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Introduction

Nowadays, the cultivation of plants adapted to adverse conditions, such as drought and salinity, in the
country has been considered. Meanwhile, Kochia scoparia, one of the forgotten plants, due to its classification in
the group of halophytes, has specific characteristics suitable for cultivation in low-water and saline areas (Salehi,
Kafi, & Kiani, 2012). This plant is known as an important annual forage crop, and its grains also have high
nutritional value and oil, which can be considered for future industrial applications (Salehi et al., 2012). Studies
on the salinity tolerance of the Kochia plant have shown that it is suitable for cultivation in saline areas, and in
terms of quantity and quality, can compete with conventional forage plants. The use of natural organic materials,
such as humic acid, has received more attention. These materials, as part of soil organic matter, are influenced by
physical, chemical, and microbiological changes in biological molecules (Sabzevari & Khazaei, 2009; Dong,
Cordova-Kreylos, Yang, Yuan, & Scow, 2009). Additionally, nitrogen is the most important element needed for
plant growth and development. It is also a key component in many biological compounds, including proteins,
nucleic acids, some hormones, and chlorophyll. Nitrogen plays an essential role in photosynthetic processes and
the final function of plants (Kaur, Gupta, & Kaur, 2002; Taiz, Zeiger, Mgller, & Murphy, 2015). As a result of
this research, a combination of nitrogen and humic acid can be used as nutritional resources in salt stress
conditions.

Materials and Methods

This experiment was conducted in the form of split plots based on the randomized complete block design
with three replications in the Saline Research Farm of Ferdowsi University of Mashhad in the 2015 growth
season. The main plot included drought stress with a four-week interruption of irrigation at three levels of
control (irrigation until the end of the growing season), after establishment (50 days after planting), the
beginning of flowering (71 days after planting) and late flowering (82 days after planting) The subplot was
included nitrogen application at three levels of zero, 100 and 200 kg.ha from urea fertilizer source. The
optimum level of humic acid (2 per thousand) was done as seed at the time of planting for all treatments.

Results and Discussion

The results showed that the drought stress during vegetative and reproductive growth stages had a negative
effect on the Kochia plant. However, its effect in the early stages of vegetative growth (after establishment) was

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
4.0 International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and
Y reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
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greater than the stress at the end of the season (late flowering). Drought stress has a negative effect on Kochia
grain yield by reducing the concentration of chlorophyll a, altering the chlorophyll a to b ratio, decreasing
carotenoid concentration, and affecting relative leaf water content. However, seed treatments of humic acid and
its combination with 100 kg.ha nitrogen level by increasing the concentration of total phenol, soluble
carbohydrate concentration, and DPPH free radical scavenging capacity improved photosynthetic pigments and
finally kochia grain yield. In general, the most suitable treatment for use in drought stress and saline water
source conditions was the combined method of sowing humic acid seeds with 100 kg.ha™* nitrogen fertilizer.

Conclusion

In general, the occurrence of drought stress in vegetative and reproductive growth stages had a negative
effect on the kochia plant. However, its effect in the early stages of vegetative growth (after establishment) was
greater than the stress at the end of the season (late flowering). The most suitable treatment was using the
combined method of seed of humic acid with 100 kg.ha* nitrogen fertilizer.

Keywords: Antioxidant capacity, Humic acid, Photosynthetic pigments, Saline water
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Table 1- Soil chemical properties of experimental field (0-30 cm depth)
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SO Cl HCOr  COs? K Na Mg Ca Electrical sk
conductivity Texture
meq I'! dS.m’! Clay-
13 27 1.8 0.0 0.8 31 10.2 10.6 5.8 loam
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Table 2- Water chemical properties for use of the experiment
©gu A ol ol el g ke el "E*qt‘ w: .
2 } 2 ectrica
SO4 Cl HCOs COs K Na Mg Ca conductivity
meq I! dS.m?
15 34 2.4 0.4 0.2 32 9.2 6.6 5.2
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Table 3- Source of variance (mean square) of photosynthetic pigments of kochia leaves under time of drought stress and
nitrogen application
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Main error
03358 ol 2 60.35" 57.94" 0.63" 797.59"
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ns, * and **: are non-significant and significant at 5% and 1% probability levels, respectively
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Table 4- Mean comparison effects of different times of drought stress and nitrogen consumption in combination with humic
acid on different traits of kochia in the field
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Table 5- Source of variance (mean square) of physiological traits in leaves and yield of kochia under time of drought stress
and nitrogen application
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Main error
0395 355 Ol
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ns, * and **: are non-significant and significant at 5% and 1% probability levels, respectively
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Table 6- Mean comparison of interactions of effects of time of drought stress and nitrogen consumption on different traits of
kochia in the field

o ol 3 clale i Olydugs 5 Total o J&al, "“'ﬁ'“”e 3, Sos
Suis Ojar TETNT R VORI Jgloe phenol kol DPPH al;1 &l
Time of Nitrogen  Chlorophyll  Electrolyte Soluble content czmlelr?t DPPH radical  Grajn
drought fertilizer b content leakage carbohydrate  (mg galic | scavenging yield
stress (kg.hal)  (mg.gtFW) (%) content (mg acid.g! (mg.g capacity (Mg (g.m)
glucose .g*t FW) FW) ascorbate.g!
FW) FW)
- 0 344 36.9 16 15.0 6.1 5.1 36.9
by el 100 237 478 15 175 3.7 34 338
Field capacity 5 26.7 52.7 2.7 18.9 47 33 34.4
il 1 e 0 24.6 65.9 3.3 27.8 10.6 4.8 39.2
After ) 100 225 68.8 3.2 21.3 11.8 49 28.3
establishment 200 25.0 57.5 1.4 14.5 8.2 45 40.7
A5 kel 0 26.9 56.8 1.2 134 8.4 4.3 43.7
Early of 100 23.9 58.8 13 16.4 5.2 45 283
flowering 200 27.7 52.2 1.7 15.0 6.4 4.1 27.3
a5 3l 0 242 67.3 15 16.9 11.9 5.0 389
Late of 100 23.4 65.9 1.7 15.9 9.7 4.8 324
flowering 200 27.4 495 1.6 14.3 6.9 4.8 28.3
LSD 0.05 3.7 13.0 0.3 2.7 15 0.8 5.5
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Introduction

Chickpea (Cicer arietinum L.) is one of the most important crops in the human food basket worldwide. It is a
highly nutritious pulse crop with low digestible carbohydrates, protein, essential fats, fiber, and a range of
minerals and vitamins. As the human population grows, the demand for this protein source increases and various
approaches to its sustainable products are being developed. Autumn cultivation of chickpea in cold regions
requires the introduction of cultivars tolerant to freezing stress. The ability of plants to overwinter depends on
the biochemical and physiological responses induced by their cold acclimation duration. Cold acclimation
mechanisms in the plant are a fundamental reason for plant tolerance increase in autumn cultivation. Hence,
investigating the mentioned traits can help identify cold-tolerant genotypes. Identifying attributes that provide a
suitable description of the diversity between genotypes is critical through canonical correlation analysis, cluster
analysis, and determining the genetic distance.

Materials and Methods

This experiment was conducted during the 2017-18 growing season in the research field of Ferdowsi
University of Mashhad, Iran (Lat 36° 15" N, Long 59° 28 E; 985 m Altitude). Chickpea germplasm, including 29
Desi-type chickpea genotypes and one cold tolerant cultivar (cv. Saral), was studied in terms of morpho-
physiological and biochemical attributes and their relationship with yield and yield components. Chickpea seeds
were provided from the Mashhad chickpea collection at the Research Center for Plant Science. Following
seedbed preparation by ridge tillage in October 2017, chickpea seeds were sown with a density of 40 plant m2.
Irrigation was conducted three times during the growth period: immediately after sowing, two weeks after the
first irrigation and flowering stage. Hand-weeding was done three times during the growth stage in early March,
early April, and early May. Data were analyzed using the SAS 9.4 software, and the mean comparison was
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performed by the Duncan Multiple Range Test (DMRT) at a 5% probability level. Statistica software also
performed a cluster analysis (based on Euclidean distance) and principal component analysis (PCA).

Results and Discussion

Evaluating the morpho-physiological performance of chickpea genotypes is valuable for breeding programs
that integrate chickpea cold tolerance. Based on Pearson's correlation coefficient results, a significant positive
correlation was observed between the survival of chickpea germplasm with seed yield and biological yield. Also,
a significant negative correlation between survival with photosynthesis pigment content and Fv'/Fm'revealed a
high relationship between these parameters. Traits with the highest canonical discriminate coefficients had the
best effect on the diversity across the studied genotypes. Based on the factor analysis results, the first factor with
22.8%, and the second with 12.1% explained the most differences. In the first factor, the most critical traits with
a positive charge are F'v/Fm', the total content of photosynthetic pigments, starch, the number of fertile pods,
and the number of seeds, and the critical trait with a negative charge was the survival. The genotypes of the five
cluster analysis groups had a higher mean in 54% of the traits compared to the total mean. The crossing of
genotypes of group one due to higher survival and seed yield and genotypes of group five due to plant height and
first pod height (compared to the total mean), which also have a considerable genetic distance, can lead to the
release of new varieties. Also, the genotypes of the three cluster analysis groups (MCC32, MCC34, MCCI155,
MCC194, MCC199, and MCC291) have high-priority traits for selection by breeders and can be used in
breeding programs for autumn cultivation.

Conclusion

According to the results of the present study, selection for successful overwintering of desi-type chickpea
genotypes in cold regions is recommended based on the mentioned characteristics in breeding programs. The
group three chickpea genotypes of cluster analysis (MCC32, MCC34, MCC155, MCC194, MCC199, and
MCC291) and morpho-physiological and biochemical attributes affecting the yield and yield components
determined from this study may be helpful for genetic engineering and breeding programs that integrate chickpea
cold tolerance.

Keywords: Autumn planting, Cluster analysis, Germplasm, Photosynthetic pigments, Survival
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Figure 1- Daily minimum and maximum temperature during chickpea growing season in 2017-2018
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Figure 2- Pearson correlation coefficient matrix between morphophysiological traits, biochemical traits, yield, and yield
components of desi-type chickpea genotypes
1. Photosynthetic rate, 2. Transpiration rate, 3. CO2 sub stomatal, 4. WUE, 5. Stomatal conductance, 6. Stomatal resistance, 7.

Stomatal adaxial, 8. No. Stomatal abaxial, 9. Ft', 10. F0', 11. Fm', 12. Fv'/Fm', 13. Fq/Fm', 14. Fq/FV', 15. qL, 16. Leaf length, 17.
Leaf width, 18. Branch No in flowering, 19. Branch length in flowering, 20. RWC %, 21. Osmotic potential, 22. Cha, 23. Chb, 24.

Carotenoids, 25. Cha/Chb, 26. Total pigment, 27. Soluble carbohydrates, 28. Starch, 29. Lowest pod height, 30. Plant height, 31.

Plant length, 32. Branch No. in maturity, 33. Pod No. Plant, 34. Pod fully No., 35. Filled pod percentage, 36. Biomass plant, 37.

Grain plant, 38. 100-grain weight, 39. Biological yield, 40. Grain yield, 41. Harvest index, 42. Survival
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Figure 3- Distribution of desi-type chickpea genotypes based on the first and second factors at Mashhad in 2017-18
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Figure 4- Cluster grouping of desi-type chickpea genotypes based on studied traits
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Table 2- Mean of the groups in cluster analysis and the total for studied traits in desi type chickpea genotypes

Groupl Group2 Group3 Group4 Group5 Total
Traits ke Number of genotypes
9 5 6 4 6 30
Photosynthetic rate juq:b 10.4+4.06 7.84+4.18 12.3+5.24 9.7243.14 12.4+5.04 10.7+4.45
Transpiration rate 3, 2.23+0.930 1.53+0.660  2.30+0.940 2.33+1.09 2.29+1.36 2.15+0.986
CO: substomatal &35, 55 861 CO2 384+21.3 377+£37.6 363+40.7 370+38.7 356+48.7 3714359
WUE U Gpae oS 5.24+2.53 7.40+6.72 6.45+4.05 6.09+5.56 8.16+6.19 6.54+4.68
Stomatal conductance (gle;, colan 17.7£3.03 17.2£2.43 15.9+£3.34 18.7£1.27 16.7£1.26 17.2+2.56
Stomatal resistance sl jg, ceoglio 59.5¢11.0 59.6+9.36 69.9+14.6 55.345.03 57.9+3.82 60.7+10.5
No. Stomatal adaxial &y, plaw 454, slias 23739+1514 1991342045 3031342141 3101742471 36380+2505 27915+6124
No. Stomatal abaxial 5y culy 434, slaas 2719241666  22556+2755  35456+1994  29505+1628 39746+2365 30891+6384
Ft' Juiloygls ol o 324445 330+47 334440 313£12.0 317+25.1 324+36.09
FO' uilyold Jolas 3274+45.0 336+44.9 337+41.7 31.5+114 319425.22 327+36.4
Fm' Lulugls il 853x152 862+140 851+74.5 858+17.2 887+98.5 861109
Fv/Fm' Il giumwgs oS 0.602+0.059  0.600+0.077  0.602+0.051  0.632+0.014  0.637+0.020  0.613+0.051
Fq'/Fm' I giugwsd Slhlee l)l8 0.606+0.058  0.609+0.064  0.606+0.050  0.634+0.014  0.639+0.020 0.617+0.047
FQ/Fv' olesisd 398 1.012+£0.006  1.019+0.034  1.007+0.005 1.003+0.002 1.005+0.003  1.008+0.015
QL IT pimrgd STh0 o391 5b oS 0.998+0.003  0.999+0.003  0.997+0.002  0.997+0.001  0.997+0.003  0.998+0.003
Leaflength 5, Job 6.61+0.727 6.34+0.50 6.9440.57 6.41+0.528  6.344+0.648  6.55+0.623
Leaf width 5, 5 ,c 2.96+0.350 2.7340.174  2.91+0.167  2.73+0.233  2.82+0.400  2.85+0.291
Branch No. in flowering _».5 ,» 435 shws 3.19+2.06 3.20+£0.869  3.44+0.886  2.17+0.694 3.78+1.71 3.22+1.48
Branch length in ﬂ(j:j;ng » el Sl b 44.8+8.93 38.0£7.02 45.2+6.44 42.4+5.59 40.2+3.83 42.5+7.03
RWC Sy Ol s (slgimo 63.1+5.83 62.9+4.67 62.4+4.72 60.7+2.76 57.2+4.94 61.4+5.15
Osmotic potential (sjouw! Jously 1.90+0.236  1.831+0.205  1.89+0.176  2.06+0.323  2.07+0.175  1.94+0.226
Cha Lés,ls'a 0.399+0.303  0.266+0.092  0.236+0.090  0.321+0.082  0.383+0.158  0.331+0.193
Chb J.s,5'b 0.309+£0.230  0.194+0.027  0.206+0.038  0.280+0.085  0.245+0.064 0.252+0.136
Carotenoids la.s45)S 0.133+£0.083  0.099+£0.025  0.090+0.024  0.094+0.026 0.118+0.029 0.111+0.051
Cha/Chb L, IS s a/b 1.25+0.320 1.364+0.335 1.1+0.244 1.1740.229  1.54+0.284  1.29+0.307
Total pigment laailx s, JS 0.840+0.606  0.560+0.133  0.533+0.148  0.695+0.175  0.746+0.244  0.694+0.370
Soluble carbohydrates Jglbxo (slaclyimg S 1.34+0.711 1.3141.176 1.41+£0.857  2.24+0.459  1.45+0.495  1.49+0.782
Starch awlis 109+96.6 61.9+16.3 66.3+11.5 75.7£8.4 87.6£24.5 84.0+55.7
Lowest pod height (M ol ¢lis | 12.7+4.81 12.542.43 15.5+4.93 10.4+2.30 16.1£3.52 13.6+4.23
Plant height &5, ¢las)| 40.7+7.86 42.5+11.2 43.8+12.9 36.3+4.38 42.4+10.7 41.449.51
Plant length in maturity S, » £ Jsb 47.9£8.66 46.7£7.28 55.2+8.64 46.6+11.7 49.8+6.76 49.4+8.53
Pod No. Plant &g > M sluws 152+116 170+32.0 173+59.6 170+36.9 165+56.2 164+72.3
Pod fully No. , <M slus 131+106 147+29.4 144+46.1 147+40.9 139+41.0 140+63.9
Filled pod 5, &M 3o 84.1+7.26 86.5£3.21 83.14£5.33 85.0+8.13 85.3£5.19 84.7+5.79
Biomass plant &g, )3 s3giciums 80.6+51.9 81.3£18.5 87.5£32.9 85.8£27.4 91.1+28.1 84.9+£34.8
100-grain weight &l 1o j9 18.2+7.53 17.843.13 17.142.84 20.5+9.07 16.2+5.88 17.8+5.88
Biological yield s3gcuus; 5944238 426+185 6714327 456+76.6 615+183 567+231
Grain yield &l 5,Sles 251+98.4 184+81.2 294+178 213+48.9 247+90.6 2424109
Harvestindex cusly, =35 43.0+5.81 43.2+4.47 41.7+6.19 46.5+5.03 38.9+6.15 42.445.75
Survival &, 64.0+25.0 53.5425.1 73.7£11.2 58.0+5.06 59.3+17.8 62.5£19.6
Grain plant™ @ > ails )3 33.0+£28.2 38.3+£5.98 36.8+11.5 42.1+£7.41 33.8+13.7 36.0+£17.2
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Table 3- Analysis of variance of groups based on the studied characteristics of desi type chickpea genotypes

Traits Ol Between Groups og,5 oo Within Groups ey 5 Jals
df (ool as 4 25
Photosynthetic rate g 19.6 19.8
Transpiration rate 3, 0.585 1.034
CO: substomatal &5, 55 S8 CO2 862 1358
WUE U G pae ol,lS 8.91 239
Stomatal conductance sk jg, colia 6.06 6.63
Stomatal resistance (glajg, cuoglio 172* 101*
No. Stomatal adaxial &5y, plaw 454, slaas 245014804** 4308558**
No. Stomatal abaxial 5y, cusy 455, sl 268419270%** 4335025**
Ft' el ygld cols s 390.647 1448.203
FO' il slé sl 486 1461
Fm' Luloygls sl 1284 13662
FV/Fm' I ptwgd ), 0.002 0.003
Fq'/Fm'; Hptugwssd Slles Sl 0.002 0.002
FQ/FVv' olesbeib 39,8 0 0
QL Hitusgid S1ye (1392 5k (e 0 0
Leaflength 5, Job 0.376 0.39
Leaf width 5, 5 ,c 0.066 0.088
Branch No. in flowering 2.5 ) 43ls sl 1.66 2.28
Branch length in flowering a5 » ol 455 Job 55.7 48.4
RWC Sy ol s (slgimo 38.1 24.6
Osmotic potential ¢ jeuw! Juwslsy 0.063 0.049
Chaa b, 0.033 0.038
Chb b Lsg,ls 0.015 0.019
Carotenoids s gl 0.002 0.003
Cha/Chb a/b Lég,5 cuus 0.149* 0.085%*
Total pigment laashh s, JS 0.113 0.14
Soluble carbohydrates Jglxe (slaclyimg S 0.662 0.604
Starch awlss 2598 3187
Lowest pod height Me 4l £lis)| 27.8* 16.3*
Plant height &4 ¢lis)| 39.6 98.6
Plant length in maturity S, ) 45 Job 71.4 73.1
Pod No. Plant & > ) sluws 512 5987
Pod fully No. ,, a3 slus 334 4687
Filled pod ,5,l, M 30y 8.87 37.5
Biomass plant &g )3 s3gcauw 127 1381
100-grain weight &> so 3 12.3 38.1
Biological yield osgicu; 58382 52334
Grain yield s »,Sles 9342 12383
Harvest index cuslb, j=sls 38.1 323
Survival 1, 330 392
Grain plant™! g, ;5 4l o3 71.1 331

o )3 S gt gy Jless ] e 3 l5 gixe oy ik g %
*and ™" are significant at 5% and 1% probability levels
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Table 4- Results of Wilks' Lambda and Chi-square tests

Test of Function(s) Wilks' Lambda  Chi-square df Sig.
¥ o)l lae¥ Sy PRl gdlil ey syl mhaw
1 0.000 144 84 0.000
2 0.015 67.0 60 0.249
3 0.134 32.1 38 0.738
4 0.440 13.1 18 0.783

oaduis 2 5l ool b owd Cud 3959 scaigif (g S Cono gl -0 Jaan
Table 5- The results of confirming the grouping of desi-type chickpea genotypes using the discriminant analysis

Group Membership 24,5 slLas!

Total

Group I 3 3 2 5 S g

1 9 0 0 0 0 9

2 0 5 0 0 0 5

Total ggeme 3 0 0 6 0 0 6
4 0 0 0 4 0 4

5 0 0 0 0 6 6

1 100 0 0 0 0 100

2 0 100 0 0 0 100

Percent vopy 3 0 0 100 0 0 100
4 0 0 0 100 0 100

5 0 0 0 0 100 100

KW LS-MJ.°5)§ (S )0 Lm”flOO%

100% of original grouped cases correctly classified.

5 AL 0y Slos 5 Ly a3 Sy 095 Lo 4S
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Figure 5- Distribution of desi-type chickpea genotypes based on their grouping by cluster analysis in terms of genetic distance
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Table 6- Structure matrix of standardized canonical discriminant function coefficients studied traits obtained in desi-type

chickpea genotypes
Traits rlio Canonical varieties Sgil5 5 yuiio
1 2 3 4
No. Stomatal adaxial Sy YU &jg, sl -0.272* -0.196 -0.072 0.147
Plant height &4 ¢l 0.102  0.273* 0.203 0.090
Leaflength S, Jsb 0.169 0.266" -0.096 0.076
Survival & 0.078 -0.243" 0.052 0.183
Leaf width Sy, 5 e -0.003  0.119" -0.052 -0.040
Fq/Fm'; Hgtamwgs Slles oL -0.024 -0.084" -0.038 -0.062
FV/FM' Il g o8 -0.022  -0.072° -0.056 -0.057
Photosynthetic rate g -0.033  0.060" 0.011 0.011
100-grain weight &> v.o (34 -0.006 0.121  0472° 0.000
Filled pod ,g,l ) 2oy -0.263  0.282 -0.388" -0.137
Pod fully No. , <8Me slass 0.136  0.131 -0.340" -0.270
Plant length Suw) ;> $g Jsb 0.020  0.036 -0.328" 0.144
No. Stomatal abaxial 5y culy 454, slaws -0.285 0.089 0.326" 0.031
Grain plant™ & > &l )39 0.153 0217 -0.288" -0.199
Pod No. Plant g ,> &M sluss 0.172  0.100 -0.287" -0.253
Lowest pod height (e gl glis| -0.033  0.067 0.214 -0.073
Stomatal conductance (¢l4jg, colin 0.015 -0.058 -0.201" -0.051
FqQ/FV' olesiyid 398 -0.011  -0.044 0.169" -0.009
Branch No. in flowering 2.5 ,» 43l sl -0.012  0.052 0.1517 -0.142
Branch length in flowering 2.5 > Lol &ls Job -0.005 0.120 -0.138" 0.137
Osmotic potential (¢eu! Jousl -0.032  -0.079 -0.117" -0.067
Transpiration rate ,< -0.020  0.037 -0.111" 0.044
WUE ol Gyae ol -0.010 -0.048 0.110 -0.049
FO' Ll ygls Jalas 0.010  0.040 0.103" 0.060
CO; substomatal 45y, ,,; S36I CO, 0.025  0.033 -0.091 -0.045
Ft' il sl <ol pedas 0.008  0.043 0.085" 0.063
QL Hptacmsgid 3150 390 5b (wess 0.024  -0.002 0.024" -0.015
Biological yield o3¢ 0.068 0.136 -0.017 0.433"
Grain yield 4l 5 Slas 0.055  0.112  -0.059 0.421°
Starch atwlis 0.078 -0.046 -0.248 -0.375
Chbb Js,l8 -0.038 0.044 -0.214 -0.370"
Total pigment aails s, J§ 0.003  0.028 -0.183 -0.308"
Carotenoids laisgsg )8 0.142  0.029 -0.196 -0.270"
Stomatal resistance 4}y, Cuoglio -0.006 0.119 0.173 0.263"
Biomass plant &g ;5 635 0.039 0.161 -0.251 -0.262"
Cha a Jb,,5 -0.005 0.015 -0.147 -0.258"
Soluble carbohydrates Jslxo (slacsljiing S -0.008 -0.093 -0.163 0.173"
Harvest index cuslyy (a3l 0.062 -0.045 -0.164 0.167"
RWC S p ol oouss (slgimo 0.037 0.082 -0.023 0.150"
Cha/Chb a/b Jg)l5 s -0.019 -0.035 0.063 0.135"
Fm' uloyss Sl -0.007 -0.021 0.023 -0.064"
Eigen value yolio o}g 118 7.86 227 1.27
Cumulative % yo > ph (2025 91.2 97.3 99.0 100
Canonical correlation  Siwen (SoglS 0.996 0942 0.833 0.748

IRt} iy CJL Jrl M L’Uﬁ.ﬁ O)‘.b‘ u»Lw‘ » Lm).u.uo
Variables ordered by absolute size of correlation within function.

(e ) SplS ol 5 it 15 0o (llas (Snod (2553 ”
*Largest absolute correlation between each variable and any discriminant function.
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Introduction

Agriculture is a cornerstone of many developing economies, providing food, income, and employment for
millions of people. It is also projected to play a vital role in feeding a global population of 9.1 billion people by
2050. However, there are growing concerns about the environmental impact of agriculture, particularly in arid
and semi-arid regions like Iran. Managing water and fertilizer usage in agriculture is crucial to ensuring food
security and sustainability. However, conducting field experiments to assess the interaction of all factors
involved is expensive and time-consuming. This research focuses on optimizing maize production in Kerman
province, a region where maize is a major crop. The research is motivated by the need to improve resource
management in Iran, where water and fertilizer resources are limited. The APSIM model is used to determine the
best management scenario for maize production in Kerman province. APSIM is a crop growth simulation model
that can be used to predict the impact of different management practices on crop yield, water use efficiency, and
nutrient use efficiency. The use of APSIM in this research provides a cost-effective and time-efficient alternative
to conducting extensive field experiments. The results of this research will contribute to the development of
sustainable and efficient agricultural practices in Kerman province and similar regions. These regions are
characterized by resource constraints, such as limited water and fertilizer availability. The research aimed to
simulate the effect of management parameters (planting date and irrigation) on Crop yield and subsequently
achieve the optimal management scenario.

Materials and Methods

The APSIM model was used for simulation in three regions of Bardsir (temperate to cold climate), Jiroft (hot
and humid climate), and Orzuye (hot and dry climate). The model requires four series of data: climate, soil,
management, and crop data. The required climate data (from 1998 to 2018) including daily maximum and
minimum temperatures, length of sunny hours, and daily precipitation were collected and prepared from the
synoptic weather stations of the three mentioned regions.

The management data set for each of the study regions was prepared in the form of questionnaires and field
research from experts of the Agricultural Jihad Organization, the Agricultural Research Center Organization, and
prominent farmers in those regions. The crop data includes the plant genetic coefficients of the maize single
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cross hybrid 704, which were obtained from the calibration of the APSIM model. To optimize planting date and
irrigation management in the studied areas, different planting and irrigation date treatments were investigated. In
this research, planting date treatments included the conventional planting date of the region, 20 days before the
conventional planting date (as early planting date), and 20 days after the conventional planting date (as late
planting date). Irrigation treatments included the usual number of irrigations in the region (13 irrigations), less
irrigation (11 irrigations), and more irrigation (15 irrigations).

Results and Discussion

Our results showed that the model successfully simulated maize phenology, especially maturity date, with
high accuracy for all fertilizer amounts tested. The model performance in predicting biomass under different
nitrogen treatments was also satisfactory, with a minimal difference between observed data and model results.
The nRMSE of grain yield in the calibration stage was 11.2% and in the validation stage was 9%. The nRMSE
for calibration of the biological yield of SC 704 was 14.8% and for validation was 13.9%. Also, the model was
able to simulate phenology with very high accuracy (especially the days to maturity). Overall, the nRMSE of
days to flowering was less than 10% and for the days to maturity was less than 5%. Late planting dates
consistently showed better performance across regions and irrigation treatments, resulting in significantly
increased grain yield compared to conventional and early planting dates. The highest seed yield was obtained
with 15 times of irrigation, among the various irrigation treatments. Late planting combined with 15 times of
irrigation yielded the best results in Kerman province, particularly in Bardsir, with a yield of 9300 kg ha™.
Optimal moisture and air conditions, along with the cultivation of a late-maturing variety, contributed to the
higher seed yield. These findings are consistent with previous research that has confirmed the positive impact of
late planting and extended ripening periods on maize yield.

Conclusion

Our results showed that the model simulates the growth and yield of single cross 704 corn in Kerman
province well, even after 20 days of late planting. Long-term simulation experiments showed that maize grain
yield varied depending on the region, with the highest yield in Bardsir (8317 kg ha) and the lowest yield in
Jiroft (4735 kg ha'). The optimum maize grain yield (8872.8 kg ha) was obtained by the interaction effect of
late planting date and 15 times of irrigation.

Keywords: APSIM model, Grain yield, Irrigation, Simulation, Sowing date
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P (ppm) Cis L6 jiud 120 180 200
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Table 3- The genetic coefficients obtained from calibration for SC704 cultivar

G o Jade aly
Coefficient Value Unit
I 5> il slaws ai 850
Maximum number of grains per head
sz 5 Sl b y0b oo Sl gro2xd (2lod e 070 Mwe»
Thermal time accumulation from seedling emergence to end of juvenile phase °Cd
Al 48 Cs puo 8 Jo) e e
Grain growth rate mg kernel-1d-1
SRS 5L Sl 5B bl 5l ez slos lej 20 by 59y 42y
Thermal time accumulation from end of juvenile phase to floral initiation °Cd
. . 12.5
Critical photoperiod 1 h
Critical photoperiod 2 h
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Table 4- Common sowing date, number of irrigation, and the amount of nitrogen fertilizer in the studied locations
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Location  Sowing date  Number of irrigation  Nitrogen fertilizer (kg N ha™)
el i) o 16 276
Bardsir 21-Apr
45)) o o2 16 260
Orzueeyeh 01-Jul
o 2 pl 16 253
Jiroft 21-Jul
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Table 5- Evaluation indices of APSIM model in predicting days from planting to flowering and maturity of maize under
different nitrogen treatments (0, 92, and 368 kg ha™) in calibration (2014) and validation (2015) stages.

P U sl 5, Sy U Clls 1 5,
Days from planting to flowering Days from planting to maturity

Slowd (YY9Y) (Zowly (YY4£) (o, lis! (YY9Y) Lzowly (YY4£) o las!
Treatment Calibration (2014) Validation (2015) Calibration (2014) Validation (2015)
IXWIRVAR o,bﬁd)'uw sdodalie owd)'uw sbodalie omd)‘uw IXWIRT RS o,\.«i}d)‘l.ww
Observed Predicted Observed Predicted Observed  Predicted Observed  Predicted
0 kg N hat 74 69 87 66 131 129 135 123
92 kg N ha't 68 69 80 66 128 129 134 123
368 kg N hat 69 69 76 66 132 129 136 123
NRMSE (%) 2.41 11.17 0.95 5.14
CRM (-) 0.018 0.185 0.01 0.08
d-index (-) 0.42 0.33 0.47 0.09

nRMSE: the normalized root mean square error; CRM: coefficient of residual mass; d-index: index of agreement.
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Table 6- Performance evaluation parameters of APSIM model in simulating biological yield and grain yield of maize SC704
hybrid under the different amounts of nitrogen (0, 92, and 368 kg ha?) during the calibration and validation periods

Validation v ,lis!

Calibration (2014)(YY'4Y) _axiuls

d-index (-) CRM (-) nRMSE (%) d-index (-) CRM (-) nRMSE (%)
0.95 -0.18 13.95 0.66 0.19 14.77 Biological yield 59)g0 3,5les
0.92 -0.11 9 0.83 0.12 11.23 Grain yield «1> > Slee

Sgabg 38lg Lasls (d-INdeX wsiladl co o CRM (Jloy slhs claye xSke Hio NRMSE
NRMSE: normalized root mean square error, CRM: residual coefficient, d-index: Wilmot agreement index
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Figure 1- Comparison of observed and simulated biological yield using APSIM model for SC704 hybrid under different
amounts of nitrogen (0, 92, and 368 kg ha™) during the (calibration) (A) and (validation (B) periods)
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Figure 2- Comparison of observed and simulated grain yield using APSIM model for SC704 hybrid under different amounts
of nitrogen (0, 92, and 368 kg ha!) during the (calibration period)
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Figure 3- Comparison of observed and simulated grain yield of SC704 hybrid during the validation period
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Figure 4- Grain yield under irrigation treatments (IR18: 18 times irrigation; IR16: 16 times irrigation; IR14: 14 times

irrigation), sowing dates (common, early, and late), and studied locations (Bardsir, Jiroft, and Orzueeyeh). The length of the
box plots shows the changes in the simulated grain yield in different years (2000-2018).
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Table 7- Mean temperature during the growing season, length of growth period, and mean maximum temperature during
flowering period under different sowing dates (common, early, and late) and studied locations (Bardsir, Jiroft, and
Orzueeyeh) from 2000-2018
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wibaie sl iy Jhad Job 3 bod (1iibe (595) w5, 0595 Jogb PS5 293 Job 45 Lod diwlion (Lo
Location ] Mean temperature during the Length of growth Mean maximum temperature during
S%Wt'”g growing season (‘C) period (Day) flowering period ("C)
ate
foer 22.3 142 345
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e pL) 225 154 33.9
Bardsir Early
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Late
foer 28.7 133 38.9
Common
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i 225 154 344
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foere 28.2 130 38.7
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o piiny; 318 124 413
Jiroft Early
Pl 214 154 33.9
Late
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Introduction

Deficit irrigation offers a solution for optimizing crop production under water stress conditions, albeit with an
initial reduction in yield per unit area. Employing deficit irrigation aids in farm management in scenarios where
land availability isn’t constrained, enabling the determination of optimal cultivation patterns while conserving
water consumption. However, deficit irrigation may influence plant growth and development by inducing
drought stress. Due to several capabilities, quinoa shows resistance to solar radiation, temperature, water
availability, and atmospheric CO, concentration, which makes it possible to cultivate it in different agricultural
areas. Quinoa also has a great capacity for cultivation in dry and low-water soils. Although growth analysis
sometimes provides valuable clues, it does not provide any physicochemical information related to the
environmental reactions of plants; in other words, the main benefit of many quantities involved in growth
analysis is to provide an accurate estimate of the ability and efficiency of the plant in the community at certain
time intervals. In general, growth analysis evaluates the system based on the results of physiological
manifestations. The purpose of this research was to evaluate the physiological growth analyses of three quinoa
cultivars under different moisture levels in summer and spring planting dates in the South Khorasan region.

Materials and Methods

To evaluate the physiological traits of three quinoa cultivars under deficit irrigation conditions, four separate
experiments were conducted using a factorial layout based on a randomized complete block design. These
experiments included three replications and were carried out in two regions (Birjand and Sarbisheh) during two
planting dates (March and July) in 2018-2019. The experimental factors consisted of five moisture levels
(ranging from 25% to 125% of crop water requirement) and three quinoa cultivars (Titicaca, Gizal, and
Redcarina). To compare the cultivars and assess the impact of humidity levels, several physiological indices—
such as leaf area index (LAI), crop growth rate (CGR), relative growth rate (RGR), and net assimilation rate
(NAR)—were studied. Regression curves were fitted to the data from all four experiments separately, and
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separate analyses of variance were also performed for each sampling time.
Results and Discussion

The trend of changes in the leaf area index (LAI) showed that the time needed to reach the maximum LAl
was observed between 106 to 107 days after emergence in March and between 73 to 76 days after emergence in
July in Birjand, respectively. In Sarbisheh, the maximum LAI was observed on day 104 after emergence in
March and between 65 to 72 days after emergence in July. In March, in both studied areas, Redcarina had the
highest LAI values (4.5 in Birjand and 6.7 in Sarbisheh), along with the maximum crop growth rate (CGR) of
17.93 g m? day? in Birjand and 20.63 g m day! in Sarbisheh. Conversely, in July, Gizal exhibited the highest
LAI (6.4 in Birjand and 6 in Sarbisheh), along with the maximum CGR of 19.32 g m-2 day™ in Birjand and 18.11
g m2 day? in Sarbisheh. Additionally, the highest relative growth rate (RGR) and net assimilation rate (NAR) at
the beginning of the growing season in March were observed for Redcarina, while in July, Gizal demonstrated
the highest RGR and NAR in both studied areas. Considering the effect of humidity levels, the highest levels of
LAI, CGR, RGR, and NAR indices were observed at the 125% water requirement level. Specifically, the
maximum LAl values in March (in Sarbisheh and Birjand) and August (in Sarbisheh and Birjand) were 8.2, 5.3,
6.5, and 7.2, respectively. The maximum CGR values were 28.78, 23.56, 22.96, and 26.18 g m2 day?,
respectively. Furthermore, the highest RGR at the beginning of the growing season ranged from 0.189 to 0.214 g
gt day?, and the highest NAR at the beginning of the growing season ranged from 6.16 to 10.22 g m~ day™.
Conversely, the lowest values of these indices were observed at the 25% water requirement level.

Conclusion

Overall, Redcarina, cultivated in March, and Gizal, cultivated in July, exhibited the most favorable growth
analysis indices and grain yield compared to other cultivars. Additionally, deficit irrigation resulted in a decrease
in all of these indices and grain yield.

Keywords: Adjusted deficit irrigation, Crop growth rate, Growth analysis, Net Assimilation rate
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3- Highland
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7- Coastal low lands
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9- Regulated deficit irrigation

10- Limited irrigation

11- Deficit evapotranspiration irrigation
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Table 3- Analysis of variance of Leaf area index (LAI) during the growing season in two locations and times

Location P'ggg‘g S.0V Df LAL, LAI, LAl LA, LAIs LAl LA,
Sampling day (Day after emergence) (¢ )bpdiges 39,
B 27 36 50 64 78 92 -
= Block Sl 2 0.0002™  0.054 "™ 0.102 ™ 0.624™  7.486™ 0.308 ™ -
fo Cultivar o) 2 0.008 ™ 0.033 "™ 1.036 10717 10748 19.402 " -
s Moisture levels b, zstaw 4 0.0005™  0.058" 3606  12.866™ 26142 12120 -
E § CxM b, golaw x ',»s) 8 0.0046 0.049 0.380 ™ 2240™ 1816 0.694 ™ -
o 3 Error s 28 0.0009 0.019 0.596 1.128 3.012 0.900 -
@ CV (%) &lyis oy 16.91 24.11 28.30 26.32 34.68 28.83 -
3% - 55 66 76 89 100 115 -
4 % Block Sy 2 0.0039™  0.004 "™ 0.490 ™ 0.151™  3.666 " 13.002 " -
S Cultivar o) 2 0.0018™  0.041" 1777 1578 4117" 2.196 ™ -
ol Moisture levels b, b 4 0.0009™  0.328" 0.359 ™ 2255™ 10676  11.336 ™ -
"3 Cx M Lugb, oo X o, 8 0.0052"™  0.023" 0.193 ™ 0516™  1.478™ 1.879 ™ -
_'3 Error s 28 0.0038 0.226 0.244 ™ 0.425 0.856 2.777 -
° CV (%) &lyis oy 43.43 24.20 33.45 24.65 26.73 37.82 -
34 45 54 65 76 87 97
= Block Sob 2 0.042 1.036 ™ 4.827™ 7/507 " 12.8437 2992 5.863 "
E Cultivar o5 2 0.506 " 0523 3.808"™ 12122 20924 20586  37.014 ™
Moisture levels b, b 4 0.088™ 26142  16.713™ 21743 32885 13.941™  7.280™
< 3 Cx M Ligb, zohaw x o3, 8 0.169 ™ 1.816 "™ 3.419° 2.741" 4.410" 2.798" 1.622
% 3 Error [ 28 0.111 0.736 1.465 1.004 1.581 1.171 1.213
§ ° CV (%) (&l oS ey 57.32 38.49 3257 24.19 27.64 35.44 52.12
- 49 54 68 81 92 108 123
3; e Block Sl 2 0.0003™  0.312* 1.110 " 3.465™  0.889 ™ 3.223™ 4773
3 § Cultivar o) 2 0.0009 0.248 " 0.812” 1.214™ 3799 8.757 " 1.750 ™
® Moisture levels b, zstau 4 0.0011*  0.026 ™ 1/698™ 14696 24.896™  42.681™ 25553
g CxM b, zohaw X o3, 8 0.0001™  0.040 " 0964 ™ 1.792™ 1404 1.052 " 2.120v ™
_'S Error s 28 0.0002 0.054 0.213 1.634 1.459 1.629 1.533
° CV (%) () &y cupo 18.92 38.39 25.54 34.68 24.25 22.38 25.88

Sbsine pis g doyd K g gy Jloin] paw (3 (6B gime cuiay NS o P
*,™, and ™ represent significant at of 5% and 1% probability level and not significant, respectively.
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6.3814 *exp(-5*((x- 76.7882 )/ 16.9152 )2) R%= 09955 **
5.1537 *exp(-5*((x- 75.2442 )/ 17.9883 )%2) R%=0.9949 **
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Figure 1- Leaf area index Changes of quinoa cultivars during the growing season in two location and times
(Vertical lines on each sampling represent FLSD value at the 5% level)
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Figure 2- Leaf area index changes in different humidity levels during the growing season in two locations and times
(Vertical lines on each sampling represent FLSD value at the 5% level)
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Table 4- Analysis of variance of Crop growth rate (CGR) during the growing season in two locations and times

Location P'ggt'eng S.0.V Df CGR: CGR: CGRs CGR: CGRs CGRs CGRy
Sampling day (Day after emergence) (5,15 udig05 39,
2 13 31 43 57 71 85 -
=X Block Sl 2 0071™ 3431 5007™ 9354"™ 13.415"™ 28.573™ -
fo Cultivar o3 2 0007™ 1939 26816 14481 24229 78.261"" -
5 5 Moisture levels g, rsow 4 0.008™ 35317 83.038™ 39890 47234 202.03™ -
= 2 Cx M b, zobs x o3, 8 0005™ 1.000° 3.789™ 24785"™ 29.399"  15.816™ -
=) - Error [ 28  0.008 0.390 3.115 10.823 17.558 13.733 -
@ CV (%) (Slysts ctps 37.85 24.44 26.39 23.40 28.45 28.06 -
3 27 61 71 82 94 107 -
4 S Block Sl 2 0012™ 0932™ 0.675™ 8876™  3317"™  22.614" -
§ Cultivar o) 2 00007™ 0725™ 17415 82327 33592 37.236™ -
P Moisture levels b, zoa 4 0.0008™ 7119 74832 19365 44678  22.490" -
E CxX M agb) zohaw X o, 8 00012™ 1023° 5834™ 12995 10.83™  6.556™ -
3 Error s 28 0.002 0.362 2574 5.665 7.044 5.987 -
CV (%) (s ups 37.93 20.53 21.33 16.15 18.61 30.20 -
17 40 50 60 70 81 92
> Block Ssh 2  0160™ 0435™  4639™ 25811"™ 3551™  7.683™  0.867"™
5 Cultivar 3, 2 0296™ 22264™ 136797 71396 20090 85142 8325
N Moisture levels b ¢ sk 4 0011™ 45551 25220 563.09™ 189.66 " 40.271™ 15.893 "
< By Cx M ugb) gshaw x 3, 8 0021™ 5450™ 34.103™ 23.183" 12.865° 5.049™  1792"
S 3 Error s 28 0011 2432 5.165 8.530 4.442 3.737 0.948
% CV (%) (Slysts oty 31.05 26.16 18.28 17.91 24.87 38.92 36.38
25 51 61 75 87 100 116
ES S Block Ssh 2 00004™ 0921  3205™ 82266"™ 5645  30.711"  1.294"
j s Cultivar o5 2 00015™ 0707™ 24012™ 78.678"™ 135774" 61.667" 27.336"™
© Moisture levels jugb, rsow 4 0.0008™  0.712™ 21237 292.34™ 80350™ 439.90™ 131.82™
3 CxX M igb) gsbaw X o3, 8 0.0003™ 0.091"™ 16437 13.183" 30.489" 20.064™  6.397 "
3 Error Ls 28  0.0001 0.275 1.544 26.686  30.860  12.419 2.149
° CV (%) (Slysis ity 11.83 38.79 23.74 40.22 30.68 23.86 43.41
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*,**, and ™ represent significant at of 5% and 1% probability level and not significant, respectively.
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0.1023+15.0184*exp(~.5*((x-00.0604)/15.6540)"2) R2= 0.9946 **
0.0101+17.9318%exp(-5*((x-88.5671)/15.2234)"2) R%= 0.9874 **
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Figure 3- Crop growth rate Changes of quinoa cultivars during the growing season in two location and times
(Vertical lines on each sampling represent FLSD value at the 5% level)
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Figure 4- Crop growth rate changes in different humidity levels during the growing season in two locations and times
(Vertical lines on each sampling represent FLSD value at the 5% level)
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Table 5- Analysis of variance of Relative growth rate (RGR) during the growing season in two locations and times

Location Planting date S.0.vV Df RGR: RGR:2 RGR3 RGR4 RGRs RGRs
Sampling day (Day after emergence) (5,15 diged jo,
- 31 43 57 71 85 =
é Block Sk 2 0.0035"™ 00010™ 0.0005™ 897E-5" 357E-5™ -
Z Cultivar o8, 2 0.0030"™ 0.0004"™ 00004™ 18lE-5" 182E-5™ -
© Moisture levels gb) 7ok 4 0.0038™ 00017 00002"™ 294E-5™ 6.08E-5™ -
- } CxM b, zohaw x o8, 8 0.0015™ 0.0001™  0.0004™ 9.23E-5™ 120E-4™ -
E ] Error s 28 0.0016 0.0004 0.0002 0.00022 6.59 E-5 -
-5 Q CV (%) (s g pd 23.46 19.87 19.70 41.63 50.18 -
. 61 71 82 94 107 =
3§ 5 Block Sl 2 0.0014™ 0.0005 " 0.0006© 2.80E-5™ 3.23E5"™ -
3 ; Cultivar o) 2 0.0009™ 0.0004"™ 295E-5™ 6.53E-6™ 591E-5™ -
w0 Moisture levels b, zgos 4 0.0046 ™  0.0007°  0.0001™  0.00036 ™ 9.37E-5" -
E Cx M Lusb) gslaw x o8, 8 0.0010™ 0.0002"™  0.0003™ 6.08E-5™ 290E-5™ -
3 Error s 28 0.0009 0.0002 0.00015 4.07 E-5 2.76 E-5 -
CV (%) (s g pd 18.59 13.88 16.08 17.70 31.83 -
40 50 60 70 81 92
> Block Ssb 2 0.0050° 33E-5™ 0.0001™ 6.79E-7™ 127E-5™ 184E-6™
5 Cultivar o) 2 0.0104™ 0.0083 ™ 0.0005 * 0.00054 ™  0.00013™ 2.89E-6™
o~ Moisture levels b zobw 4 0.0125™ 0.0018™  0.0007 ™  0.00013" 2.71E-5™ 3.74E-6"
< } CxM by zskaw X o8, 8 0.0019™  0.0008 " 0.0003° 4.30E-5™ 150E-5™ 584E-6"™
5 3 Error s 28 0.0015 0.0007 0.00009 244E5  177E5  277E-6
% CV (%) (s oy 22.11 25.90 16.30 26.28 43.88 34.80
51 61 75 87 100 116
3? 5 Block Soh 2 0.0038™ 0.0005™  0.0005"™ 0.0010° 4.77E-5™ 101E-5™
3 § Cultivar #5, 2 00132" 00018 417E-5™ 6.98E-6"™ 119E-5™ 118E-5™
o Moisture levels b, zgb 4 0.0023"™ 0.0008"  0.00137" 0.00047"™ 2.89E-5™ 142E-5™
3 Cx M ugb) zobw x o8, 8 0.0014™ 0.0019™ 0.00068"™ 0.00032™ 7.41E-5™ 151E-5™
3 Error (= 28 0.0027 0.0003 0.00049 0.00023 6.71 E-5 3.62E-5
CV (%) (12)3) &lyuss oy 30.60 1252 26.95 28.84 31.13 42.60

S bme pis g Jo > K g iy Jlein] pdaw (3 (613 xe iy NS o F
, ", and ™ represent significant at of 5% and 1% probability level and not significant, respectively.
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Figure 5- Relative growth rate Changes of quinoa cultivars during the growing season in two locations and times.
(Vertical lines on each sampling represent FLSD value at the 5% level)
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Figure 6- Relative growth rate changes in different humidity levels during the growing season in two locations and
times. (Vertical lines on each sampling represent FLSD value at the 5% level)
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Table 6- Analysis of variance of Net assimilation rate (NAR) during the growing season in two locations and times

Location Planting date S.0.V Df NAR: NAR:2 NAR3 NAR4 NARs NARs
Sampling day (Day after emergence) (g I5,4isei 39,
31 43 57 71 85 -
B Block Seh 2 1.659™  2.232"  1013™  1.634"™  0.199" -
::r:? Cultivar o 2 8011™ 3.624M™ 2998"™  0.165"™  0.276 "™ -
) Moisture levels b, zske 4 13978" 13450 7.862™" 3.601™  1.860" -
- B CxXM b, gokaw X ) 8 5736™ 1.464"™  3.756" 0.936"™ 2444 " -
§ 3 Error ks 28 3.810 3.054 1.427 2.061 1.746 -
'5 CV (%) (clyuss copo 24.75 27.26 23.38 44.18 54.04 -
) 61 71 82 94 107 -
33* § Block Soby 2 6.094™  2960" 5.674 M 3.507 " 0.008 s -
g Cultivar ) 2 0343™ 0414 0.103 ™ 2.896 ™ 0.265 "™ -
e Moisture levels b, zske 4 11.755" 21.093" 18.092™ 19.412™ 0.575"™ -
3 CX M ugb, ol x o8, 8 5577 3.078™ 0.355™ 1.625m 0.794 ms -
3 Error Ls 28  3.590 5.685 2.184 1.813 0.655 -
CV (%) (lyuss cuyi 20.56 30.85 19.89 28.92 36.00 -
40 50 60 70 81 92
> Block Soby 2 4374™  3373™ 1.784 ™ 0.912 "™ 0.011™ 0.769 ™
5 Cultivar o) 2 4532™ 9031" 0.940"™  3.036™ 0.0899"™ 2873
X Moisture levels zsby oo 4 16.214°  4.687"  4.916™  1.600™  0.439" 0.150™
< _:,f CX M ugb, ol x o8, 8 33927 1328 2.789 ™ 0.402 ™ 0.494 "™  0.506 "
G 2 Error L 28  4.409 1.675 0.848 0.294 0.347 0.444
§ CV (%) (clyuss copo 38.86 29.21 21.74 29.25 45.50 52.83
51 61 75 87 100 116
1 S Block S 2 0990 3.496 ™ 3.866 ™ 3.053™ 0.487™ 0.218™
3 g Cultivar o 2 1577™ 3.838"™ 1.760™ 2.005"™ 0.106™ 0.390"
© Moisture levels g, zow 4 43677  4.228™  6566°  8.084™  2.044™ 0.091"™
3 CX M usb, ol x o8, 8 3864™ 6.278™ 1.931m 2.887 "M 0.464"™ 0.357™
=3 Error Ls 28 2.804 1.601 1.673 1.377 0.395 0.717
CV (%) (clyuss copo 31.74 26.18 27.04 28.34 23.44 41.88

S sine pis g Mo )d G g gy Jloin! paw 5D (510 gixe i NS
, ", and ™ represent significant at of 5% and 1% probability level and not significant, respectively.
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9.4769 /(1+exp(-(x - 92.9382) /-11.6226))  R%=0.9777**
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Figure 7- Net assimilation rate Changes of quinoa cultivars during the growing season in two locations and times
(Vertical lines on each sampling represent FLSD value at the 5% level)
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Figure 8- Net assimilation rate changes in different humidity levels during the growing season in two locations and times
(Vertical lines on each sampling represent FLSD value at the 5% level)
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Table 7- Analysis of variance of seed yield in two locations and times

SOV Birjand : Sarbisheh :
alodI5 po LIPRVENY alodI3 po LIPRVENY
8 August 5 March 27 July 8 March
Block Soh 2 185129.0"™  2803.5M™ 919618.1 " 31256 ™
Cultivar o5, 2 1370169.0™ 77725.0™ 3015022.5™  102058.2 ™
Moisture levels usb) sl 4 5794136.2™  41024.8™ 8011785.5™ 1391890.1 ™
CxM gk zobwxed) 8 87840.1 ™ 1872.5m™ 347186.9 ™ 20020.3 ™
Error s 28 94459.9 1678.9 230309 14632.3
CV (%) ol yss oy 13.2 18.8 30.8 145

G me pis g Moy S g iy Jleis] a3 (61 ixe ey NS
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*, ™", and " represent significant at of 5% and 1% probability level and not significant, respectively.
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Table 8- Mean comparison of cultivar and moisture levels effects on seed yield in two locations and times

Levels of experiment factor Birjand Sarbisheh
wholojl gladele Zobaw sbodlspe  slotidu! slodlspe  oloidu!
8 August 5 March 27 July 8 March
. Titicaca 200596 ¢ 142.28¢c 1289.09b 775.51b
”'e,’ Redcarina 2346.29b 285.49a 1305.97b 929.08 a
Cultivar Gizal 2608.75a 226.70 b 2073.93a  800.11b
] 125% 323659a 298.21a 2700.79a 1212.10a
‘f’ﬁ’i’]@ 100% 2820.77b 266.27 a 2197.60b 1190.73 a
(e 34) 75% 2530.15b 221.75b  1666.33c 890.15b
Moisture levels 50% 175042¢ 172.50¢ 73252d  574.94c
(Water requirement) 25% 1263.74d  132.07d 484.41d  306.61d

Al o FLSD (905 (oluslys +/+0 Jlass] grdaw 55 )l sime M5 piie osimd Lt ¢ oiiolojl 195516 g oim p 40 auliie g (sl > (sl pSileo
Means in each column and each experiment factors followed by the similar letters are not significantly different at the 5% probability
level using FLSD.
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Introduction

Sunflower, one of the primary oilseed crops worldwide, is cultivated extensively due to its suitability for
agricultural needs, high oil yield, and nutritional and medicinal value. However, drought remains the most
critical limiting factor affecting sunflower productivity. In arid and semi-arid regions, the intensity of drought
stress is predicted to increase in the future. Unfortunately, severe drought stress leads to significant reductions in
both seed and oil production. While sunflower is moderately drought-tolerant, understanding the physiological
and agronomic aspects of drought stress is crucial for sustainable management. Given that water, scarcity poses a
significant threat to crop productivity and environmental resources are diminishing, effective irrigation
management under water scarcity is becoming increasingly important.

Materials and Methods

In order to study the effects of deficit irrigation on grain yield and physiological traits of six sunflower
cultivars, a field experiment was carried out in a split-plot arrangement based on randomized complete block
design with three replications in 2019-2020 growing season. The experimental site was located in the research
farm of the Safiabad Agricultural and Natural Resources Research and Education Center. Main plots consisted of
three irrigation regimes including; control, moderate, and severe deficit irrigation (50, 70, and 90% of available
moisture, respectively), and sub plots consisted of six sunflower cultivars including; Oscar, Felix, Shakira,
Savana, Labad and Monaliza.

Results and Discussion

Different levels of deficit irrigation differently caused a significant reduction in stomatal conductance,
photosynthetic rate, chlorophyll index, relative water content, grain yield, grain number per head, grain weight
per head, and oil yield, when compared to control. Oscar cultivar with the highest stomatal conductance,
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photosynthetic rate, and chlorophyll index, produced the highest economic oil and grain yield while the Shakira
cultivar showed the lowest grain yield values in different levels of deficit irrigation. Oscar in 50% of field
capacity and Shakira in 90% of field capacity showed the highest and lowest grain yield values (5.34 and 2.67
ton hal, respectively). Labad maintained the highest grain yield in 70 and 90% of field capacity relative to the
control (4.41 and 4.28 ton ha?, respectively). It seems that deficit irrigation leads to a significant reduction in
grain yield by reducing the reproductive stage, producing fewer seeds, and the impossibility of transferring
assimilates to fill the grains. Moreover, the reduction of oil percentage is probably due to the acceleration of
achene ripening, giving the plant a chance to escape from drought, because carbohydrates first accumulate in the
achenes and then turn into oil or any other substance. Photosynthetic rate, stomatal conductance, light
absorption, relative water content, leaf area index, chlorophyll index, and transpiration rate decreased by 49, 25,
28, 26, 48, 22 and 78%, respectively in severe deficit irrigation, while water use efficiency and canopy
temperature increased by 58 and 16 % respectively.

Conclusion

Various levels of deficit irrigation exerted an influence on the physiological characteristics and grain yield of
sunflower cultivars. The extent of water scarcity emerged as a significant factor shaping the cultivar responses to
deficit irrigation. Felix and Labad exhibited higher oil yield and are thus recommended for cultivation in Dezful
and analogous regions, owing to their superior grain yield and ability to sustain grain yield under deficit
irrigation conditions.

Acknowledgment

We gratefully acknowledge funding support from Shahid Chamran University of Ahvaz project number
SCU.AA1401.783.

Keywords: Chlorophyll index, Drought stress, Grain yield, Photosynthetic rate, Stomatal conductance



olnl sy sl h 4 s

Homepage: https://jcesc.um.ac.ir

L

V-AA o NEey JL@. A OJLO.':' Y ..0.7.

Ols KT pU 1 (035258 slapasls (& 5 6l 5Kt 5 s)ll oS 5G
(Helianthus annus L.)

Y e Ll bl 31T L K g PO gl 3l

VEV/o¥A il s )b
VEY/VIN 1 by b

CRVCLS

IR sy Jlw 3 slieje (etmgly el Ll ) (o, Sl B8] (S5 5ib (slaasls (S g il 3 Shes gy slaions

b o 5 55ltS” (hjsel 5 Lo 3 pe )3 1S5 a5 (holai JolS slacSsl iy g5k B o udd B slacs S ©jg0a TN
Sl duod e 5 Ve alsy ol 1 ()LelneS 9 0 adss (elly ()ll &) wals 2 Jold (5 loleS o aus s plol oLl o
Slolest 8,5 8 e oS 3 Lo 5 ST gl i Sl ISl ST o8, it ol a5 ol 1
ey o5l jgy Colum ¢ Jidg IS asls ails 5 Slas cgub )3 4ild 559 ¢ duw > e LS Comw (Jglite jgboas sals b awslie p3 oyl
deo)d g 4y 3y Slae ¢ gdo 50 il (59 oy @l Bl Lial cows oly5 Cud il ao ) e (TS i Sy s O (Slgime g sy
S0 YA oYY XA X8 YA XD £ ialS Cngo puiomed Hlad cpl b aald b duolde 10 dopd YF g 00 B+ FF 5 & cuijay €9,

Sl 3 d 585 S s 5 o)l pa3LE Sy s (eSS (S e Sl lsime 9 ol (glajg) Colan T S o
o )3 e i 1S g, plB ) as sals b dwslie 13 Sy ider zU slod g ol Bpme oL jadls choyd V& 5 OA iuljEl el
5 Sald o] coles 55 3905 o3 1) 3,8des p S 5 i QSR 4D 3 YIEY 5 OFF aild 3, Sles 1 Sle b cdoyd A0 ()lolnS g 20l

53,5 o St 53 ) Sl s el Ll 5 Wl il 3 Slae 1 5 b, 425 L 5L

laijey colim cils 5,Slae by IS (ot cjriwgd cae pu ¢ Suid 15 1 g0l glaajlg

Sloyly Byio ¥ Lo yadeo aVlo (B sbajls #8y (oly oyl
e wiliwbie 5 1ol e ity slaails dlous 5 alS slaés,
Ve L g el lyly oo 15948 jlo 3)90 (ST 1y Moy
Kazemalilou, Najafi, & ) 59-d o dJgi jauiS )3 4£9) oy
LS slayegy whbyly ials JiJ (Reyhanitabar, 2017
dwgy Sl Coles diie; 0 Jool g aslden (o314l pilius
Slomiay Siiddas g Suid bl ,d )b, Koks] gy 008 dga
Moradi- Ghahderijani, Jafarian, & Keshavarz, )43,
(o (Sefsdnid Cloogas 59y WU Ly g (2017
a2y hb ials cazge 0lS S5 g (Jolo sl b JsIge
Canavar & ) 5,5 o ;5,5Lsl Jyiame ciaS g5, Slas
eimne g bods A5lg5 oo 1,50k8] 6,le oS (Kaptan, 2014
Jsb > JlcSias (15 5 (25 (0,99 9 LS 5 b s

doddo

€9y slaal 5| S (Helianthus annus L.) ) ksl

38das o 2hj sl (g cuslio sy o8l o 5 odes
(slaads as Jelge (il g (o3s (5551 o9 Vb ey SV
Machekposhti, ) ol asl ilibdl ol ccis , o5 wa
)5S (Shahnazari, Ahmadi, Aghajani, & Ritzema, 2017

S oSl ¢ LS S5 g W ukins 09)5 (65 0593 b gol il -

olrl lgal lgal (e

Slgal lanl ez dped oL (LS S 5 Mg pedine 09,5 Sl =¥

ol

Slgnl Gleal (lyez dad oSl (LS S 5 A wdine 09,5 Hlutils Y

ol

(Email: Davoudomidinasab@gmail.com : e ot 5 —)
@ https://doi.org/10.22067/jcesc.2023.83198.1258


https://jcesc.um.ac.ir/
mailto:Davoudomidinasab@gmail.com
https://doi.org/10.22067/jcesc.2023.83198.1258
https://orcid.org/0000-0002-5316-6288

Soleymani, ) cewl Jobuw (olal ials abuwlga oS p adaw
slaels jials 4y s | g ybw Cligss 5 (2017
(SlaSie) Colin g ey aiilen o, Sl8] Sojgls s
Sy g (a3ld Sy Ol i (st o Ol o)
01 0,L31 T Cudgazee Laylpd ) 5y Caspo 5 i S asli
Cechin, Corniani, Fumis, & Cataneo, 2010; Vanaja ) <!

et al., 2011; Hadi, Khazaei, Babaei, Daneshian, &
Hamidi, 2012; Hemmati & Soleymani, 2014; Geetha,
Sivasankar, & Prayaga, 2017; Ghooshchi, 2017; Arab,
Yadavi, Balochi, & Khadem hamzeh, 2018; Maghsoudi,
Lak, Ghaffari, Alavi Fazel, & Sakinezhad, 2020; l1zan et

2 cles ales §l Sjlonsud wlao 51,505 Sy (al., 2020
Kaya & ) siled oo Iy (—dol33l 05, Ol d9uaS Laslys )3 &8
Wy o yaid cplpls (Kolsarici, 2011; Ghaffari, 2014
S2ide s lacdld g als s Slee plise g & lelge o0y
aS ol d ang L g odg ool Bl witan 138,50 b Skl
Sits glgm g Of Ll 53 olal €S 05 ) 5l anmsg i3
B e Lo Ve Tagas aiVlo (Su5,b 50le b Sitddos
L ol g (Tahramooz & Ghalavand, 2018) .l
g P8 (S g (oS 2y Sdas 1 (o)Ll (b)) Baa
Oz 9 GleleS kalpd 5 (1) LBl Gl 2Bl (So5lg: 543
S g oS 3 Shoe a5 3l s, Kokl Cowlin pB) 4 sl
b oyt o ool 36 e S Ll plijgs o Laly 5 Cgllas
by Ly S5l 5 o, Sl o5 ) (sl Sy s 8

28 Iy (g i Mg

W yg; 9 dlge

gty glas 5o Gialafl Sy B 5 Sl iagy
aw b (Bolas LS oSl )b b posds p LSy oS
gl g lidsd 1S5 13 WAA— WA el)5 Sl p S5
Sliios 55 00 008 |2l sl o (b wlio 5 (65)5lsS
Jsbo L cgliss il Jlad )3 Jg85o ol yed )3 bl o
bl oye g (b add VY g 4 YA (5,5 oldle
bwgio g yio Ve Lyd pdass I elas)l caads VY g a0 YV Lo
it 5l B il e e e YO o o Wl (Sl
N 9 bend G SRy 9 pbul as)fe Sl )l peiges
() Jss2) 235 e o]

3fdes pad Jials el fo Jole 93 2 9380 518 48, (5059
Debaeke, Casadebaig, Flenet, & ) 1555 o £, g 4sh
xe dlge el )3 Cudgaze Wsas JleS - (Langlade, 2017
d9iso 0SBl Jgamo )3 (aly (6yg0 4 sl SB
oy Sles yialS ol Jb opl b (Canavar et al., 2014)
Ghaffari, )3l Kiw od) Lo Shs o ol d9saS i
a8 caol ous i,l55 (Toorchi, Valizadeh, & Shakiba, 2012
a3 o ialS ) ol S0kl il 5 e do s 0 b Suts i
b Jusiis polis dlas ) 4 a5 L (Totsky & Lyakh, 2015)
cels asioin o plio pad pialS 5 )5S 3l Jlosis
Dgd (lnS Hld Canl (Son )y lye0 5l eablie 45 s, Kokl
oAl (darly b e > dilgn S placasl (plelid cplpl
ol oad il S ol (gy9,d bl 4l g 5eS 3)Shes
039 91 GialS czge (s 08y e (b > Ol 298
Asadzadeh, Moosavi, & ) 33,5 o 5,531 b 3 sl

Seghatoleslami, 2017; Mojaddam et al., 2016; Karimi-
Lo 5l alse ol agss j» (Kakhaki & Sepehri, 2010

Maghsoudi, Lak, Ghaffari, Alavi ) ,LSes 5 (£35aio
Izan, ) LS 5 ol5) o (Fazel, & Sakinezhad, 2019
«(Javanmard, Shekari, Sabaghnia, & Amin abbasi, 2020
Davodi, ) ol,LSen 5 63593 9 10, KoLl gails 3,Soe jzalS
Mirshekari, Mirmahmodi, Farahvash, & Yazdanseta,
013,85 )35 (S Lalpd > aly eg, doyd Lials (2019
L dgalge 5o o0, Skl cails 5 Shos jialS poo bV 5l .ol
g Frogid oz 5| So3glsd slaclad ud Jise (ol (15
U eoss (Darvishzadeh et al., 2019) coul (glajs, colun
o yoie g 01 dloul O 3908 ol slacdly 3 (IS bl yd
Gholinezhad, ) 23,5 o oS 3iwsd 3 4o ol ials
a5 500 Sladss 4> (Darvishzadeh, & Bernousi, 2013
ol 00 0,Lil O 9108 135 cov fiwgid Cas pu LialS
Abbasi Syhejani, Farhoush, Kazemi arbat, & Khurshidi )

benam, 2012; Yazdandoost hamedani, Ghobadi,
Jewilty B9 (Ghobadi, Jalali-honarmand, & Saeidi, 2019

5 Ol b Cogby (glosme ialS Wb o pials S O
Ol pRalS czge (sitwgd dlge calo > JHST )b
Khalilvand Behrouzyar, Yarnia, ) 5g o ol,Solsl 5, Slee
oablS 50 alie s} o (Farajzadeh, & Herischi, 2014
Cowl ods iyl38 Lavd gy pdnd dws y31 50 (glajg, Colin
cew jatls ials a8 cusl sad 5,)55 (Mehrpoyan, 2011)
SoyiaS g Cspa lime LialS S (ol i dawlsa Sy



VO o ol Ralidl o)l (S 5alg jud s sl (5 9 il 5 Sas 1 55LeleS T (Ko g s sl

S jl B e silwoslel Slles 3,5 Jlasl by gl
plosl 4ty 5 (592 dbml 5 w2 dgae Sud 93 o5l ©)jg0hs
L o e Jsb & culs L3 o Jols atolef] 008 o 03
Gy 90 oy STy 0 e S g sie il YO bglas alold
e 93 8 Lyl S5 e g (ke e 9 S ljees) oS
ador jl (el slacdlie b a8 ) L 5 Al ol lyiea
O pslaiedy a8 plnil 5l s o slacile Bls g (23355
bl lajles 3 (o)l 355 loj g S Cughy oy
ST 5l ookl b g Jlgie g 4il39y & ygods o )bl 51 u alolEM,
Aol 5 plosl (gl pdiged S (gyta Bl Fo U jho Bos
3 e s e 3L b cligios 35 e Ll S olKiglejl 4
Loy O e (V) bl Sl dadiges SiS 5 5 (g S0l

42,5 o3l ¢ g Cugh)

odbs (glal ol b a3 ol Jule lsieas )l
9 S DJLO.»_M:IJ)L‘) u«_’9]o) Ao )d I\l 4.»170 u.ul.w‘ - c(JJbL.u)
Copgby o> Ar g Ve alss ol 1 i 3 s)lleS
L) o s (5 )3 (858 Jole clsiots o 5 eolisl LS
odd 4LV Jgao 53 35 bl (Shy g S SR dyed g9
aw
2 Gwd Oygods VWA oloditwl pow g Cans gu )l 0 culS
plosl e Bl VY (lgr o Joolgd 9 @y yie ) S VY o815
Vo b jho) ady) fho dang Bos > S (oly; cud)l Sl cugb,
Slajlogi dm dny adspo oyl 5l g el jlas dan 55 (el

ohalejl oo S (lionsd 9 (K58 B Si9 - Joo
Table 1- Physical and chemical characteristics of the soil

Wl . o Cagb, S SI Clan "
¢ 5 I‘{d’ e SKocdL Volumetric humidity g | - EC : Dd»&h
! er?§|ty Soil texture W13 (53503 abaks oy cud b pH . ept
(gcm) (ds m') (cm)
PWP? (%) FC! (%)
sy 29
1.61 o 17.9 33 7.64 13 0- 40
Silty clay
loam
bl 5590 018 ) Clasuin —Y Jgua
Table 2- Characteristics of cultivars
. e 3 ,Shos .
Cultivar  Length of g, 60,95 Job  Stem adlw glis | b b3 > 5 09 ok “'b_b’ N
w25 rowing period (day) height (cm) Head 1000- grain i 9)- Grain yield
9 gp y 9 diameter (cm) weight (g) Gr‘?"};‘)o" (ton hat)
0
Oscar il 118-133 163-205 14-19 33-44 35-49 1632-4917
Felix L. 118-133 165-201 14-18 31-48 34-49 1951-4806
l Py
"5‘“ 104-125 144-185 13-18 31-53 37-48 1631-4105
Shakira
Blgles
118-133 165-196 13-17 31-44 39-51 1948-4618
Savana
Labad sLY 118-133 166-209 11-18 32-65 25-45 1895-5810
l. .
» L"’_ 104-125 139-185 11-18 38-50 33-50 2832-4232
Monaliza
Source: Shahid Rajaei Company of Dezful. Js95 el s o8 s sl
S dass 5 e CS1E i) Kt -
S5 55 Cashy Aoy = L9 ¥ 09 e 89 <\ ( \)

1- Field Capacity
2- Permanent Wilting Point

S s S5 s



VEY ,lo ) a,lond FY A ol 1,5 Slonbdoly 4o VP

Gl Y Gae 4 bdiged (golod g 9 (650510l 385 (655l
A3 oSl s Jlag sled o clsapm 5 e
O 3 ot 9 S0l S gl (g sl Y 5l ey g b S
o9l 23S e 4 Ve clod j3 505 cebu YF Geds a5y
5 Sl Lagl 5l plis’ jo S 55 5 485 )18 (6
Wges y b S Ol s slgizme (£) (salal) 5 ookl b uns
(Ritchie, Nguyen, & Holaday, 1990) 15,5 s
N e ()

039 LWs 5 s diges () 036 (39 LW iias o o &
S Cigmd S5 (35 LW 5y g (ol ) gl
Al e

A hlo2); SO 4 baig Lo A 3 b ety & o

;J Wdlw:

s 5l sl wimdly doyd Yo oleo gby yods g del)> (loged
rpe yio MY+ Joleo) Ll g sl 5l aigy g3 Bl b &b)S o Log
3=k Laash (gilulia 5l gy o8y plosl s ©jg0a
Slag a5 G lac (b (ol diged gy 3 5 sloaily
o bl (g5 )5 o) b o o3l sy
G Sy Oldes a5 el g dnbre bl (:S5Le
a0 Froogds slod o 0y S sddcaiby sl gl aily
2 (3o WY el el g ey L3S b
Ay e b St (593l b s 9 48,5 )15 gl oS
Ois (LS ) o) gaw saly 3 4l 5 Slee s sl )5
odalcanddy ok 3 eylo,Soks] (caild yEgy o yd puend (sly NS
Pl 5l o 9 1z (05 Ve (Bl glaigel S 03 o
alS g oK Lawgi 0lBialojl ) laaily 19 gy duoyd (3,5
M ) o0l Uy atusgey )5l bs, 4y (Model 2050)
Sezen, Yazar, Kapur, & Tekin, ) as oo oi5e o,
plocl SAS 9.4 1531s 5 L laesls yuils,lg 4556 «coles 5 (2011
s ) Sl glaals an el 5l oozl b 35 W yeSibe
N33l 51 58 S oy (Sl g B8 dusliie S0 gy Lo

23,5 salawwl Excel 2016

=05y 9 oleleS Sll ol ol edls juib)ly 4550 gl
w8 5 IS GiiSon s prmen 9 ) SUBT salls (89, 20>
g b o, Slae (b ) 5 (gaih (i (el yd gl Bl
Sy 89y 32 9 Soyd iy Jlein] v )3 Sy e (a3l
T 3 35 ey g g O By LS g
g1, gme g lal iglas ()l as s S5 ez

Cgh) 10> (SB (Jg Cugb) dopd (b asude I
b pogane ()5 13 ($is Cugby oy o pd ol Sl oo
Ol ao )y (V) adasly 5l ealil b s g dusoles (V Joan) S
s (Martin, Stegman, & Fereres, 1990) (D) ooleuwl |11
2,5

FCi-0i
D(%) = >33 = X 100 v)

drwg Pho bos il oaiab S SB digei N oyl y> oS
Caagby O pl T dges 40 de )i cudyls > S L.,quo) FCi cais,
w3 (Soseis adads 10 SIS Cygb, WP g pl T dsges o S
(7) sl 51 oolil U 5 ealiw] bl Of adss do s g il oo
Vanclooster, Gonzalez, Vanderborght, )ss)5 4wl
.(Mallants, & Diels, 1994
(%) okl 6 T adss = Vo+ =D ()
Salwgdny (2SS £9y0 Gloj 3 (@l 13 )9 x> doyd
ool 9 YU slacewd ;1 (Testo 545 (Lux fC)) guuw, e olSiws
abul) 3l ool sl b e565 3650ke 3l ans g plosil (g, S03luil 98
2 Ao (¥)
%labs= (1 —1/1o)x 100 (¥)
59 o 2l bwg s s Ho5 doyd 901ADS dlaly oyl
ol e s 89y ASbie (9 29 il g 29 VL
ol jl odlaiwl b o 2 5 2o )d 04 (gdls o )3 oSy (gl
Mgy b (s Sojlul (Decagon Devices, Inc, USA) yiogy
L S o d2lg )3 )5 sy g Jhaog s o Ol piS
IRGA, model: ) ;0,8 ;g3le L5 , 5 Jlos olSws 3l ookl
9 43,5 cui (LCAy, ADC bioscientific Ltd. Hodeston, Uk
(0) csatar 5l okl L (s35mg Of By LS o] 5l
15,5 duwbre
T o
O s
ot jl 3ol b salsyo 3 Sy Giby g sled
il giwlod ol&uss I eoldtwl b yln, b3l 98 ol o YU
72 3 ol (353ke e 9 s xS05l0l (Infrared Thermometer)
023L5) (Sips lie (5 Sojll b dslone ¢ otlojl soly
ol jl ool wl Ly (a3 |5 0oy 0+ jlsj 1 o Jids IS
Monilota SPAD-502 Chlorophyll meter, ) o | 35,15
Pl oS O (s (slgime dulxe gl s plool (Japan
odlizl U (6)l3 paiges Lo ,S 5 b jorls oloj 3 5 podes
9 Pl elojl slajles (oles aBlidnngs S 93T 51 (208
8 Fs sd Aol o Sy (sladunS” il ooliwl b ladsges
L Lo (6305) 05 g Il as Jizis olSplojl gy 5 3,5



G ooyl 00 g cond (guuol

s

S92 0 s pS L (B g 410 3 Shas p (55l S

3

ol LT plB,l S

\A

(3591 ueoun(y) AjeAnoadsar [9A9] Ajjiqeqod o4 29 G dY3 Je JUBOLIUTIS 29 JUBDYIUSIS — UOU 4, 79 4 ‘SU
SW s § s oD ard @b o 6 o9 o€ oo ER € e cComr (oo ((AD )

AD()
6'Cl ¥'8 ¥'8 €6 & o
oo o |
. . i q Joarg
(43| SIro LS6 1SLTI1 0€ -9 =
) ) ) IeAn)IND) x UONEILLI JIdya(g
u8S°€ L1ST0 IL0T LEVLBT 01 SYF(S x (g
IeAnn)
L0811 L09'C 9 19¢ .. 7801CT S (s
) ) ) © 10117
L¥6'61 9500 029y 8¥01C 4 2 e
. ) ) (101} UL
L30°1TE WS9'E W7 10€ 4, CLO99E C S
uoneorjdoy
ulV'CTC su00°0 wu0CF0 sul OETT (4 o
dryuwddRd 10 ppPiIAuiel  pedy Jdd)ySm uiels) pedy J3d Jdquinu UureIs)  WOPII.IJ JO NI UOI)BLIBA JO S32.1N0S
o (650 sorsloqer 60 ciees) ¥ < R ovie qee s € o ) v (fjcs MR oo

UONESLLII JIDLJAP JO S[IAJ] JUIIYIP JOPUN SIBAD[ND IIMOPUNS Jo sjred) danejenb pue sapejnuenb jo saaenbs uedp- ¢ sjqe ],
b0 - A Lo oo 507 € 7 fd st o© of evgf2 e YFFD



YA

954 & i

-

3]

ol =,

Lows VY > ¢

\EXa ¥ )L%' ) L3)

*(3s9) ueoun(q) AjaAnoadsai a9 Ajiqeqoid o451 2 G Ay 18 JUBDTUSIS 29 JUBIIIUSIS — UOU 44 79 4 ‘SU

S # 6 g P 57d b oo 6 o9 of e BR 6 o oy (e (K80 i)

AD()
e8¢ ST STl &6 (484 oL€l 8¢9 0T'11 €001 - e
oo oo
. . . : 5 . . . q10H4
A VA 800°0 LLT9 €90°0 $9'6 10°€S €1 1861 06'C 0€¢ P o=
IBADND)xUOIESLLI
L0087 ,.560°0 su660'CT L1200 wEEEl «wSL'6T w0l uC96 LFT8 01 woyed
SV x (g
AN
LSTLT L 17070 961 ..L6T0 .89°LT LSP'6ST ulP'T Rakay WEOVL S (e
. . . . . . . . ¥ IOL
00S°1 S00°0 ¥9'1 800°0 sLTe 81°¢e LYl 99T LEOIT 14 2 1o
d(IID1) UONeI LI
L.9°9€01 L.£85°0 ,.070T1 L69°€ LE6EET L8'8s¥1 ,.65°S6 ..9L69Y LECOET z o
:o:m.o__%m
€08 LIPT0 8Pl «881°0 A 6589 €80 wP¥9T ,.C0°S1 (4 o6
Xopur Judju0d
Adudrdgyd xXaput Bole 1918M aanjerddurd)
e asn 19ep niAydoaopy) Jeory EYVITIEN | uonqosqe Adour) 92uB)INpuU0d e wopa.Iy UONBLIEA
HONEIIEL ek el “p e . s e e s
= pendie a4 ) . . <y ¢ PO ol I et Chev i< . L o
b«_muJ S‘\a) 34(3 ._id—w auadld i : @5 DM | _ ' e 7 |
34(3 b5

UONBSLLII JIDLJIP JO S[IAJ[ JUIIIJIP JIpun SIBA[ND Jdmopjuns jo sjied) [edrsojoisAyd jo saaenbs uedy -4 s1qe L,
b 3— AR LMo omo HHE R (e It ? of omgf2 o VFFD



YA ol Ralidl ol (S 5alg jud sl sl (50 9 il 5, Sas 1 55LeleS T (o)) Ko g o (sl

Gy Ladsly 59 Jb e idlS dzes 3 g dld jad p )90
Sy g ylicmen (Mate) aily obj slold a5 Sy jd 225 o
4 asgr b oplply (Karimi- Kakhaki & Sepehri, 2010) 5l
Colion Griwgs Co e Ly sl (g ) ae 5 Cuto (Ko
A s sy Jlaisl ) A Jgie) Sy o 235 5 (Sl
o5y (b it )3 585 Cpizmed oS o (1215 L (6lulS
Lol @ balyaumgs ) JUSI (A 390500 Cgo cjitngid (s
b pialS Lag (g g il oloj St a3 9 0k

G ob)f

dily g yslac

ols a5 (V Jp2) 085 5 6ylleS isSa y Silen gl
b SialS cnge wogllae (o)lol jlos 4 cund HllpS Hles
bl e 53 Sl 18, 45 (g ygbdr 35 &l 3 Sl (g0 >
P 1Ss v 8y 5 S 50 o5 O a3 Shee 1Sk b gllas
3 o0 YIEY 4l 5y Shes 1S5lie L doyd Ar (yloleS bty
Sy ) LS 3wl o Shee (p 508 9 roke Co A LS
o Ar g Ve (luleS Lalpd 5 il 5 Slae oy 5k 3903
P oS IVA 9 ¥IFY (lawSlee U s gy obY o8 by 50
A g Ve laleS bl )3 3 (g 2090 pB)) A5 g liSa
a5 gyebay izl aly 3 Sloe bld I Jglate sla yiiSTly doyd
Olyow aaly 3 i) V8RS el (WSl U Sl o8,
o YIYA 55 Ly (oS lb o8y 5 4o )d YVITF — YE/DR
@ S |y s 3 Shos (28 (0 308 9 (Pl s RalS
2 d)S o)l55 50 alie gk 5 i gllas (gylol el
ads o )3 Ol 39 e a5 caly 5, Shas (sljnl LialS cams
395 &l 3 Slas (g0)3 B+l iy Bl carge Sl oo (2SS
» p3U5 4068 ya dwy o Jlaiay (Maghsoudi et al., 2019)
09> Jobo als Gl Sl aib 5 Slas talS 4y pomie ()l
Slao JLasl LSl pae g jin 1505 sl Wgs ¢ dolj (sdl> o
Wl 3 ySlas Bl (piomen gd oo aly (0 (6l (sFRwg
5 Gk 5 gl 059 9 s dlass als 4y O 5gia8” 5 sl b
1zan ) Caol oad 00> Cans iy (Sgy doyd Liuljol g 3o Jlad
3,Sdas e (60 sme g Cuto Hlows (Suwen | (et al., 2020
Aed g dilbyla y5e (3o 0wl dlaw w0 Sles (linl g 4l
(Sezenetal., 2011) 5,l> 5954 3ubo

dila (£ 9y s o

L3S congo 589y Olie 0 28l 203 VF L ()bl

S Jlal o 3 S sy @0 sled p iluleS 1]

295 sy, cabia Glie 0B 5 luleS Sl o

Jleinl o 53 Jidg S (adls Sy Ol s (Slsimo 50
(F oY Jolis) 290 5l gixe (g ylol BMI ells o yd S

é._da‘,.\‘,; Gaala slaas

=) 9 SlaleS JiSen 1 (1 Sse dunlie s oll 2
s ol (glys SB oolatwl b6 cugly il L (Y Jois)
Ly s 5 1,805 o8, 9 VPAVIY 5ke b woglhan (5Ll Hle )
O3S 5 Pote e e VMY ke L o3 A (gluleS
Olygd dy93 0 Sy o Yl b 1) Bb e )j sab ol
23S A pe p3 0hag gy LS L olS () g (g M)
9 Sole aIMS w03, 5 cladil ud Sis el ( Slidles )3 o
slads |3 e w yiglidl ases jo g odds Slidl 00,5 o OS]
2 Gl 035 b o wlb olawy mals LYol (S b g0
o 5 04 (6 Fiweid dlao Lla )0 dalle )08 ialS cely
Cowlodgy 3b jols slaa > | ol yials » Lle
dlgo Jlanl o adgs Hials' b K> )b 5l .(Mojaddam, 2016)
Wl 55 B 53 A a5 ol 5l (B Jlad ialS g (s sig
(Asadzadeh et al., 2017) 5445 .0

Gk g9 2 sl 0)9
(Y Jga) w8y 5 oLl (iSon o (slo:Silie auylie
wuily ()loleS 31 ) o 0 &by (59 (gho > B0 Lials 5l olss
) o3 A (ylle S Jles 3 5 b )3 Wl iy ke
el ogs ) s > aly 59 oS )5 VYA LS
Lo e g Ve (o)lales bl 93 52 50 55 0LY o8, ol
hoySlas uyine Gk 2 3 )5 ¥ slaaily gy (ke
o8y (s )lalnS Lulps 3 by olaid] 3¢5 4 pB)l plo & Cows
2 3o d YEIOY — YYNY Gl s dely (0 ials ao > YE/AF
Uk § oSS e o Ao 5 Ve (gloleS byl
Sl ()2 3)90 PB) O 3 Bk saails (g 3 1) ials
uu.bl_{ L«s_ClJ 6‘_5_»:)‘) d._l>)o Jel D)Jﬁd) 5—\4\») 5090 J9J0 ) Sk
Job g copw pialS g sl ()0d ) e @te lpieds Jlwg



VEY Jlo ) a,lons FY A ol 1,5 Slonidoly A A

Al e (iS55 gl Jolpe )3 oy cjiwgd Al Lol
Sl suwed ce o (Yazdandoost Hamedani et al., 2019)
as e Slig 3 8 Sl (S 10S1id s 3 olS e
Ay i (lplis 23,5 o0 3 Shes g Sisodle g
5o oS g (1alS (g)lalnS bl )3 il g,
29l gid pas I gySele sl gy colia g Jdg)lS
Pl 53 5iuags (ialS Eosl o SanSligs S s dond
O gy ol 00 (5155 alie Ll )3 3,8 1, ol
oielS ey pomie gl 332 9 S e 18l Gobo Sl S
118 ol o 5o Slampl colled Gials g ol (iitgd aie
5 ol cliadss ,» (Abbasi Syhejani et al., 2012) 5,5 »
Cechin et ) yl)LSen 3 o 5 (Hadi et al., 2012) )l Sea
oS bl 5 I, Kkl i cae o y2alS 5 (al,, 2010

Caol 0153,5 5158

glaaygy culaa

A Camd Mgy Colin o yd YO jialS Cage ()bl
Jgeiske F+A (ke b gllas (gylol c3 )3 Cgllas ()bl b
Jsoiee Y8 0:S0le b 200 Ae (ylleS 5 45l )5 @po o
y slasiey calia (ninS 5 npiohe i sl ) @perie
Grge )bl cueo aias (F Jgaz) dioly polazil 5 4,
93,5 o olS 315 ;5 i bl g eyt jd Ol b dgde
Cuoglio g olS )3 35290 ol Lo pslaton laaiy, (sl iz 5
cAb 4 b g jbdes O)god (IS GASA a5 b oleS il o
LSyl lazey colin ials cel wlls ol g sl c0)d dns
Sl G35 4 ol (sbo STy (gl Sl gy (b A 33,5
Sl i baaly b > jiwgid GialS sses g (Lol > 9 035
ol yyl38 (Rahnama, Poustini, Munns, & James, 2010)
48 Sl (Sl boaijgy (b At Gugb) GBS lulyd > sl
G el g Sl g g 100 2929y Sl sl dliusga,
ol 5 el i > (Mehrpoyan, 2011) yg
Vanaja et ol saci (5155 leS (55 51 ) lasjg, colin
Gla Shodandag b s awyp dy50 pBl ops yo (@l 2011)
YA Sl Ly )lSl 08 el lye )0 Canglie e 5 (S5
YV 0655k L oo [ Uge o8, 9 4l 0 qpepio 0 Jgoshee
Calid onySeS 9 (ke wia @l ) mpeyte p Jseiske
(7 Jga2) 235 11> (s 3390 pB)] 2 53 1) sl

S g3 pludi 93 7 slen

e ylleS 3 2o P YEIEY (0S5le b il (489, doyd (i3S
P OEg) oy Lhals Yiais! (F Jga) 1] Cunsas glhas ¢,
6L s g 4l (St 59 @ i & S Ll
5 40l o zexd laulyumg S Tl aaily 3 &S sl (Sis
W w9 s K3 e3le a by pEg) 4 03le (pl (s
Aales YL 35 €9y deopd bl e &b A p Gde Job
Tahramooz & ) coil sl pals oy 2oy i o) plply
sla Shs s b w2590 pB8)l (Ghalavand, 2018
YAED Ms] s ¢ tame Jalse 15l covi g ody o ols
Lo )l 08) a5 (g psbody cdings > (489) 403 Glise 53 o
o YRISY Sils L oL o5, 5 YOAY (ks
(F Jgaz) asoges 155 1y &l k) sl (568 5 n e
Alahdadi, Oraki, & Parhizkar Khajani, ) |,Ke2 g (g3l> 4l
Olio )2 I ime Mz S 59 4y wllis adss > oo (2011
3,5 3939 Jlosnl ol azily o )lsl oo, Sokd] o8] il (e 9, Aoy
5 S5 dagi b oyln,30k8T A1 )3 cglie (canaily cud s o
dilie 3o My coge o)l bulpd 4 08y a0l ST
aby olaws il b oA oo ) amd o ylis Budo 55 5 (gl dlas

Fiu 938 Cas
P Siiwgtd Cop (dopd ¥R halS czgo (5 luleS
L ogdbe o)lul Jlags )3 )80l 08, 4S5 psbay e S o et
5) 9 4l )0 @pe yio 3 Sl Jgog)See YWY (1Sl
Jse95500 WIVY (5:iLee Ly dopd e (o)l Jlass )3 1,658
OS9Gk s sl mpesie (S Sl
2 Fawgh Sy cp e (Y Jgiz) K392 LI |y jiaegd Cs p
VYIYA olimodes )5l o) bausgs cdiop> Ae 5 Vo (5 oS Ll
5 oS0t 39 P8l w03 5 08 b (S aenSled 09,5
Vg Ve olaleS bl o 5w i ) (ialS 0 5S
Ol Ly Ul 08 kg o gy adald jload &y s doy
1S o8y 9 Ao yd YY/YV—YY/FY Clyuss dlald )5 aoyd YY/FY
oy BIOY— YO/FD &l s aield ;0 do > VDY ke b
sobaiedns (clasey colan jals g ladijy, bdiu el Cunday
ol Ll g o plol oS bl )3 ol lils 51 s 5ol
J=Yo 5l (5o g 0nd (2SSl 3959 Cudgaze sl gdge



AN 1o SRl ol (S Salg jud gL sl (50 9 il 3 ,Sas 1 55LeleS T (o)) Ko g s (sl

bwgs sddods (sdudyed (5550 51 9ol Hlde g e IS jlas
(Ghaffari, 2014) 55 5 o J335 bo)S 4 5 0Muis B puno S
L1 (5551 5 LS a5 (Lol ol 5,55 S ) &ty b IS sbouy
solaieds ladije, b dtu a5 3,0 dgng Jlin! ol canl olS 4o
o oinlofl GBS )0 (lIpS bbb 13 5,5 5| (6ol

Caol 000,85 Sy ey ZU (4900 sled yiul3al

Uil o) Vb o yd A )lhS Sl g 0,5 ke YE/VY
o> e 5 (23S i S Sl YA (S0 5 Lo
Ao b Ylasl () JSa) 53,8 sbl 1y S idsy 2l 55 d9390
P Gy g Sy Colin GialS g iy, (g (b Al &
ZU 0apd sled ol il LialS jolatea o JTeS (i bl
PS03 gy 5 ol 4Bl ial58l ol ST pB) Sy e
oS (plandgid (sloyiiSly (i bulyd ) sl 0ad ()15 5

305 a
5 g 30 b 7
BED %
%820 /
35 15 /
2 5 /
2 c
o
. Z
ald Lugio )kl o5 205 )kl S
Control Moderate deficit Severe deficit
irrigation irrigation
Sl gloss

Irrigation treatments

as 5o byl i 13 )10, SUAT olS Sy gy U (lod 3 (5 WS 51— UK
Figure 1- Effects of deficit irrigation on sunflower canopy temperature under farm conditions
(o140 Jloss] gl 53 5S35 (9051 ool ) 2505 (6l ine glis S o B9y (sl dlacl
Numbers with the same letters are not significantly different (according to Duncan's test at the probability level of 0.05

Sl e 4 s )kl woelcisa mls olul 5

WA03)5 Sy Ol s lgime (ghoyd Y8 LialS Corgo cogllas
L cesiian bopd A lules 5 wals la oy a5 g )ysbay
Sloizme (13505 5 Pt oy FYIVA o ASIOA ola 1 SSle
Ol o Slgime (10lS (5 Jgin) B2 Lo 1) Sy Ol s
ohals OT &5 d g SB Cugby oy ials ey Sl 0 Sy
Gk 0l (S i ol (1 1 s S Ol il
I8 ol 2gaS bl b o 48 SLalS wa bl sl )15
Gk 3l 053 g0 10 Ol i g sk e (sb S e
F el B by o JBhs 4 ledl (4500 55 (gjoml dlge (]3]
ge ol il 487095 )l )l 55k 59y b S 8L
20,5 o (oS bl 53 S o Ol (slgie 3o alS
OhlSen o LS bowgy 35 gl gl (Arab et al., 2018)
pl8,l (uiSly (o cwl onis 45155 (Geetha et al., 2017)
5 Aoy WINY Uy sl 8y ol Sl 55 o, Sl tlogl 5,90
Slyme )50 5 o A 2oy VWO L 3lsa o5,
o9 Ay o plaian F Jgia) g Ll 1) S o (s
sl 1Sy (ol 2518 1l )3 Cunglie g 5y o (Sif Sluoguad

2 H9 g8 i oy
VAL j55 i doo)d (058 9 b @l @ 426 L
2 o d YO/Fe 5V sla 1nSlo b s iy MBS ds
Jgiz) acel Candey 103 A ()18 5 gllas ()l (slayles
OLS (yleleS Ll > Jidg)5 ado (ials s o Jlaiay
255 i JST pialS a3 g )95 il Cand ) e el
S Gl odds 5155 1500 aiibgdy 50 g oo olS lawgs
S8 el oI5, 5Ll g, (soy90 Jobo > dalid 4 Caus
9 Oyt 0)9d s&j)_g é‘a_w uab-l.w A5y 3945 o0 Lmj).s e
{(Ghooshchi, 2017) sl o yinls olS lawgi o lo 50
o) 9 gL 55 (7 Jgan) ol ,Sdl pB)] 3 498 Gl (g
Ol 2 gl agi L) )5 @l ao)d (n S 9 ke
Gl 0as y5)158 55 (Hadi et al., 2012) o)Ken g (sola lawgs

Sﬁgi@.ﬂl@l}f\u



VEY Sl ) ayloans FY Al oyl (o1y5 lewiidos apuis  AY

L LaSed 08, 9 YVIPD (0o Ly Jll 05, 0B8] IS oy o
b Jed9 )l padls Glise (n S 9 cnuie co e JAY (ke
S5 sl g 032 Cglite 08 o Sluogad (£ Jgz) 39 |
5 e bl 5 U5 oot sy oo sl 5 Al e 395 oS
LBl )3 g Sglite o3 pa 53 Jdg IS clale (8L 595 oliee
Lo el 55 5 Galidl (Ko (liee lo3)S ol St )98 oS

23 (LS il g ol S ol

w93 ol S peas ol
sl slmlog G lisee ol 5 Ol Byae LS
DAL 2o e (5)luleS b ogllae (bl 1y Sglise (slaySila
el Jlass )3 58l 18y &S (gyobocs 0] 3929 M) 1oy
s 0 St 0,5 381055 Jpos S 10V (555iko by oglas
Joe 90540 WYY (5:55ke b aoyd Ar (g)lolnS 5 LY 3, 5
ot § oS cipa ol Jge b (il oS anslie
Ve laleS Jlos 3 (Y Jgaz) S3g Ll 1y Ol Gopae ol)lS
S 3eS1e8> Jsos San 18 Siln b b o8, 35 2o
s 1) s5ttuegd Ol Brae LIS 5t ol Jgo o (il
aboly jiiwgd e b (ciwgs Ol Bpas oS b olass
Yazdandoost ) o)l juSe dalaly 5y oy L g pakiane
olidleel as Lle » pluls (hamedani et al., 2019
Dd)S agi (ol ) 3 Ol GRS b g Sregid Ce pu
o) STy gy A (a3l o 1) (sftogtd Of a2,
whlS b (Lis 55 0oy A g Ve oluleS kylyd )0 o8, 4
5 3L blglo K5 ¢Sl ISl a3 g gs T b yna
Fo/YY b o A 5 Ve ol clayloss 5o 15Jbge
9 VY/he FO/OY FY/-Q FVIYD oo F/AA o M/FO XO/A-
ool L Lioli8l cogdlae ()bl jlaw 4 G uoyd DY/YY
oy OIVY Ly Sl o8y 9 YA Y L il o, 5 JS jsboas
Sl Byae @S ) Gl (lie 2308 5 et
oy 290 Sl IS 53 gllas (gl & s 1y (g 5mgid
wls (S bl o Ol Byane o)L Jil58l .x0gs 1)l
Aol 3 (Kaya & Kolsarici, 2011) oo )luls 5 LIS cliéss

Gl 0333,5

G5 s
OalS 103 VA (liaty 35 oy o)l b s
2 1S 18y g Ol (Lol ey Sl 03 & g5k il
y G5 Sy 2308 5 (0t i a5 peyio

crge bl bse b ablie )3 5 (olalnS bl 5 o) cglise
sl 03,5 oo a8 5> 5VL O geiliy sloxy]

s (231 5o Ly opllan ()l Jlass 53 Bl o8,

5 oS0k e 5 VY Sy aw (a3 ls (5:0ke b ialS
T pa3ld (p ke 9 939 s ) S aw (a3lE (56
by Gglle (lanl 4 Cond luleS g 93 0 )3 55 S
ool 5o (Y Jgds) b saalie YV (liaeds (WS 18 8,
B g Ve byl U coos g 08y g (il il uiSen
aals 3 ials o) YA/ :S5ke b blgle o8, ¢ gyloleS o)y
AUV :Sle L 55 (uSdd o8 o o yd YAS— ¥ /FY wlyuss
S Ao d VAUVY 5 VY Ol aely (o halS as)d
bl ) 4 S 1) Sy s a3l Sl (565 9 Cn Uk
u])_».w Q.,)_,ﬂ,j s 39y s Jlexs! Q.;.] sl ollas &kl
A aomS )3 5 Sl 08 13 oS s paw § S aw a3l
s 3 Slas oS Gliee cnoml Y5 5 (S 5wy Slge
L il o8y ol 2 dopd 80 (o)uleS b Jloy (o)l les ]
p3Y il )b (S 5 bulyd Jlesl g Ol cydguoms
S ol kS o iy 2015 S s 05 3 oS o 20l
3% 3ot S O g5 I S5l sl 4 S
Hemmati ) gledw 5 o2 .(Maghsoudi et al., 2020) .l
(Hadi et al., 2012) Lo 4 g5k 4 (& Soleymani, 2014
i bl s s o, KLl Sy maw asls oS 65,8 aol 5

Jud g ls padla
LS owmdlis Jdg S (asls p 6lleS il )y
Py u] .39_@5 )...s;\_: Cod Cbo L)_’I )l.ﬂm & yd Yy
St XYY 550 Uy gllas (L] 45 gy5bay sl o
L sy - o)l e ( Jo3 3g) il g a3l ol e
£ Jedn) ddged bl 1y (S jew e oS MY (1Sl
LS,y il cdled o Lacdl a4 5955 Hbys sials Joa
Cdlad (SLE uyiud )3 Cugboy 290aS b cunl 0 4155 .l
Slgien Egdge cnl 45 4Bl Jhals gy e Colod )2 g A
»(lzan et al.,, 2020) 555 Sy Juds lS° (2dls jials cels
9 Cobld D929 (S g (liee )3 OS] (pl 55 (w390 pB)



AY o 1o RalidT o1 (S 5alg jud s sl (50 9 il 5, Sas 1 55LeleS T (o) Ke g o (sl

Sy GBS zge Lo ol ST a3 oo )13 Shdas b diey
390 slaless 3 5)laleS St aym Sl g 0nd 5,5
LSl 03,8 Ly (65 (AL 35 35 Sy ¢
908 Ll 3 (sl ol SRl L lojen 3y sy
S Oylsdy g 09b o bl (gl slacudgize I yo g
ol Sl l5e «cslsig) malats Gk 5l (15 cov lals
(Yazdandoost hamedani et al., 2019) s o J,S
Iy s poliio ol & SBlus gla imgh )3 35 500 pdisw

.(Cechin et al., 2010; Vanaja et al., 2011) x>

bl bulyd 53 55 55 oliee ot (Y Jpi) 0g: o
b )3 @poie p ol JgogsSen YN (ko L sioyp 4- 5 V-
sLapSilbe dumlie () (plol A5 oanlie il o3 bawgs
b G5 oliwe > Sl (i by 5 S)llnS Sl SiiSen
9 ¥ /50 Ol oy daly )0 Sl 18 lawgr duoy FA/ A 1Sk
WIS Lo U Gy olise 50 SialS o 508 5 duoyd OV/D)
do)d YVAA g WWIVY Glyess diold 3 o uSls 08 bawgs duo
b oy o s 00,5 bl o yd e g Ve (o) leS ol )los o
sobaiods ) 363 (sladiy; oS (ol 39S Lyl 3 Sl 4 a2y
el 4 dgrge Ol dyyan 3l g pSols g oadall i b ablés

01251 S 5elg5ud 9 (S Sl 5 08 9 (5)lleS 1T il Al =T Jouo
Table 6- Mean comparison of deficit irrigation and cultivar on quality and physiological traits of sunflower

) 14559, Colan s wo O o (slgime . -
M ‘}95)_»‘): (.5 )9)% )y".).. Pl j J@’)K‘J»Lw
o Qil percentage Stomatal nght. s Chlorophyll
Treatments (%) conductance absorption Relative water index
(mmol m2s?) percentage (%) content (%)
«_S)L:J.Trws
Deficit irrigation
Jals
34.88? 4082 63.102 86.58? 23.122
Control
ey S 2o V- 29.06 349° 50.650 75.52b 19.65b
70 % of field capacity
ey St 2o 26.67° 306 45,600 63.78° 18.07°
90 % of field capacity
Cultivar 3,
Oscar 1l 35.922 3852 59.612 77.122 27.652
Felix .0 31.04° 354abc 60.132 75.892 20.100P
Shakira 1,53 29.01P 335¢bc 49.140 73.680¢ 15.87°¢
Savana Ulgl. 30.48° 3574be 520 76.242 20.15°
Labad sLY 24.62°¢ 369 49.38P 76.24% 19.340
Monaliza 1;)b4e 30.17° 326° 48.45P 72.59¢ 18.57°

(o> gy Jloss] gdaw )3 5SS (yg0il bl ) 35,005 65 xe gl S yiiio gy gyl dlael gty 4
Numbers with the same letters in each column are not significantly different (according to Duncan's test at the probability level of

0.05)

Oizren e dbgl il 3 Slas 5 Glas (pl o bie (Siwes
asholias by (r=+/20A%)  Swad opy5 i 40 €4, do)yd
o )0 Lanalil olasy il 8l Lty oo Jlasay gy Ly 5o 3o
ege 5 RSl Alwg d e s 5 Se S laally (gojll
ol Fiwgid Cas g Caawl 00D AlD jE gy 03 D iy
O s (r=+[EAY**) laSse, colia L (gl gme 5 Cuto
(lasey Colin (Y o pu 5 ogllas (o)l Ll 53 48 ine
a5 0 iy Bl D) 35 o Sl p) Sgts
Dby 26 sled (5)lleS sl 3 il hagl 3 Syl

LSy e (Siuod Olao (pl b g By 3

R a9 Glhs (Siiuaan
3,Slos by i (A Jgds) (wyp 3y50 Slao  Siumon gl
Laals 05 b yld e 9 Cuto (Ko Glise (nF0ta sl b
g0 as GLAL_‘:— D ABd uL.w 999 (r='/‘\‘\‘\**) ‘_y.\o 0
Ly s jo ashy o Slas (690540 D9 b (slaaily 59 iols8l
Sy g gl slod b bie (S aily 3 Slas 3 0 YU
wubly (r==+ YY) g imgd Ol Gyamo )8 g (r=—+/FY-")
LS 9 S iy g6 slod Bl ol iaghy Laulyd )
oialS sas 5 gyl zolaw )3 (s, S0kl A6, Ol G5 o
Iy asls 5, Slae (o)luloS &8 ol Jbo 3 opl g 2kl 5lst 5y
L a3 S cemge 900 ialS gl 6yl jlow an s



AY

939 42

-

3]

ol =,

Lows VY > ¢

\EXa ¥ )l{'} ) L3)

(50°0 Jo [Aa] Anjiqeqoid oy 1e 1891 s,uedUN(] 0} SUIPI0OE) JUIAYFIP AJULDIUSIS JOU AT UWIN[OD YIBS Ul SIDYII] SWES ) YIIM SIOqUINN

o€ o o0 v o9 <l v b0 (S for (K ({40 cpes® o R e AR Corr)

w0501 W01 20T WPIT FS€ 0TTE 3b'S001 ZRUONEY froedeo
OLEl £T1 25T 121991 8T T 108'976 peqeTIRAe ploy
S 901 20T 2pTF91 @OL'E L6011 euRARS™E) mﬂ\%o
w066 WCT1 #€0'C LLTT 19T Lb916 eInfEySTS| =
S8'L1 oTL0 AT F6LT1 AR sl Wik oLV LSTI Xija s &w)
(7881 218°0 5% 8TS1 e T6'€ 299°SE 2pL8'T611 5O i
(6881 w90 S0P'T 8811 6F°€ SL1E 1oL9SSTI eRUONE  gyoudes
SIP1T 2980 1aP9'T P98l bt L 1°0F L L601 PEqEIRAC PIPY
08°€T 14690 SIET 250791 5ol 1V 2:06'LE 2oLbTITL eueARS™ Vs
OL'0C =D WP9'T L6 517 £0°ST 07196 eInyRYSTSY| ol
WL661 2960 Ji% 11061 8TV ol 6°8€ ~aECPIEL xS &w)
\67°9T »L8°0 #SVT 87T 88°€ (SPESE (ET6LY] 150™SIC W
199°9C 195°0 98T L0671 palSH ralO'1F W T0'99F1 ezieuopN=éar|
FSET 3L9°0 val6T w092 w08°F w89°EP EGEETT peqeIRAc
286°LT yoLL'0 «98°€ €V 1T 09t L9y L6111 ruBARS™ME|q [onuoy)
6612 4oCTL0 O1°€ o €€ #SOEE H6VTLT BIDRYSTSY| oer
#88°TT 580 € 229€61 19T 1aZL8E »09°€9€ | Xijo e
0€ 7Y €S0 »€ oF1°€T oPES «E5°8Y LEL°L8I1 1e2sOs1¢
7 z
(8 LW OFH Jowm) Awo“__u.__.“..—:o. umm_udmwe_“:?”: ah“ﬂ“_ow_ (.5, jowi) (;-ey (3) peay "
dea uoneaidsuea |, B € d)ea AP uLsojoy g u0)) pPIA uIeI) v«w._ Jad :_w_?.w E.EU ad ..u._E_.p_. E«E.U mEh.:c“uo._
ol ot ST el oo ol v gboveeet sorste cjee 660 quee s ¥ o€ R (e oS K of 9 L

JIaMopjuns jo syred) sAnejienb pue dape)puEnb U0 SIBAD[NI pue UOHESLLII JIDYIP JO UONILINU] -/ JqEL

SR 6 (VK omm 507 6 57 |mso?

b0 A=




G ooyl 00 g cond (guuol

s

3 g &ld 5, Shas (5 kel oS

R

e LT 0Bl (S gl b gl

AD

*(359) ueouNn(q) A[PAn0adsar [9A9] Ajiqeqoid o4 29 ¢ AY) 1B JUBDYIUSIS 29 JUBDIJIUTIS —UOU 44 2 4 ‘SU

SW # € s oo avd @b o 6 o9 o€ e TR € g o oo [ (€D cisT)

djel uonendsuer],

,,0090 7960 . 79L0 ,0L90 ,989°0- ,6€90 ,0.90 ,L090 8990 ,.L990 ,,099°0 T ol ) €l
AQUa101}J9 asn Ide A\
,.08€0- | €6£0- . SL90- ,18V°0- SPSO  ,LBTO- &8L00- ,9THO- . €€€0- . €E€0- 1950 S o | bt cl
xaput [[Aydotofyd
LLceo  ssy'o 6860 L L9F0- LIPS0, TLS0 L6650 2090 1090 6690 e <ée Il
. . . : : . . : . Xopul BaIe 40|
! ,,0090 |, 9t¢0 . ¢850- €090 ,91¢0 ,ZS¥O . STSO . STS0  ,, 10¥°0 e R K 01
JUIUOD IdJeM dAIR[OY
[ LIv90 o 9cL0- L2900 €080 990 ,,L0SO ,9050 ,.LSSO k| o | K o 6
aFejuadiad uondiosqe 3]
I L985°0- L Tv90 L L8Y0 090 ,.08¥0 0870 . 1€9°0 omp Sps T 8
armeradwd) Adoue))
I ,,089°0- | VIS0~ LTVO- ,06¥°0- 0E¥°0- ,,LOSO- 0 o2 #gm© K o L
) ) ) ) ) 90UBJONPUOD [BJEWOIS
I ,r89°0 1€5°0 . S9%'0 . S9v0 . EI¥0 v (Eopy 9
ajel djAYUASOI0Yyd
I ,.56€0 0190 0190 , L8E0 s kit S
a3ejuaoiad 10
I LIPEOD 0vE0 | 85970 s €650 14
PIRIA ureIn)
I ,.00660 00570 e o €
) peay 1ad JySrom urein)
I ,.00S°0 60 s K o 0 (4
peay Jad Joquinu urein)
! ovc cjes? € o ) !
Syel], Moy
(1] 6 8 L 9 S 14 € (4 I e Corm

UONESLLIN JIDLIP JIPUN SIBAD[ND JIMO[JUns Jo s)re) [ed150[01sAyd pue J[WoU0ISE UIIM)I( JUIIJI0D SUONEB[ILI0)) -8 I[qE ],
xS #Q ome (457 6 HH (RS fnnd |eifo© of oAy SYFHID

SR



YEoY Hlew ) o)lond TY wla )l ! (85 Glidof dypuis AP

» 5 eB) olyea @yl 5 sladls oy aS SialS a3
ol Shmoiy gl «alel 3 Wigd o (e ol 39008 Ll
SB > wyod B ST L oYU Siaen 4l 3,Sdee oy oLis
olalnS Lalyi (5 15Jbge g 1S ¢Sl p5) 48" ¢ pobots sl
byly b a cad a0y Slas 0 ialS 3959 b duoyd Ar 5 V-
bl olileS zobaw 53 (o)l sme sylel @olis Ll gllan (gL
bulyd 4 pB)l (pl (s Joo Jl L5 990 cal 9 il 392
sl 3 VL Jeaos oY 5 e pL5 ) il (sleS
e g Vel 90y 0 gylol JialST L g wob lis (g)luleS
3 d)bu—;‘“’ d)L,o] d...a:l_f ccTJ’,Ua.A d)@j b @ Cod o
Llglaw o8, 55 g 23l (oylol sla)los O 5l un > 4l 5 Shas
SWAT 505 )bl slew 93 b boyd Ve ()laleS o oy 3
P3| cnglio dn angi L cplpli cilis sgmg l5 dme (sl
L gblie 5 33,5 o Sl scs oS Ll 4 3L 5 oSl
spbaiedny liwjss Jlod (2los g J5850 )3 s)lal o 25:e8
G 5290 bulps ()0 s ol disge Brmo g 5248 0
5 3 )50 P8 S loj 13 o)l il syl Clsasl 4,
e 3 B ST oy 455 oo B s el ol 2381 L L
B ynedss dlile Ol g plidl a5l 5, Shos )5 5 me 20l g g

Al golaid] Ko slacass

&l 35 wlpw
9 Uigim Coglee (Jlo clacoles jl B aing dlug s

A i cpl il stwly ) laal ol yen sl oSl (659l
Aigles e 1,35 5 S5 SCU.AALA01.783 dilagsy ojles

References

5 gy clin als > lol o b @ g b inen
Sline (olad Ly (ke (Siumod S by g slod (3%
@bl L b xe g Cute (galail) oy oy 3)50 SSjolen 5
S ol an g b oged ) (1= 10¥07) (g5tsgid o by
25 oyl (dlasig) colin GialS cozge ylelnS bl
Soml i il iz 9 ol S B9 xS
L1 adbe o Sy Lhbes 2B oyayd cslod I3l 5 olS 4 o
2 S5 Ol Gyme IS g Lo (bl bloyl (85 ks 5
355 Jlagae g Cute Slio (pl (Kot S 3,5 blpd

S 5 4ol

3ySdes als I Jol @l a ang Ly (NS jpba

oS 3o Sty 0 laiy (Ol dgseS Ll yd > (S
2 aSypban 935 0 1y Csllas (o)l Ll o o &S
5 wsdlae )bl bl 5o il 0, Shas (3 3V 3l imgly
2 ogMe 3,5 Ag5 US> (5 ONFY (lisedy S 05 Lo
3 Sl sopasls (S ol el case ileleS o
Slyme 55 @i Gl sy Colin g Cas pu dlor
G s 9 (S e o5 s (23S (S O
sl 5 (g5ttgd Ol Brae LS slapasls blie )3 5 13,5
Ly S o8y .l Gl oS bl cod S (b @b
g oy e ol oS llpd 3wl 3 Slas bl (p 5S4 a2
2> g b Slee e (nge 4 428 L 8 LY o8,
()l g gy 53 eSSl s Vil (oS gaw 93
iy 4 laplsl [0 51 (glopdd dlge dume Jsl 5 oo il cdlad

1.

Abbasi Syhejani, E., Farhoush, F., Kazemi arbat, H., & Khurshidi benam, M. B. (2012). Effect of drought stress
on seed yield and some morphological and physiological characteristics of sunflower. Environmental Stresses in
Crop Sciences, 5(2), 193-196. (in Persian with English abstract). https://doi.org/10.22077/escs.2013.125

Alahdadi, I., Oraki, H., & Parhizkar Khajani, F. (2011). Investigation of the fatty acid compositions and some
chemical characteristics in sunflower hybrids under water deficit stress. Journal of Food Science and Technology,
8(28), 9-18. (in Persian with English abstract). https://fsct.modares.ac.ir/article-7-6326-en.html

Arab, R., Yadavi, A. R., Balochi, H. R., & Khadem hamzeh, H. R. (2018). The effect of irrigation interval and iron
and zinc foliar application on some morpho-physiological characteristics and yield of sunflower. Crop Production,
11(2), 77-90. (in Persian with English abstract). https://doi.org/10.22069/EJCP.2018.12696.2018

Asadzadeh, N., Moosavi, S. Gh., & Seghatoleslami, M. J. (2017). Effect of irrigation regimes and application of
nano and conventional ZnO and SiO2 fertilizers on yield, yield components and water use efficiency of sunflower
(Helianthus annus L.). Applied Research in Field Crops, 30(1-114), 1-17. (in Persian with English abstract).
https://doi.org/10.22092/AJ.2017.108423.1095

Canavar, O., & Kaptan, M. A. (2014). Changes In macro and micro plant nutrients of sunflower (Helianthus
annuus L.) under drought stress. Scientific Papers Series A. Agronomy, 57(1), 136-139.

Cechin, 1., Corniani, N., Fumis, T. D. F., & Cataneo, A. C. (2010). Differential responses between mature and
young leaves of sunflower plants to oxidative stress caused by water deficit. Ciéncia Rural, 40(6), 1290-1294.


https://doi.org/10.22077/escs.2013.125
https://fsct.modares.ac.ir/article-7-6326-en.html
https://doi.org/10.22069/EJCP.2018.12696.2018
https://doi.org/10.22092/AJ.2017.108423.1095

AY

010NN ) (S Selgn b BB (B g il 0 5Shos 1 (5 )luleS T oyl 102 § cn (gl

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

https://doi.org/10.1590/S0103-84782010000600008

Darvishzadeh, R., Soleimani Gezeljeh, A., Alipour, H., Ebrahimi, A., Bihamta, M. R., & Morsali, F. (2019).
Selection of oily sunflower (Helianthus annuus L.) drought tolerant lines using tolerance indices. Journal of Crop
Breeding, 10(28), 133-144. (in Persian with English abstract). https://doi.org/10.29252/jcb.10.28.133

Davodi, S., Mirshekari, B., Mirmahmodi, T., Farahvash, F., & Yazdanseta, S. (2019). The effect of seed priming
with salicylic acid and ascorbic acid on antioxidant activity, seed yield and oil percentage of sunflower
(Helianthus annuus L.) under normal and water stress conditions. Environmental Stresses in Crop Sciences, 12(4),
1251-1262. (in Persian with English abstract). https://doi.org/10.22077/escs.2019.1497.1333

Debaeke, P., Casadebaig, P., Flenet, F., & Langlade, N. (2017). Sunflower crop and climate change: vulnerability,
adaptation, and mitigation potential from case - studies in Europe. Oilseeds and Fats, Crops and Lipids, 24(1),
102. 1-16.

Geetha, A., Sivasankar, A., & Prayaga, L. (2017). Antioxidant enzyme response in water stress sunflower
genotypes. International ~ Journal of Current ~ Microbiology and Applied Sciences,  6(5), 138-146.
https://doi.org/10.20546/ijcmas.2017.605.017

Ghaffari, M. (2014). Impact of water deficit in different growth stages on agronomic performance of sunflower
(Helianthus annuus L.). Journal of QOil Plant Production, 1(1), 1-13. (in Persian with English abstract).
http://lyujs.yu.ac.ir/jopp/article-1-25-en.html

Ghaffari, M., Toorchi, M., Valizadeh, M., & Shakiba, M. R. (2012). Morpho- physiological screening of
sunflower inbred lines under drought stress condition. Turkish Journal of Field Crops, 17(2), 185-190.
Gholinezhad, E., Darvishzadeh, R., & Bernousi, I. (2013). Effects of drought stress on grain qualitative traits in
Iranian confectionary sunflower (Helianthus annuus L.) landraces. Iranian Journal of Genetics and Plant
Breeding, 2(2), 9-20.

Ghooshchi, F. (2017). Analyzing the effects of defoliation on physiological and biochemical characteristics of
sunflower undercut irrigation. Agronomic Research in Semi Desert Regions, 14(4), 277-287. (in Persian with
English abstract).

Hadi, H., Khazaei, F., Babaei, N., Daneshian, J., & Hamidi, A. (2012). Evaluation of water deficit on seed size and
seedling growth of sunflower cultivars. International Journal of Agri Science, 2(3), 280-290.
https://www.researchgate.net/publication/284044678

Hemmati, M. H., & Soleymani, A. (2014). A study about some physiological indices of sunflower growth under
drought stress. International Journal of Advanced Biological and Biomedical Research, 2(3), 553-563. (in Persian
with English abstract).

Izan, T., Javanmard, A., Shekari, F., Sabaghnia, N., & Amin abbasi, A. (2020). Evaluation of yield, yield
components and some physiological traits of sunflower with integrative application of biological, chemical, and
organic fertilizers under different irrigation levels. Journal of Agricultural Science and Sustainable Production,
30(3), 87-111. (in Persian with English abstract). https://doi.org/20.1001.1.24764310.1399.30.3.6.1

Karimi Kakhaki, M., & Sepehri, A. (2010). Effect of deficit irrigation at reproductive growth stage on
remobilization of dry matter in four sunflower (Helianthus annus L.) cultivars. Iranian Journal of Crop Sciences,
12(4), 422-435. (in Persian with English abstract).

Kaya, M. D., & Kaolsarici, O. (2011). Seed yield and oil content of some sunflower (Helianthus annuus L.) hybrids
irrigated at different growth stages. African Journal of Biotechnology, 10(22), 4591-4595.

Kazemalilou, S., Najafi, N., & Reyhanitabar, A. (2017). Increasing the yield and yield components of sunflower
by integrated application of phosphorus and sewage sludge under optimum and limited irrigation conditions.
Journal of Water and Soil, 31(6), 1637-1650. (in  Persian with  English  abstract).
https://doi.org/10.22067/JSW.V3116.61402

Khalilvand Behrouzyar, E., Yarnia, M., Farajzadeh, E., & Herischi, M. (2014). Effects of Foliar Rates of Methanol
Applications on some of Traits Related to Seed Yield of Sunflower (Helianthus annuus L.) under Water Deficit
Stress. Journal of Crop Ecophysiology, 2(30), 193-202. (in Persian with English abstract).

Machekposhti, M. F., Shahnazari, A., Ahmadi, M. Z., Aghajani, G., & Ritzema, H. (2017). Effect of irrigation
with sea water on soil salinity and yield of oleic sunflower. Agricultural Water Management, 188, 69-78.
Maghsoudi, B., Lak, Sh., Ghaffari, M., Alavi Fazel, M., & Sakinezhad, T. (2019). Effect of agronomic traits and
drought resistance indices on determination of susceptible and tolerant sunflower lines. Agricultural Research
Journal, 11(4), 339-358. (in Persian with English abstract).

Maghsoudi, B., Lak, Sh., Ghaffari, M., Alavi Fazel, M., & Sakinezhad, T. (2020). Effect of agronomic traits and
drought resistance indices on determination of susceptible and tolerant sunflower lines. Journal of Crop
Production Research, 11(4), 339-357. (in Persian with English abstract).

Martin, D. L., Stegman, E. C., & Fereres, E. (1990). Irrigation scheduling principles. IN: Management of Farm
Irrigation Systems. American Society of Agricultural Engineers, St. Joseph, Ml, 1990, p 155- 203, 19 fig, 9 tab, 81
ref.


https://doi.org/10.1590/S0103-84782010000600008
https://doi.org/10.29252/jcb.10.28.133
https://doi.org/10.22077/escs.2019.1497.1333
https://doi.org/10.20546/ijcmas.2017.605.017
http://yujs.yu.ac.ir/jopp/article-1-25-en.html
https://www.researchgate.net/publication/284044678
https://doi.org/20.1001.1.24764310.1399.30.3.6.1
https://doi.org/10.22067/JSW.V31I6.61402

V€Y Sl ) oylond FY ala oyl (o555 Sloaidgs a i AA

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

Mehrpoyan, M. (2011). Investigating changes in gas exchange, photosynthesis and grain yield of different
sunflower cultivars under drought stress conditions. Journal of Crop Production Research, 3(2), 197-205. (in
Persian with English abstract).

Mojaddam, M. (2016). Effect of drought stress on physiological characteristics and performance Sunflower grain
yield at different levels of nitrogen. Electronic Journal Crop Production, 9(4), 121-136. (in Persian with English
abstract). https://doi.org/10.22069/EJCP.2017.10676.1841

Moradi- Ghahderijani, M., Jafarian, S., & Keshavarz, H. (2017). Alleviation of water stress effects and improved
oil yield in sunflower by application of soil and foliar amendments. Rhizosphere, 4, 54-61.
https://doi.org/10.1016/j.rhisph.2017.06.002

Rahnama, A., Poustini, K., Munns, R., & James, R. A. (2010). Stomatal conductance as a screen for osmotic stress
tolerance in durum wheat growing in saline soil. Functional Plant Biology, 37, 255-263.
https://doi.org/10.1071/fp09148

Ritchie, S. W., Nguyen, H. T., & Holaday, A. S. (1990). Leaf water content and gas-exchange parameters of two
wheat genotypes differing in drought resistance. Crop Science, 30(1), 105-111.
https://doi.org/10.2135/cropsci1990.0011183X003000010025x

Sezen, S. M., Yazar, A., Kapur, B., & Tekin, S. (2011). Comparison of drip and sprinkler irrigation strategies on
sunflower seed and oil yield and quality under Mediterranean climatic conditions. Agricultural Water
Management, 98(7), 1153-1161. https://doi.org/10.1016/j.agwat.2011.02.005

Soleymani, A. (2017). Effect of drought stress on some physiological growth indices of sunflower cultivars.
Environmental Stresses in Crop Sciences, 10, 505-519. (in Persian with English abstract).
https://doi.org/10.22077/escs.2017.108.1028

Tahramooz, A., & Ghalavand, A. (2018). Reducing the effects of water stress using vermicompost and mineral
zeolite in sunflower (Helianthus annus L.). Journal of Agroecology, 10(1), 81-93. (in Persian with English
abstract). https://doi.org/10.22067/jag.v10i1.50765

Totsky, I. V., & Lyakh, V. A. (2015). Pollen selection for drought tolerance in sunflower. Helia, 38(63), 211-220.
https://www.researchgate.net/publication/281446014

Vanaja, M., Yadav, S. K., Archana, G., Lakshmi, N. J., Reddy, P. R., Vagheera, P., & Venkateswarlu, B. (2011).
Response of C4 (maize) and C3 (sunflower) crop plants to drought stress and enhanced carbon dioxide

concentration. Plant, Soil and Environment, 57(5), 207-215. https://doi.org/10.17221/346/2010-PSE

Vanclooster, M., Gonzalez, C., Vanderborght, J., Mallants, D., & Diels, J. (1994). An indirect calibration
procedure for using TDR in solute transport studies. Special publications. SP 19 - 94. US Dep. of Interior. Bureau
of Mines; Washington, DC, 215- 226.

Yazdandoost hamedani, M., Ghobadi, M., Ghobadi, M. E., Jalali-honarmand, S., & Saeidi, M. (2019). Influence of
foliar application of some chemicals on gas exchange, water relations and photosynthetic traits in sunflower
(Helianthus annuus L.) under different irrigation regimes. Iranian Journal of Field Crops Research, 17(3), 477-
489. (in Persian with English abstract). https://doi.org/10.22067/gsc.v17i3.76843


https://doi.org/10.22069/EJCP.2017.10676.1841
https://doi.org/10.1016/j.rhisph.2017.06.002
https://doi.org/10.1071/fp09148
https://doi.org/10.2135/cropsci1990.0011183X003000010025x
https://doi.org/10.1016/j.agwat.2011.02.005
https://doi.org/10.22077/escs.2017.108.1028
https://doi.org/10.22067/jag.v10i1.50765
https://www.researchgate.net/publication/281446014
https://doi.org/10.17221/346/2010-PSE
https://doi.org/10.22067/gsc.v17i3.76843

Iranian Journal of Field Crops Research

Homepage: https://jcesc.um.ac.ir i

Research Article
Vol. 22, No. 1, Spring 2024, p. 89-101

Evaluation of the Reaction of Early Genotypes of Quinoa Plant to Different

Levels of Salinity Stress

M. Kia?, N. Bagheri®?", N. Babaeian Jelodar?, M. Bagheri®*

1- PhD graduate, Department of Plant Breeding, Faculty of Agricultural Sciences, Sari Agricultural Sciences and
Natural Resources University, Sari, Iran
2- Associate Professor, Department of Plant Breeding, Faculty of Agricultural Sciences, Sari Agricultural Sciences and
Natural Resources University, Sari, Iran
3- Professor, Department of Plant Breeding, Faculty of Agricultural Sciences, Sari Agricultural Sciences and Natural

Resources University, Sari, Iran
4- Assistant Professor, Seed and
Organization, Karaj, Iran

Plant Improvement Institute, Agricultural Research Education and Extension

(*- Corresponding Author Email: n.bagheri@sanru.ac.ir)

Received: 09 October 2023
Revised: 12 December 2023
Accepted: 31 December 2023
Available Online: 14 February 2024

How to cite this article:

Kia, M., Bagheri, N., Babaeian Jelodar, N., & Bagheri, M. (2024). Evaluation of the
Reaction of Early Genotypes of Quinoa Plant to Different Levels of Salinity Stress. Iranian
Journal of Field Crops Research, 22(1), 89-101. (in Persian with English abstract).
https://doi.org/10.22067/jcesc.2024.83794.1260

Introduction

Prolonged droughts and lack of water resources, followed by the salinity of water and soil resources, have

faced many limitations in the production of some conventional agricultural and garden plants, especially in arid
and semi-arid regions of the country. Therefore, the introduction of new plants with high yield potential, which
have suitable growth in saline soils, the threshold of their seed yield reduction is high, and the production
product is of high quality has been considered in Iran. Quinoa with the scientific name Chenopodium quinoa
Willd. It is an annual plant originating from Latin America, which, despite its high nutritional value, tolerates a
wide range of abiotic stresses and can grow in marginal lands. For this reason, this experiment was conducted to
investigate the performance of quinoa plant genotypes against different levels of salinity in the research field of
the Gorgan Agricultural Meteorological Research Department.

Materials and Methods

Cultivation of seeds of nine genotypes Titicaca (control number), Gizal, RedCarina, Q18, Q21, Q22, Q26,
Q29, and Q31 obtained from Karaj Seedling and Seed Breeding Research Institute in a factorial experiment
based on a complete random block design. Plastic pots were made with a bed of sand and clay in a ratio of two to
one on March 5, 2019. The application of NaCl salt solution treatments at the levels of zero, 10, 20, and 30
decisiemens/m started after the establishment of the plant and reached the six-leaf stage and lasted for 45 days.
After salinity treatment, morphological traits including plant height, stem diameter, number of sub-branches,
inflorescence length, inflorescence width, biomass, 1000 seed weight, and seed weight per plant were measured.

Results and Discussion

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution

4.0 International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and
BY

reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
and the source.
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According to this study, with the increase in NaCl salinity level, there was a significant decrease in all traits.
Different genotypes also had significant differences in most traits in each salinity treatment. The RedCarina and
Q12 genotypes consistently exhibited poor performance across all salinity levels in the examined traits, whereas
the Gizal and Q21 genotypes demonstrated high performance in most traits, indicating sensitivity and tolerance,
respectively. These two groups of genotypes consistently clustered together in both cluster analysis and biplot
tests across different salinity levels. However, some genotypes displayed relative performance variations at
different salinity levels. For instance, the Titicaca cultivar excelled at high salinity levels of 20 and 30 dS.m,
while the Q29 and Q31 genotypes exhibited high performance and tolerance to salinity stress at low salinity
levels of zero and 10 dS.m™. Genotypes that had high yield potential at low salinity levels had the highest yield
in vegetative traits at salinity levels of 20 and 30 decisiemens, but had the lowest values in reproductive traits,
especially in seed weight. In Principal Component Analysis, reproductive traits explained the most changes in
high salinity levels. Salinity stress caused a significant decrease in most of the traits of the quinoa plant. The
response of genotypes to different salinity levels was different. In addition, the genotypes showed different
performance even in different growth phases. The high performance in traits related to the vegetative phase and
weak response in the reproductive phase show that the granulation stage in the quinoa plant can be introduced as
a salinity-sensitive stage. These results also show the high diversity of quinoa plant genotypes in each of the
different salinity levels.
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Table 1- Variance analysis of morphological traits of 9 quinoa genotypes under the treatment of 4 levels of salinity
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Table 2- Comparison of the average interaction effect of variety on salinity in the studied traits
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Red Carina  57.29 ** 11.64 2.40°* 16.57%¢ 4.74° 4,29 1.00 0.45"
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Ttiticaca 41.44 9.33 kP 2.35 14.11 & 397° 2.64% 1.38 59 0.42
Q12 36.33 ¢ 7.50° 1.31" 11.16' 5,01 3,55 0.981 0.008 1

21 482270 8.88 |7 2.16™ 14.11 % 5,22 4,23k 1441 0.37

o st 822 47.141° 9.35 kP 1.945m 13.14 M 6.48 8.91 1.28 % 0.46 ¥
oI Q26 46.66 I? 9.44 2.54 ¢k 13.88 ¢* 5.40 ¢ 6.23 " 1.35¢" 0.30
30dS m* Q29 42.22 ° 8.55 mP 1.501™ 12.22 ¢ 5.70 b 4,52 ¥ 1.03 0.10
Q31 4712 10.62 1.80%m 13.62 9% 6.17 " 6.32 Vi 0.98! 0.008 1

Gizal 46.00"* 8.22" 2.56 13.50™ 5.76 5.10 % 1164 0.38
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Table 3- Correlation coefficients between investigated traits under the influence of different salinity treatments
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Figure 1- Grouping of 9 quinoa genotypes under the influence of salinity control level based on morphological traits using
Euclidean distance
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Figure 3- Cluster and biplot grouping of 9 quinoa genotypes under the influence of 20 deci-siemens salinity level
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Figure 4- Cluster and biplot grouping of 9 quinoa genotypes under the influence of 30 deci-siemens salinity level
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Table 4- Principal Component Analysis of different traits at each NaCl salinity level
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Plant height ¢l 0.944 -0.044 0.269 0.814 0.425 0.308 0.175 0.395 0.837 0.587 0.738
il 1
ol Job 0.680 0.596 -0.134 0.469 0.549 -0.552 0.263 0.906 0.084 0.274 0.691
Inflorescence length
SLE
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Inflorescence width
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1000grain weigh
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Cumulative xess 46.97 74.24 89.74 35.67 69.75 86.22 33.69 66.66 84.68 46.53 81.09
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Introduction

Rapeseed is the second most important plant for oil production in the country due to having more than 40%
of oil in the seed, resistance to some environmental stresses, and suitable combination of fatty acids. Water
deficit in the stage of reproductive growth severely affects the rapeseed yield because the number of seeds and
the weight of seeds decrease. Water shortage in the flowering stage also reduces the seed oil percentage and oil
yield of rapeseed. In some areas of Khuzestan province, rapeseed is mainly cultivated as a beak crop. This issue
causes the growth period of rapeseed to coincide with the growth of some other crops. In this situation, some
irrigation turns are necessarily allocated to other plants (including wheat, which is in the pollination stage, and
okra, which is in the germination stage), which causes rapeseed to face water shortage, even in the flowering
stage. Therefore, it is necessary to apply appropriate management methods to reduce the effects of drought stress
on rapeseed during the flowering stage. Among these methods is the use of vermicompost fertilizer and changing
the planting date. The present study aimed to address the following inquiries: What impact does vermicompost
fertilizer, planting date, and drought stress during the flowering stage have on rapeseed seed and oil production?
Can the utilization of vermicompost fertilizer and adjustments to planting dates mitigate the adverse effects of
water deficit stress on rapeseed yield?

Materials and Methods

A field experiment was conducted at the research farm of Shadegan Payam Noor University, Khuzestan, Iran
in 2022-23 growing season. The experiment was carried out as a three-factor factorial 2x3x2 with three
repetitions. The experimental factors included planting date (November 25 and December 25), vermicompost
fertilizer (0.0, 10, and 20 ton ha), and irrigation (full irrigation and interruption of irrigation during the
flowering stage). In each irrigation stage, the volume of irrigation water was measured and to calculate the
efficiency of water consumption, the yield (seed and oil) was divided by the amount of evapotranspiration. At
the maturity stage, the seed yield and its related traits included the number of pods per plant, the number of seeds
per pod, the weight of 1000 seeds, biological yield, harvest index, oil and protein percentage of seed were
calculated.

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution

4.0 International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and
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reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
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Results and Discussion

Rapeseed had the highest seed yield (2667 kg ha') on the planting date of November 25 with full irrigation,
while delay in planting (planting date of November 25) and interruption of irrigation during the flowering stage
resulted in the lowest seed yield (1247 kg ha) which means a decrease of more than 50% in seed yield.
However, if rapeseed is planted on December 25 and fully irrigated, it has a higher seed yield (about 15%) than
planting on November 25, along with stopping irrigation during the flowering stage. A similar trend was
observed in seed oil percentage and oil yield, so the highest and lowest percentage and yield of rapeseed oil were
obtained on the planting date of November 25 with full irrigation and the planting date of December 25 and
stopping irrigation at the flowering stage, respectively. The delay in planting and drought stress in the flowering
stage reduced the percentage of rapeseed oil by 6% and the yield of oil by about 60%. On the planting date of
November 25, rapeseed was superior to the planting date of December 25 in terms of the number of seeds, 1000-
seed weight, biological yield, and water efficiency by 35, 25, 23, 18, and 38%, respectively.

Conclusion

Vermicompost fertilizer helped to improve rapeseed seed yield by providing important nutrients. Stopping
irrigation during the flowering stage and delaying planting caused a decrease in seed yield and rapeseed oil
production. Therefore, to obtain the maximum yield of seed and oil, it is recommended to plant on the 25th of
November and full irrigation. It is better to modify the planting pattern in the region to prevent the flowering
stages of rapeseed from encountering water shortage.

Keywords: Irrigation interruption, Manure, Oil percentage, Oil yield, Water consumption
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Table 1- Some physical and chemical properties of the experimental site
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Table 2- Some climatic properties of the experimental site during 2022-23 growing season
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Table 3- Flowering date and the time of irrigation interruption of two planting dates
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Table 5- Mean comparison of the interaction of Irrigationx planting datex vermicompost on silique number per plant and
seed protein content (%) of rapeseed

Cwls &)U ™ CumrguoS o059

Planting date  Irrigation Vermicompost (ton. ha?)
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10
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IR2 0

10

20

AN

IR1 0
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IR2 0
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Silique per plant  Seed protein content (%0)

180bc 23.9cd
220a 23.2d

240a 22.67d
149de 26.8ab
177hc 25.9hc
189b 24.1cd
142e 25.8bc
172bc 26.1bc
185bc 25.2bcd

90f 28.6a

132e 26.1bc
165cd 27.1ab
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Different letters in each column indicate significant difference at P<0.01 according to Tukey’s test
IR1: Full irrigation; IR2: Irrigation interrupt at flowering stage
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Figure 1- The effect of planting date x irrigation interaction on seed yield (kg ha) of rapeseed
PD1: Planting date of November 16; PD2: Planting date of December 16. IR1: Full irrigation; IR2: Irrigation interrupt at flowering
Different letters in each column indicate significant difference at P<0.05 according to Tukey’s test
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Figure 2- The effect of planting date x irrigation interaction on seed oil content (%) of rapeseed

PD1: Planting date of November 16; PD2: Planting date of December 16. . IR1: Full irrigation; IR2: Irrigation interrupt at flowering
Different letters in each column indicate significant difference at P<0.01 according to Tukey’s test
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Figure 3- The effect of planting date x irrigation interaction on oil yield (kg ha) of rapeseed

PD1: Planting date of November 16; PD2: Planting date of December 16. IR1: Full irrigation; IR2: Irrigation interrupt at flowering
Different letters in each column indicate significant difference at P<0.01 according to Tukey’s test
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Figure 4- The effect of planting date x irrigation interaction on water consumption rate (m3 ha) of rapeseed

PD1: Planting date of November 16; PD2: Planting date of December 16 IR1: Full irrigation; IR2: Irrigation interrupt at flowering
Different letters in each column indicate significant difference at P<0.01 according to Tukey’s test
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Figure 5- The effect of planting date x irrigation interaction on water use efficiency for seed production (kg m-3) of rapeseed

PD1: Planting date of November 16; PD2: Planting date of December 16. IR1: Full irrigation; IR2: Irrigation interrupt at flowering
Different letters in each column indicate significant difference at P<0.05 according to Tukey’s test
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Table 6- Mean comparison of the effect of vermicompost on seed yield and yield component, oil production and water use
efficiency of rapeseed
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Different letters in each column indicate significant difference at P<0.01 according to Tukey’s test
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Table 7- Mean comparison of the effect of irrigation on some seed yield component, biological yield, harvest index and water
use efficiency (for oil production) of rapeseed
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IR1 23a 3.9a 7483a 28.84a 0.17b
IR2 19b 3.0b 6283b 25.05b 0.22a
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Different letters in each column indicate significant difference according to Tukey’s test
11: Full irrigation; 12: Irrigation interrupt at flowering
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Table 8- Mean comparison of the effect of planting date on some seed yield component, biological yield, harvest index and
water use efficiency (for oil production) of rapeseed
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q (9) (kg ha 1) (%6) (kg m_3)
okl Yo 26a 4.0a 7783a 29.6a 0.24a

November 16

v 17b 3.0b 5983b 24.3b 0.15b
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Different letters in each column indicate significant difference according to Tukey’s test
11: Full irrigation; 12: Irrigation interrupt at flowering
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Figure 6- The average temperature at the time of flowering (applying irrigation interruption) and the time of rapeseed
harvesting on two planting dates
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