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Introduction

The effect of salinity stress on the quantity and quality of crop production highlights the importance of
managing and reducing the damage caused by this stress factor in agriculture. Increasing soil salinity and
decreasing fertility of arable lands is one of the major problems in saline areas. Cultivation of salt-tolerant crops
which can increase soil fertility could be effective in the sustainable production of these lands. Studying
photosynthesis and its related factors could provide appropriate physiological views in understanding plant
behavior against salinity stress. The present study was conducted to assess the salinity tolerance of chickpea
genotypes for cultivation in saline areas.

Materials and Methods

To evaluate the effects of salinity stress on photosynthetic criteria and yield of chickpeas, an experiment was
conducted in 2018 at the research farm of the faculty of agriculture, Ferdowsi University of Mashhad, Mashhad,
Iran. The experiment was arranged as a split plot based on a randomized complete block design with three
replications. Experimental factors consisted of salinity levels (0.5 and 8 dS.m™) as the main plot and chickpea
genotype (17 kabuli-type genotypes) as the subplot. Seeds were provided from the Mashhad chickpea collection
of the Center for Plant Sciences, Ferdowsi University of Mashhad, Mashhad, Iran. Seeds were planted on March
11™ and complementary irrigation was done in three growth stages of pre-flowering, flowering, and pod-filling.
Sodium chloride was used to prepare saline solutions and the irrigation water rate was measured by water meter.
Photosynthetic criteria including photosynthesis rate, evapotranspiration, stomatal conductance, and resistance
and concentration of photosynthetic pigments were measured in the 50% flowering stage.

Results and Discussion

Results indicated that the lowest and highest reduction in the concentration of chlorophyll a was found in
MCCB65 (6%) and MCC83 (3.3 times increase), respectively. Increasing salinity level increased the concentration
of chlorophyll b in MCC65 and MCC139, the ratio of chlorophyll a/b in MCC92, MCC139, and MCC776,
carotenoids concentration in MCC77, MCC92, MCC313, and MCC679 and total pigments in MCCMCC77,
MCC92, MCC298, and MCC679. Increasing salinity levels led to higher evapotranspiration in 14 genotypes
except for MCC65, MCC95, and MCC298 in which 37, 54, and 63% decrease of this parameter was observed.
Increasing salinity level increased photosynthesis rate in 7 genotypes of MCC12, MCC65, MCC72, MCC92,
MCC95, MCC679 and MCC776 among which MCC95 and MCC679 showed the highest percentage increase
(61 and 53%, respectively). The highest increase in sub-stomatal CO, (51, 49, and 40 ppm) with increasing
salinity levels, was found in MCC485, MCC776, and MCC313, respectively. An increase of 28 and 8% in
stomatal conductance was found in MCC65 and MCC95. Stomatal resistance was only reduced in MCC77,
MCC420, and MCC29. Higher salinity levels also led to 3.4 times, 67, 14, and 13% increase in instantaneous
water use efficiency in MCC95, MCC65, MCC92, and MCC298, respectively. Biomass and seed yield declined
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in all genotypes by salinity. The highest seed yleId was observed in MCC65, MCC77, MCC92, and MCC95 with
142, 148, 167, and 166 g.m™ respectively in saline_conditions. There was a negative significant correlation
between seed vyield and evapotranspiration (r=-0.43"), and stomatal resistance (r=-0.38 ), and a significant
positive correlation between seed yield and biomass (r= 0.61"") and photosynthesis (r=0.24"") and stomatal
conductance (0.367).

Conclusion

In general, the results of this experiment indicated the diversity among chickpea genotypes for salinity
tolerance caused by saline irrigation water. Studying some photosynthetic criteria in 17 kabuli-type chickpea
genotypes under salinity stress showed high diversity in physiological responses of chickpeas to salinity stress
which could be used in the selection and breeding of salt-tolerant cultivars. MCC65, MCC77, MCC92, and
MCC95 were superior in most studied criteria in saline conditions and even performed, unlike the declining
trend of the other genotypes. It seems that these genotypes could produce reasonable seed yield in salinity levels
up to 8dS.m™

Keywords: Biomass, Chlorophyll, Evapotranspiration, Stomatal conductance
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Table 1- Used chickpea genotypes and their origin

No <3, Seed bank ID iy SSU ;5 awlid Origin Lk

1 MCC12 IRAN

2 MCC65 Flip88-32c ICARDA
3 MCC72 5302 ICRISAT
4 MCC77 Flip86-58c ICARDA
5 MCC92 12228 ICRISAT
6 MCC95 217655 ICRISAT
7 MCC98 6102 ICRISAT
8 MCC139 217897 ICRISAT
9 MCC158 2217 ICRISAT
10 MCC298 CIYT-610

11 MCC313 Flip90-183c ICARDA
12 MCC420 IRAN
13 MCC483 Flip93-250c ICARDA
14 MCC485 Flip93-252c ICARDA
15 MCC500 Sel95TH1722 ICARDA
16 MCC679 IRAN
17 MCC776 Flip97-111c ICARDA
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MCC: Mashhad Chickpea Collection
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Table 2- Effect of salinity on Chlorophyll a, Chlorophyll b content in chickpeas genotypes

Genotype Chlorophyll a (mg.gFW™) Genotype Chlorophyll b (mg.gFwW™)
g ) adndg S ey J] b Judg,l5

MCC 05dS.m*  8dS.m? Mean MCC 05dS.m*  8dS.m™ Mean
12 0.730° 0.413° 0571 12 0.475% 0.272%¢ 0.374"
65 0.368° 0.350° 0.359" 65 0.204% 0.249%¢ 0.227"8
72 0.588° 0.209% 0.399% 72 0.187° 0.144° 0.165°
7 0.596° 0.318° 0.4574 7 0.327% 0.191° 0.259%8
92 0.465°% 0.320° 0.392% 92 0.252%¢ 0.140° 0.196"8
95 0.572¢ 0.396° 0.484% 95 0.315%¢ 0.251%°¢ 0.283"8
98 0.451° 0.272¢ 0.362" 98 0.340%¢ 0.214% 027778
139 0.625° 0.420° 0.522% 139 0.154° 0.225%¢ 0.189°
158 0.606° 0.318° 0.462" 158 0.308%° 0.221%¢ 0.265"®
298 0.808° 0.345° 05774 298 0.377%¢ 0.189° 0.283"®
313 0.544° 0.373° 0.459" 313 0.255%° 0.196" 0.225"8
420 0.648° 0.375° 0.511% 420 0.262%¢ 0.212" 023778
483 0.856° 0.265° 0.561% 483 0.407%¢ 0.194% 0.300"®
485 0.528° 0.346° 0.437% 485 0.262%¢ 0.202" 0.23278
500 0.583° 0.272° 0.427% 500 0.394%¢ 0.176° 0.285"®
679 0.483° 0.337° 0.410% 679 0.272%¢ 0.191° 0.231%8
776 0.833° 0.358° 0.596" 776 0.500° 0.173° 0.337"®

Mean 0.605W 0.335® Mean 0.311W 0.202®

Salinity Genotype GenotypexSalinity Salinity Genotype GenotypexSalinity
P value 0.001™ 0.074™ 0.123™ P value 0.001™ 0.006™ 0.001™
CV% 31 CV% 16
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LSDy¢s5: Least significant difference at the level of 0.05, ns: non-significant, *: significant at probability level 5%, **: significant at
probability level 1%, CV: Coefficient variation.
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Table 3- Effect of salinity on concentration of carotenoids in chickpeas genotypes

Genotype Carotenoids (mg.gFW™?)
Go9) 595918
MCC 05dsm?  8ds.m? Mean
12 0.1512 0.095° 0.123%
65 0.083? 0.075°% 0.079"
72 0.139° 0.054° 0.096"
7 0.154 0.173? 0.164*
92 0.062° 0.112° 0.087%
95 0.1172 0.079° 0.098"
98 0.134 0.063° 0.099%
139 0.105 0.101° 0.103*
158 0.134° 0.081° 0.108"
298 0.078° 0.084° 0.081%
313 0.101° 0.190° 0.145"
420 0.1122 0.088° 0.100%
483 0.160° 0.053° 0.107%
485 0.120° 0.095° 0.108"
500 0.181° 0.082° 0.132%
679 0.066° 0.088% 0.0774
776 0.270° 0.090° 0.180"
Mean 0.128" 0.094®
Salinity Genotype GenotypexSalinity
P value 0.003™ 0.068™ 0.019™
CV% 49.5
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LSDy¢s5: Least significant difference at the level of 0.05, ns: non-significant, *: significant at probability level 5%, **: significant at
probability level 1%, CV: Coefficient variation.
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Table 4- Effect of salinity on concentration of total pigment and transpiration rate in chickpeas genotypes

Genotype Total pigments (mg.gFW™) Genotype Transpiration rate (mmol m?s?)
G o S gid SAST, S5 G o B gy
MCC 0.5dS.m* 8dS.m? Mean MCC 05dS.m? 8dS.m? Mean
12 1.279%® 0.899% 1.089~°C 12 1.690™ 5.850" 3.7705°
65 0.655" 0.638° 0.6465¢ 65 6.293°f 3.941M 5.1178¢
72 0.757° 0.455° 0.606¢ 72 2.969K 8.056™ 55138
77 1.077%® 1.386%® 1.232A°C 77 4.734¢" 6.121°" 5.4288
92 0.621° 0.637° 0.6295¢ 92 1.080™  1.239™° 1.159'
95 0.837%® 0.802° 0.8197°C 95 6.372° 2.952i 4.662°°
98 0.882%® 0.546° 0.7147°C 98 0.426™ 7.135% 3.780FF
139 0.924® 0.776° 0.850"°C 139 1.443"° 4.342%1 2.893¢H
158 0.901%® 0.603° 0.752~°C 158 1.988KM 6.410° 4.199PF
298 0.587° 0.710° 0.6495¢ 298 3.617" 1.329"° 2.473"
313 0.802° 0.776° 0.7897°C 313 5.708 9.526° 7.6174
420 0.931%® 0.750° 0.840"°C 420 1.499"" 4.663% 3.081"
483 1.214% 0.534° 0.8744°¢ 483 1.024™° 7.120% 4,072
485 0.908%® 0.642° 0.775"°C 485 5.886 8.941% 7.4137
500 1.097% 0.609° 0.853°C 500 2.425K 11.719° 7.072°
679 0.558° 0.666° 0.61285¢ 679 0.382° 6.641° 3.512F¢
776 1.809% 0.843%® 1.326" 776 0.427™ 7.175% 3.801F
Mean 0.932"W 0.722® Mean 2.821®  6.068("
Salinity Genotype GenotypexSalinity Salinity ~ Genotype GenotypexSalinity
P value 0.001™ 0.001™ 0.051" P value 0.001™ 0.001™ 0.001™
CV% 35 CV% 7.3
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LSDys: Least significant difference at the level of 0.05, ns: non-significant, *: significant at probability level 5%, **: significant at
probability level 1%, CV: Coefficient variation.
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Table 5- Effect of salinity on photosynthetic rate and CO, substomatal at different chickpeas genotypes under salinity stress

Genotype Photosynthesis rate (umol CO, m?s™) Genotype CO, substomatal (P.P.M)
o) i Gy W9y SAUI 315 )5 damSlisd
MCC 0.5dS.m* 8 dSm™! Mean MCC 0.5dSm’? 8dS.m* Mean

12 16.229™ 18.78%K 17.50E-G 12 355%7 381%® 368°C
65 18.11™ 19.30% 18.71EF 65 372%d 371%¢ 37178
72 11.65%M 12.01™ 11.83G 72 369%¢ 347" 358°P
77 28.82>¢ 15.809™ 22.31C-E 77 351%f 335%" 343CE
92 23.08"" 29.80%¢ 26.44A-C 92 348" 356" 35240
95 15,03 24.21%" 19.62D-F 95 358" 336%" 3478P
98 23.08"" 12.19M 17.64E-G 98 350a-f 324M 337PF
139 21.57™ 18.68%* 20.12D-F 139 340c-g 3389 339°F
158 22.25"" 8.89™ 15.57FG 158 386a 365%° 376"
298 27.83"¢ 12.295™ 20.06D-F 298 339c-g 336" 338°F
313 30.09%¢ 22.28"" 26.18A-C 313 336¢-h 376%¢ 3567
420 26.64"" 9.35™ 18.00EF 420 307g-j 333 320F
483 38.85° 24.969 31.90A 483 322f-i 30697 3147
485 30.59%® 26.34>" 28.47AB 485 295ij 346" 320FF
500 29.29"¢ 20.69%* 24.99B-D 500 280j 298" 289¢
679 14.90"™ 22.74"1 18.82EF 679 330e-i 336" 333FF
776 18.17™ 20.98% 19.58D-F 776 323f-i 372%¢ 348BP
Mean 23.30W 18.78® Mean 339® 345"
Salinity Genotype GenotypexSalinity Salinity Genotype GenotypexSalinity
P value 0.001™ 0.001™ 0.001™ P value 0.015" 0.001™ 0.001™
CV% 12.0 CV% 3.4
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LSDy¢s5: Least significant difference at the level of 0.05, ns: non-significant, *: significant at probability level 5%, **: significant at
probability level 1%, CV: Coefficient variation.
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Table 6- Effect of salinity on stomata conductnce and stomata resistant at different chickpea genotypes under salinity stress

Genotype Stomatal conductnce (mol.m? s Genotype Stomatal resistant (m?s®.mol™)

Ee T3] Sy culan T3] Slijey Cuglio

MCC 0.5dS.m* 8 Ds.m* Mean MCC 0.5dS.m* 8dS.m? Mean
12 16.8%9 8.8%9 12.8"8 12 72.3%¢ 121.6%¢ 96.97F
65 13.0%9 16.6%¢ 14.8"8 65 94.4%¢ 136.1%¢ 115.3"8
72 19.6%¢ 8.9%¢ 14378 72 60.3% 113.1%¢ 86.7°8
77 14.0%9 9.8%9 11.9%8 77 72.3%¢ 52.7¢ 62.5°
92 15.8%9 7.3%¢ 11.6"8 92 65.3% 72.3>¢ 68.8°8
95 12.8%9 13.7%°9 13.3%8 95 47.0° 101.7%¢ 74.3%8
98 16.8%9 7.9%9 12.478 98 60.2 127.8%¢ 94.0"8
139 18.6%¢ 11.4%°9 15.0% 139 61.4% 82.1% 71.778
158 17437 6.9 12.178 158 63.3% 133.4%¢ 98.4"8
298 19.4%¢ 11.6%¢ 15.5° 298 87.9%¢ 56.6¢ 72.3A
313 20.2% 7.2%9 13.778 313 49.7° 169.7% 109.778
420 21.9% 14.7%9 18.3% 420 70.5>¢ 68.8% 69.6°8
483 13.0%9 9,309 11.178 483 107.1%¢ 118.1%¢ 112.6"8
485 15.1%9 8.5%¢ 11.8%8 485 55.9¢ 163.5%® 109.7°8
500 10.7%9 5.29 7.98 500 99.5%¢ 150.3%¢ 124,94
679 15.9%9 10.9%9 13.478 679 64.8% 97.2%d 81.0"8
776 18.5% 9.4%9 13.978 776 60.5% 114.2%¢ 87.4"8

Mean 16.4%) 9.9%® Mean 701® 110.5®W

Salinity Genotype GenotypexSalinity Salinity Genotype GenotypexSalinity
P value 0.001™ 0.004™ 0.015" P value 0.001™ 0.001™ 0.001™
CV% 26 CV% 30
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LSDys: Least significant difference at the level of 0.05, ns: non-significant, *: significant at probability level 5%, **: significant at
probability level 1%, CV: Coefficient variation.
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Table 7- Water use efficiency in 17 chickpea genotypes under salinity stress

Genotype Water use efficiency (umol CO,/mmol H,0)

i) ol dpas ol

MCC 0.5dS.m? 8 dS.m? Mean
12 9.60™ 3.22m° 6.41PF
65 2.88™° 4.90%0 3.89°
72 3.92%° 1.50" 2,718
77 6.08™ 2.58M° 433
92 21.36% 23.90° 22.63°
95 2.40™° 8.20" 5.305°C¢
98 54.25° 1.72" 27.98%
139 14.95% 4.30"° 9.62°
158 11.14% 1.39° 6.26°°¢
298 7.69" 9.25" 8.47°P
313 5.32kn 2.32m° 3.82¢
420 17.78% 2.01™ 9.89¢
483 37.93¢ 3.51m° 20.728
485 5.20%° 2.95™ 4.07™H
500 12.08%" 1.77™ 6.920F
679 39.03% 3.42™° 21.23%
776 42 59° 2.93m° 22.768

Mean 17.31W 4.70®

Salinity Genotype GenotypexSalinity
P value 0.001™ 0.001™ 0.001™
CV% 10.30
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LSDys: Least significant difference at the level of 0.05, ns: non-significant, *: significant at probability level 5%, **: significant at
probability level 1%, CV: Coefficient variation.
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Table 8- Effect of salinity on biomass and seed yield at different chickpea genotypes

Genotype Biomass (kg.m) Genotype Seed yield (kg.m?)

2 0395 Canmn O] &y 3 Slos

MCC 0.5dS.m? 8 dS.m? Mean MCC 05dS.m? 8dSm? Mean
12 0.357™ 0.116° 0.237F 12 0.101 0.035° 0.068F
65 0.813" 0.565° 0.689"8 65 0.218° 0.148° 0.183°
72 0.515M 0.376' 0.4455F 72 0.111' 0.099' 0.105¢
77 0.576° 0.292°4 0.434F¢ 77 0.148¢ 0.143¢ 0.146°
92 0.919 0.467 0.693* 92 0.219 0.167% 0.193%
95 0.928° 0.421% 0.6758 95 0.196° 0.166° 0.181°%
98 0.4911 0.283 0.387° 98 0.135" 0.047" 0.091'
139 0.572° 0.440* 0.506° 139 0.156 0.086* 0.121F
158 0.774° 0.301°° 0.538°¢ 158 0.165° 0.071' 0.118EF
298 0.468! 0.380' 0.424° 298 0.113' 0.040™ 0.077°
313 0.528%" 0.314™ 0.421°1 313 0.128" 0.065™ 0.096"
420 0.568°" 0.204" 0.386° 420 0.135" 0.061™ 0.098"
483 0.687¢ 0.343™ 0.515° 483 0.178° 0.065™ 0.122F
485 0.563° 0.339™ 0.451%F 485 0.174% 0.092¢ 0.133°
500 0.543f¢ 0.269¢ 0.406"" 500 0.162° 0.065™ 0.113%
679 0.520%" 0.280" 0.400" 679 0.148° 0.087* 0.118F
776 0.588° 0.332™ 0.460F 776 0.143° 0.066"™ 0.104°

Mean 0.604® 0.345® Mean 0.154® 0.089®

Salinity Genotype  GenotypexSalinity Salinity ~ Genotype GenotypexSalinity
P value 0.001™ 0.001™ 0.001™ P value 0.001™ 0.001™ 0.001™
CV% 2 CV% 2
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LSDq¢s: Least significant difference at the level of 0.05, ns: non-significant at probability level 5%, *: significant at probability level
5%, **: significant at probability level 1%, CV: Coefficient variation.
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Table 9- Coefficient of correlations of some measured traits of chickpea genotypes affected by salinity

1 2 3 4 5 6 7 8 9 10 11 12
1. Chla 1
2. Chlb 068" 1
3. Carotenoides 053" 0.54™ 1
4. Total pigments 0.64™ 056" 0757 1
5. Transpiration rate ~ -0.49” -0.39” -0.19" -0.30" 1
6.  Photosyntheticrate  0.29™ 0.15™ 0.14™ 013" -013™ 1
7. CO, substomatal 012"  -0.14™ -0.04" -0.15™ 0.04™ -022" 1
8. Stomatal conductance 0.52” 0.30™ 0.13® 0.20° 055" 0.14™ 0.01™ 1
9, Stomatal resistant ~ -0.32” -0.17" -0.08® -0.23° 053 0.01™ 0.03® -054" 1
10. WUE 0377 038" 0267 0287 -071" 028" -013" 0327 -020" 1
11. Biology yield 033" 021" 007" 007" -039" 028" 0.09® 038" -036" 0327 1
12. Seed yield 030" 0.19° 014" 017" -043" 0397 0.01™ 036" -038" 037" 086" 1

** % ns

o)) S g iy Jlein] maw )d (6)b pxe o yd gy Jlein] e 53 )b gixe e oaimd LS i ey
ns, *, ** respectively non-significant at 0.05 probability level, significant at 0.05, 0.01 probability level.
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Figure 1- Cluster grouping of chickpea under salinity stress in field conditions
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Table 10- Mean and deviation from the mean of groups in cluster analysis for traits in chickpea genotypes under salinity
stress in field conditions

Group
1 2 3 4
Genotypes 77, 139, 158, 483, 72, 98, 298, 313, 420,
(MCC) 65,95, 92 485 500, 679, 776 12
Deviation Deviation . .
Traits Group from Group from Group Deviation Group Deviation
mean mean mean from mean mean from mean
mean mean
Chia 0412 -0.058 0488 0.018 0.468 -0.002 0.571 0.101
chib 0235  -0.022 0249  -0.008 0.255 -0.002 0.374 0.117
Carotenoides ~ 0.088  -0.023 0118  0.007 0.114 0.003 0.123 0.012
Total pigments  0.698  -0.129 0.897  0.070 0.799 -0.028 1.089 0.262
Tra”iggat'o” 3.65 -0.80 4.80 0.36 4.61 0.16 3.77 -0.67
Phomrsayt’;the“c 2159 0.55 2367 263 19.64 141 17.50 -3.54
€0, 357 15 338 3 335 7 368 26
substomatal
Stomatal 1321 004 1238 -0.79 13.69 0.52 12.80 0.37
conductance
Stomatal 8614  -4.20 9097 063 90.70 0.36 96.93 6.59
resistant
WUE 1061 -0.39 9.00 -2.00 12.97 1.97 6.41 -4.59
Biology yield  0.685 0.211 0489  0.014 0.416 -0.058 0.237 -0.238
Seed yield 0.186 0.064 0128  0.006 0.100 -0.021 0.068 -0.054
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Introduction

Nitrogen (N) is one of the main limiting factors in agroecosystems all around the world. However, high
application rates of N fertilizers would lead to negative environmental consequences. Reduction of N fertilizers
consumption decreases production costs and environmental pollution. Therefore, N efficiency to be enhanced
due to the high N fertilizer cost and required measures to prevent the waste of N. Cultivation of diverse crop
cultivars with higher resources absorption and utilization efficiency is one of the major approaches in sustainable
agriculture that would result in the effective use of natural and chemical inputs and reduce significantly the
environmental risks. Quchan City is one of the potato production poles in Khorasan Razavi province. In this
region, large amounts of N fertilizers annually are consumed in the potato agroecosystem. Therefore, the potato
of the present study was evaluating N uptake and utilization efficiency, and finally, N uses efficiency in the
potato agroecosystem of Quchan.

Materials and Methods

This experiment was performed in the cropping year of 2020-21 in Quchan located in Khorasan Razavi
province. A split plots arrangement based on a randomized complete block design with three replications was
conducted. Different nitrogen application rates (0, 50, 100, and 150 kg of pure nitrogen per hectare) were
assigned to the main plot and the sub-plot factor consisted of two potato cultivars, Agria and Arinda. To
calculate the efficiency of nitrogen application, the amount of nitrogen in the soil was also considered. Equations
(1 to 3) were used to calculate nitrogen efficiencies:

__ AN (kg.ha™h)
NUpE = TN (kg ha-D) Eqg. 1
__ TY (kgha™h)
NULE = AN (kg ha 1) Eq. 2
__ TY (kg.ha™1)
NUE = TN (kg.ha™1) Eq.3

Results and Discussion

The results of the analysis of variance showed that the effect of nitrogen fertilizer and cultivar on yield was
significant. At the same levels of nitrogen, the Arinda cultivar had a higher yield and with increasing nitrogen
application, an increase in yield was observed in both Agria and Arinda cultivars. The effect of nitrogen
application and cultivar on nitrogen uptake, utilization, and use efficiency was significant (p<0.01). Comparing
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the interaction of nitrogen and cultivar on nitrogen utilization efficiency, showed that the Arinda cultivar had
higher efficiency than the Agria cultivar.

Conclusion

By increasing the amount of nitrogen fertilizer application, improvement was achieved in most of the
evaluated characteristics of potato cultivars, including yield. Arinda cultivar had better conditions in terms of
tuber yield and nitrogen uptake, utilization, and use efficiency compared to Agria.

Keywords: Environmental health, Fertilization management, Harvest index, Nitrogen efficiency, Tuber
nitrogen percentage
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Table 3- Comparison of the mean of the main effects of nitrogen and cultivar on yield and yield components of potato

el Jele Sy i) 5 &e,s“w HIKEY PSR j:.\:- HIKEY 0si 3 ,Shos el > Slos oasLd
Experimental Plant N4 v Tuber yield "3"’? Sl
factor height (cm) Small tubers Large tubers (kg.ha'l) Shoot yield HI (%)
(number per plant)  (number per plant) (kg.ha™)
Nitrogen 39,
(kg.ha)
0 36.5¢C 58a 02c 21965 ¢ 2233 ¢ 70.2a
50 45.1b 48a 1.0b 28443 b 3023b 68.8a
100 49.2 ab 1.3b 38a 33906 a 3862 a 67.6a
150 54.6a 1.7b 42a 36119a 4069 a 68.0a
)
Cultivar
Agria 43.0b 33a 22a 25604 b 2837hb 69.4a
Arinda 49.8a 3.6a 24a 34613 a 3756 a 68.0 a

(P=0.05) 55,115 o sime BMSI 1,08, s S jiio By o (shls (slopyeSilis pgis yo 13 9 ol yo (sl
For each factor and in each column, means followed by the same letter(s) are not significantly different (p<0.05).
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Figure 2- The number of medium-sized tubers per plant under different levels of nitrogen and potato cultivar
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Means followed by the same letter(s) are not significantly different (p<0.05).
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Figure 3- The total number of tubers per plant under different levels of nitrogen and potato cultivar
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Means followed by the same letter(s) are not significantly different (p<0.05).
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Figure 4- The relationship between soil nitrogen content and potato tuber yield under different levels of nitrogen fertilizer
and potato cultivar in the Quchan region
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Table 4- Analysis of variance (mean of squares) of the effect of different levels of nitrogen consumption and cultivar on

tuber nitrogen percentage, shoot nitrogen percentage, uptake efficiency, utilization, consumption, and nitrogen harvest
index in potato

(Mean of squares) e p wibe

oy ) .
PO 1 FESNY sl |
“M”l"." el o o Q395 o Js e ol 2l i 2 Bpan )
Experimental !5l 0oy . Sl SR Oje o . o s
factor df ol P,'”, val s " QI9r® QI9r® QI
s b NUpE NUtE NUE
N tuber - N HI N Total
N Shoot
S 2 0.0037™  0.0240™ 2.28"™ 186.8™ 0.0058" 898™ 29"
Block
0395 3 0.1553"  0.2960™ 12.95™ 14617.9™ 0.0039" 8565 4081™
Nitrogen
Lo
ohel sl 6 0.0081 0.0102 15.16™ 139.4 0.0029 352 282
Error a
o2 1 0.1998"  0.2752™ 24.00" 1176.0" 0.0280"" 16267 17067
Cultivar
X395 .
Nitrogen * 3 0.0033™  0.0057™ 10.01™ 100.7™ 0.0009™ 1148 445"
Cultivar
5 clas
PG 8 0.0045  0.0162 11.14 50.0 0.0018 226 119
Errorb
Olps Gy
5.6 8.1 5.3 5.1 5.6 6.7 6.4
C.V.

3 gine pf NS aoyd Y 90 Jlainl zglaw )3 4l gxe ca gy T o "
* ** ns indicate significant at the 5 and 1% probability levels, and is non-significant, respectively
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Table 5- Mean comparisons of the main effects of nitrogen levels and cultivar on potato nitrogen uptake, utilization,
and use efficiency in potato

. lako H
Wy A R g Js ’ P ElE s s
ot PP sl Caa 59k o g ol
ilol Jole O3 | ) Codld ’ (S31 3 g 0395 0595
Experimental oul P P ‘30 g o NUpE NUE NUE
N Biomass  ©997* k . :
factor - N_Total g kg grain/kg  Kg grain/k
N_tuber % N_HI K N /kg g9 g gg g
% % Upta € uptake Nuptake Nsoi|+applicd
kg Nsoil+app|icd
03954
Nitrogen (kg.ha)
0 1.01°¢ 1.30¢c 64.6 a 80d 0.74a 273 a 201 a
50 1.14b 150b 62.7 a 120 c 0.76 a 236 b 179 ab
100 1.27a 1.68a 6l.2a 166 b 0.79a 204 c 162 bc
150 1.38a 1.81a 61.9a 192 a 0.74a 188 ¢ 140 ¢
o3y
Cultivar
Agria 1.29a 1.68a 63.6 a 133b 0.72b 199 b 144 b
Arinda 1.11b 147b 61.6 b 146 a 0.79 a 251a 197 a

(P=0.05) 35 )ls sine SHS) (S8, L S e g o (sl (sloSolio eyt o 52 9 Jale o gl ”
* For each factor and in each column, means followed by the same letter(s) are not significantly different (p<0.05).
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To calculate nitrogen productivity, the nitrogen levels plus soil nitrogen content were considered (109 kg ha™).
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Figure 5- The relationship between soil nitrogen availability and nitrogen use efficiency under the influence of different levels
of nitrogen fertilizer and potato cultivar in the Quchan region
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Figure 6- The relationship between soil nitrogen availability and nitrogen and cultivar interaction on nitrogen utilization
efficiency under the influence of different levels of nitrogen fertilizer and potato cultivar in the Quchan region
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Introduction

In recent decades, the need for increased food production has resulted in the expansion of intensified
agriculture practices characterized by high consumption of inputs, thereby reducing agricultural sustainability.
The agricultural sector's contribution to the world's energy consumption, ecological footprint, and greenhouse
gas emissions has grown substantially. Emissions of greenhouse gases have negative ecological effects,
including climate change, global warming, and diminished sustainable development. In this sector, energy
analysis and greenhouse gas emissions in ecosystems are the most common methods for assessing sustainability.
This study was conducted to evaluate the sustainability of canola agroecosystems by analyzing energy
consumption, carbon footprint, and greenhouse gas emissions.

Methods and Materials

The study was conducted using a questionnaire in Kalaleh County, in Golestan province, and gathering
information from Golestan Agricultural Jihad Organization, during 2018-2019. The number of samples was
determined by the Cochran formula. Accordingly, 50 farms were selected for canola cultivation. The
questionnaire's reliability was determined to be 0.81. To calculate the energy indices, carbon footprint, and
greenhouse gas emissions, after determining the most important inputs and output, first, their amounts were
determined in each of the 50 farms and then their average was calculated. The energy equivalent of each input
and output was calculated by multiplying its raw value by the corresponding energy conversion factor. The
carbon footprint of the canola system was calculated as the amount of land required to absorb the environmental
pollution caused by input and resource consumption. Carbon uptake in canola agroecosystems served as the
basis for evaluating the carbon footprint and consequently the sustainability of this study. Also, the amount of
greenhouse gases produced was determined by multiplying the raw values of the consumed inputs by their
emission coefficient.

Results and Discussion

In canola agroecosystems, the total energy input was calculated to be 13,200 MJ ha, the total energy output
was 63,400 MJ ha™, the energy use efficiency was 4.8, and the energy productivity was 0.17 kg MJ™. In addition,
the ecological footprint and global warming potential were 0.99 gha and 779.03 CO.e ha *, respectively. In
canola production, fossil fuel and nitrogen fertilizer inputs contributed the most to ecological footprint and
global warming potential respectively. Reducing the number of machines entering the farm through the
application of conservation tillage methods and the modernization of machines can be effective in reducing the
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consumption of this input. Due to the non-renewability of this input, reducing its consumption is effective in
reducing both economic costs and environmental pollution. Consuming as much livestock manure (cattle) as
possible and implementing crop rotations with legumes such as soybeans that can grow well in this area is
effective in supplying soil nitrogen and reducing the need for chemical fertilizers.

Conclusion

Analysis of energy indices, such as energy efficiency and net energy, revealed that energy loss in the canola
farming ecosystem is low and that the system's sustainability is adequate. Evaluation of carbon footprint revealed
that the value of this index for canola production in the county of Kalaleh was less than the ecological capacity
of each hectare of land used for canola production, indicating the environmental sustainability of canola
production in the county of Kalaleh. In general, canola agroecosystems in the county of Kalaleh were sustainable
based on terms of all three indices: net energy, carbon footprint, and global warming potential. Due to the large
proportion of two inputs, fossil fuel, and nitrogen fertilizer, in these indices and their significant impact on
production sustainability, consumption management of these inputs and training and justification of farmers are
recommended to increase production sustainability.

Keywords: Carbon efficiency, Ecological capacity, Fossil fuel, Global warming potential, Nitrogen fertilizer



Olpl =l cleipgh 4 i

Homepage: https://jcesc.um.ac.ir
Pag Psd LA

VOA-VY Lo N ErY Ol ¥ o ke Y A

IS b, 5l Jdes 4l (Brassicanapus L) 130S 6‘-‘“(’3&445 R BPL'SE)
sloS slasE

¢ #Y N Yo R \ Wl e
J&Gfu@eg H‘SWQL;&.‘MM‘MOLML&)J&

AACAVER FRL R PPN T
VENCAYA 2ol o)l

daS

2 IS byl 5> (eSS Lol jLasl g ) sbs) g5l Jalos ol 2 131 slapgrcaiS” (5lhl (obj)l Ban b Gaios

329 dlaer plojlas 5l SLeMbl gyglaan 5 (LTS Loyee 4 oppe dnbas 5 dolidun yy alusgas WWAY=RA (el Jls o (S ol
Slazel el bas Clswl 13 a e 50 e o bl cpl 3y (4,565 dlasly bawgs cdslllas 3550 &)l50 dlaws s plol liadS il
S5 & by glapasld o GlbS lajls Ll )8 sbd) @olie (2903 5 53909 Cnpimie e Sl o D dplre +JAY dalidiny
2 LS PYF e ST (298 (6551 ol 5 JoilRe WY+ IS (639)9 (5551 & 3> (Ui bt ad (2bj)l 5 dswlone pgeatS ool 5
il S by 5 Al S <A IS 15 Sl csbo) oJsilSe 2 oSS /W (535l 6ymmrte FIA (5551 B S iSa
g YAUYY L (59,0 555 g OF/AY o ¥£/¥5 L Jiuwd g slo 9399 c pizmad g1 )i 50 () dauST 60 Jolro p,SolS YVA/LY s
P S g (A e bany il ) S g 5> Slea ptale)S Jaily 5 008 sb3y 03 LS 93 52 5l maew (i G5 o> TEIVY
399 92 3125 e I3 4 0929 (I b g2 sl (Sl e ity 5 ()5 b3 (als (551 el A a Blod Sl ST s e
g g bigl 5 Lasdgys ol Bme e g ()0l 55y ol 2y b 4 1 5 o pasls ol 5l (505 355 g i CS g

38555 355 0t WS Ly b e 8 s Slar lesS el 1S sB031s

2 5 o Sl )izl g plie 4l e o 55 Co o ol
(Montoya, Gaba, de cowlosi Slaa g e o
«slaccwlus Mazancourt, Bretagnolle, & Loreau, 2020)
5 LaSagll 5 (o i 395a Blo Jo gz 3 3k 1ié s
5 olisebsl jgbatea s il i Gyms —u)g sladilol (g)lubs
Shodgw 1oL ol Jeame g cladilobu ) cubl
290 48,5 )l )3 el Wdgs g @lie jl e blis JUS )5 «(5)eliS
(830 Byne 1D (5jy5LuiS waw (LOmbardi et al., 2021)
sladlo » ple » Glabls (lajls lasl 5 3lspg <bd)
SO a5 Ll liee ol aiily pog BB )58l sl
Il 53 35 maSlisd Jolas (IS VARG (530L8 s S|
szl g g (Prakash Meena et al., 2021) 345 o 359 5
5 o9 GdaST o0y S 3 uSled dlor I LS (glajls

LVRUFY

DS o ol glaaay b lie Wy 4 5l ilsel
Sols 45" Cawl o oodlys db5 Bpuao b g (dxiuo (g5y9liS 3,555,
(Lombardi et al., cosl edgr (55y9liS 3> (g)lub Lials cpal oyl

Sl iy iy olKtils el 095 «(s5505819,81 (655> gl ytals -

pode olSily cuelj 09,5 ¢ 55515189 ST Al slih IS s ol il =Y

Ol 5 (GBS (b polie g sj9liS

GBS QS (b b 9 (55,9l pole oSty sl j 095 jletsls =

olx

Ol o i g3y oKy (6591985 9,5T 09,5 sl —F

(Email: hkazemi@gau.ac.ir e 0 g — )
https://doi.org/10.22067/jcesc.2022.76465.1168


https://jcesc.um.ac.ir/
mailto:hkazemi@gau.ac.ir
https://doi.org/10.22067/jcesc.2022.76465.1168
https://orcid.org/0000-0001-7528-5387

(JankOWSki, J._.w‘.:u._p u;.:.\_ao 9 L;‘)P oLk d)‘._aa.o
o oxels oy ¢ 38 wJg5 Budzynski, & Kijewski, 2015)
)L\_»l; d)_a.a.n Aoy ) u.’)'tgw.w UI)"‘ Pl ‘j dxwgd g 009 Mb
u.:l_»))‘ u;‘).:l_u | o.))j .)l_’>u| u_|a.».’>u u])_»| 9 LS))JI G’L.A
b el il e (sl Jamaxe ol adgr (g lsl
{(Mousavi-Avval et al., 2011)
= sloplipg > Sl (lajls Lisil 5 (55,1 Jelow
ox jlicud (iu cnl ) @)lul QL 2 &l @2l 250,
(Triticum aestivum) a3 (g9 00 plodl Glalllas 4y 4lg5 oo
4_o35e {Soltani, Rajabi, Zeinali, & Soltani, 2013)
(Asgharipour, Mousavinik, & Fartout (Medicago sativa)
(Kazemi et al., (Brassica napus) l; IS Enayat, 2016)

(Alimagham, Soltani, Zeinali, (Glycine max) L ow 2016)
o Ll (Hoffman et al., 2018) M ¢ 4 & Kazemi, 2017)
il 3lidps sl «si -l sl j) il Lol o8
drodles 2ol S b yime disej 53 (g aels Kl (clalxlS clajls
d9 dnlgd (o)l 4 pliwd 5 e ollask il ials
s llles g5 ol L ((Prakash Meena et al., 2021)
bl o (elhj Y gmaze L ()l (L))l A 3 (oS
2 S 6ol Lisl g (Bldpgr (sbd) sipl Jebod 3l
ol 03 ploxl Gloz > 5 ol
Ol 3 (l paS Ay alisie slapllas gyl (abj))
Ol Ol s oLt (B ldpgn (L) Jelod dliwgas (i
YIAY cblas S pllas o 5 Y/AF pouwpo cuiS pllas o a3ls
el F oo Yo g Ve bl ol o g 390 Slea 1S Jolse
L )8 08 6)labl g 0l )bl L paw )5 i
(Naderi Mahdei, Bahrami, Aazami, & Sheklabadi,
—( 950 et pllas (B ldpgr 5b3) 9 5551 (bl -2015)
e al nply b (Il cutS laplas 3 (55,955 (g paS
aS ob L Gliwguin Sisd e 3blio )0 (23055 5 Lla
Ll 5 (Blipg sbd) 5 0y <551 (sl (29 slapasls
slajas s )50 5o Ll oy (ol cuis pllas 5l juiw plyy cotS
S5t oS 050 (2l 83l 9t 9 S50 Spman 2
wars-ay ely; o » 13 ads jlade (Kumar et al., 2021)
YA/Y aS ol oad (3155 ladS bl 53 5 V+AWVO squ
4y g odd polaitlag s an ) jouiS )3 LIS S adgi 5l as
(dS bwl 5 adMS b ped s Wlgr ks 1y s
o) €S s s ol 558 13 1l lacdad (S
WADY dgd WYAV-AA ely; Jbo 0 NS b o )3 Jguaeo
(Jihad-e-Agricultural Organization of Golestan 54 ,iSa

e sl S il oo alon 1 (5L Cgllash Sl (olis
(Jamali, Soufizadeh, s JLos ayly sl aewg jials
aS aad o L d>5e Anlsds Yeganeh, & Emem, 2021)
amd iz ) oll (65ygliS edll (sl puiio ualdl Sl s
(Koocheki & Nassiri sls aalgs )|, 3 1355 coss 1y oal
Mahallati, 2016; Rezaei, Naderi Mahdei, Karimi, &
o) 90 5 Gpae o > Olpuss ¢ picmen Shanazi, 2019)
slajls jlaml aljdly (Bldpgr sbs) Gl cage (isu
Copde 1 (6ygless eoplpli ol oad iso ol ) lalsds
Jbisl g (Bldps <) (il Span Sl jglatodr (j)liS
(Jamali et al., 2021) cosl (gy5ps S a8
FegipladS )03 392 (S5 b3l 6351 5 6555LaS o
& 535 oS el 53 By 5l 5 (53] oIS b e b S
(Elsoragaby, Yahya, Mahadi, Mat sl o ) JSb
«($ )9S ($9S Cundg > Nawi, & Mairghany, 2019)
o=l 2 551 el B pae & Vg (59000 g (Siedgs
(Kaur, Kumar Vashist, & Brar, 2021; b  Siw Loy
Jdyay (g550liS” isy 3 (655l B juae Kumar et al., 2021)
S «)los slags sl 3, 5 gl il il
Dog opl b tcuol adl il les o oolasdl Koo sl iy
Col (e 3)Slos b S jglainds bag3g)9 By yiul39l
g oialS Jls 3 (s mlie o) 995 (6)lub pials cage
LS e oplplis ccwl Ll b 3 e sla 554l
oo i lame gllasls 31 LS S 4 (53] e
(85038 3 (55,51 38 el (59,0 )l S
by pials dacedgyg Spae il lp (oliws LB Sl
e e 55 (LS (Sl slajls W jials ( Bldes
(Mousavi- cowl sl (650l & (oliwd s )3 5 (oo
<L, Awvval, Rafiee, Jafari, & Mohammadi, 2011)
Brman e e Sl cuslie (padll (5)liS” Bldps
5450 Sras sbisdg)g 5 plie Jdd bawg & cul gl
(oplplis 23,5 0 35l 1o ( Sl S oly cos oyl 1)
SBS b5 jlisl g By (351 Jdos (gl (olie slne
4y | S (6505l (B ldpgr 5oy )3 el sl (655l
il cge o Canl Gl 3 (19 g (Bpae 5551 )l Coanl
Gk ol 4 9 3980 bame 2 (65)5laS 18U Cold ) 9 ()5
(Cerutti, Beccaro, .5 o sbjyl !y s5y5lis slaplls (glab
Bagliani, Donno, & Bounous, 2013; Rezaei et al.,
FAL 0F) Gy slasl jl oglles S 5 il L 15187.2019)
Qo d WY 5 Slgid sl 10y VY B VA oSl sl oy

L oty Mg Glp oV gae o pcale | (S5 (Sl sl



VPY L spgrcais Gyl LUl ol on g (a0l

s ez ] e P (MAS) JoB B ek g jlina
d g (+/0) rre (ho B Curas I s G +/0) fpre Jho
A plodl 8okl (gld pdiges

S50 Jalas
SLopecaiS )3 (295 9 Lsd)9 (5551 Polee dnlone gl
9 e )l Sl Pl 52 50 (29,5 9 g3gy9 (Simre Il IS
loa (sladgS’ (639)9 (g y> b dwloma ol Sile e
53939 30 8551 Jolao A s Il e i daiSedl
() Jsi2) dbgeye 655 ot cup 3 ke 035 Le29)s 35
3y50 (6355 mlie (Asgharipour et al., 2016) s awlxe
351 posgel Dlilgus 5 oy Sliwd gm0 0ol 135 150 )3 ool

138" adg oplul (obsyl g ol 5l Bam Province, 2019)
S by 3l Brman S jshied Wy pee Copie
A8l oyl Gl g SRS gl La]

L 95 9 g0
Lasuls ‘5J3TC'“?~9 dadllos u g0 ddlaie

éjlg M Ol yoi 5> YFAY=AA Uc—l))‘ Jle Yy o.).\
050> dnbas 5 doliduw p lawgi laodly .0 pbol (liwls il 5o

Lowgs dalllas )90 &0 dlaw 0 (gy9l@en LTS L ojes 4
(Cochran, 2003) ui (s (V) akasly
z°pq
— daz
" 0)

- 1 ,z%pq
1+2 (E2-1)

AW b ol 53 15857 (o515 Waiegs 3 (29,5 9 W639)9 (5571 sodlae 9 eSSlee =) g
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Table 2- Emission coefficient of greenhouse gases (g) for chemical inputs and their global warming potential
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3100 0.03 3.70 .
Nitrogen fertilizer Jensen, & Fixen, 2009
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Phosphorus fertilizer
5,565 268 Bhatarai, Abagandura,
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Insecticide
ek 5100 0.02 0.01 Asgharipour et al., 2016
Fungicide
e il Jewdly 005 2053 Pl e 1 310 21 Asgharipour et al., 2016

GWP CO.e factor
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Table 3- Energy values (Mj ha) of inputs and their carbon footprint (gha) in canola farming ecosystem in Kalaleh county

399 S5 ylade L, IS gl 5l
Input Enrgy value Foot print  Contribution of total foot print (%)
SE S 20.4 0.002 0.2
Human labor
Vel 416 0.03 3
Machinery
(s S35 6190 0.46 46.46
Fossil fuel
ekl 5140 0.39 39.24
Nitrogen fertilizer
Sk S 467 0.04 4
Phosphorus fertilizer
25535 27.4 0.002 0.2
Sulphur fertilizer
oS e 373 0.03 3
Herbicide
S 237 0.02 2
Insecticide
ek 123 0.009 0.9
Fungicide
- 198 0.01 1
Seed
S 13200 0.99 100.00
Total
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Table 4- Energy indices in canola farming ecosystem in Kalaleh county
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Index Unit Value
Energy use efficiency
LS))"l 59900 J5)l§" ) P;?’L"{ 0.17
Energy productivity kg MJ?
5525 535 PSS »Jsie £ oo
Specific energy MJ kg
Net energy MJ ha
J§ 53959 ‘5))"' )LIS&» » J?ili" 13200
Total energy input MJ ha
Total energy output MJ ha
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Table 5- Emission of greenhouse gases (kg ha™) from chemical inputs and their global warming potential in canola farming

ecosystem
$2929 SpS1sd S| obe ORle S damily  GluleyS ety JS 51 ey
Input oS ROT CH, TS Y
CO, N,O GWP Contribution of GWP (%)
i _“9“ 391.6 0.08 0.57 428.37 54.83
Fossil fuel
e 263.1 0.003 0.31 270.54 3473
Nitrogen fertilizer
A2 42.07 0.0008 0.16 45.68 5.86
Phosphorus fertilizer
25 > 17.09 0.0002 0.02 1757 2.26
Sulphur fertilizer
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Herbicide
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Insecticide
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Fungicide
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Total emission
oS awSliey oo Jole
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GWP CO.e factor
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Table 6- Indices of greenhouse effect of canola farming ecosystem in Kalaleh county

Index Unit Value
Carbon output kg C ha
959 O))g )L‘S‘a’ > L)’)g P;?l‘f 210.34
Carbon input kg C ha
Net carbon kg C ha
oS - 4.79
Carbon efficiency

Sustainability index
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Introduction

Fennel is a cross-pollinating plant and one of the most important medicinal plants of the Apiaceae family,
whose essential oil is widely used in various pharmaceutical, food, and cosmetic industries. Fennel originated
from the Mediterranean region and is a biennial or perennial species. Fennel essential oil has been demonstrated
to have antioxidant, anti-cancer, antibacterial, antifungal, and analgesic effects. Improving yield is one of the
important goals of breeding, and the use of heterosis as one of the powerful tools to improve yield has always
been of interest to breeders. This study was conducted to evaluate seed yield and yield components of three
synthetic cultivars of fennel and compere with eight parental populations.

Materials and Methods

To investigate the yield, yield components, and the degree of heterosis of important traits of breeding fennel
cultivars, three synthetic cultivars along with eight superior parents were investigated in the form of a
randomized complete block design. The experiment was conducted in the spring of 2019 in the research field of
the College of Aburaihan, University of Tehran, located in Pakdasht. During the growing period and after
harvest the traits such as no. umbel, number of nodes, no. umbellets per umbel, no. seed per umbel, harvest
index, seed yield per plant, plant biomass, 1000 seed weight, essential oil content, essential oil yield, and seed
yield were measured in the 50% flowering stage. Analysis of variances was done and a comparison of means
was performed by Duncan<s multiple range at a five percent probability level. Heterosis, Heritability of traits,
and some genetic parameters of the traits in fennel genotypes were calculated. To determine the genetic distance
and grouping of genotypes, principal component analysis, and cluster analysis were performed. All analyses
were carried out using the SAS and Statgraphics software.

Results and Discussion

Based on the results of the analysis of variance, the differences between the studied genotypes were
significant for all traits. Medium and late synthetic cultivars had significantly higher seed yield and essential oil
yield than other genotypes and their yield heterosis rate was positive compared to the average of parents and was
39% and 38%, respectively. Evaluation of heterosis rate showed that cultivars Synthetics were superior to
parents in most traits. General heritability for different traits was estimated to be between 34% and 93%. In this
study, the phenotypic variation coefficients of all traits were higher than the genetic variation coefficients, which
indicated the existence of environmental factors for these traits The results showed that principal components
that the first four components account for more than 90% of the total variance changes. Based on the cluster,
genotypes were divided into four groups. It could be expected that these synthetic cultivars can be introduced
and expanded in the market of medicinal plants after being registered as commercial cultivars.
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Conclusion

In general, the results of this study indicated that the mean squares of the parents against synthetic cultivars
were significant for most of the traits, indicating the occurrence of heterosis in these traits. The results showed
that the heterosis of most traits of synthetic cultivars was additive and positive. The highest percentage of
heterosis compared to parents was for seed yield, essential oil yield, and the number of umbrellas per plant. It
also seems that the traits related to yield components have higher heritability than other traits. The results
showed that the synthetic cultivars were superior to their parent genotypes in terms of seed yield and essential oil
yield. As a result, it should be said that the breeding method of creating synthetic cultivars in the fennel plant is
successful. It can be expected that these synthetic cultivars could be introduced and expanded in the market of
medicinal plants after being registered as commercial cultivars.

Keywords: Heritability, Heterosis, Synthetic cultivars
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Table 1- The climatic conditions of experimental site
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Table 2- Fennel genotypes used in the experiment
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Table 6- Component loading of the studied traits together with a cumulative variance of the principal components of the
fennel genotypes

Components l2dd) g0 1 2 3 4
Eigen values o9 polde 5.24 2.64 1.83 1.12
Cumu'atg;g)va“ance sax il g 43.68 65.66 80.95 90.32
Traits Slawo o35 50, Eigen vector
No. seed main ol i 5o @l shas 0.39 0.14 0.1 -0.21
No. umbel/plant Loy yd g olaws 0.30 -0.36 0.11 0.24
node’:;JnTal?ﬁrborfanch kol 13 3 0,5 shas 0.24 -0.46 -0.11 -0.21
No. uanrglblzlts/ Main - ) e s S s 0.21 0.24 0.47 -0.24
essential oil .
Ccfﬁten; (%)' () ol (g5ieo -0.11 0.08 0.24 0.82
Weight o(fg%OOO seed w05 i s 0.33 0.22 -0.16 0.04
Seed yield (g.m™?) e yie > 4l 5,Slee 0.41 -0.09 0.17 -0.02
Esse(r(\:t::; Ic;:_lzglleld bl 55 0.39 -0.07 0.24 0.16
ngf;tl :r:‘tSeed / &g 4 s 0.16 0.40 -0.41 0.08
Plant biomass (g) gy o 0.20 0.00 -0.60 0.10
Harvest index sy asls -0.02 0.57 0.17 -0.10
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Figure 1- Bi-plot based on the first and second components of principal components on the studied traits to group fennel
genotypes
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Table 7- Mean and percentage of deviation from the total mean of each groups from fennel genotypes

[EX WS Clusters ) asgt e e £ adgh
Clusterl Cluster 2 Cluster 3 Cluster 4
5 lol 5l el 51 Gl el 51l el
oke oSlbe oSlbe obe
Traits clhw o=k Deviatio oSk Deviatio o=k Deviatio oSk Deviatio
Mean n from Mean n from Mean n from Mean n from
the the the the
mean mean mean mean
No. seed/ main umbel ol i o aly sl 462.58 17.50 149.33 -62.07 425.81 8.16 363.39 -7.69
No. umbel/plant Gy >y s 113.15 29.11 87.22 -0.47 81.08 -7.48 71.00 -18.98
Number of nodes/main branch ol L5 53 0,5 sluw 11.44 16.15 10.33 4.87 9.42 -4.43 8.69 -11.86
No. umbellets/ main umbel ol y 0 Sy slas 20.81 -1.97 12.44 -41.39 24.75 16.57 19.89 -6.33
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Harvest index by yasls 40.51 -11.23 34.95 -23.42 48.29 5.81 50.79 11.29
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Figure 2- The dendrogram of cluster Analysis of 11 fennel genotypes basis on studied traits
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Introduction

For optimal production and maintaining its stability, environmental and weather conditions must be
determined from the perspective of capabilities and limitations. For this purpose, it requires reliable regional data
such as planting date, ripening time, plant density, soil, and meteorological information, which are generally not
available for most regions. Obtaining this information is very time-consuming and expensive in many areas and
is often simply not possible. Therefore, zoning can facilitate access to this information on a large scale. In other
words, if the regions that are similar in terms of climate, soil, and management conditions are identified, the time
and cost needed to collect information on a wide scale will be minimal.

Materials and Methods

The present study was conducted for the agro-ecological zoning of the country. In this research, the existing
climatic zones of the country were analyzed based on GYGA, and the existing soil zones of the country were
analyzed based on the HC27 method.

Results and Discussion

The combination of climatic zones and soil, 198 polygons or agro-ecological zones were obtained for all
agricultural lands of the country. The zones in which more than 1% of the country's agricultural lands are located
include 28 zones, and in total, about 80% of the agricultural lands are located in these zones. The highest
frequency percentage is related to agro-ecological zone 4103-5 with a frequency of 85.11%. Also, the frequency
of agro-ecological codes (climate code 5003 with soil code 5) 5003-5 (28.7%) and (climate code 4003 with soil
code 5) 5-4003 (93.4%) were placed next. Zoning can facilitate the selection of points for plant studies and other
planning.

Conclusion

Each of these areas has a different climate and soil code, which indicates the specific production conditions
of that area. From these agro-ecological zones, to improve studies and make agricultural management decisions,
it is possible to prepare and complete the climate and soil information bank in each zone for use in simulation
models of plant production, to facilitate the collection of information (such as management information, cultivar
information plant) and the implementation of plant production simulation model to be used in studies related to
the food security of the country. The current research was conducted to determine the main agro-ecological areas
of agricultural production in the country so that simulation studies and other studies can be carried out in the
main production location in each province. Therefore, it is necessary to know where the main production centers
of each province were, what kind of climate and soil it has, and which meteorological station is the indicator of
that region. In this research, the climate zones of irrigated, rainfed, garden, and pasture lands of the country were
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determined by using the Giga climate map. Based on this, more than 50% of water lands are located in climates
5003, 4003, 5002, 8003, and 6003, respectively. Also, the rainy lands are located in 4103, 4003, and 3103
climates respectively. Also, by using the HC27 soil map, the soil areas in the irrigated, rainfed, garden, and
pasture lands of the country were determined. Therefore, more than 50% of water lands in soil codes 5 and 17;
Rainy lands in Kodkhak 5 and 12; Garden lands were located in soil codes 5 and 12 and pastures were located in
soil codes 5 and 17. By combining climatic zones and soil zones, agricultural-ecological zoning of the country
was done, and finally, 198 zones were obtained. The zones in which more than 1% of the country's agricultural
lands are located include 28 zones, in total, about 80% of the agricultural lands are located in these zones (Figure
7). The highest frequency percentage (11.85%) was related to the area with agroe-cological code 4103-5, which
covered 1789965.8 hectares of agricultural land. Also, after that, the agro-ecological code 5003-5 has the highest
frequency (7.28 percent), which covers 1100599.25 hectares of agricultural land in the country. In this research,
after the agro-ecological zoning of the country's agricultural lands, several 198 zones were obtained, and after
calculating the area covered by each zone, finally, 28 agro-ecological zones have an abundance percentage of
more than 1%, and together they are about 80% (11813518.66 hectares). They cover the country's agricultural
lands. These climate zones obtained can be used for food security studies and calculating and determining the
production capacity of each region. On the other hand, considering that in agricultural studies, extensive and
comprehensive information about climate and soil is needed for each region and access to this information is
usually expensive and time-consuming, the use of agro-ecological zones resulting from this research can be
necessary.

Keywords: Climate, Cultivated area, Distribution map, Production center, Soil map



Olrl #1535 Slebdg iy 4 pid
Homepage: https://jcesc.um.ac.ir

MO"‘U»/’,JL
\AQ—V'V U'" g\i'Y QL‘..,.;'L? (.V OJLQ—:; gY\ .U.::
Z - . & & é . .
P M F sl Ol 5t S5 S1 S sauag
¢ A3 Y A . #Y R weg ) e
g;‘“)’"}:.‘““g;“‘b\s&:"‘""g;\:‘f.)ﬁ‘ﬁ“ J%W“Jﬂﬁw
VEN55 il oyl
VNV QY 2oy Fob
DS

el yal cpl Cae 4 Lgd asutie Ll lacdgioee g lacubl an | olge g Ol g Jaoxe Lalpd ol (60l b 5 Cglla g5 (4l
Losldy (pl gdad S yobds oS sl wlislgn 5 S GleMbl gy o515 8y (Sdw)y oyloj «udlS go,)li Judil (sladlaio slazel JB slaosls
ALl (Sals & il g 030 aizsm iy g polej s Bblie 51 (6ol > SNyl ()35 iy bl sod o ptaod B (3blio 35T (ol
ol Ly 5 8 ALl 45 i 5 5t 5 e | gy e 3> SIS (5] 8 s Sl n siring ool il
adlas sy dnlgs Jlade Jilis & oy gdaw jd SledMbl g yolaes (sl L5 5y90 ai3a g loj Wigd ololid iwd wlie o pte g S
S sloaiyy s GYGA S5y, bl )48 39290 (souldl gloaing bit] 340 ]y 5 plol 58 S4jglesTy ST cuipaigy pslatons ol
5 sl S3ds1s 51 g b 05 b VW SB5 adlil slaing oS 5085 )8 o g ajo 3)90 HC2T ) el )58 39250
Eoeme y> S il o aigy YA Lol 515,13 1 )3 598 (65,9liS ol 5l duopd G 5l i 45 olmaigy ol candas y9uiST (650l o))
o) WA Slghyd L FYeY=0 G5906519,8T (cding s basyo 55 (Jlolyd doys cypjiiin )l )38 adigs (ol 55 (6)slisS” (o)) aoys A Do
e & Fo ¥ ol 1) 5 (1y> VIYA) B+ +Y=0 (8 ST 15 slyem & B+ +¥ orli] 1) <Su55158T5,81 (6lasS g3 duoyd cymimad hily_o
Iy Lacsjyaely plo g alS cldlas lp bli Ol Slg o 48,5 &0 chnaiy 8,5 )5 o 5l am (ko) FAY) 0-F--Y (0 S &S

A e

S adds ¢ STy Ak g5 3 e ¢ byl CuliS 5 o a8l g 50514

o3 el (dame Jelge 4 Jood 3935 5 039 yaidie 5 ailie
=y B8 38 paenad «i 3 opl 4y .(Khajehpour, 2006) )l
My o codldl COld ol Wb 2l LS Mg cy e
by e cBL i il el dpi e Sygo ol
L o 383 9 oo £y (6 S oo
5ol g lame bl ol (gl bis g gllas g ol
Al 5l e s pastie 1L acudgise ¢ lacubld ax 5 olea
M5 o9y S 3 Gloen Gblie g2ge slacald 4 4295 L
P9 plosl (ol (siaing b il (o955 NS o
Wil (SB o2 g ol gloaasili by op (suaigy axly
Wb e SUIglesT—(ohs b (Blbpgr =2 hj 1y HgS e st
2 e @lbie glacudgiome o ety (olulid jslaied; o5
(Williams et al., 2008) a_isl o (55,9liS lados dgups g

ol =5 b 4o oy e |y cnasiny Ll ( )9 bas

LYRUVY

@l cage ol oaddl Jelge Sl 857 ponj ) slailaie

ool a gy 6 Ml 1y 3L oas (Ko Lo pouldl Loyl
iy buly b SB g el Joloe cosejlyn blite el 31 .aiel
L (me Lol waldl 2 55 9359l 0 29294 1y (pasedia g ol
$909 5 ey Sluogad (gl aS 50 o sdalie & (4,550

5 SiygltS pole oSl (s3assTs ST JlyS) el 8 e )

Ol GBS B S (b gl

Ol GBS B S (b glie 5 (55)5liS pole oSty sliwl -V

I 05 IS5 b s 5 (5,918 ple sl Lot =Y

OS5 (G5 (b lio 5 (65)5liS pole oSl 68> ab gol il —F

(Email: afshin.soltani@gmail.com 2 s 0k 5 — %)
https://doi.org/10.22067/jcesc.2022.78336.1195


https://jcesc.um.ac.ir/
mailto:afshin.soltani@gmail.com
https://doi.org/10.22067/jcesc.2022.78336.1195
https://www.orcid.org/0000-0002-6941-4047

e bl yd ¢ codldl bl i 4 da g5 b (650liS Y guae Mg
33> S0l g 0y g potuod B Ol oyt 1B (05 g
loaize (il siS ) olie cutel Gladllas K, e Ca
Tk ol Qlme 4 S plomil €B I3l oren 9 )b <l 2
S Sl SaS

Mol o han o b kS g s Lot sla o 3 eolizl
Sy loj sl Fu )l Judjl (gldalaie dlozel BB claodls
S Hebds &S Wb o (wlisln o SB OleMbl g o515 o3,
bl i o yiwd 0B sblis 381 olyy Laodlsy o) (saon
- =5 sisay, (Ramirez-Villegas, Challinor, 2012)
‘) X9 a.b_w Pl oleMbl O-’I A (o pwd ..\.slyLSA c@l.w)lny
©)go (odlil (gading sle p odes jobay (2l DY gz
bliyl jo Soo8 bl (olp (g3905w0 jlas Glalllas 5 ol a8 )S
Cowl Jb o cpl sl onds sl 3 ldpgs — ely; (gdbaigs b
1 opioren g dilaio SO 0Bl aSlen 55 S Glaogas oS
——=h; audip Gua Ly sl ddllas (plpls sl sl
Bl 2 el (515 ol (S8 oy s 98 (Bldpsy
SOl S5 5 ang (Bl — o) Ay 53 35290 Sy
sl Jie jd oolaiuwl gl ainy y o 0 S5 5 el leMb
Y gae g ot jShe e g (LBLS W (iluand
Ml b 5l) @Ml yglaos Jots ct > &le 5 ((EL
Silwand s s gl g (a).:.é 5 2LS B, leMbl ¢ e
A5 plgl )5S )3 (aLS Mg

W95 9 319

SiaskiS (3 S3lsSls ST anaigg skaiess addllas il 5

A8 Jlot g 435 5508 39250 SB g (conldl slaaigy bl )58
A pimed A3 S et digg 1 plS e Slgl s s 4
sbading oS 5 b (D ad Sy ol laaiyy (151
39S (2l SglSle ST slading (SB sladigy 5 (oldl
lma o 5l od el wdas ol L dol Cwddy joiS
FebSim (gl amoys g ad Jodow g 4o S5l S
slpaigy (S1m 4l g abre S350 51 slnaigg
0dd L SSE & yidin sy ashl )3 45 wu) SujglgST 51

Ll

(Soltani, & Sinclair, 2012; Williams et al., 2008; 5,5
Geerts, Raes, Garcia, Del Castillo, & Buytaert, 2006;
Solio (gly wglate b alie sy ololis (V) :Seppelt, 2000)
e (V) wilaio o 55 e slacaglsl (lolid (V) il
$9) 72 U jop 0593 Jsb 9 £99 (o) e (F) clindos (0
Saigg Sl slaaslh b (555leiss JUil s (0) (lals
Olesbow bausgi )l (gl (sl 92Mo Ve ad )3 (B Lpgr (o5
S Sy G g o) (2l sl ($8) Sl b 9 1>
FAO, ) 1 dlotiy (o 5 slelaio ulide 13 (5y9liS" Y guamo
50 =S bl 4 g anis MelS eslitul 3y50 (55, .(1978
ey ol ol 3 g (58 Jolse plu s S ol leMb
Fisher, Francis, & ) ¢l oSS pbixo plw ju 5 51 lawgs
sle,Kaly oy Sel) ales 5l sl Jls 45 4 (Johnson, 2000
Ll gy 3blie 3 (Bldeg — 2 sl Shy (s
ool ey Y gasme 155
F B o) d92g (ol (suainy ol (Ao (gla b,
Jold Slar edlil o) giaing Soobe) o)
Pappadakis Prentice CGIAR-TAC FAO o8l casagy
HCAEZ GAEZ-LGP Holdridge Koppen-Geiger
>4 (Koo & Dimes, 2013) suib, . Gens 4 GLI SAGE
sty sl GYGA buwg cuis hgy sl 005,55 3150
oad &l 3,Skas S e el Sl diols s b o8
o hgy 5l sloadoslw S 5 ¢ yogy oyl ably y> aS ol
&y a5 GLI § SAGE (sla jigy M5, sl oo (sndiny
2SS o oolitwl elyj olS b slod il sled dlg dple
ol wl (31,8 Slw dayd yao) 4l sbed S 5l ks GYGA-ED
o8l BbLie 5l asly asgemme < s oyl )3 ooplpls 395 oo
ol |y o olitl 4 55 0 aas (£135 QoLS ples sl
=2l olS jogase GENS s GYGA-ED jsg) 95,2 .0 o
KOO & ) ailio 3L (soulil dilo 2 )3 (SKod (yioman 5 0395
St asls 5l GYGA-ED g, 55 (pizen .(Dimes, 2013
coolilgn Sl oSl (ol pito 5| Losiins 45 395 o o3litul
e Bl o ol digy YEO (cl)ls (g, ol ] o Camday
Oh9s P Ll (39 ) S e s Ao ) g el sladiyy it
alos | g d oo (sl ding cBy Liljdl eelb GYGA-ED
Cwl 008 03wl GYGA sa iy 3l oyl 5 45 Sllas
e 3l M g Jouilly 9 3)Shoe (y 0 o OlFo
Low «(Dadrasi, Torabi, Rahimi, Soltani, & Zeinali, 2022)
Nehbandani, Soltani, Rahemi-Karizaki, Dadrasi, & )
945 o Ll (Noubakhsh, 2021

(Sl 1335 3blia J P a bl 5 g5 e allas oo



VAY ol wdsi sl ol 5aai S 5elsS 19,51 (guipaiay

HC27 Lulesl y3 S suiadigy

DA S (S Gilwand claie iy ) SE cledl
o > SLeMbl ol 239l candas Lol il o (6399 leMb]
Codgdze JS e Jo jetaieds bl o ladd s 008
5 odlitwl (gl GleMbl SIS Codgaze g S idgy cileMb)
Koo & Dimes, ) ;e 5 55 ¢ =5 ks (siloans sloJse
ne dw oll s S ogas sl Judgp ans 4 phl (2013
) 5555y 45 558 (N 0y S 5 ity Gas S 2l
HC27 s L acii ol sl (sslyj ool silodnnd sl Joa
SSM- Jue Uy oyl byl (el HC27 ) 395 o a3l
Nehbandani, Soltani, ) )LSes ¢  sliips lwg iCrop2
)35 (Rahemi-Karizaki, Dadrasi, & Noubakhsh, 2020
Al gl S SLedMbl Sl ol b)) ol b b 5 45
s ¢y 09,5 dus S Bl ol 4 oyl ] Ui B
g (Plaw g bawgle (Bros 09)5 dw )3 (SB Goe il piyd
oS g lagie 0lsj (sl 08w &y (5ol oll
g5 TV Jold SB (cogee sladidyy ggorme 3 b (ganabil
Canyd ool 1 48 Wil (£)350,lad YV bV 5l oS o) iy
445 APSIM 4 DSSAT (¢jluduis sla Jice 5 oozl B
0l aupd OleMbl oo yd oS Cunl grused 4 oY (Y Jodn) Wloss
Soltani ) SSM gjlwans Jao ;3 edlawl B8 «SB i pl 4
bl e 50 (& Sincler, 2012

@ baid b gl 3ble dan HC27 SB 4l 4us ol
5 Sl 0ad (ga0aSud (5oghS Vox Ve dgds 1) dddd O ol
WSLE cbl) p L 3)9 ke dw GlapS 4 drgi L aSid p»
b g (V) US) S aci ol (SB pdols 5 S gos

lading )5l Coday 5 SLS g (il slaainy oSy
ol a5l ool wl Ly adlllae (] )3 5538 S5905ST5 5]
Wi 9 ol Sl g wuS 7 o HC27TS 4l 55 s GYGA
el sty 193 L2l JS sl SegSTy,S1 sloaing a2
a5 A8 (Bldpg - o)) cladig S)le 4
HC27 (g, an SIS aiaing 9 GYGA (g 4 598 oldl
Al g

S bl 3 Oyl $5090dS (1)) (sanlil saisdigy
Bl g5 VY > ol 598 IS (ol (stivaiay olsl
s S 518 w8l FA 5 Glpl 65yeliS (GBI (Y JS8) aily e
Ol 2 058 (ol celys ol 3l aiops Sl s o a8
Joyd B 2gd s o atme )0 45 Ml o mal8l VO Jolis i yly l\8

K8 gy 49 )9S caalll guiadigy
a it o5 5 b o il 5pSone 'GYGA 5,50y,
&5y 3 45 a3bis 3,Skos S Sl pulbl by ateb gl
(www.yieldgap.org) cow! (sasaizg b igy 5500 il Sy
Bl L el clading sbol Jlid> 4 GYGA dLusly ol
oy wlidlgn GleMbl 4 55 b cul olon g Of (2319 e
dw OleMbl ulol 5 a8l sladiny < yogy op) 50 Sloy JElis

Lg—d s SE o | e

:(www.yieldgap.org/web/guest/cz-ted)

3,5 ko 4 )3 yao b slod b7 oled solg =)

" lad lod lilugs Y

Tl (Sis asls Y

aS aad o iy GDD Jlude (oulsl digy S (ol
ol YL o JS 55 ol agy )] olod bawgio

Oslee slire Szl plen @Bly )3 (Jad (slod Cllogs e
Al e alale (slos

SEoj had slod Cllogs o pd e codlil gy G ol
g ol o Jlw Jsb o (e Sllogi o sl £9090 ol Mage
5 Ry o oled M ¢ goskw ls & ! yiiny elldl
ool gy Jlo jlele cn e S

aaly (g ganain (ol ol )50 pgw Sl
A el (St ks S o Shas 36 e ulbl g
ol epd g Sllls o bugie p Sllle (S3)b buwgie peadi b
Al jlade asin oulil dpy S j0 0gd 0 ool Verre
2 S Cl s 4 piY sl FSUS gy ol il 5SS
Jde 13,8 35 o liel luel Gls (gl Vev e v o daly oyl
ol 0 odlatwl (a3l (goae

Sl oalawl 3)50 (glayuxie dpnle sl GYGA 039y 50
2 =8ly slaolSw] wlislgn slaodls | o8l casaigy
SleMbl STL 51 Laodly oyl ol oads oslatw! loa ol oo
Hijmans, Cameron, Parra, ) Jlea s gl .l WorldClim
o) g0 ookl 350 wlislga (slaedls (Jones, & Jarvis, 2005
oS Cpr Ml (6o VASNVNAR Jloj 090 (sl g,
4 s St (ooelll sy 0978 )90 > i LML
Dy el e (WWW.Yieldgap.org/web/guest/cz-ted) colw
Sl e 1 Sy (gl oadiy 5 (Lo oMY Joa
a3 o Hlis |y GYGA [hsy 4 coulBl (sanadls j> oolaiwlsyge

1- Global Yield Gap Atlas Extrapolation Domain
2- Growing Degree Days (GDD)

3- Temperature Seasonality

4- Annual Aridity Index (Al)


http://www.yieldgap.org/web/guest/cz-ted
www.yieldgap.org/web/guest/cz-ted

JRRUA P EIP R P WY R PR N SO L S W Iy
() JSE) 8,03 L3 TV Y Fe oY VY lapldl

BA"Y’ 5&"" ‘\°~~\“ ‘C)"\" du&&_lg‘ ).) C:A_t}).}dhe LS—J L?él)l
PP WSS Y D BV WINPW F N U P VP e AR VA A B 2
5 Gt &S bl 15,05 15 S5 5 55 Ladlil Lyl s )

3y5hos Yo Sloa bl (b ygp wiold g, 43 coaldl (siaiub ;3 23wl 390 (S pio I S o (Gl iy pa5 S WIS —Y Jgua
Table 1- Defined classes for each variable used in climate classification using the global atlas performance gap extrapolation
domain method.
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Figure 1- Percentage of Giga climate codes in irrigated, garden, rainfed and pasture lands of IRAN
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Figure 2- Climaticzoning of Iran based on GYGA (Soltani, 2018)
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Introduction

In arid and semi-arid regions, drought stress as the main factor and salinity stress as a secondary factor
decreases plant growth and yield. Water limitation can damage pigments and plastids, and reduce chlorophyll
index, rate, and grain filling period. Several strategies have been developed to decrease the toxic effects caused
by environmental stresses on plant growth. Among them, the use of bio-fertilizers such as plant growth-
promoting rhizobacteria (PGPR) and also nanoparticles such as nano iron-silicon oxide plays a very important
role in yield improvement. Inoculation of plants with native suitable microorganisms may decrease the
deleterious effects of environmental stresses and increase stress tolerance of plants by a variety of mechanisms,
including synthesis of phytohormones such as auxins, cytokinin, and gibberellins, solubilization of minerals like
phosphorus, production of siderophores and increase in nutrient uptake, N, fixation. It seems that application of
nanoparticles and biofertilizers can improve triticale yield under water limitation conditions.

Materials and Methods

To study the effects of bio-fertilizers and nano silicon-iron oxide on the quantitative yield and grain-filling
components of triticale under water limitation conditions, a factorial experiment was conducted based on
randomized complete block design with three replications at the research farm of the faculty of Agriculture and
Natural Resources, University of Mohaghegh Ardabili during 2021. The experimental factors included irrigation
in three levels (full irrigation as control, irrigation withholding at 50% of the heading stage based on codes 43 of
the BBCH scale; irrigation withholding at 50% of the booting stage based on codes 55 of the BBCH scale), as
severe and moderate water limitation respectively, application of biofertilizers in four levels (no application of
biofertilizers as control, application of Azospirilum, Pseudomonas, both application Azospirilum and
Pseudomonas) and nanoparticles foliar application at four levels (foliar application with water as control, nano
iron oxide foliar application, nano silicon, both foliar application nano iron-silicon oxide). The strains and cell
densities of microorganisms used as PGPR in this experiment were 108 bacteria per milliliter (10® cfu.ml™). A
two-part linear model was used to quantify the grain-filling parameters. In this study, anthocyanin, flag leaf
protein, chlorophyll index, grain filling components, and yield of triticale were investigated. Chlorophyll Index
was calculated by a chlorophyll meter (SPAD-502; Konica Minolta Sensing, Inc., Japan). Grain dry weight and
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number were used to calculate the average grain weight for each sample. The total duration of grain filling was
determined for each treatment combination by fitting a bilinear model:

GW:{a+bt t<to

a+btt=>to

Where GW is the grain dry weight; a, the GW-intercept; b, the slope of grain weight indicating grain filling
rate; t, the days after earring; and to, physiological maturity. The effective grain filling period (EGFD) was
calculated from the following equation:

EGFD = the highest grain weight (g)/rate of grain filling (g day™).

Results and Discussion

The results showed that the both application of biofertilizers and foliar application of nano iron-silicon oxide
in full irrigation, increased maximum grain weight (56.07%), grain filling period, and Effective grain filling
period (22.29 and 48.43% respectively), chlorophyll index (45.11%) and flag leaf protein (64.75%), plant height
(49.31%), number of grains per spike (70.58%), spike length (53.75%), 1000 grains weight (64.9%) and grain
yield (43.28%) in compared to no application of biofertilizers and no foliar application under severe water
limitation. Severe water limitation increased the content of anthocyanin, but the application of biofertilizers and
foliar application of nano silicon-iron oxide decreased its content.

Conclusion

Based on the results of this study, it seems that application of both applications of Azospirilum and
Pseudomonas and foliar application of nano iron-silicon oxide can be applied as a proper method for increasing
grain yield of triticale under water limitation conditions.

Keywords: Anthocyanin, Chlorophyll index, Flag leaf protein, 1000 grains weight, Pseudomonas
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pr35 aloye )3 o)ll b Ll o (Bl Jlomo pie 5 (St
hlSen g Slauy (5 Jods) dal Cowdds oy Sy BN
o Jdsan oyl 4wl bl (Narimani et al., 2019)
s Fiagd 3 9y S0 JUil g b lS Sl 3 o8 Gl
9 oo oS o g (5B 0Le 5 Jidg IS lgie ialEl carge
O3y Rl A il (ab o 0y93 (25 (SYb b sk wl
P A b 4 Ce i (050 YUty o Hlaid LS SS ail
Bl sl 5 s LnsS plass 3,25 (JolS (6l Ll
039 Rl 3l i eaiS g WIS o (Sl 9 alaS Tl
Sy ey 4S8l e il db o Slee ol o y0 9 4l
(v Jgaz) ol casaas (PEIVY) JidolS' jaslis jSlis 55 (o less
5 oMol Glje Sl LY ) S Wl e 2155 e
W3l il 59 il colas jd g aly &y dlge Jlasl o J& 8, YU
ol 8l s aly Jlebl o Simggy (B lily cul 3 (5 Jgi2)
gk Jdddn 4l 0 0)93 0394 AD) 0)90 Jobo )3 Jidg IS
g a3 (08 lid Gl corge ol (gjgd bl
oS 3l s L sSile duglio (ppizmen -(Abadi et al., 2021)
Plo=5 20)LS )3 (59, TYIP0) asls (id 1y s 0193 (5 e
A 3l Ly 5 ol 3Tyl 8l Jplo 5 s csloss
GBME al>ye 5 (gilel b Lyl cov (39, YVIPY) ol S
5 40> (i Gilidl o Smgly (B (5 Jgiz) el cunnny (3,
94y Sy slag S o)l 53 4l pady lial dgme
g5 4 o,y (Narimani et al., 2019) 1, ol 4 wSlyl G pas
00 Cuws ol olie K polie el g by sl yaeyen
(Taheri, Ajam Norozi, & Namni, 2000) -}l Se2 4 (5,0l
)95 o 2y ol sl ol ((Suid i gl amsls ol
Py alydlse ol Glgie (gdaafyy polis (B slxe b Jg
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Sl 31 a8 s sanlie eSli o planSTeil il Jole
pis g idy M b pe )3 (o)lul b Laslpd 4 s 7O/
(Y Jgiz) 392 )0 2 (Bbglne pie g (st sl3gS 3 )18
Cugk) Glie LRl Uy (ol Codgizes Lulyd )3 a0 Hlaias
Ly elosisld psbods olS 5 ably Lials SB 5 al S o0 S
2 onl G Jdas Sailyd iz 5 03,5 (o0 a2lse (ol 35108
5 Jdg S ol a5l (Sufplaid il 5 e oS 5
9 s 351 Bl > A8 95 o0 cage dam il (S el
Hadi, Seyed ) iob 39o opal jods > cowg,lS axwgs
Orabi, ) oLSen 5 )5l (Sharifi, & Namvar, 2016
il e sla i s S oLy (Salman, & Shalaby, 2010
e 0y elmod S pedans clale a8l Jdody Sis dles
St Mg, 1S 151 B S S o5 S il g il S ]
5 sty 295 4328 w3l ol B Jido)lS 5 00 g
o eal aaae <l 31 (Seyed Sharifi & Namvar, 2016) ;4.
YL 92 wpieod 3 4 |y S IS (lgimn (al8l 5> 658 L
S s (G j (5398 lawogs (59t S dlavlyeyr (159550
Narimani, Seyed Sharifi, Khalilzadeh, ) | ,LSen 5 Slay
ol 3uS1gl 5 )LS oS w5,8" )13 (& Aminzadeh, 2018
b pd S bl o s 80,18 glaize dguy 4 e
sloadobew (2)B sbaojlys cudbgl 3 (585 )13 L Sl
4ol )3 Sy d A cage ol (nl &5 D980 S e
Gong, Zhu, Chen, Wang, ) 55,5 o Jdg 8" (slgizee i3l
.(& Zhang, 2005
Jsb 5 ads L) npS e tliuw Jobo g g2 03
ol S 5 > (a8l YEIVF 9 VoYIVO i i) el
31l (Bl Jglome 5 s s3gS Pl B (ol gl
d.ul)Jl )‘ Lg)L"‘.‘." 9_5)) O"l W odnlie uﬁgﬁlM&)yL’ 9 umT
pas & Cos i Jobo g a5 glas)| (ZOY/VD 5 FAUNY o5 )
P25 3 )kl b baulpd )3 s (slodgS Bpume g il Jslne
gk 3 (Y Jgia) 35 )1y55 5 ((8) BME) 2 S o SN
sl Hledsl (Farooq, Wahid, & Lee, 2009) ), San 4 35,
S inogid Sy o oS 395 o e wugb) e gy ol )
Owed g 03> anass olea plul b dwslie g dduy 4 1) ()5 i
25 2led plasl ds sitwgsd slge olad] yial Coge S5,
Ay A (poned Dgd e Ay ] (LAl Carge ol
pace Lol 5 oLS 0, Jb 0 cloplil & as e LB (g5mwgs

bl a5 5oyl 5 ral ST (Bl Jolone 5 i
Js09Ss0 +10°Y) o1 58 5 528) B al o )3 ()l s
pis g ) SLaagS 3p)LS pie 13 (S = 15 iy £S5 =
e (5 Jsin) sol cessay JoIS ()bl Ll 55 (o3 s
L Sl 5 5t g Ioplius1 sl Calld (5 Ll 53 e
oS 5l clabloe gl Laysluwgil wilen Sl ol cools
2l dawlgany yolie 503 9 gyt (oeal g Wb (Rl
dox jl gl clacdplio jiw p Slg5 oo 18y S e lags S
(PLA) 3L Slisel oV Juts clled il o 51 ol
Yousefi, Jabbarzadeh, Amiri, Rasouli-) i & ,5L5
9 Sly g liwly ol > (Sadaghiani, & Shaygan, 2021
3,8 5 pslbuegs] ial38l cde (Vitrac et al., 2000) o, Kon
oS cnl ypdn )3 S g st Jiag LI 4 ]y () cladgS
4 pase s aseigMs aijle (cladsly o sl o)l 5l ol s
Spolic jpis a5 £obse ul 4 43gi b g 5, NADPH 4 ATP
ol (5y9022 (395 SlouS 5 JoStS sl jaed 5 (et el
el s b 5l Ay e calae S 3,8 3 Jlas]
o1 oylwgil (lgime Ll coge il bawgs (g5 g yhud
olalS Ay )y oo sl ool 0gMe (Hassan, 2009) ¢l
g iy g cilw o SUly Jdody ) slodgS b oddipdls
Sl (S35 ] B g, S Glaling a5ke Jlb So3glge
oo (slgiee (l38l crge by j b S (g (St
ol 02 (yliogisl (aljl amis )3 g olS ()8 a5 I
ollidl y e 35 eolie gols (Rodriguez & Fraga, 1999)
oSty »5ud bgi gl 38156 308 )3 bl o5
Fathi Amirkhiz, Amini Dehaghi, & ) ccwl ol i)l 5
oo Pt slaa SIS, Jlade ily8l (Heshmati, 2015b
G55 3 S sl et a5 e (ol 3,8 b (s
S 1z 29 luogl (Rl cago paine ooty o Lidg IS
5 g 05,8 cblis bl il olas (laylislo 51 b yluwgs]
Leng, Itamura, Yamamura, ) 48 o (5 pSel> Jdo S Jls;
Posine 10LS 5l (68 ts Ly 53 35kes (& Deng, 2000
GRS (rge (S S o adSeh 5 oS 53 bt
Wlgi e 9 29 e (S 3D i (S L5 (sl il
Shen et al., ) aa> ioli8l S (il 4 G |y ol Cooglio
(2010
Sz 0a3la eal Cadgiome I3 1By IS ad LS
5 o0l 2SIl g () sladgS 0, Ly ialS LaiS
Ol Sl (Y Jga2) <8l aljil pasli cnl ke (oSdewgil
it 510355 8155 3,85 (JolS )l Ll 53 PEITY) sl
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i 059 g Al )3 Al ol s 34 ZEF/A g VBN Lil3l
5 (Bl glre pas g (g o398 3 ) pas 4 s &l
(Y Jga) 35 5laye5 2 (58) BME alo o 5> ()l gl Lyl
dgreS 9 oLeS (53 0)93 Jsbo RIS L LIS jop duy oo sS4y
sl (99,3 by GBIl izman g ($3iog Slge adpe g g5
ooy ol 0dd aliw p> aild ol ials g b 5 b5y Coge
bl (Farmahini, Mirzakhani, & Sajedi, 2014) |,Kes 4
oo g gy 3y Glie ol Cadgisme Laylyd ) o aizily
SLidlos)s ials cage baulyd (pl bboo (RIS olS (g
Sl Ay oo paian D980 dls 4 5 Jas pials g b S
2 055ekssil g onl 3S1gl (3l Jsbxe 5 (s slegS
d9-e 9 (¥ J92) Sl padls paldl b ol codgaoms bl
g dliw jd ash sl (lisl Coge (F Jgi) &b by (glis]
Abadi et ) | )Len 5 oolie .Canl oads (V Jodz) by jlia 59
15U oo |y gn dlitas 3 il olass Z¥0/AF a8l (al., 2021

3503 35l 2 Ay S e (655,

Naderi ) 555 s £ 7 31 (K55 oty &0 oL bt
2 4y gla)l Lilidl 5l isy (Darbaghshahy et al., 2004
Slo=zme Sl 5l 86 Kl e (a8) Syme Sl Sk 3
Al ) gy (S g dlge Al crge &5 ABL Jud IS
Mohammadi Kale ) 545 o dliw Jobo g g glas)] il58l
Lly 5 )3 oyl Gy e dw, o , laias, (Sarlou et al., 2021
o iy g byl (s Gl 4 SaS L e luleS
Narimani ) 355 o0 LS £las,l yiul38l 5 03,5, dlge o5 isl58l
Pl y LUy demo Jddas 55 sSulw Bpae (et al., 2019
ol 5l g am e Gl B9 i) s tmgd cudil g 59 Ol
O 3 e plsl I (ise pleiean aliw Jsb (215 )
Gong, Chen, Chen, Wang, & ) ccuwl ,Uasl L6 lal, s
.(Zhang, 2003
a5 gl 1y G5 i g a4 4l dlaas
5 s 5LedsS 3,)LS (o)l ol 48 3l Lts il g
Al a0y (s o 1 Sl 5 alanS Iyl 3k Jgoro
9 ) SB3gS 28 (0 Joia) cudly &l i ()59 9 aliiw
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Table 4- Analysis of variance of the effect of irrigation levels, biofertilizers, nano iron oxide, and nano silicon on the
anthocyanin and grain filling components of triticale

(Mean Square) il po  puSibo
ol ek olin R . 5 Sl OMip g g 90 093 8239° Jgb
S Nl ) ; ; ; pai o g5
Source of variation w3l Maximum grain 4l ails Al s Olwst ‘_
df weight Grainfilling  Effectivegrain  Grainfilling ~ Anthocyanin
rate filling period period
"_’“ ) 2 0.000308"" 0.0000063" 854.648™ 2580.512"" 0.8475™
Replication
) d{L‘*' 2 0.001314™ 0.00000001" 341.487™ 78.539™ 0.2049™
Irrigation (1)
) ‘_‘L’“’s 3 0.000553™ 0.00000002™ 122.163™ 81.864" 0.0958™
Bio fertilizers (B)
g bk , , - . -
Foliar application of 3 0.000173 0.00000001 32.332 36.011 0.0642
nanoparticles (N)
IxB 6 0.000024 0.00000001" 8.328 8.544 0.0027
IxN 6 0.000008™ 0.00000001" 3.825" 4.120™ 0.0022™
BxN 9 0.000019™ 0.00000001" 6.494™ 5.114" 0.0050™
IXBxN 18 0.000009™ 0.00000001" 4.883" 4.958™ 0.0027™
s Error 94 0.0000045 0.00000000 1.52 2.22 0.00081
(4) a5 a2 ; 43 28 4.4 41 43

CV (%)

Woyd S5 g gy Jless ! o )0 5 gz g I xe e S 54y w4 % NS
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 5- Analysis of variance of the effect of irrigation levels, biofertilizers, nano iron oxide, and nano silicon on chlorophyll
index, yield, and yield components of triticale

4, (Mean square) el yo oyl
S5l o o ls . .
13 &3 LR HARIKEY
_ . J )9 J
i alia - Sx Jedg b5 s L ‘J’% Sp ey
Source of variation @2y  Chlorophyll 1000 Number of i Plant T
= index ) ! Spike heiaht Grain yield
ag Grains grains per lenath elg
leaf weight spike g
protein
)'_’“ ) 2 455667 112245  3840.007  1267.007  83.736" 1522056  9294.906"
Replication
) d{"f' 2 626217 726.92™  1037.18" 1133257  23.1067 2267597 52308.475"
Irrigation (1)
) @“‘*{‘_‘m?{ 3 513127 602.25™ 619.34™ 612.80" 105717  1296.91™  5558.409™
Bio Fertilizers (B)
39l (ol Jsbee " " " " " - -
nanoparticles (N)
IxB 6 0.948™ 6.44"™ 22137 31.52" 0.541"™ 13253  2324.678"
IxN 6 0.468™ 17.44" 5.53" 9.73™ 0.179"™ 22.03"™ 1610.903"
BxN 9 0.660" 22.15™ 13.98™ 14.38™ 0.641 27.67™ 2495.992™
IxBxN 18 0.518" 13.85" 7.91 9.76" 0.508" 25.90" 2383.894™
s Error 94 0.295 8.19 4.49 5.70 0.301 14.92 764.00
() Sl e - 4.8 5.2 47 5.1 4.6 43 5.1
CV (%)

o> S5 g gy Jlein] e (3 Jl me g )b xe g s Wi g % NS
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.

Lo p,Silie duslio (B Joia) 290 Jb pime o pd & Jloin ! oo
2 gl il Jabe 5 (s cslasgS ol 2,5 o 3l ol
2 S XYY b 5, Sas o 5YL I el d)L:-.’T byly i
OBl )les S 5 (il A5 )9l g )0 (e rte
9 ) s3gS 3,)8 pae bl s 4 s by 3 Slas ZFY/YA
392 )layg Sy idy BILE alspo b gylol 13 g (bl Jslne pac
Sl 5, Shas sl 5l b &l 5 Shes &8 Sl 51V Jgas)
Sy WU o Slas opl jb pxe iul38l Ay o il ol
Bhdsdoe 9 (s LaagS plss 3l (oS ylul ssles
Sl 4o (Y Jois) sl oads aild 3 Slos yiol38l Carge il 3930
9 sy Ay lgi g0 1y aild 3, Sles gy Wl 5l iy K00
Glal el 13 a5 g p s Cans Wl i 0y Jobo
AIA_’;) O‘" 9 g,\Jli L)“"‘)J‘ &l oy 059 J}lp 9 & pw cJAK
g ool alad Lalyd (5 g ails 5,Sdes 9 4l 59 iuliEl coge
S e 3V Jgi2) Sy lS 535 33 Y (oIS (5l
I i g e b D36 (Bl Sl 5 () sladsS

iles cpogi 1) 5 Slas il 39l

2 Lagl G 4 a2 b gdkogyy polis 2,08 sy oo sliiey
>R ek g Fawgd d9g S rdaw plgs ial3al ey st
Movahedy Dehnavy & Modarres ) 45ls 4 (s juiwgid dlgo
Jdoans alyd 9 JSis 4 0,058 43 05540 (Sanavy, 2009
Sl o g L 3 okl 398 CublB 5 2 sy 3
2ge S Frwgid Ay iy JU] g 03 p U B 5l
Narimani et al., ) ,Ken g Jlosyi 395 &l 50 459 Lil38l
pS 1A (b glore byl y> alius (o by sl iol381 (2018
GRS bl o lomo cigs Lyl & o ] 1S5 120
150405 Ll (Epstein & Bloom, 2005) pols 5y 2153
059 ediw pd asb sl ioli 8l conge o il plul & 5 s
OHlSKen g 2B g b o paiS Wb > Slas Colys pd g dibylia
OsSwew aS" aisly bl (Fallah, Visperas, & Alejar, 2004)
dodiuw ol g dliw o wib ol Sid (55 Bl Gials g,
Sl Gisliel ]y g0y dliw jo
()l )les oS 5 3l a8 ol plis gl 1ild 3 Slas
3 i oy Slae o anj <ladeS g oSibuwgil yal Syl
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Table 6- Means comparison of the effect of irrigation levels, biofertilizers, nano iron oxide, and nano silicon on the
anthocyanin and grain-filling components of triticale

: 039 P51 Oy P90 0593 505 Job
UL L B SN R e
Treatments 4 Maximum rain filling rate Effective grain Grain fillin The equation is fitted

(Mg.g F.W) grain weight (9.day™) filling period 0d (d g
@ (day) period (day)

loXBoXxNg 0.502 0.0496 0.00180 28.13 37.00 y=0.0018x-0.0172
1o0XB1XNp 0.543 0.0532 0.00183 29.45 37.47 y=0.00183x-0.0179
loxB2%xNg 0.527 0.0508 0.00183 28.29 36.93 y=0.00183x-0.0175
loxB3xNg 0.526 0.0543 0.00182 30.33 37.79 y=0.00182x-0.0181
1oXBoXNy 0.559 0.0448 0.00183 25.04 34.21 y=0.00183x-0.0185
loxB1xNy 0.565 0.0566 0.00186 31.07 37.78 y=0.00186x-0.0156
loXB2xNy 0.539 0.0582 0.00182 32.63 35.66 y=0.00182x-0.0161
1oXB3XxNy 0.726 0.0590 0.00179 33.65 40.36 y=0.00179x-0.0165
loxBoxN; 0.535 0.0486 0.00178 27.88 36.80 y=0.00178x-0.0169
loxB1xN; 0.624 0.0581 0.0019 31.17 36.08 y=0.0019x-0.016

10XB>%N, 0.591 0.0570 0.00180 32.31 40.49 y=0.00180x-0.0158
loxB3xN; 0.743 0.0589 0.00185 32.64 38.28 y=0.00185x-0.0194
loXBoxN3 0.543 0.0545 0.00180 30.86 38.31 y=0.00180x-0.0181
1oXB1XN3 0.612 0.0594 0.00186 32.57 40.73 y=0.00186x-0.0165
loxB2xN3 0.686 0.0586 0.00183 32.66 40.73 y=0.00183x-0.0162
loxB3xN3 0.730 0.0604 0.00203 30.39 40.06 y=0.00203x-0.0197
1:XBoXNo 0.574 0.0439 0.00183 24.54 34.10 y=0.00183x-0.0186
1;xB1xNg 0.602 0.0452 0.00181 25.53 34.33 y=0.00181x-0.0188
1;xB>%xNg 0.601 0.0460 0.00186 25.27 34.49 y=0.00186x-0.019
1:XB3XNg 0.638 0.0491 0.00179 28.02 36.51 y=0.00179x-0.0172
1;xBoxNy 0.582 0.0443 0.00183 24.79 34.07 y=0.00183x-0.0186
1;xB1xNy 0.709 0.0501 0.00181 28.26 34.29 y=0.00181x-0.0174
1:XB>xNy 0.712 0.0526 0.00185 28.99 37.69 y=0.00185x-0.0177
1:XB3xN; 0.697 0.0556 0.00184 30.71 37.75 0.00184x-0.0154

1;1xBoxN; 0.611 0.0454 0.00186 24.96 34.32 y=0.00186x-0.019
1:XB1xN, 0.702 0.0491 0.00182 27.32 36.29 y=0.00182x-0.0174
1;xB,xN; 0.661 0.0503 0.00182 28.24 37.14 y=0.00182x-0.0175
1;xB3xN; 0.762 0.0564 0.00193 29.89 40.50 y=0.00193x-0.0155
1;xBoxN3 0.654 0.0477 0.00177 27.55 36.48 y=0.00177x-0.0169
1;xB1xN3 0.698 0.0515 0.00183 28.71 37.57 y=0.00183x-0.0176
1;xB,xN3 0.720 0.0508 0.00181 28.59 39.12 y=0.00181x-0.018
1:XB3xN3 0.754 0.0575 0.00185 31.60 38.03 y=0.00185x-0.0187
1,XBoXNo 0.646 0.0387 0.00165 24.00 32.77 y=0.00165x-0.0172
1,xB1xNg 0.677 0.0420 0.00179 24.13 34.46 y=0.00179x-0.015
1,XB>X%Ng 0.693 0.0429 0.00180 24.27 34.20 y=0.00180x-0.0182
1,xB3xNg 0.723 0.0483 0.00183 26.92 38.95 y=0.00183x-0.0172
1,xBoxNy 0.667 0.0399 0.00175 23.35 32.91 y=0.00175x-0.0179
1,xB1xNy 0.757 0.0415 0.00180 23.64 36.77 y=0.00180x-0.0185
1,xB,xNy 0.737 0.0459 0.00187 25.08 34.38 y=0.00187x-0.0192
1,xB3xNy 0.804 0.0482 0.00178 27.64 36.55 y=0.00178x-0.0171
1,XBoxN, 0.641 0.0403 0.00182 22.72 32.96 y=0.00182x-0.018
1,xB1xN, 0.720 0.0469 0.00184 29.67 35.57 y=0.00184x-0.0188
1,xB,>xN; 0.740 0.0409 0.00184 23.32 35.54 y=0.00184x-0.0183
1,XB3xN, 0.790 0.0521 0.00179 24.32 38.57 y=0.00179x-0.0171
1,XBoxN3 0.682 0.0420 0.00185 26.42 33.37 y=0.00185x-0.0184
1,xB1xN3 0.759 0.0432 0.00182 24.32 38.44 y=0.00182x-0.0186
1,XB,xN3 0.789 0.0470 0.00182 26.42 34.66 y=0.00182x-0.0196
1,XB3xN3 0.817 0.0551 0.0019 29.59 38.22 y=0.0019x-0.0182

LSD 0.045 0.0034 0.0001 1.99 241 -

‘uub‘}op;w bﬁ)lf oy Lng)ﬁ J).g)lf [RCREWINEY Bg 9 Bz ‘Bl ‘BO > Sﬁ GMe £ 9 alow )9@:]5 4.1>)n el d)L‘-"‘ c.las ‘J,olf LS')L.‘.%] o Py |2 9 |1 (lo
055ebwogil (Bl Jglore 5 ol 3081l (3l Jglre (Bl Jglre pas oiar Ny g No N1 dNo pouls yrogl 9 ligagose plys 3,08 5 poals yogl )8
35,5 oo L LSD O}A}'“ ool gyl gize &bl M| o5 2 50 dlie Bgys b gl Sk
lo, 11, and I, indicate full irrigation, irrigation withholding at the heading, and booting stage respectively. By, By, B, and B; are no
application of biofertilizers, application of pseudomonas, azosprilium, both application azosprilium and pseudomonas. N, N; and N,

are no foliar applications, nano iron oxide foliar applications, nano silicon foliar applications, and nano iron-silicon foliar
applications. Means with similar letters in each column are not significantly different based on the LSD test.
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Table 7- Means comparison of the effect of irrigation levels, biofertilizers, nano iron oxide and nano silicon on chlorophyll
index, yield and yield components of triticale

o i 3 41> dlaxi .
sosy el pasls FOEI s 15 i alidow ks Jgt g el &1y 5 Slos
Sslond S ey : : Spike i invi
Treatments Chlorophyll v 1000 Grains Number of lenath Plant height ~ Grain yleld
Flag leaf : 9 2
index 9 weight (g) grains per (cm) (g.m”)
protein (%) spike (cm)
loxBoxNo 53.90 10.68 42.85 45.33 11.58 88.75 528.80
loxB1xNo 57.36 12.09 46.03 50 12.06 91.85 564.58
1oXB2xNo 57.46 11.81 47.28 48.33 12.13 93.40 539.35
loxB3xNo 61.63 13.22 48.27 51 12.00 87.47 570.10
loXBoxNy 55.13 10.96 4457 47.33 11.76 92.45 550.25
loxB1xNy 60.13 12.37 51.07 52 12.96 97.25 586.00
10XB2x Ny 57.56 12.37 48.15 55.33 13.16 100.60 578.55
loXB3xNy 63.00 14.07 54.65 56.66 12.68 96.80 588.81
loxBoxN2 50.93 11.25 45.65 48.33 11.91 90.10 562.56
loxB1XN> 54.93 12.66 54.61 54 12.80 99.25 566.10
loxB2xN2 61.00 12.94 49.54 47.66 12.76 98.56 583.15
loXB3xN, 62.83 13.78 53.45 56 13.56 102.30 593.76
loXBoxNs 55.36 11.25 49.23 52 12.16 93.60 573.30
loXB1xN3 63.23 13.78 53.32 56.66 13.36 102.50 596.96
loXB2xN3 62.33 13.50 52.43 56 13.26 101.50 590.43
loxB3xN3 64.23 14.35 55.97 58 14.76 103.25 604.73
11XBoxNo 46.10 9.55 35.32 37.33 10.86 76.25 470.73
11xB1xNo 46.83 10.12 37.24 38.66 10.96 80.55 491.40
11xB2xNo 50.43 9.55 40.27 42.33 11.06 83.10 501.30
11XB3xNo 59.66 12.66 42.19 44.66 11.71 94.35 507.80
11XBoxNy 48.96 9.55 36.56 38.33 10.96 78.35 488.30
11XB1xNy 53.10 10.96 44.31 41.33 11.21 87.15 526.68
11XB2xNy 55.76 10.40 43.57 49.33 11.26 85.43 520.01
11XB3xNy 60.70 11.89 51.29 53.33 12.83 99 554.85
11XBoxN> 52.13 9.84 37.56 39.66 11.08 81.42 496.16
11XB1XN> 52.16 11.53 39.21 46.33 11.96 88.13 523.48
11XB2xN; 54.20 10.68 45.46 47.33 11.56 88.58 532.96
11XB3xN> 56.10 13.22 52.09 54.33 12.40 99.75 546.30
11XBoxN3 48.73 9.84 41.56 44.33 11.76 82.50 515.08
11XB1xN3 56.86 12.09 48.34 50.66 11.16 91.85 563.11
1,XB2%N3 57.96 11.81 50.12 52.33 12.06 96.50 535.76
1,xB3xN3 61.86 13.50 52.76 55.33 13.16 100.65 575.98
15%BoxNo 44.26 8.71 33.94 34 9.60 69.15 422.05
1:xB1XNo 45.76 9.27 36.12 38 10.91 79.40 450.71
12xB2xNo 48.06 9.84 35.76 36.66 11.48 72.15 435.86
12xB3xNo 49.50 10.12 40.41 42.66 10.76 83.48 454.78
12XBoxNy 45.03 8.99 34.08 35.66 10.46 71.45 439.41
13xB1xNy 50.96 10.04 39.35 43.33 11.35 86.20 480.10
15XB2xNy 50.20 10.40 41.32 39.66 11.48 81.65 463.06
15XB3x Ny 57.16 12.66 47.86 50.66 12.06 94.30 493.33
1;xBoxN, 50.36 8.99 34.18 41 11.31 73.65 444.68
12xB1XN2 47.26 10.40 43.09 41 11.18 74.90 466.28
12XB2xN> 51.36 10.12 41.85 43.66 11.11 86.35 475.38
1;xB3xN, 59.00 11.81 46.37 49 12.21 90.82 511.38
15XBoxN3 46.50 9.27 38.42 40.33 11.61 77.28 458.26
12xB1xXN3 55.36 10.40 43.54 46 11.98 89.24 489.55
12xB2xN3 56.36 11.53 44.89 46.66 11.70 92.50 504.51
15XB3X N3 60.50 12.66 50.32 53 12.80 98 542.71
LSD 4.64 0.881 343 3.87 0.889 6.26 18.15

suub‘y:p;w bﬁ)lf oy Lng)ﬁ J).g)lf [RCREWINEY Bg 9 Bz ‘Bl ‘BO > Sﬁ e £ 9 alow )9@:]5 4.1>)n el d)L‘-"‘ c.las ‘J,olf LS')L.‘.%] o Py |2 9 |1 (lo
055kl (S Jslre 5 ol SISl (3L Jglome ¢ B Jslxe pas i Na g No N1 No il ppsl 9 ligesdges o155 2,08 5 pssls pmsgil 2,08
35,85 oo L LSD O}p)"l ool gyl gize &bl M| o5 2 50 dlie gy b gl Sk
lo, 11, and I, indicate full irrigation, irrigation withholding at the heading, and booting stage respectively. By, By, B, and B; are no
application of biofertilizers, application of pseudomonas, azosprilium, both application azosprilium and pseudomonas. N, N; and N,

are no foliar applications, nano iron oxide foliar applications, nano silicon foliar applications, and nano iron-silicon foliar
applications. Means with similar letters in each column are not significantly different based on the LSD test.
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Figure 1- The effect of irrigation levels, biofertilizers, and nano iron- silicon oxide on grain filling of triticale
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Introduction

Salinity is one of the major constraints to wheat growth, which hampers production, causing yield loss in arid
and semi-arid regions. Reductions in growth resulting from high salinity are because of both osmotic stress,
inducing a water deficit, and the effects of excess Na* and CI™ ions on critical biochemical processes. Salt stress
induces a significant reduction in photosynthesis through the reduction of leaf area and photosynthetic pigments.
Several strategies have been developed to decrease the toxic effects caused by high salinity on plant growth.
Among them, the use of plant growth-promoting rhizobacteria (PGPR) such as Pseudomonas and Mycorrhiza
play an important role in yield improvement. Many studies have been published on the beneficial effects of
bacterial inoculation on plant physiology and growth under salt stress. One of the common hypotheses employed
in most of the studies conducted under salinity stress was the lowering of ethylene level by the ACC-deaminase
activities of PGPR and improved plant growth and yield under salinity stress.

It was reported that the application of Pseudomonas spp. improved plant growth by decreasing the uptake of
Na® and increasing the activities of antioxidant enzymes under salinity stress. The selective uptake of K as
opposed to Na* is considered one of the important physiological mechanisms contributing to salt tolerance in
many plant species. Inoculation with PGPR significantly decreased Na* uptake and increased K* content and
enhanced levels of K* that could be to mitigate oxidative stress imposed by higher salinity. Some researchers
have reported that PGPR species like Azotobacter and Pseudomonas increased the growth and biomass of canola
(Brassica napus L.) under salinity stress.

A Better understanding of wheat physiological responses under salinity may help in programs in which the
objective is to improve the grain yield under salinity stress. Therefore, this study aimed to evaluate the
physiological, stomata conductance, along with root and shoot Na*/ K" ratios) of wheat to cycocel and PGPR
application under salinity stress.

Material and Methods

A factorial experiment was conducted based on a randomized complete block design with three replications
at the research greenhouse of the Faculty of Agriculture and Natural Resources, the University of Mohaghegh
Ardabili in 2018. The experimental factors included salinity at four levels (no-salinity as control, salinity 40, 80,
and 120 mM NaCl based salinity), application of biofertilizers at four levels (no biofertilizers as control,
mycorrhiza application, application of both Pseudomonas and Flavobacterim, application of mycorrhiza with
Pseudomonas and Flavobacterim) and putrescine foliar application at three levels (foliar application with water

1- PhD Graduated in Agronomy, Faculty of Agriculture and Natural Resources, University of Mohaghegh Ardabili,
Ardabil, Iran

2- Professor, Faculty of Agriculture and Natural Resources, University of Mohaghegh Ardabili, Ardabil, Iran

3- Assistant Professor, Department of Agriculture, Payame Noor University, Tehran, Iran

(*- Corresponding Author Email: Raouf_ssharifi@yahoo.com)

https://doi.org/10.22067/jcesc.2022.79107.1202


https://jcesc.um.ac.ir/
https://doi.org/10.22067/jcesc.2022.79107.1202
mailto:Raouf_ssharifi@yahoo.com
https://doi.org/10.22067/jcesc.2022.79107.1202
https://jcesc.um.ac.ir/journal/about
https://jcesc.um.ac.ir/journal/about
https://www.orcid.org/0000-0003-2567-7029

YELY Glianl oF o)lond ¥ Y Wla eyl (£1)5 Slowirgiy arpwic  YYY

as control, foliar application of 0.5 and 1 mM putrescine). Mycorrhiza fungi were purchased from the Zist
Fanavar Turan Institute and soils were treated based on the manufacturer’s protocol of 20 g of inoculums per m2
of soil. For inoculation, seeds were coated with gum Arabic as an adhesive and rolled into the suspension of
bacteria until uniformly coated. The strains and cell densities of microorganisms used as PGPR in this
experiment were 107 colony-forming units (CFU). Humidity ranged from 60-65%. The wheat cultivar
"Gascogne" was used in the experiment. The optimum density of cultivar "Gaskogen" is 400 seeds m™, so forty
seeds of wheat were sown in each pot at a depth of 4 cm deep. The pots were immediately irrigated after
planting. Nano putrescine zinc oxide powder was added to deionized water and was placed on ultrasonic
equipment (100 w and 40 kHz) on a shaker for making a better solution. Foliar application with nano putrescine
oxide was done in two stages of period growth (pre and post-4 booting stage).

Results and Discussion

The results showed that with increasing salinity, potassium content, stomata conductance, and leaf area index
decreased but the application of putrescine and biofertilizers increased these traits. At the highest salinity level
(120 mM), there was a decrease of 24.94 and 21.57% respectively in Na* root and shoots in the application of
mycorrhiza with Pseudomonas and Flavobacterim and foliar application of 1 mM putrescine in comparison
with no application biofertilizer and putrescine in same salinity level. At the highest salinity level, application of
mycorrhiza with Pseudomonas and Flavobacterim and foliar application of 1 mM putrescine increased K* root
(47.76%), shoots (21.66%) and grain yield (28.57%) in comparison with no application biofertilizer and
putrescine in same salinity level. It seems that the application of biofertilizers and putrescine can increase the
grain yield of wheat under salinity stress due to improve stomata conductance and leaf area index.

Keywords: Biofertilizers, Mycorrhiza, Putrescine, Relative water content, Salinity
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Figure 1- Effects of salinity, bio fertilizers and putrescine on laf area index of wheat
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Figure 2- Effects of salinity, bio fertilizers and putrescine on total biomass of wheat
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Table 4- Analysis of variance the effects of salinity, bio fertilizers and putrescine on relative water content and electrical
conductivity of wheat
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5 aslia LS Relative water content Electrical conductivity of flag leaf
df 2y Sy S 95 IRE o Sy Sy W 0,98 IRE
Flag leaf oy Sy Ao Flag leaf e Al
emergence Booting Eading emergence Booting Heading
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S § X W * * * * sk sk
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O P 8298 e 355 PULIESCINEX 18 5.5 407" 7.2 5.14™ 11.99™ 8.56™
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eilol slas
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ns, * and **: non-significant and significant at the 5% and 1% probability level, respectively.
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Table 5- Mean comparison the effects of salinity, bio fertilizers and putrescine on relative water content flag leaf
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Means with similar letters in each column and each factor are not significantly different.
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Table 6- Mean comparison of the effects of treatment compound salinity and biofertilizers on the relative water content of
flag leaf

(013) w2 52 S 32 OF oo (Slgim0 (5,13 priged Sl o

Solowd S 55

Sampling stages of the relative water content of flag leaf

Treatment compound

o2 S b

P2 xS 0,5 aliw jeb

Flag leaf emergence Booting Heading
B: 76.55 64.33 50.78
s B, 80.45 68.97 55.77
! B, 80.81 69.06 56.33
B, 76.7 64.57 51.78
B, 75 61.19 46.68
S B, 79.91 64.61 48.82
2 B, 78.06 66.08 54.08
B, 76.21 63.68 51.71
B, 66.14 56.06 44.08
s B, 71.43 61.81 47.58
8 Bs 74.69 65.02 47.8
B, 74.55 64.37 45.23
B; 67.47 58.12 40.85
s B, 68.68 59.67 42.92
4 B; 70.89 61.24 46.13
B, 69.85 59.99 45.85
3.3 3.25 3.05

SYse o VYo g Ae Fe ()0 Jlasl pas Cud iay S, 9 S3.S; Sy
205550 2208 5 p2 S 5 uligegdges b 28 plg5 3,18 cpsr ySbgd g wligagdges plss 2,8 (st (slo2S 3,18 pae ey 1By 5 By B2 By
S1, Sy, S3, and S, are no salinity, with the salinity of 40, 80, and 120 Mm
By, By, B3, and B, are no bio-fertilizers, application both Psedomunas and Flavobacterim, application of mycorrhiza with
Psedomunas and Flavobacterim, mycorrhiza application,
5 o b 5l sine (o)Ll M (5t o > S e By b slaSilis
Means with similar letters in each column are not significantly different.
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Table 7- Mean comparison the effects of salinity, and bio fertilizers on electrical conductivity Flag leaf of wheat

Electrical conductivity (us.cm™) S 81 colaa

obalojl s logd . Meed L .
Experimental factors PR SRk ot Sy : ”Q'b
Flag leaf emergence R Heading
Booting
&9 Jlesl pac no salinity 62.64 71.2 86.96
G295 ol Mook ¥+ 40MM 67.41 81.43 100.18
Salinity levels Noo e Ar 80 MM 73.88 88 112.8
Yo lo\Ye 120 MM 76.24 96.25 121.7
LSD5% 1.74 2.05 2.91
i) 355 25 pac 74.68 90.19 113.68
without biofertilizer
poyS b g lgegagm plys 2,08
o Both application of Pseudomonas 69.64 83.96 103.25
“"I‘;g fit:)f eG]M with Flavobacterium
i ilizers .
levels P2 ySbed 5 lgegdge b 52)58e 308
Application of Mycorrhiza with 65.83 78.3 98.12
Pseudomonas and Flavobacterium
el 70.01 84.44 106.59
Application of Mycorrhiza
LSD5% 1.74 2.05 2.91
Hslme pas 71.37 88.33 109.04
e ol no foliar application
Putrescine levels v Yse ke o6 0.5 MM 70.13 83.64 105.59
omyin Vsake) 1 MM 68.62 80.68 101.61
LSD5% 151 1.78 2.52

5,15 o L (gl stme (ylol M1 )5iS16 10 gl 5 ysies 2 )3 ailihe By L (slo i Sike
Means with similar letters in each column and each factor are not significantly different.
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Table 8- Mean comparison the effects of salinity and bio fertilizers on electrical conductivity flag leaf of wheat

S9SN Calad (5,1 piges oty

Solow Sl Sampling stages of electrical conductivity
Treatment compound o2 S b P SN 0,85 dddldw
Flag leaf emergence Booting Heading

B, 64.78 78.71 90.2

S B, 63.48 72.14 83.75
! Bs 59.03 65.71 83.56
B, 63.26 68.25 90.02
B, 73.83 88.55 108.92

s B, 65.65 83.52 99.25
2 Bs 61.24 72.97 91.03
B, 68.91 80.68 101.52
B, 78.04 91.83 122.56
S B, 72.71 87.24 114.43
3 Bs 70.83 83 104.23

B, 73.94 89.93 110
B, 82.08 101.68 132.73
S B, 76.71 92.93 115.58
4 Bj 72.22 91.52 113.66
B, 73.94 98.88 124.84

LSD g5 3.41 5.02 6.14

)Y}AL;L.A We g Ao Fe qgyo JLo.c‘ pas Cud iy 1Sy ) S35, 5
0350 3208 5 P2 Sl g Laligegdge b S ol 3,)l8 cpgr ySbgM 5 wbigagdges plss 2,8 gt (slo2gS 3,18 pie ity 1By 3 B3 B2 By
S1, Sz, S3, and S, are no salinity, with the salinity of 40, 80, and 120 Mm
B,, B,, B3 and B, are no bio-fertilizers, application of both Psedomunas and Flavobacterim, application of mycorrhiza with
Psedomunas and Flavobacterim, mycorrhiza application.
Sl e b (o) pixe &bl s o5y 5 S yide Bg s b gl (1 Siho
Means with similar letters in each column are not significantly different.
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Table 9- Mean comparison the effects of salinity, bio fertilizers and putrescine on Na*and K* root and shoots and grain yield

of wheat
P S e G .
S ] 131 e 131 ol ; ; 4l 2,8los
) L:" Oplwgil Ay ) g sy aaly ? r’ ? TM ’ Wu “ ey < g I
o Anthocya  (mg.g™DW)  (mg.g”.DW) 9 w9 o) wlop eIl in vield
Treatment nin Na® root K" root (mg.g~.DW) (mg.g~.DW) Na'/ K* Na'/ K* per plant
compound Na shoot K" shoots ratio in ratio in ©
root shoots
Si1B1P; 0.0107 23.6 15.01 19.19 30.83 1.58 0.626 1.23
SiB,Py 0.0123 20.79 17.11 15.72 32.79 1.22 0.483 1.37
S1BsP; 0.0122 22.9 16.75 17.45 35.72 1.37 0.493 1.39
S;B4P; 0.011 22.55 15.36 18.49 31.15 1.47 0.596 1.23
S:B1P; 0.011 21.85 15.36 18.84 32.14 1.43 0.59 1.29
S1B2P; 0.0122 19.74 18.85 18.49 32.71 1.05 0.57 1.38
S;B3P; 0.0117 22.55 17.1 16.07 33.44 1.32 0.483 1.67
S1B4P; 0.0114 20.79 16.41 18.15 34.75 1.27 0.526 148
SiB1P; 0.0116 22.9 15.36 18.84 31.8 15 0.596 1.27
S1B2Ps 0.0113 21.84 18.85 15.37 34.1 1.16 0.453 153
S:BsP; 0.0128 19.38 19.19 15.03 37.7 1.01 0.40 1.86
S1B4P3 0.012 20.44 18.85 16.41 36.39 1.09 0.453 143
S;B1P; 0.0124 28.52 12.22 24.04 27.55 2.34 0.88 1.16
S,B,P; 0.0136 25.36 14.66 21.27 31.8 1.74 0.673 1.3
S,B3P; 0.0133 21.49 16.76 18.15 34.42 1.29 0.53 147
S,B4P; 0.0134 28.17 12.57 23.65 28.21 2.25 0.846 1.29
S;B1P; 0.0127 27.47 13.97 23.35 28.54 1.98 0.823 1.3
S,B,P; 0.0141 26.41 12.92 23.35 28.86 0.81 0.813 1.26
S;BsP; 0.0129 23.25 14.31 19.19 30.5 1.63 0.636 1.29
S,B4P; 0.0139 22.9 16.75 18.49 30.5 1.37 0.613 1.18
S;B1P; 0.0128 28.52 14.32 22.65 31.48 2 0.72 1.33
S,B,P3 0.1034 27.12 13.97 19.53 31.81 1.95 0.616 1.34
S,B3P3 0.0149 21.14 17.11 17.45 34.75 1.24 0.503 1.63
S,B4P3 0.0141 21.85 16.06 20.92 34.42 1.37 0.613 142
S3B1Py 0.0132 32.74 8.74 29.24 23.95 3.77 1.23 0.91
S3B,P; 0.0139 30.98 12.57 28.89 25.59 2.48 1.13 1.07
S3BsP; 0.0139 27.82 9.09 24.39 24.93 3.08 0.98 0.98
S3B4P; 0.1042 28.17 10.83 24.39 26.57 2.61 0.925 0.93
S3B1P; 0.0134 31.69 9.79 27.51 24.28 3.25 1.14 1
S3B,P; 0.0138 30.98 11.88 26.21 29.19 2.62 0.90 0.93
S3BsP; 0.0154 25 12.92 21.96 30.17 1.94 0.73 1.21
S3B4P, 0.0155 27.12 12.92 25.77 29.19 211 0.88 0.97
S3B1P; 0.0135 32.39 10.48 26.81 27.88 311 0.96 0.93
S3B,P3 0.0153 27.47 11.53 25.43 29.52 2.39 0.86 112
S3B3Ps; 0.0159 24.66 13.62 23.35 29.84 1.82 0.78 1.01
S3B4P3 0.0146 28.17 11.53 23.35 26.24 2.45 0.89 1.18
S4B1P; 0.015 36.96 8.04s 31.33 21.66 4.63 1.46 0.84
S4B,P; 0.016 32.74 10.14 29.91 23.63 3.25 1.27 0.92
S4B3P; 0.016 30.63 10.83 30.28 24,94 2.84 122 0.88
S4B4P; 0.0154 36.25 10.14 28.55 23.63 3.59 121 0.88
S4B1P; 0.0151 33.79 9.09 28.2 22.65 3.74 1.25 0.85
S4B,P; 0.0155 33.44 8.05s 26.47 21.99 4.18 121 0.88
S4B3P; 0.0174 33.09 10.48 27.51 25.26 3.18 1.09 1.03
S4B4P> 0.0167 34.85 10.14 30.28 21.99 3.46 1.38 0.89
S4B1P3 0.0164 33.09 11.53 29.94 22.97 2.88 131 0.86
S4B,P3 0.0155 34.5 9.78 26.81 23.96 3.55 112 0.93
S4B3P3 0.0183 29.58 11.88 25.77 26.57 25 0.97 1.08
S4B4P3 0.0161 30.98 10.48 29.24 23.63 2.97 1.24 0.94
LSD 0.001 3.14 242 3.2 3.73 0.285 0.0899 0.17

)YV’L;L“‘ We g Ao Fe igyo JLo&‘ ERCRSWIEY Sy P S3.S, .S
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Oz Voo V5 /0 5,8 ((BbJglre pas e P35 P Py
S1, S, S, and S, are no salinity, salinity of 40, 80 and 120 Mm
B, B,, B3, and B, are no bio fertilizers, application both Psedomunas and Flavobacterim, application of mycorrhiza with
Psedomunas and Flavobacterim, mycorrhiza application,
P1, P,, and P are no foliar application, foliar application of 0.5 and 1 mM putrescine
Sl e b gyl pixe L;)LJ OWB] g o ) aliie Bg > b (slo (1 Sle
Means with similar letters in each column are not significantly different.
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Introduction

Since the development of crop cultivation and their yield depend on irrigation and since drought is one of the
features of our country, one of the solutions to deal with these problems is the implementation of applied
research in the field of stress-resistant plants cultivation such as quinoa. Also, considering the important role of
potassium and zinc elements in the plant, providing a sufficient amount of these elements under drought stress
can be effective in increasing the plant's resistance to this type of stress. Considering the genetic differences of
plants and their different reactions in the face of environmental stress such as drought stress, and different
fertilization of genotypes, it seems necessary to carry out this research to investigate the application of potassium
and zinc chelates on the morpho-physiological and yield indicators of three quinoa genotypes under drought
stress conditions in Razavi Khorasan climate.

Materials and Methods

This study was conducted to study the morpho-physiological and yield responses of three quinoa genotypes
to foliar application of zinc and potassium chelates under drought stress conditions in a research educational
farm - Faculty of Agriculture of Islamic Azad University, Mashhad branch located in Golbahar during two crop
years 2018-19 and 2019-20. The experiment was a factorial split plot in the form of a basic randomized complete
block design with three replications. Drought stress at four levels as the main plots (normal irrigation as a control
treatment, 75% of crop capacity, 50% of crop capacity, and 25% of crop capacity) and as the sub-plots, the
combination of quinoa cultivars at three levels (Q26, Q29, and Titicaca) and foliar spraying were tested at four
levels (no foliar spraying as a control, 100% zinc chelate, 100% potassium chelate and 50% combination of zinc
and potassium chelates). Planting was done in the middle of May in both years. To measure the photosynthetic
pigments after 10% flowering, sampling was obtained from the young terminal leaves separately from each plot.
Analysis of the obtained data was done using SAS 9.2 software. The mean comparison of the evaluated traits
was done using Duncan's multiple range test at 5% probability level.

Results and Discussion

The growth and yield indicators and photosynthetic pigments decreased with the increase in stress intensity.
Results also showed that the combined foliar spray treatment resulted in higher height, plant weight, number of
seeds per spike, seed, and biological yield than other fertilizer treatments. Although different varieties had
different reactions to different traits, the highest plant weight, number of seeds per spike, thousand seed weight,
seed yield, and chlorophyll a and b were obtained in the Q26 variety. The highest plant height and biological
yield were obtained in the Tricaca variety and combined foliar application under non-stressed conditions, and for
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plant weight, number of seeds per spike, seed yield, and chlorophyll b traits were observed in the G26 variety
and combined foliar application under non-stressed conditions. Also, the highest amount of harvest index and
chlorophyll a were obtained in the treatment without stress and Q26 variety and 100% Zn foliar application. On
the other hand, the highest 1000 seeds weight and carotenoids were obtained in 100% K foliar application and
Q26 and Tricaca cultivars under no stress, respectively. In the second year of the experiment, the growth and
yield of the plant increased significantly compared to the first year under different levels of irrigation and also
different levels of foliar spraying.

Conclusion

In general, in this experiment, the yield of the quinoa plant is reduced by reducing the amount of water
consumed and as a result, the occurrence of drought stress, but with the use of foliar spraying, especially
combined foliar spraying, the adverse effects of drought stress on the performance of this plant can be reduced to
an optimal extent. It seems that in the region in question, the difference in rainfall and evaporation, and
transpiration in the two years of the experiment had a significant effect on the studied traits so that in the first
year compared to the second year, the limitation of water resources was more effective in reducing plant growth
and yield. However, using appropriate amounts of combined and separate foliar spraying to increase the plant's
ability to absorb water more effectively is a suitable method to increase the yield of different quinoa cultivars
under drought stress.

Keywords: Biological yield, Crop capacity, Photosynthetic pigments, Seed yield
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Table 1- Meteorological statistics (monthly) of Mashhad Synoptic Station during the experimental period in 2018-19 and

2019-20
SN, e Bl gled PS8l sled Ll olelw
Month Rainfall (mm) Twmin (°C) Tmax (°C) Sunshine duration
2018-19 2019-20 2018-19 2019-20 2018-19 2019-20 2018-19 2019-20
September 2.32 0.12 11.6 9.7 26.2 24.6 9.25 8.84
October 17.85 6.3 4.01 7.3 154 227 5.52 8.02
November 8.37 2.56 1.47 -0.13 12 12.01 51 5.99
December 54 44.97 -0.96 -0.03 8.92 135 4.84 5.94
January 6.8 22.96 0.54 -0.69 11.98 12.02 6.49 6.06
February 41.53 54.93 4.72 7.5 16.7 175 6.49 4.38
March 329 37.75 6.88 8.98 16.65 20.6 5.25 5.62
April 37.37 41.86 13.75 129 255 25.9 8.30 7.76
May 0.5 18.11 19.06 18.2 35.4 328 12.6 10.94
June 4.03 0.01 20.74 227 34.7 37.8 11.64 12.59
July 0.3 0 20.79 21.3 34.7 35.3 11.60 11.91
August 0.21 0.11 15.16 15.6 29.7 31.2 10.67 10.67
S o gl (+-¥'+) (ouinlojl as 50 S oilonad 4125 S -Y Jgoa
Table 2- Selected properties of the top soil (0-30 cm) of the experimental site

Year N (%) P(mgkg™) K(mgkg™?) Organic matter (%) EC(dSm?% pH

2018-19  0.06 12.6 256 0.58 2.22 7.2

2019-20  0.05 12.1 248 0.56 2.20 7.2
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Chlorophyll a = (19/3 xA663-0/86xA645) V/100W
Chlorophyll b = (19/3xA645-3/6xA663) V/100W
Carotenoids = 100(A470)-3/27(mg chl a)-104(mg chl
b)/227

Chlorophyll stability index= (Total Chl under stress/
Total Chl under control) x100
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Table 3- Variance analysis of morphological traits, yield components, and yield of quinoa under the influence of different

treatments
(Mean square) Wl w cpwiibe
e ot - 2L 5> 4> dlaas 53 cp s
i gl @r el ojy ol RS ;-”‘9 5,Sdos 5,Slos oL
Source of Sl @y &gy Thw dg> w15 ails Sojgden Gl
Variation d.f - Number of Weight .
Plant Plant Sy Seed Biological Harvest
height ~ weight seedsper  of 1000 i yield index
LAI spike seeds
(Y) (Year) Jl 1 41.6™ 1043 2547 6693531 6.01" 3579123 42540422  1120™
Rep ) Jls cgllas
wear 4 329 431 0.51 370232 0.031 53295 3296870 463
(Irrigation regime) 3 94597 28597 247" 5725275 0.836" 6340835~  16442638" 861"
(S)
Y *S 3 35827 1897 0.01" 332028™ 0.032" 92762" 292128™ 134"
(Y)SRep s 12 80.5 21.4 0.02 364529 0.019 34393 99592 435
Foliar ) sl - - - - - - - -
J sk Jobne 4252 872 2.76 5986109 0.201 4220124 18528713 500
(F) (spray
(C) (Cultivar) .3, 2 694.2" 2751  3.23" 6430022 257" 520538 1006304 77.3™
S*F 9 92.7" 3716 3.04™ 1544350™ 0.990" 88779™ 1875758™ 469™
S*C 6 3257 1448™ 11.77 13776340 3.73" 660862 4165889 597"
F*C 6 834 173 3.36 1355946 1.03 156632 2721701 301
S*F*C 18 3517 7417 4.20™ 1899775™ 0.795™ 94269™ 2319243™ 446~
Y *F 3 2575™ 195" 3.09™ 620091 0.018™ 865600 5233655 164"
Y *C 2 46.1"™ 27.9" 0.02" 307422™ 0.104™ 92025™ 11090™ 318™
Y *S*F 9 623"  1244™ 5.20™ 1197649™ 0.167" 2706517 2769524™ 437"
Y*S*C 6 459™ 8.46"™ 0.05"™ 122179" 0.047" 713875 82091" 636"
Y*F*C 6 19.3® 29377 1.99” 1988590 0.115™ 205849  5563628™ 874"
Y*S*F*C 18 158 2529 2.09 821012 0.119 160238 3280208 173
Total ) JS' (llas
frror 176 62.7 15.3 0.03 193425 0.010 16436 110934 432
Olyass o b
Coefficient of ) 10.3 12.9 104 10.3 4.3 8.8 9.9 14.6
(variation

Sl o I pze iglds pe 5 doyd gy oy S Jlain] a3 Iy gize Cigles Kby i 54 NS
ns, *, **: non-significant, significant at p = 0.05 and p = 0.01, respectively
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Table 4- Comparison of the average main effect of the year on different traits

Jlo S 39 f}”“w adgh iy dlaai &byl o5 4> 3 Slos S 5909m 3,5dos :’::
Year Plant Sy maw Number of seeds Weight of Seed yield Yield Biological %
weight (g) LAI per spike 1000 seeds (kg.ha®) (kg.ha) Harvest
index (%)
2018- b b a b b b a
19 28.4 1.47 4121 2.21 1339 2992 47.0
2%9' 32.2% 1.66% 4426° 2.50° 1562 3760° 43.0°
(D=<0.05) 35,15 (6,5 sime glis o> gty Jlosn] grbans 53 S o B9 > syl (sl Silio
Means with similar letters are not significantly different at 5% of probability
9 oLS digs g1 2 o8 x (Wl Jglone x (Subd (AT ailaw (EiSen -0 Jgaa
Table 5- Triple interaction of drought stress x foliar spray x cultivar on quinoa plant height
S 395 ) Gy g3 Seis 395 ) G gl
Irrigation regime  Fertilizer  Cultivar _ Plant height (cm)  Irrigation regime _ Fertilizer Cultivar _ Plant height (cm)
Tircace 66.6°" Tircace 86.95¢
Control Q29 55.7% Control Q29 56.0"
Q26 38.8" Q26 76.5%°
Tircace 73.5" Tircace 83.5%
100 K Q29 71.2% 100 K Q29 79.4™
Q26 72514 Q26 86.79
FC 25 Tircace 61.2™ FCT5 Tircace 76.59°
100 Zn Q29 60.2% 100 Zn Q29 86.2%9
Q26 58.6" Q26 745"
Tircace 64.37¢ Tircace 97.8%¢
50 K+ Zn Q29 69.4" 50 K+ Zn Q29 81.2%
Q26 76.79° Q26 93.6°¢
Tircace 78.1™™m Tircace 84.9%"
Control Q29 46.6"" Control Q29 80.6™
Q26 65.0"" Q26 80.4™
Tircace 745 Tircace 81.07
100 K Q29 68.0'“'7t 100K Q29 99.12’c
Q26 84.0% Q26 94.3>¢
FC 50 Tircace 67.0™ FC 100 Tircace 87.2°°9
100 Zn Q29 77.7™" 100 Zn Q29 84.6°"
Q26 63.5% Q26 92.2%¢
Tircace 88.4%T Tircace 105.5%
50 K+ Zn Q29 71.0¢" 50 K+ Zn Q29 104.0®
Q26 83.4°%7 Q26 92.5%¢

(p<0.05) w5l (gls gixe olds duop ety Jloitn! gl > S o By shyly (sl Slo
Means with similar letters are not significantly different at 5% of probability
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Sl (6)9p=8 LS (lgn P18 5 S drwgs (Sl pais
553 &, b 5l (Azizabadi, Golchin, & Delavar, 2014)
Ol g Jde)lS cale p y8l 4 dr g b (gy) pais jl eolitl
M_CL 4SS ods me); ).u.wy.‘i u.\.ul).‘)‘ G 0y Lgl.tbo.)w.{p‘.\aﬁ
el 00d Sy s 9 gy ()9 )] (odag) Sluogad il

Wile (LS e Ol 5l plS g (leidlo )3 mawly 4251

Ot lsisdn Lol il €858 il 5 a2 o
LS 5 ol (1wl 1> oo G5 (LS (slay T eaiiS b
O S LS aaiiSlal slam 3l (3,857 b 53 masliy 31
5 o GhalS el ol 35S > et 4 S o o)) sare
O3 bl )3 9 S daw (2lgn plal A e )3 oA olS L
OB A Sdmgh Sl (B 500 Bl b e (alS &



YO\

oS e gif (60 Kot 9 (K5l i g8 )90 LT 50 5 ASe>

&lg 50 iy gy i byl il g LS (laiss bayl b deu

S S i Il nlS & S 15, 350 b 8l Jloxs
(Azab, 2016) 5,5 S8

(Zea mays) > ol S gl ai)l 3 gy e g} 40
Lamochi & ) ud lgsis jiwgd deue «59) b oadd ol Jolno
9459 (g W) ANB) &8 s 0 Jlas 4, (Sakinejad, 2019
2 Shgone e 1 & gl |y bojlosd o ol Sy o

95 2LS Wigy EU5)) o oy  (olydghone X (Suld (T ailauw (SR 5 T Sy
Table 6- Triple interaction of drought stress x foliar spray x cultivar on quinoa plant weight

e 595 o) g gl s 55 ©2) g gl
Irrigation regime  Fertilizer Cultivar Plant weight (g) Irrigation regime Fertilizer Cultivar  plant weight (g)
Tircace 31.5%" Tircace 59.8°
Control Q29 14.6%9 Control Q29 34.3M
Q26 5.69" Q26 26.8"
Tircace 25.3M Tircace 31.8"
100 K Q29 3.64:3 100 K Q29 30.491
Q26 24.3™ Q26 29.8%
FC25 Tircace 66.12 FCT75 Tircace 31.391
100 Zn Q29 47.9° 100 Zn Q29 12.7°7
Q26 23.4™ Q26 14.7°¢
Tircace 26.5" Tircace 29.9%%
50 K+ Zn Q29 3.69" 50 K+ Zn Q29 30.59'1_
Q26 17.9™ Q26 31.0%
Tircace 21.2™ Tircace 15.7°°
Control Q29 16.2° Control Q29 10.5%
Q26 33.9 Q26 36.7°
Tircace 328 Tircace 54,0%
100 K Q29 28.0" 100 K Q29 51.2‘:)e
Q26 25.2m Q26 59.3
FC 50 Tircace 24.8kM FC 100 Tircace 25.6M
100 Zn Q29 9.31% 100 Zn Q29 12.87"
Q26 56.9% Q26 31.5%"
Tircace 31.7" Tircace 49.6%
50 K+ Zn Q29 28.4M 50 K+ Zn Q29 56.20
Q26 24.1™ Q26 64.7°
(P=<0.05) 35,5 (6,5 stme gl hoy> gty Jlain] grdans 3 S e g s> (slaySiloo
Means with similar letters are not significantly different at 5% of probability
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4 S Glalojl pg> Jlo 53 00 (L5 gl (Y Jpiz) 051yl e
ol Canddy gy ddgd )3 ab Sl dop Vi 4 Jgl Lo
g 5 5 i gl s 3 15 sz ¥ Jpi2)
o e 2 S 5 Gl Jy a5l iz
ol B ol gl Sl Jaloe 1 ealitul wis ya i diwlS” s s



e cpyieS g dal Cawndts Q26 13, 5100 K ¢ ely; cud b
Oy Golas 45T A5 5135 Tircace o8, 9 100 k sl Jsbxo
(A Jgi2) 2dle 203 W bl (a3 ls cpl Glise (32505 9
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Table 7- Triple interaction of drought stress x foliar spray x cultivar on quinoa LAI

Seis 395 o) Spghe sl Seis 595 o) Spghw sl
Irrigation regime  Fertilizer _ Cultivar LAI Irrigation regime  Fertilizer  Cultivar LAI
Tircace 1.51™ Tircace 0.482""
Control Q29 0.451" Control Q29 1.15"
Q26 1.49™° Q26 1.54%P
Tircace 1.84"M Tircace 1.44™
100 K Q29 1.61%° 100K Q29 0.771:'u
Q26 1.27% Q26 2.14%
FC25 Tircace 1.16" FC75 Tircace 0.853%
100 Zn Q29 0.68%Y 100 Zn Q29 1.39%
Q26 2.07 Q26 1.65"
Tircace 1.75 Tircace 1.41°¢
50 K+ Zn Q29 1.53" 50 K+ Zn Q29 0.734%
Q26 1.26% Q26 2.26
Tircace 4.16" Tircace 0.891°
Control Q29 0.269" Control Q29 1.67""
Q26 0.673" Q26 1.09'
Tircace 2.47° Tircace 2.45°
100 K Q29 1.47™4 100 K Q29 1.96?;1
Q26 0.744%" Q26 2.08
FC50 Tircace 1.72" FC 100 Tircace 0.852%
100 Zn Q29 0.556"" 100 Zn Q29 457
Q26 0.630"" Q26 2.90°
Tircace 2.69¢ Tircace 2.45°
50 K+ Zn Q29 1.62K° 50 K+ Zn Q29 1.86"
Q26 0.715% Q26 2.18f

(p<0.05) 5,165 (g )ls dime 5la5 duo s iy Jloin] grdaw )3 S yido By > (gl (sl SLio
Means with similar letters are not significantly different at 5% of probability

S sl oS 5, LS b Joone S 5355 OS5
a2l 1y )5 ) 5 Cunl B &S 258 0 6555
Casamali, ) aa> olas] o 4 Sis osle (S ol meds 5 1l
JLid 4 g ddgd dlasi a5 )0 (van lersel, & Chavez, 2021
Salehinia, ) L >dlo ol o il 38l adgs 3 ails sluws
Ly oyl oS abgd 55 ails slaws o o 395 yiwlejl ,> 55 (2019
Pl b idh 35S ilal 5 sdsegs) polis (Sl Jgbre o 5
9 ke 950 g 9)S Lo yolic 4dis ol om ay Jgeme 5l
OB bl S baails g o JS 4 (g 5ngid Slge yarass
2 b dlas Lais cely g 039 yigy 355 5l ooldinl pas 4 (Sl
5l Cdo ol (pincawl (gormd i s oyl sl oad g
bl 5l S s (ol Iy oo SaS 5SS 5 Jole
ew sty 13 ol jiwed i bl b )3 K5 Gyl il

Sbap)) 3 Shee il (ials > Jhe Vs j1 (S

sl ol el Liss 9 Slizslod, 5 o490 ialS es,lolaS
ohly e (b (Sis (i g cugb) (Rl L gBly > sl s
LaJS Gbiey 5 4S8 (s b o U5 Wge ol
(Farokhian, Tohidi-Nejad, & Mohammadi-Nejad, 2021)
Mas i Al (glodgS il Jalore Hlaw 487 A odaline
o=l dsed e 1) (Sesamum indicum) s ous asgy > B
5 ol sloe Jole iSamyy (g o 48 3 B l5S ol
2 dwly Jolowe jlawd o digy ;o BME slaay oy pidey (Sl U5
O slesd )3 g 50 BNE Db (a8 g oS (o)l sl
Farokhian et al., ) sl cassas ()bl pae jlows )3 b gl
Jobto sl 55 o olyemas 5393 iy 6yl Of 42 p» (2021



YOV i slosss 59 Shas 5 (Sl e 3190 slomly (o l50d 5 iSinn

5 by Syme glaigsyon a g (il iy o (Bl slore 38
095 Jo-b QI3 b O g lie ol &) (s a5
Sjlee al3 1) &l ()05 0)93 yides pglts Sl olS (503,
5 SLL .(Seyed Sharifi, Namvar, & Seyed Sharifi, 2017)
Babaei, Seyed Sharifi, Pirzad, & Khalilzadeh, ) |,lSes
3pylS Ll o 1y paiS ailsy g STas il cle 35 (2017
Oli8l ey ) Cundg d9te 9L g 9ySee polie (L Jsle
i85S lgme Sl rizmen 5 (aS| il slaml collad

.(Babaei et al., 2017) wsl> Caus

Pl sy Gials 9 S ladijey o dws Jud 4 Sy
b EaLS Lol 1 (B 5uS Cadgise g ()5 AeSlie
= ladalse yialS @ e yol opl 9 (Verma et al., 2020)
Ulgy o Lacula gy JLasl o JMis) 00,5 o aly o0
039 Oromed Bl bl b cnl ) &l g BT > o e
sle i g ol by ud  0y9d 4y diwnly (gL Hlade 4y &l
ol g Ssdie &l (1B 0993 Jobo ()35 b cage (Jae
Giunta, Mefleh, Pruneddu, ) 15,5 o 4> (59 Lials 4 e
il s o wiily Lebl Laixe Ll (& Motzo, 2021

lgS 0LS duigd 33 Aild Blaai o o8y x il Jolone x (Suid (Wi Al aw LiiSed ;o A Jgua

Table 8- Triple interaction of drought stress x foliar spray x cultivar on quinoa Number seeds per spike

Swid 555 o3, Adgh 3> Aild dlaai Swid 555 o3, Adgn 3> aild dlasei
Irrigf’:\tion Fertilizer  Cultivar Number O.f seeds Irriggtion Fertilizer  Cultivar Number O.f seeds
regime per spike regime per spike
Tircace 3025™ Tircace 49777
Control Q29 3656™1 Control Q29 33659
Q26 36419 Q26 4426™
Tircace 2845 Tircace 4782%1
100 K Q29 3961" 100 K Q29 4319+
Q26 4849% Q26 3436""
FC 25 Tircace 2504" FCT5 Tircace 4883°%"
100 Zn Q29 4802% 100 Zn Q29 3894+
Q26 5718° Q26 3558°"
Tircace 3621° Tircace 5514
50 K+ Zn Q29 4340™™ 50 K+ Zn Q29 39804
Q26 4344 Q26 5024%9
Tircace 3380%° Tircace 3702™¢
Control Q29 3642™4 Control Q29 34277
Q26 3902+ Q26 5106°f
Tircace 4585 Tircace 5601
100 K Q29 5246::'e 100 K Q29 36732’3
Q26 4172%° Q26 5498™
FC 50 Tircace 4355 FC 100 Tircace 44569
100 Zn Q29 5045¢f 100 Zn Q29 4035P
Q26 344977 Q26 5230"¢
Tircace 3801™¢ Tircace 4236
50 K+ Zn Q29 4321 50 K+ Zn Q29 4013P
Q26 4393 Q26 6406°
(p<0.05) 5,15 (g5 sme glds duop> ety Jhoin] grdaws p3 Sytiie By gyl (sla 1 Sile
Means with similar letters are not significantly different at 5% of probability
il 5, Shes (g5 2 (P < 0.01) o8y x (LB Jolowe x (St i g ySlac

ped Jlo p ol flis calisee (gla Sl gols (Y Jado) g1 o size
A5 g5 gy 4l 3ySlas 803 W e 4 sl Jlo 4 s
Sleslarwl a5 pa e byl 3 ol Lis ol (F Jsis)
A 4l 0, Sles il el calise plB)) > (oS 5 b Jslre
A (o S il oo iz 5 0 G381 L g
0SSl duolie b awlS il 5 Sas (50 Jg db Lials
Voo ehyycudyls bylys o aib 5, Slas (i o olis claw

9 =obdgde ( (Suis (i ¢ Jlo Lol ol 3l il 5o

dp < 0.05) Sz (i x Jls 659> JiiSan y (piomed 5 o)
Jlw g (obgloe x Jlo oy X (5 Jglome o8y x ([Sis i
9 By X (b Jgdome x (SiS (i ailan [iiSeny g 68 X
X (Sudd G5 X Jlo ¢ bl Jalome x (St (15 X Sl (piren
x Jlw By piiSen s g o8y X (SbJgle x Jlo 519 05,
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Table 9- Triple interaction of drought stress x foliar spray x cultivar on quinoa weight of 1000 seeds

S 395 o3, alyyl52 59 S 595 o3, wldyl5 59
Irrigation - . Weight of 1000 Irrigation o . Weight of 1000
: Fertilizer  Cultivar - Fertilizer  Cultivar
regime seeds (g) regime seeds (g)
Tircace 1.89" Tircace 2.53™
Control Q29 2.53% Control Q29 2.01M
Q26 2.76% Q26 2.45™
Tircace 1.49" Tircace 2.57%"
100 K Q29 2.421 100K Q29 2.21™
Q26 2.93% Q26 1.76%
FC25 Tircace 1.49" FC7s Tircace 2.59%"
100 Zn Q29 2.42" 100 Zn Q29 2.17™
Q26 2.89"¢ Q26 1.96"
Tircace 2.02P Tircace 3.28%
50 K+Zn Q29 2.08% 50K+Zn Q29 2.09%
Q26 1.86" Q26 3.37°
Tircace 1.66" Tircace 1.90%
Control Q29 2.59%" Control Q29 2.01M
Q26 1.89_qr Q26 3.33%
Tircace 2.415 Tircace 2.63%"
100 K Q29 2.77%" 100 K Q29 2.06%
Q26 2.04 Q26 2.85"¢
FC 50 Tircace 2.43" FC 100 Tircace 2.66"
100 Zn Q29 2.79% 100 Zn Q29 2.02M
Q26 2.07% Q26 2.81°%¢
Tircace 2.31m Tircace 2.404
50 K+ Zn Q29 1.90% 50 K+ Zn Q29 2.03°
Q26 2.79% Q26 2.96°

(p<0.05) 5,15 (g Iy dme ola5 duoyd iy Jloin] pdans )3 S jidie gy sl)b sla 1 Sleo
Means with similar letters are not significantly different at 5% of probability

5 Sid  Jlw (Jool ol sl il g ed s

9 St i x Jlw asBgd JliSeny Griznen 5 (S ole
X Bl sl 08 x (Suid (5 p < 0.05) (o8 Jgloes x Lo
Bl Jglore X (Suid A5 alfaw JiiSenp g 08y x Jlu g o8,
o X Jlw (Bl Jgle x (St 5 x Jlo (yioned g o8 X
A lee GuiSeny 5 08) X (S slore x Jlo gl g o8y x (Suis
S5y = (P=0.01) 08, x (il Jolowe x (Sid (iis x Jlo
Jol Jlo 3 31> (L5 @lis (Y Jgaz) 392 sl ine Sijglgn 5, Shes
ceiby (et 1o 4 e 4o Gislejl ped Jlw 4 cows
M Gl los (1wl dwslio (¥ Jgin) 350 L 1y (gt
Coel @pReda jsbar (IS5 pas lulyd )3 (8L Jsloxe ) eslit
Caibp pasls w5 Oud Gl b b cuslhy jasld dep
byl o Ve e ) Al cnl Gl ot A8 ALlS
o=l ol oy S Sl cwda; Q26 9y 3100 Zn 4 <ly;
Q29 3, ;3355 o Sl 5 Jo > YO elyj cud )b o sl

s s Sl iy 8 ol 1Sl 3, Khe
ORSer 9 o8) 9 (b gbre ((Suid 15 ¢ Jlo (Lol Sl
O el Jgdme X (Sds T ((Sid A x Sl 4l
9 —Sbdgome x Jlw g o8y X (Sl gdone o 8) x (Sis
S % Jl )y B e x (S8 55 e iamy
RS g o5y X (bl Jgdoe X Jl g (oBb gl X (Suts
it (9 S 0.01) oy x 3 g x (St 25 o 5 e
P> Jlw ol oLt glis g ) ine Sjglgn 3 Shos (59,
Siglse 3yShos 2m0)> Y8 lin @0 Jol Jlo 0 Cand ole]]
S Gl o o o 5 (F Jyia) o5 a5 i
31 3 Jooen Sl Jg 1 46l Sl 3,Slas 52 5
Voo olass ) padld cpl Gliee ot Wdl GRS (A ke
e o2 yieS g el Cavday Tircace o8, 9 50 K+ Zn 4 so)d
155 % 395 (ygier ald 5 20> YO (oly; cud )b 3 (adls
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ashy 0, Slae @y o a0l (Sily cdly py (asld ol s
Sl Sis (15 e cadly (asll dblee ulol (S oyl
ol U S Il o cntly Sojgdsn 3,Skes g5k S
ol g sy (aslis 1wl 0y jiaS aus jobay ails 5 Slos
J(Farokhian et al., 2021) ¢l oaly lis (g xeS jials byl
0593 s oligS oS i 5l s il 5,Shes Lials LYs
0diiS yiwgd o (ialS el cwlaS y m @yl 5 M)
d3s Ll )3 ol o8 a8 Lalad 5 (35mgs S hsonnl M5
o2l Sials o ol Cllaie g olail 5 Slos ialS & Wlgs o
(Fahad et al., 2017) il y33e cudld

SoS pgd Jlo )3 355 9y phalS g b (SWb oljee
s > 5 40l 5 Siilom 35Slos oliee GBI Slosil
29 u_:l Ahe o il sla yimg} sl ‘;u.ﬁb).g o>l
GAlS 3, Slos (slial 5 3, Shos oyl 1 sla s 3 8
Waraich, Ahmad, Ashraf, Saifullah, & ) cowl a8l i3l
2 &iyliS  ills oy Sere 3)Skes ials” (Ahmad, 2011
oials el Wiy o (Sis (LS ol (S1)b dgeS byl )i
5 35 Olje sy calia (dido IS (slgioes «(gjiimgid Cos puo
295 (Sa5geied ol (B a5 9 Sy ol o lgime
Waraich et ) 355 0 oLS 503 9 by LialS cel colys jo a5
[(al., 2011
(5 558 (5o a3

o ol @ll ol gl uibyly 455 gols 1a Judg IS
iS5 (P < 0.05) o8y fp < 0.01) (b Jg-lro (St
oy X (S G Bl Sy e X (St G5 g
X (S S e 5 (b S 0.01) o8y x (b s bro
x Jo (bl lone x (iS5 % Jlo 08 X (Bl Joloxs
9 (P = 0.01) o8, x (b Jodone x Jluw g 8y x (Suis i
P ) s X (oilh oo x (S 5 % Jlo S5 o iSan
A it ls (W Joio) 8392l gime @ Jid9)lS (59, 2 (0.01
358 Jibs)lS Gl ol el ol Jsloe iz m ) plas 53
O pbe A alS el ol Gl g G5 0 GRIBIL Jg
s> 53 9 Q26 .8y 9 i G baulpd ) pasls (ul Gl
Ol e oS 4 G Sl Cawndey 100 Zn 5 Jgla
5 Tircace o8, 5 clyj cudyls 0o > YO i jloss o &S s ls
(5 i 8 J35,lS (0 2o VYT ljze & 100 K sl Jsls
(O Jgi2) 392

(WY o) 8 (0)l38
S 5 bl 5 &l 3 Slas il liies gl 3o
abgs ol g ashylia (g Jed jl o Sles lipl (ials 5l ke
Iy ashbylia 59 Yoo asly i p dlsye b o  Sid .Cosl
Sl 03y55 dlgo ials o 4 Ylais! yol opl a8 aad o ials
20T)d ials a4 35 0dy9,0 dlge Mgi LialS .l laaily L,
el g Cuwl bagpe i) (A i b 45 3980 bgype jriwgid
by 5,8 (Keshtkar et al., 2021) 5445 oo 4l 3 Slas jials
GRS S92 pie g 5 bl cod s 5 Sl dgu0 cuw (595 9
oiali8l s 4 alssl ool 48wl bl 58 pae 4 s
St i A ST a0 a4 sl & Sl gl ixe
U505, 5 o o (b Jglone Lol ot oS 5 Shas yidlS” oo
35Skes g 48y g aidly ialS ol 0, p (S (15 Lite b
Aol Gl kg BB ol 4 450 slacglie a5 g olS
oS Sl 452 et plod 3 (59) 535 2 9 Anly sladgS
Ll arsly des 3l olS gla STy 4 Ales o g 3l 5,18
5918 Logas (535 b,k jI.(Creelman & Mullet, 2008)
slapll (ialS coel dois 10 5 03)5p dlge Mgy LinlS o
GalS 4 e Mg e e o 3900 o5 slapll 5 o,
Wang, Jiang, ) 33,5 ol codgase Ll 45 olS  ww 5,Sles
Iy skeleS (Y+¥Y) o Ken 9 Sis (Chen, Tian, & Lv, 2021
DA dgmeS a5 10,8 o155 g Jleel cyd udy cilisee o lpe o
33,5 o oLS Siis ool yialS 4 oo iy adgl Jalpe 3 O
Cugb, 35S (Cheng, Wang, Fan, Zhang, & Wang, 2021)
b S daw (a3l Sy oy Gl Mg (il Gk
adsyo )3 (St i Jleel b 50> (g )3 a3 e ialS
odnliio ol Suolam 3 )Slas ) ()3 dne (il 5 (odyg) M)
A8 Jol G5 g bl )3 (Safglen 0Ses (YL 9 A5
2 SSelan 0, Slae inls 8l sy o Jlas & (Talukdar, 2013)
oy 0y Jsbo g yid 5 ytS S 4 coglbe (o)l slas
35S 5 Soidzd s sl 4 pxia &5 w2g: WS sk
L (a5 als jo jl oS anitne o Sdingly e opipon 33,5 o
Jold o2 S sla Sy @ sitwsd Cad )b @l i,
of colus g Jdg)ls clale Sl 3l S ihungd Cspu
Seid T b 3 gy 5 by 395 0yl Yleisl ol (S
So5hgm 258kae Sl iy 5 (s 55kmsis b (il 8 o
(Swiatek, Azmi, Witters, & Van Onckelen, 2003) 4. .
Slagingh  awly (LBh sl buwg Sojlsn 3)Slas il
;1 (Sofy, Sharaf, & Fouda, 2016) ccuwl s (5,155 505,500
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Table 10- Triple interaction of drought stress x foliar spray x cultivar on quinoa Seed yield

S Y o35 @l 3,Slas S 555 &, WSl

Irrigation regime  Fertilizer  Cultivar Seed yield (kg.ha™) Irrrég?r'ggn Fertilizer ~ Cultivar nggg;il)d
Tircace 660° Tircace 1224%"
Control Q29 700¢ Control Q29 997
Q26 1075™ Q26 1393«
Tircace 1256 Tircace 1815™¢
100 K Q29 1083™° 100 K Q29 1878
Q26 1529 Q26 1489
FC25 Tircace 871° FC75 Tircace 1660%f
100 Zn Q29 1143 100 Zn Q29 16249
Q26 1232%" Q26 1309"
Tircace 1050° Tircace 1743%¢
50 K+ Zn Q29 1103™° 50 K+ Zn Q29 1736%¢
Q26 1547 Q26 1870™
Tircace 1126™° Tircace 1250
Control Q29 1007% Control Q29 1297+
Q26 1084™° Q26 14839
Tircace 1627%9 Tircace 1868™
100 K Q29 1626°9 100 K Q29 1802°¢
Q26 1389"« Q26 2233°
FC 30 Tircace 1470%" FC 100 Tircace 1532
100 Zn Q29 1411M 100 Zn Q29 1858
Q26 1110™° Q26 2176°
Tircace 1540 Tircace 1836™
50 K+ Zn Q29 1298 50 K+ Zn Q29 1950°
Q26 1373 Q26 2268°
(p=0.05) 35,155 (5l ime olds oy gty Jloin ! s )3 S jiio g > (4l (slo . Slo
Means with similar letters are not significantly different at 5% of probability
IS oS Sajlgm 3yKhos 1 o8 X (bl Jglone x (St T Wl SR -1 Joan
Table 11- Triple interaction of drought stress x foliar spray x cultivar on quinoa Biological yield
Sis 395 55 Seigden 3,5es Sis 95 o35 Siggn 3 ,Nes
Irrigation regime  Fertilizer  Cultivar _ Biological yield (kg.ha®)  Irrigation regime  Fertilizer  Cultivar _ Biological yield (kg.ha™)
Tircace 2200" Tircace 2496
Control Q29 1918" Control Q29 2635
Q26 1972" Q26 2989™"
Tircace 2982™" Tircace 3273
100 K Q29 2903™* 100 K Q29 5752°
Q26 2700 Q26 3872%9
FC25 Tircace 2560 FC75 Tircace 2823%°
100 Zn Q29 1949" 100 Zn Q29 4690°
Q26 3009™" Q26 2582
Tircace 3559 Tircace 3449
50 K+ Zn Q29 2883°¢ 50 K+ Zn Q29 3095
Q26 37494 Q26 4125%
Tircace 2776°° Tircace 2786"*
Control Q29 2729% Control Q29 2940™*
Q26 2300" Q26 4798°
Tircace 3415™™ Tircace 3668
100 K Q29 4071%° 100 K Q29 3938
Q26 3635°* Q26 4456™
FC50 Tircace 3347 FC 100 Tircace 4124
100 Zn Q29 2970™" 100 Zn Q29 3590
Q26 3207%P Q26 34799
Tircace 4004% Tircace 53917
50 K+ Zn Q29 3847%" 50 K+ Zn Q29 4012%
Q26 3780% Q26 4625°

(p<0.05) %5, (gl gze glis o yd gy Jloiin] g )d S o Bg > (4l)b slo:Silee
Means with similar letters are not significantly different at 5% of probability
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Table 12-Triple interaction of drought stress x foliar spray x cultivar on quinoa harvest index

M"’ A 395 wé.) Mbrg un:.l.w M A 395 fbé) ‘;..Js!a,.; uaab.u
Irrigation - . Harvest index Irrigation - . Harvest index
. Fertilizer Cultivar . Fertilizer Cultivar

regime (%) regime (%)

Tircace 30.2% Tircace 49.6°%

Control Q29 26.4" Control Q29 38.4™*

Q26 47.65" Q26 46.8™"

Tircace 421" Tircace 56.7%¢

100 K Q29 38.5™° 100 K Q29 402"

Q26 58.5%¢ Q26 415"

FC 25 Tircace 35.5°° FC75 Tircace 59.9%

100 Zn Q29 59.9% 100 Zn Q29 38.6”‘"_S

Q26 43.2™° Q26 51.3"

Tircace 30.4™ Tircace 52.0"

50 K+ Zn Q29 39.5™ 50 K+ Zn Q29 59.3%®

Q26 39.6™¢ Q26 46.0™

Tircace 40.9%P Tircace 457"

Control Q29 52.0°" Control Q29 44.1%°

Q26 56.2% Q26 31.2%

Tircace 50.3 Tircace 52.7%9

100 K Q29 42.2'P 100 K Q29 46.0%"

Q26 38.6™° Q26 53.3>"

FC 50 Tircace 449" FC 100 Tircace 38.0""

100 Zn Q29 51.8°" 100 Zn Q29 51.9%"

Q26 35.0%° Q26 63.3

Tircace 39.4™ Tircace 43.9%°

50 K+ Zn Q29 33.7"t 50 K+ Zn Q29 49,0

Q26 35.7°° Q26 49.1%

(p<0.05) 5,15 (g5 smo glds duo > ety Jhoin] grdaws p3 Sytiie gy ()l (slo 1 Silo
Means with similar letters are not significantly different at 5% of probability

oS X Jlw a5l iSon 1 9 05y X (b Jgle x Lo
sine 33959)5 (595 2 (P = 0.01) 68y x (o8 Jglone x (St
b Jslne xizpm Bl plos )3 ol (LS @l (VW Jgux) Ldg
= RS O Gl L (g b a6, il el sl
bulyd 3 padls (ol Glise (p e A 4alS” (a3Ls (pl e
Coway 100 K (8L Jgloxe jgi> 53 5 TirCace 15 5 (A5 (9
VO (i lass 53 4 (adls ol (i (S & S oS el
9 Oliwe 4355 (o a5 THrCACE 15 5 (ol)j Cudyls 2oy
(VY o) 392 sy 45959, gl
3y i lio wibyly 45 s a/b Judg IS S
g GiiSen i g (Bl gl o (Suid A5 (Sl ol Sl
X (Sedd S o il Jgloe X (SWiS IS o Suts 15 x Sl
SBaw JuiSeny g (oBbJgle x Jlo g 08, X (b Jgle o8,
X (Sid i % Jlw o8y x (b Jgdome x (Sis i
X (b gme X Jlw g 08y X (Suid (15 X Jlo (bl Jgloxe
) X (oS glre X (s (A X Jlo S )be (iiSenp g 08,
(W Jsaz) 39 s e /b Lidg) S cons (59 2 (p = 0.01)
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Table 13-Variance analysis of quinoa photosynthetic pigments under the influence of different treatments

Ol o il
i o @l - e i o . .
Source of sl Ch%e,,l;a Il Ch‘#shjsh Il 55,5 a}b J,;,,Tls tl '
Variation orophy orophy : otal
df a b Carotenoids a/b ratio chlorophyll
(Y) (Year) Ju 1 0.169"™ 0.089™ 0.304™ 2357 0.189"™
(Rep year) Jlo slas 4 1.458 0.009 0.112 19.7 2.09
(S) (Irrigation regime) s s 3 2.282" 0.012" 0.035™ 354" 3.23"
Y *S 3 0.034" 0.000001" 0.0001™ 3.84™ 0.034"™
(Y)SRep s 12 0.003 0.0001 0.0002 0.528 0.003
(F) (Foliar spray) b sk 3 11277 0.013™ 0.092" 21" 2.18™
(C) (Cultivar) 43, 2 0.198" 0.006™ 0.254" 1.1™ 0.592"
S*F 9 0.761™ 0.025™ 0.055™ 50.6™ 0.939™
S*C 6 0.573™ 0.040™ 0.017™ 44™ 0.672™
F*C 6 0.334™ 0.023™ 0.118™ 19.37 0.113"™
S*F*C 18 0.474 0.028 0.044 28.4 0.535
Y *F 3 0.052" 0.002" 0.006" 9.75 0.099"
Y*C 2 0.0002"™ 0.000001" 0.0000004™  0.055™ 0.0003™
Y *S*F 9 0.903™ 0.000001™ 0.031™ 405" 0.882"™
Y *S*C 6 0.184™ 0.000001™ 0.001™ 441" 0.184™
Y *E*C 6 0.159™ 0.000001™ 0.038™ 7.80™ 0.351™
Y*S*F*C 18 0.364™ 0.000001™ 0.030™ 8.58™ 0.397™
(Total error) Js s 176 0.048 0.001 0.002 0.851 0.063
Coefficient of ) ¢l s co
) Sl ot 14.6 13.4 9.0 11.7 11.1

(variation

(p<0.05) 65,15 (g5 dze glds duo o iy Jloin] grlaw )3 Syiidio gy (glys (sla 1 Silo
Means with similar letters are not significantly different at 5% of probability
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Table 14- Triple interaction of drought stress x foliar spray x cultivar on quinoa Chlorophyll a

i B 2 a5 i e S50
Irrigation - . Chlorophyll a Irrigation - . Chlorophyll a

. Fertilizer Cultivar 1 . Fertilizer Cultivar 1
regime (mg.gfw™) regime (mg.gfw™)

Tircace 1.54%7 Tircace 1.38%"

Control Q29 1.61°° Control Q29 1.37%

Q26 1.15M Q26 1.38%"

Tircace 0.676 Tircace 15179

100 K Q29 0.877k 100 K Q29 2.03%

Q26 2.09° Q26 1.72¢

FC25 Tircace 1.15" FCT75 Tircace 1.67°¢

100 Zn Q29 1.11M 100 Zn Q29 1.74>¢

Q26 1.49%9 Q26 1.24"

Tircace 1.15M Tircace 1.78¢

50 K+ Zn Q29 1.11M 50 K+ Zn Q29 1.88%°¢

Q26 1.49%9 Q26 2.16°

Tircace 1.23%" Tircace 1.38%"

Control Q29 1.07M Control Q29 1.37%1

Q26 1.15M Q26 1.38%"

Tircace 1.37% Tircace 1.51%¢

100 K Q29 1.58C"_e 100 K Q29 2.03%

Q26 1.071 Q26 1.72¢

FC 50 Tircace 1.77°¢ FC 100 Tircace 1.78¢

100 Zn Q29 1.59%¢ 100 Zn Q29 1.88%°¢

Q26 1.58°%¢ Q26 2.16%

Tircace 1.77>¢ Tircace 1.67°¢

50 K+ Zn Q29 1.59%¢ 50 K+ Zn Q29 1.74>¢

Q26 1.58°¢ Q26 1.24™

(p<0.05) 5,15 (g5 simo glds duo > ety Jhoin] grhaws p3 Sytiie gy ()l (sla 1 Silo
Means with similar letters are not significantly different at 5% of probability

Glises Ole p Jho ol 51 (wbo dwslio —10 Joua
Table 15- Comparison of the average main effect of the year on different

Juo P Jeds, 5 w98 D by S G
Year Chloroph)_/lll b Caroteno_llds Chlorophyll a/b ratio
(mg.gfw™) (mg.gfw™)
2018-19 0.189° 0.515° 8.79°%
2019-20 0.224° 0.580° 6.98°

(p<0.05) 5,15 (g5 ixe gla5 Mo p> iy Jloiin! prdans )3 S e Bgy> gyl slo 1 Silo
Means with similar letters are not significantly different at 5% of probability
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Table 16- Triple interaction of drought stress x foliar spray x cultivar on quinoa Chlorophyll b

S 545 o3, b Jadg 5 Seis 3¢5 o3, b Jadg 5
Irriggtion Fertilizer  Cultivar Chlorophyll b Irriggtion Fertilizer  Cultivar Chlorophyll'b
regime (mg.gfw™) regime (mg.gfw™)

Tircace 0.201" Tircace 0.191%7

Control Q29 0.148%" Control Q29 0.222%
Q26 0.213"" Q26 0.159"™

Tircace 0.118" Tircace 0.184™

100 K Q29 0.1982‘ 100 K Q29 0.309:“k
Q26 0.230 Q26 0.179™

FC 25 Tircace 0.179M* FCT5 Tircace 0.320°
100 Zn Q29 0.179"* 100 Zn Q29 0.211™"
Q26 0.220 Q26 0.131™

Tircace 0.213" Tircace 0.175™

50 K+ Zn Q29 0.211%" 50 K+ Zn Q29 0.368°
Q26 0.19097 Q26 0.179"

Tircace 0.276% Tircace 0.170"

Control Q29 0.200™ Control Q29 0.130™
Q26 0.209™" Q26 0.140™"

Tircace 0.18791 Tircace 0.228f

100 K Q29 0.182"« 100 K Q29 0.271°
Q26 0.151%" Q26 0.209™"

FC 50 Tircace 0.168" FC 100 Tircace 0.235f
100 Zn Q29 0.171" 100 Zn Q29 0.209™"
Q26 0.391° Q26 0.218

Tircace 0.145"" Tircace 0.173"

50 K+ Zn Q29 0.148%" 50 K+ Zn Q29 0.170"
Q26 0.163"™ Q26 0.431°

(p<0.05) 5,15 (gl sme glds duo > ety Jhoin] grdaws p3 S ytiie By ()l (sla 1 Sile
Means with similar letters are not significantly different at 5% of probability
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Table 17- Triple interaction of drought stress x foliar spray x cultivar on quinoa Carotenoids

S 5 L)) g, S 55 ) Sy, 8
Irrigation regime  Fertilizer  Cultivar  Carotenoids (mg.gfw®) Irrigation regime  Fertilizer  Cultivar  Carotenoids (mg.gfw™)
Tircace 0.228° Tircace 0.454M
Control Q29 0.525™« Control Q29 0.666%°
Q26 0.430™ Q26 0.632*
Tircace 0.596%9 Tircace 0.657%¢
100 K Q29 0.490%™ 100 K Q29 0.603:3
Q26 0.312° Q26 0.528™
FC25 Tircace 0.486%™ FC75 Tircace 0.584°"
100 Zn Q29 0.648*¢ 100 Zn Q29 0.653%¢
Q26 0.588"" Q26 0.502"
Tircace 0.572" Tircace 0.585°"
50 K+ Zn Q29 0.681% 50 K+ Zn Q29 0.654*¢
Q26 0.559%1 Q26 0.502"
Tircace 0.455"" Tircace 0.494m
Control Q29 0.526™« Control Q29 0.516"
Q26 0.428™ Q26 0.635%"
Tircace 0.592%9 Tircace 0.683°
100 K Q29 0.489%™ 100 K Q29 0.617*"2
Q26 0.312° Q26 0.638
FC 50 Tircace 0.572" FC 100 Tircace 0.567%"
100 Zn Q29 0.681% 100 Zn Q29 0.634%"
Q26 0.56191 Q26 0.416"
Tircace 0.485%™ Tircace 0.567%
50 K+ Zn Q29 0.648%° 50 K+ Zn Q29 0.636*"
Q26 0.589*" Q26 0.416"
(p<0.05) 35,15 (5 3 sine olis daoyd gty Jloin] dans 53 S yido gy (gl (sl il
Means with similar letters are not significantly different at 5% of probability
1955 oS /D by IS G 1 48, % (ol o ¢ (S G a5 das iSod 2 - VA Jgin
Table 18- Triple interaction of drought stress x foliar spray x cultivar on quinoa Chlorophyll a/b ratio
Swis 395 ) alb Jidg S S Swis 95 w5 alb Judg IS S
Irrigation regime  Fertilizer  Cultivar  Chlorophyll a/b ratio  Irrigation regime  Fertilizer  Cultivar  Chlorophyll a/b ratio
Tircace 7.647 Tircace 7.23™
Control Q29 11.1% Control Q29 6.23%
Q26 5.32%¢ Q26 8.69™
Tircace 6.03"™ Tircace 8.11%°
100 K Q29 4.56:1 100 K Q29 6.71°7"
Q26 9.15" Q26 9.70%
FC25 Tircace 6.51"° FC75 Tircace 5.23"
100 Zn Q29 6.62°" 100 Zn Q29 8.52"™
Q26 7.06°" Q26 9.36"
Tircace 5.42%4 Tircace 10.2%
50 K+ Zn Q29 5.35% 50 K+ Zn Q29 5.12%
Q26 759" Q26 12.4*
Tircace 443" Tircace 8.14%°
Control Q29 5.40%" Control Q29 10.82°¢
Q26 5.43% Q26 9.98%¢
Tircace 7.42™4 Tircace 6.83""
100 K Q29 8.93% 100 K Q29 753"
Q26 7.06%" Q26 8.321"
FC50 Tircace 10.3°" FC 100 Tircace 7.70'°
100 Zn Q29 9.38" 100 Zn Q29 9.20"
Q26 3.98" Q26 9.88%"
Tircace 13.2° Tircace 9.84%"
50 K+ Zn Q29 11.4> 50 K+ Zn Q29 10.32¢f
Q26 10.3° Q26 2.87"

(p<0.05) 35,l55 (g5 size glds duoyd griy Jlosin] grbaws )5 S o By > (6l)s slo ko
Means with similar letters are not significantly different at 5% of probability
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Table 19- Triple interaction of drought stress x foliar spray x cultivar on quinoa Total chlorophyll

. 365 o3, by IS ggooo b >sS 3, Judy IS g0
Irrigation ili Cultivar Total chlorophyll Irrigation Fertilizer Cultivar Total chlorophyll
regime Fertilizer — Cu (mg.gfw™) regime (mg.gfw™)
Tircace 2.19™ Tircace 1.809°
Control Q29 2.28%" Control Q29 2.25%°
Q26 1.79%° Q26 217
Tircace 1.39" Tircace 2.35M
100 K Q29 1.57"; 100 K Q29 2.945‘k
Q26 2.64% Q26 2.42%
FC25 Tircace 1.81%% FC75 Tircace 2.58%9
100 Zn Q29 1.94™4 100 Zn Q29 2.60"9
Q26 2.30FM Q26 1.87°7
Tircace 1.93°¢ Tircace 2.55%9
50 K+ Zn Q29 2.01" 50 K+ Zn Q29 2.90*°
Q26 2.25%° Q26 2.85%¢
Tircace 1.96™9 Tircace 2.04"
Control Q29 1.80%* Control Q29 2.01"
Q26 1.78%° Q26 2.16™
Tircace 2.15"° Tircace 2.42%%
100 K Q29 2.269° 100 K Q29 2.92dab
Q26 1.54% Q26 2.56%9
FC S0 Tircace 2.51% FC 100 Tircace 2.59°°9
100 Zn Q29 2.45%1 100 Zn Q29 2.72%¢
Q26 2.53%" Q26 2.80%¢
Tircace 2.40%* Tircace 2.42%%
50 K+ Zn Q29 2.39%k 50 K+ Zn Q29 2.54%"
Q26 2.33" Q26 2.084
(p<0.05) 5,155 (g Iy sime ola5 duoyd iy Jloin] prlaws )3 S jidie gy sl)b sla 1 Sleo
Means with similar letters are not significantly different at 5% of probability
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