)
(b)o;) 1l ‘SAM
Pest problem (score)
(o305) S)lom JSuio 0505
Disease problem score (score)
(o) 550 ile o o0
Weed problem score (score)

2227.83+82.85

2229.3+81.77

2243.64+81.15

2209.62+89.67

2180.04+80.08

2568.71+135.7

2300.67+99.42

2438.01+86.62

2167.96+191.44

2315.49+85.17

3756.22+2509.6

1675.28+321.77

1857.89+801.17

2439.9+205.4

2913.35+127.23

180.08+164.43 0.0121 0.2761 Ns

0.14+0.12 0.014 0.2411 Ns
0+0.01 0.0048 0.4931 Ns
112.29+102.19 0.0122 0.2745 Ns
278.08+£95.72  0.0793 0.0045 **
-248.64+90.06 0.0722 0.0069 **

-99.45+142.03  0.005 0.4855 Ns

-353.14+90.8  0.1337 0.0002 **
1.38+2.68 0.0027 0.6076 Ns
-3.11+1.89  0.0267 0.1044 Ns
-6.14+10.28  0.0036 0.5517 Ns

554.89+297.48 0.0343 0.0651 Ns

396.06+789.42 0.0026 0.617 Ns

-166.97+174.22 0.0093 0.3402 Ns

-334.41+55.16 0.2728 0 **

b (I Gxe pAs g Mo D B o )d ) ggkaw (I dxe 023 LS (A NS

* ‘**

#%, % and ns are significant at 1%, 5%, and non-significant, respectively.
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Table 3- Significant study of the studied (qualitative) variables on rapeseed yield

ik @il a2y Olupe (ile )l
Variable df Mean of squares  Pr>F
il it Wbl i 1 7221915 0.0004 **
Previous summer: Fallow
28 1 3 alls a2 1 575154 0.335 Ns
Previous summer: Sesame
4y it Al oS 1 1434083 0.1265 Ns
Previous summer: Cotton
& it Akl i 1 5659569 0.002 **
Previous summer: Rice
13,5l ¢ L wliwols coss’
oS i 1 1096931  0.1821 Ns

Previous summer: Sunflower
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Previous summer: Tomato
b 1 L8 bl cuis
Previous summer: Soybean
ailgain 1 L8 ailiunl cuss’
Previous summer: Watermelon
PS5 1 L8 ol cuiS
Previous fall: Wheat

Previous fall: Canola

Previous fall: Fallow

Ols)iglz_éi tsld ojmly cuss
Previous fall: Sunflower

5 ishd ol cuts
Previous fall: Barley
M LS ol cuiS
Previous fall: Faba bean
ol oads plooil teseds
Plowing: Yes/No
ool plagl i Ky
Disk: Yes/No
PRV PAW pll ulawd
Leveling: Yes/No
odiiford plosl ;S dlle
Harrowing: Yes/No
ol o plodil : Setedd
Seed treatment: Yes/No

15 bl e 51,8 5 o0l

Use of Carboxin Thiram - Domestic

B Pl eS8l oalatl
Use of Carboxin Thiram - Foreign

33055 95 3 esliz
Use of Tebuconazole
JLER SRR 3
Cultivar: Zafar
0+ Youlo o05CuiS o3,
Cultivar: Hayola 50
)Jl)) ASCS p,é)
Cultivar: Trapper
&51y0 oAdcuiS’ o8,
Cultivar: Drago
gy 0A5CS o8
Cultivar: Ritmo

231851

178951

168224

6538425

1011332

1974547

2037124

18433

437211

205203

20294

74916

1754636

5393636

326688

584482

3953019

612653

1480625

9520

1998880

50886

198146

0.541 Ns

0.5913 Ns

0.6027 Ns

0.0008 **

0.2003 Ns

0.0723 Ns

0.0679 Ns

0.8633 Ns

0.4008 Ns

0.5653 Ns

0.8566 Ns

0.7284 Ns

0.0906 Ns

0.0026 **

0.4679 Ns

0.3311 Ns

0.0103 *

0.3196 Ns

0.1205 Ns

0.9015 Ns

0.0706 Ns

0.7748 Ns

0.5721 Ns
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R 1 1169658  0.1681 Ns
Cultivar: Neptune
il ‘ oAdntS “’%’ 1 816343 0.2502 Ns
Cultivar: Imperio
esiifod ploxl i Jloydy 1 411446 0.4151 Ns
Seed coating: Yes/No
P rassgtlord 2l 1)k g5 1 1325336 0.1421 Ns
Seed type: Certified/Self-consumed
el 0252155 ) ] oslia] 1 533267 0.3533 Ns
Use of: Sonasi certified seed
Sk osliz 1 4310233 0.0073 **
Use of row planter
g il 5l o2zl 1 383471  0.4315Ns

Use of centrifuge
Pl 1S )
Sowing method: Hand broadcasting
AL 258 5l ealazl

2171211 0.0593 Ns

. 1 3175621 0.022 *
Use of base fertilizer
4k 0o 355 5l edlizl 1 1450 0.9615 Ns
Use of base N
4l ol 258 5l oolit 1 112309 0.6707 Ns
Use of base K
4l jiud 395 | oolizu 1 1492415 0.119 Ns
Use of base P
4k 2,555 355 | olizl 1 600045  0.3247 Ns
Use of base S
i 3l oot 1 23824 0.8448 Ns
Use of magnesium
ol 5l odliz 1 556268 0.3431 Ns
Use of iron
e oali 1 556268 0.3431 Ns
Use of manganese
9y jl oot 1 1261113 0.1522 Ns
Use of zinc
ol Sgogen 5l eolit 1 177409 0.5929 Ns
Use of humic acid
S 3,555}l ool 1 1459739 0.1232 Ns
Use of top-dress S
Seogeniol  odliz 1 1137112 0.1742Ns
Use of humic acid
gl Syglgh 5l eolic 1 50189 0.7763 Ns
Use of fulvic acid
(g 255 3l odlazal 1 931338 0.2192 Ns
Use of booster fertilizer
el sl 51 03lizs 1 1708407 0.095 Ns

Use of amino acid
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iy 355 5 onlial
Use of poultry manure
o 258 5 ealazl
Use of animal manure
S sl oslizl
Use of pesticide
Oy ymlo 5l oolane!
Use of Cypermethrin
0oV 51 onlizul
Use of Malathion
Olewygd 3l oolaul
Use of Dursban
Wl ol 51 olitusl
Use of Acetamiprid
O3k I edlal
Use of Diazinon

Ogwosw | odlaul
Use of Sumithion

9551 s 3 sl
Use of Zinc Agro
Opelds leolazl
Use of Deltamethrin

ey 3l edlal
Use of Permethrin

oS 5d) (89S 6 il ealisal
(Use of Trichlorfon
y3eisS  oolizl
Use of Confidor
Llaite ;I edlitl
Use of Metaldehyde
Pgw )‘l odlésiwl
Use of Sevin
Oyl 9 dlp (ol 5l olil
Use of Acetamiprid + Cypermethrin
ooy 5 by (olil 1 oolisl
Use of Acetamiprid + Profenofos
052k g by (oolil ) orlazul
Use of Acetamiprid + Diazinon
293855 5 9,51 (59, jl odlil
Use of Zinc Agro + Confidor
Ll 5 ¢y oyl 5l eslaiwl
Use of Cypermethrin + Metaldehyde
o9l a8
Snail control
oiSile 51 ealitl
Use of herbicide

3314037

27915

456690

70040

198146

352138

348425

483834

1965414

227036

580222

41096

556268

522430

358918

23985

1928951

636

584340

2162025

6289913

1329127

0.0192 *

0.8322 Ns

0.3905 Ns

0.7371 Ns

0.5721 Ns

0.9972 Ns

0.451 Ns

0.4534 Ns

0.3767 Ns

0.073 Ns

0.5453 Ns

0.3328 Ns

0.7971 Ns

0.3431 Ns

0.3583 Ns

0.4467 Ns

0.8443 Ns

0.0758 Ns

0.9745 Ns

0.3311 Ns

0.0599 Ns

0.0011 **

0.1415 Ns
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oy

o5 3l eslizl
Use of Trifluralin
)h'.wl Ql}g,g )" oolaswl

Use of Butisan Star
a5 €Sbos 51 oalil
Use of Select Super
VB gl oolizul
Use of Super Gallant
590 5 eolazl
|Use of Lontrel

59 g g Sl LIS 3l oslisl
IMix of Select Super + Lontrel
L9 S 5 pgw cShe LI 51 aslizl
Mix of Select Super + Clean Weed
oSS 3l ealisl
Use of Gramoxone
el 31 U ol ) eolizl
Use of Roundup pre-sowing
a3 ansls Il 51 ealil
Use of Roundup field margin
$2989 L i dile g5
Spot treatment with 2,4-D

u&fc)lﬁ )l odléiw!
Use of fungicide

oS zB wlds sl
Fungicide count
eds 3l oolizal
Use of Tilt
95598 31 oalazl
Use of Folicur
Juto blBgss ;1 olaul
Use of Thiophanate-methyl
5eSSle 5 ealazl
Use of Mancozeb
15255 5 angSe 5 LIS J ool
Mix of Tricomix + Nutrica
oduds/ond plol z oy g
Hand weeding: Yes/No

D 19 UP9)
Weeding method: Hand

1

2632898

32192

604574

1073756

1077468

1573850

1965414

23985

923351

547053

32192

2575

301732

2243032

1533982

50189

178951

483834

7505541

3012987

0.0374 *

0.82 Ns

0.3229 Ns

0.1827 Ns

0.186 Ns

0.1093 Ns

0.073 Ns

0.8443 Ns

0.2212 Ns

0.347 Ns

0.82 Ns

0.949 Ns

0.485 Ns

0.0552 Ns

0.114 Ns

0.776 Ns

0.591 Ns

0.377 Ns

0.00033 **

0.0258 *

i (6D e pae g Mo O o )d V zalaw )3 (g5 gixe odiad LS i 4y NS g

* ‘**

#%, % and ns are significant at 1%, 5%, and non-significant, respectively.
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Y (kg.hal) =-224653 + 308.343X; +347.366X,
+465.235X3 +666.055X, -233.732X5-72.294X5

Sade Xz by 3,565 565" 5 ealil X1 ,Sdes 1Y (o j> &S
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Table 4- Regression results of the effect of different variables on the yield gap of canola

i bl lade

s P pRecyps ) Jobalob 3,Sles Jaobalob 3,Slas 3,Sks W6 woy
Pl Sbe L XWe . . .
Variables Jow J Mo_del-estlmated l\/!odel-estl_mated Yield gap
Coefficient ~ V€an  Optimal yield (Mean) yield (Optimal) (kg.hal)  Percent
value value
hee Sl B0 2246.527 1 1 2247 2247 - -
Intercept
Al 3,558 255 5 oolatul
(X1) 308.3425 0.49 1 151 308 157 6
Use of base S
Sy b aAX2) gng 2658 0,088 3.2 20 1112 1091 43
Top-dress P amount
ool sl Jo3l(X3) e 9349 0.14 1 65 465 400 16
Use of amino acid
o3> &3(X4) 666.0554 0.14 1 93 666 573 22
Snail control
51 ooliwl cilads dluws
UiS'Gile(X5) -233.732 1.25 0 -292 0 292 11
Herbicide count
O slass(X6)
count
> oSl - - - 2247 4798 2551 100

Average yield
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ol (S8 pais (g3 ¢ AL 35 il &S Bl oo Jparee
oS 53 yiwd Clale ¢ 3 [ 5 JB U (mddles 9,8 Jolye 2
s (Orlovius., 2003) cowl ysio o )d IV B /YDy 13I8
2 3 8des oaiiSagu0e (Lol Jelgs 5l (S oo 038 j5bay
QLo 1S ales 5 Gilisee &Y guases (gl 5,Sdes M3 Slalllas
Cwliol Cu pio 48 Wlodly L dasiio sla g (Cuwl 0
gl Jolye 3 oot ol (o (IS e (el pie 5 i
Dastan ) 358 a5 b 3,Shes M8 slxl 4 e L5 oo A,
33 s oyl 5l edalecwday (claassl (ol plo ¢t al., 2019
a0y a2gb poid 9 )1 8 ety llas s (sl
S o WS ddlaie 43 yaud digy Cu e
oa S dgamme Jole S lgiedn aiwel ladl 5,18 pac
Foo g Jolae) 5,S0as W 5l 0o V8 ot a5 a5 ool
4 STV JSd) 392 (mnp 29 )l 3 (LS )3 p,55kS
ol 2 ol ol 3l i (5905 (ool aisel slnond
Al (el 326 o Yo o) 59,50 el ook ) & 0 Shas
Olaeds diel slas! .l byl (5Y goniwlan sla i Jdoay
9035 Joe SIS sl JoSge 9 (LS Slagayon jlogin
((S=td b bopw wiile) (aoe (slagits ply )3 1y olS caoglia
Siglsesd sloatald os e Lol yogdle simo o a8
d Gl g 03,9 dlge anass 5 JUi g asle (sulS

(ol plo (Taiz & Zeiger, 2006) 1uS o oS aaily jigy oy

G5 g bl Lylyd ) joe 0 oS 4 Wl oo ] 28
led S 3, 8kee Jsuly

e Jelss cn Fere 5l (S plgisa il e 9 Cu e
VY Ugiaws el ol yLae pis 45 ol ot gl ¢ 15 ol
Lol @Gl acilaio )3 (Y JS05) conl 3,8kae M 5l 2oy
S s L (lasmals ads o) 1S sy adsl Jolye 53 0394
sLogl 5 40 w515 aass il el laaily 5 e (oS
canlial izl adg] s ol s oo de e > JB (sloas
OEalS dn yodie Coled )3 4S5 )l (o 0 ) olS S
o liod lp il BBgeds slae cnlpl £3)5 o wly 5 Shos
ool (6y9p8 wgllas Slos § CEIGS, jow v S

oiblS el il 5,565 265l oolatwl pas oS ol LS ol
o=l eSS eylie K0 @yledy il 1S 5 Slos sy i
Ay s by p izl (6 5YL 5 Sas gy 03,8 salatwl 248
Sl ao)d Y oS g yeboas 09y il ys L;)m 358 cpl il oolatwl mje5 &S
yol peon 5 (V JS5) L5095 03,55 odlatwl 4l 3,565 365" 3l &)150
et 5 SS9 S e Ao | oddosnlie 5 Slas W I i
2 ol il 48 cul 3,555 lalS s i Sl ol
5098 S gane CudsS g 9 (E9) (S Sl (LS
(Marschner, s il o pro olS (glys 8 oS yolic | owyiuwd
83555 GluSy o5 2s Judoas 5,555 & 1315 oYL 5L .1995)
&Sl 1 aild g dug) cslaplil )5 (esY g o5 o8 ko) daxio
5 CuieS A p et U b gAS (Gpaic 4 1) 5,555 ol ol
cedl (Azizi et al., 2011) WSS o i olS oyl by 5 Slas
Syl 0 15 5, Slas 0aiiSdg00me Jole S lgisay 5,568
2 eadplos] Glallas ol ol (5155 50,50 slajings
Al 5, Slas Wlgi 0 3,565 D408 oS Wlodly lis calises bl
d9-e dm e ol 2,08 5 dmd el ey LB b | 1S
; Maurya et al., 2023) 55 5 0 5, Slos 5 1) o 23li
ooyl Limgty bl b guls oyl .(Blake-Kalff et al., 1998
et (8 )l )1 (Slsd e (g )S) Jde & e (nl 3959 2
s 1 ISke adlaie SB sla Shg b Slgie Jio 43,555 358
0594 y9uS Jloub (glaSl> g (Jolo bl S .ail by
Sgo podol b g el PH Jdsas cunl (e oyl ol 5o
3)_3)1_5 J..wuL» 4>‘9o blﬁf dlﬁ. P pad J)L‘B .))f; )9»,05 L ‘u.:b..c
PH (ndge (il b Slgi o olS o132 jL (el pogdle 3,565
)1 9 odl> u,wl)Jl g 1) d)mwf L;:‘.A.c ).;.oL.C ).sl.w L;o.a,l)s Sk
23S, b 13I8 3 ,Shos d9u00 2 patens e 900 sk ]
J)_w)é_wéssj)l.\b;o)ﬁj‘lsa)il@.c Jie p &Sl as asg
Sloslarwl i Giali8l L oySlas yiulj8l pse a4 oS 3oy Cuto
b Joloto & ygods yamd 355 51 Ay odlaiiwl (plpls (] yauwd
Ol 4 dagi bV JK8) 3,65 )8 ol3peliS ) 5w 5 Sl
2055 g5 ol 5l edlaiwl (mle yaud 365" Ly (slo yauwY g0,
Ol 2 olS 1ty M) s oS Gygods Ab) olal Jolye
Sy 53 pmolis Tt Sl ped sl 035 Iy gy (j)9liS



DY L1505 5 ,Sos suiiSdgume Jolgs oy o3]S g (6 yize>

100

o«
=

o

Frequency percentage
g ey
=] (=}

I = oo =
= = = =

Frequency Percentage

(=)
=

Frecusncy Percentage

A & 5
b= E
L4
o
e
49 51 g
2
E 2
5
£
|
S0
0 20 a0 60 80 100 120
Use Mon-use .
B P205 top-dressing rate (kg ha™
Base sulfure fertilizer
100 O
C % 24
& 20
=
=1
a
2 60
o
(=9
&
g 40
i3
&
v 1a
14 w20
| .
Remowval Mon-removal
Use Non-use ]
Aming Acid Anail Control
7oy 100 F
20
b
k=]
g a0
a
=
18 § 4
- 14 s
= a0
3
Zwv Low  Mefm  Hgh  VeyHgh ’ N
Herbicide
Weed Problem

100
80
60

50
40
24
20 17
J )
0 I
0 1 2 3

Herbicide Application Frequency

Frequency Percentage

et i e Ao lmd 3157 £ 150 53 155l Jalge jlon g (138 polis Co e (31 5 (205) (Slgld g jof =Y JSd
G g LS s ;1 odlinw! pus g 03wl F ¢jy2 il JSuie E (g5l 5l DD cdinol tun] 1€ S g ©olind 395 B s 3,555 355 :A Joli)

(s Gle 549,15 wladd

Fig. 2- Frequency distributions (cumulative and normal) for nutrient management and pest/weed control in canola farms,
Miankaleh Dehestan, Behshahr County (including: A. base sulfur Fertilizer, B. top-dress phosphate fertilizer, C. amino acid
application, D. snail control, E. weed problems, F. herbicide use or non-use, and G. number of herbicide applications)
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Introduction

Identifying land suitability and potential for various uses is crucial for conserving environmental resources
and achieving sustainable agricultural production. The absence of systematic land-use planning can lead to
significant socio-economic and environmental damage. Agro-ecological zoning, which integrates environmental
data layers such as climate, water, topography, and soil, serves as a vital tool for agricultural planning. It allows
for a comprehensive analysis of production possibilities by assessing environmental potentials and constraints,
thereby enabling informed decision-making. In Iran, despite the agricultural significance of many regions, the
environmental potential of most areas has not been scientifically delineated. This study was conducted to
perform detailed agro-ecological zoning and estimate the production potential for rice (Oryza sativa L.) in the
Yaneh-Sar District of Behshahr County, Mazandaran Province — a region with a distinct, cooler climate
compared to other parts of the province, which has faced developmental challenges and agricultural issues such
as declining yield per unit area.

Materials and Methods

The agroecological requirements for rice cultivation were first identified through scientific sources and
documents. Thematic maps were then prepared for a comprehensive set of variables, including annual
precipitation, average/maximum/minimum annual temperatures, total sunshine hours, relative humidity, water
resources, topographic features (elevation, slope percentage, and aspect), and soil properties (texture, potassium,
phosphorus, nitrogen, copper, manganese, iron, organic matter, electrical conductivity, and pH). Soil sampling
was conducted at 128 points across the farmlands of 49 villages in the region, and the samples were analyzed at
the central laboratory of Sari University of Agricultural Sciences and Natural Resources. Geostatistical and
classical interpolation methods, including Ordinary Kriging, Radial Basis Functions, and Inverse Distance
Weighting (IDW), were employed to extrapolate these variables across the study area, with the final method

® Authors retain the copyright. This is an open access article distributed under Creative
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selected based on the lowest Root Mean Square Error (RMSE). The Analytic Hierarchy Process (AHP) was
utilized to determine the weight of each environmental criterion, incorporating expert opinions. The weighted
digital layers were then integrated within a Geographic Information System (GIS) environment. Land suitability
was classified into four categories: highly suitable, suitable, moderately suitable, and unsuitable. Furthermore,
the SSM-iCrop2 model, a native crop simulation model for Iran, was used to estimate the potential yield of
paddy rice based on meteorological data, soil conditions, crop management practices, and plant parameters.

Results and Discussion

The results of the land suitability assessment revealed that only a small fraction of the agricultural land in the
Hezar Jerib District is highly suitable for rice cultivation. Specifically, approximately 2.2% (637 ha) was
classified as highly suitable, 16.7% (4,690 ha) as suitable, 40.5% (11,370 ha) as moderately suitable, and 40.4%
(11,355 ha) as unsuitable. The highly suitable areas are primarily confined to a narrow strip along the Nekarood
River in the northern part of the region, characterized by flat terrain and proximity to water sources. The main
factors limiting suitability were identified as steep slopes and inadequate water resources, with about 81% of the
land deemed unsuitable or only marginally suitable due to these constraints. The SSM-iCrop2 model output
indicated a potential paddy rice yield of about 3.92 tons per hectare for the region’s agricultural land units. The
current average yield achieved by local farmers was estimated at 3.2 tons per hectare, resulting in a relatively
small yield gap of 0.72 tons per hectare. This minor gap is likely attributable to the recent adoption of modern
mechanized equipment and could potentially be addressed by optimizing crop management practices, such as
adjusting planting dates.

Conclusion

This study demonstrates that only a limited portion of the Hezar Jerib District possesses high suitability for
rice cultivation, primarily due to topographic (slope) and water resource limitations. The findings underscore the
necessity of aligning agricultural activities with the land’s ecological capacity to ensure sustainability.
Expanding rice cultivation into non-suitable areas would require intensive inputs and management, potentially
leading to environmental degradation and long-term loss of productive resources. Therefore, rice cultivation is
recommended only in limited areas that have access to sufficient water and are properly leveled. The small yield
gap suggests that significant yield increases through improved management might be challenging under the
current cultivation system. Future efforts could explore alternative cultivation methods, such as aerobic rice
systems, to enhance water-use efficiency, provided that challenges like weed control and the identification of
suitable varieties are addressed.

Keywords: Agro-ecological zoning, AHP, Geographic Information System, SSM-iCrop2
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Table 1- Ecological requirements of rice (Kazemi, 2013)

. . ) KE Voo “’
- (cowlio Moderatel Marginall (custial)
Variable j . Y argina’ty Not suitabl
Highly suitable (S1) suitable (Sz) suitable (Ss) 0 S(llill)a €
. B MR
L ‘?"’_l{ il 1000< 700-1000 500-700 <500
Annual precipitation (mm)
L bogie (sled 18-22 12-18 <12
Average annual 22-27 27-32 32.37 37<
temperature ¢ C)
Yl deS lod
Average minimumm 12-17 10-12 <10 <10
temperature €C)
Yo anin glod 20-25
Average maximumm 25-30 30-35 35-40 40<
temperature €C)
SE g 0-3 35 5-8 7<
EC (dS.m™)
St Sl el 5565 6.575 4555 s+S
pH 7.5<
‘) PP e (o) 9 #Y (WP 9 9 ) P o 9 oY 0
S st s B! s § o9 s
Sk el e sy 29 9 o) ) st 5
Texture Sility clay, clay loam,  Loam, sandy, loam Loam, clay loam, Loam sandy,
clay, sility clay loam clay, sandy clay sility loam sandy
el 0-3 3-6 6-8 8<
Slope (%)
. e Jled 5 28 co>
) CE 9 (292 R U9 . R ) .
o Sl S G Jlad 5 By o e g
Slope aspect o Eastern, eastnorth West south. West West, north
Falat, south, eastsout
north
k> @M ) e, 0-400 400-800 800-1400 1400<
Elevation (m)
Sk ol 10-15 15-18 18-20 20<
Fe (mg.kg?) 8-10 5-8 <5
SB e 6<
0/1-1/9 1-1/2 2-6
Cu (mg.kg?) <0/9
S i 10-12 12-15 15-18 18<
Phosphorous (mg.kg™) 7-10 5-7 <5
S el 150-200 300<
T 200-250 100-150
Potassium (mg.kg™?) 250-300 <100
SE Ojg 1< 1-07 0/5-0/7 <0r5
(%) Nitrogen
-JB Slosle 3< 2.3 1-2 <1
Orgince matter (%)
Sk Sal 50<
Total neutralizing 20-40 20-25 25-50 <20

value (TNV)
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Table 2- Indices for land suitability zoning (Ghaffari et al., 2000)

Crop production status Zone
)13 29y dig (wl 3 Jgazma o] g Sy duops A=) e (uslio (i) dmtano Jlonss
This zone possesses 80-100% of the potential yield for that crop. Highly suitable (S1)
203 29y ke opl ) Joamme o) Wg Juwiliy Ao yd £o—A- (ool L:M) Axuo
This zone possesses 60-80% of the potential yield for that crop. Moderately suitable (S2)
53 3¢9 aigy oyl 3 Jgamme o) A5 iy 2o yd ¥o—5- (und) Sntaodans
This zone possesses 40-60% of the potential yield for that crop. Marginally suitable (Ss)
2y03 3939 agg ol ) Jsame ) g5 iy doyd < ¥ (cwliol) Axtamno ot
This zone possesses less than 40% of the potential yield for that crop. Not suitable (N)

‘ Analysis Hierarchy Process (AHP) \

Collection and classification of
ecological requirements

/ l .‘. e ‘

Suitability

Ol 3393l (Ul ¢ oeulier (3w phead pwdily (S )3 g 2 CdlS’ g (515 (2] el (5] (S o yloge-T JSUS
Fig. 2- Flowchart of the land suitability assessment process for rice cultivation in the Yaneh-sar District of Behshahr County,
Mazandaran province
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oS 3 I, Jelge 45 (ol Synie (sladunlie Jol 8 ped g 3 S g (15058 el ol bojlins (357118
oLS o (sl o) L)l VO Lawgs o5 035 g (o) olS 2 Bjlre S0 o (2 jlire o 2 b ylone Sl plSyn i8S
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Agro-ecological assessment of lands for rice cultivation in Behshahr County,
Mazandaran citv. Mazandaran province

Topography Climate Soail
|
| |
Elevation Precipitation Temperature Potassium (K) Phosphorous (P)
Slope Mean annual Mean Copper (Cu) Manganese (Mn)
precipitation temperature
Slope aspects l Nitrogen (N) Soil bulk density
Minimum
temperature
| Soil texture pH
Maximum
mperatur
temperature Iron (Fe) ||
—1 (Ec) Electrical conductivity
Total -
neutralizing Organic matter (OM)
value (TNV)

T2 G Himndlamin] y 135 555 Jolgs (AHP) (o530 dlabes Julos a3 b pd - IS5
Fig. 3- Analytic Hierarchy Process (AHP) model tree of factors influencing rice cultivation potential

(Ghodsipour, 2012) 293 s lio 5l Oloas 5 o =Y Joan
Table 3- Preference values for pairwise comparisons (Ghodsipour, 2012)

&34 e Sl
Numerical value Preference
9 Fostao S b 5 iets HalS b g yo SIS
Extremely preferred / important (absolute dominance)
7 S o caglbao b cuonl b g
Very strongly preferred / important
5 ¢ Cugllas b coonl b e
Strongly preferred / important
3 P oslhe (oS L Sete (o5 L g2y (05
Moderately preferred / important (slight dominance)
1 O Capgllae b Coonl b i 5
Equally preferred / important (equal importance)
18y Clous 43
2,468 Jol o Sl

Intermediate values (used for compromise between the above judgments)
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Sloliwl b qolio 5 (55)5liS Shjeel 5 Slasdos 510 5l o
A U Jae o s in &5 09d (el U yd )8 duglie Hous
odlaw! >y dLmb)Lo] .3)].3 dLL»‘ Uxé]? dbdgo}]hl b b)'l.\.}]
Jio o) 325 dg 253 (1) (Stuad (5 9 (RMSE 1) s
o8l s 23l o0 ] (392 (oo D990 slade plo 4 Cos

Gl 045 dwbrs (GYQA) K5 6504 ;1 odlatwl b dilate oy

ks sl Jae lagby) o Jarxe (sl pite 4dE ang Sl
s 550, jaalie bl Jio o caslio pugms d 2l (2l
Gl Jbe (pcwslio F Jgio 4 4295 b3S oy (RMSE)
45 b pasede slallas )3 0 Sz S by W tel)ly 5]
OeeS Sl gy i S S8 9 S yS ey,
Olei—o! bl Lol ailate ;3 ()55 3yl
il oSl azs (Mashayekhi, et al., 2007) el
ol odds o3l L ¥ S o leoe (sla s

Wl Olie 45 4237 o0 U (el (SlaTalE (295
ol g hge (Jahis sled (1Sl (s Cagbo,
shbs S5 cdl p b 5l ddlaio )l aials Mgy 5y & adlaie
i () o9 oy sog) o) Jold (il Tl
AT oo (e (oog) 9 (o () (509

9 =hi sbaib L jyglis’ (] gl §l Jols gl
YIY 2gas Lo aS ol s oluss cuis pllas jo gy (Jeuseo
S Mo sl Jouily () dilaio £l slogye 5l o)
Jeily gll> (ely5 slaipe) jlamoDVPIY 290 5y ol
Fo/f dgas g daimodoss Sl s doyd Fo/0 39> cdxiune
Nl g8 S S i e iy L 5 0oy
5 Ol Sl (Y3 (p Siere 025,55 @l 4 4295 L (0 Joo2)
0] 2 el Sy @y CuiS sl adlale (sla e Sl pas
Sl e U5 S Pl )3 gy o S nimen g dilais gla
S Py ddlaio glacyo; 5l o pd AY dgas ¢ olwl (plp &S

Sl iy il do ) VA gas Lais g A 00y sl g sl y

2- Coefficient of Variation
3- Root mean square error

DP9 =l 2 33,5 dlie 99> Ojgods i b (25 Cppon
e dudis 33,k 511y ook (slacuglad cel); ol )5 YO
Aooby plosl Laa 38 colad (gl Caglel 4y () b odds alog]
295 slblie o ilo B > oS ol 2g) Sluglis
& )yg0 (GhOASIPOUT, 2012) yo5 g siowsd & il ol
plan (oo pd Bgliad ) (S5l ooy slp (Y Jgiz) <85

W1 sl (LR (655l oy

sl g5 Janadiliy 91 s
3y Sl 3591 (gl SSM-ICIoOp2 Jao caddllas oyl 5
slodly glioy |y Juwsly 3,Sloe Jlado Gludud (ol A oalatu]
B bayiehl g (ol Copie 00 (S Ll (ulidlyn
«$iodpd Jolpe silwand U5 (Jae nl hles oo dnla
Silga g 3y Shes JoSuli (Sid o3lo @jgf S 6y g PSS
e Pl lig) oo 1) (il dud (Jro )b 1, SB o
oo bl bails (45 1 e £955 (5 e e Je a0
o it ) Sy 5 S G g9 dals g3
SSM-ICIOp2 Lol (gjlusduds Joo j) odlitul g 1S
5 4iseS ol g ailj) Oygoty o pulidlon Lol ol Slebo]
@lie) Gadygt adindl g alisy (SaS)b liy) lod aipdin
S edale (oo (bl (250 ol (Jame b (e Sl
Coily g ey SIS ar ol B ledb] ¢y, 1puSligd
CidS £ oy adlS Zu b ol adgi Co e GleMbl 4 S
Sid ool dgi .l 0aib odliul Jao )3 g A wd b o
9 2B 035 (o3 Lod 5 0ABCBL ) gl | (B lgis s
Foe Gras Olali8l g i) a0y Uy, Jols S Ol wjlge
o Sl e (8885 5 (505 (SB35 ool gl el
sel)y cpdis glyl> SSM-iCrop2  Juo .(Soltani, 2019) e
2lie & Cunl Sl el olS ja sl ol sl 5 U8 oS 2l e
5 ool L Jae (sla eyl podlie g 3590 byl by of
oo o (Keramat et al., 2023) awsis > sadsplbol cliiss
cJie sl ol 350l 5l s 00,5 duwlie  oxiwly I ealial b
Lol 2 g oadlnl Jae oslate oy 1 plodl Jio ()]
oo slaodls g ansiS Slisiss | oabpll (gla g puSojlul

1- Inconsistency Ratio
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Table 4- Best method for interpolation of soil variabls in the Yaneh-sar District of Behshahr County, Mazandaran province

)&&hﬁ
Variables

BESTY)
Method/modell

RMSE

EC
pH

TNV

oM

& olg-IDW
IDW-power 1
$9)5 Jhem i S
Kriging-spherical
wled JromSiom S
Kriging-exponential
& s~ IDW
IDW-power 1
oS Jle b S S
Kriging-Gaussian
oS Je b S S
Kriging-Gaussian
o JamSom S
Kriging-exponential
S35 Jrem S S
Kriging-spherical
osSee iz msled &b
Radial Basis Function-Multiquartic

0.327

0.289

0.753

0.083

0.985

6.149

0.934

0.964

780000 740000
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Fig. 4- Maps of some environmental variabls in the yaneh-sar District of Behshahr County, Mazandaran province
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Fig. 5- Final land suitability map for rice cultivation in Yaneh-sar District, Behshahr County, Mazandaran

province
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Table 5- Area and proportion of zoned land classes for rice cultivation in Yaneh-sar District, Behshahr County,
Mazandaran province

aipy (g, e $529UiS (211 IS s i o lumo S
Zone ranking Area (ha) Proportion of total agricultural land (%)
Ao sl 3bolie
. : 637 2.2
High suitable areas
. 4690 16.7
Moderately suitable areas
ot Gl 11370 405
Marginally suitable areas
it ol 11355 40.4

Non- suitable areas
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Fig. 6- High Suitable (S1) zone for rice cultivation in Yaneh-sar District, Behshahr County, Mazandaran province
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Fig. 7- Moderately Suitable (S2) zone for rice cultivation in Yaneh-sar District, Behshahr County, Mazandaran
province
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Fig. 8- Marginally Suitable (S3) zone for rice cultivation in Yaneh-sar District, Behshahr County, Mazandaran
province
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Fig. 9- Non-Suitable (NS) zone for rice cultivation in Yaneh-sar District, Behshahr County, Mazandaran province
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Introduction

Roselle (Hibiscus sabdariffa L.), a medicinal plant belonging to the Malvaceae family, is highly valued for its
food and medicinal products and ornamental uses (Richardson & Arlotta, 2021). The sustainability of medicinal
plants largely depends on the efficient utilization of energy through environmentally friendly inputs (Bakhshi et
al., 2025). In agricultural systems, soil and water are the two primary factors influencing crop growth and yield
(Abebe et al., 2022). The application of eco-friendly inputs derived from natural and organic sources can enhance
plant growth and promote environmental sustainability more effectively than synthetic chemical fertilizers
(Przemieniecki et al., 2021). Vermicompost and seaweed extracts improve soil physicochemical properties,
increase nutrient uptake, and enhance yield and growth characteristics (Narimani et al., 2018). Therefore, the
present study was conducted for the first time under the climatic conditions of Taftan County, Sistan and
Baluchestan Province, Iran, with the aim of achieving maximum vyield in organic roselle production.

Materials and Methods

A Split -plot-factorial experiment based on a randomized complete block design with three replications was
carried out in Taftan city, Sistan and Baluchestan Province, during the 2022 growing season. The main plot factor
consisted of solid vermicompost at two levels (0 and 10 t.ha%). Sub-plot treatments included factorial combinations
of vermicompost extract foliar application at three levels (0.5, 1, and 1.5 ml.LY) and seaweed extract foliar
application at three levels (1.5, 3, and 4.5 ml.L™). Foliar sprays of both vermicompost and seaweed extracts were
applied at three growth stages: four leaves, stem elongation, and flowering

Results and Discussion

Analysis of variance revealed that the application of solid vermicompost, vermicompost extract and seaweed
extract significantly affected all measured morphophysiological traits. Moreover, the three-way interaction among
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solid vermicompost, vermicompost extract, and seaweed extract was significant for all traits. Mean comparisons
indicated that the highest plant height values for stem diameter, number of lateral branches, number of fruits per
plant, carbohydrate content, anthocyanin content, economic yield, and biomass yield were obtained with the
application of solid vermicompost at 10 t ha™*. The maximum biomass yield (27604.2 kg.ha) was obtained, which
was 47.45% higher than the control. The maximum sepal yield (2629.1 kg.ha'!) was obtained, which was 33.12%
higher than the control. The maximum anthocyanin content (3.79 mg.g-*) obtained, which was 35.8% higher than
the control. All mentioned critera were recorded when vermicompost extract 1.5 ml L** was combined with
seaweed extract 4.5 ml L. These findings suggest that organic fertilizers not only increase crop yield but also
enhance the accumulation of secondary metabolites in roselle, thereby improving its medicinal value. The adoption
of organic fertilizers plays a crucial role in reducing environmental pollution and supporting the goals of
sustainable agriculture.

Conclusion

The growing medium is one of the most important factors influencing plant growth and quality of biological
inputs through their ecological functions (Light, temperature, and nutrient availability), reducing the long-term
vulnerability of agricultural ecosystems. Organic farming has therefore always attracted the attention of farmers.
Overall, the results of this study demonstrate that organic fertilizers reduce production costs, improve both the
quantity and quality of plant products, and contribute to long-term soil health, biodiversity conservation, and the
establishment of sustainable agricultural systems. The greatest quantitative yield and secondary metabolite content
were achieved with the application of 10 t ha! of solid vermicomposting, combined with foliar sprays of
vermicompost extract 1.5 ml.L and seaweed extract 4.5 ml.L%. These results confirm that the combined use of
solid vermicompost and foliar application of vermicompost and seaweed extracts has a positive effect on growth
and morphophysiological traits of roselle.

Keywords: Anthocyanin, Carbohydrate, Ecological agriculture, Harvest index
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Introduction

In recent decades, agricultural production has been largely dependent on chemical fertilizers, which have led
to some environmental problems. Plant residues, by providing nutrients to the soil, can maintain soil fertility,
increase soil organic matter content, retain soil moisture, reduce evaporation, and stimulate microbial activity.
Limited information is available on the effect of residue rates and cultivation methods on the amount of dry
matter remobilization and contribution of current photosynthesis of wheat (Triticum aestivum L.) under the
climatic conditions of Dasht-e-Azadegan.

Materials and Methods

In order to evaluate the amount of dry matter remobilization and the contribution of current photosynthesis of
seed wheat. Under the influence of three cultivation methods and different amounts of plant residues, a split-plot
layout based on a randomized complete block design (RCBD) with three replications was established in the
Research Center for Agriculture Jihad of Dasht-e Azadegan County, Khuzestan Province, Iran in the crop year
2023-2024. The main factor was the three mechanized cultivation methods including (1- surface drilling, 2- ridge
planting, 3- floor method) and the subfactor was the application of different amounts of wheat residues at four
levels including (1- no plant residues (control), 2- one-third of residues (equivalent to 2500 kg.ha't), 3- two-
thirds of residues (equivalent to 5000 kg.ha?), and 4- one hundred percent of residues (equivalent to 7500 kg.ha-
D). Leaf area, amount of remobilization, efficiency of dry matter remobilization, contribution of dry matter
remobilization, amount of current photosynthesis, efficiency of current photosynthesis, contribution of current
photosynthesis, rate of accumulation of seed yield, rate of accumulation of biological yield, percentage of seed
nitrogen, and percentage of seed protein were measured.

Results and Discussion

Results of analysis of variance showed that the effect of cultivation method on traits of leaf area, amount of
remobilization, efficiency dry matter remobilization, at the 1% probability level and on traits of contribution of

® Authors retain the copyright. This is an open access article distributed under Creative
Commons Attribution 4.0 International License (CC BY 4.0)
BY

4 https://doi.org/10.22067/AGRY.2026.97002.1264



http://agry.um.ac.ir/
https://agry.um.ac.ir/journal/about?lang=en
https://orcid.org/0000-0002-5126-786X
https://orcid.org/0000-0002-0838-784X
mailto:e.fateh@scu.ac.ir
https://doi.org/10.22067/AGRY.2026.97002.1264
https://doi.org/10.22067/AGRY.2026.97002.1264
https://doi.org/10.22067/AGRY.2026.97002.1264

\Fe0 )LQ-) L\o)Lo.a:: ATV ES aé})sw GNLM'» ey &y Vo

dry matter remobilization, contribution of current photosynthesis, rate of accumulation seed yield at the 5%
probability level was significant but on traits of amount of current photosynthesis, efficiency current
photosynthesis, rate of accumulation biological yield, percentage of seed nitrogen and percentage of seed protein
was not-significant. Also, results showed that the effect of plant residues on traits of leaf area, amount of dry
matter remobilization, efficiency dry matter remobilization, percentage of seed nitrogen and percentage of seed
protein at the 1% probability level and on traits of contribution of dry matter remobilization and contribution of
current photosynthesis at the 5% probability level was significant but on traits of amount of current
photosynthesis, efficiency current photosynthesis, rate of accumulation seed yield, rate of accumulation
biological yield, was not-significant. Also, results of analysis of variance showed the effect of the interaction of
cultivation method and plant residues on traits of amount of remobilization and efficiency dry matter
remobilization, at the 1% probability level was significant but on traits of leaf area, contribution of dry matter
remobilization, amount of current photosynthesis, efficiency current photosynthesis, contribution of current
photosynthesis, rate of accumulation seed yield and rate of accumulation biological yield was not-significant.
The results of comparison showed that the highest efficiency of dry matter remobilization was related to the
treatment of one hundred percent of residues in row and ridge cultivation conditions (23.3%), and the lowest
efficiency of dry matter remobilization was related to the treatment of no plant residues in surface drilling
(9.42%). Also, surface drilling had the highest remobilization (22.4%), and the treatment with no plant residues
had the lowest (15.27%). The highest contribution of current photosynthesis was observed in the floor method
(83.2%) and in one hundred percent of residues treatment (84.7%). The highest rate of accumulation seed yield
was obtained in the treatment in ridge planting (0.042) and floor method (0.045 g.day), and the lowest rate of
accumulation seed yield was obtained in the surface drilling (0.036 g.day?). The highest percentage of seed
protein was related to the treatments of two-thirds of residues (16.63%) and one hundred percent of residues
(16.86%), but the lowest percentage of seed protein was obtained in treatments of no plant residues and one-third
of residues. The findings demonstrate that integrating crop residue management with appropriate cultivation
methods enhances nitrogen availability and soil health, leading to more efficient dry matter remobilization and
improved grain protein content. This reflects a regenerative agricultural approach, where resource recycling and
soil stewardship directly contribute to crop resilience and nutritional quality. Such practices not only optimize
wheat productivity but also promote long-term sustainability by reducing dependenc on chemical inputs.
Ultimately, this study underscores that environmentally conscious farming is foundational to food security and
sustainable livelihoods, aligning agricultural success with ecological and human well-being.

Conclusion

The results showed that applying plant residues and appropriate nutritional management increase nitrogen
storage and improve seed protein quality. Generally, plant residues management and selection of appropriate
cultivation methods can play a significant role in the growth and quality of wheat grain by improving
photosynthetic conditions and dry matter remobilization.

Keywords: Percentage of seed nitrogen, Percentage of seed protein, Rate of accumulation of seed yield,
Ridge planting.
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Table 1- Average monthly weather conditions during the growing season in the crop year 2023-2024
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Average monthly temperature (C)
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Table 2- Physical and chemical properties of the soil at the test site
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Depth Texture Absorbable Absorbable pH Ec (dS.m?) N (%) Organic matters (%)
(cm) potassium (mg.kg?)  phosphorus (mg.kg?) )
0-30 o 144 14.4 78 124 0.1 0.3
Clay and loam
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Table 3- Some growth characteristics of bread wheat cultivar Mehregan
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quality situation rust disease disease Lodging Growth yield (kg.ha'l)

resistance habit
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Fig. 1- Average comparison of the interaction effect of dry matter remobilization (g.stem™) of wheat under Cultivation
methodx plant residues (If the numerical difference between two treatments is greater than the LSD number, it indicates a
statistically significant difference between the two treatments.)
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Fig. 2- Average comparison of the interaction effect of efficiency dry matter remobilization of wheat under cultivation
methodx plant residues (If the numerical difference between two treatments is greater than the LSD number, it indicates a
statistically significant difference between the two treatments.)
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Table 6- Analysis of variance (mean of squares) for seed nitrogen and protein percentage of wheat under cultivation
method and plant residues

sl as,ys &l 5595 W13 gy
df Seed nitrogen Seed protein
Sl
Block 2 0.046 1.30
S by, ns ns
Cultivation method 2 0011 0.32
el
phel sl 4 0.030 0.84
Main error
LS sHle 3 0.246" 6.93"
Plant residues
RS bl x S g,
Cultivation method x Plant 6 0.009™ 0.27"™
residues
=P el 18 0.018 0.51
Sub error
Olyeeds g 35
- 4.48 4.45
CV (%)

o> g g Jlein ! e (3 )b dxe g I gmepl Loy s 9 F NS
ns,* and **: are non-significant, significant at 5 and 1% probability levels, respectively.
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Table 7- Average comparison of seed nitrogen and protein percentage under cultivation method and plant residues

Q13 (45950 o yd &> Cpidg o>
Seed nitrogen (%) Seed protein (%)
S b,
Cultivation method
Adygser
. . 3.06 16.18
Ridge planting
NS s
Surface drilling 801 1591
5 us
3.01 15.88
Floor method
LSD (0.05) 0.08 0.79
blé; zslaws
Residues
Ll o9
. 2.89 15.27
No plant residues
2lS Gble pow
One-third of residues 288 152
2l bl pow 9o
Nt 16.
Two-thirds of residues 315 663
LG aop Ve e
N A 16.
One hundred percent of residues 819 686
LSD (0.05) 0.22 1.2

b o slewt 93 )1 oy (sylol I ixe gl oy Lts il yzin LSD sse ) e 93 (od3e M ljue S
If the numerical difference between two treatments is greater than the LSD number, it indicates a statistically significant
difference between the two treatments.
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Introduction

Given the diversity of climate and vegetation in Iran, it has provided a great potential for entering the market
of medicinal plants and herbal medicines (AmirTeimori et al., 2011). Fennel (Foeniculum vulgare Mill.) is one of
the oldest medicinal and spice plants in Iran and worldwide, and is widely used in the food, pharmaceutical,
cosmetic, and health industries today (Omid Beigi, 2013). Managing fertilizer use, including chemical fertilizers,
affects the performance of medicinal plants. Proper nutrition and absorption of essential elements, and improving
their concentration in the seed, play a significant role in increasing the quantitative and qualitative performance of
the medicinal plant fennel (Kapoor et al., 2004). The present study was designed and implemented with the aim
of evaluating the effect of different chemical, organic, and biological nutritional systems on the yield and nutrient
absorption of fennel.

Materials and Methods

The experiment was conducted in a split-plot randomized complete block design with three replications during
the 2023-2024 crop year at the research farm of Khuzestan University of Agricultural Sciences and Natural
Resources, Khuzestan, Iran. In the main plots, the levels of Urea nitrogen fertilizer and sugarcane residue compost
were: A;: control, Az: 150 kg.ha nitrogen; As: 112.5 kg.ha nitrogen + 8 t.ha'! sugarcane compost, A4: 75 kg.ha
! nitrogen + 16 t.ha sugarcane compost, As: 37.5 kg.ha? nitrogen + 24 t.ha™* sugarcane compost, and As: 32
tons/ha sugarcane compost. In the subplots, the seed inoculation treatment with Biofarm biofertilizer was
investigated, with By as the control and B; as the treatment. The studied traits included grain yield, biological yield,
essential oil percentage and yield, nitrogen percentage and absorption, nitrogen efficiency indices, phosphorus,
potassium, iron, and zinc percentage.
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Results and Discussion

The highest seed yield was obtained in the A;Bo and A;B; treatment levels (998 and 938 kg.ha®). The highest
percentage of essential oil was obtained in the A treatment level (2.26%), and the highest yield of fennel essential
oil was obtained in the A;B; treatment level (13.22 kg.ha?). The highest percentage and absorption of nitrogen
were obtained in the A, treatment level (2.35%) and (68.01 kg.ha™), respectively. The highest agronomic
efficiency of nitrogen was obtained in the A4Bo treatment level (6.85 kg.kg?). The highest phosphorus and
potassium content of the whole plant was obtained in the As treatment level (50.8 and 193.75 mg.kg™?),
respectively, and the highest iron and zinc concentration of the whole plant was obtained in the As treatment level
(3.01 and 0.56 mg.kg™) of dry matter.

Conclusion

In the present experiment, the highest grain yield was obtained with the application of 75 kg.ha™of nitrogen
and 16 tons.haof sugarcane compost, which showed no significant difference from the application of 150 kg.ha-
Yof nitrogen. Also, the highest biological and essential oil yields were obtained with the application of 150 kg.ha-
Yof nitrogen and biofertilizer. In fact, the application of chemical nitrogen fertilizer in combination with organic
fertilizer (sugarcane compost) and the application of biofertilizer increased grain yield and essential oil, and
increased the absorption of low- and high-consumption elements required by the fennel plant. It also had similar
effects on yield to the application of chemical fertilizers, which can replace combined fertilizers.

Keywords: Biological fertilizer, Medicinal plant, Nitrogen, Sugarcane compost
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Table 3- Results of the analysis of variance (mean squares) for the measured traits of fennel under different levels of
integrated fertilizer treatments and biopharm

Ol ptd 2slio w3l anyd 415 5 ySlas S50 gm 3 yShos ol ao ol 5 ySlos
S.0vV d.f Seed yield Biological yield Essential oil % Essential oil yield
o 2 32604.22" 191110.00™ 0.132" 0.542"s
Replication
il 5
Combined 5 34451.93™ 2478252.11* 0.371" 172.942*
fertilizer (Cf)
i 10 29475.60 134118.28 0.0388 2.390
Main error
ek 1 77951.46 55763.33™ 0.5383" 25.406"™
Biofertilizer (B)
i d 5 167295.61* 360091.57" 0.0659™ 48.440"
CfxB
e 12 354.11 202546.19 0.035 9.106
Sub error
Sl 28.85 21.89 9.7 21.31
CV (%)

D eyt g Mo yd S g duod gy Jlein] e ) 5 e Ay NS g s ok
ns,* and **: are non-significant, significant at 5 and 1% probability levels, respectively.
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Table 4- Comparison of the average interaction effect of combined fertilizer and Biopharm biofertilizer levels on grain yield
and essential oil yield

8al5 345 & glanw w3 395 Zglaw &l > Slos awlwl 3,5das
Compound fertilizer levels (A) Biofertilizer levels (B) Seed yield (kg.ha) Essential oil yield (kg.ha')

Au Bo 403g* 7.51fg

Az Bo 863bc 18.72bc
Az Bo 879bc 15.23de
A4 Bo 998a 19.29b
As Bo 643de 12.77e
As Bo 483f 6.579

Au B1 496f 9.71f

Az B1 938ab 22.13a
Az B1 911b 19.47b
A4 B1 820c 16.04cd
As B1 705d 16.26cd
As B1 621e 10.11f
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* |n each column and each treatment group, the averages that have at least one letter in common are not significantly different at the
5% level through Duncan's test.

A1 control, Az: 150 kg.ha* of pure nitrogen, As: 112.5 kg.ha'* of pure nitrogen and 8 tons.ha™* of sugarcane compost, A4: 75 kg.ha*
of pure nitrogen and 16 tons.ha* of sugarcane compost, As: 37.5 kg.ha'! of pure nitrogen and 24 tons per hectare of sugarcane
compost, As: 32 tons per hectare of pure sugarcane compost. B1: inoculation with biofertilizer, Bo: no inoculation with biofertilizer
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Table 5- Comparison of the average effect of combined fertilizer and Biopharm biofertilizer levels on biological yield and
essential oil percentage

(3 395 9 (Sl 395 £ gbans S 5hgns 3, Skas bl 203
Compound fertilizer levels (A) and biofertilizer levels (B) Biological yield (kg.ha™) Percentage of essential oil

Au 1351d* 1.55d

Az 3021a 2.26a

As 2373b 1.93bc

A4 2316b 1.94bc

As 1873c 2.14ab

As 1397d 1.83c

B1 2166a 2.06a

Bo 1906b 1.81b
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* |n each column and each treatment group, the averages that have at least one letter in common are not significantly different at the
5% level through Duncan's test.

Au: control, A2: 150 kg.ha'* of pure nitrogen, As: 112.5 kg.ha™* of pure nitrogen and 8 tons.ha™! of sugarcane compost, As: 75 kg.hat
of pure nitrogen and 16 tons.ha* of sugarcane compost, As: 37.5 kg.ha'! of pure nitrogen and 24 tons per hectare of sugarcane
compost, As: 32 tons per hectare of pure sugarcane compost. B1: inoculation with biofertilizer, Bo: no inoculation with biofertilizer
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Table 6- Results of variance analysis of nitrogen absorption and efficiency traits under the influence of combined fertilizer
and Biopharm biofertilizer treatment levels
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-o- 83150 » Nitrogen absorption per unit onr 09
SOV 4f  Plantnitrogen area Nitrogen crop Physiological
' percentage efficiency efficiency of nitrogen
v
).)g, . 2 0.01353455" 57.20760" 0.40318744" 192.813404™
Replication
il 8
Combined 5 1.92045267" 2616.14805" 6.27378018" 1275.753866™
fertilizer (Cf)
hel sl 10 001106372 28.35443 0.40523781 54.019101
Main error
. M) > 1 0.01076406" 92.82509" 21.33949616™ 2848.250742™
Biofertilizer (B)
@"“”‘”Cffxx 6““8 ¥ 5 0,00603240 28.00334" 4.22473606™ 157.985743"
o sl 12 0.00254497 17.56905 0.038607958 18.953213
Sub-plot error
oot 3.92 14.63 1857 9.71

CV (%)
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ns, * and **: are non-significant, significant at 5 and 1% probability levels, respectively.
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Table 7- Comparison of average percentage and nitrogen absorption of fennel under the influence of combined fertilizer and
Biopharm biofertilizer levels

Thw g 45 dig (g pi e

et 395 9 (il 35 Lol £ 03978 253 Plant nitrogen uptake per unit
Compound fertilizer levels (A) and biofertilizer levels (B) Plant nitrogen percentage arga (ng.Jha‘l) P
AL 0.70d* 9.54d
A2 2.35a 68.01a
Az 1.36b 32.22b
Ay 1.09¢ 24.30c
As 1.13c 23.53c
As 1.04c 14.23d
B 1.30a 30.24a
Bo 1.26a 27.03b
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* |n each column and each treatment group, the averages that have at least one letter in common are not significantly different at the
5% level through Duncan's test.

Az control, Az: 150 kg.ha of pure nitrogen, As: 112.5 kg.ha* of pure nitrogen and 8 tons.ha™ of sugarcane compost, As: 75 kg.hat
of pure nitrogen and 16 tons.ha* of sugarcane compost, As: 37.5 kg.ha'! of pure nitrogen and 24 tons per hectare of sugarcane
compost, As: 32 tons per hectare of pure sugarcane compost. B1: inoculation with
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Table 8- Comparison of the average interaction effect of combined fertilizer and biofertilizer levels on nitrogen efficiency of
fennel plants

(il 395 7 glanw (st 395 b 0397 =) 28 0395 (N3P 50 26
Compound fertilizer Biofertilizer levels Nitrogen crop efficiency Physiological efficiency of nitrogen
levels (A) (B) (kg.kg?) (kg.kg?)
Az Bo 2.52cd* 31.28c
As Bo 3.51bc 57.38b
As Bo 6.85a 67.79a
As Bo 4.24b 66.43a
Az B1 2114 21.24d
As B1 2.58cd 24.01d
As B1 2.65cd 50.62b
As B1 2.25d 39.86bc
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* In each column and each treatment group, the averages that have at least one letter in common are not significantly different at the
5% level through Duncan's test.

A1 control, A2: 150 kg.ha* of pure nitrogen, As: 112.5 kg.ha'* of pure nitrogen and 8 tons.ha™* of sugarcane compost, A4: 75 kg.ha*
of pure nitrogen and 16 tons.ha* of sugarcane compost, As: 37.5 kg.ha'! of pure nitrogen and 24 tons per hectare of sugarcane
compost, As: 32 tons per hectare of pure sugarcane compost. B1: inoculation with
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Table 9- Results of variance analysis of nitrogen absorption and efficiency traits under the influence of combined fertilizer
and Biopharm biofertilizer treatment levels

Ol i 2ol NS JLIW powe 895 o2l
S.0.Vv d.f Phosphorus  Potassium Zinc Iron
S 2 0518™  1377.763"  0.0204™  0.141™
Replication

isils 35 Combined fertilizer (Cf) 5 4825  4180.690™  0.048™  1.337"
el sl 10 0.869 553.488 0.007 0.108
Main error

iz 355 Biofertilizer (B) 1 7.6199" 22.168™  0.00025™ 0.0743™
e 255 il 3 5 0.316™  107.201™  0.005™  0.0307"
CfxB

ot ol 12 0.0458 230.701 0.016 0.176
Sub-plot error

il 18.45 10.20 27.91 17.44
CV (%)
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ns, * and **: are non-significant, significant at 5 and 1% probability levels, respectively.
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Table 10- Comparison of average phosphorus, potassium, zinc, and iron in plants under the influence of combined fertilizer
and Biopharm biofertilizer levels
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Compound fertilizer levels (A) and biofertilizer levels (B) (mg.kg™) (ma.kg) Zinc (mg.kg®)  lron (mg.kg™?)
AL 25.1c* 113.75¢ 0.52ab 1.57c
Az 42.3ab 141.00bc 0.38c 2.44b
As 35.7bc 140.25bc 0.34c 2.50b
A 34.9bc 146.17b 0.42bc 2.56b
As 50.8a 193.75a 0.52ab 2.33b
As 31.1bc 158.50b 0.56a 3.01a
B1 41.3a 30.24a 0.46a 2.44a
Bo 33.2b 27.03b 0.46a 2.35a
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* In each column and each treatment group, the averages that have at least one letter in common are not significantly different at the
5% level through Duncan's test.

Az control, Az: 150 kg.ha of pure nitrogen, As: 112.5 kg.ha* of pure nitrogen and 8 tons.ha™! of sugarcane compost, As: 75 kg.hat
of pure nitrogen and 16 tons.ha! of sugarcane compost, As: 37.5 kg.ha™ of pure nitrogen and 24 tons per hectare of sugarcane
compost, As: 32 tons per hectare of pure sugarcane compost. B1: inoculation with
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Introduction

Due to the adverse impacts of agricultural production activities on the environment, particularly water and soil
pollution, and pressure on limited natural resources, determining an optimal cropping pattern is one of the most
important management decisions. Such a decision should be made in a way that, while maintaining crop
productivity and satisfactory yields, minimizes the environmental impacts associated with the use of fertilizers,
pesticides, and water. Simultaneous assessment of environmental impacts and water consumption can provide
valuable guidance for sustainable cropping planning in arid and water-scarce regions. The objective of this study
was to evaluate the environmental impacts and water consumption of eight major agricultural crops: barley, wheat,
canola, maize, cucumber, onion, potato, and tomato in the arid region of Jiroft using the Life Cycle Assessment
(LCA) approach and analysis of green, blue, and grey water footprints.

Materials and Methods

To this end, data on input consumption, including chemical fertilizers, pesticides, fuel, and energy, as well as
crop yields, were collected, and environmental impacts were calculated in three categories: human health,
ecosystem quality, and resource depletion. For accurate estimation of crop water requirements and green and blue
water footprints, climatic and precipitation data for the period 1993-2023 obtained from the Iranian
Meteorological Organization were used, and actual crop water consumption was calculated based on effective
rainfall, evapotranspiration, and crop growth period. The grey water footprint was also determined based on
chemical fertilizer use and its potential impacts on water quality.

Results and Discussion

The results showed that cereal and oilseed crops such as canola, wheat, barley, and maize imposed the highest
environmental burdens. Canola exhibited the greatest negative impact with a single-score value of 86.19 points,
compared with cucumber (4.09 points) and onion (5.65 points). In the human health category, canola caused the
highest damage (65.23 points), whereas vegetables and tuber crops showed much lower impacts. Regarding
ecosystem quality, canola had the highest negative effect (20.25 points), while barley showed the lowest impact
(0.33 points). In terms of resource depletion, wheat contributed the most (0.289 points), followed by canola (0.176
points). Water footprint analysis indicated that cereals had the highest blue and grey water consumption, with total
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water footprints of barley and wheat reaching 2508.19 and 2164.57 m®.t™', respectively, whereas vegetables and
tuber crops such as potato had the lowest water footprint (182.41 m*.t ™). The combined results of LCA and water
footprint analysis consistently demonstrated that input-intensive and water-demanding crops such as canola and
cereals exert substantial pressure on water resources and the environment, while vegetables and tuber crops have
comparatively lower impacts.

Conclusion

Based on the LCA results and the crop’ environmental burdens, cultivation priority should be given to those
with the lowest environmental impacts. Accordingly, vegetables such as cucumber and onion, as well as tuber
crops like potato—which exhibit significantly lower environmental burdens—should be prioritized for cultivation.
Subsequently, maize and high-input cereals such as wheat and barley may be cultivated. Canola, due to its high
environmental burden, should be placed last in the cropping priority and cultivated only under careful management
of inputs and water resources in order to reduce pressure on the ecosystem and the region’s limited resources.
According to the results, the water footprint and Life Cycle Assessment (LCA) analyses provide consistent and
complementary findings. Crops with higher environmental burdens in the LCA, such as canola and cereals, also
exhibit the highest blue and grey water consumption, exerting greater pressure on the region’s water resources. In
contrast, crops with lower environmental burdens, such as vegetables and tuber crops, have smaller water
footprints and place less strain on water resources. Based on these findings, prioritizing the cultivation of low-
impact crops along with optimized management of inputs and water resources can significantly reduce
environmental burdens and water consumption. This study demonstrates that integrating Life Cycle Assessment
(LCA) with water footprint analysis is an effective tool for sustainable agricultural planning and for reducing
pressure on limited environmental resources.

Keywords: Ecosystem health, Environmental sustainability, Resource depletion, Sustainable cultivation
pattern, Water resources management
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1- Sorghum (Sorghum bicolor)
2- Clover (Trifolium spp.)
3- Garlic (Allium sativum)
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Fig. 1- Geographical location of the study area
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Fig. 2— Stages of conducting a Life Cycle Assessment (LCA) (Georgiopoulou & Lyberatos, 2018)
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Fig. 3— System boundaries of agricultural product production in the Life Cycle Assessment (LCA) method (Rebitzer et al.,
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Table 1- Amount of pollutant gas emissions resulting from the consumption of one liter of diesel fuel (Durlinger et al.,
2015; Mousavi-Avval et al., 2017)

Shasule I92 & ;L o 0
Specifications Air emission factor
S|
Arsenic 6.65E-08
e
Beryllium 4.99E-08
powedls
Cadmium 4.99E-08
oS Sl
Carbon dioxide 002.73E
O S gige
Carbon monoxide 6.00E-04
poos)S
Chromium 4.99E-08
U
Copper 9.97E-08
595299 S5 YV ¢S 900
Dioxin, 2,3,7,8 Tetrachlorodibenzo-p 1.66E-12
Oiare 2wl
Hydrogen chloride 8.38E-05
g
Lead 1.50E-07
Manganese 9.97E-08
09>
Mercury 4.99E-08
Jsd oyle

Methane, fossil 6.10E-06
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Methane, dichloro-, HCC-30 5.36E-07
Nickel 4.99E-08
039 s 2.89E-03
Nitrogen oxides
Glee )3
Particulates, > 2.5 um, and <10 um 1.20E-04
A1y ¢l
Ethene, tetrachloro 9.14E-09
g 4.04E-07

Phenols, unspecified

as 50 g 31 (63959 il B 3 (il HLiS] dulone S 030! 3590 Cul o - Joua
Table 2— Coefficients used to calculate emissions resulting from the consumption of input resources at the farm level

Olasuie o &>
Specifications Coefficient Source
stlrond (G355 B o 51 il Ll
Emissions associated with the use of chemical fertilizers

KgN,0 — N .
0.01 (to air) (IPCC, 2006)
Kg Nin fertilizers applied
KgNH; — N .
0.1 (to air) (IPCC, 2006)
Kg Nin fertilizers applied
KgN,0 — N .
0.001 (to air) (IPCC, 2006)
Kg Nin atmospheric deposition
Kg NO3 — N
0.1 (to water) (IPCC, 2006)
Kg Nin atmospheric deposition
Kg NOx
0.02 (to water) (IPCC, 2006)
Kg l:)in fertilizers applied
Kg P emission .
] 0.21 (to air) (IPCC, 2006)
Kg Nzofrom fertilizers and soil
Suisl s
Emission conversion
Conversion from kg CO.—C to kg CO2 (ﬁ) IPCC (2006)
i4
Conversion from kg N2O—N to kg N20 (5) IPCC (2006)
Conversion from kg NHa—N to kg NH3 (ﬁ) IPCC (2006)
Conversion from kg NO3z-N to kg NO3 (%) IPCC (2006)
Conversion from kg P2Os to kg P (%) IPCC (2006)
555 51 i)
Emissions from labor
Kg CO
et 0.7 (to air) (Mousavi-Avval et al., 2017)

man — h Human labor
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Emissions resulting from pesticides

[Kg effective material]

Kg biocides
[Kg effective material]

Kg biocides

0.1 (to air)

0.85 (to soil)

(Margni et al., 2002)

(Margni et al., 2002)
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Table 3- Standard coefficients for heavy metal emissions to soil from chemical fertilizer application (Ecoinvent version 3.11)

2 Lo 395

Chemical fertilizer

S @y S ol Ll
Emission of heavy metals into soil

Hg Cr Ni Pb Zn Cu Cd

(mg.kg™?)

05955 35 PSS Ko oy

Emission factor per kg of nitrogen fertilizer

i 355 SIS Ko s

Emission factor per kg of phosphate fertilizer

iy 365 2 S 6lST S5 o

Emission factor per kg of potassium fertilizer

26 203 5409 209 779 0.1

395 905 839 67 883 543 03

48 62 08 25 58 0
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Table 4- Standard conversion coefficients from midpoint to endpoint impacts from an individualist cultural perspective
(Huijbregts et al., 2017)

‘;hgmuww’{) ;J‘ »‘5 |
Environmental impact Unit
"Jlm.il CooMw
Human health
Clirgféiﬁ;nge Yr.kg? CO; to air 8.1E-08
Sl Ogigl e yr.kg! CFC11 to air 2.4E-04
Stratospheric ozone depletion
Ior:jn)g“fa@“’““’dlanon yr kg Bq Co-60 to air 6.8E-09
oy el s . .
7 0 O kgt PM,st 6.3E-04
Particulate matter dispersion yra 2stoar
Ssiss gl S5 yr.kg™ NO, to air 9.1E-07
Tropospheric ozone formation
Carg{:g;;g;city yr.kg! 1,4-DCB to air 3.3E-06
S s s 506 )lows .
OO IE) o4 r.kg* 1,4-DCB to air 6.7E-09
Non-carcinogenic health effects yrrg L :
ol Sy Yr.m* water 3.1E-06

Water consumption

Sis pllaipgy i
Terrestrial ecosystem quality
species.yr.kg™ CO; to air 5.3E-10
Climate change P yrg g
SR O9ig) JSE species.yr.kg® NO to air 1.3E-07
Tropospheric ozone formation
Sk O Sl . 3 .
species.yr.kg™* SO, to air 2.1E-07
Soil acidification pecles-yrg™ s
) S species.yr.kg™ 1,4- DCB to industrial soil ~ 5.4E-08
Terrestrial toxicity
ol Spae . species.yr.m water consumed 0
Water consumption
085 S5 e species.m annual crop land 8.9E-09
Land use change
ol plaipg oS

Aquatic ecosystem quality
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Climate change

species.yr.kg CO, 1.5E-14

O Ol GaelSidaygd species.yr.kg™ P to fresh water 6.1E-07

Freshwater eutrophication

Ot S Cums. species
Freshwater toxicity

.yr.kg! 1,4- DCB to fresh water ~ 7.0E-10

ol Spa species.yr.m water consumed 6.0E-13

Water consumption

by Py Cuds
Marine ecosystem quality

Ly Casows .
) yrkg!1,4-DCB 1.1E-10
Marine toxicity Speclesyrig
b Oyl S species.yr.kg N to marine water 1.7E-09
Marine eutrophication
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Resource depletion
e Slge minerals USDao5 $.kg! Cu 0.16
Minerals
s es fossils3 USD.g3 $.kg! crude oil 0.46
(ed S USD013 $.kg™* hard coal 0.03
Fossil fuel USD213 $.Nm natural gas 0.30
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Table 5- Information on the agricultural crops studied in Jiroft County (Jihad agricultural city of jiroft)

Jpae g5 Jpae  SoSnighe d8les (iXbe  oges 398 G5 9 i Ay ol
Crop catedor Cro Cultivated area Yield Nitrogen fertilizer Evapotranspiration Effective rainfall
p category P (ha) (tha™) (kgha) (mm) (mm)
sy slasld 5 375 6.56 200 376.52 7211
Oilseeds Canola
o ps 43,400 4.42 200 576.68 91.77
Cereals Wheat
= 8,500 3.11 150 472.23 81.73
Barley
b @ 23,150 8.46 250 918.20 3.27
Grain maize
e GRS 8,878 39.95 250 501.62 77.45
Vegetables Tomato
e 4,220 38.67 250 419.56 79.41
Cucumber
’LJ 13,973 58.21 200 738.86 103.23
Onion
lost plals e 18,073 38.15 250 312.37 52.39
Tuber crops Potato
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Table 6- Green, blue, and grey water footprint values of the agricultural crops studied

. o 1 513, <2l g, SrmSE Olghs, ol gl gene
Js =4 Js Green water footprint Blue water footprint Grey water footprint Total water footprint
Crop category Crop
(m3.ton)
“&?) lash el 109.92 465.58 495.42 1,070.92
Oilseeds Canola
. P 207.63 1,108.53 848.41 2,164.57
Cereals Wheat
# 272.45 1,319.08 916.66 2,508.19
Barley
slal> &3 4.09 1,143.66 531.26 1,679.01
Grain maize
i 19.36 85.79 93.77 198.92
Vegetables Tomato
A 20.36 89.05 96.15 205.56
Cucumber
)LJ 17.79 110.87 64.65 193.31
Onion
losé ol e 13.78 69.95 98.68 182.41

Tuber crops Potato
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Fig. 4- Effects of agricultural inputs and input resources on human health, ecosystem, and resources in barley
cultivation
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Fig. 5- Effects of agricultural inputs and input resources on human health, ecosystem, and resources in canola
cultivation
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Fig. 7- Final environmental effects of cultivating different crops in jiroft region in three groups of human health, ecosystem
and resources
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