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Introduction

Freshwater scarcity and the increasing demand from the agricultural sector, which consumes approximately
70% of global freshwater, have posed serious challenges to global food security. This pressure is particularly
severe in arid and semi-arid regions like Iran, where high evaporation rates and irregular rainfall threaten crop
production sustainability. Conservation agriculture, particularly the retention of crop residues (straw mulch) on
the soil surface, is an effective strategy to manage soil and water resources. Mulch conserves soil moisture by
physically reducing the solar radiation reaching the soil, thus directly decreasing soil evaporation, especially
during the early stages of crop growth. In Golestan province, Iran’s primary soybean (Glycine max L.)
production hub, soybean is mostly cultivated in rotation with wheat (Triticum aestivum L.). However, farmers
commonly burn or remove wheat residues to accelerate land preparation, exposing the soil to severe evaporation.
Despite the importance of residue retention, there is a lack of quantitative knowledge regarding the effects of
different mulch rates on soybean water-saving in this region. Therefore, this study aimed to quantitatively
evaluate the impact of various rates of wheat straw mulch on soil evaporation, irrigation requirements, and the
water use efficiency (WUE) of soybean using an integrated field experiment and simulation modeling approach.

Materials and Methods

This study utilized a two-step integrated approach comprising a field experiment and long-term simulation
modeling. First, a field experiment was conducted at the research farm of Gorgan University of Agricultural
Sciences and Natural Resources, Iran, to quantify the effect of mulch on soybean phenology. The experiment
was laid out in a randomized complete block design with four replications. Treatments consisted of six levels of
wheat straw mulch: 0 (control), 750, 1500, 2250, 3000, and 3750 kg ha™. Soybean (cv. DPX) was sown on July
1. Phenological stages, particularly days to emergence and flowering, were meticulously recorded to extract
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linear correction factors. In the second step, the SSM-iLegume model was employed for long-term simulations
(2000-2020) across two distinct climates in Golestan province: Gorgan and Minodasht. The model’s genetic
coefficients for the DPX cultivar had been previously parameterized and evaluated for the region in previous
studies. The primary novelty in the modeling phase was incorporating the mulch effect. Using the field data,
correction factors were applied to simulate the delay in phenology caused by mulch. Furthermore, the physical
effect of mulch on reducing potential soil evaporation (Ep) was dynamically simulated based on the soil cover
fraction. The model simulated crop responses, water balance components, and WUE under the specified mulch
treatments and automated irrigation scenarios. Output data were statistically analyzed using Analysis of Variance
(ANOVA) and Duncan’s multiple range test (p<0.05) in SAS 9.4 software.

Results and Discussion

Field observations indicated that wheat straw mulch significantly delayed soybean phenology by shading the
soil and reducing received thermal time. Specifically, for every one ton per hectare of applied mulch, emergence
and flowering were delayed by 0.7 and 1.03 days, respectively. These correction factors were successfully
integrated into the SSM-iLegume model. Long-term simulation results revealed that while straw mulch did not
significantly alter the total above-ground dry matter and grain yield in either Gorgan or Minodasht, it profoundly
impacted the soil water balance. Mulch cover significantly reduced cumulative evaporation (CE) from the soil
surface, especially during the early growth stages before canopy closure. The application of 3.75 t ha™ of mulch
decreased CE by 51% (equivalent to 68 mm) in Gorgan and by 50% (equivalent to 92 mm) in Minodasht over
the growing season. Consequently, the ratio of soil evaporation to total evapotranspiration (E/ET) decreased to
its lowest levels (0.16 and 0.18 in Gorgan and Minodasht, respectively). The significant reduction in non-
productive evaporation translated directly into decreased irrigation water requirements. Applying 3.75 t ha™! of
mulch reduced the required irrigation volume by 15% (from 329 mm to 280 mm) in Gorgan and by 21% (from
366 mm to 288 mm) in Minodasht, eliminating the need for approximately one irrigation event per season.
Because grain yield was maintained while water consumption decreased, Water Use Efficiency (WUE)
improved significantly, reaching maximum values of 14.9 and 16.8 kg ha* mm™ in Gorgan and Minodasht,
respectively, under the highest mulch rate. Furthermore, scaling these findings to the 57,462 hectares of soybean
cultivated area in Golestan province demonstrated that implementing this residue management strategy could
potentially save up to 34.41 million cubic meters of agricultural water annually.

Conclusion

In conclusion, the integrated field and modeling assessment demonstrated that utilizing wheat straw mulch is
a highly efficient agronomic strategy for soybean production in semi-arid regions. Retaining up to 3.75 t ha™ of
crop residues significantly suppresses soil evaporation and improves water use efficiency without incurring any
yield penalty. This practice not only ensures the sustainability of crop production but also plays a vital role in
conserving scarce regional freshwater resources. Transitioning from the conventional practice of residue burning
to conservation agriculture is strongly recommended to optimize water footprints and mitigate the impacts of
climate change on agricultural ecosystems.

Keywords: Mulch, Soil evaporation, Water productivity, Water saving
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Fig. 1- The average monthly weather data of maximum air temperature (Max T), minimum air temperature (Min T), and
rainfall (Prec.) and radiation for Gorgan(a) and Minodasht (b)
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Table 1- Mean comparison of the effect of different levels of wheat straw mulch on the evaluated traits in soybean
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Means followed by the same letter(s) in each column are not significantly different at the 5% probability level
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Introduction

One of the most critical environmental factors affecting the distribution, spread, growth, and successful
production of plant products is the amount of water available to the plant. Reducing water availability causes
drought stress and triggers numerous morphological, physiological, and biochemical changes in plants (Farooq et
al., 2009). Water deficiency stress leads to reduced growth, dry weight, stomatal closure, decreased height,
smaller leaf area, cell growth inhibition, lower photosynthesis rates, protein degradation, enzyme destruction,
toxic substance production, hormonal imbalances such as increased abscisic acid and decreased growth
promoters, damage to plastids, and restricted root growth (Anwaar et al., 2020). Supplementary irrigation is an
effective method for compensating for soil moisture deficiency, increasing water-use efficiency, preventing yield
fluctuations, and promoting sustainable production in arid and semi-arid regions (Mohtashami et al., 2020).
Moreover, using biofertilizers as environmentally friendly inputs is valuable because they rely on renewable
energy sources, are cost-effective, and reduce dependence on chemical fertilizers. Various studies have shown
that using chitosan nanoparticles can reduce the harmful effects of biotic and abiotic stresses and significantly
improve the quantity and quality of agricultural products by enhancing nutrient availability (Mehmood et al.,
2020).

Materials and Methods

To investigate the effects of different fertilizer sources under dryland and supplementary irrigation conditions
on the quantity and quality of camelina (Camelina sativa L.) oil, an experiment was conducted using split plots
based on a randomized complete block design with 16 treatments and three replications in the field of the
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Faculty of Agriculture at the University of Maragheh during the crop years 2020 and 2021. The main factor was
cultivation under rainfed conditions and with supplementary irrigation, while the sub-factor included various
fertilizer sources: control (without fertilizer), 100% recommended chemical fertilizer (CF), biofertilizer (BF),
chitosan nanoparticles (CS), a mixture of 50% chemical fertilizer and biofertilizer, 50% CF + CS nanoparticles,
BF + CS nanoparticles, and a combination of 50% CF + BF + CS nanoparticles. Seeds used in this experiment
were of the Soheil variety, with a germination rate of 98% and purity of 99%, obtained from Shafa Bisotun
Company, Kermanshah. Bed preparation involved plowing, disking, and leveling, based on soil conditions and
moisture reaching field capacity. Subsequently, plots measuring 6 square meters with 8 rows of cultivation were
prepared. The distances between crop lines and within crop lines were set at 10 cm and 5 cm, respectively. After
confirming the normality of the data, the combined variance analysis was performed in the form of two-way split
plots using statistical software (SAS version 9.1, Cary, NC, USA), and the graphs were generated using Excel
software. Additionally, data means were compared using Duncan’s test at a significance level of 5%.

Results and Discussion

The results showed that the combined application of 50% CF, growth- promoting bacteria, and CS
nanoparticles increased seed yield by 32.22, 24.79, and 0.75%, respectively, under supplementary irrigation
conditions, and by 26.11, 15.26, and 12.56%, respectively, under rainfed conditions, compared to the separate
application of CF, growth- promoting bacteria, and CS nanoparticles. The maximum oil yield (239.89 kg ha?)
was achieved under supplementary irrigation conditions using 50% chemical fertilizer combined with growth-
promoting bacteria and chitosan nanoparticles. Under rainfed conditions, the combined treatment of growth-
promoting bacteria and chitosan nanoparticles increased the oil yield by 109.30% compared to the control.
Additionally, the combined application of 50% fertilizer, growth- promoting bacteria, and CS nanoparticles
under supplementary irrigation increased camelina oil yield by 73.9% compared to the control. The main
components of camelina oil included saturated fatty acids such as palmitic (6.85-3.73%) and stearic acids (4.34-
2.33%), and unsaturated fatty acids including oleic (16.43-14.46%), linoleic (25.14-19.19%), linolenic (36.79-
31.92%), and eicosanoic acid (11.44-7.81%). The highest levels of palmitic and stearic acids were observed
with supplementary irrigation combined with CF. Moreover, the results demonstrated that supplementary
irrigation increased the relative water content by 33% compared to rainfed conditions. The combined
application of 50% CF, growth- promoting bacteria, and CS nanoparticles under both rainfed and
supplementary irrigation conditions raised the relative water content by 58.3 and 81.2%, respectively, compared
to the control. Notably, the combined treatment of 50% CF, growth- promoting bacteria, and CS nanoparticles
increased chlorophyll a, b, and carotenoid contents by 114.53, 137.88, and 121.51%, respectively, compared to
no fertilizer use. Drought stress causes a decrease in grain yield by reducing leaf water, closing stomata, and
lowering photosynthesis, as well as affecting enzyme activities and related processes. The use of chitosan
nanoparticles enhances drought tolerance by reducing transpiration and maintaining relative water content.
Additionally, the increase in oil yield with the application of plant growth- promoting bacteria plus CS
nanoparticles is attributed to improved nutrient availability and higher grain and oil content. The use of 50%
CF, growth- promoting bacteria, and CS nanoparticles significantly increased chlorophyll content compared to
untreated plants. It appears that this combined application increases protein content and Rubisco actives enzyme
activity, enhancing Calvin cycle reactions, which boosts Rubisco carboxylation activity and improves
photosynthesis. Furthermore, growth- promoting bacteria increase chlorophyll and carotenoid levels by
improving nutrient availability, including potassium.

Conclusion

In general, the results showed that the integrated application of 50% recommended chemical fertilizer
combined with biofertilizer and chitosan nanoparticles under supplemental irrigation is recommended as a
sustainable, profitable, and farmer-advisable nutrient package to enhance the quantitative and qualitative yield of
camelina in rainfed and water-limited regions. The use of these inputs improves the absorption of nutrients and
increases the efficiency of fertilizer use, thereby improving the physiological indicators of the plant, increasing
yield, and improving the quality and composition of Camelina oil. Also, this strategy can have positive effects on
plant adaptation and production sustainability in rainfed conditions where environmental stresses, especially
moisture limitation, exist.

Keywords: Chlorophyll content, Nanotechnology, Oil compounds, Water stress
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Table 2- Average monthly temperature and total monthly precipitation during the 2020 and 2021 growing seasons and the
long-term average
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Average monthly temperature ("C)
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Ten-years average
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Total monthly rainfall (mm)
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Ten-years average

3y90 3y S e o ySh ionen g2 S )3 (gt 3,565
Vel sl MV og)ligisl s 358 =V seld gl ol 53 eolit
Pantoea 59— ed St S, CFU gty -A L
o> IV o, liud s 395 -V O4 49 agglomerans
Pseudomonas putida strain sl ¢ xSLCFU gty 5y .Y
w3 39S -V Pantoea agglomerans strain Ps 4 P13
Pseudomonas (sla ¢ :SL CFU gV 1 VY (gl TV gLk
Pseudomonas vancouverensis 4 koreensis strain Sis
CFU g y-" 5 VY (ggls Vyg,bgdlgus (w395 g Strain Sio
Thiobacillus strain T, 5,555 sasSauS! slag St
o 59ld Can; &8 55 5l 03litnl 3)50 (tan (gladgS 0539, Tos
SlrpS Ve Cand g Jlopd Jhg)ds (s (sbo3gS Nad ans
9 Bl 1 8 (s sladgS b5 1,3 ool )90 S S
loyds IS el sl b el ) b suhyob pouditne (2551 19
LS o slildn g asn) (g5ed edaw 5 15k ) wle 1)
A BB Ol i o )3 1) (365 3l iy G s
ol S50 sl bss 6355 Jsbe 0958 Blo J| o 5 Jo
oled b odgad bles gy g ol o)y (9) (L] gy

1- Azeto BARVAR. 1
2- Phosphate BARVAR. 2
3- Pota BARVAR. 2

ang L pule wd g Suwd oz Jold i agd lles

ploml (el); cd)b a> ay uej Coghy ) g (o) bl
0y Cudd Jold g mipoyie b dlal b placs S ol jd )8
5 oS balad s Juolsd &S sl (5 & p3Y 0 sl cuis
WSho L g )iSa 13 p )56l can liseds olo diawl B35l 4o byl
WDad eSS S gyt Sl S Bas j0 g mipe o ) digs Al
9me 5 LS g el o 5135 51 55l polsioe,
oo 39 5 438,555 35 yto 53 nSsl (3 el g o il 0
g oS edl (iSaile Jud 5l plend dlgo 455zmn 5l (iagh v
29 Cugs 93 50 55 iy slacale bojile s g oS oolatul ..

Cépdy O)go (G

$usS slalasi
Voo dols S Ltalafl mls Lol slonss oS
Pt 45 pIB 53 (13955 395 5l pgw SG) 09l JLS 53 p)SlsS
ma Sl am (i 355 0uila Bl pow 93 9 A5 03> (e &
W 4 zamje (2S5 5l S U ddsyo 93 30 S o Ojguo
ol S g Syt S5 lid g S 53 p 5ok
P sS B 5 CBl luy ©ypod )8 13 p)SolS B Cldlg



VAN L LolS il (S g oS 5,5 des dgagg ooy g 3 yeilga

gl i )3 39 e Ll TPP o5 s P-O-P o litods
b ponks (lapuils B dn (i il (lighS aasle oSy
Sy s TPP= 350 LS oy o s 45 simd s (i
&S 298 oyl 02=Y+ dg0s 10 XRD (563l jo 598" duasuiie
2 e (WD S5 dmd e Lt ) (oS Jliwn )85 l3 L
b bl Sg (ooye Jlail Sl e (ligiS (Jla S S
1 @y S o D95 o0 ol 025V slod 1 ] daseiie Sy
ol )y S iS5 XRD (65 S 5 0¥V
L oligis @l maw ulibesy) casl B)gel (sloy Sl
sin30l o 6,5 8 allan e sty i) s Koo
5950 S aon (1 JS5) el 535 i i
L1y oscicdys 55,5 g Slyssls 10 JS5 TEM) (g0

)5 2ol 2ogilb Yoo dgas jlad o3l

eSS 5l
al> po ol Lisbols ol 15 093 93 ) (oSS ()L
s Lol (gload (6ol s b T 23GME dlyo 5 ¥ a3 S
)0 4.4_39]0) )]J_?u mrl.‘.ofe LS)L“"] JLl DLS )L) d)y90 u] umi) Lgl)J
e M 15 350 (slnadad )3 a0 e b s 3 S
Sosliil L ol polio s sl by obgy 51235
Jlasl 3 595 99 (oSS oLl 5l o )3 it oty 0
3 o 934208 381 inlefl glac S5l SB (sladiges ()]
a0 Vo0 clad b ol o el YF Godo 4 5 (459 (s S0l
L bl o plieo o 20,5 02358 g 9 St 1,5 bes

J(Katerji et al., 2008) . apol>e Y ales 3| salitu!
Ig=[(0fc-0)xpxD x Ax100)]/IE o)
S cogby oljae Ofc (S y0) (6ybol L :1g o]y oS
Ad) Bos D (oS yio p p)SohS) SB (5 alb (ogase )
A5 55 oyl ety HE g (aope ye) )8 Coluns A i

3- BBCH stage 64: Full flowering (approximately 50%
of flowers open)

4- BBCH stage 71: Beginning of pod development (first
pods have reached their final size)
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Fig. 1- Characterization of chitosan and chitosan nanoparticles: FT-IR (a), XRD (b), SEM (c), and TEM (d) spectra/images.

Instruments ) g b9, olKiwd 3l Kdgs juuw ols LS, o«
—iolojl Ay o 4> b edlazwl (SPAD-502, Osaka, Japan
0l (S0l Sy g9y dlads Vo g bl oud @l o3l sla Sy

23,5 dslxe dnlg ya gl )] ke

a9 g,lS g Jad g S (5 yuSe i
gyt Likels (lacS 53 35290 4 3559)8 9 Jidg)lS
o9baie iy A3 asuie (Lichtenthaler, 1987) kuzs
il o Vo b o ela J3b 0 S Sje p)S e Voo
458> Vo Sde 4y g s 03,5 sdle gt duopd Ar gt
b lBgh Jsloxe woes L0 oy yiles aBBS ) y93 Fovv 5
5 bl e g as ol ;) Lo YO 4 do 3 Ar (gl

Q=+ "

)')“."—*S‘):"’Wﬁ‘?j (D e Yo :t5V¢Q ‘U] 5 LY
oM Sl e o) ©de g S le ey Byl o Al
OB 0yl dlass 4 Sl s da g b ol oo 4l sy )1
S e oy (9390 Ol (3 el § O 0 )3 S50
3390 )bl o2 4 sy Sl Sl 2090 o bl oo St
935 dple ¥ absles 325k 5l 08 gl Sl
FEENTRN PSS

i dypa ooy = Y
S e lay -
Sy gk e ephal alad X gagp5 ) 0 (¥)

Jad g ls pad it (5 S ylul
- olKim g bl | LS Jibo)lS pasls (g pSojlul pglates,



VAY L LokolS ailo (S g (oS 0,5 das dgagg ooy g 3 yeilga

o290 Sladiy (w9 Bl landls S plyied 08 el
Hladls (ylog g (255 om > Sl o 9 Sl @y yie So
S )3 2,5 0hS s p ails 3,Shae ol 5l gl 2S5 08

029, glA
agei Sl )5 0 dLdlS oy )3 39290 (29 El PRl Hglated,
YOr ol & goid g JolS gty Ol dlwgas Jlo » ()%
igos 0] 5 g 422,53 ISl clsisas 51 padsst il e
Gl Culid Cde 4 488d 40 590 V0 Coyu b g Jite Sl &
a0 las (oled 10 dadd VO e 4 diges e Wl S
ol el dlusgdy g9y Y cobdl 10 )8 Fauty yile ol 5 Sl
soatedny 45 Cowl S5 4 p5Y 005 plosl (gilulin 5 oud il
12,5 S5 )L s (M 59 005,53 oo i) JolS gl il

[(Amani Machiani et al., 2021)

Oy osdas g as o

J2lis | daaiges ioljl pladl )y 129) 20y el e
059y Ao dged adgl (59 Au gl (g 9 dsgel Ayl (g
P b o,Slas €9y 0, pond Cas opl posde AS Aol
(Mohtashami et al., 2020) 1,5,5 o €9, Ao yd

Oof 90 oo slanul alubis

-o.)Lni u.ul.w‘); L.».Lolf O’éﬁ) D 29390 oy dLD:J.u.u‘ LS’L“’L“’
b8 e o (FAME) yiwl Jute i & ygods diged (65l
o /Y L Lol () 51 9,5 /Y quid (gilooslel (gl
2 2S5y oy 2,5 VVIY) Jloys 5 KO Siis Joons
L s 5 03 Lol 135 5l oo VIO 5 (Jslio 2 oo Vo
OY 05 §eud paile 48D S e dy 4dBD 5D 490 YO+ Casyu
Sl OLS 5 WUl cas g gilohis Gge o ((daw) oYL
(Rezig et al., 2012) c.é,5 1,3 odliwl 350 oy

LlelS (29) 3 39250 2 ol GlS 5 Lol (gl
155 L Agilent 5977A Juce o35 3l Sgileg S olSz
HP- (50 5 (GC-MS) o (ortuscivhs 4 00 o 1,
b o Y ooty S sl Jeto S8 305 2 SMS

Job > i (i Ly yagidg Sl olSiws bawgs A5955)8

O (s 1 i

Olalad Lol ((lacS (o Cagb) lgioee (s Cu
Sy Beyb 09> (Bluo 93 w5 (g w3l o S
slod > el Ve o 4 lags i i8S 5158 oo Ol (glgime
WS 2 (19 g 588 0303 13 ()b )3 9 31, (Bl a2 ) e
sl Sged a6 S0l widg ol il clls oy &S
A 0ald 1,8 el YF o @y 0l )S 5l a0 Vo glod 0 Sy
(o Slgiome Colg )3 9 10,8 (s pSoilul Sts 39 o 5l e g
(Levitt, 1980) 15,5 dulxs ¥ alslas 5l 3lizl b IS,

. y FW-DW
RWC (':.'«-:-} = TW—_Dw

x 100 (%)

Al oo 04 pygie Sy (i

waullsu( lle () giae liaius

S p ol el il p)S /Y aadliiopgle clalé (s ca
5 byl V3o o 8 Sland i i) Lo ez olyan 4 Ll
WWerr j90 90, 5 ol asyy jlas (slod o dads Ve Gio o
3 e MY L odg) sl o )las yid oo +/¥ .55 Saaty yls
o o\ SIS 555 el Jol) i STy Jy loxe
plo> 13 42> A0 (slod )3 g bglsee (303 Vol Sgu)bgss
any GhiSly B pslatedy g o3l )l 4B ¥ Bdo 4y S O
Odo dy oid g bgloes .ud 03l 48 7 plos o 4z by Ve o
P A O e 9 4355 Jonda il Ve e o3 L adBs Ve
Gy Al g ppglle e 5 gy Sojll gl OYY gse Jobo
Heath & Packer, ) i 5,55 oL 5 159 py5 3= Jgesl
(1968

dala o Slac
it 53 pgd Jlo )3 g oloys w35LE 53 Jgl Jlo )5 sy
Slogt3 Sy an iy & Sloj g JolS' (St als yo 53 0loys

5 5)LS ey 90 il akaie pts b plosl widgy 08 4 sle



VFo B oyl Foylouds IA alx (6559l ol pg 4 pis VA

DAY s s (oSS ()bl g mad bl (5 1y Ol s (glgimo
byly s o ool yoogde by il aalds & Cauws doyd AV/Y 4
LS Ut oo 355 30,3 B0 il o a5 (5
VY i ]y o (o lgime (g Sldgl+ 0y S pome
o lons 355 a5l 3, LS L duslie )0 o pd YE/A 9 VF/Y
aS oy ol iali8l ligns gl g ady Syoe lags S
) O s (glgimmo o audli Hlow ppods 3l o3litl o bl )
LS (6lyail 58" &y Cans dojd YF/Y 5 2YIY 8F/F i pay
2l e Canidg an Ol lgiome (Y JS2) o gl
b Slg=zme )l o)Ll (25 ks )3 ohaga (LS sla sl
438,515 50 ol Ol Cumd | et pa3ls lgisdy Sy
G e 9ol basgs ondode Ol i Joles il &5 35500
Sy Ol oms lgime LialS (Wasaya et al., 2021) col of
ek 5 Ay by O Gla (ials 4 @3 lulyd 5o LS
1 (Shemi et al., 2021) 555 0 031> Comd §ys5 il ;8!
Ol Joaily (LS b oS b o prals SB Ol Jeasly o Sis
S 5 by sbyl g ol s @05 Lis ol oalS SB
0l (ol s S gils b1 (390 o sl 11 laay) &
g0, SaS oo Cugloy Lai> &y (¢ sl porlaid g5k i
Al-Yasi et al., ) as s ales oo olS 05y S 4 B3,k (]
9 e paly plal g (S clals ony cpl (b > (2020
e aial (slodl pdss Lacdglio (55 55 9 JisSTy o
L e e g e ORI Jgwsio > liding: S g
aald) g s YU pxdaws 5> Joho bl jLid ¢ ¢ joml Jomsly Jolss
Liao et al., ) a5 aales ok ISl oS SGjgle jud slacalled
Aslani et ) oLKes 5 Mol (ingh opl mbs b ;5 .(2022
o byl s cov Ol s (glgime a5 100,87 5155 (al., 2023
ol a4l )0 eddabul (sheml ol pae Jdoay Sis
SlaeSL+ sload 355 2oy B aadlh jlog 25 .8l
9 52 3 |y ol s (glyome (oS 3L + 4y S pome
o3lil 45 oy oo Ha5 4 AdiSo 3900 eSS (65l g 2 bl
+ by Sy slag L+ alend 395 03 04 les ||
Slachims S (don «giol el goos b ljgs” gl
ol U5 3o 9 plS alls) (Sgn @5 9 5yl Lot
o oo Loogs o (60055 by s5s00 42 s )} g i

dyg0 yingySuo /YD CILs odlo Cuolbs g yio Lo +/VO 51
~pL ol 1 bS5 (gl (gl (pizmen 285 )15 oolat]
VF-5MS 91 g FID (clalas ol juigs o) 551 b odson s
I oole Cuolis g yio dio /YD A3 jlad (o Ve Joboay
4 Loy sl e ygl olod (630,40l 55 b odlitul yiog,Suo +/B-
—d e A (6500a55 0,8 il da VWY 0 dddy S e
U ccdl Giolidl aads yol)S lw a0 jles sy b bod gy
Lod (ysl )0 48D 43 o dy g oy D)3 Gl a jd V8 glod 4
Al o gl oy b ol 5B lgieds poda o (510455
i JUaSl s g 3)55 dlaiome (slod 35 oolital 4dBs
Al jo oy dbisee b wadais 0,5 b ds 3 YAL o Y5 g0,
Amani Machiani et ) 35 oa eadais (Vi pansdl Conass) oty
FAME L, 5. 5 Chemstation ,l5-8le 5 «oslys 5o (al., 202
Supelco 37 Component FAME Mix Bellefonte, PA,
8 odlatl 3)50 SluS 5 ololid Caa (1558 (lyieas USA
5 S S5l il Uy (2, S 5 8 (o5 285
(Rezig et al., 2012) 1> )3 pbsl S 5 pdaw Covluno dlne

&bl 31

=03 LS po uilylg 355 dmosls dgr Jloy l lelsl 51 a
Excel )ljbls 5 L Lo lsg05 sy g 2 plol /Y a5usSAS gLl
O9_n)‘] il oalawl b laodly 80k duslio (pisted Cdply oo
el aoyd gy Jleis ! pdaw j3 (4SSl

o (s (51 gie
ele s ilel lulyd Jlise 3l 5 395 lio st Ly 5l
O s Slgime Sl gy o stme Of i Slgime 1 (5365
395 o)d B0 3,8 L (eSS (g )Ll g3 (1o yd YY/VE) Sy
S 9 ligS Chdgl 4 ady S e sl ySh+ obesd
395 3,3, 900 wod bl pd )3 Ol s (slgime (10> YF/AY)
o o d ¥ 1) O] s slgime ( oSS (65l] i oamlie
Aoy B (Ll jlowi 308 (pizren 1 (I3l > Lyl &
(igieS S+ ad) Sy slag S+ olerd 355



VA0 L LokolS ailo (S g (oS 5 ,5dos dgagg o)y g 3 y0ilga

(Khalilpour et al., 2021)

S Ol ol s do ol b (Sdplie (slacled Lais
S (Suid balpd 4 olS Cungliio dgug0 sl ot )3 9 035

C mCF "BF CS n50% CF +BF ©50% CF + CS nBF + CS m50% CF + BF + CS
~_— -
S 90
o’
= b b 2
£ 704 “a S oa LF e
= T 8 sy T f
e .
© h hi I 1
50 J I I ij
~— k =E
= I 1 1
E I I
EE 30 -
o
=
L
&~ 10 T 1
Supplemental irrigation Rainfed

Irrigation condition

6355 i gl 5 5yl sl b il Codi UlolS Sy F Loamnd lgione - ¥ S5
Fig. 2- Camelina RWC influenced by irrigation conditions and fertilizer sources.
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C: control, CF: chemical fertilizer, BF: growth promoting bacteria, CS: chitosan nanoparticles, 50% CF + BF: 50% chemical

fertilizer + growth promoting bacteria, 50% CF + CS: 50% chemical fertilizer + chitosan nanoparticles, BF + CS: growth promoting
bacteria + chitosan nanoparticles, 50% CF + BF + CS: 50% chemical fertilizer + growth promoting bacteria + chitosan nanoparticles.
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Fig. 3- Camelina SPAD index influenced by irrigation conditions and fertilizer sources.
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G5 255 Byme pie jle 40 (5 0jg p5 2 P ee VITY)
Syomo gl iSh+ olowd 365 Joyd 0+ bl jloy sy
pis Ly acmlie 1)@ Jdg IS lyime (ligs” gl + i)
Jess 5l ool piomem > ial58] Joy VIF/AY w68 B yuae
YN o YUY &4V cospaslya Juds ks glaioes joS o auals
Jeaa) ol Liuli 8l laogS 51 G o ailSlas 55)8" 4y Coas do

S g8 slae puSh
s badh Luloll 235,89 b Lido)lS' @ 8IS (slgie
oYl )3 15 6365 mlle g cutS Lylys alle w5
N oS L (5 Gig o5 2 pS ke ONNV) @ Lidg)lS (slgiea
+ad) Syome Gla S L+ olherd 555 w0 ) e (Al
A JdgylS (lie o yiaS S Il el casd 4y g’ ldsil



VAV L BoolS ailo (S g (oS 0,5 o dgaga o)y g 3 yoilga

Sy sLaosSS) (Jdg)lS srwgn jlae 4wl )3 g (jjans]
9 JudgylS lgims ( Jcpll (Yang et al., 2023) wily o yials
+ slrond 395 40y B (8l jla 3) b LelS” ) A5554)18
4o g bl dge jgiS Il + by S poe las L
S g mdygm e S2) i 93 5l dn)lS J3SUge 4 S
3 oedrgm ol oad JSi (Jgid dllin b sk (n)S9)0n
Dl S8 ol & ygod & (e o> Jom il )lez
e (9= S Jdg)lS Jge 008 JolS sl o JuSuts
A3 e ST LSt cadls 3 50 50 (k0 ol ke b &S cul
03355 ol e s dols' JsSlse s (Mao et al., 2020)
Ol L b9yl lgimme Csto (Stunod 4 a5 b g 28l e
3,5 ol ol oo (Ostadi et al., 2022) olS o ytwd )3 59,50
aon | 23S Slge in 2aliBl gt 5 baylo el 3,8 L oS
(53m J Esl 03,5 1y G5 81 LIS g oo 35
5 ot 3l 3 s a3l (6ol qoamiliy i S0
O paoly (Sl BB (p Fare Sl (2 9 03,5 JUb ) tuogid
L «oycelsl (Munsif et al., 2022) wsb o jwgd 55 ol oalS
oS aly L2l ATP g Jlenl el ) by e Lil3il
O 4y 933, (oo g | Juol> dlge JUI 5 @ el o
P Jpae (s iugd (loopSS) slyone gm0 3 Wl oo S
Sy gla 68U o opl b (Nawaz et al., 2023) s #8l,
oo dy (w3 dgu Gl 5l 1) 23959) 9 J89)lS" ljee i)
Abd-Elkader et al., ) aslosls [isl58] puwlty alos 5l sdse
dsde Ol pingin ml @l L gillae ol pogdle (2022
P S g (Lroi Sy Sl 9t 3 (ligiS 9l
5 p990 olylas Lwly ol o aS oud ooy Ly Ciligiss
aS 4,8 535 (Attaran Dowom et al., 2022) LS
il | oSl Sl codlad (olisn8 ly3ail 5l oslizl
ol oBleie g3 o 5 acSeS S (5 1) ROS aois ) oS sl
0L 3 @i g LS |y itiwgd laalsSs) 40

Sl ) b, IS

saalis0 3lle
196365 wlie s balys g1 a8 cul o 5 S s
.\_A.m.\ﬂdb"”ll_n d‘?—t"-" = 80sS e‘.bo 5 d)l.,..ﬂ Ja.:]).w Jlazo

bl 4 G w3 Lalyd 3@ Jido)lS (lgime gl pogdle (0
P A S35yl o bl B )3 S gy bay bl il (eSS
[F JS3) 39 505 FIY o5 (5l b 4l

OS5 9 (5 Qs 05 £ e VIAY) (o yidar iome
L e pan b Jdg)ls loimms (15 0jg 5 2 p )5 e VIPY)
gl + by Syme g iSh+ alend 355 1o)d B 58
sboslosd (2l 3L b ol 368 Bpae pas 5 jgnS
o3 WY/A D Jdg)lS clgme wals b awslio ,5 iles]
lome ialojl lijlog (il 5,8 pian b ol
Lo 8L (olond 345 dlflin 5,8 @ cud ) b g IS
S AYIVY DAIYE s idsy lienS aldgls 5 ollS by S yme
oIS (clgioms il proodle (B Jgie) s I3l 1oy Vo/¥0
0ialS (oSS 6)Ll L duliie 55 20 )3 VITY 5 Laulyis 13 b
0 Js) <l

L (55 0g p5 2 PS5 Gl VVB) 23559)8" slgiome (o piiin
P 2 e)S Sl IVA) 258 g el s 4y lo Bl )8
(el 03latsl .y 3l 368 B o s Jlod 4 55 ol (5 i
P d Coad Ao WWN/OY 1) 155558 (sl dlalogs
lajlos 28l 2)LS (Ko By bl by iolidl 565 (8 puas
colbons 365 aBlan 5,18 4 o |y AS959,l8 (clgime ¢ yiules]
V0% FUBY o s it 3l 5 45y S yoma (sl ST,
Glaizme 15 wd bl (Y Jaas) ol Liuli8l as 3 YE/AY
oo quud bylyd (0 &S (gy0bay by Lials ) LlolS” 54,8
355 iy LialS 0o )d MFF (LeS5 (o)l b auolie )5 1545418
{7 Jsa)

Sly=e A8l oo (g 5igd AT, I orn <32 JidoylS
e siwgd L (S35 bLS) Glals bzl ) Jedg)ls
Tashakorizadeh et al., ) s)l> Jpame (6)50 00 5 214& polic
16l Lol 5 3 (g gt (sloo w5,y slyiona ,inlS (2022
$9) S CogralionSTy SRl 8L ey ol (S Jaomo
wlyg IS dy o 4y yonie oS Ml ROS oot donas )0 alie

d9-dise J89)lS lajlw i < B9 9 syl clld ials
sl Hlebsl o Saimgy diwly opl ,> (Bukhari et al., 2021)
Sty 58 usdyg)IS sl & ol Jdoay (St o &8
JLd Lo JWeoly ialidl 51 Jedo)lS” ommlinnsT g Jidg )18



VFo B oyl Foylosds IA alx (6559l ol pg 4 pii Y 4A

395 3oy B+ 3l odlawl (eSS (6yLl (5 ooyl yuogde L34
clale o lignS Cldpli 4 udy Syome Gl Sh+ olend
Sl GialS 55 9a0 L diamlie )3 o yd YA |y waadl oo glle
+ by Sy slas Sl (Al 3 ) (e baulyd )3 (ioren
Uil a8l 4 o 2o Yo 1y aaall e yglle ¢ l595S @l dgl

b

5550 FINY) spalleogglle lale iy 03,5 o e LlelS
el Csd ey 3557 iy g o bl 00 (5 039 25 2 Jse
slyizme (35 09 p5 3= Jo—e 93-S0 YIEY) (2505 &5 Jlo o
leord 395 103 00 e b (eSS )bl cov salleogglle
lgize b sanlin ljenS @l deil + ady S e sl g SL+
eSS o)ll )y 20 )3 YWRT 05 byl 53 aadlloayglle

UalolS g9 )5 9 b Judg 5 < Jidg IS slgiome 2 (6395 oo @ilio 1Y Jgutr
Table 3- Effect of fertilizer sources on chlorophyll a, chlorophyll b and carotenoid content of camelina

&35 @l 2 syt .
Chlorophyll a (mg g* Chlorophyll b (mg g* Carotenoid (mg g*

Fertilizer sources

b Judg S5 Sigig,lS
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*“CL‘” 2.41g 1.61g 0.79f
o 355 3.53de 2.42de 1.17e
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) S sl St 3.46¢ 2.00f 1.31de
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OliguS wlydgl + Wi,

C: control, CF: chemical fertilizer, BF: growth promoting bacteria, CS: chitosan nanoparticles, 50% CF + BF: 50% chemical

fertilizer + growth promoting bacteria, 50% CF + CS: 50% chemical fertilizer + chitosan nanoparticles, BF + CS: growth promoting
bacteria + chitosan nanoparticles, 50% CF + BF + CS: 50% chemical fertilizer + growth promoting bacteria + chitosan nanoparticles.
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Fig. 4- Chlorophyll 2 content of camelina under different irrigation conditions.
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Fig. 6- Carotenoid content of camelina under different irrigation conditions.
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Fig. 7- Camelina malondialdehyde influenced by irrigation conditions and fertilizer sources.
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OliguS @lydgl + us,

C: control, CF: chemical fertilizer, BF: growth promoting bacteria, CS: chitosan nanoparticles, 50% CF + BF: 50% chemical

fertilizer + growth promoting bacteria, 50% CF + CS: 50% chemical fertilizer + chitosan nanoparticles, BF + CS: growth promoting
bacteria + chitosan nanoparticles, 50% CF + BF + CS: 50% chemical fertilizer + growth promoting bacteria + chitosan nanoparticles.
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Fig. 8- Camelina seed yield affected by irrigation conditions and fertilizer sources.
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C: control, CF: chemical fertilizer, BF: growth promoting bacteria, CS: chitosan nanoparticles, 50% CF + BF: 50% chemical

fertilizer + growth promoting bacteria, 50% CF + CS: 50% chemical fertilizer + chitosan nanoparticles, BF + CS: growth promoting
bacteria + chitosan nanoparticles, 50% CF + BF + CS: 50% chemical fertilizer + growth promoting bacteria + chitosan nanoparticles.
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Fig. 9- Camelina oil yield affected by irrigation conditions and fertilizer sources.
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C: control, CF: chemical fertilizer, BF: growth promoting bacteria, CS: chitosan nanoparticles, 50% CF + BF: 50% chemical

fertilizer + growth promoting bacteria, 50% CF + CS: 50% chemical fertilizer + chitosan nanoparticles, BF + CS: growth promoting
bacteria + chitosan nanoparticles, 50% CF + BF + CS: 50% chemical fertilizer + growth promoting bacteria + chitosan nanoparticles.
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Introduction

Wheat (Triticum aestivum L.)is a strategic crop for Iran's food security, but in tropical regions like
Khuzestan, terminal heat stress severely limits its production. A sequential double-cropping system (summer-
winter) has been proposed to maximize land use efficiency. In this system, the first crop is sown in late summer
(September-October), and the second crop is sown immediately after harvest in winter (January-February). The
summer crop faces high soil temperature at germination but benefits from rapid early growth, while the winter
crop encounters cold stress at early stages followed by terminal heat stress during grain filling. Therefore, the
success of this system depends on selecting suitable cultivars and optimal sowing dates to manage temperature
stresses in both cycles.

Materials and Methods

This research was conducted over two cropping years (2022-2023 and 2023-2024) as a Randomized
Complete Block Design with a split-plot arrangement. The main factor included four sowing dates (September
11, September 21, October 1, and October 11), and the sub-factor included four wheat cultivars (Mehregan,
Chamran-2, Ayeeneh, and Sarang). Winter cropping was performed immediately after the summer harvest on
four corresponding sowing dates: January 15, January 20, January 30, and February 4. Physiological indices
including leaf area index (LAI), total dry weight (TDW), crop growth rate (CGR), net assimilation rate (NAR),
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and leaf area duration (LAD) were measured, and grain yield was determined for both cropping cycles. Data
from both years were combined and subjected to analysis of variance, and mean comparisons were performed
using an appropriate statistical test.

Results and Discussion

The results showed that sowing date, cultivar, and their interaction significantly affected all physiological
traits and grain yield. The highest total dry weight (795 g m?) and crop growth rate (15.74 g m2. day?) were
observed in the sowing date October 1/January 30 with the Chamran-2 cultivar. The highest net assimilation rate
(16.18 g m2 day?) was also obtained in the same treatment. This superiority can be attributed to the favorable
synchronization of the rapid growth phase with moderate temperatures in autumn and early spring, as well as the
longer growth duration (135 days) and better heat tolerance of the Chamran-2 cultivar. However, the Mehregan
cultivar sown on October 11/February 4 showed a different performance pattern. Despite having moderate or
even low values in some physiological indices such as CGR and NAR, it exhibited the highest leaf area index
(4.30), the highest leaf area duration (24.55 days), and consequently the highest mean grain yield (1408 kg ha)
compared to other treatments. The superiority of Mehregan can be explained by its high leaf area duration, which
reflects sustained photosynthetic activity over a longer period, and its specific adaptation to water-limited and
saline conditions, enabling it to maintain green leaf area even under late sowing dates. In contrast, Chamran-2
and Sarang cultivars, despite their superiority in instantaneous physiological indices (CGR and NAR) at specific
sowing dates (especially October 1/January 30), showed lower final yields. This was primarily due to their
significantly reduced leaf area index (3.96-3.98) and leaf area duration (17.75-19.75 days), indicating greater
susceptibility to terminal heat stress and accelerated leaf senescence during the reproductive stages.

Conclusion

Overall, the success of the sequential cropping system in tropical regions depends on selecting tolerant
cultivars and optimal sowing dates. Leaf area index and leaf area duration play a more critical role in final yield
compared to other physiological indices. The Mehregan cultivar, sown on October 11/February 4, is
recommended for this system. Furthermore, these results can serve as a practical guideline for farmers and
agricultural managers in Khuzestan and similar warm regions to improve land-use efficiency and achieve
sustainable wheat production through double-cropping systems.

Keywords: Crop growth rate, Crop management, Leaf area index, Sowing date
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Table 1- Some physical and chemical characteristics of the experimental farm soil

S e LB ool s LB aud el U”’s 0595 Syl
Textu‘r o (mg Available potassium  Available phosphorus (mg 8;?;2::: Total nitrogen ~ PH S S
kg-l) kg-l) (%) (%) EC (dS m_]_)
) o9
Clay 218.00 10.40 0.76 0.04 7.83 3.91
loam

3990 ke yd Syl g allrle (glod (Wl Yo ) rsosils pSibuo - Jgua
Table 2- Long-term (20-years) monthly average temperature and rainfall in the Shavor region
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Table 3- Characteristics of wheat cultivars used in the experiment

: Sy 09
) Wik Growth ko SS9
Cultivar Origin duration Important characteristics
(days) _
5 s g 5 ¢l o dumse 298 g SS9 e85 llyd )0 Slee gt s (g)luk
Sl s 130 Relatively stable yield under the hot and dry conditions of the
Sarang  Seed and Plant Improvement country’s south
Institute
Ao g Gl jo> Oliios 3 50

Y oy )J; 9 Ju a0 5 CM‘”;]"(‘:“*"’” b ol (Sits g alo)S (15 & Jood ((Sal) ooy 4 Cunglis

Chamran- ~ Khuzestan Research Center 135 Resistance to lodging, and tolerance to heat stress and late-season
2 and Seed and Plant drought
Improvement Institute
ol 5k 5,Slas (S sblie sly Collas LIl CouiS Y Lages (5,55l
5 I 45 5 ool i duse oltile S5 g53) lul B clo)S el )l s (slag il
] S 125 H_igh gen?jral al;jlapt@blidligy,_de_sirabdleI baclfing quali;‘y for tr_opical "

Aveeneh regions, and stable yield in irrigated lands across the provinces o

Y Seed and F:Iarptlrpprovement Khuzestan, Fars, Lorestan, Kerman, Razavi Khorasan, and

nstitute Kermanshah

cBxe oliile)S lados 38 0 125 Sk g5 < Cadgicme bylyd (gl adldnng

Mehregan Kermanshah Research Center Developed for water-limited conditions and soil salinity

WS ol g JolS (S (loj 3 &l 3o (s g

L) @S s st prdaw jl cdiasy doyd VY=V 0 g o aiby gl
I o b sy Jgmame @y yio 9 Jolao (40l 31 Sl
s 5y Sl 5 (355 s (Aol 008 L 5 (oS ot
o a3Ld (s lp 35 delone @ipeie 3 £S5 cus
S patges dig Ve )5 b jlealin oS el als e )3 S
9ol LS s 5) (o by Sl 02l b Sy a3
35 Ao (L7 ()9 &) aw G dgwlone 9 A4 JE (g9,
g 2 J5 S o el S e (a3 LS el
(Koocheki & Sarmadnia, 2013) 15,5 ‘yuss 0 Jladsl (yuo;
sy A po 93 )3 (g paiges & ol 5SS g S s
IS s34l o5 (05535 ok > T+ ) 5, 28l o)
y2 5l adpo 3 b el (S 93l lide 3 08 85 alies
a8l d sl 5l e )5 Gl dolas jobody dig Vo )S
s (el 5 Bl o5y o) oo (slnpla] 4 5 25 ood
Sl A VY clod b oyl po cel FA e 4y landiges 03,5
93l edlial L Lol s (59 g 9 508 St 018
Koocheki & )a 5,8 i pypS o) ey Ly Jlowows
0Als Gl Cepu § Jgame AS) e s (Sarmadnia, 2013

1 - Total dry weight, TDW
2 - Crop growth rate, CGR

VO Gos 0 )5 gl b pss Jols e (s looslel
S g4) olo 2oy VO Shww Saad Cugs 93 5 (650 Bl Yo
s sl 5 Jod i pbl (el gl sl 51 U ole
Py S lded 455955 395 g ol ©jg0h dwly g 0jdud
elors (LadgS Grno )5 bolswe S 5wl 258 ylgica
2 paS eitS (i Jghto aog s S g0l b el
039 PSS Ve Polee (1908 Bpae il a5 plosl adlate
0+) Sy 93 50 byl Gysiods oS 00l puie jl S > 2B
355 Olyedn b0 B 5 el 8 Al 358 plgisdr Loy
yiwd By ana lade .00 G pas ([ 3aBlu el dls o )3 Sy
Leles a8 5 Oliad g aste 51 )68 53 p,SokS Ar Joleo
Gy Joie A 6Ll S & sl 5l b aply 568 lgisa,
llos &S ©lifgus sl i 51U )3 2S5k Ve Jolos ol
Sod gyt CuBl 0)S Bpae CullS I L b 355 plgisas
plosl apepio 3y Frv o815 g plo il Ve bglad alolb L 4
cilS ) pum Aol Jgl ¢yl [(Jafari et al., 2021) s
ailais Gy g (3 oboly i syl 5 €855 @50
o b 1 Baes 50 Gladile b ojle 3 plowl (55 g
L el (Sl 68 gn cady Juad Jobo ) byl oo o
055 o Sliles 4 il 11 g 05 oaalie sage )lo

D95



YV puss o8yl 0 Shos g (SO 5ol 3 Gl o]y Ko 9 2 Y g0

Sy a pasiS ecials o b a8 cul oad (5155 ol gunos
03lo Yo e EalS 4 oo ¢ et (slol slo)S (55 apalee
ol ol yuizmen J(Asseng et al., 2015) s 0 IS Siis
Sis oole ‘;.a_wl.bo cosls du@)b D =D plé)‘ &S cl
Slafer & ) aus o cilil uyag5 plB,l a0 Cuud (5 i
o3l ul—”“" L’)L} P.L‘f S92 )ip el 2 .(Rawson, 1994
L gy cils gu,ls as cuwl s )by (Fischer, 2011) >4
Sadras & Calderini, ) sjLuw o Sow |y Sid o3l JJg5 g
u)l3S 30 (Farooq et al.,, 2014) -, Sen 5 59,5 .(2015
S ols cils myls e ly caslie 18, bl a8 wiles S
Lisles 5 St o3l oo ialidl (slpm (oS ot o S,
Gl 3,

CslS )b 51 aiss ol o (LAI S g o (2L
9 o)) gy daw 50 Al S j0 08 il sy K maw jo
x cedls g, oliie 1 g doyn S pdaw 50 diline; culS
0l o i (S 90 (1Sbe )3 L (F Joda) 09y jld gize doyd
OS5 e o8y (ot V0 9 00 VA Bl )b @0 by Sy e
Joda) o sdalie (YAA) Y e o (Y/AF) 8 00 pBB) pape
@l dxg ($y5h g (IS bulyd sl &S B e o5, (0
i ol Sl bais g 5,8 (glady ) e (52l b Yleas
o 50 (oyete VO g o0 V) i cldlS Fu b o Gl auiles
M5, (Farooq et al., 2014) 4 Lais 1, YL ts Sy
sl o ol o eled o i Cﬁ] L (d..'slb LY u.m.\.lf)
9y 5 0)93 503)5 )18 i slo)S ) resi BB oo 4
OB ke v8) (ipen ol 418D 50l Cgllan glod )3 55 S5k
ook Vg e A CuslS oyl p0 s Ol i bl ol oS
A sl Zoyb po bl ool )l (g pcams (ST (SmMe Loyl ps)
JLd 1y 395 Jood Slapusile (510005 Ll 1) cyote 10 5 4
(Fischer, 2011) cusl 03505 Lags (5 5V S prdaw 5 03,5

adsye 93 o VU Y ladadslee jloslitwl L TSy s plga
olej alis Jal8" 50l 9 T1 gloj (538 4Bl (sl ol (g0,
; Hunt., Koocheki & Sarmadnia, 2013) 155 4 wl>eT>

(1978

CGR = (W2 - W1)/[A x (T> - T1)] (V) dokes
NAR = CGR/ LAI (¥) dokes
LAD = [(LAL + LAL) /2] x (T2 - T1) (¥) dokes

s Tr e (gye so) oo paiges ol A To g T Jole 3 (250
Sloioils 0 Sy aw (adls Sbe (LAl 9 T2 9 T1 Jolye
bl oo 5l 3)90

VEY1Fe)) oo elys Jlo 93 3 aodls (oyglaes 5 o
dJlMM) ‘d.:L.wLa cuss Lg‘)J uffo wb)‘s 4 3 ‘(\\L'Y‘—\\L'Y 9
) PL?LB] e IS v W L PRIV Y dl).g Ced g
o o 5SS slaaly L ‘_’Jg,oﬂ 1 edlatnl b a1, Ske dunwldo
L coslol gladjo als .05 )3 aloal (p< 0.05) aoyd gy Jleis|
b pdy Oy Y dows SAS lisle 5 5l eolawl

aS ol lis uibyly s ol ((TDW) JS Suis adlo

o) X cabls Fo,b blite 3l g o8y ol Sl cislS b Lol il
o 50 Gl g Sl coiS g0y by S Sid ooy
(S 9 (1 Slee 50 (Y Jodn) da Jby ixe doyd S o]
e b ot Vo9 ye 8l )6 Y plyea o8 oS 5
.))—{J\—J?JI)JJMO)LA Oy é:).o).m).:{:)f Yao/\y
il o8y 4 bgye CuiS 93 (uS0le )3 5 e (a8 (0 Jo2)
By 31 pyS OYAND Hlade b (60 YO /yg0 o Vo S 7o, 4o
Vo g yhe Al Z,b LY les o8y cuS i (65 b odalie
Judodny (zaye oy p55 YAD/IY) s o3l oo ) pate
olhae (alod Lulyd b o8y cnl (ol g (slag) 45) 0)93 (Kialon
oy J1i153 5 Joh ciS 3 Gl gloyS ol b J315 pac)
Caxs S ool ¢ bldo pd bl oo (ped S oyl Ay
9 ok Sloy (2 yne > Alino) CdiS > (g A5y J>lye
ol L ailianli €utS )3 (odagy A8y Jolpe S35 (primen 5 didsl
Poimine U eyl sbassl 3l o o0 sbo)S

1 - Net assimation rate, NAR
2 - Leaf area duration, LAD



YY-

goa]

329U (owls por &y

o VA Al

Lol (Yo

Vb o

s 6 g2 D oo o e B0 6 7R cComr rgy 7K e

“JUBDIJIUTIS-UOU :SU (A[9ANDASAT ‘S[OAI] 9/4G PUR 0/ 18 JUBDIJIUTIS :y PUR 4

8¢°L 8€01 SL 8L €L'8 86°S €L 6201 9L (%) AD
€8°0 L0 101 #$00°0 ¥00°0 $00°0 6VIL'SPIT LSTSLI 78°579¢ Y w7 5= ¢7I0u10 301d qng
U £60°0 Suz0°0 SUHQ'0  SUPIE000 U 1000 #S9110°0  SU LSS8S8'88 SU6°LL SugO0l 6 AxLxA
#x €€°6 w169 #6601 # 91€0°0 #7070 SUCOTO'0 sk S69°0TSTT s 10°89S91  sex 6L°SYSIT 6 AxL
SuU90°0 SuZs0'0 SULO'0  SUZ8S900°0 Su 10070 + 826100 SUG091IS su10°Cl SU$E61 € AxA
#% 89°LI #x C8°€1 #x STTT %% 6FSE0°0 # €0°0 # THLYO'0  wx PSETEIPY 4 ICEPIVE  4x S9°6109S € ‘e¥(A) reAnIND
60T 8L'1 84 75000 10°0 $500°0 S6£5°0TLS 9T0L8Y 09659 1 =9 5= =77 1010 10d UrEN
Su g0 Su10°0 SULO'0  SU96P00°0 SU $00°0 Su 6187000 SUQET €91 Su 6T suglly € LxA
# 69'7T #% 9TTT w SL'TE #x €91°0 # S1°0 wx SLI0  #x OLSVLETY 4% €S°0SPIS sk PS'EI0ES € AR 972(1L) 91ep Suimos
++£9°6 #461°€1 #xS1°CI #+1€T0 #7120 ++8YT°0 #%L6'SLLOY +%86°018EH #%C6'LLOSS 14 () s> uoneordoy
su Iz’ SU €970 SU G6°'8 SU $700°0 SUu 2000 U €00°0 SUGYL IT1T SUT'GE9T  SU66709L0T I [KOSELON
UBIA JIJUIAN Juwung UBdA JIJUIA J_uwung UBIA JIJUIA Jwung
Ars™? e aFee Frs*? fovn ey aFee A fowmer aFm w A°O'S
(19D) arex Yaoas doa) (1v7) xoput vaxe yeary (AA@L) 1y3m Lip [ero), R MR o |
L3 (o oxcob? v R K o e v o
yeaym jyo (V1

dyea Yymoas doad pue (1) xopul vdaae Jed] ‘(ML) 1YS19M AIp [€)0) U0 JeAD[ND pue djep Suimos [enpuanbas Jo 393J9 3y} J10J JIULLIEA JO SISA[BUR PIUIqUIO)) -p I[qB L
<ré 3- ol 6 e o o5 £ R gemm ok € (Y K oca v o (ALY T R Ko (V) € o Cor o (YD) s



e pudS o8yl 0 ;Slos 9 (SO 5ale b Gy () S02 9 (Y50

vy

*(9%S “159) S, uBOUN(]) JUSIIJIP A[JUBDLJIUSIS 10U 918 I9}}9] SWES AY) YIM SUBIUI ‘UWN]OD YOBA U] 4
# <€ 7l b oA (|9 < oy (s oS er (qies 0y)°

27872l 2q €811 p 8HTl e gt e (O¢t JOGIY 2 L1859 29 57°L09 271969 ueSaryo ¥ s°

99 6S°€1 q8¢TI qLySI 2961t 3P O1'Y qe 8Tt 99 L8°L69 q.L9°6€9 3P STHP9 Suereg ‘e

PO L9 11 P 1801 B LILI PLOY S¢op POQEHTH P 65665 ap $0°SSS P €L°LP9 Z-ueIwey )y b&BnIqs pus 1] 3240100

P2 111 3 €401 P 6LTI P2 11'¥ 32 80 eEcy P 16758 Jop OL'SES 3P 79959 [PUAAY [ AR Rigy Red

P $9°01 P86 PO I8°€] 296¢ yz6's Q6T P 98°9b< 3280405 2 14188 ueSoIgo ¥ 517

qacrvl q6LTl 29 08°t1 P8OY 390y qe 6T Y q$6'STL q.0L'959 9 06'88S Suereg Mo

e pLG] e Tehl P pSTI 286°¢ Ut6'E Iy e E1'S6L € p6TTL 2 66'88S Z-ueawey )04 0 Kmnusf pue | 1290150

PO BLI ap 0L 01 p gETl P60H 350% Py PSEE09  JOP 90°0SS 2 19'685 YouRaky [ L o

PO €Sl P2 68°01 p LTl PO IIY 3 L0p JOSI P 98°€6S P 69095 P 68°L59 ueSoIgo ¥ 517

9 £5°€l qe€TI 2q €L p1 eIy poq 81°t 99T 39 L1169 q98°7€9 P2 60°60L Sueres

2q L€ QLTI 29 £8°t1 2q81F PPOYIF  9PAETE 99 L9°00L qLy'9t9 3q 15°9%L -wenweyya<©, | 0T ATenuef pue |z jaquiaidos

2q 9¢°€] qLITI 2q 451 qITh PPYIP e STy 99 £S89 qpLT9 39 L8bSL YouLdAY (v cta Lt UL

PT601 P 086 aLp 1l PO IID 3 L0y 366'¢ P LL09S P 01°€0S 39 60°95L ueSoIgoy ¥ 5°

P2 9g 11 p €501 P 65T Qe 9Th Qe STy Iy PLOV6S  JOPTYIHS 59 80°09L Bueieg s>

P$9°01 P 186 29p 11 29 07t PISIY 510+ P 8T9bS J2.09°€08 q0z°S6L -ueaweyy(0y | S1ATEnUE[ pue | Jaquiaides

POS01 2956 Qg Qe 9T 29 07 JTy P SI'6€S 16806 +8 TE'L98 yauLaAy (> SR REEE gl o

:&OE h@a-—_\s hOEE——m —:«02 .-0«—:3 .-UEE—-W ENOE .—Q«-—m\s MOEE——W

i i feemy aFaer Hegh? ik T i R i fowmer aFer IeApn) d)ep SUIMOS
(;-Aep "L w 5) (YD) et Yamors doid (I1v'1) xapur eaae yeary (zwr 3) (MA.L) 1ysMm L1p [e)o], (e AR qeeo

lujwzﬁghﬁ 34«‘3%.&“0 ce v o

1eIYM Jo d)ea YpMoa3 doad pue xapur Baae Jed[ JYS1om AIp [8)0) U0 ABAI[ND PUE IJEP FUIMOS JO JIIJJI UOIILIIUI IY) Jo uosLieduiod UvdJA -G Jqe],

=6 o— oy gD | o R e € (g¥ K oo o

hﬂ.jﬂ«ﬁ%ﬁ%«lu«dwﬂ%iﬁnﬂﬁt



VFed (Ll Yo yloud AA alo> (55 59LS cwbls pgy 4y s YYY

&9 48 Sl onds 00 LS e ((Asseng et al., 2015)
A el S oy (g Ay doye Job 5o Loy gllas
J(Hatfield & Prueger, 2015) ¢l YU Jguame 4y s yuo
ol CBlS Gyl ol canlio b8y Gl a8 cunl ond AST
Ll 5 0y sy 2ol (gl (oS e 0l S
Zelo 4 o lis wllllas L(Fischer, 2011) cusl 5 ySles
| 43 o oVl L2l (o8 3blo )3 0 Bl) Sl S
(Slafer & Rawson, 1994) xS’ o w2l puiS (gl
5 8y S wuslS o, 1 ((NAR) Lalld Cds S g
CulS 93 5 pald Cla G p 08 x CBlS b blite
Joda) 250 )b e ko pd S et s 50 dibins g ailiunls
o by Al Gl Copu i (CulS 93 (1SSke 3 (P
= 2rS VAY ol pL8)] age Ve 5 e 4 S )0
D92 (595 ) @perie ;= pyS W) SOyl 5 (595 5> @i
&I VO /g s Vo el 2o, o alb Gls Csju o 508
s osalie (A« +) S5yl 5 (MAR) Y ()pen (ADYF) au] p5)
Asly p pals fiwgs ol 4 pals Gla copu (Y Jgie)
CJ)L: P ua.lb u.\_> Ce );\/L» )JbLmo ..))]b o)L:(sl t_?).g C.‘a.w
Sl 9V gz e8] sl g et Vo g e 8 S
o 55550 o 5 e ol YL (s3thgd (TS oaimag s
G ol 3 e Bl 5 el Jame alod Ly L oS s 3
oo plB)l pl (g itungid oK) i (Ml uomed g cudls
» oAl Co s (90 b < Jlie > a8l adlate bylys
oo 655515 st Ylan| (630 5 yo0 08 Yo culS gl
Cils gyl jo aSl de g b AT LAl o Fiuweid &5 ials

Lol eacs ud (oYU Sy s s L 45,51 ot V0 5 20 )4
YL sl ¥ 0lyez 08) (sl by S > palld Gl sy

dlgn ot cnl 3 5B DS 2 e Slsl ale)S A3

AU LSy g (a3ls JialS eyl B0 @l
o=l piels S o) citillas (i sio sla o) L sl jo
g be)S s b an plim s cllS lageb 0 ) pasls
(Asseng et al., 2015) 45,5 , €3 dugy Ay 050 A olisS
ey ccils I il ole)S i &S cuwl oids odly lis
Liu €1 ) 5930 e s ghaw (28 5 Sy (m oy el
Sy iy Sl b o8, Ol & ol o 15T (al., 2016
cliol CuslS oyl ite @l Wlgi e ¢ AT &) Caoglie 5 5V
(Thakur et al., 2010) s»> jials' |y Sy pdaw (2l 5
Sl eesls fo,b Lol 31 1(CGR) Jguasme iy s puw
Jsmaze 13 S 08 X S )b Jlite Sl o8, (Lol
e 2oy S Jloin] s )3 ailine) g bl iS55 2
Ay Gy i (S 93 (1SSl 3 (Y Jgin) 39 )0
Vol 08 bpete Ve g e 8 il )l 4 bgsye Jgaea
olen > Sl 08, 0T 5l g 9 (595 9 @ayesie 2 205 YOIV
Ay Gy (oS 92 (G9) 3 &pe e o5 VYY) )b
Vo /00) 4l pByI L (63 YO gy 0 Yo cudlS oyl 55 Jguaeo
55 o e o) A3 omlive (Vo /SE) Y en o (V/AY) 55 oo
Sy 1y Ady s g o oS ok Voo e A CldlS glagu,l po
e oLl (et Veg an & adlS G, (D Jgie) (1+/50)
slod) (e bl Ly oliS g poo 03 al>go (g ]) (Sl
0)9> LV glez o8y 1wl 03,5 wnl8 (o Rl g sl Jine
odhe oy oy ol il e ale)S Joos g (39 VYO) 5 Sk i)
2ob 50 el by sy o Jolie 3wl 00y 1) odlatul oy g
2 Led 535 omly Jdsan Slgie (20 gy 50 Ve S
35 4 53 9 (pgd S (el lianej) 5, 093 (el
10 5 0 18 S8 )b 5 ciren Bl Soelpsss sloan] g
Ay sy Lol s o oVl Sy g s ls 4 51 e
OEalS 0md Lt 48 390yt Vo e 1 Soml Jyae
o=l @l il e sled (l )3 S e 2ol 3 g 1K
Jools s b cov Jomme by cas iy 457 Jlai oyl 5l adllae
Bl Slesren (gaasio glaail L oyl )8 48, g cuils & )b
1 plSimdg) csls j) il ole)S i 45 cunl 0ad U3yl



e pudS o8yl 0 ;Slos 9 (SO 5ale b Gy () S02 9 (Y50

yyy

“JUBDIJIUBIS-UOU :SU iA[9A1109dSAI ‘S[OAJ] 94G PUR 9| 1B JUBDIJIUTIS iy PUR 4,
s 6 s el ool o€ e B 6 BR clome g S (-

6'¢ w6 LY 1€°9 ¢'8 S0'9 LO'6 18°8 6 (%) AD
$8°EEHT L0°L89€ €8'888% bL'1 €Ll 1L 86°0 8°0 &l 8t 2 s ¢="101d 101d qng
SU £1°206€ SU 96 19 SU [6°95TS SUGT'0 SU€Z0 SULZ0 SuZI0 SUL0°0 SuzI'0 6 AxLIxA
SUQG'OTION  sx STTOSOY SU §5'9089 wx SO'ST wx 91 wx 1891 «x 9L'6 wx 10'8 xx 18701 6 AxL
SU9L6LL SU S70°08S SU£81°06€1 suzo su €81°0 Su €70 su 10 SUH01°0 su1 € AxA
% €6°'886EE w0k 66'60LYT % 9E 18601 wx 6€T1 % €0°T1 xx 6L°01 wx L9 a5 TSS] xx 6781 € (A) TeAnn)
S'0EL6T 1 TPLS TOSLIT vL'l 60T $8'l 95°1 9’1l 111 z 7 572 (=1710113 Joid urey
SUSSPPEl U LI'606E SU1€°9€L9 SU G U SU9' Su9¢°0 SU €70 SU L0 € LxA
« €S'SSIST  wx TL'OSEOET s I'6LE66S sx T0E'FS x% £5°0S % SO'SS «x LO'LS «x T8'IS wx 1189 € AR ge2(1) arep Fuimos
«x€6'€0S09  %xCOTBLLIT  #xL8'610T61 #x95'8L +4STEL #x90°F8 w2 TH'8 asSP'] «a8EET v (1) 45> uopeoridoy
SUSLLTP06  SU9I'LGHT SU 86'66070€ Su [8°0 SuGL0 Su /80 su 9 Su P[] su €89 I "P(R) 18X
UBIA JIJUIA Jwung UBIA] JJUIA Jdwung UBIA JUIA Juung
. ) . ) L ) A'O'S
Hes¥O s fowmer s gy Mg {ommer arer FArsC {ommer armee aw o
PIRIX ureIn (@V'1) uopeInp eaie Jeor] (IVN) o3ed uonequisse JoN | © 197 S
Forsée qev b R K o w3 dr

ureas pue (V') UoneInp eare Jed| ‘(Y VN) el UODE[IWISSE JIU U0 JBAD[NI PUE d)ep SuImos [enuanbas Jo 323§Jd 3y) 10j dUBLIEA JO SISA[EUE PIUIqUIO)) -9 J[qE .

1e3YM JO PPIA

b - ot 6F e oL o | R g ok € (g9 K ooy T 1 (YN €619 R K o (@) € 7orste qee svd



YYy

govy

329U (owls por &y

o VA Al

Lawsls Yo

D o

"(%¢S 1591 s, uedUN(]) JUAIJJIP APUBDIIUTIS 10U DIB 1919 JWES Y} Y)IM SUBIW ‘UWN[OD YOS U] 4
# o &€ D A0 |9 < e e 7P enfer (s 0)

B OI'80b1 e [4'8PTI 9 8L°L9S1 B SSHT ©89°€T 4 €08l 43} 26 Uyl P209°11 ueSaIyo ¥ s
PITIPETL  TYP99SSOl  yPP LSTIFI  SJPP9SOT  USJAP 0T0T 38¢0¢C 29 40Tl 2 ¢¢l1 q66°€l Suereg o>

P 85°€0TI1 3 $7°686 SJp T6'LIYI 39161 y8L8l U LE8I apd 98°01 P32 $H°01 v 90LI Z-ueIwey)7s p A1eniqa{ pue || 1990100
P2 LR THTT  BJ0 €1°€€01 3p 09°0StH1 8J0 TH'0T U3yo LL61 8 950 850 L1°01 3J9p 296 P09 11 Youdaky v w6 g A
q78'9¢€1 Y L9688 ®L6°L8L1 YyTrLl 118791 e TH'ST MY P989°01 Y3y 16'6 ueSaaya|N ¥ s
99 66°00€1 311666 4682091 8)SL61 ys €161 3Jp TSI qQLIEl qQteTl 2 €LTI Suereg Mo
P2 TL99T1 Yy €€°206 q01°1€91 USLLL LEILT 3¥1°0T e81°9[ LRI p 6T 11 Z-ueawey)7s 0€ Arenuef pue [ 190100
99 LI10€1 3158001 q9L°¢681 3) €661 U3j 6261 3R 9012 PIG601 P2 0€°01 3pp Lol Youdaky [ A Gy B
PO THPITI 390 66'1€01 P2 LE00S1 3 €T0T U3y 65°61 30 16°0T P 61701 3P €7°01 PP YT ueSaaydN ¥ 9?
POTL09TI  PAAIFOEIT  USR 10T16€1  POQETT P29 €9°1¢C P29 S0°€T PG P2 +$°01 PO €811 Suereg M'e>

POSETTI  JPI6ST601  UBF10°9SET  JOPILPIT  BPPIIL0T  JP2 €TTT P2 6911 26111 P2 TI'TI Z-uenweyD*74 | 0T Arenuer pue |z Joquididag
P 086CTI P2 6¥°8111 Sy I IPEl PAQE1°TT opaq P71 T Poq 78°TT P01 P2 L1701 P tL11 Youdaky v ERREE Y e

P SIozel BJL6'PTOI  JOP 6L'ETHI 8J2 €2°0T U5y vt61 )2 $6'0C U350 +6'6 EICRAN0 4352 80°01 ueSaiyoy ¥ s
999L°66T1  qe8H'9611 YDA $0°EOFI qe 69°€T qe 16'CT qe 0%+ 143 00°6 Y3 84’8 ys zs'6 Suereg Mo

PE€]60TI  OPI LSLOTI Y60°CIEI PIQLIT PP 1071T PI CSTT 17 888 ys z$'8 ysze Z-uerwey)SI24 | G Arenuer pue [ soquidideg
PO POLETI  ATHSPIL  USPR9TEl 99 0LTT 9966’17 29 7h'€T 1958 4$0'8 LU S0'6 youdaky (v bk T G

UBI Al JIJUIAN Jowuung UBI A JIJUIAN Jowuung UBIJA JIJUIAN Jouung

A fowmer aFe Frg* {onyp aFee A fomeen are JeAnR[n) Jjep SuImos

(,.ey ") ppPIA urern (sAep) (QV'1) uoneanp eare yeday  ( Aep ", w 3) (ML) &1 UOLE[IWISSE JON e AR qeen
sors‘e qjev cbje R ¥ o akichiiakilial

JEIYM JO P[AIA UIeIS pU® UOHBINP BIIR JLI[ ‘9)Ed UOHB[IWISSE JoU U0 IBAI[ND PUE J)BP SUIMOS JO }I9JJ9 UON)ILId)UI ) Jo uosLredwod uedy -, d[qe ],
<6 A= o A (L omf? qf R geem € gV K el S e o6j9 e K o 6 sorle qpev g’



YYO  opuiS o, 0,5 doe g (SO 59900 b ol 0,50 9 (2 Y g0

sl )l el &) Copis g col 2ld 3 Shes (s
;3 (Richards et al., 2014) 3¢ o Cgmxe o (¢5lwding
u_lcl j)_: C.\a_w {3]9.) u,u.)‘).gl PR uLMJ °‘:‘5 Ay ‘_S)L.\)J.\A
(Sinclair & Muchow, 2013) s ls jtuwgsd

oy aliwl cutS jd culs & b Lol 5l adly 3 Slos
by X Casls g lite jil g o )d S o 3 culS 9>
ime b 5 Slae p dio > SO o ) diliane CuiS p> Ladd
A bgyye b dySles oy g (ulS 93 (1:kee 53 (5 J9ia) 29
P PSS I A) Gore V0 g oo N S )b > (B e 055
oot V09 e N CadlS sl )3 I8 re o8y ol Sl g 92 (S
Voo e 4 S )b )3 Sl 08) 5 (LS )3 p S 5kS VYY)
8 0 Sos (ppieS a5 )15 (LS 53 p)S ol WWHY) e
SO V0 g et Ve cdlS slage,b Y Glyer 08 4 byiye
2 PSS WY) o V0 5 1o VA 5 (S )3 2SS AT )
plos ol Jolss Juol> «2log il 3, Sdos (Y Jga2) 292 (JiS2
Ol 2929 b (8 10 08yl (o) )90 (588 (slapadls
isle) Sl s slapadli (B omb (oo b bawgie polis
o plgd sl b bl (palls Gl sy g Jguammo Ay s puo
Al cpl ol oads &l 3 Slas 1 by Wl 4y 3990 ¢ yota VO o
2 b bl G luly5 0 Miglanl” 5 el cpenl
Y ooz pby ol b 3,Skes 5y 48T Kis 5 55 bl
by ey disk) Sofglnsed apadll (B > 5 péolle
et Vg e N CalS )b Al Gl e g Jgae
i 30 Yo g (V/3A) Sy e a3l 5 (oote Vo
sl Ul i g Sladles S wile il sloay] 3y oleyS
e A el F)l5 5 Jod BB 3 Shes 2929 L 5 Sl )
1) 3 des o 4 cuilyn (LS 53 £, 55LS W) ore Ve
l_)L})Lla.AJ_’L’AMDW VO g y4e V4 &.&Lféi)l.‘iﬁdlf).e(o
= cusls ozt ) (Qlf).e(c _\;ij) Ly g Suid 4 oo

L5yl S ol o0 5)l5S pls suios cclmassly b gl
&L o Galite (Sl (sjiwgd (2L ) paS il
a8 el o 18T (Acevedo, 2002) simd o bt cuils
19 9 bod wile lae Jolos pil cov yuin Lalls Gls ey
Hatfield & Prueger, ) sib o 55 Jolse L auslio p
O Ul alo)S Ui 4 Canl 03 03y LS yizman (2015
4 oo pB 45" aidly > L(Asseng et al., 2015) s> ials
i byl 3 1y VU Lalls Gl sy b Ul oS
[(Wahid et al., 2007) x> Juad slgs!
ol 3l el gyl Lol I ((LAD) &y g 0193
99 32 33 S e pld o 08y x ClS )b Jlite Sl 5 o8,
390 b xe doyd SO Jlin] e jd Al 5 dliwwl cusS
o bgiye Sy gaw plyd (it (S 93 (560Le 3 (5 Jo2)
D92 (39 YW/OB) (oo V0 5 y1e0 VAl )b ) (B 0 05
Ve ol gl )0 Sl o) 4 bgipe S v plgd ey
75 S o o pld ()5S 9 (G, YYIFB) (VD 5 500 065
WIVD) ot N+ 9yt & Sl )b )0 Y o 05y 4 bguje
219> Jo-b | (madld Sy o plgd (Y Jgia) 1 oanlis (59,
g3 Ll yd (gl 457 B a0 98, el 0lS' JS (g jriangid cllad
bas g5 o¥eb oie glyly 268 Sy o (pede V0 9 4o Q)
2 $S 15 0193 clysr (sl Jand 3K K, Slgicgn o 48
29 Vo) adgl clS )b )3 5 Sl 08y il 25 ks
b GRS gk g SV sk Ay 0090 Sy el wald L (00 Y0
cj)_nc.‘a.m P‘BJ KR} u»,hlf.)l) ULM.; ‘) Aj).: C“"‘“’f‘?b Oy i
Gl 3K oyade Vog o ccdlS Zu,5 50 Vilpes o) 50
1) el Jolye (Slojen 08y cpl jud Comlus otmalis
Loy m 5 s 9 0o &0 onl 2 ale> st ol L
WU o e Lol ol ol (Reynolds et al., 2012) sl
slagh)lis L S o plgs 1 05, 5 clS Z)b o gne
P U Ly Sy e pled jials oS )b Sinlen (odasie
Prasad et al., ) swb g, o ole,S s lidl s cusls
1 il [asls S Sy e plgs 45 05,5 pMel (2011



1P lwsl Yo,lols IA ol ((65,9Lis wlich pgr 4y yis YYS

Wle) YU 53 b Sojglee b slapad b el glage )b (S0 5
o Lol ey s 1) (Lall Gls s 5 Jgante A3y sy
Yhaisl 5 Sy o (a3l g Sy o plgd LialS s
 cje ol atmailss olue ol Jolie 5 s (5 i
Sl &S O e o8y (plie 3 S fas JS 2 Shes 3 50 &
» hwy.p );bl.u d9>9 L ol 045 C)'Lol d)}w 9 ujuw h:b.w
3y Slos oy 4 (e \ﬁ)ﬂahwwlf@,u)am@,n
3" et g (6yob" (ealS ceal p 4l ol b sy IS
S g plgd ppe G g Juad el (2lo)S S5 b ey
byl b ool 53 0d S s wadls lgieds Sy pdaw s ls 4
Il g (ool 5, Slae & Sliws (glyp (IS jsbay S o KR1H
(Gl 3999l dliie (6 ppume S Bblie > CulS s >
bos ay (0B oS wil B85k o Jooxie s, Clscsl b cudlsl
3 ohugdn By 0)93 Job )3 (st Culled 5 o pdaw
&L QB e o8y plee ol 3 s Juad (bl slales
ol 435 S lgiedn 2lg5 o0y V0 g e VA Bl

Db (8 yne

References

awg .(Bahalkeh et al., 2021 ) i)l (65l 5, Sles el
to, Jolite ) as” wols olis (Yusuf et al., 2019) ))Ken 4
SO e s g el by pime Hluws dild 0)Slos w8y X sl
Kawa et ) o, Sen g lgl5" 0l &Iyl ¢l 0, sl (IS 4oy
Lod il 38l g wa 8l i byl 5 oS 00,8 uST (al., 2021
So il el slage )b 3 38es )luk b Bl sl
&S sl 56 (Ren et al, 2019) )Ken ¢ ¢y ol Cuglgl
4o e (ool Bl sl pplin s Cull )l (e o B

A5 5L 3 Slos g il 0 0,35 Ol 1 el S ool

S 35 o
paS Jlgie CuiS s sl 450 Gl hngly nl @l
Lol el iy el SLid g pyS Layly ) (bise - asliasls)
9 olejor Sy & atuly Gl psbas o] (590,00 9 Culdge
G e 9 elio 08 LSl (i ool 5 (S Jele
ls ccwl pley gl yis ol 5l ials ol gy cuils
b s Sofde s lapatls Jewily (e ples gdgn
Si)ls 5 ¥ olyer 3l (Bl a2 310,851y ol 3, 8kee

1.

Acevedo, E., Silva, P., & Silva, H. (2002). Wheat growth and physiology. FAO Plant Production and Protection
Series, 30, 39-70.

Asseng, S., Ewert, F., Martre, P., Rotter, R. P., Lobell, D. B., Cammarano, D., Kimball, B. A., Ottman, M. J.,
Wall, G. W., White, J. W., Reynolds, M. P., Alderman, P. D., Prasad, P. V. V., Aggarwal, P. K., Anothai, J.,
Basso, B., Biernath, C., Challinor, A. J., De Sanctis, G., Doltra, J., Fereres, E., Garcia-Vila, M., Gayler, S.,
Hoogenboom, G., Hunt, L. A., lzaurralde, R. C., Jabloun, M., Jones, C. D., Kersebaum, K. C., Koehler, A.-K.,
Miiller, C., Naresh Kumar, S., Nendel, C., O’Leary, G., Olesen, J. E., Palosuo, T., Priesack, E., Rezaei, E. E.,
Ruane, A. C., Semenov, M. A., Shcherbak, 1., Stockle, C., Stratonovitch, P., Streck, T., Supit, I., Tao, F.,
Thorburn, P., Waha, K., Wang, E., Wallach, D., Wolf, J., Zhao, Z., & Zhu, Y. (2015). Rising temperatures reduce
global wheat production. Nature Climate Change, 5(2), 143-147. https://doi.org/10.1038/nclimate2470

Climate Data. (2015). Climate: Khuzestan. https://en.climate-data.org/asia/iran/khuzestan-2094/

Bahalkeh, G., Biabani, A., Sabouri, H., & Fallahi, H. (2021). Effect of sowing date on grain yield and yield
components of wheat cultivars under dryland condition. International Journal of Food Science and Agriculture,
5(4), 574-583. https://doi.org/ 5. 574-583. 10.26855/ijfsa.2021.12.003 .

FAO. (2022). Wheat production in arid and semi-arid regions: Cultivar selection and management. Food and
Agriculture Organization of the United Nations. https://www.fao.org/wheat-production

Farooq, M., Hussain, M., & Siddique, K. H. M. (2014). Drought stress in wheat during flowering and grain-filling
periods. Critical Reviews in Plant Sciences, 33(4), 331-349. https://doi.org/10.1080/07352689.2014.875291
Fischer, R. A. (2011). Wheat physiology: A review of recent developments. Crop and Pasture Science, 62(2), 95-
114. https://doi.org/10.1071/CP10344

Hamzei, J., & Zarei, M. (2024). Evaluation of growth indices, yield performance and advantages in intercropping
of wheat, soybean and corn. Journal of Agricultural Science and Sustainable Production, 34(3), 1-18. (In Persian).


https://doi.org/10.1038/nclimate2470
https://en.climate-data.org/asia/iran/khuzestan-2094/
https://www.fao.org/wheat-production
https://doi.org/10.1080/07352689.2014.875291
https://doi.org/10.1071/CP10344

Yvy

e piS plByl 0 yShos g (SS9 5glgr b Fwly (ol ek g (oY 5o

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

https://doi.org/10.22034/saps.2023.54328.2953

Hatfield, J. L., & Prueger, J. H. (2015). Temperature extremes: Effect on plant growth and development. Weather
and Climate Extremes, 10, 4-10. https://doi.org/10.1016/j.wace.2015.08.001

Hunt, R. (1978). Plant growth analysis. CABI Databases, 67pp. U.K.

Jafari, A., Rahnama, A., & Lorzadeh, S. (2021). Evaluation effective traits on crop production of bread wheat
under warm and dry climate condition (Khuzestan province, southwest of Iran). Journal of Crop Nutrition Science,
7(4), 46-58. (In Persian). https://oicpress.com/jcns/article/view/5959

Javahari, M. (2022). Identification and introduction of new bread wheat cultivars to replace old cultivars in warm
regions of Kerman province. Journal of Crop Science Research in Arid Regions. 4 (1): 87-95. (In Persian).

Kawa, A.A., Amin, S.M., & Abdullah, R.A. (2021). Late sowing date influence on wheat and triticale crop yields
as a drought management tool. Journal of the Saudi Society of Agricultural Sciences, 20(5), 353-358.
https://doi.org/10.1016/j.jssas.2021.04.002

Koocheki, A., & Sarmadnia, G. H. (2013). Physiology of Crop Plants (F. P. Gardner, R. B. Pearce, & R. L.
Mitchell, Authors). Jihad Daneshgahi Press, Mashhad Branch, 400 pp. (In Persian).

Li, L., Guan, X., Wen, P., & Wang, T. (2026). Advancement and challenges of wheat-maize double cropping
system in China. Crop and Environment, 5(3), 100131. https://doi.org/10.1016/j.crope.2026.100131

Liu, B., Asseng, S., Miller, C., Ewert, F., Elliott, J., Lobell, D. B., Martre, P., Ruane, A. C., Wallach, D., Jones, J.
W., Rosenzweig, C., Aggarwal, P. K., Alderman, P. D., Anothai, J., Basso, B., Biernath, C., Cammarano, D.,
Challinor, A., Deryng, D., De Sanctis, G., Doltra, J., Fereres, E., Folberth, C., Garcia-Vila, M., Gayler, S.,
Hoogenboom, G., Hunt, L. A., lzaurralde, R. C., Jabloun, M., Jones, C. D., Kersebaum, K. C., Kimball, B. A,
Koehler, A.-K., Kumar, S. N., Nendel, C., O’Leary, G. J., Olesen, J. E., Ottman, M. J., Palosuo, T., Prasad, P. V.
V., Priesack, E., Pugh, T. A. M., Reynolds, M., Rezaei, E. E., Rotter, R. P., Schmid, E., Semenov, M. A,
Shcherbak, 1., Stehfest, E., Stockle, C. O., Stratonovitch, P., Streck, T., Supit, I., Tao, F., Thorburn, P., Waha, K.,
Wall, G. W., Wang, E., White, J. W., Wolf, J., Zhao, Z., & Zhu, Y. (2016). Similar estimates of temperature
impacts on global wheat yield by three independent methods. Nature Climate Change, 6(12), 1130-1136.
https://doi.org/10.1038/nclimate3115

Prasad, P. V. V., Pisipati, S. R., Mom¢ilovi¢, 1., & Ristic, Z. (2011). Independent and combined effects of high
temperature and drought stress during grain filling on plant yield and chloroplast EF-Tu expression in spring
wheat. Journal of Agronomy and Crop Science, 197(6), 430-441. https://doi.org/10.1111/j.1439-
037X.2011.00477.x

Radford, P. J. (1967). Growth analysis formulae — their use and abuse. Crop Science, 7(3), 171-175.
https://doi.org/10.2135/cropscil967.0011183X000700030001x

Rahmati, H., & Nakhzari Moghadam, A. (2023). Evaluation of agronomic and physiological characteristics of
durum wheat cultivars under rainfed and supplementary irrigation conditions. Cereal Biotechnology and
Biochemistry, 2(4), 446-467. (In Persian. https://doi.org/10.22126/cbb.2024.10445.1068

Ren, A., Sun, M., Wang, P., Xue, L., Lei, M., Xue, J., & Yang, Z. (2019). Optimization of sowing date and seeding
rate for high winter wheat yield based on pre-winter plant development and soil water usage in the Loess Plateau.
Journal of Integrative Agriculture, 18(1), 33-42. https://doi.org/10.1016/S2095-3119(18)61980-X

Reynolds, M. P., Foulkes, M. J., Slafer, G. A., Berry, P., Parry, M. A. J., Snape, J. W., & Angus, W. J. (2012).
Achieving yield gains in wheat. Plant, Cell & Environment, 35(10), 1799-1823. https://doi.org/10.1111/j.1365-
3040.2012.02588.x

Richards, R. A., Rebetzke, G. J., Watt, M., Condon, A. G., Spielmeyer, W., & Dolferus, R. (2014). Breeding for
improved water productivity in temperate cereals: Phenotyping, quantitative trait loci, markers and the selection
environment. Functional Plant Biology, 41(2), 135-148. https://doi.org/10.1071/FP09219

Sadras, V. O., & Calderini, D. F. (2015). Crop Physiology: Applications for Genetic Improvement and Agronomy
(2nd ed.). Academic Press. 564 pages

Sinclair, T. R., & Muchow, R. C. (2013). Radiation use efficiency. Advances in Agronomy, 65, 215-265.
https://doi.org/10.1016/S0065-2113(08)60914-1

Slafer, G. A., & Rawson, H. M. (1994). Sensitivity of wheat phasic development to major environmental factors:
A re-examination of some assumptions made by physiologists and modellers. Australian Journal of Plant
Physiology, 21(4), 393-426. https://doi.org/10.1071/PP9940393


https://doi.org/10.22034/saps.2023.54328.2953
https://doi.org/10.1016/j.wace.2015.08.001
https://oicpress.com/jcns/article/view/5959
https://doi.org/10.1016/j.jssas.2021.04.002
https://doi.org/10.1016/j.crope.2026.100131
https://doi.org/10.1038/nclimate3115
https://doi.org/10.1111/j.1439-037X.2011.00477.x
https://doi.org/10.1111/j.1439-037X.2011.00477.x
https://doi.org/10.2135/cropsci1967.0011183X000700030001x
https://doi.org/10.22126/cbb.2024.10445.1068
https://doi.org/10.1111/j.1365-3040.2012.02588.x
https://doi.org/10.1111/j.1365-3040.2012.02588.x
https://doi.org/10.1071/FP09219
https://doi.org/10.1016/S0065-2113%2808%2960914-1
https://doi.org/10.1071/PP9940393

1P lwsl Yo,lols IA ol ((65,9Lis wlich pgr 4y yis YYA

26. Thakur, P., Kumar, S., Malik, J. A., Berger, J. D., & Nayyar, H. (2010). Cold stress effects on reproductive
development in grain crops: An overview. Environmental and Experimental Botany, 67(3), 429-443.
https://doi.org/10.1016/j.envexpbot.2009.09.004

27. Wahid, A., Gelani, S., Ashraf, M., & Foolad, M. R. (2007). Heat tolerance in plants: An overview. Environmental
and Experimental Botany, 61(3), 199-223. https://doi.org/10.1016/j.envexpbot.2007.05.011

28. Yusuf, M., Kumar, S., Dhaka, A., Singh, B., & Bhuker, A. (2019). Effect of sowing dates and varieties on yield
and quality performance of wheat (Triticum aestivum L.). Agricultural Science Digest - A Research Journal, 39(4):
306-310. https://doi.org/ 10.18805/ag. D-4977


https://doi.org/10.1016/j.envexpbot.2009.09.004
https://doi.org/10.1016/j.envexpbot.2007.05.011

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

Research Article
Vol. 18, No. 2, 2026, p. 229-246

Agronomic, Ecological, and Economic Evaluation of Barley (Hordeum vulgare
L.) and Vetch (Vicia panonica) Intercropping in Rotation with Rice (Oryza
sativa L.) in Paddy Fields

Mohammad Rabiee'*'*" and Sajjad Shaker Kouhi‘**

1- Department of Seed Improvement, Rice Research Institute, Rasht, Iran
(*- Corresponding author's Email: m.rabiee@areeo.ac.ir)

How to cite this article:

Received: 25-04-2026 Rabiee, M., & Shaker Kouhi, S. (2026). Agronomic, ecological, and economic
Revised: 26-07-2026 evaluation of barley (Hordeum wulgare L.) and vetch (Vicia panonica)
Accepted: 29-07-2026 intercropping in rotation with rice (Oryza sativa L.) in paddy fields. Journal of

Available Online: 22-06-2026 Agroecology, 18(2), 229-246. (In Persian)
https://doi.org/10.22067/AGRY.2026.98402.1272

Introduction

Intercropping is the growing of two or more crop species simultaneously in the same field during a growing
season. This system has been considered a method in which resources can be utilized more efficiently,
consequently improving plant production. Intercropping annual forage legumes with winter cereals after rice
(Oryza sativa L.) harvesting in paddy fields of the Northern provinces of Iran can be an effective strategy to
provide fodder for livestock, increase land productivity, improve the sustainability of rice production, increase
paddy farmers' income, and thus prevent migration of villagers. Therefore, this study was carried out with the
aim of agronomical, ecological, and economic evaluation of barley (Hordeum vulgare L.) and vetch (Vicia
panonica) intercropping in rotation with rice in paddy fields of Guilan province.

Materials and Methods

This study was conducted based on a Randomized Complete Block Design with three replications at the
research fields of the Rice Research Institute of Iran in Rasht during two cropping seasons of 2023-2024 and
2024-2025. The experimental treatments included intercropping of barley and vetch with replacement ratios of
3:1 (three rows of barley + one row of vetch), 1:3 (one row of barley + three rows of vetch), 1:1 (one row of
barley + one row of vetch), and 2:2 (two rows of barley + two rows of vetch), and sole cropping of barley and
vetch. In this study, traits such as fresh and dry forage yield, crude protein content, protein yield and forage ash
were evaluated. The beneficial indicators of intercropping, including land equivalent ratio?, actual yield loss?,
relative crowding coefficient®, intercropping advantage®, monetary advantage index,' and system productivity
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index, were calculated.

Results and Discussion

The results of combined analysis of variance indicated that the cropping pattern had a significant effect on all
studied traits. Mean comparison showed that the first year of the experiment had higher fresh and dry forage
yields (40661 and 9977 kg hal, respectively) compared to the second year. Among different planting patterns,
the highest fresh forage yield (42325 kg hal) and dry forage yield (11550 kg ha™) were obtained from 1:1
barley: vetch intercropping. The ratio of 3:1 barley: vetch was in the next position. The lowest fresh forage yield
(36535 kg hat)and dry forage yield (7095 kg ha™) were related to monoculture of vetch. Increasing vetch
percentage in intercropping resulted in increased crude protein content, forage ash, and consequently, increased
forage quality. The maximum protein yield (1548 kg ha') was obtained from 1:1 barley: vetch intercropping.
LER in all intercropping treatments was more than one, except the 1:3 barley: vetch treatment. The highest
values of this index were obtained in the 1:1 and 3:1 barley: vetch treatments, respectively. The total AYL values
were positive for ratios of 3:1, 1:1, and 2:2 barley: vetch. The ratio of 1:1 barley: vetch had the highest total
AYL (0.68). The higher values of the K index for barley indicate the competitive superiority of barley over
vetch. The maximum value of total K (5.55) was revealed at a ratio of 1:1 barley: vetch. The ratio of 3:1 barley:
vetch was also ranked next. The ratios of 3:1, 1:1, and 2:2 barley: vetch with 1A (7554), (6230), and (3446) were
ranked first to third, respectively. The highest MAI was observed in the ratios of 1:1 (29449141) and 3:1
(20246333) barley: vetch, respectively. The increased MAI index in these ratios can be attributed to the higher
LER and total K. The SPI was positive across all intercropping ratios, indicating the overall effectiveness of
intercropping. According to the results, the maximum value of SP1 was obtained from 1:1 (1579) and 3:1 (1511)
barley: vetch treatments, respectively.

Conclusion

According to the results of the present study, to achieve optimal yield, as well as greater economic advantage,
the ratios of 1:1 and 3:1 barley: vetch are recommended as the most suitable intercropping combinations for the
second crop after rice harvesting in paddy fields of Guilan province, respectively.

Keywords: Advantage, Forage yield, Land equivalent ratio, Second crop, System productivity.
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Table 2- Combined variance analysis for qualitative and quantitative traits of forage in different planting patterns (2023-

. 5 ad Shos adgle >,Slos L i 5 Sl
s 2o &3 4y 7 adled o PL g S
SOV of Fresh forage Swis Crude 9y Ash
e yield Dry forage yield protein Protein yield
Ju 1 27556249 5812117 0.16" 136407 0.2
Year (Y)
1,5 % Juo
b d 2 3230419 403886 0.13 8485 0.25
Y xR
cuiS 5Nl - - - - e
) 5% 5 31257417 20285987 39.03 256103 12.19
Planting pattern (CP)
cuiS 5o % o
5 774272 114157 0.08" 6688" 0.42
Y x CP
s
20 4229946 404979 0.52 12111 0.38
Error
S - 16.5 13.2 6.8 11.6 5.4
C.V. (%)

Do yd K g gy Jlesn] pdaw (0 I ime cad iy i g % 5 ()l xe pis NS
ns, * and **: non-significant and significant at 5% and 1% probability levels, respectively.
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Table 3- Mean comparison for the effects of year and planting pattern on qualitative and quantitative of forage yield (2023-

2025)
o 5 dbgle 3,S1 SWid adgle 2,S0os  piig g 3 Sl
. 4 Dry forage yield Protein yield
Treatment Fresh forage yield (kg ha™) (kg ha) (kg ha't)
Jus
Year
o 40661 9977 1313
First year
s> Ju 38798 9173 1190
Second year
LSD 5% 156.15 512.35 81.64
RAPIN|
Planting pattern
5 oAl w8 39209 9700 957
Sole cropping of barley
Sl i) Vg2 e, ¥ 41163 11065 1269
3 row of barley : 1 row of vetch
Sl i) Vi gr ) ) 42325 11550 1548
1 row of barley : 1 row of vetch
Sl i) Vi gz o) ) 38221 7606 1116
1 row of barley : 3 row of vetch
Sl i) Vi g2 e, ¥ 40924 10437 1392
2 row of barley : 2 row of vetch
Sl “"J b s 36535 7095 1225
Sole cropping of vetch
LSD 5% 2432.11 886.44 121.35

it (613 gine MR gl Bl iy o) gy phaw 3 LSD e jl ol VST &S el Silio
Means differing by more than the LSD (5%) are statistically significant.
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Fig. 2- Mean comparison for the effect of planting pattern on forage crude protein (2023-2025).
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Means differing by more than the LSD (5%) are statistically significant.
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Fig. 3- Mean comparison for the effect of planting pattern on forage ash (2023-2025).
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Means differing by more than the LSD (5%) are statistically significant.
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Fig. 4- Land equivalent ratio in different ratios of barley- vetch intercropping (2023-2025).

ol o i [alld cliS b anslis (0 bl cuiS a1y olS
Plaasls ple & cawsly 65538 OleMbl lgs o s li

(AYL) s,Slac o289 hals
b giedge b 3 Sles inlS (AYL) 5 Sles adly alS



1F+0 OL:-AM-.‘U. ‘YO)LM':: AA ..\.1.'?“5})5“ @au Ty 44).*..\4 Y¥a

JSAYL | Lol zls g 465 9 opl 5,Shee il 5l Sk
2 1) Silo ) duw + g3 3y S o sy aS 2l 4l
&S Dy cute adld pl (odae ke byl cuiS cbacans i
L dnlio jo cusS lacaws opl Cuje g 5,8les il pac (Sl
AYL e op it bl cpl g il o 665 93 (ol cusS
ol (1)) Ssle candy G+ 9 iy SO Hleud 0 (+/5F) S
992 bydsee CulS a5 €85 aon (g oo cplpl (¥ JS5) 15
g sl coley s (YV) o (Vo)) V) Glacons b Sl
iy dgmg Loyl 13 aeluwe 50 &)l 4 9 39 ko
oinl3S lades I8 Sile 5 el 5 balswe cutS (o i
Ciio byl cuiS slagSl olod jo JSAYL polis a5 W08
S Gaindg g Sodon (59 4365 93 bo pSl Sl &S 39

(Javanmard et al., 2015) 55 2l cuiS & Cuns bole

0/9 4
0/8 4
0/7 4
0/6 4
0/5 4
0/4 4
0/3 1
0/2 14
0/1 4

Actual yield loss

sl L) 5 (lasss o g (S1aT55 090 CniB) og—ad
Gt palie a8 Le L) o bl cuis snims JSis
0, Sas ials oaimd lis aie polde g (yiul38l edims lis AYL
Zhang et ) cowl jalld cuis b awglis j3 bolswe cuis jd 4isS
(V) elbcams 5 5> S5 AYL o ol lis b (al., 2015
el Jann 525 ol 33y Eain Sl g (YY) 5 (1)
45 39 08 (gt Jpazme I e S Glacuus (ul 3 92
23 (s Ay Sy 99 Y ey il 41 plgicee o Y
ortsisba 3,5 0Ll sl 51 gy 03litsl A )3 ¢ 45 adel slpe
Sdle Chod) So+ g cdy S5l > (S AYL Jhde
dw jles o 0 Sile S AYL oy iy b Juols (+/5Y)
P9 (e el Cuwd s (/F5) Silo cndy S+ > i,
5 (Vo) Silo candy 93 + o5 cind) 90 lowd ;0 Sile Sj> AYL
(7)) Sile cady dw + o> cndy SO e 2 > S AYL

—— Barley —#—Vetch =——#—Total

-0/1 (3:1) (1:1)

-0/2 1
-0/3

Intercropping ratios

VE4Y-VEE sl b Sl g 9o baldue CuiS e glacumd 40 3,S0os 2Bly (ials -0 IS
Fig. 5- Actual yield loss in different ratios of barley- vetch intercropping (2023-2025).
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Fig. 6- Relative crowding coefficient in different ratios of barley- vetch intercropping (2023-2025).
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Table 4- Intercropping advantage, monetary advantage index and system productivity index in different ratios of barley-
vetch intercropping (2023-2025)
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Introduction

Wheat (Triticum aestivum L.) is one of the most important staple crops worldwide and plays a crucial role in
food security in Iran. A large proportion of wheat production in the country occurs under rainfed conditions,
where yields are highly sensitive to drought, climatic variability, and limited genetic diversity among cultivated
varieties. In semi-arid regions, the increasing frequency of dry years associated with climate change has further
intensified yield instability and production risks in rainfed wheat systems. Under such conditions, reliance on
genetically uniform improved cultivars typically developed under relatively stable environments may limit the
adaptive capacity of cropping systems. Increasing intraspecific genetic diversity through heterogeneous
populations has therefore been proposed as an alternative strategy to enhance resilience in variable
environments. Evolutionary populations and dynamic mixtures represent practical approaches within the
framework of evolutionary plant breeding, in which genetically diverse populations are cultivated in farmers’
fields and allowed to evolve over time under natural selection and local environmental conditions. The high level
of genetic diversity maintained in these populations can enhance buffering capacity against environmental
stresses and contribute to improved yield stability across environments. However, evaluating their performance
requires analytical approaches that consider not only mean yield but also yield variability and production risk.
Among the available stability measures, the reliability index combines mean performance with environmental
variance and provides an estimate of the minimum yield expected under unfavorable conditions. The objective of
this study was to evaluate the agronomic performance, yield stability, and reliability of wheat evolutionary
populations and dynamic mixtures compared with landraces and improved varities under rainfed conditions in
Iran.

Materials and Methods
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This study was conducted over three consecutive cropping seasons (2019-2021) at four rainfed locations in
Iran: Ravansar—Moradabad in Kermanshah province, Firoozabad and Nagsh-e Rostam in Fars province, and
Faruj in North Khorasan province, Iran. These sites represent a range of environmental conditions typical of
rainfed wheat production systems in Iran. Sixteen wheat genotypes were evaluated, including twelve
evolutionary populations and dynamic mixtures, two landraces (Sardari and Kal Heydari), and two improved
cultivars (Azar 2 and Chamran 2). The experiment was arranged in a randomized complete block design with
three replications at each location. In each season, part of the harvested seed from each genotype was replanted
in the following year to maintain the evolutionary process within the heterogeneous populations. Several
agronomic and morphological traits were measured during the growing season, including grain yield, biomass
yield, straw yield, harvest index, thousand kernel weight, plant height, and spike length. In addition, selected
traits were assessed at the individual plant level to evaluate within-population variability. The data were analysed
using a mixed model; the significance of tested effects was assessed using F-tests, and mean comparisons among
entries were performed using the Bonferroni test. To assess genotype stability across environments, five stability
indices were calculated: cultivar superiority, environmental variance, Wricke’s ecovalence, mean ranks, and
variance of ranks. In addition, the reliability index was calculated for grain yield, biomass yield, straw yield, and
plant height. This index combines mean performance with environmental variance and estimates the minimum
yield expected under most environmental conditions, thus providing an indicator of yield risk.

Results and Discussion

The mixed-model analysis showed significant year x location effects for all measured traits, indicating strong
environmental heterogeneity across the rainfed testing environments. The main effect of entry was not
significant for most plot-level yield traits, including grain yield and biomass yield, while harvest index and some
plant-level traits, particularly spike length and kernel number per spike, showed significant entry effects. Mean
grain yield and biomass yield of the evolutionary populations and dynamic mixtures were not significantly
different from those of the landraces and improved cultivars, indicating that increased within-crop genetic
diversity did not reduce average performance. However, several evolutionary populations and dynamic mixtures
ranked higher in stability and reliability indices than the reference landraces and improved cultivars. In
particular, EP-Sharareh and MIX-4096 showed higher grain-yield reliability than Sardari, while MIX-6097,
MIX-Sararood and MIX-6093 outperformed Azar 2 in reliability. These findings suggest that evolutionary
populations and dynamic mixtures should be evaluated not only by mean yield, but also by genotype x
environment responses, stability and reliability under variable rainfed conditions.

Conclusion

Overall, the results of this study demonstrate that increasing intraspecific genetic diversity through
evolutionary populations and dynamic mixtures can enhance yield stability and reduce production risk in rainfed
wheat systems. Although the mean yield of these populations was not significantly different from that of
landraces and improved cultivars, some populations showed clear advantages in terms of stability and reliability
indices. These findings suggest that heterogeneous wheat populations may provide a promising strategy for
improving the resilience of rainfed cropping systems under increasing climatic variability.

Keywords: Genetic diversity, Heterogeneous populations, Local adaptation, Reliability
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1- Evolutionary plant breeding

2- Evolutionary populations

3- Dynamic mixtures
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3- On-farm
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1- Bulk populations
2- Composite crosses populations
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Table 2- Specifications of the 16 genotypes used in the study

SLcis
S Slasuie
Wheat Description
genotypes
sUialpe (slwgy 4 VYASITAY) i S 53 pghte ol 1 uy 45 ol (WAA) ol JolSG pS b Copmon iy 1 483 Lo Cumen )
ol Cyron LIYAY=AYAY) 0 CutS jyaliS deyio 0 md bl g g Ad e pudly) )
=T This population originated from Iran’s first base evolutionary wheat population (2009), which, after continuous
EP-Partoee cultivation in Kerend-e Gharb (in 2009-2013), was transferred to Moradabad village in Ravansar and cultivated
under rainfed conditions in a farmer’s field (in 2013-2018).
=AY Gl Jls (b aoyens)S 0 WAAITAY la Jlo (b a5 casl (WAA) ol (JolSS puiS a4l Cuner s 5 48 ) Lide Comas ol
SlSS Cune A5 S S g pS et 2 Ly o oskstomans 53 WRFAYAY cla Jlo (b g udly, 3 YTAY
sy This population originated from Iran’s first base evolutionary wheat population (2009) and was cultivated in Kerend-
EP-Rostami e Gharb in 2009-2013, Ravansar in 2013-2014, and under hot and stress-prone rainfed conditions in Masjed
Soleyman in 2014-2018.
=AY Gl o (b oyt ns,S 0 WAT—IYAA la Sl (b &S cunl (WAA) lpl (JolSS paiS Gl Curen (poiusss 5l aid )5 L Corar ol
JRELCELNEICS A5 CuiS b yedos 5 g wed bailyd Cov dlie 3 WWAY—IVAY cla Jlo b g il 3 AYAY
s This population originated from Iran’s first base evolutionary wheat population (2009) and was cultivated in Kerend-
EP-Seyfi e Gharb in 2009-2013, in Ravansar in 2013-2014, and in Maragheh,in 2014-2018 under cold, semi-humid and
rainfed conditions.
o) b gl For dga Jols a5 dgu o 03} (eSS g

EP-Sharareh

This population was created by the researcher in 2018 by combining equal amounts of seed from all evolutionary
populations and dynamic mixtures used in this study and is estimated to include approximately 400 genotypes.
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This dynamic mixture was developed in 2012 by combining 15 superior wheat genotypes at the Sararud Dryland

Agricultural Research Institute and was cultivated in Dalahoo in 2012-2014 and in Marvdasht in 2014-2018 under
rainfed conditions with one to two supplemental irrigations.
23,5 s 03 Oy )b il DT85 AYAYIYAY cla Jlo Lo g
This dynamic mixture was developed in 2012 by combining 15 superior wheat genotypes at the Sararud Dryland
Agricultural Research Institute and was cultivated in Dalahoo in 2012-2014 and in Firouzabad, Fars Province in
2014-2018 under rainfed conditions.
slodlo (b g ad sl Log ()59LiS 5 395l w23 (65)5liS CliioS duso (5ySam b puS iy o) £ oS 5 NITAY Jlo o bl
03,5 cutS pudlyy 3Ll je (gliwgy 53 w23 Cyguods VWAT—AYAY
This mixture was created in 2014 by combining 60 superior wheat genotypes in collaboration with the Sararud

Dryland Agricultural Research Institute and local farmers and was cultivated under rainfed conditions in Moradabad
village, Ravansar in 2014—-2018.

A agd WAV Jlo )3 g5l 0f559liS j1 (S <8 5lie b g 39l p0 025 (65l Clidos e 3 pAS S i) £o S 55 il bgliee 1y
This mixture was prepared by combining 60 superior wheat genotypes at the Sararud Dryland Agricultural Research
Institute, with the participation of a leading farmer in 2018.

02 ($591iS ligios dmsho alojl 8 Ve | paitins dliins | rditns Cudldyy Bojb l gphey 59U o Lawgs VAT Jlo )3 bgle ()
03)5 S pulyy > ale Jlo Yl Doy 5 A5 an 9l

This mixture was created in 2014 by a leading farmer through direct spike selection from 20 experimental plots at the
Sararud Dryland Agricultural Research Institute, and was cultivated in Ravansar for four consecutive years.

PUS S iy Fr Jl ong 5)9ltS” S L b g 39l 03 (559l lising A pyl] slaptale]] ol by WS Sl p3 bglses ()
03,8 cutS plyy Uil pe (sliwgy )3 wed Cygod WASTIVAY L ely5 Jlo )3 g 4 4ns
This mixture was prepared in 2017 from 40 superior wheat genotypes based on the results of on-farm trials
conducted by the Sararud Dryland Agricultural Research Institute and with the participation of local farmers and was
cultivated under rainfed conditions in Moradabad village, Ravansar, in the 2017-2018 cropping season.
pellyy 3 23 ©y90a WASTITAY (ely5 Jlo )3 9 08 45 39l 023 (659l s dunsga 13 o5 (0¥ 9 08y Vo v S 5 5l gl
,\ab/fwf(ohwl,o; Oll;»l)
This mixture was prepared from 100 wheat cultivars and lines at the Sararud Dryland Agricultural Research Institute
and was cultivated under rainfed conditions in Ravansar (Kermanshah Province) in the 2017-2018 cropping season.
2 OYAY-ATAY) olo Sl de Stedy oo 5l L b 4 oliile S dilaie )3 pgygd paiS dgge Byl olos 5l elizul b AYAF Jlo ;5 byl (]
23,5 S 3 Ll o oliileyS il g3
This mixture was prepared in 2015 from all available durum wheat cultivars in the Kermanshah region. Then it was

subsequently cultivated for three consecutive years (2015-2018) under rainfed conditions across Kermanshah
Province.

99 990 o] CutS 05 a9 Canl )9S e Jloh g 08 23 Bblio 3 @y g Loy g (S 4y Jooxie ol paiS (a3l o slocnY | (S
) 9500 391y S 5aleSOOFi €t al., 2017; Haghparast et al., 2013(.
This prominent Iranian wheat landrace is drought- and cold-tolerant and widely cultivated in rainfed western and
northwestern Iran, with an estimated area of ~2 million ha (Soofi et al., 2017; Haghparast et al., 2013).
Ol 3 & el Jlo Vel i 9 3)033)) S5j 4 (g BB Gl & el o)l il @ Ll b ) 5le g (Sid @ Jeoxie cibly (o2 08
(Pouryousefi et al., 2022) 35 o cuiS dilaio
This tall local landrace is drought-tolerant, adapted to rainfed conditions in Fars Province, but highly susceptible to
yellow rust, with over 70 years of cultivation (Pouryousefi et al., 2022).
hby g s syl Hd aws g Pl Glados duwde O (2B gl SO L« gylo e (BNl a8 cul Jaize 9 05 bl canlio 123 o)
.(Jasemi et al., 2017) il o ;55 55 JuSa aakee G dg9an S 35 prdaws ¢ LS )3 p,S'lS VIFY Lawgio 5 Slas
This rainfed cultivar, adapted to cold and temperate regions, was developed from a “Sardari” x international
genotype cross, with an average yield of 2,143 kg.ha™ and ~1 million ha under cultivation (Jasemi et al., 2017).
JIoa (0390 ol 2939 b g odel Casd 1 puiS ool o a0l y> Attila/Bacanora b « ) yea» (3% 5l &8 conl (o Lalys canlio (Mol o5,

e olisl gl cpl 53 a8l lsieds (eSS (il (ote
This improved irrigated variety (“Chamran” x Attila/Bacanora), developed under the national wheat breeding
program, was used as a check due to the planned supplemental irrigation at some experimental sites.
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2- Mixed effects model
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1- Partially replicated design
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1- Cultivar superiority

2- Environmental variance

3- Wricke’s Ecovalence

4- Variance of entry ranks across environments
5- Kataoka reliability index
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Table 4- F-test results from the mixed model for wheat genotypes in plant-level traits
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Year x location x entry
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*: P<0.05; ™1 P<0.01; ***: P<0.001.
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Table 7- Yield reliability index for yield-related traits and plant height in sixteen wheat genotypes
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* Numbers in parentheses indicate the ranking of genotypes based on the reliability index, where a lower rank represents

higher reliability. Values outside the parentheses represent the reliability index values; these are expressed in kilograms per
hectare for yield traits and in centimeters for plant height.
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1- International Fund for Agricultural Development
2- Bioversity international
3- International Center for Tropical Agriculture
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Introduction

Chickpea (Cicer arietinum L.) is a self-pollinating, diploid, annual plant with a small genome and is the most
important legume crop, ranking third globally and first among South Asian countries (Gaur et al., 2010). Shifting
the chickpea sowing date from spring to autumn is a key strategy for increasing yield (Sadeghipour & Aghaei,
2012). Tillage is a crucial agricultural operation due to its impact on soil properties, the environment, and crop
growth (Sharma et al., 2011). In a study examining the effects of various tillage systems and seed pre-treatments
on rainfed chickpea, KhanPayeh and Jalilian (2013) found that the highest and lowest grain and biological yields
were obtained under reduced tillage and no-tillage systems, respectively.

Materials and Methods

In order to investigate the effect of planting date on the growth and yield of rainfed chickpea (Cicer
arietinum L.) in different tillage systems, an experiment was conducted in the 2021-2022 crop year in the
organic farm of the Agricultural and Natural Resources Campus of Razi University of Kermanshah, in a split-
plot design in a randomized complete block design with three replications. Three planting dates (including the
first planting date (D1) 2021/12/18, the second planting date (D2) 2022/1/9, and the third planting date (D3)
2022/1/25) as subplots and different tillage systems as main plots (including three levels: 1- No-till treatment
(T1): No-till plots that were carried out without any tillage operations; 2- Reducted tillage (T2): Reduced tillage
plots included a protective plowing stage with a compound plow; 3- Conventional tillage (T3): Conventional
tillage plots included a plowing stage with a rotary plow and a disk stage).

Results and Discussion

The results of this study showed that the highest plant height was related to T2xD1 (29.24 cm), and the
lowest value of this trait was assigned to the T1xD2 and T1xD3 treatments, with values of 16 and 16 cm,
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respectively. Treatment T2xD2 had the highest number of pods in the main branch (3.67). Also, the lowest
number of pods in the main branch was assigned to treatment T1xD2 (2.33). The highest percentage of green
cover was assigned to treatment combinations T2xD1 and T2xD2, with values of 63 and 61.67 percent,
respectively, and no significant difference was observed between these two treatments in terms of this trait. On
the other hand, the lowest values of this trait were also observed in treatments T1xD1, T1xD2, and T1xD3 (44,
43.67, and 44.33 percent). On the other hand, the highest number of seeds in pods was related to the effect of the
low tillage treatment (1.67), and the lowest value of this trait was observed in the conventional tillage treatment
unit. The highest average number of seeds per plant was observed in the combined treatment T2xD1 (27.77), and
there was no significant difference between this treatment and the treatment combinations T2xD2 and T3xD1
(with values of 17.24 and 53.23, respectively). The lowest number of seeds per plant was also related to the
treatment combination T1xD3 (17.12). The best treatment combination in terms of biological yield was related
to T2xD1 and T2xD2 (2400 and 2233.33 kg.hat), and there was no significant difference between these two
treatment combinations in terms of biological yield, but the worst treatment combination for biological yield was
attributed to the treatments T1xD1, T1xD2 and T1xD3 (with values of 1743.33, 1680 and 1690 kg.ha’,
respectively). The highest grain yield values were observed in the T2xD1 and T2xD2 treatment combinations
(67.984 and 33.974), which were reported as the best treatments in terms of grain yield. The lowest grain yield
was observed in the T1xD1, T1xD2, and T1xD3 treatment combinations, with values of 696, 33.665, and 67.656
kg.ha?, respectively, which were considered the worst treatment combinations in terms of yield in the present
study.

Conclusion

Based on the present findings, it can be said that the best treatment combination was the first planting date in
the reduced tillage system. On this date, along with the reduced tillage treatment, more green cover is produced,
which is equal to increased amounts of yield components and yield, and the results of this study confirm this
claim.

Keywords: Conventional tillage, No-tillage, Planting time, Reduced tillage
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Table 1- Physical and chemical properties of the experimental field soil
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Depth (cm) Texture EC (dS m?) pH carbon (%) Phosphorous (mg kg™) Potassium (mg kg™)

030 o d e 1.43 7.70 0.65 6.4 210

Silty clay loam
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Depth (cm) N (%) Zn (mg kg?t) Cu(mgkg?) (mg kg™) Mn (mg kg?)

0-30 0.065 0.3 1.52 9.9 8.76
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Table 2- Meteorological data from the Agricultural Meteorology Research Center station in Kermanshah province during
the year 2021-2022
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Table 3- Analysis of variance for the effect of planting date and various tillage systems on different traits of Adel cultivar
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Fig. 1- Interaction effects of planting date and tillage method treatments on plant height, number of lateral branches per
plant, number of pods on the main stem, and number of pods on lateral branches
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T1: no-tillage, T2: reduced tillage, T3: conventional tillage; D1: December, D2: Januery, and D3: Februery
Means followed by the same letter do not differ significantly at the 5% probability level according to the Duncan test
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Fig. 2- Interaction effects of planting date and tillage method treatments on green cover percentage, number of seeds per
plant, biological yield, and grain yield in chickpea
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T1: No-tillage, T2: Reduced tillage, T3: Conventional tillage; D1: December, D2: Januery, and D3: Februery
Means followed by the same letter do not differ significantly at the 5% probability level according to the Duncan test
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