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Introduction

Cumin is one of the most important medicinal plants in Iran and is widely used in food, health and beauty
industries due to its antioxidant and antibacterial properties. Yield of some crops are higher in autumn planting
compared to spring. However, low temperature and inappropriate distribution of precipitation are of factors
affecting seedling emergence and establishment. So it seems that seeds with higher germination also have better
emergence and establishment producing more vigorous seedlings in further growth stages. So, to success in
autumn-planting of cumin, it is necessary to have ecotypes with appropriate and even emergence in low
temperature and water restricted conditions. Since water is of high paramount importance in germination and
lower water potentials lead to lower accessibility of water to seeds, the aim of this experiment was to study seed
germination response of different cumin ecotypes to low water potentials.

Materials and Methods

This study was conducted to determine the germination of six cumin ecotypes under drought stress and low
temperature conditions. Treatments comprised of six cumin ecotypes (Torbat-e-Heydarieh, Khaf, Sabzevar,
Qaen, Quchan and RZ19) and seven water potentials (0, -1, -2, -3, -4, -5 and -6 bar) induced by PEG6000
solution according to Michel B. E. and Kaufmann (1973). Distilled water was used for control. Seeds were
disinfected by sodium hypochlorite (10%) and fungicide and were rinsed with distilled water. 25 seeds were
placed in each petri dish and were incubated in 13°C after PEG solution or distilled water was added.
Germinated seeds were recorded daily and germination percentage and rate, plumule and radicle length was
determined at the end of the incubation. Ecotype ranking was also performed to determine the most tolerant
ecotypes to drought stress. Statistical analysis was done using MSTAT-C and LSD test was used for mean
comparison.

Results and Discussion

This study results indicated that water potentials was significantly affected all studied traits (p<0.05) in a way
that germination percentage and rate and plumule and radicle length decreased as water potential decreased to -6
bar. Maximum germination percentages (61%) was obtained in control. Significant differences were also found
among cumin ecotypes for all traits. Khaf and Torbat-e-Heydarieh had the highest germination percentage (25%
and 23%, respectively). Decreasing water potential from 0 to the -2 bar, caused 69% decrease in germination
percentage of Quchan ecotype whereas reduction of 43% and 57% was found in Qaen and Sabzevar ecotypes,
respectively. Difference in germination percentage among genotypes may be due to the different water
absorption by them. Ecotypes had different germination rate in water potentials (P<0.01). Although germination
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rate was negatively affected by decreasing water potential, percentage of reduction was different among ecotypes
in a way that Torbat-e-Heydarieh and Khaf showed the lowest (61 and 67%) and Quchan and RZ19 the highest
reduction of germination rate (86%) in -4 bar compared to control (O bar). Plumule and radical length were
decreased as drought stress was increased . Decreasing water potential from 0 o -4 bar caused a 76% reduction in
radical length. Significant difference was found among ecotypes according to radical length in a way that Khaf
and Quchan had the highest and lowest radical length, respectively.

Conclusion

On the basis of ecotypes ranking for evaluated traits, Khaf and Torbat-e-Heydarieh indicated more tolerance
to drought stress whereas Quchan was found as a sensitive ecotype.

Keywords: Autumn planting, Cold, Plumule, Radicle
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Ecotype
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Potential
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Ecotypex Potential
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CV (%)
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Table 2- Seed germination rate, plumule and radicle length in cumin ecotypes as affected by water potential
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Potential (bar) Germination rate  Plumule length Radicle length

(number.day™) (cm) (cm)

0 5.0 3.4 5.4

-1 3.7 2.8 4.3

-2 2.6 2.2 3.0

-3 20 15 2.3

-4 11 0.8 15

-5 0.2 0.0 0.1

-6 0.0 0.0 0.0

LSD (0.05) 0.2 0.04 0.04
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Table 3- Germination percentage and rate and plumule and radicle length in cumin ecotypes
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Ecotype Germination percentage Germination r_rilte Plumule length Radicle length
(number.day™) (cm) (cm)
Quchan 17.7 2.0 1.2 1.9
Sabzevar 17.8 2.2 13 2.4
Khaf 25.0 19 18 2.8
Qaen 17.6 1.9 1.7 24
Torbat-e-Heydarieh 226 2.4 1.7 2.6
RZ19 20.9 2.1 1.4 2.2
LSD (0.05) 0.3 0.2 0.04 0.04
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Table 4- Germination percentage of cumin ecotypes as affected by different water potentials

Ecotype Potential (bar)
0 -1 -2 -3 -4 -5 -6
Quchan 59.0 40.2 18.0 5.7 1.0 0.0 0.0
Sabzevar 54.0 37.0 22.8 7.0 25 1.0 0.0
Khaf 75.0 53.3 315 10.0 3.8 1.3 0.0
Qaen 475 35.0 27.0 9.0 35 1.0 0.0
Torbat-e-Heydarieh 68.0 48.3 26.8 9.3 3.8 2.0 0.0
RZ19 63.0 45.0 25.8 8.3 3.3 1.0 0.0

LSD (0.05)=0.9
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Table 5- Germination rate of cumin ecotypes as affected by different water potentials

Ecotype Potential (bar)
0 -1 -2 -3 -4 -5 -6
Quchan 51 45 2.6 1.4 0.7 0.0 0.0
Sabzevar 6.2 4.2 2.3 1.6 11 0.1 0.0
Khaf 4.3 34 24 1.8 1.4 0.5 0.0
Qaen 4.0 3.2 2.4 2.2 1.1 0.3 0.0
Torbat-e-Heydarieh 5.1 35 3.3 3.2 2.0 0.1 0.0
RZ19 5.4 4.1 3.0 15 0.8 0.1 0.0

LSD (0.05)= 0.5
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Table 6- Plumule length (cm) of cumin ecotypes as affected by different water potentials

E;:ot e Potential (bar)
P 0 1 2 3 2 5 N
Quchan 3.3 2.2 14 1.1 0.5 0.0 0.0
Sabzevar 2.3 25 2.2 18 0.5 0.0 0.0
Khaf 4.4 3.6 2.6 1.2 0.9 0.0 0.0
Qaen 3.1 2.8 24 2.1 1.3 0.0 0.0
Torbat-e-Heydarieh 4.1 29 25 15 0.8 0.0 0.0
RZ19 3.3 2.8 2.3 1.1 0.7 0.0 0.0
LSD (0.05)=0.1
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Table 7- Radicle length (cm) of cumin ecotypes as affected by different water potentials

] ) il gl
E;:ot o Potential (bar)
yp 0 1 ) 3 -4 5 6
Quchan 4.6 3.9 2.8 11 0.9 0.0 0.0
Sabzevar 5.9 4.3 3.1 25 13 0.0 0.0
Khaf 6.3 5.4 31 2.8 1.7 0.7 0.0
Qaen 4.9 4.7 2.7 2.5 21 0.0 0.0
Torbat-e-Heydarieh 6.1 4.2 3.3 2.9 15 0.0 0.0
RZ19 4.5 3.4 3.2 2.2 1.8 0.0 0.0
LSD (0.05)=0.1
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Table 8- Ecotypes ranking based on studied traits

Ol Sy g ghanw
. Potential (bar)
Ecotype il Moy 4 Sl copw ad,  drddle Job ad,  arady, Jsbad;,  old 4,

Rank of germination Rank of germination Rank of Rank of radicle Final
percentage rate plumule length length rank

Quchan 4 25 5 5 16.5
Sabzevar 4 2.0 3 4 13.0
Khaf 1 3.0 1 1 6.0
Qaen 4 3.0 3 2 12.0
Torbat-e-Heydarieh 2 1.0 2 2 7.0
RZ19 3 2.0 4 3 12.0

LSD (0.05)= 0.1
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Introduction

The increasing demand for medicinal plants in traditional medicine as well as the pharmaceutical industry
has created the need for some plants to be grown commercially, but the lack of soil moisture poses a serious
threat to their production. Planting method can affect the emergence and growth rate of crop and lead to decrease
water consumption and increase irrigation water efficiency as yield increases. Roselle (Hibiscus sabdariffa L.) is
one of the drought tolerant plants. Saving water consumption by cultivating drought tolerant plants has been
proposed as a strategy to combat drought. It should be noted, however, that irrigation without proper planning
can reduce the growth and production of crops. In this regard, determining time of deficit irrigation with
minimum damage is an appropriate solution that achieves optimum yield while saving water consumption. The
aim of this study was to investigate the effect of different irrigation regimes and planting method on some
physiological traits, yield and water use efficiency of Roselle plant.

Materials and Methods

The experiment was conducted as split plot based on randomized complete blocks design with three
replications at the Research Farm of Kashmar Agricultural and Natural Resources Research Station, during two
growth seasons 2016 and 2017. Irrigation (in seven levels i.e. 1100: 100% crop water requirement (CWR), 1,80:
80% CWR from 8-leaf stage to end of flowering, 1,80: 80% CWR from 8-leaf stage to beginning of flowering,
1380: 80% CWR from beginning to end of flowering, 1,60: 60% CWR from 8-leaf stage to end of flowering,
1,60: 60% CWR from 8-leaf stage to beginning of flowering, 1360: 60% CWR from beginning to end of
flowering) and planting method (in two levels i.e. direct and indirect) were in main plots and sub plots,
respectively. In the transplanting method, the seeds were sown in the transplant tray on March 10, 2016 and 2017
and transplanted to the farm in four-leaf stage. Direct cultivation was also carried out in April, in 2.5 x 7 meter
plots at a depth of 1.5 cm.

In order to measure physiological traits, sampling from the youngest leaves of plants under stress and control
conditions was carried out at the maximum flowering stage. Physiological traits including chlorophyll a,
chlorophyll b, carotenoid, leaf relative water content and proline content were measured using these leaves. At
the harvest time, two square meters of each plot were harvested. Then, seed and calyx yield were measured and
using the measured amount of water consumed, water use efficiency based on seed and calyx were calculated.

Data were analyzed with SAS software; obtained averages compared with using Tukey's Studentized Range
(HSD) Test at the 5% probability level.
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Results and Discussion

The results showed leaf relative water content was affected only by irrigation and planting method and seed
and calyx yields were affected only by irrigation. The leaf relative water content in seedling plantlng method was
higher than direct plantlng The highest relative leaf water content (84.66%), seed (667.54 kg ha’ 1) and calyx
yield (392.73 kg ha™) were obtained in 1100 treatment that for yield had no significant difference with 1801
treatment. The lowest these traits were also obtained in 1560 treatment.

The interaction effect between irrigation and planting method was significant on chlorophyll a, chlorophyll b,
carotenoids, leaf proline content, seed and calyx water use efficiency. In most irrigation levels, transplanting
improved these traits compared to direct sowing. IlOO and transplanting treatment had the hlghest chlorophyll a
(0.31 pmol g* fw), chlorophyll b (0.16 pmol g* fw) and caroten0|ds (0.56 pmol g* fw) and 1560 and
transplanting treatment had the highest leaf proline content (7 95 umol g* fw). The highest seed (0.15 kg m™®)
and calyx (0.08 kg m™®) water use eff|C|ency were obtained in 1,60 and transplanting treatment and 1,80 and
transplantmg treatment was Iocated in the second level. 1560 and direct planting method had the lowest seed
(0.06 kg m™) and calyx (0.03 kg m™) water use efficiency.

Conclusion

The results of this study revealed that deficit irrigation at 80% of the crop water requirement from 8-leaf
stage to the end of flowering along with transplanting method was more effective in saving irrigation water with
a good yield of the Roselle plant compare to treatment of 100% of the crop water requirement.

Keywords: Carotenoid, Drought stress, Leaf relative water content, Transplanting
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Means followed by similar letter(S) are not significantly different at 5% probability level using Tukey's Studentized Range (HSD)
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Figure 4— Effect of irrigation on relative leaf water content of Roselle
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1100: 100% crop water requirement (CWR), 1,80: 80% CWR from 8-leaf stage to end of flowering, 1,80: 80% CWR from 8-leaf

stage to beginning of flowering, 1,80: 80% CWR from beginning to end of flowering, 1,60: 60% CWR from 8-leaf stage to end of
flowering, 1,60: 60% CWR from 8-leaf stage to beginning of flowering, 1560: 60% CWR from beginning to end of flowering.

Means followed by similar letter(S) are not significantly different at 5% probability level using Tukey's Studentized Range (HSD)
Test.
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Figure 5- Effect of planting method on relative leaf water content of Roselle
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Means followed by similar letter(S) are not significantly different at 5% probability level using Tukey's Studentized Range (HSD)
Test.
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Table 5- Analysis of variance for effects of irrigation and planting method on yield and water use efficiency of Roselle
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Figure 6- Mean comparison for effect of irrigation on seed yield of Roselle
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1100: 100% crop water requirement (CWR), 1,80: 80% CWR from 8-leaf stage to end of flowering, 1,80: 80% CWR from 8-leaf
stage to beginning of flowering, 1580: 80% CWR from beginning to end of flowering, 1,60: 60% CWR from 8-leaf stage to end of
flowering, 1,60: 60% CWR from 8-leaf stage to beginning of flowering, 1360: 60% CWR from beginning to end of flowering.

Means followed by similar letter(S) are not significantly different at 5% probability level using Tukey's Studentized Range (HSD)
Test.
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Figure 7— Mean comparison for effect of irrigation on calyx yield of Roselle
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1100: 100% crop water requirement (CWR), 1,80: 80% CWR from 8-leaf stage to end of flowering, 1,80: 80% CWR from 8-leaf
stage to beginning of flowering, 1580: 80% CWR from beginning to end of flowering, 1,60: 60% CWR from 8-leaf stage to end of

flowering, 1,60: 60% CWR from 8-leaf stage to beginning of flowering, 1360: 60% CWR from beginning to end of flowering.
Means followed by similar letter(S) are not significantly different at 5% probability level using Tukey's Studentized Range (HSD)
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Figure 8- Interaction effect between irrigation and planting method on seed and calyx water use efficiency of Roselle
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1100: 100% crop water requirement (CWR), 1,80: 80% CWR from 8-leaf stage to end of flowering, 1,80: 80% CWR from 8-leaf

stage to beginning of flowering, 1,80: 80% CWR from beginning to end of flowering, 1,60: 60% CWR from 8-leaf stage to end of
flowering, 1,60: 60% CWR from 8-leaf stage to beginning of flowering, 1360: 60% CWR from beginning to end of flowering.
Means followed by similar letter(S) are not significantly different at 5% probability level using Tukey's Studentized Range (HSD)

Test.
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Introduction

Quinoa is a dicotyledonous plant from the Amaranthaceae family, with favorable nutritional value and a high
potential for growth and production in adverse environmental conditions. Despite being three carbon, it has high
water consumption efficiency and as a new crop, due to its wide adaptation to different environment conditions
such as salinity and drought, as well as being premature, it is suitable for planting in arid and desert areas and has
many factors. Genetic and environmental factors such as genotype, density, arrangement and planting date, soil
salinity, and drought stress affect yield. Among these, drought is one of the most important non-living stresses
that cause great damage to crops and horticulture in the world every year. And especially Iran, which is
considered an arid and semi-arid country. The effect of moisture stress on plants varies depending on which
stage of plant growth occurs and plants can work through various mechanisms such as reducing growth
parameters, closing pores, reducing photosynthesis, changing regulatory mechanisms of ion transport, and
increasing activity. Antioxidant enzymes cope with drought stress to some extent, although such mechanisms are
energy-intensive and cause a decline in performance.

Materials and Methods

In order to investigate the optimal density of quinoa at different levels of irrigation, a factorial experiment
was conducted based on completely randomized design with three replications at the research farm of the
Faculty of Agriculture, Birjand University. The first factor was irrigation levels (based on 50, 75, and 100%
water requirement) and the second factor was plant density at 5 levels (40, 60, 80, 100, and 120 plants m™).
Measurement traits included relative leaf water content, stomatal conductance, electrolyte leakage, number of
branches, number of grains per branch, branch weight, 1000-grain weight, grain yield, water use efficiency, and
grain protein.

Results and Discussion
The results showed that the yield components in response to low irrigation conditions were significantly
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reduced, so that the highest 1000-seed weight, number of branches, number of seeds per branch, branch weight
and vyield at the level of 100% water requirement were, respectively, 0.1 (g), 1368.4 (branching per square
meter), 132.64 (grains per branching), 2377.8 (grams per square meter) and 3265.25 (kg ha™) have been
obtained. The maximum orifice conductivity measured at 35.66 (mol CO, per square meter) was obtained at the
beginning of flowering at 100% water requirement. Also, with decreasing irrigation level, physiological traits
including relative leaf water content decreased significantly and traits such as electrolyte leakage and grain
protein increased. The optimal density at the irrigation level of 100, 75, and 50% of water requirement were 113,
105, and 80 plants per square meter, respectively. The interaction of irrigation levels and density also showed
that the highest yield was 100% of water requirement and density of 100 plants with 4226.52 kg ha™. The results
showed that at the irrigation levels of 100 and 75% of the water requirement, the highest yield was obtained at a
density of 100 plants and with a decrease in density at these levels by 61.2 and 73.2%, respectively, was
associated with a decrease in yield, but at the level of 50%. The highest yield was obtained at a density of 80
plants, which was accompanied by a decrease in yield to 40 plants with a yield of 73.5%. The results also show
an increase in optimal density with increasing irrigation level, so that the most optimal density at the irrigation
level of 100% of the water requirement is 113 plants per square meter and with increasing the stress to 75 and
50% of the water requirement, respectively, density Optimal yields of 105 and 80 plants per square meter have
been achieved.

Conclusion

In general, the results show that lack of moisture has an adverse effect on quinoa yield such as 1000-seed
weight, branch weight, number of seeds per branch, and number of branches in the main inflorescence and
reduces the optimal plant density.

Keywords: Drought stress, Optimal density, Seed protein, Stomatal conductance, Water use efficiency
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Table 1- Total amount of water used for irrigation in each treatment
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(Percentage of plant water requirement) VVolume of water consumption in the whole growth period per plot (L)
50 7957
75 11936
100 15915
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Table 2- Characteristics of the soil of the experimental site
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Soil texture pH Organic matter Saturated Moisture Mg Na K Ca
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Clay loam 7.8 0.38 245

4.4 11 215 5 4.87
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Figure 1- Experimental field and water meter installed to measure water consumption
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Figure 2- 20 years average of evaporation and rainfall fluctuations in Birjand region
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Table 3- Results of analysis of variance of evaluated traits

S.0V JUVEL P VPN
S sl Sl S B o
Block Irrigation (1) Density (D) I xD Error CV (%)
3ljl a2y 2 2 4 8 28
Degrees of freedom
Sl e slyee 88.4™ 1448.4™ 105.1™ 7.4™ 15.01 5.1
Relative leaf water content
Culg sl et 216.07"™ 1087.3" 484.05"™ 170.3™ 323.9 26.1
Electrolyte leakage
(25 3 sl ol 124" 709.9™ 127" 4.7 4.9 7.8
Directing an orifice in flowering
sl )3 sladj, ol 3ns 380.1" 444 3.8™ 5.6 489
Aperture guidance in granulation
g et "_*'5 . 9073.6™ 1620400.9™ 132397047 60109.6™ 41159 6.1
Number of cluster bifurcations
bl 039 263191.1" 13306110.8™ 2547390.7" 4791108  73143.3 19.5
Branch weight
bl o s slas 852.1™  29591.6”  1069.9"™ 528.2™ 521.6 26.8
Number of seeds per branch
. b i o 68.7™ 1725.4™ 726" 10.8™ 20.6 27.8
Weight of one thousand seeds
) b 2,Sloe 415216.1™ 3580290817 3112722.2" 81807117 151263.3 245
Grain performance
ol dras 2 0.2 105™ 15" 03" 0.08 27.0
Water use efficiency
b o 4.1 20.8™ 26" 3.3 2.06 7.4

Grain protein

I size BB dgmg pie 5 duo)> gy g S Jloin] o y3 ()5 ime odimd L5 i ia ™ g st
** *and ns indicates significant at 0.01 and 0.05 probability level and non-significant, respectively



YV o bl o 19508 ol 60,5 Mac g (S0 59090 ud Sloogas oy ooy Kot g Slikuas

1955 0LS 0l (535011 Ol (B 31 2 g2 0515 9 (55l Zgbaww 83l S1-E Jgoa
Table 4- Effect of irrigation levels and plant density on some measured traits of Quinoa
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Figure 3- Interaction of different irrigation levels and plant density on the number of branches per square meter (LSD 0.05)
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Figure 5- Interaction of different irrigation levels and plant density on the number of seeds per cluster (LSD 0.05)
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Figure 6- Interaction of irrigation levels and plant density on quinoa yield. The equations for the regression lines are given in
the table below.
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Figure 7- Interaction of irrigation levels and plant density on water use efficiency (LSD 0.05)

931 g g aiwlid 0,8 (gl (a8 Cunyd Ly Ay (g0)90
Abos GBI (g (e o )

8 5 4ol

= @91]441[_, )_;l u.i_uo as .\.QJL;Q ul...w o..\nT Cawwddy C;L’b

039 A5l 35 IS 3 See (glial )10 198" (03 Soe Sluoguas
).) ula_.wal .)IA_U 9 ulx_w.ul » 4_3‘.) .)L\_:) ‘ula_.wul U)5 ¢431.) )l)ﬁ
ol izl aag B Laals Sis i 5l ol o3l S
hos o5 oy e (Sla Syt i 3 5 3 i
5y Sloe LS Cngn coles )3 45 1S o Iy LS 55 L
#5 Glml by dn dr g L g e olS 5 (ol g (lag)
Ol omu d9mg ¢ 31 )3 Sidaas ¢ Sis sblio )3 a5 ouls]
Csonl ) Il a5 kS ol 5 gblio ol 5
54 bl i Gy g Sl coul lye p clojs

ks (s g
Cobw Iy ixe 13U cond Baios cpl > Al g ol
auwlio goli (Y Jodo) Cunl 48,5 1,38 (P<-/+V) (o )bl calise
WU Cont (g oy op YL 48 b olis ool 55ke
YoIYA ol an ol 55 o3 B0 prdaws 1 (ylol Caliske g ghans
L dopd Ve g VB & iS5 lime il b i gy a5 by do
J93s) 290 olyen ialS 1o )3 VW/YR 5 ¥IVY 5 4 s sy
[Evaw 4.5)9_‘4\:‘_5» &by U“\"")J 0393 uu.mlfw US\MO L}w}'(\c
= a0y s Lol 03,5 00 3lga I (6l oo S
St i 3l Cod ieS (e dome JWanl liae ]38l
0y9d bl |oay gais oyl o a5 (Oya, 2004) 5,5 - ,l,8
Ol A eSgp sl 039y olyen (Il L Cis opl (adolj L)
YL ol Jds 4 il o 3o d VYA B AY/AY oy olS
9y Silgisel S a8 conl alS L olS pl dadwlgisel
s 9% (Bhargava et al., 2006) suS s cpols |y 0
oS lli8l aS” Bages yo)l55 (Biglouei et al., 2013) Ko
OB ey lalidl el Vo S G )3 )3 (g,



FY¥ ol o 198 olS (0,5 hos g Sy iele iud Slooguas w0 Kod g Slikuao

Bolio 15 S Cags nlio 08 Wlg5 e ol oligS 5
&bl Tokw o pd &S ol L ol IS jebdy il Siidde
939 &y Fe 2 B MO LN : 90> (gl g o515 (VL
ol 3 0sr M il A o515 )l 0 oS ©pp0 5
S doyd B i g g Vo0 ol 5L do )3 VO paw ¢ inlo)]

lodgs o515 (o s Wi A-

Sdalyy jl j5 At Sty (ymly (iS4 Ceaglie Sl Shs
laSoly w5 oo lginS” cuiS il oo gblie cul 3 p5Y 5 Joo!
g0 dhwg cpl 4 5 28l (55,1 L olS ol 2S5 g Mg e 5o
3 ezl iso gy (i 03,8 dibaite 3 ol S g gy
5ol L el dilaie )5 gt lold Gl o294 5 o) )8
ol 3 ool s bl el w85 )18 Sis g 05 lgn

0)9d L (Sid & pglie olS S 1giS a5 opl 4 dn i b g gy

References

1.

Abugoch, L., Castro, E., Tapia, C., Afién, M. C., Gajardo, P., & Villarroel, A. (2009). Stability of Quinoa Flour
Proteins (Chenopodium quinoa Willd.) During Storage. International Journal of Food Science & Technology,
44(10), 2013-2020. https://doi.org/10.1111/j.1365-2621.2009.02023.x

Ahmadi, A., & Ceiocemardeh, A. (2004). Effect of drought stress on soluble carbohydrate, chlorophyll and proline
in four adopted wheat cultivars with various climate of Iran. Iranian Journal Agriculture Science, 35, 753-763. (in

Alvarez, J. A., & Ashraf, A. (2010). Role of vitamin D in insulin secretion and insulin sensitivity for glucose
Aly, A. A., Al-Barakah, F. N., & EI-Mahrouky, M. A. (2018). Salinity stress promote drought tolerance of
Chenopodium Quinoa Willd. Communications in Soil Science and Plant Analysis, 49(11), 1331-1343.

Aziz, A., Akram, N. A., & Ashraf, M. (2018). Influence of natural and synthetic vitamin C (ascorbic acid) on
primary and secondary metabolites and associated metabolism in quinoa (Chenopodium quinoa Willd.) plants
and Biochemistry, 123, 192-203.

Badran, A. E., El-Sherebeny, E. A. M., & Salama, Y. A. (2015). Performance of some Alfalfa cultivars under
Bagheri, M. (2019). Quinoa Agriculture Manual. Ministry of Jihad for Agriculture, Seed and Plant Breeding
Bhargava, A., Shukla S., & Ohri, D. (2006). Chenopodium guinoa—An Indian perspective. Industrial Crops and

Bhargava, A., Shukla, S., & Ohri, D. (2007). Effect of sowing dates and row spacing’s on yield and quality
components of quinoa (Chenapodium quinoa) leaves. Indian Journal of Agricultural Sciences, 77(11), 748-751.

Bhargava, A., Shukla, S., Rajan S., & Ohri, D. (2007). Genetic diversity for morphological and quality traits in
quinoa (Chenopodium quinoa Willd.) germplasm. Genetics Resources and Crop Evolution, 54, 167-173.

Bieler, P., Fussell L. K., & Bidinger, F. R. (1993). Grain growth of Pennisetum glaucum (L.) R. Br. under well
watered and drought- stressed conditions. Field Crops Reserch, 31, 41-54. https://doi.org/10.1016/0378-

Biglouei, M. H., Kafi Ghasemi, A., Javaher Dashti, M., & Esfahani, M. (2013). Effect of irrigation regimes on
yield and quality of forage maize (KSC 704) in Rasht region in Iran. Iranian Journal of Crop Sciences, 15(3), 196-

Bloch, D., Hoffman, C. M., & Marlandar, B. (2006). Impact of water supply on photosynthesis, water use and
Blum, A., & Ebercon, A. (1981). Cell membrane stability as a measure of drought and heat tolerance in wheat

Board, J. E., & Harville, B. G. (1996). Growth dynamics during the vegetative period affects yield of narrow-row,

Journal, 88, 567-572.

Boojang, H., & Fukai, S. (1996). Effects of soil water deficit at different growth stages on rice growth and yield

Field Crops Research, 48, 37-45.

2.
Persian with English abstract).
3.
homeostasis. International Journal of Endocrinology, 61(4), 337-48. https://doi.org/10.1155/2010/351385
4,
https://doi.org/10.1080/00103624.2018.1457160
5. AOAC. (1990). Official Methods of Analyses. Association of Official Analytical Chemists: Washington, DC.
6.
under  water deficit regimes. Plant Physiology
https://doi.org/10.1016/j.plaphy.2017.12.004
7.
salinity stress conditions. Journal Agriculture Science, 7(10), 281-290. https://doi.org/10.5539/jas.v7n10p281
8.
Research Institute. 56 pages.
9.
Products, 23, 73-87. https://doi.org/10.1016/j.indcrop.2005.04.002
10.
https://doi.org/10.3390/agriculture11050405
11.
https://doi.org/10.1007/s10722-005-3011-0
12.
4290(93)90049-S
13.
206.
14,
carbon isotope discrimination of sugar beet genotypes. European Journal of Agronomy, 24(3), 218-225.
15.
1. Crop Science, 21(1), 43-47. https://doi.org/10.2135/cropsci1981.0011183X002100010013x
16.
late-planted soybean. Agronomy
https:/doi.org/10.2134/agronj1996.00021962008800040012x
17.
under upland conditions.1:  Growth during drought.
https://doi.org/10.1016/0378-4290(96)00039-1
18.

Cabuslay, G. S, Ito, O., & Alejar, A. A. (2002). Physiological Evaluation of Responses of Rice (Oryza sativa L.)
to Water Deficit. Plant Science, 163(4), 815-827. https://doi.org/10.1016/S0168-9452(02)00217-0


https://doi.org/10.1111/j.1365-2621.2009.02023.x
https://doi.org/10.1155/2010/351385
https://doi.org/10.1080/00103624.2018.1457160
https://doi.org/10.1016/j.plaphy.2017.12.004
https://doi.org/10.5539/jas.v7n10p281
https://doi.org/10.1016/j.indcrop.2005.04.002
https://doi.org/10.3390/agriculture11050405
https://doi.org/10.1007/s10722-005-3011-0
https://doi.org/10.1016/0378-4290(93)90049-S
https://doi.org/10.1016/0378-4290(93)90049-S
https://doi.org/10.2135/cropsci1981.0011183X002100010013x
https://doi.org/10.2134/agronj1996.00021962008800040012x
https://doi.org/10.1016/0378-4290(96)00039-1
https://doi.org/10.1016/S0168-9452(02)00217-0

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

Chamberlain, D. G., Thomas, P. C., Wilson, W., Newbold, C. J., & MacDonald, J. C. (1985). The effects of
carbohydrate supplements on ruminal concentrations of ammonia in animals given diets of grass silage. The
Journal of Agricultural Science, 104(2), 331-340. https://doi.org/10.1017/S0021859600044002

Dagdelen, N., Yilmaz, E., Sezgin, F. & Gurbuz, T. (2006). Water-yield relation and water use efficiency of cotton
(Gossypicum hirisutum L.) and second crop corn (Zea mays L.) in western Turkey. Agriculture. Water
Management, 82(1), 63-85.

El-Kheir, M. S. A., Kandil, S. A., & Mekki, B. B. (1994). Physiological response of two soybean cultivars grown
under stress conditions as affected by CCC treatment. Egypt. Journal of Physiology Sciences, 18, 179-200.
https://doi.org/10.3923/ajps.2009.536.543

English, M. (1990). Deficit irrigation. 1. Analytical framework Journal of Irrigation and Drainage. E-ASCE, 116,
399-412. https://doi.org/10.1061/(ASCE)0733-9437(1990)116:3(399)

English, M. J., Musick, J. T., & Murty, V. V. (1990). Deficit Irrigation. In: G.J. Hoffman, T.A. Towell and K.H.
Solomon (Eds.) Management of Farm Irrigation Systems. St. Joseph, Michigan, United States of America, ASAE.
Eshghizadeh, H. R., Zahedi, M., Ashrafi, A., & Khajehpour, M. R. (2010). The effect of irrigation regime and
plant density on growth and development, leaf moisture content and yield of sweet corn (K.S.C.404). Journal of
Applied Crop Research, 88, 45-53. (in Persian with English abstract).

Eyvazi, A. R., Mohammadi, S. A., Abdollahi, Sh., Hosseini Salkadeh, S. A., & Majidi Heravan, E. (2005). Effect
of Soil Salinity on Morpho-Physiological Traits of Ten Spring Wheat (Triticum aestivum L.) Genotypes. Journal
of Agricultural Knowledge, 16(2), 171-184. (in Persian with English abstract)

FAO. (2011). Quinoa; An Ancient Crop to Contribute to World Food Security. Regional Office for Latin America
and the Caribbean. 63p.

FAOSTAT. (2020). https://www.fao.org/faostat/en/

Fuentes, F., & Bhargava, A. (2011). Morphological analysis of quinoa germplasm grown under lowland desert
conditions. Journal of Agronomy and Crop Science, 197, 124-134. https://doi.org/10.1111/j.1439-
037X.2010.00445.x

Garcia, M., Raes, D., & Jacobsen, S. E. (2003). Evapotranspiration analysis and irrigation requirements of quinoa
(Chenopodium quinoa) in the Bolivian highlands. Agriculture Water Management, 60, 119-134.
https://doi.org/10.1016/S0378-3774(02)00162-2

Geerts, S., Raes, D., Garcia, M., Del Castillo, C., & Buytaert, W. (2006). Agro-climatic suitability mapping for
crop production in the Bolivian Altiplano: A case study for quinoa. Agriculture Forest Meteorology, 139, 399-412.
https://doi.org/10.1016/j.agrformet.2006.08.018

Ghasemi Siani, E., Fallah, S., & Tadayyon, A. (2011). Study on Yield and Seed Quality of Plantago ovata Forssk.,
Under Different Nitrogen Treatments and Deficit Irrigation. Iranian Journal of Medicinal and Aromatic Plants
Research, 27(3), 517-528. (in Persian with English abstract). https://doi.org/10.22092/ijmapr.2011.6392
Ghooshchi, F., Shirani Rad, A. H., Noormohammadi, Gh., & Hadi, H. (2010). Changes in Yield and Seed Yield
Components of Rapeseed Cultivars in Optimum and Limited Irrigation Conditions. Improvement Research
(Environmental Stresses in Plant Sciences), 2(1), 13-28. (in Persian).

Goldhamer, D. A., Salinas, M., Crisosto, C., Day, K. R., Soler, M., & Moriana, A. (2002). Effects of regulated
deficit irrigation and partial rootzone drying on late harvest peach tree performance. Acta Horticulturae, 592, 343-
350. https://doi.org/10.17660/ActaHortic.2002.592.48

Hashemi Dezfouli, A., Koocheki, A., & Banayan, M. (1995). Maximizing Crop Yields. Jahad Daneshgahi of
Mashhad Press, Mashhad, Iran (in Persian).

Hashemi Nia, S. M. (2004). Water Management in Agriculture. First Edition. Ferdowsi University of Mashhad
Press. Mashhad, Iran. 536 Page. (in Persian).

Hassanpour, H., & Niknam, V. (2014). Effect of water deficit stress on growth and antioxidant enzyme activity of
Mentha pulegium L. at flowering stage. Journal of Plant Process and Function, 3(8), 25-34. (in Persian with
English abstract).

Jackson, M. B. (1993). Are plant hormones involved in root-to-shoot communication? Advances in Botanical
Research, 19, 103-187.

Jacobsen, S. E., Liu, F., & Jensen, C. R. (2009). Does root-sourced ABA play a role for regulation of stomata
under drought in quinoa (Chenopodium quinoa Willd.). Scientia Horticulturae, 122(2), 281-287.

Jakobsen, A. L. (2003). Effects of think aloud on translation speed, revision, and segmentation. Benjamins
Translation Library, 45, 69-96. https://doi.org/10.1075/btl.45.08jak

Jamali, S., Goldani, M., & Zaenodin, S. M. (2018). Investigation of the effect of periodic water stress on yield,
yield components and water use efficiency of quinoa. Iranian Journal of Irrigation and Drainage, 13, 1687-1697.
Jayme-Oliveira, A., Ribeiro Junior, W. Q., Ramos, M. L. G., Ziviani, A. C., & Jakelaitis, A. (2017). Amaranth,
quinoa, and millet growth and development under different water regimes in the Brazilian Cerrado. Pesquisa
Agropecudria Brasileira, 52(8), 561-571. https://doi.org/10.1590/s0100-204x2017000800001

Kafi, A. K. M., Ahmadalinezhad, A., Wang, J., Thomas, D. F., & Chen, A. (2010). Direct growth of nanoporous


https://doi.org/10.1017/S0021859600044002
https://doi.org/10.3923/ajps.2009.536.543
https://doi.org/10.1061/(ASCE)0733-9437(1990)116:3(399)
https://www.fao.org/faostat/en/
https://doi.org/10.1111/j.1439-037X.2010.00445.x
https://doi.org/10.1111/j.1439-037X.2010.00445.x
https://doi.org/10.1016/S0378-3774(02)00162-2
https://doi.org/10.1016/j.agrformet.2006.08.018
https://doi.org/10.22092/ijmapr.2011.6392
https://doi.org/10.17660/ActaHortic.2002.592.48
https://research-information.bris.ac.uk/en/publications/are-plant-hormones-involved-in-root-to-shoot-communication
https://research-information.bris.ac.uk/en/publications/are-plant-hormones-involved-in-root-to-shoot-communication
https://doi.org/10.1075/btl.45.08jak
https://doi.org/10.1590/s0100-204x2017000800001

¥

3G i 1S oLS (65,5 es 9 (Su5olsn b Slooguas )y Ko g Sliakao

43.

44,

45,
46.

47,

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Au and its application in electrochemical biosensing. Biosensors and Bioelectronics, 25(11), 2458-2463.
https://doi.org/10.1016/j.bios.2010.04.006

Kafi, R., Kwak, H. S. R., Schumacher, W. E., Cho, S., Hanft, V. N., Hamilton, T. A., & Kang, S. (2007).
Improvement of naturally aged skin with vitamin A (retinol). Archives of Dermatology, 143(5), 606-612.
https://doi.org/10.1001/archderm.143.5.606

Khajepour, F., & Hosseini, S. A. (2012). Citric acid improves growth performance and phosphorus digestibility in
Beluga (Huso huso) fed diets where soybean meal partly replaced fish meal. Animal Feed Science and
Technology, 171(1), 68-73. https://doi.org/10.1016/j.anifeedsci.2011.10.001

Khazaei, H. (2001). Improvement of sugarbeet (Beta Vulgaris) seed germination with water treatement.

Khazaei, H. (2002). The effect of drought stress on yield and physiological characteristics of resistant and
susceptible wheat cultivars and the introduction of the most appropriate drought resistance indices. PhD Thesis in
Crop Physiology, Faculty of Agriculture, Ferdowsi University of Mashhad.
https://doi.org/10.22077/escs.2017.360.1068

Khorshidi, M., Rahimzadeh, B., Mirhadi, M., & Normohamadi, Gh. (2002). Investigation of the effects of drought
stress on potato growth stages. Iranian Journal of Crop Sciences, 4(1), 59-48.

Koutroubas, S. D., Papakosta, D. K., & Doitsinis, A. (2000). Water requirements for castor oil crop (Ricinnus
communis L.) In a mediterranean climate. Journal of Agronomy and Crop Science, 14, 33-41.
https://doi.org/10.1046/j.1439-037x.2000.00357.x

Lavini, A., Pulvento, C., d'Andria, R., Riccardi, M., Choukr, R., Allah, O. Belhabib. (2014). Quinoa's potential in
the  Mediterranean  region.  Journal of Agronomy and Crop  Science, 200, 344-360.
https://doi.org/10.1111/jac.12069

Lugojan, C., & Ciulca, S. (2011). Evaluation of relative water content in winter wheat. Journal of Horticulture,
Forestry and Biotechnology, 15(2), 173-177.

Matinfar, M., Matinfar, M., Mahjoor, M., Shiranirad, A. H., & Mohammadi, R. (2012). Effect of plant density on
yield and yield components of rapeseed varieties (Brassica napus) in Qazvin. Ecophysiology of Farm Crops,
4(24), 405-414. (in Persian with English abstract).

Morgan, J. M. (1977). Changes in diffusive conductance and water potential of wheat plants before and after
anthesis. Australian Journal of Plant Physiology, 4, 75-86.

Nazari Nasi, H., Jabbari, F., Azimi, M. R., & Nowruzian, M. (2012). Evaluation of the effect of drought stress on
membrane stability, photosynthesis rate, relative water content and grain yield of four bean cultivars. Iranian
Journal of Crop Science, 43(3), 499-491. https://doi.org/10.22059/ijfcs.2012.29045

Oya, T., Nepomuceno, A. L., Neumaier, N., Boucas Farias, J. R., Tobita, S., & Ito, O. (2004). Drought tolerance
characteristics of Brazilian soybean cultivars evaluation and characterization of drought tolerance of various
Brazilian soybean cultivars in the field. Plant Production Science, 7(2), 129-137. https://doi.org/10.1626/pps.7.129
Prasad, T., & Yadav, D. S. (1990). Effect of irrigation and plant density on yield attributes and yield of green gram
and black gram. Indian Journal of Agronomy, 35, 99-151.

Premachandra, G. S., Saneoka, H., Fujita, K., & Ogata, S. (1992). Leaf water relations, osmotic adjustment, cell
membrane stability, epicuticle wax load and growth as affected by increasing deficits in Sorghum. Journal of
Experimental Botany, 43, 156-176.

Rabbani, J., & Emam, Y. (2011). Response of grain yield of corn hybrids to drought stress at different stages of
growth. Journal of Production and Processing of Crop and Horticultural Products, 1(2), 78-65.
https://dorl.net/dor/20.1001.1.22518517.1390.1.2.5.0

Rabbani, J., & Emam, Y. (2011). Yield Response of Maize Hybrids to Drought Stress at Different Growth Stages.
Journal of Crop Production and Processing, 1(2), 65-78. (in Persian with English abstract).

Rao, K. G. (1987). Water use and irrigation response to defoliated corn with various population. Available from
University Microfilms International 300 N. Zeeb Road, Ann Arbor, MI 48106, Order No. 8706243. Ph.D.
Dissertation. 142p, 36 fig, 43 tab, 73 ref, append.

Razzaghi, F., Plauborg, F., Jacobsen, S., Jensen, C. R., & Andersen, M. N. (2012). Effect of nitrogen and water
availability of three soil types on yield, radiation use efficiency and evapotranspiration in field-grown quinoa.
Agricultural Water Management, 109, 20-29. https://doi.org/10.1016/j.agwat.2012.02.002

Risi, J., & Galwey, N. W. (1991). Effects of sowing date and sowing rate on plant development and grain yield of
quinoa (Chenopodiumquinoa) in a temperate environment. Journal of Agricultural Science, 117, 325-332.
https://doi.org/10.17557/tjfc.485617

Rushdie, M., Heidari Sharifabad, H., Karimi., Noor Mohammadi, Q., & Dervish, F. (2006). Effects of dehydration
stress on yield and grain yield components of sunflower cultivars. Special Issue of Agricultural Sciences Research,
12(1), 109-122. https://doi.org/10.22055/ppd.2022.32122.1862

Sairam, R. K., & Srivastava, G. C. (2001). Water stress tolerance of wheat (Triticum aestivum L.): variations in
hydrogen peroxide accumulation and antioxidant activity in tolerant and susceptible genotypes. Journal of
Agronomy and Crop Science, 186(1), 63-70. https://doi.org/10.1046/j.1439-037x.2001.00461.x


https://doi.org/10.1016/j.bios.2010.04.006
https://doi.org/10.1001/archderm.143.5.606
https://doi.org/10.1016/j.anifeedsci.2011.10.001
https://doi.org/10.22077/escs.2017.360.1068
https://doi.org/10.1046/j.1439-037x.2000.00357.x
https://doi.org/10.1111/jac.12069
https://doi.org/10.22059/ijfcs.2012.29045
https://doi.org/10.1626/pps.7.129
https://dorl.net/dor/20.1001.1.22518517.1390.1.2.5.0
https://doi.org/10.1016/j.agwat.2012.02.002
https://doi.org/10.17557/tjfc.485617
https://doi.org/10.22055/ppd.2022.32122.1862
https://doi.org/10.1046/j.1439-037x.2001.00461.x

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.
77.

78.

Salehi, M., & Dehghani, F. (2019). Guide to planting, holding and harvesting quinoa in saline conditions.
Ministry of Jihad Agriculture, Agricultural Research, Education and Extension Organization, Deputy for
Extension. 96 pages. https://doi.org/10.22077/escs.2021.3287.1837

Samadzadeh, A. R., Zamani, Gh., & Fallahi, H. R. (2019). Possibility of quinoa production under South-Khorasan
climatic condition as affected by planting densities and sowing dates. Journal of Agricultural Applied Research,
33(1), 126.104-82. https://doi.org/10.22092/aj.2020.125793.1392

Sandha, T. S., Bhllav, H., Chema, S., & Gill, A. (1977). Variability and interrelationship among grain protein yield
and yield components in mungbeen. Indian Journal Agriculture Reserch, 30, 871-882.

Sarmadnia, Gh. H., & Koocheki, E. (1991). Crop Physiology. Jehade-Daneshgahi of Mashhad Publication. (in
Persian).

Sarmadnia, Gh. H., & Kouchaki, A. (1991). Crop Physiology, Mashhad University Jihad Publications. 467 p.
https://doi.org/10.2135/cropsci1991.0011183X003100020034x

Sharma, B., Molden, D., & Cook, S. (2015). Water use efficiency in agriculture: Measurement, current situation
and trends. PP 39-64 in P. Drechsel, P. Heffer, H. Magen, R. Mikkelsen and D. Wichelns eds. Managing Water
and Fertilizer for Sustainable Agricultural Intensification. Paris, France: International Fertilizer Industry
Association (IFA), Colombo, Sri Lanka: International Water Management Institute (IWMI), Georgia, USA:
International Plant Nutrition Institute (IPNI), Horgen, Switzerland: International Potash Institute (IPI).
https://doi.org/10.22004/ag.econ.208411

Shibairo, S. I., Upadhyaya, M. K., & Toivonen, P. M. A. 1998. Influence of prearrest water stress on postharvest
moisture loss of carrot (Daucus carota L.). Journal of Horticultural Science and Biotechnology, 73, 347-352.
https://doi.org/10.1080/14620316.1998.11510984

Soleimanipour, Sh., Shirani Rad, A. H., Madani, H., Rezaie Zad, A., & Fareghi, Sh., (2009). Study the time effect
of irrigation outage on agronomic traits of cultivars of winter rapeseed. New Findings in Agricultre, 3(3), 263-274.
(in Persian with English abstract).

Soleimanpour, S., Shiranirad, A. H., Madani, H., Rezaeizad, A., & Fareghi, S. (2009). Investigation the Effect of
Water Deficit on Agronomical Characteristics and Growth Indices of Winter Rapeseed Cultivars. New Finding in
Agriculture, 3(3), 263-274. (in Persian with English abstract).

Spehar, C. R., & Rocha, J. E. S. (2009). Effect of sowing density on plant growth and development of quinoa,
genotype 4.5, in the Brazilian savannah highlands.  Bioscience  Journal, 25, 53-58.
https://doi.org/10.22092/sppi.2021.123894

Wilson, H. D., & Heiser, C. B. (1979). The origin and evolutionary relationships of*Huauzontle, (Chenopodium
nuttalliae Safford), domesticated chenopod of Mexico. American Journal of Botany, 66(2), 198-206.
https://doi.org/10.1002/j.1537-2197.1979.th06215.x

Winter, S. R., Musick, J. T., & Porter, K. B. (1988). Evaluation of Screening Techniques for Breeding Drought —
Resistance Winter Wheat. Crop Science, 28, 512-516.
https://doi.org/10.2135/cropsci1988.0011183X002800030018x

Yadav, R., Gayadin, S., & Jaiswal, A. K. (2001). Morpho-physiological changes and variable yield of wheat
genotypes under moisture stress conditions. Indian Journal of Plant Physiology, 6, 390-394.

Yerardi, R. S. (2007). Biobehavioral nicotine dependence in persons with schizophrenia (Doctoral dissertation,
The Ohio State University).

Zhang, H., & Oweis, T. (1999). Water-yield relations and optimal irrigation scheduling of wheat in the
Mediterranean region. Agriculture Water Manage, 38, 195-211. https://doi.org/10.1016/S0378-3774(98)00069-9


https://doi.org/10.22077/escs.2021.3287.1837
https://doi.org/10.22092/aj.2020.125793.1392
https://doi.org/10.2135/cropsci1991.0011183X003100020034x
https://doi.org/10.22004/ag.econ.208411
https://doi.org/10.1080/14620316.1998.11510984
https://doi.org/10.22092/sppi.2021.123894
https://doi.org/10.1002/j.1537-2197.1979.tb06215.x
https://doi.org/10.2135/cropsci1988.0011183X002800030018x
https://doi.org/10.1016/S0378-3774(98)00069-9

Iranian Journal of Field Crops Research

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

Research Article
EY Vol. 21, No. 1, Spring 2023, p. 47-60

Quinoa Phenological Development Modeling Based on Field Data

Sh. Eghbali®®’, M. Nassiri-Mahallati®? , M. Jahan®?, M. Salehi?

Received: 27-01-2022 How to cite this article:

Revised: 21-05-2022 Eghbali, Sh., Nassiri-Mahallati, M., Jahan, M., & Salehi, M.,(2023). Quinoa Phenological
Accepted: 19-06-2022 Development Modeling Based on Field Data. Iranian Journal of Field Crops Research, 21(1),
47-60. (in Persian with English abstract). https://doi.org/10.22067/jcesc.2022.74969.1145

Introduction

Climate change is rapidly degrading the conditions of crop production. For instance, increasing salinization
and aridity is forecasted to increase in most parts of the world. As a consequence, new stress-tolerant species and
genotypes must be identified and used for future agriculture. Stress-tolerant species exist but are actually
underutilized and neglected. Quinoa, scientifically known as Chenopodium quinoa Willd. is a member of the
Amaranthaceae family. Promoting the cultivation and nutrition of quinoa will diversify food products in the
country, sustainable production, increase farmers' incomes and provide part of the community's food needs. Crop
simulation models have been used for various studies such as selecting the appropriate cultivar, determining the
best planting date, predicting the effect of diversity and climate change on growth. Field research requires a lot
of time and money, while computer simulation models can save time and money by conducting extensive
experimental simulations.

Materials and Methods

This research was conducted in two regions of Yazd province with 10 separate experiments in the form of a
randomized complete block design with 3 replications. Experimental factors included 5 promising modified lines
in Yazd Salinity Research Center with Titicaca cultivar. The lines consisted of four intermediate maturity lines,
numbered 1 (NSRCQE), 2 (NSRCQC), 3 (NSRCQD), and 6 (NSRCQA), one late maturity line numbered 4
(NSRCQB), and the early maturity cultivar Titicaca numbered 5. Sampling and note-taking were performed
regularly, once every three days, in proportion to the progress of the phenological stages of each line. A model
based on degree-day-growth was prepared in FST language. In preparing the length table, due to the short day of
Quinoa, for all lines in the model up to 12.5 hours, the development rate was one, and after 13.8 hours, the
development rate was zero. The base temperature in the model was 2 °C. Then, the model was calibrated and
evaluated with data taken from the field.

Results and Discussion

RMSE (CV) coefficient of variation between 7 to 12%, root mean square error (RMSE) between 4.4 to 6.4
days, Wilmot agreement index (d) between 0.99 to 1, model efficiency (ME) between 0.96 to 0.98, the mean
deviation from the model (MB) was between 0.05 to 0.08 and the coefficient of determination (R®) was between
92 % to 98%. These values indicated a good estimate of the day to flowering of quinoa with the model written in
FST language, and the values of day to flowering simulated gained the necessary validity. The coefficient of
variation of NnRMSE (CV) is between 6.8 to 8.6%, the root mean square error (RMSE) is between 6.2 and 8.7
days, the Wilmot agreement index (d) is between 0.75 and 0.92, The mean deviation from the model (MB) was
between 0.05 to 0.08 and the coefficient of determination (R?) was between 92% and 98%. These values
indicated a good estimate of the day to physiological maturity with the model written in the FST language, and
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the day values to the simulated physiological maturity gained the necessary validity. Calibration and evaluation
of model efficiency using root mean square error (RMSE), coefficient of variation or NRMSE percentage (CV),
Wilmot agreement index (d), model efficiency (ME), and mean model deviation (MB), coefficient of explanation
(R?), line test 1: 1 day until germination, flowering and good physiological maturity was estimated.

Conclusion

The results of this study indicated that, the quinoa model prepared for quinoa in terms of degree-day-growth
well predicts the developmental stages (emergence, flowering and maturation) of this plant in terms of maturity
(early, medium and late) and can be its help determined the appropriate planting date in different areas. This
calibrated sub-model can now be used to evaluate different temperature and photoperiod effects for decision
making in a wide range of growth environments in quinoa cultivation systems in current and future climatic
conditions. Therefore, this sub-model can be used in educational-research and applied work in the field.

Keywords: FST, Growing degree days, Sowing date
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Table 2- Mean degree-day-growth of quinoa lines
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TITLE DEVELOPMENT WITH TEMPERATURE S5UM

INITIAL

INCON ZERO= 0.
INCON ITSUM 0.
CONSTANT PI 3.1416
PARAM LATD = 35.

RAD = PI/180.

SINLAT = SIN (RAD¥LATD)
COSLAT = COS (RAD¥LATD)
SINDCM = SIN (RAD¥23.45)

TRANSLATION_GENERAL DRIVER = 'EUDRIV'

*TIMER STTIME = 220., FINTIM = 1000., DELT = 1., PRDEL
TIMER STTIME = 263., FINTIM = 365., DELT = 1., PRDEL =
PARAM TB = 2.

= 5.
1 38

*FUNCTION STAGET 92.:5%, 0., ¥072.75,; L., 3770.0, 2.
*FUNCTION STAGET 02.55; 0.5 3155.55; 1., 2324.5; 2.
*FUNCTION STAGET 2.

“FUNCTION STAGET
“FUNCTION STAGET
FUNCTION STAGET
FUNCTION PF2TB
FINISH STAGE=2.
*PRINT TSUM, STAGE, DAYL, PF

PRINT TMMX, TMMN, DAYL, TA, TSUM, STAGE, PF

WEATHER WTRDIR='C:\WEATHER' ';CNTR='NL ;ISTN=1;IYEAR=2008

92.55, 0., B72.7%5, L., E31F.7, 2

I
[slelelele]
[=lelelele]

92.55, 0.: 1333.85, 1., 2546.0,

[N

92.55, 0., 1055.55, 1., 1790.5,
0., 0., 92.55, 0., 1246.00, 1., 1860.0, 2.
0., ., 2.5, ¥., 3.8, B., 16., O.

DYNAMIC

DATE = AMOD (TIME, 365.)

TA = 0.5 * (TMMX+TMMN)

TSUM = INTGRL (ITSuM, RTSUM)

RTSUM = MAX(0., TA-TB)

STAGE = AFGEN (STAGET, TSUM)

PF = INSW({DAYL-13.8, AFGEN{(PF2TB, DAYL), 0.)

“CALCULATION OF DAY LENGTH|

SINDEC -SINDCM¥*COS (2. *PI*(TIME+10.)/365.)
COSDEC SQRT(1.-5INDEC*SINDEC)

A = SINLAT¥*SINDEC

B = COSLAT®COSDEC

DAYL = 12.%*(1.+(2. /PI)*ASIN(A/B))

END

awd y= 3954253 bl 3 FST qungiaelipy (bj 43 19isS 903 Juto o5 Ol jgiaws =Y S5

Figure 2- Quinoa development model commands in FST language based on Growing Degree Day (GDD)
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Table 3- Growing Degree Day (GDD) values of quinoa lines after calibration of quinoa model
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Figure 3- Observed and simulated values of days to flowering of Yazd region in early cultivar (A), medium maturity lines (B),

late maturity line (C) and quinoa lines (D) with root mean square error (RMSE), coefficient of variation NRMSE (CV),
Wilmot agreement index (d), model efficiency (ME), mean model deviation (MB), coefficient of determination (R?), line 1: 1
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Figure 4- Observed and simulated values of days to flowering of Arnan region in early cultivar (A), medium maturity lines
(B), late maturity line (C) and quinoa lines (D) with root mean square error (RMSE), coefficient of variation NRMSE (CV),

Wilmot agreement index (d), model efficiency (ME), mean model deviation (MB), coefficient of determination (R?), line 1: 1
(smooth) and regression line (cut)
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Figure 5- Observed and simulated values of days to physiological maturity of Yazd region in early cultivar (A), medium
maturity lines (B), late maturity line (C) and quinoa lines (D) with root mean square error (RMSE), coefficient of variation

NnRMSE (CV), Wilmot agreement index (d), model efficiency (ME), mean model deviation (MB), coefficient of determination
(R, line 1:1 (smooth) and regression line (cut)
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Introduction

Drought stress and consequent lack of available water for plants is one of the main causes of accumulation of
reactive oxygen species (ROS) in various organs of plants, which is effective in reducing the yield of cereals
such as wheat. The antioxidant system, which contains various enzymes and genes, is responsible for removing
and detoxifying plants from ROS. Unfortunately, genes responding to drought stress and their enzymatic
activities associated with spike and flag leaf of wheat have received less attention. Therefore, in the present
study, photosynthetic parameters, key enzymes of the antioxidant system, and expression analysis of some genes
involved in this system under field capacity (FC) and drought stress (DS) conditions in spike and flag leaves of
wheat were investigated.

Materials and Methods

The present study was performed in Azadshahr Research Center, Golestan Province, Iran in 2021. The wheat
cultivar used in this study was Qaboos. This cultivar was cultivated under two experimental conditions of field
capacity and drought stress in a randomized complete block design with three replications in the field. In the
present study, differences in net photosynthesis (PN) rate, transpiration (E), stomatal conductance (gs),
chlorophyll (Chl), relative water content (RWC), and the activity of APX, DHAR, MDHAR, and GR enzymes
involved in the antioxidant system of flag leaf and spike of wheat were examined under field capacity and
drought stress conditions. Transcription levels of APX, DHAR, MDHAR, and GR genes were measured using
gRT-PCR under drought stress and field capacity conditions. Flag leaf and spike of Wheat for photosynthetic
parameters and enzymatic activities at 0, 5, 10, 15, 20, and 25 and relative gene expression at 0, 1, 3, 5, 10, 15,
20, and 25 days after anthesis (DAA) were harvested. The recorded data were analyzed by analysis of variance
and all analyzes were performed by SPSS software. Mean differences were compared using Duncan's multiple
range test at 5% probability level.

Results and Discussion
In general, the spike had a better capacity to maintain net photosynthesis, transpiration, stomatal
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conductance, chlorophyll, and relative water content under drought stress conditions. This superiority reached its
peak on the fifth day after anthesis. The enzymatic activity of the antioxidant system was normal under field
capacity conditions. However, with the application of drought stress, APX, DHAR, MDHAR, and GR enzymes
were affected in both spike and flag leaf of wheat and their activity increased, which indicates more activity of
the antioxidant system in spikes and flag leaf of wheat for controls the level of ROS. After more days of grain
filling, the activity of enzymes increased, and finally, after the plant entered the senescence stage, the activity of
enzymes decreased to some extent. With drought stress, the antioxidant system in spike, especially from the 10th
day after anthesis onwards, had a better performance. However, enzymatic activity in flag leaves under drought
stress was not significantly different from field capacity conditions. Transcriptional levels of APX, DHAR,
MDHAR, and GR genes associated with the antioxidant system increased under drought stress compared to field
capacity conditions. It seems that the increase in enzymatic activity simultaneously with the increase in the level
of transcription of the genes of the antioxidant system in the spikes and flag leaves of wheat is to counteract the
oxidative damage.

Conclusion

In the present study, spikes of wheat played a more important role in responding to water deficiency through
the antioxidant system than its flag leaf. The results of this study showed a high potential of the spike compared
to flag leaf in the face of drought stress and this results in future breeding programs in wheat can play a key role
in selecting drought-resistant cultivars with high yield.

Keywords: Enzyme activity, Flag leaf, Gene expression, Photosynthetic mechanism, Spike
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Figure 1- Photosynthesis rate of spikes and flag leaves of wheat after anthesis under Field capacity (FC) and Drought stress

(DS) conditions. Values with different letters indicated the significant differences at P < 0.05 level in each stress treatment
through time according to Duncan’s multiple range test.
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Figure 2- The rate of transpiration and stomatal conductance of spikes and flag leaves of after anthesis under Field capacity

(FC) and Drought stress (DS) conditions. Values with different letters indicated the significant differences at P < 0.05 level in
each stress treatment through time according to Duncan's multiple range test.
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Figure 3- Chlorophyll content of spikes and flag leaves of wheat after anthesis under Field capacity (FC) and Drought stress

(DS) conditions. Values with different letters indicated the significant differences at P < 0.05 level in each stress treatment
through time according to Duncan's multiple range test.
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Figure 4- Relative water content (RWC) of spikes and flag leaves of wheat after anthesis under Field capacity (FC) and

Drought stress (DS) conditions. Values with different letters indicated the significant differences at P < 0.05 level in each
stress treatment through time according to Duncan's multiple range test.
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Figure 5- Activity status of antioxidant enzymes (APX, DHAR, MDHAR and GR) involved in the antioxidant cycle in spikes
and flag leaves of wheat after anthesis under Field capacity (FC) and Drought stress (DS) conditions. Values with different
letters indicated the significant differences at P < 0.05 level in each stress treatment through time according to Duncan's
multiple range test.
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Figure 6- Changes in the transcript level of six enzymatic genes in the antioxidant cycle in spikes and flag leaves of wheat
after anthesis under Field capacity (FC) and Drought stress (DS) conditions. Values with different letters indicated the
significant differences at P < 0.05 level in each stress treatment through time according to Duncan’s multiple range test.
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Introduction

The most important problem that threatens food security of any country and the world is the lack of adequate
water resources, so one of the ways to deal with this crisis is to use plants with low water requirements and high
water use efficiency. Among the plants, we can name Quinoa, which is one of the plants that has been less
studied and exploited in Iran. Since the planting date has the greatest impact on the physiological characteristics
of the crop compared to other cropping treatments, so choosing the appropriate planting date can also create the
greatest correlation between plant growth trends and climatic conditions. Undoubtedly, the use of biological
fertilizers, in addition to the positive effects it has on all soil properties, is also economically, environmentally
and socially fruitful and can be a suitable and desirable alternative to chemical fertilizers. Therefore, the aim of
this study was to determine the response to deficit irrigation, planting date and application of different
biofertilizers in quinoa.

Materials and Methods

This experiment was carried out during two cropping years 2019 and 2020 in a farm located in Moghan
region. The site has latitude of 39°27 N, a longitude of 48°12 E and is 120 m above mean sea level, with an
average annual rainfall of 250-300 mm. In this experiment, Titicaca cultivar of quinoa was cultivated in summer
in the form of a double split plot design based on a randomized complete block design with three replications.
Experimental factors include irrigation at three levels (Conventional irrigation, Irrigation cut-off in budding
stage and Irrigation cut-off in seed filling stage) as a main factor, planting date at three levels (27 July, 11 and
27 August) as a sub-factor and four levels of nitrogen biofertilizer (without inoculation, seed inoculation with
Azotobacter, seed inoculation with Azospirillum and inoculation with a mixture of Azotobacter and
Azospirillum) were considered as a sub-sub-factor. Plant height, stem diameter and panicle length in each plant
were measured at the physiological maturity stage by randomly selecting 10 plants using a ruler with millimeter
accuracy. Leaf area was measured by selecting 5 plants from each plot randomly and with the model Leaf area
meter Li-cor. At the end of the growing season, the product of two middle planting lines with a length of 4
meters was harvested by observing the half-meter margin effect and after drying in a ventilated oven at 70 "C for

1- Ph.D. Student of Agronomy and Plant Breeding, Faculty of Agricultural Sciences and Engineering, College of
Agriculture and Natural Resources, University of Tehran, Karaj, Iran

2- Assistant Professor, Department of Agronomy and Plant Breeding, Faculty of Agricultural Sciences and Engineering,
College of Agriculture and Natural Resources, University of Tehran, Karaj, Iran

3- Professor, Department of Agronomy and Plant Breeding, Faculty of Agricultural Sciences and Engineering, College
of Agriculture and Natural Resources, University of Tehran, Karaj, Iran

4- Professor, Department of Soil Science Engineering, Faculty of Agricultural Engineering and Technology, College of
Agriculture and Natural Resources, University of Tehran, Karaj, Iran

(*- Corresponding Author Email: mjabbari.oranj@ut.ac.ir)

https://doi.org/10.22067/jcesc.2022.76560.1170


https://jcesc.um.ac.ir/
https://ijfcs.ut.ac.ir/?_action=article&au=166616&_au=Ali++Ahmadi&lang=en
https://ijfcs.ut.ac.ir/?_action=article&au=166331&_au=Babak++Motesharezadeh&lang=en
https://doi.org/10.22067/jcesc.2022.76560.1170
mailto:mjabbari.oranj@ut.ac.ir
https://doi.org/10.22067/jcesc.2022.76560.1170
https://jcesc.um.ac.ir/journal/about
https://jcesc.um.ac.ir/journal/about
https://orcid.org/0000-0002-4399-1524

24 hours, grain yield was determined. Leaf carbon concentration was estimated by dry combustion with air flow
in an electric furnace, Kjeldahl method (Sharpe et al., 2001) was used to measure nitrogen concentration.
Experimental data were analyzed before analysis of variance for homogeneity of test errors through Bartlett test
and then analyzed using SAS (9.1) software and comparison of means at 5% probability level using Duncan
multi-range test.

Results and Discussion

The results showed that conventional irrigation with planting date of 27 August and inoculation of
Azotobacter and Azospirillum biofertilizers had the best effect in terms of morphological traits and leaf nitrogen
concentration and The highest grain yield (304.97 g.m®) was obtained from conventional irrigation treatment
with planting date of 27 August and inoculation of biofertilizers of Azotobacter and Azospirillum. Also, quinoa
seed yield had a positive and significant correlation with plant height (r =0.85), stem diameter (r =0.64), leaf area
(r=0.86), panicle length (r=0.86) and leaf carbon concentration (r=0.38) showed.

Conclusion

The results of this study showed though conventional irrigation with planting date of 20 August and
inoculation of Azotobacter and Azospirillum biofertilizers had the highest number of studied traits, especially
grain yield (304.97 g.m™), but with interruption of irrigation treatment at the stage of seed filling with planting
date of 20 August and inoculation of biofertilizers were included in a statistical group, so in terms of the
importance of water consumption, it can be said that in conditions of limited water resources, irrigation cut-off
treatment in the stage of grain filling has the most favorable results.

Keywords: Azospirillum, Azotobacter, Drought stress, Irrigation management
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ol (ya9,Y 5 ye0csitS lewds glo Sl ;ST | o)ls
23,5

s g J 2ol Cliios duwge dpogi & cuslS sla o )b ol (lue -Y
dilaio Gy g bulyd g 258

st A 9 S0 kS 0 p)S e VoY (ol S 3 jhnd Slou s
Oi=e oxlplo (Malakoti et al., 2005) wib o p,59bS 5 o5 Jee V0
)5 byle S8 cdls Sl 8 S ysesl olsl 1 55 3,90 st

el @3l (69905 1) (£1)) Y g A5 i8]

Lol g asgy o odliiwl (gjo sl 5)los sjysliS 5
Ghbgage (58 (i Jl g S 0P8 el olond sadgS
s SLs g ols wde lgh Cunl odid cuw domi j0 9 S
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Fanl s (S 5 (o5 3o 1> 4y 5 03905 ol ) 395
=hi olels 4l Gl (e loodyglhd 0l il 5
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S99y s3> 4S5 wnj deS . (Hamzei & Salimi, 2015)
L 00 Sldgrge (ol g e gime SSB] (55 )9liS
Nt Slawd gos S > 9 19y oS s .\aT)lf slbais
il Gaa U CengseS sols sloome b S5 oy (ol o8
35S Bl & iy Sy 3 U 5,5 ]
olS 5 cuwle O%M’Mﬁﬁ:‘*’i Slply plie yolie ay awoyiwd &
Venkatashwarlu, ) a5.8 o 51,8 salaiwl 350 liiS o Lo
S oy S e Sl 0gdle (SKu3glom (sladgS 5,08 (2008
9 et (ooladl glad s jloh S olsgas
3 clie 23Kl ey Llyie 5 0390 ke 35 elei
I L) 5 pshmoni] il (plond sladss (gl cllae
2 A8 Wi (JeSge 059y oA LS Sl )lg50e
oS Cunglio g 03905 Cugii ) o] 43y (oS (sady) L (5 ker
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Table 1- Some physical and chemical properties of test soil

K(ave) P(ave) N Total Organic Soil Sand Silt Clay Lime H EC
(ppm) (ppm) (%) carbon (%) Texture (%) (%) (%) (%) P (dS mY)
509 9.6 0.08 0.76 Clay 22 32 46 175 7.5 1.77

(Y29 9 YY) Wl 93 2593 3 lginS (s gy Jaad s bg o  cwlinilgd jlol —F Joun
Table 2- Weather data for quinoa growing season during two year (2019 and 2020)

7 S5, o Cagby BBl glod (Kbe ST glod (nSSbe
Evaporation Rainfall)(}nm) relative Mean min. Mean max.
(mm) humidity (%) temperature ("C) temperature ("C)
1399 1398 1399 1398 1399 1398 1399 1398 1399 1398
(July - Aug) sl 2471 250.6 3.6 0 53 47 21.7 21.8 321 33.2
(AUg - Sep) s 4 2204 1295 34.2 43.2 60 64 17.9 17.9 29.8 27.8
(Sep - Oct) e 87.4 133.4 28.0 10.1 71 68 13.9 15.1 24.1 253
(Oct - Nov) Ul 61.4 87.0 10.5 20.3 78 69 10.5 8.1 18.3 17.9
(Nov - Dec) > 15.3 28.3 36.5 29.2 85 78 4.1 4.4 9.1 11.3
(Total)  ze> 631.6 6288 1128 1028 - - - - - -
(Average) .Sike - - - - 69.4 65.2 13.6 13.5 22.7 23.1

eyl ool slidlen IS o) zisle s

S oo (B pan duol 55X (B pme Sl 465X 0.014X100 \)

Bged gy hop =
P25 4 905 Oy

3 lisebl gl (uilaly 4o 5 Jo3 Sialasl slaosls
e 3 485 )18 oy 3050 iyl ygesl L il lg (1S,
Al 00)8 o5 (/) asews SAS Hlisle 5 5l eslarwl b
as oygejl 5l ooliil b do s gy Jless! gdaw 1 5 b pSike
B S g 5SSl glaiel

dgs plin

5 C3)8 )8 ilojl (slalags 3l co IS 5 sy £l
iy sLmagS g bl )b bl b ol Sl S o
Lo 15l duslie pistod ol jld dxe doyd V Jleis! pdow 5o
P iy g g il g (sl o sl ste Jilize I
OtSobe 45 s 4 (1 Jgi) oy plis o> gy Jlois] o
C3l )b b Jsane )bl slod | (20 s53ls AVIVA) w55, £l
5 psbymgil 5 L3l s slodsS L plys il g 3l V-
b yo ) oll gl a3l (20 5l YD) &gy £li| (08
e 395 b o gl pae g yo b iy CBlS U L (daeis
(¥ Jods) ol canday

Sy o Bl Jlad &g £la5 )] Jols (550518l 3 )50 i
S Comis Sy g e (S )8 clile (JsSly s
b gy gLyl (s )Sojlal caa g Al 3 Shes 5 ()95t 4
Silsnd Sy a3 sn 53 JoSily oo 5 il
(Modarres Sanavi & lswl slas &jgods &g Ve dlas
;1 eslawl Ly 4 Sorushzadeh, 2003; Omidi et al., 2021)
2 sl Lagl 0sSile 5 655031l g yta e €80 b g iSTas
Woy gy bl b Sy o (65 05l] Cga 2000,5 duwlee & S
TSy gaw o b (65 0jlil 5 (Solad ©jg0d &) o
Jamali & ) cé,5 ©,q.0 Leaf area meter Li-core. USA Juo
csws cuslS i 9> Jgaee iy Jad o)LL > J(Ansari, 2020
g4 Cdlyy byl jlansls Sl e coley b e Jlea Job 4
a3l Gl 3 Ve slad b Jbages gl 53 b St 5l ey
Emam & Pirasteh ) 155)5 e 4l 5,Sles el V¥ Gt
L Sis Glyas] gy 4 Sy op)S clale (Anousheh, 2014
&l (IPCC, 2006) 153,5 3y91 ) (S5 0,68 )3 Iy b >
(Sharpe et al., 2001) Jlul>S" og, 5l ()59, clale (¢ 4505l]
el Candas (V) abaly 51 59,5 Aoyd g 3,5 edlicl

LS 5 plos oxijls paie g 039 (ol Jldbo )3 wae polis Sl (S o8 )
s pobie > LS 5 ol sl T Gl 5 Wayia p i oomen I
Deming, ) »,-8 o )13 edliul 2,50 (55 03lo g ol (sl 8Ty

(2010
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Table 3- Results of combined ANOVA of some growth traits of quinoa as affected by irrigation, planting date and

biofertilizers

(Mean of squares) iz po il
. ) . . . e o
s g L) R g e O OB ses
o &3 s 5 41> 3 Slos
Sources of Variation p &g a8l Sy JoSily » » 595 o
: : o Leaf Leaf ) C
PH SD LA PL C% N% C:N Ratio
Year (Y)Jlo 1 1061.34" 0.15™ 56.03" 238.35™ 0.77™ 0.029" 1.15 1310.78"
) s
4 6.72 0.003 0.03 0.002 0.17 0.019 0.78 63.66
(Errorl)
_d)}ﬂ' 2 949471  0.046°  25322" 213177 90.3" 4736 473.34" 174594.89™
Irrigation (I)
el 2 297" 000" 005" 0051 135"  0002" 0.75" 55.30"
(Year xlIrrigation)
s
Y 8 231 0.009 0.05 0.013 0.65 0.009 0.79 52.10
(Error2)
3 &b 2 546162 0002" 33157 458267 9301  0.029" 9.55™ 15545.20"
Planting date (P.D)
_°_5§ 3 456.34"  0.049" 1011 83.81"  98.74™  2.082" 71.71" 28654.21"
Fertilizer (F)
cuilS g . . " - .
.Jﬁx & - 6 17.68 0.001 2.03 8.32 0.63"™ 0.004™ 0.55™ 1012.16
(Planting datexFertilizer)
WK @)bXJL‘J ns ns ns ns ns ns ns ns
. 2 2.77 0.003 0.01 0.026 0.10 0.002 0.21 60.89
(Yearxplanting date)
365% Jlw
¥ J_ . 3 0.75"™ 0.001™ 0.04™ 0.001™ 0.14"™ 0.001™ 0.09™ 63.12"™
(YearxFertilizer)
3¢S x bl gu )bix Jlw
YearxPlanting xFertilizer) 6 2.02™ 0.001" 0.01™ 0.02™ 0.14"™ 0.002" 0.18™ 52.36"™
(date
S Fo,bx gLl - . - . - . - -
L & d) 4 403.57 0.011 3.38 34.26 7.09 0.193 16.24 6466.88
(Irrigationxplanting date)
365X ¢ ylol
- #S o 6 8.83" 0.002" 5537 2.96" 6.23" 0.039" 2.86" 1493.74"
(Fertilizerx Irrigation)
dg8x bl C’{)de)l:.gi
Yearxplanting xIrrigation) 12 21.67" 0.012" 252" 2.33" 499" 0.026" 212" 81450
(date
culs go,bx gy llx Js
planting ) 4 2.48™ 0.001"™ 0.07™ 0.02™ 0.13™ 0.005"™ 0.22™ 53.60™
(YearxIrrigationxdate
365% 6 lolx b
95. d) J L. 6 1.23™ 0.006™ 0.06™ 0.03™ 0.09™ 0.002" 0.06™ 53.71™
(YearxIrrigationxFertilizer)
36Sx Bl Fo,bx g lolx b
FHSE s 12 144 0001  0.08" 003 011"  0.004" 0.34™ 50.457™
(YxIx P.DxF)
& g ° .A.'»l
wriles] ol 44 1162 000l 057 141 146 0.009 0.09 355.36
Error
Ol
e s - 5 34 32 6.9 3.0 43 5.2 8.5
CV (%)

Loy ) 50 maw ) I e g )b xe yuE iy

*% x NS
)

9

ns, * and ** indicate non-significant and significant at 5% and 1% probability level, respectively
PH: Plant Height, SD: Stem Diameter, LA: Leaf Area, PL: Panicle Length, Leaf C%: Leaf Carbon concentration, Leaf N%: Leaf
Nitrogen concentration; SY: Seed Yield
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28 A cnl wbside yor e @iy CblS )b g ((p3ees by
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@l a8 Uy o)l sims g oo (Stad 1o iy lis)| .l
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Table 4- Mean comparisons of the studied traits of quinoa as affected by irrigation, planting date, biofertilizers

(cm) wigs glis,l  (Mm) alw ka3 ‘5”'2@2“’ e
oH D (em*p?)  (cm)
LA PL
(Non-Inoculation) @il pase 75.3 b-e 10.7 b-g 22.4 -k 19.6 b-e
S3ye & cusls (Azotobacter) S 83.6 a-c 11.2 a-c 26.1a-c 224 ab
(27 July) (Azospirillum) P ol ymmg! 82.9 a-c 112 a-c 25.9 a-d 22.0a-c
é (AZOtO+AZOS) poby pmmog i+ S bgs | 82.4 a-c 11.7a 26.6 ab 21.3 a-d
= % (Non-Inoculation) il pis 75.8 b-e 10.1 fg 22.7 e 18.7 c-g
) = by Y cals (Azotobacter) S 80.1 a-c 10.9 a-f 25.0 a-f 219a-c
15 (11August) (Azospirillum) possil 8244 10.7 b-g 250af  224ab
E g (AZOO+AZ0S) p ol ypsi+ 55 bl 87.3a 11.0a-e 27.2a 24.7a
§ (Non-Inoculation) @il pae 60.7 g-j 10.7 a-g 219 g-k 15.2 g+
150 B culs (Azotobacter) Sbes 66.1 e-h 11.2 a-c 24.5a-g 15.9 f-i
(27 August)  (Azospirillum) P ol yesmsg ] 63.4 f-i 10.6 b-g 25.4 a-e 16.3 e-i
(AZOtO+AZOS) pss yupwsji+ S bgsjl 68.4 d-g 11.3ab 25.0 a-f 16.9 e-i
(Non-Inoculation) @il pac 58.7 g-j 10.2 e-g 20.6i-k 12.7 -
o Sy dcals (Azotobacter) Sbgs 62.4 g-i 10.3 c-g 23.1d-i 14.8 h-j
: g (27 July) (Azospirillum) P ol gl 58.8 g-j 10.7 b-g 21.2 h-k 13.7 i-k
deg (AZOO+AZ0S) psl eps it S35 63.9 f-i 10.7 b-g 234ci 146
—33 E (Non-Inoculation)  xdls puc 51.1j-I 10.1 fg 19.9j-k 10.8 ki
';*\ S b Y-cals  (Azotobacter) 5Shgsjl 53.1i- 10.2 d-g 21.2 h-k 12.7 j-
4 39: (11 August)  (Azospirillum) P ol yesmrg ] 54.3 i-1 10.6 b-g 20.8 i-k 13.5i-k
3 '§ (AZOtO+AZOS) poly s+ Sl 56.3 hok 105 b-g 215hk  139ik
% % (Non-Inoculation) @il pas 4391 1009 19.7k 9.81
g S5l B culs (Azotobacter) S 47.6 ki 10.6 b-g 21.2 h-k 11.0kl
(27 August)  (Azospirillum) P ol yesnsg ] 50.3 -1 10.6 b-g 20.7 i-k 10.7 kl
(AZOtO+AZO0S) poly yuwg i+ S Lo 3l 50.1 -1 11.1ad 21.1 h-k 10.8 ki
(Non-Inoculation)  xdls puc 73.4 c-f 10.3 c-g 22.41-k 18.2d-h
L sbeocsls  (Azotobacter) Lol 79.5a-C 10.8 a-g 25.8 a-d 19.2 b-f
) 2 (27 July) (Azospirillum) Pl ymg! 81.6 a-C 10.7 a-g 24.8 a-f 19.7 b-e
% g (AZOtO+AZ0S) poly yurwg i+ ;S g 5l 82.7 a-c 112 a-c 24.6 a-g 21.7a-c
“%i g (Non-Inoculation) @l pac 77.75a-d 10.5b-g 21.34h-k 19.0 b-f
:«\ 2 slsye Yo cusls  (AZotobacter) S 82.27 a-c 11.2 a-c 24.70 a-g 22.3ab
%? % (11 August)  (Azospirillum) Pl ygl 84.95 ab 11.0 a-e 25.48 a-d 219 a-c
32 5 (AZOLO+AZOS) ol yusussil+ S bl 85.28 ab 112ac 2577a-d  244a
2 § (Non-Inoculation) @il pase 60.38 g-j 10.4 b-g 20.79i-k 14.6 i
S  sxsbdesls  (Azotobacter) S 63.07 f-i 10.3 c-g 23.73b-h 16.3 e-i
= (27 August)  (Azospirillum) P ol yesmrg ] 60.08 g-j 10.9 a-f 22.39 f-k 16.3 e-i
(AZOtO+AZO0S) psls yepuss s+ S Lgsl 63.15 f-i 10.9 a-f 24.23b-g 16.9 e-i

Bl gyl gime BB doyd iy o] prdann )3 5SOI 9051 olesl il By o b (sl pSibio (ygiuyn 5
In each column, means followed by the same letters are not significantly different at the 5% level
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Table 4- Mean comparisons of the studied traits of quinoa as affected by irrigation, planting date, biofertilizers

oS elle el el & 39y Camd &l 3,Slos
ks Sy Oj9re (gr,m?)
Leaf C% Leaf N% C:N Ratio SY
Non- il pas
(Irjoculsr:nf 39.3ci 169p 2333a 232.8 c-|
s
(Azgt;;)cter) 421ae 2.08 g-l 20.35 c-i 264.2a-g
A3pe O cuils
27 Jul i
( Y) P?li)f:'s"j’ﬁ) 127 ac 2ol e 1036 o 0 o
(Azospirillum)
it Sl
Piﬁ;lidg 443a 2.23e-h 19.64 ¢-| 289.7 ac
Non- als sie
S (Igoculaif:nﬁ 39.0d-i 1.78 op 21.81a-d 239.8 c-k
g
—_, D . s Slgssl
E N » ; ’ 405 b-i 2.04 i-m 19.90 d-j 252.1 b-j
i = sl (Azotobacter)
2 (11 Pol s
78 August (Azospirillum) 42.7ac 19210 20.22 c-h 266.3 a-e
S -
3 i+ S Los)
© Fiﬁ;lid;) 43.0 ab 2.07 h-l 19.18 el 304.9a
Non- als sie
(un)ocuuf{}fnP 374 167p 2059 b-i 214.0 f-n
- Slgssl
Pt Azc:i)k;)(;ter 398 b-i 1.88m-o 18.81g-m 245.9 b-j
BE ( ) )
27 pok sl ) _
Au(gust) (Azospirillum) 3821 195 k-0 18.10jn 278.1 a-e
i L)
Fff&?é:ﬁlﬁ;;’ 40.3 b-i 2.09 f-k 17.74 k-n 286.9 a-d
Non- il pas
(Irjoculai?;nf 394 ci 215 21.11b-e 182.4 k-p
o b ~~.]
(Azgi).t;)cter) 4242-d 2.49 cd 19.79 d-k 198.3 h-p
aldye b cuisls
g (7l g
. B A:sim) m 41.6af 236 de 18.72h-m 1923 -p
g | pi , )n
T g i 4 L
3 E in);;;ﬁr XZSO;) 421ae 2.60 a-c 18.93 f-I 193.7 h-p
e
5 Non- il sae
3 % Igoculzi;n:n? 39.0 d-i 2.13 1 22.18a¢ 134.2qr
3 ( o
Yg | (Azotobacter)
2 oo
E , g3l _
Au(éjst) : A:i;;ﬂ’um) 403 b-i 2.58 a-C 21.05 b-f 183.4 k-q
e Sl
F?i);;;ﬁ;;) 408 b-h 2722 19.81 d-k 165.0 m-r
i Non-)  gudls pae 376 g1 212k 22,67 ab 12537



JYIROR: (Inoculation
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Table 5- Correlation coefficients between studied quinoa traits as affected by irrigation, planting date and biofertilizers

Olhe

traits
1

Plant height «4 ¢l 1

2 Kk
Stem diameter sl s 0.54 1

3 *k *k

Leafarea 5, pdaus 0.82 0.76 1
4 *x *k ok
Panicle length Josot Jb 097 061 086 1
5 el Tkl *k *k
032" 037" 045 0.34 1

Leaf C% $p op)S chile

6 ns hid

Leaf N% ‘jﬁ u)ﬁ;“-‘ - Lol 0.02 -0.41
7 *k Kk

CiNRatiO s & o s 000 O
8 Kk Kk

Seed yield «ls 5,Slos 0.85 0.64

-0.08™ -0.05™ 0.07™ 1
-041™ -0.39™ 0.18™ -0.06™ 1

*k

0.86" 0.86° 038" 014™ -0427 1

*% % NS
)

Lopd Vg0 w3 )b pxe gyl pxe puE i ga T
ns, * and ** respectively non-significant and significant at 5% and 1%
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Introduction

Intercropping is an ecological crop management method in which at least two plant species grow
simultaneously on a field. Increased land productivity in intercropping of cereals and legumes is mainly due to
the positive interaction between cereals and legumes in the rhizosphere, which increases the efficiency of soil
resource utilization, especially nitrogen (N). Mixed cultivation of legumes with cereals provides higher land use
efficiency, lower water consumption, and greater environmental benefits than cereal monocultures. Salicylic acid
(SA) is a natural plant hormone that affects various physiological and biochemical functions in plants, because it
can act as a regulatory and mediating signal in the plant's response to abiotic stresses such as drought. In recent
years, nanotechnology has also been introduced into agriculture, and several benefits of nanoparticle applications
such as nano-silica (nSiO,) have been reported that can be used to increase the supply of nutrients to agricultural
products. The aim of this study was to determine the possible role of growth regulators of salicylic acid and
nanosilica particles (nSiO,) on crop yield in maize and mung bean intercropping under drought stress conditions.

Materials and Methods

The experiment was conducted in 2019-2020 cropping year in the research farm of Agriculture and Natural
Resources Campus, the University of Tehran, located in Karaj. The experiment was performed in the form of
split- split plots based on a randomized complete block design with three replications. The main plot was
drought stress at two levels of full irrigation and cessation of irrigation, the sub plots included different
intercropping arrangements of maize and mung bean: (maize monoculture (Cyq0), maize 80: mung bean 40
(Cgo:Myp), maize 80: mung bean 60 (Cgg:Mgp), maize 50: mung bean 50 (Csqo:Msp) and mung bean monoculture
(Myo0) and the sub-sub plots were four treatments of silica nanoparticles +salicylic acid, silica nanoparticles,
commercial salicylic acid and control. Statistical calculations were performed by SAS 9.2 and Excel software in
this study. The mean comparison was performed by LSD test and the probability level was considered 95% in all
analyzes.

Results and Discussion

The results showed that the highest maize grain yield was obtained in the monoculture treatment, Si + Sa
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ay

combined fertilizer and full irrigation, which was 179% higher than the lowest treatment (Csy:Msg intercropping,
control and drought stress). The highest biological yield of maize was obtained in the complete irrigation and Si
+ Sa fertilizer treatment under monoculture conditions. The lowest value of this index was observed in the
treatments of drought stress, control without fertilizer and Csy:Msg intercropping conditions. The highest yield of
mung bean seeds was obtained in monoculture of mung bean, application of Si + Sa fertilizer and complete
irrigation. The highest biological yield belonged to mung bean monoculture treatment, nano Si + Sa compound
fertilizer and complete irrigation. The lowest was obtained in Csq:Msq and Cgy: Mg intercropping treatments, non-
fertilizer application and drought stress. Also, the highest land equivalent ratio was obtained in full irrigation and
C80MS60 intercropping and nano Si + Sa fertilizer treatment (1.57).

Conclusion

In general, the results of this study showed that, drought stress reduced all the studied traits. While
intercropping with increasing diversity had a significant effect on important agronomic traits under both optimal
irrigation and drought stress conditions. LER values were more than one in intercropping crops that indicated
higher ground productivity in these planting patterns than in monoculture of crops. The highest LER value was
obtained in Cgo:Mgo intercropping treatment under non- stress and application of nano Si + Sa. Silica
nanoparticles and salicylic acid fertilizers had a positive effect on grain and biological yield of both plants as
well as land equivalent ratio and reduce the negative effects of drought stress on plants and can be used as
suitable approach to achieve sustainable agriculture goals.

Keywords: Land equivalent, Monoculture, Nanofertilizer, Planting arrangements, Sustainable agriculture
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Table 2- Soil chemical and physical characteristics of the experimental site
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Table 3- Variance analysis of different traits of maize influenced by different treatments
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Table 4- The triple interaction of different treatments on different traits of maiz
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arrangement JAlS (5)‘:‘.-11 u&» A
Full irrigation Drought stress
Cioo 26640° 12912° 18720 9039°9
Control Cao:Mao 20100%f 9600 14170 68404
Cao:Msgo 19500° 8850°°9 12800 6350"™
Cs0:Msg 16830%" 8239%1 11021' 5290™
Cioo 27410° 13212 21758 10270%
Sa Cao:Myo 22100 10210% 15720™ 7200
Cs0:Meo 21200°° 9560%" 14580+ 6680
Cs0:Mso 15684™ 7685"* 14080 66774
Cioo 27610 13308° 21981% 10375%
Nano Si Ca0:Mao 22063 10480% 15638" 7600™*
Ca0:Mgo 21011°¢ 9770%¢ 14170 6840
Cs0:Msg 16130" 8310%" 13658 68974
Cioo 29995° 14758 22093 10428
Nano Si + Cso:Muyo 22292° 10700° 16130" 7700™
Sa Cso:Mgo 21500°¢ 9940°¢ 14500™ 69204
Cs0:Msg 16978" 8690"" 14238 7304

B ()l e SN 003 iy ot s 53 LD gl ol 2 il oo S o o S Jilio (sl &5 (oo o sl g (gt 2 )3 (oSl
The means, in each column and for each factor, that have at least one similar letter, according to the LSD test at the level of 5%
probability are not significantly different.
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Table 5- The main effect of irrigation regime on different maize traits

Swid i3 Al Yer o3 I s, alass udy )0 Aild dlaas I 4> &l dlaws
Drought stress 100- seeds weight (g) Number of rows Seeds in a row Seeds in corn cobs
S 31.4° 13.9° 41.6° 578°
Full irrigation
S O 29.9" 125 35.8" 447°

Deficit irrigation
505 gy e BB do > gy Jlein] pdaw 3 LSD 901 Lolul p 323l oo S jiie Bys S P8l (s a8 Jole pa (lp g gty 53 o o Sike
The means, in each column and for each factor, that have at least one similar letter, according to the LSD test at the level of 5%
probability are not significantly different.
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Table 6- The main effect of planting arrangement on different maize traits

bgbe CutS Cosbpoadle WVl Gy e g, s il slam oy slaes
Intercropping Harv?g,/t )' ndex 109' :‘Ee(di Number of rows Seeds in a row Numberbof corn
o weight (g cobs
C100 48.0% 30.2° 39.3 519° 75°
Cao:Mao 47.6° 31.1° 36.0° 468° 6.1°
Cao:Msgo 46.9° 29.2° 35.5° 458° 6.1°
Cso:Msg 49.9° 32.1° 4412 604 3.9°

S5 (g o sme VS| oy gy Jlosn] daw 13 LSD (g9l Lulul st oo S gt By S JBlis (gl 45 <ol yo (clys g (g p2 )3 olapSile
The means, in each column and for each factor, that have at least one similar letter, according to the LSD test at the level of
5% probability are not significantly different.

Ol Jeole ds HuiSad g do)d SO paw > cuis o wavdio ¥ o bl 4500 gl b sillao 1dily 3 ,Sdos
ash oy Slas o oy g mdaw jd cusS oSl x 25 X (Sis w0 o058 gyl g cuiS oS Sl i Lol ol gl a8 a
YOYY) ole asily 0, Slos oy i (Y o) 09y Jl3 gz yilo X (St i 38 X (Sis 5 gl jiiSen s g o pd S



V¥ Ll g ails 5 yShas p asl Seloudlo g (ol b &1 51,0 g LS

ool el o a8 jelailen (Y JSCE) ablb o 2o )d VO L plyp b less
1 (Ssd i aS 30,5 e odnlie ol osd (5,135 Lioles]
S5edom 3y Slos dn Cuus aild dSlas (g9 p (6l LiblS
A cabaie byly b pl o cliby (adls Lials plpls 5 sl
coo ly ol cuilby (asls Lials jo cpiisce plhe a0 s
(Moradi et al., 2008; assly yo)l;5 Sis s byl
saalie islejl ol ,> Kamalvandi & Mirshekari, 2013)
EES e g doyd £ U ile agy oliss il 381 b oS sl 0
5 ST w5l e g el o0 039381 ol oyl sy
Ladb ool o aw) o p 15 dy aS Cunl odd awlS’ l500 oy
Cilyy (el jl glassS g0 culdy sbul 5 aie a8l
0+ bl cusS )0 yieS digy dlawi ()b 5l sl il atls” olo
Cdlby yadls ialS ay yoie Gyd doyd B0 g hlo Moy
3= (Gholi Nejad et al., 2018) ,Ken ¢ o135 8 sl 0055,5
i8S claccis lalos jo a8 a sl bl 368 Lialojl 5
Dy S ST b cudldy adlh (yd olen 4 ole blses
bolro slacuss ;o il yiaS o515 &S asiily bl ydise (]
O SIS 093 <)y palS cus i cnl 4 g Lad il 4 e
Oil38l a5l d e badigy (gl (gtuwsd lgi g 00,5 ladig
930,85 Lanasly ay (g5t wgid dlgs i mjel 4 yomie &S CBly
S isime pas ol 41315 olyan &y |y yriy il asls Lyl
oSy Jds 4 s o 1y ccib e ls 5 (6955 oo
Cadld &l 5 Sas 5 So5elgm 3, Sas y bajloss cpl LSS

ol as s lis uibyly 4555 gols 1 wle 3o (g15a
235 glail g oy K paw jo cuiS o Sis i Lol
G Nx (Sas i Jolite @l sl e g do)yd gy pdawe
Joiz) 392 b gime oo Al (59 2 bopd G aw > cusS
oy JalS bl bulps (5 ol ol Slie 1Sk dwlio (Y
ual_m 4_)|J)|).Q> 3J9 bl )I C50:M50 9 Cg%:Meo dL{'b)L@u
bl ulyd 3 a3l ol (e i Jy 1238 (5 sxe
S e 3 g (Sdd G llyd o js padls Gl ol
D 3 i gl o 1 Lol (5,5 VYY) il ol
Al dopd Yo bl iz slalos sl a3l ol i
(R Jg)

5 a0 S o p (Suid i g culS oSl Lol il il
oile BME ;3 sy sl p o> K w3 o] Sy
O 2 L Glas 1pSle duslie (Y Jgda) Mogs o e
Do Lalls cciS g oS oyl balys ) BMe )5 4l sluws
O e adls ol liee opyieS g el Covday (sae A/FY)

i+ S5 395 sl RIS o & 3l (550 5 p 5oL
(LS )3 p)S9-LST AYY) (8 (A Jg2) 350 JolST o)l 5 S
RS 9295 Byaa pie LooMag by e i jless ) 5
0315 0l liee 35S g e glis S ol sy (Sis
Amiour et) oLSan g yomel (A Jgio) 2l o oy VoY L plp
Ay Ay AT oS0yl Jles & aizsls ol (al., 2012
blid ol )3 (st Slge Mg donis 5 @9 0 iy, ()05
b ) slaaild g s (el Colyg 5 Wl el
RYKCAPN

(ialy Loty p 6 Bl 5 dsl Sl 5,08
S 3 SLos 3500 gn sk BlaS 5 e (I3 (25 S
48" W0l b 4, Siding 3y (Heydari et al.,2019) cowl ouis yilo
loplisl o (68 US55 o e (610055 1 )3 aon
Cewl 03308 ool dwl S wadlo 3L bl 5 0 il
(Kaur et al., 2005) LS 4,58 .(Heydari et al., 2019)
25U o 955 GLalS 3 5 se b S 1S )5S
Lyl Stparlyy il o 3955 bl Solhanlo b iy Sigaslyy
3L g gl Gl )L wile 5L pudglie Kbl
Cage Colpd ) aS day iy Jald b awslio o jliww Glaws
(Lotfi et al., 2018) ;)L 5 (i) 3,5 &ils 5, Shos 2l 33l
Gl Ll 3 dposl Sl S 5 51 odlisl &8 wiols IS
G liste pokaaw ;3 ;35 )5 lbail wlgi g ile &l Wl & s
S a0 el (1S a0y Sloe 13 SA ke S90S i
WSl il b g by baih @ iy cMewwlgns obals
Nyawade et al., ) -l,IS 5 3lols .(Aldesuquy et al., 2012)
5 et bgdie CtS () 3 355 ialejl 3 (2020
Lyl s 55 koo by b T Gl el 38l &8 15,8 ol psS)
D15 ebS” (slae )90 b 3l g0 2B |y hso s lBLS ol 35008
s a1y oie 5, Shas oy o puie gl g 8 oo 1y ol
Sl ys

ol ol s wilsyly a0 ol iCwild e ls
Lo Sy gdaw 3 S ol g o oy aw )3 (Suid IS
o 2 b ore Sl ajles ple Lol dgr Jbo sxe cblyy jaslis
Jlasl U ol o)lts i (3:Silie duglio (Y Jois) 2318 i
02>l e op i b dtwlS Cuilby (adls ol I i
sl 4 s &S W Juols (30)3 YA/+¥) JolS” (g Lol > iy
(Y JS8) 59 oyt cailyy pad L s 2o yd ¥ (e 4 5
by loe cois jlogi p3 ey adld Glise o ptdin opionen
33 (dmoyd YOIAY) (pysiaS dcal Cawday (Ao > YA/VY) Cgo:Msgo
L ()3 smine glis o 05 samliie CspiMisp bglses cuiS jlags
Ol Ol Qi g (eSSl bl ile (IS ST jlas



YEY S0 ) o)lowd Y als ol ) (515 Sloidgiy apmis V0¥

2 ales ((Noryani, 2013) wlazusls ails 4y (g jwgid dlge Jlas!
i Gl cel Slg oo blie cuiS 3 39250 LS glis)|
9 S jiwgid Slge M3 Sl 38l s 3 g (LS by bawg ye
slas ials (Banik et al., 2006) 95 aails 4 layl olass|
POl e Sk i Gad iliel Glile e 4y il asls
Dbl 3y g s SIS Gl oS (odugy wo SRR bl
Garge oS 93 (58T sl S5 pas bloee (slalags ) Lo
S 5 (Saals Il g end Cugb) 4 ady) Sk (o
4SS g5k 4 (Fallah et al., 2018) cuwl 03,8 55 Hlals s,
O ColBy e )3 Mo pd B0 g ile Aoy B bglbke cusS o
bolore ciS wyp pd Dy CulS sacaws plo | S adig
bolswe cuiS o allis a5 cowl o o3y lis ailialas b allos
SFUR (B adlls sl (alld s 4 s ahalw b
coss b_wy é.sLm )] gy oalaiwl “WSPy ‘J)‘ J,:J.) 999 )l.))?ﬁ
(Fallah et al., 2018) cuol ouss )lgis byl

4 459 b i(Land Equivalent Ratio) cwwe (65! 0 Comnd
SO o jd cusS 6 9 365 Juol Sl e il g 5o ks
SO e o cdS oo XX Sid il blie il il g sy
2 CuiS o8 X 2g8 X Suid 55 Alaw Sl uimed g doyd
A9392 Y ire () Syl Cuns pa3LS sl Ao ) g
Cad jld o oy yiidio b Lis Gls dwglis gols (Ve Jois)
L 5 Cao:Meo bgLe S’ g Jol” (bl bl )3 (300 (54l
PRYC O S W 1 [ (\/&V) Si + Sa U (6545 )loas jous
J"?-lm“"—““fﬁu“—’]‘”l)—”)‘“u)bu‘»ud‘u‘)*‘ u;)m.{
2V Jodn) wib o b 2 ¥Y L plyy (2 ls ol e (eSS
w2 o) by S (adls Glise bole culS sbajlo (oles
aS 390 So 5l YL oS oyl op g (Sis i blps g
o Gl [aIB CuiS & s bglsre CuiiS Cujo (godimd L
Gl 9 0+ ©)3) (iRl blse culS (355 )8 (g dals
o4 395 08 b g Clbly gyt (e Sl S (0
lonl (YL ne) Sl S (ol Bl bolsee S 9l 598
s 1y oySles g 0515 LdgSeil 1 eolaiwl b ylg5 oo (pl s wges
Stolz & ) by lswe coisS > glio (glaiy ) piwmw diwods
LER a5 0 ccely Sis i byl i ,o (Nadeau, 2014
(Mabudi & csl calls e plo gols b a8 Lk ]38l
Zehtab Salmasi, 2017; Mohavieh Assadi et al., 2020)

90203 YA L ply (a3 ls nl (ljee (a8 g cn iy Cglis5 &S
(8 Jg2)

slacaws Lol 13l Laooly wibyls 4350 ol 4 a5 b
o blize 5l g oy S e pda pd bglbe cuss” calise
509 0 xe gy ;0 BME Dluw p gl S (6N xS
(Y Jgaz) 45395 o e a3 Ld (nl 9y 2 Wajles 503 g
OO/AY) &5y 33 OME Dlaw oy i (1 SOles Al gl b 3llao
Lol Cawddy Caov%:Magos b}l?u cuss 9 J.olf d)Lu] )‘.o.u P (.)J&
Ol 4 (3= YANVE) ilo ol cuiS g i jlos &) Cows &S
(A Jods) 2gs Lls 1y (g5t g jd BME wusyd QA

alysl aS Wb jasuin ¥ Jods uibyly 4jo0 gl b ssllas
9)&0)3;{_:@))“_&&9_%19@%&0‘
= oy S e culS oS X (Sid iS sla jiiSan
M oy i (Y Jodn) 1de Jb xe Lile Lol a3 ls slaw
9 C50%:M50Z ]lem AS )l.o.u & Lﬁl"“" (.)J.C A/Y") UJ.Aol Lo
bgdso S Lo ;3 js (33 FIAY) o568 g JolS (6L
CpyieS g oy glds a5 el Cowday (Suis i5 ¢ CaolMegg
3 ile cladSe o b (IS ey coldy bulys 3 Liolel
Lhbie balys ol ) BMe sl ials Ol Cudgame  (iS'SS
9 &) ¢ (Hamzei & Seyedi, 2013) sg5u-g9> balowe (slacuis
dyg0 Ol liwe LEalS 50l 555 e yied > plie Lials bylys
09> Jy-b g (sogee A Rl el (pdugy M) s 3 5l
35408 1500 By b il 935 o yieS &by Sl S5 g olS Ay
S el (pdag) Alsye 53 (Sutd G5 Hlow > JUE] LB dlge
5 ol 03 (g0l (Zhu, 2002) 545 0 B ;3 &il> olis
as usoby s)li8 (Amiri Deh Ahmadi et al., 2010) S
Oy g A 2950 &gy yd Al olaay sl el Sis is
Aol Cowdas aalS ds e > (Sid (15 Jlesl ploy ,d ialS
Sl Y iwgd dlge u,..,ob pae 1y abyolis als fs Lmt’j
Obej 3 Cgby Codgiome d)S (SIS JalSS g (i M)
Aol ) g (g iiwesd dlae Dl il Coge (22ME 4  pAlS
P Al jo p3 Cugby (3)5 @alS 295 00 Lol (SN g 2
Slgs Az )3 g ol 4l Sy 0y9d ad 45 SV b el
Ullah ) 59 o0 oy baasly & (olaid] gly (6 i (o 5mwgd
,» (Eskandari et al., 2019) l,\Sen 5 5,181 (et al., 2002
SRS s o W B ) ile dild lia 59 (alS 368 islejl
S Gl 4l o5 LialS cle pdisee ol )5S Sis
9 g pialS g Al (a8 0y93 Job (B Ol e i



Vo0 L slia g ails 5 yShas 1 ol Sl g (ol b &1 511,50 g LS

liseo (5 )lowi il Codi ile 4y baspo Olhio il yly 430 -V Jou
Table 7- Variance analysis of different traits of Mung bean influenced by different treatments

©leypo ko M.S

" s 5 Slos adld Yeoo 59 Pabdla IS slaas
SOV & Saiglon &y 3,Sles ol ails SN g ot asls
d.f Biological Grain yield Harvest 1000- Number of Number Branch
- . seeds seeds per of pods
yield index -
weight pod per plant
Sk 2 206365™ 7485 0.56™ 0.72™ 0.24™ 2.32" 0.38™
Block
(Ir) S s 62568333 5829233 3384°  953.19" 52.22" 39.53" 40.82"
Drought stress (Ir)
(Ir) st 2 248038 17136 0.40 2.34 0.08 10.76 0.41
Error (Ir)
(T)_°9§ 3 772161 122248 10.09" 34.01" 0.49™ 11.40™ 0.60™
Fertilizer (f)

IrxF 3 1116933™ 84222™ 3.02™ 9.82"™ 0.45™ 11.59™ 0.14"™
(In)f sles 12 127486 13139 3.19 7.25 0.54 15.26 0.23
Error (Ir)

(Pa)cuss s
Plamting 3 45853056 2900627 64.71" 62.99™ 8.73" 2086™ 21.94™
arrangement

Ir xPa 3 4183594™ 259890™ 5.98™ 50.66™ 2.04" 146.02" 247"

F x Pa 9 545623™ 22024™ 3.20™ 2.79™ 0.09™ 7.20™ 0.11"
IrxF x Pa 9 333606 29553" 1.00™ 4.45" 0.03™ 14.64™ 0.07™

Kol 48 153051 13251 3.39 5.70 0.27 19.30 0.29

Error

(A) s e 75 8.1 6.7 5.6 7.4 111 8.5
Cc.V
2o)> Sy g w0 iy Jloil gslaw 13 ()3 dme 5 50 pis i 54T, KL NS
ns, *, ** are non significant and significant at 5% and 1% of probability levels, respectively
oile Ll il p il g ylow ailEaw Jaliio 1A Jous
Table 8- The triple interaction of different treatments on different traits of Mung bean
SS90 gm 3 Sdos 41> 3 Slos SUj9lgm 3,5dos 41> 3 Slos
355 CuiS 59N Biological yield Grain yield Biological yield Grain yield
5 Planting (kg.ha™) (kg.ha™) (kg.ha') (kg.ha)
Fertilizer
arrangement - -
B bl S i
Full irrigation _ Drought stress

Cso:Msg 4760%* 130097 3332 833°

Control Cso:Meo 4890" 1430°° 3260 898m°
Cs0:Mso 4970™" 1360" 3260¢ 840™

M0 7887° 2160° 5500% 1399°"
Cs0:Myo 4608™ 129297 4147%° 11009
Sa Cso:Meo 5290°" 1640% 3940 10934
Cso:Mso 5660°° 1500%" 4200%° 1000"°

Mo 8470° 2256° 6028% 1579¢°
Ca0:Muao 4401 1242 4004™° 11317
Nano Si Cso:Meo 5380°9 1650% 37324 11207
Cs0:Mso 5660% 1570°¢ 4050"° 1028

Mioo 8360° 2232 5852°° 1624%

Cso:Myg 4680™ 1296%7 43017° 1219™
. Cso:Meo 5380°9 1710° 4000™° 1173"

Nano Si + Sa Cso:Mso 6030 1560 4450 1086+™
M0 9680° 2521° 6215° 1711°

S5 g o sme MBS oy iy Jlosn] pdaw )3 LSD (g9l (ulul sl oo S it By S JBlis (gl 45 < Jole yo (clys g gt p2 )3 olapSile
The means, in each column and for each factor, that have at least one similar letter, according to the LSD test at the level of 5%
probability are not significantly different.
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Figure 2- The main effect of drought stress on mung bean harvest index
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Figure 3- The main effect of planting arrangement on mung bean harvest index
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Table 9- Dual interaction of drought stress x planting arrangement on different mung bean traits

. .’.s ‘59§”

wls Voo i

AL 45 > dlaxs

dgr 4> AL dlaas

N &oeee ‘ “u
R o Planting 1000- seeds Number of seeds ~ Number of pods e
Drought stress - Branch
arrangement weight (g) per pod per plant

Cgo:Myg 44.40° 7.58™ 55.82° 6.14°
JelS el [ 47.65% 7.93° 35.44° 5.60¢
Full irrigation Cso:Msg 48.25° 7.44° 41.97° 8.30°
M100% 44.17° 8.41° 31.11f 7.57°
Cgo:Myg 42.05° 5.69° 47.73° 5.42¢
Sk G Cgo:Mgo 41.15° 5.88° 37.11% 4.83°
Deficit irrigation Cs0:Msp 38.93¢ 6.32¢ 40.30% 6.49°
Migo 37.13¢ 757" 28.16" 5.66°

5 (gl gme BB o > gty Jleis | daws 3 LSD OQA)'T ool ail o Syie B S JBlis gy &S ¢ Jole o gy 5 gt oy ¢ ola 1 Sle
The means, in each column and for each factor, that have at least one similar letter, according to the LSD test at the level of
5% probability are not significantly different.
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Table 10 - Analysis of variance of traits related to LER the influence of different treatments

5 gl @33l 4y M&f’,\; ‘:;s"b"w
S.0V d.f LER
Blockss, 2 0.016™
Drought stress (Ir) (Ir) Sus s 1 0.002"™
Error (In)(Ir) slas 2 0.013
Fertilizer (f) (f) »55 3 0.13”
IrxF 3 0.04"™
Error (Ir) T (In) f s 12 0.014
(PN) i85 2 0.078™
Planting arrangement
Ir x Pn 2 0.034™
Fx Pn 6 0.001™
Irx Fx Pn 6 0.006"
Error Js' slks 32 0.004
CV() olyuss oo - 4.80

o> S5 g doyd oy Jlein] zolaw j3 (g pixe 5 5yl Gxe pis il ey

***ns

ns, *, ** are non significant and significant at 5% and 1% of probability levels, respectively
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Table 11- Triple interaction on LER

05 Sy 32 S

o) Sl p S

395 CuiS 5o LER LER

Fertilizer Planting arrangement o8 o S S
Full irrigation Drought stress

Cgo:Myo 1.17M 1.35°T

Control Cgo:Mgo 117" 1.35°"

Cso:Mgo 1.1997 1.10'

Cgo:Mao 1.34°7 1.41%°

Sa Cao:Mgo 1.45 1.35°T

Cs0:Mso 1.25™ 1.29™

Cgo:Mao 1.35¢7 1.43%¢

Nano Si Cao:Mgo 1.48% 1.35°T

Cso:Mso 1.33%7 1.30

Cgo:Myo 1.43"1 1.45™

Nano Si + Sa Cgo:Mgo 1.57° 1.35¢7

Cs0:Msg 1.40° 1.34°T

)85 )l me BB aoyd gy Jlein prdaw p3 LSD g0l Loll p 2l o S piie s S JBlas (s a8 Jole pa (ly g gt 50 o olb puSibe
The means, in each column and for each factor, that have at least one similar letter, according to the LSD test at the level of 5%
probability are not significantly different
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Introduction

The quantity and quality of forage plants are beneficial and useful due to their role in animal husbandry,
reproduction and other livestock products. Due to the limitation of water resources, water-deficit as a significant
biotic stress is the most severe threat to world food security and is responsible for many yield losses. Plants
constantly modify their physiological processes in response to various biotic and abiotic stress to regulate the
balance between plant growth and defense response. Many researchers have documented that plant nutrients are
involved in biological processes of plants. It has been stated that the use of silicon by increasing the ability to
absorb water can be useful to improve drought tolerance of sorghum, sorghum can with the help of silicon
extract more water from dry soil and maintain more stomatal conductance.

Materials and Methods

In order to evaluate the effect of silicon fertilizer on the quantitative and qualitative yield of forage sorghum
(Sorghum bicolor L.) under water-deficit stress, a split-plot experiment was performed in a randomized complete
block design in at the research farm of Varamin, Iran in 2017-2018. The treatments included irrigation in three
levels irrigation in field capacity and irrigation at 60% and 45% of field capacity (which were named as full
irrigation, moderate and severe water-deficit stress, respectively) as the main plot and silicon fertilizer
(Potassium Silicate) in three levels, non-use (control), silicon foliar spraying (three per thousand), and silicon
fertigation (10 L ha™) as the subplot. Silicon spraying with a ratio of three per thousand and silicon irrigation
fertilizer at the rate of 10 liters per hectare were considered in three stages.

Results and Discussion

The highest (4.51) and lowest (2.88) leaf area index were achieved in silicon fertigation treatment under full
irrigation and none fertilizer treatment and severe water-deficit conditions, respectively. Based on the obtained
results, the highest total chlorophyll content (1.73 mg g™ FW), relative water content of leave (88.08%), stomatal
conductance (2.46 cm s™) were achieved in fertigation treatment under full irrigation conditions. The results
show that the amount of electrolyte leakage increased due to water-deficit stress, but silicon fertilizer decreased
the adverse effect of stress conditions. The lowest level of electrolyte leakage (341.3 uS cm™) was obtained from
the full irrigation and fertigation treatment. The highest crude protein (11.41%) which was higher than full
irrigation condition by 1.39% related to severe water-deficit stress. Water-deficit stress caused the increase of
cyanuric acid in shoot and increased the content of cyanuric acid by 41.8% compared to full irrigation
conditions. Silicon fertilizer led to a decrease in digestible dry matter under water stress conditions, but on the
other hand, it led to an increase in the amount of crude protein and also a decrease in the amount of toxic cyanide
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acid in the shoot production. The results of this study show that the use of silicon fertilizer in all irrigation
regimes increased the auxin content compared to the non-use of silicon fertilizer. The highest content of auxin
was achieved in the conditions of full irrigation and fertigation treatment (131.4 nmol g™* of protein) followed by
foliar fertilizer treatment (128.2 nmol g™ of protein). The highest sorghum dry matter production was obtained
from the full irrigation treatment with an average of 23.7 ton ha™, which was 20 and 54% higher than the
treatment of moderate and severe water-deficit treatment, respectively.

Conclosion

In general, it can be concluded that silicon fertilizer in the form of foliar spraying should be considered by
farmers to maintain the natural growth and development of sorghum plant, especially in areas arid and semi-arid.
However, its widespread use in other farm crops needs to be investigated.

Keywords: Auxin, Chorophyll, Crude protein, Cyanidric acid, Dry matter digestibility
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df LAI RWC leakage conductance
Block b, 2 0.11ns 138.5ns 28014ns 0.12ns 0.014ns
Irrigation (s,L 2 9.75** 1610.5* 298024** 3.57** 6.62**
Main error Lol cls 4 0.28 126.9 4657 0.037 0.0022
Fertilizer 555 jloss 2 1.96** 774.9%* 40363** 1.65** 0.20**
ekl 4 0.65** 223.2** 7705** 0.31** 0.021**
IrrigationxFertilizer
Error S s 66 0.054 18.8 986.8 0.037 0.0043
CV (%) @l yposs cupo 6.3 5.8 6.6 9.3 6.0

Adlee do > S g g Jleinl zolaw )3 Iy xe MBI 5 > xe BMES pas [ Sily s gy K o *F NS
ns, * and **: Non-significant and, significant at 1% and 5% probability level, respectively.
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Table 3- Results of analysis of variance (mean of squares) of studied traits affected by irrigation regimes and
fertilizer treatments

ss P95 = = 1 e Stomatal 95
L I Sy Spol Electrolyte Chlorophyll
Irrigation Fertilization 1 conductance 1
LAI RWC (%)  leakage (uscm™) (cm ) (mg g™ FW)
NO‘;"“;} Z;ion 4.02b 80.3b 377.8d 2.36abc 1.47¢
o) oS sl O R
(Ui o 4.14b 82.43b 363.3de 2.43ab 1.67b
S Foliar spray
Full irrigation Lo
“5)_‘“ = 4.51a 88.08a 341.3e 2.46a 1.73a
Fertigation
d”m_ F"\L_ 3.13cd 61.46e 551.3b 1.76e 0.95f
bsgie i No application
i sl
S dlegbee 4.07b 79.98b 535.9b 2.20c 1.04e
Moderate Foliar spray
deficit stress el 3.95b 78.32b 423.7¢ 2.25hc 1.12d
Fertigation
c_é)..a.n f.&.c
o 2.88e 65.05de 600.1a 1.2f 0.59h
: __ Noapplication
Severe water w N 3.24c 72.6¢ 559.4b 1.92de 065gh
L Foliar spray
deficit stress Ui
o 2.96de 67.87de 537.5b 1.95d 0.67g
Fertigation
LSD value (5%) 0.24 4.69 325 0.18 0.061

Asbge (LSD 9ol (bl ) 720 Jlain] gaws 53 o dime M3 1813 ¢Sl (giw 5> dolie g >
Means having similar letters have no significant difference at 5% probability level by LSD test.
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B ke 365 9 ()bl slomy Mite g Lol @l 186 cov
Ot 48 390 o) Sy (Sile duglie b (Y Jpi2) €85
395 3,)S ol e 4y g g llae ol Ll 5 (gl cola
5 (Cm sTV/EY) —sbJgloxe dem ST Y/ES) oyll Ty ke
e 05 b 5l el ey (€M ST YY) sl 38 pas
lise a8 e 355 Bymo pis g (g )luleS w05 1
4 (P Joaes) ael cansatm STV/Y 5Ske b (ol 550, colin
Wiy (A Ay @lo (I Larlpd )3 i 3957 &S duo o sl
20,5 2 CO; (ygumMoww] Lats 5 inl38l &y e ol oyl g 0l
byl b yd olS (glasysy colin jialS pawsd b polie ks
il Glals )5 yolie 38 L o] Gl 5 (o)luleS i

(Minetal., 2013) cusl osis yi,l55

Js s ls
AU Gl 395 )3 (oS i Blite 31 a5 ol
il ol por ay S Jdg IS (gaiee (P < 0.01) gyl size
395 5 (oS i Jlite 131 (Sile Al s (Y Jgu2)
S5 Gl 355 0,187 48 00 0] Sk S B)lS 1 sl
D92 IS 130 oS y5 oS Jdo)lS (sgime o (o)l slo o
g wodbe )lal Jlos o U5 Jdo)lS ol st 8 gba;
(Mg g™ FW VYY) (o)Ll 598 & jgimds puade s 595" olil
pis slasi > ST Jdo)lS” lje o yia (V7 Jgi) el cusday
(MG g™ FW +/08) (6,LoloS 308 (45 53 ik 398 b poae
ook o &S o ()15 Ly (e )3 (Y Jgi2) A5 osmlitie
Srdppgis GialS ol (ST BT oyl ol Sl
e (sla i oy T el a0 5 el
el oSubow oy &S Cawl 0 4135 (Mouss, 2006) 295 o0
20,50 S i Il o (ttungtd slacdld o i3l
lad oz jlony s5tost clop 3l collad (il ) 26 &S
Ol Al oo 659,000 lind Y15 lS g M8 g8
Sy b 53 5 6 lganl bl Mg el oSy plSoxil 5y ogMle
4 el a4 S (Balakhnina et al., 2012) 555
a335 on Jubo)lS lyioma 3 I3l g (S Sy i3IS
o )llnS (15 e ST GRS L (ol 365745 sy o
Lis el g 0dd,S HyOp (slyioms g dasd moliusly, g5

5 w_o.o:v.a )iu Lghad;’élg. h @b og] Cowl 0 _}».99)15 Ly
Maghsoudi et ) (Triticum aesativum L.) pas8 oLS L oy,

Syl Sleen (al., 2013

5 oMol Jl ol €S o Lo, (ad diuy Ly a5 58 oy
OsSe 1 ookl &8 0ad 3155 S e My il Cosdlage
JGsl Jgtae sloylidlo) (9> (slasis] plSounl 4 yoxie Kilg oo
20,5 o ol i Gljl 4 ot Coled 1 45 35 ol 4
il o iSOl glaassl a8 s o 51 .(Ahmadi et al., 2015)
(Alietal, 5,5 Joso gloii 4 olS Joos (il coge
2 gy L oS 45 3,8 bl 65 ) ol o 2019)
D5 o S Gk jl Cagb) g9 Ll cage S JsSSsS
2 s ($95%0 o el 355 e 36 pogad cpl
55 Oiiee ;503 hawgs plKin > iS5 b YL lod Lylys
(Asadpour et al., 2022) cul oais o )l55
9 e

o3ls 3l 43U cow (P < 0.01) (o)l pno yobay g Cul
@l (¥ Jsiz) €85 L8 b 555 5 oS S5 Llite
ot Jlesl L 48 55, ol gorimd L (¥ Jiz) (ke auglio
ol Sl38l psS o olS sla sk S i ol (il
a3ty s o5 Al 5l e b 355 3,05 b Js
395 Bymo g ogllas ()l Jlo > (g el Glise (eSS
5 (HS em™ YRV/Y) (Sl L (o)l 395 &ygmodns purdeao
5 bl 0ad A5 e 3 Jols S i i ey
ol Canddy (S CM™ 54 /Y) Silio b uaabw 368 B jae pis
joym 4 odd (yo)l3 S aidb v b gdo)n FY 8 &S
oAl o pomie (Sgm ot il Bk (e sla i
Keshavarz Mirzamohammadi et ) 55,5 o (¢ juiuweid Collsd
el Joho gLt 3 o gy 5 sk B pae Ll (al., 20212
g (S ol Olise (BRI Culed 3 g ke (b s
Loyl 59y y (s ol alaly 1 > (Moussa, 2006)
ol b e cuds jlade oS ol L (Phaseolus vulgaris L.)
Oldize &S cusld il sald b awslie o (o)l dxe jobay i
Loy cop9 5 wlid slomyl gub Jb p ) ol cle
;1 (Keshavarz & Khodabin, 2019) 135" lsie Jolw slie
2 e A 3 g peelly Ol Gl Cel Sl oS bl
Oz Oles oo (Artyszak, 2018) dei oo mrduw 4 sl Cansad
Jols gt slapuslSe b5 & sl iz 4558 bluzl
3 s b (H'-ATPase) slic lapisy e o o gawlins]
H'- cled Lais b 38k 9 43k sLié closd clls 5 oo 5
SalS e 55 5l b olls 5l ATPase

(P <0.01) (g b5 xo yobodss (slasjgy colam anlllas oyl 4
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L e (oS 25 5 bawgie sla i )3 i LB St 03l &Il a5 4 59y ol (soimaylis el ly 40 gl
(0 Joa2) 15 oanlie a0 > VYA g VVIY (sl Silie i B S8 00l (5ot ke 955 5 okl o

Olali8l 4 yoxie SleS L2 (F Jgds) 13 (p < 0.01) s ixe
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Table 4- Results of analysis of variance (mean of squares) of studied traits affected by irrigation regimes and
fertilizer treatments

S ook ‘o KWW Suid 3
5 o 2, . o TR e
% @bo PRETEE S ol oS S b Forage adgle
Source of variation df) Dry n:]a!:t-er Cruqe Auxin Cyanlc fresh Welght Forage dry
digestibility  protein acid weight
Block b, 2 9.72ns 0.23ns 33.93ns 701ns 74.2ns 19.2ns
Irrigation (¢,L 2 1402** 16.25* 34978** 64253** 19984** 1156**
Main error Lol cls 4 36.7 0.97 123.6 516 25.02 5.88
Fertilizer 555 jlous 2 358.08** 18.34**  2884.7** 909ns 976.9** 108.7**
ek 4 56.94ns  1.39ns  337.0%%  809ns 19.5ns 11.2ns
IrrigationxFertilizer
Error S cls 66 26.88 2.58 45.003 681.7 66.48 8.27
CV (%) &l poss oo 7.6 14.7 7.2 141 11.0 16.1

il oo doyd S g gy Jlein] zolaw )3 I dze BB 5 o dme M pae Sby i gy s 9 % NS
ns, * and **: Non-significant and, significant at 1% and 5% probability level, respectively.
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Table 5- Main effect comparison of irrigation and fertilizer on studied traits

B Sl ool . . s
) Dry i PB gy Syl dnw! ke 5 09 - o
k! matter Crude protein Cyanic acid FO@S? I‘rtesh orage 459]‘
Irrigation digestibility g dry weight
mol g of R
(%) ("pmtegin) (ton ha!)
ostle ! 60.2b 10.02b 129.8¢ 97.8a 23.7a
Full irrigation
FRICENRENE
Moderate water- 71.2a 11.32a 200.9b 79.5b 18.9b
deficit stress
S LA i
Severe water- 73.8a 11.41a 223.2a 44.3c 10.7¢
deficit stress
LSD value (5%) 4.58 0.74 17.1 3.78 1.83
Fertilization >4
Sras e 71.7a 10.04b 189.8a 67.1b 15.5b
No application
‘r?lf"bbu 68.9b 11.03a 185.7a 75.9a 18.6a
Foliar spray
el ! 64.5¢ 11.68a 178.4a 78.6a 19.2a
Fertigation
LSD value (5%) 2.81 0.87 14.1 4.43 1.56

A3l oo (LSD yge5l bl ) 70 Jlain] gans 53 5 dime 331 1315 ¢ uSilie gt ;3 9 i) o 4 doliie g >
Means having similar letters have no significant difference at 5% probability level by LSD test.
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Fimw Rl 4y e 3557 (39331 503 8IS bl 2 (2013
oll8l 5,k 51 (Oryza sativa L.) gy olS 50 ST jg0,90
J o llpd o lals by his cage 69y pals Ol

(Tripathi et al., 2012) 53,5 .»

S yasibacs sl

bl o) hol 511s 4 3 (Ui bl 4528 @l
(f Jgaz) 4255 Jloisime oyl sl (g0 2 (p < 0.01)
S o5 Jleel (IR L &8 55, o] Sl adlllae ol
ol Ulsee oidier 45 55k 42 005 039381 Syl dpsl (g5xe
Las s ,Les , (nmol g™ of protein YYY/Y) Sl L
390 wodbae ()bl Jlas j ieS ZFV/VA &S ol oy (g )lloS
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Sl cbale (ol 8l 4 odte e aily (oS Al 1t
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Figure 2- Interaction between irrigation and fertilizer treatment on auxin content. Means having similar letters,
have no significant difference at 5% probability level by LSD test.
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