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Introduction

Roselle (Hibiscus sabdariffa L.) is a medicinal plant belonging to the Malvaceae family that has been used as
medicine since ancient times. Sepals of roselle are a source of anthocyanin, vitamin C and other antioxidants,
such as flavonoids (hibiscetine, gossypetine, and sadderetine). Due to the fact that drought is one of the
prominent geographical features of Iran, saving water by cultivating drought-resistant crops can be considered as
a solution to deal with drought. However, it should be noted that applying deficit irrigation without careful
planning can lead to a reduction in quantitative or even qualitative yield. Therefore, due to the medicinal
importance of roselle and its resistance to drought, the aim of this study was to investigate the effect of different
irrigation regimes and planting method on some quantitative and qualitative traits of roselle plant.

Materials and Methods

The experiment was carried out 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. Treatments included seven levels of Irrigation (11: 100% crop water requirement
(CWR), I,: 80% CWR from 8-leaf stage to end of flowering, 13: 80% CWR from 8-leaf stage to beginning of
flowering, 12: 80% CWR from beginning to end of flowering, Is: 60% CWR from 8-leaf stage to end of
flowering, ls: 60% CWR from 8-leaf stage to beginning of flowering, 17: 60% CWR from beginning to end of
flowering) and two level of planting method (direct and indirect) as 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. At the harvest time, two square meters of each plot were harvested to measure number seed and sepal
yield, biological yield, and harvest index. In addition, qualitative traits including vitamin C, anthocyanin, total
phenol, seed protein and oil were measured. Data from the two field experiments were analyzed with SAS
software; obtained averages compared with using Tukey's Studentized Range (HSD) Test at the 5% probability
level.

Results and Discussion
The results showed that the interaction effect between irrigation and planting method was significant on
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biological yield, vitamin C, total phenol, seed protein and oil. The highest seed oil (21.25%) was obtained in 11
and transplanting treatment. 17 and direct planting method treatment had the highest total phenol (41.96 mg g dry
weight?) and seed protein (31.32%). The maximum biological yield (9064.33 kg ha') and vitamin C (32.35 mg
100 mlt) were observed in 11 and direct planting method and 14 and direct planting method, respectively. There
was no significant difference in any of the irrigation levels between the two planting methods except for the total
phenol at two levels of Is and ls, which its amount was higher in the direct planting method than transplanting.
Seed yield, sepal yield, seed harvest index, sepal harvest index, and anthocyanin were only affected by the main
effect of irrigation. As the intensity of stress increased, the yield and harvest index decreased and the amount of
anthocyanin increased. The highest seed (667.54 kg ha') and sepal yield (392.73 kg ha™) were obtained in I,
treatment, which had no significant difference with I, treatment. The lowest seed and sepal yield were also
obtained in I treatment. According to the harvest index, the only I, treatment showed a significant difference
with other treatments. So that the lowest of seed (7.85%) and sepal harvest index (4.5%) were obtained in this
treatment.

Conclusion

The results of this study revealed that water stress had the negative effect on the sepal, seed, and biological
yield and number of fruit per roselle plant in both transplanting and direct sowing methods. However, with
increasing drought stress, the plant's quality traits, including vitamin C, anthocyanin, total phenol, and seed
protein improved. The extent of drought effect varied depending on the growth stage of the plant; however, there
was no significant difference in seed and sepal yield obtained in stress-free and irrigation at 80% water
requirement from 8-leaf stage to end of flowering treatments. The most significant impact was observed during
the sensitive growth stage of the plant, particularly from early to late flowering, under drought conditions.
Additionally, the results indicated that the transplanting method did not significantly enhance the studied traits at
various irrigation levels compared to direct cultivation. Based on the climatic conditions of the study area,
irrigating at 80% of the water requirement from the eighth leaf stage to late flowering of the roselle plant appears
to be a viable strategy for achieving satisfactory quantitative and qualitative performance while conserving water
resources.

Keywords: Anthocyanin, Drought stress, Transplanting, Vitamin C
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Figure 1- a) Daily precipitation and b) maximum and minimum temperature of Kashmar meteorological station during the
growing season in 2016 and 2017
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Figure 2— Effect of irrigation on a) seed and b) sepal yield of roselle
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beginning of flowering l4: 80% CWR from beginning to end of flowering, Is: 60% CWR from 8-leaf stage to end of flowering, le:

60% CWR from 8-leaf stage to beginning of flowering, I7: 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 3- Interaction effect between irrigation and planting method on biological yield of roselle
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11: 100% crop water requirement (CWR), 12:80% CWR from 8-leaf stage to end of flowering, Is: 80% CWR from 8-leaf stage to
beginning of flowering l4: 80% CWR from beginning to end of flowering, Is: 60% CWR from 8-leaf stage to end of flowering, le:
60% CWR from 8-leaf stage to beginning of flowering, l7: 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 4- Effect of irrigation on a) seed and b) sepal harvest index of roselle
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11: 100% crop water requirement (CWR), 12: 80% CWR from 8-leaf stage to end of flowering, Is: 80% CWR from 8-leaf stage to
beginning of flowering l4: 80% CWR from beginning to end of flowering, Is: 60% CWR from 8-leaf stage to end of flowering, ls :
60% CWR from 8-leaf stage to beginning of flowering, I7: 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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Table 3- Analysis of variance for effects of irrigation and planting method on qualitative traits of roselle
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b 1 2117ns  0.0079 ns 14.92 ns 9.66ns  0.70ns
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S 4 1.35 0.0053 4131 9.42 0.26
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‘_"L"*_‘ 6 212.09%* 0.0818** 811.30** 144.64** 33.00%*
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d’l”'.‘ X.‘JL”. 6 0.00 ns 0.0006 ns 0.76 ns 0.41ns 0.30 ns
Year x irrigation
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S X ol 6 2,95+ 0.0022 ns 26.74%% 2.59%* 2 82%%
Irrigation x planting method
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Error b
- 6.8 10.4 3.8 3.3 3.6
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*and **: are significant at 5 and 1% probability levels, ns: Non-significant
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Introduction

Henna (Lawsonia inermis L.) is a perennial, dicotyledonous plant native to North Africa and Southeast Asia.
This plant is cultivated in tropical regions as an ornamental species and for its dye production (Singh, Lugman,
& Mathur, 2015). Drought stress directly affects a range of physiobiochemical and phytochemical processes, as
well as molecular responses (Farooq, Wahid, Kobayashi, Fujita, & Basra, 2009; Rady, Belal, Gadallah, &
Semida, 2020). Salicylic acid is a phenol-based phytohormone that regulates vital physiological activities within
the plant, including water uptake, ion transport, transpiration, and photosynthesis (Klessig, Choi, & Dempsey,
2018). Sodium nitroprusside is a nitric oxide-releasing compound (Farouk & Al-Hugail, 2020). Nitric oxide
inhibits free radicals by inducing gene expression and enhancing the activity of antioxidant enzymes, thereby
protecting cells from damage caused by abiotic stresses (Ahmad et al., 2016).

Materials and Methods

This experiment was conducted in 2021 on a farm located in Qaleganj City, Kerman Province. The climate of
Qaleganj is classified as semi-desert according to the dry amber method. The characteristics of the soil at the test
site are detailed in Table 1. The experiment was carried out in the form of split plots based on a randomized
complete block design with four replications. The main factor included three levels of irrigation (50%, 75%, and
95% of crop capacity), while the secondary factor involved foliar spraying with growth regulators (control,
salicylic acid, sodium nitroprusside, and a combination of salicylic acid and sodium nitroprusside). The seeds of
the henna plant (Lawsonia inermis L.) were obtained from the Faculty of Agriculture at Bahonar University,
Kerman, Iran. The planting date for the henna plant was April 1, and the harvesting date was November 5.

Results and Discussion

The results showed that drought stress caused a decrease in traits such as plant height, leaf area index, and
yield. Additionally, drought stress increased traits such as malondialdehyde concentration, ascorbate peroxidase
enzyme activity, catalase enzyme activity, and phenylalanine ammonialyase enzyme activity. The application of
the combination of salicylic acid and sodium nitroprusside enhanced the leaf surface index, ascorbate peroxidase
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enzyme activity, catalase enzyme activity, and phenylalanine ammonialyase enzyme activity. The highest seed
yield from the treatment with the combination of salicylic acid and sodium nitroprusside was 3546.66 kg.ha'
under irrigation conditions of 95% of crop capacity, while the lowest seed yield, from the treatment without
growth regulator application, was 2243.33 kg ha* under 50% crop capacity conditions.

Conclusion

When faced with drought stress, the henna plant employs osmotic regulation mechanisms by increasing the
accumulation of proline, thereby tolerating water deficit conditions to some extent. Spraying the combination of
salicylic acid and sodium nitroprusside resulted in an increase in antioxidant enzymes, leaf surface index, and
leaf density per hectare, helping to mitigate the destructive effects of stress. Based on the results of this research,
it is recommended to use a salicylic acid and sodium nitroprusside solution under drought stress conditions to
maintain performance in henna plants.

Keywords: Antioxidant defense system, Leaf area index, Malondialdehyde, Proline
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Table 1- Physical and chemical properties of soil
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Table 2- Results of variance analysis of physiological traits of henna plant
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*,**and ns significant at 5 and 1% probability levels and non-significant, respectively.
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Table 3- Comparison of the average effect of different levels of drought stress on the physiological characteristics of henna

plant
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Table 4- Comparison of the average effect of PGR on the physiological characteristics of henna plant
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* In each column, averages with common letters have no significant difference based on Duncan's test at the five percent probability
Jlevel
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Introduction

Thyme (Thymus vulgaris L.) is a perennial plant that belongs to Lamiaceae family, and native to the

Mediterranean regions. Thyme is used in the medical, cosmetic and food industries due to its unique aroma and
taste. The yield of thyme can be affected by environmental factors and agricultural management. Harvest cutting
is one of the important factors determining the quantitative and qualitative characteristics of the thyme. It has
also been reported that exogenous application of plant growth regulators at low concentrations has led to yield
improvement. Cytokinins (CKs) are one of the five main types of plant growth regulators (PGRs) that affect
plant growth and development. In addition to enhancing cell division and growth, CKs also prevent plant aging
by inhibiting the breakdown of chlorophyll, nucleic acids, proteins, and other substances. CKs play a role in the
transport and accumulation of photosynthesis products and affect the activity of enzymes. CKs also stimulate the
growth of lateral branches, too. This study was conducted to investigate the effect of foliar spraying of cytokinin
(benzylaminopurine) during harvest cuttings on the essential oil production and growth of thyme plant.

Materials and Methods

This experiment was carried out at the research farm of Razi University, Kermanshah, Iran (Longitude 47°, 9'
east and latitude 34°, 21' north, 1319 m above sea level) during three consecutive years of 2017, 2018 and 2019.
The research was conducted as a factorial experiment based on a randomized complete blocks design with three
replications. The first factor was the harvest cutting (late June and late September) and the second factor was the
concentrations of cytokinin (0, 100, 200 and 400 uM BAP). The measured traits included plant height, stem
diameter, number of branches, leaf, stem and total dry weight, percentage and yield of essential oil. The analysis
of variances (ANOVA) of data was performed using SAS ver.9 software and the means comparison was done
using LSD test at 5% probability level.

Results and Discussion

The results of analysis of variance showed that the effect of harvest cutting on the traits of plant height, stem
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diameter, number of branches, leaf, stem and total dry weights and essential oil yield was significant, but its
effect on the essential oil percentage was not significant. Also, the effect of foliar spraying of BAP was
significant on all the mentioned traits. The interaction effect of harvest cutting x BAP spraying was significant
on the number of branches, dry weight of leaves and stems, total dry weight and essential oil yield. A
comparison of means showed that the highest plant height, number of sub-branches, leaf dry weight, stem dry
weight and total dry weight (4355 kg ha) were obtained by foliar spraying of 400 uM BAP. The percentage of
essential oil increased with the increase of BAP concentration. The highest essential oil (2.35%) was obtained by
foliar spraying of 200 uM BAP. The highest and lowest essential oil percentage were obtained in 2020 and 2018
experiments, respectively. Also, the yields of essential oil were different in different cuttings under the influence
of BAP foliar application. The increasing of the essential oil yield in the first harvest was higher compared to the
second harvest. Foliar spraying of 400 uM BAP in the first harvest produced the highest essential oil yield
(59.95 kg ha'l).

Conclusion

In general, the results of this study indicated that cytokinin spraying during the first harvest significantly
influenced on the enhancement of traits such as plant height (16%), number of lateral branches (59%), leaf dry
weight (200%), total dry weight (194%), and essential oil production (108-217%) in thyme. Additionally, as the
plant aged (in the third year of the experiment), this enhancement in essential oil production was more. To
enhance essential oil yield and vegetative growth of thyme, it is recommended to apply 400 uM cytokinin
spraying during the first harvest.

Keywords: Concentration, Growth regulator, Leaf dry matter, Yield
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S.0.v Plant No. of ; Stem dry ; : Essential ~ Essential
df ¢ weight ; weight diameter ; I
height  branches weight il (%) oil yield
Y) Ju
(Y)eir 1.02m 41.76™ 92641.62" 267796.01" 436489.56™ 0.28" 0.39" 311.12m
(J) Sok
Block 6 1.69 0.22 786129.79 698267.58 2838708.28 0.31 0.05 293.14
(Year)
(A) ety o
Harvest 1 127.81™  125.34™  9046840.06™ 3614912.34™ 240999153.13"  2.50™ 0.008"™  4432.26™
cutting
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Y xB 6 0.10™ 0.26" 1211.46"™ 5867.18™ 6729.41"™ 0.002m 0.0005"™ 2.33m
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Y xAxB 6 0.0009" 0.02ns 1123.03™ 2602.82™ 6333.69™ 0.004"ns 0.005" 2.21™
s
Error 42 0.99 161 124372.27 154298.06 512364.09 0.17 0.01 70.47
P 20.04 6.66 5.58 34.79 20.97 4.62 22.07 24.66
CV (%)
o> K g iy Jleisl a3 )b ime g 5 gime BB oy o Sy s 9w NS
ns: no significant, **, *: Significant at 1 and 5% probability levels, respectively.
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Figure 2- Means comparison of harvest cutting in
terms of the plant height (LSD=0.47)
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interaction in terms of the plant height (LSD=1.16)
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Table 4- Means comparison of cuttingx cytokinin concentrations interaction in terms of the investigated traits of thyme
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Introduction

The food security of any country is directly dependent on the production of its agricultural sector, and any
disruption in the production process of this sector can directly threaten the food, social, economic and even
political security of the country. In other words, the agricultural sector, as a productive sector, is responsible for
eliminating and reducing poverty and ensuring food security. In the current situation, due to the ever-increasing
demand and the significant growth of the population, the indiscriminate and incorrect exploitation of limited and
non-renewable resources and reserves, as well as the occurrence of challenges such as climate change, ensuring
food security and maintaining it, are of great importance. The purpose of this study was to investigate the
availability of crop products in Razavi Khorasan province in two horizons of 5 and 10 years under two scenarios
of full irrigation and deficit irrigation in accordance with the water capacity of the province and to provide
appropriate solutions.

Materials and Methods

This study was carried out in Razavi Khorasan province for the time period of 2017-2020 as the baseline and
2024-2028 and 2024-2033 as 5- and 10-year horizons, respectively. The information needed for this study was
obtained through documentary and library studies, generally by referring to the official centers that publish the
country's information and published documents (especially the Ministry of Agriculture and the Agricultural
Jihad Organization of Razavi Khorasan province), field information and also by completing the questionnaire
from national experts and holding meetings with stakeholders and experts. Finally, the changes in the harvested
area, yield, production, volume of water consumption and water productivity of important irrigated (under two
scenarios of full irrigation and deficit irrigation) and rainfed crops, as well as indicators of per-capita
consumption, production, demand, trade, and the percentage of self-reliance of these crops were estimated and
evaluated in 5- and 10-year horizons compared to the baseline (2017-2020).
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Results and Discussion

According to the results, if the objectives of this study are achieved, the crop water requirement and total
water consumption will decrease across both scenarios and time horizons, while water productivity will improve
compared to the baseline. In the projected horizon periods, the yield of both irrigated and rainfed crops will
increase compared to the baseline. The harvested area of irrigated crops will decrease, while the harvested area
of rainfed crops will expand. However, under deficit irrigation conditions, the production of both rainfed and
irrigated crops will rise, whereas irrigated crop production under full irrigation conditions will decline, aligning
with water balance objectives. These changes will occur mainly due to the increase in the harvested area and
production of fodder sorghum, silage, fodder beet, and autumn beet and the decrease in the harvest area and
production of alfalfa, irrigated vegetable crops, and spring beet. Despite the increase in the demand of important
crop products of the province in 5- and 10-year horizons by 10 and 17% (considering population growth and
improvement in per-capita consumption), respectively, the amount of production of these products will decrease
by 2% in 5-year horizon and increase by only 1% in 10-year horizon. Therefore, it is predicted that the self-
reliance of the province's total production will decrease from 74% in the baseline to 68% and 67% in the 5- and
10-year horizons, respectively. In order to achieve the results of this study, solutions such as paying attention to
aquifers and watersheds, cultivation of fallow lands, increasing soil organic matter, real development of
conservation agriculture, development of autumn and waiting planting, development of alternative crops
(especially fodder crops), and provision, production, distribution, and consumption of inputs in a timely and
appropriate manner are suggested.

Conclusion

In total, the results of this research showed that the proposed production pattern for crops in Razavi Khorasan
province and 5 and 10-year horizons will be consistent with the water capacity of the province, especially in the
deficit irrigation scenario. However, the realization of the results of this study requires the categories of

"research”, "technology", "education and empowerment", and "promotion of achievements".

Keywords: Deficit irrigation, Per-capita consumption, Production, Self-reliance, Water productivity
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Table 1- Deficit irrigation coefficient and crop irrigation efficiency

Jguacmo SoleS b Sl 21,8

Crop Deficit irrigation coefficient Irrigation efficiency (%)
Wheat .5 0.8 50
Barley s 0.8 50
Rice g, 0.9 50
Cotton 4., 0.8 50
Beet juas 0.8 50
Autumn beet o300 ,iue 0.8 50
Beans «lge 0.8 50
Potato e jcuw 0.9 70
Onion ;L 0.8 60
Tomato 5,645 0.9 60
Oily crops <9, ;lals 0.8 50
Watermelon 4ilgua 0.8 60
Melon o5 ,5 0.9 60
Other vegetable crops ;Jis Lo 0.9 60
Alfalfa assq 0.9 50
Fodder maize (clasgle )3 0.9 60
Fodder sorghum clasgle #5540 0.8 60
Silage Joa3 0.8 50
Fodder beet (clasgle juiie 0.8 60
Other fodder crops sgle Lo 0.9 50
Other crops «Ygase plo 0.8 50
Total crops &Y gase JS 0.8 50
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Figure 1- Production (A), harvested area (B), yield (C), water consumption volume (D), water requirement (E), and water
productivity (F) of total crops under full and deficit irrigation conditions in the baseline and 5- and 10-year horizon
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Table 2- Crop water requirement under full and deficit irrigation conditions in the baseline and 5- and 10-year horizon

Gross water requirement (m® ha?) of LalBU ;LS

(o LA 5L Full irrigation Jols" (5,1 Deficit irrigation (g ,WleS
Jgpaceo Net water b sd Yo 38 O &8 Yo 58
Crop req“?ﬁ”}f“‘ wbeyd gl dl wbeyd gl o
(m*ha) Baseline  5.year  10-year Baseline  5.year  10-year
horizon _ horizon horizon _ horizon
Wheat p.:5 2884 6409 5573 5127 5172 4458 4102
Barley 2510 5587 4850 4462 4462 3880 3570
Rice @, 7300 16222 14106 12978 14600 12696 11680
Cotton 4., 7522 15044 13082 12035 12035 10465 9628
Beet jue 8186 16372 14237 13098 13095 11389 10478
Autumn beet o}uL jaue 4600 9200 8000 7360 7360 6400 5888
Beans b 6150 12300 10696 9840 9840 8557 7872
Potato e jouw 6851 10540 9165 8432 9486 8249 7589
Onion jL, 8112 13520 11757 10816 10816 9405 8653
Tomato S ,84>55 7974 12268 10668 9814 11041 9601 8833
Oily crops sy, ;lals 2884 6409 5573 5127 5127 4458 4102
Watermelon «lgas 6199 11271 9801 9017 9017 7841 7213
Melon o5 5 7057 12831 11157 10265 10906 9484 8725
Other vegetable crops ;Jls L. 7000 12727 11067 10182 10818 9407 8655
Alfalfa g 10500 21000 18261 16800 17850 15522 14280
Fodder maize clagle )3 6434 10723 9325 8579 9115 7926 7292
Fodder sorghum cladgle o5 gm0 5000 9091 7905 7273 7273 6324 5818
Silage Juas 2400 4800 4174 3840 3840 3339 3072
Fodder beet clasgle juiie 6000 10000 8696 8000 8000 6957 6400
Other fodder crops sgle Lo 4000 8000 6957 6400 6800 5913 5440
Other crops &Ygaso ylo 6000 12000 10435 9600 9000 7826 7200
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Table 3- Total (irrigated and rainfed) and irrigated harvested area under full and deficit irrigation conditions in the baseline
and 5- and 10-year horizon

Ma,u.ﬂ Cwild y u', Cwild p mhaw
Total harvested area (thousand ha) Irrigated harvested area (thousand ha)
o (55! Sl Jol5 5l Sylles
Jgameo Full irrigation Deficit irrigation Fullirrigation Deficit irrigation
Crop al 0,90 O @8 Vo 38! O @8 Vo &8 al 0,90 o &8 Ve 38l O &8 Vo 8l
Baseline Alw Alw Al Al Baseline Al Al Al Al
S-year 10-year S-year 10-year S-year 10-year S-year 10-year
horizon horizon _ horizon horizon horizon horizon horizon horizon
Wheat p.:5 234 212 182 233 208 131 89 71 110 97
Barley s 137 131 128 148 148 114 97 82 114 102
Rice 21 11 11 13 11 2.1 11 11 13 11
Cotton 4o, 23 19 17 21 19 23 19 17 21 19
Beet juue 17 10 9 14 11 17 10 9 14 11
Autumn beet o 1 0 2 25 2 22 0 2 25 2 2.2
Beans <l 10 1 10 9 13 1.8 0.9 0.7 11 1
Potato e jeum 5 42 4 4.7 45 4.7 4.2 4 4.7 45
Onion 3L, 21 1.7 15 19 1.7 2.1 1.7 15 19 17
Tomato Sysax 5 113 7.9 6.3 9 8.1 11.3 6.3 9 8.1
Qily crops s, slals 11 11 12 14 14 5.5 7.9 5.5 8.3 7.5
Watermelon «ls.n 7 5.0 4 4.4 39 6.7 5.5 3.4 44 3.9
Melon o5 25 18 16 20 18 25 4.0 15 19 17
Other vegetable > L. 3 2 18 22 2 28 17 18 22 2
crops
Alfalfa sy 27 16 13 19 17 27 2 13 19 17
Fodder maize  glasgle <) 17 17 14 17 16 17 16 14 17 16
Fodder lassle ps%)9 0 2.2 2.2 3 3 0 17 2.2 25 25
sorghum
Silage Joab 0 27 37 28 28 0 2.2 7 8 8
Fodder beet  glagle 1z 0 2 2 2 2 0 7 15 1.8 1.8
Other fodder sssle L. 0 15 21 15 21 22 15 18 2.7 2.7
crops
Other crops <¥gaxs ylo 22 9 8 21 15 135 2.2 7.6 121 121
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Table 4- Average yield of irrigated crops (kg ha) under full and deficit irrigation conditions in the baseline and 5- and 10-
year horizon

Baseline 4L Potential Juwiliy Full Jol8' s,Lf Deficit (g ,lleS
) ) irrigation irrigation

Jgazo o &8 Ve 8 O 8 Yo 8

Crop obw! 2988 obw! 298 Al W AW Wl
Province  Country Province  Country 5-year  10-year 5-year  10-year
horizon  horizon horizon _ horizon

Wheat pu:5 3700 4273 7569 12659 4810 5750 4570 5175

Barley ¢ 3236 3555 6037 11450 4369 5150 4150 4678

Rice gy 3448 5150 10148 - 4827 5600 4550 5208

Cotton 4z, 2240 2565 6273 7317 3136 3450 2979 3209

Beet e 53030 54776 109592 161821 60985 66500 57500 61845
Autumn beet o0l e - - - - 70000 74000 68000 68820

Beans wlbg.o 1616 2208 4957 3956 2182 2500 2073 2300

Potato e 31439 35626 79424 90967 41499 46000 39425 42780
Onion L, 43117 46138 79630 174917 56052 61000 53249 56730

Tomato 55,845 55 40026 45481 130576 - 52034 57000 49432 53010

Oily crops ¢4, olals 1619 1819 4957 7038 2348 2600 2250 2366
Watermelon ls.n 25070 31000 73902 - 32090 35000 29843 32550
Melon 3,5 20500 22000 44619 - 26650 29000 24785 26970

Other vegetable crops (¢l olals yls 21324 24000 37435 - 25589 28000 24053 26040
Alfalfa aq 9658 10578 30677 20707 12362 13500 11497 12555
Fodder maize késle )3 51679 52070 96598 122350 62015 67000 58914 62310
Fodder sorghum ladgle po5 g - - - - 67000 74000 64000 68820
Silage Juad 30000 30000 40000 - 32400 35000 30132 32900

Fodder beet glégle iz 55000 55000 85000 - 68000 75000 66500 69750

Other fodder crops «sle ylo 7679 8988 9500 - 9599 10500 9119 9765
Other crops &¥game ylo 8128 8700 10500 - 9916 11000 9024 10230

Al Ve g dlw O @il 5 asly 590 15 (UKD 13 0,59LS) o2d (£y5 Y gazme 3 Shos (il —0 Jgua
Table 5- Average yield of rainfed crops in the baseline and 5- and 10-year horizon

s 4S5 aloyg  dldgs Al ).
Crop Country Baseline 5-year horizon 10-year horizon
Wheat p.:5 1295 676 879 1055
Barley o 1291 736 957 1148
Beans b 577 381 495 594
Oily crops sy, ;lals 155 264 316
Watermelon «lgaa 7600 3807 5711 6853
Melon o5 ,5 13000 3007 4511 5413
Silage Juas 13000 9500 11400
Legumes and intercropping Ly g po 2000 361 1500 1800

Other crops &Ygaso ylo 2534 2027 2432 2919




Y . oly; Y game s 51 1FF-VRIY) (60055 Ll 3 oylisl 31 ool il ooy Ko g 5 ygLis

dJlw Iy~ 50 dlﬁ:éﬁ‘g 4.1\4 8,90 42 ‘5)1931053 J.ols ‘_g)Lgi Ja.gl).w » ‘;ﬁ'))‘ UYM ‘:gis (rg.gbg u"i) Js -\-g)gs -5 Jg-\e
Table 6- Production of total (irrigated and rainfed) and rainfed crops under full and deficit irrigation conditions in the
baseline and 5- and 10-year horizon

w23 9 il o5 EIEYIY
Total crop production (thousand tons) Irrigated crop production (thousand tons)
Jol5' (gLl Solles Soles Jol8’ (gLl
Jgpasw Fullirrigation Deficit irrigation Deficit irrigation Fullirrigation
Crop b 0493 O &8l Vo 8 O @8 AR t] al 0y9d O &8 Ve 38l o & Vo 8l
Baseline Al Al Al Al Baseline Al Al Al Al
5-year 10-year S-year 10-year 5-year 10-year 5-year 10-year
horizon horizon horizon horizon horizon horizon horizon horizon
Wheat pu:5 611 537 526 611 618 541 428 409 502 501
Barley o 385 456 475 505 532 368 423 423 472 450
Rice gy 7 5 6 6 6 7 5 6 6 6
Cotton 4z, 52 58 58 62 60 52 58 58 62 60
Beet i 1021 634 622 797 686 1021 634 622 797 686
Autumn beet o500 e 0 140 185 136 151 0 140 185 136 151
Beans clg. 6 6 10 6 10 3 2 2 2 2
Potato e jcuw 164 176 185 185 191 164 176 185 185 191
Onion L, 101 94 92 101 97 101 94 92 101 97
Tomato S ysass5 452 411 360 447 431 452 411 360 447 431
Oily crops ¢4, olals 10 14 16 20 20 9 13 14 19 18
Watermelon lsun 200 134 127 135 135 198 130 120 131 128
Melon 3,5 603 470 436 469 460 602 465 430 464 454
Other sl glals L 79 61 56 65 59 70 50 50 54 53
vegetable crops
Alfalfa asqy 274 218 208 235 247 274 200 174 217 213
Fodder maize gladgle )3 898 1076 938 1022 973 897 1076 938 1022 973
Fodder cleésle ¢S5 0 147 163 160 172 0 147 163 160 172
sorghum
Silage J.a8 417 587 431 605 227 245 241 263
Fodder beet lssle jaixe 102 113 120 126 102 113 120 126
Other fodder crops assle y L 26 32 25 35 29 17 21 19 24 23
Other crops wYgaxs yls 137 94 83 110 112 137 94 83 110 112
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Table 7- The amount of water consumed by crops (million m-) under full and deficit irrigation conditions in the baseline and
5- and 10-year horizon

Jol (5l S sleS
Fullirrigation Deficit irrigation
e o 3 e g Dsd 3 Ale)e gl
Crop a0l 09 4l 2,99
Baseline Moo horgon Bl o horien

Wheat p.:5 839 496 365 583 490 297
Barley s> 635 469 367 442 442 366
Rice @, 34 15 14 27 16 113
Cotton 4., 350 243 201 243 219 181
Beet juis 284 148 123 197 158 116

Autumn beet o},L jaus 16 18 13 13

Beans <l 23 10 7 16 9 8

Potato e jawm 50 39 34 39 39 34
Onion ;L 28 20 16 20 18 15

Tomato S jas s 139 84 62 108 87 72

Oily crops 9, ;lals 36 31 28 25 37 31
Watermelon «lsae 76 40 31 53 34 28
Melon o5 320 195 152 237 177 147

Other vegetable crops 5> LS Lo 36 22 18 26 21 18
Alfalfa g 565 295 217 418 293 242
Fodder maize lagle )3 186 162 120 138 137 114
Fodder sorghum cladgle #5540 - 17 16 - 16 15
Silage Joa3 - 29 27 - 27 25

Fodder beet cladgle juise - 13 12 - 13 12
Other fodder crops sgle Lo 18 15 11 13 16 13
Other crops &Y gaso plo 162 98 72 106 95 73
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Table 8- Crop water productivity (kg m-) under full and deficit irrigation conditions in the baseline and 5- and 10-year

horizon

Jyone Baseline asly 2,93 Fullirrigation Jols" g bl Deficit irrigation (g,
Wheat p.:5 0.7 0.9 0.9 1.1 1.0 1.3
Barley 4 0.7 0.8 0.9 1.2 1.1 1.3
Rice g 0.2 0.4 0.3 0.4 0.4 0.4
Cotton 4, 0.2 0.24 0.2 0.3 0.3 0.3
Beet jue 4.0 4.3 4.3 5.1 5.0 5.9
Autumn beet o},L jaue - - 8.8 10.1 10.6 11.7
Beans b 0.2 0.2 0.2 0.3 0.2 0.3
Potato e jouw 33 2.8 4.5 5.5 4.8 5.6
Onion jL, 4.0 14 4.8 5.6 5.7 6.6
Tomato 55,6455 3.6 3.2 4.9 5.8 5.1 6.0
Oily crops sy, ;lals 0.3 0.3 0.4 0.5 0.5 0.6
Watermelon lgaa 2.8 3.9 33 3.9 3.8 4.5
Melon o5 5 1.9 2 2.4 2.8 2.6 31
Other vegetable crops ;i ;lals Lo 2.0 3.1 2.3 2.8 2.6 3.0
Alfalfa g 0.5 0.7 0.7 0.8 0.7 0.9
Fodder maize clagle )3 5.7 5 6.7 7.8 7.4 8.5
Fodder sorghum (cladgle o535 gm0 - - - 10.2 10.1 11.8
Silage Juas 7.8 10 7.8 9.1 9.0 10.7
Fodder beet clasgle juiie 6.9 6.1 7.8 9.4 9.6 10.9
Other fodder crops asgle Lo 11 6.5 1.4 1.6 15 1.8
Other crops &Ygaso ylo 0.9 0.2 1.0 11 1.2 1.4
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Introduction

In recent years, population growth on the one hand and climate change on the other, have increased the need
for higher agricultural production. With the expansion of cultivated areas and increasing use of chemical
fertilizers, the health of the environment and humans has been jeopardized. Consequently, recent studies have
begun on the type of fertilizers used, the best fertilizer composition, and how to use them. Various studies have
shown that organic fertilizer can ensure the sustainability of agricultural systems’ production, sometimes as a
replacement and most often as a supplement to chemical fertilizers. In conditions where climate change and the
salinization of agricultural lands have had noticeable effects on the production of various crops, the need for
resilient plants becomes more apparent. Quinoa (Chenopodium quinoa Willd.) is a crop that is resistant to
environmental stresses and is nutritionally very rich, to the extent that its amino acid composition is compared to
that of mother’s milk. The current research aims to investigate the effects of foliar application with seaweed
extract on the growth and performance of different quinoa genotypes.

Materials and Methods

This research was conducted in the summer and autumn of 2020 at the educational and research farm of the
Faculty of Agriculture and Natural Resources of the Islamic Azad University, Karaj unit. The study was carried
out as a split-plot experiment (5x3), based on a randomized complete block design with three replications. The
main factor in this research was the fertilizer factor, which included 3 treatments: control: (without foliar
application with seaweed extract), foliar application with seaweed extract at a concentration of 10 percent, and
foliar application with seaweed extract at a concentration of 20 percent, placed in the main plot. The other factor
was the genotype of the quinoa plant, which included 5 genotypes: Gizal, Titicaca, Rosada, Kancolla, and Q12,
placed in the subplot. At different stages of plant growth, traits such as seed saponin content, thousand seed
weight, seed yield, days to physiological maturity, days to flowering, dry plant weight, fresh plant weight, stem
diameter, inflorescence length, and plant height were measured.

Results and Discussion
The foliar application of seaweed extract had a significant effect on various traits, with a **1% significance
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level** for days to flowering, days to physiological maturity, inflorescence length, thousand seed weight, and
seed saponin content, and a **5% significance level** for plant height. The simple effect of genotype was
significant at the 1% level for all traits except for thousand seed weight. The interaction effect of foliar
application x genotype was significant at the 5% level for days to flowering. The application of seaweed extract
reduced the number of days to flowering by **3.8 days**, days to maturity by **4.8 days**, plant height by
**50**, and inflorescence length by **10%**. However, it had no significant effect on seed yield, as well as
the fresh and dry weight of aerial parts. The highest seed yield was related to genotype Q12 (2477 kg.ha) and
the highest thousand seed weight was related to the Giza 1 variety (2.47 g). Plant height showed a significant
negative correlation with seed yield and thousand seed weight.

Conclusion

The use of seaweed fertilizer in the nutrition of different quinoa genotypes showed varying effects. However,
the impact of this fertilizer in reducing the growth period of quinoa, which is one of the most important issues
facing quinoa cultivation in our country, is very significant. The differences between the genotypes studied in
this research were quite evident, but it seems that special attention should be paid to the purpose of quinoa
cultivation when selecting the superior genotype. If the goal of quinoa cultivation is forage production, the
Rosada genotype is recommended, otherwise, the Q12 genotype is advised.

Keywords: Correlation, Organic fertilizer, Seed yield, Quinoa cultivars
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Table 4- The results of simple correlation between the traits of different quinoa genotypes under the influence of Seaweed
Extract foliar application

1 2 3 4 5 6 7 8 9
235G 595 -) 1
1- Days to flowering
‘5’)9]9’)"q L;‘\:‘:“") 4 39 -V 0.92** 1
2- days until physiological maturity
g el Y

. 0.67**  0.65** 1
3- Plant height

L)"':"Jf J"o—\‘ 0.59** 0.56** 0.83** 1
4- Inflorescence length

ol )Jas - -0.49*%* -0.53** -0.65** -0.65** 1
5- Stem diameter

Sy o 0.27ns  0.29*  0.49**  0.32*  -0.35% 1
6- Plant fresh weight
Ly St 039 -V

. 0.23ns  0.26ns  0.52**  0.36* -0.40** 0.95** 1
7- Plant dry weight

ab s __A -0.11ns  -0.15 -0.34*  -0.46** 0.62** -0.40** -0.50** 1
8- Seed yield
aly o 59 =4
-0.29ns  -0.27ns  -0.30* -0.36* 0.25ns  0.09ns  0.10ns  0.10ns 1

9- Weight of a thousand grains

)'\f"”".""l*”dl’fb“_\' -0.10ns -0.14ns -0.25ns -0.32*  0.47** -0.37* -043** 0.54** 0.35*
10- Seed saponin content

il go Moy S e 53 Hb gixe g Mo yd gy e )0 D e )3 pixe juE medy iy sk g NS
ns, * and **: are non-significant and significant at 5% and 1% probability levels, respectively

m Chemical fertilizer
Chemical fertilizer + seaweed extract 10%
@ Chemical fertilizer + seaweed extract 20%
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g’ 60 -
AT 50
5 3
w = 40
3
a+< 30
4 % 20
a
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Titicaca Rosada Kankula Q12
¥
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Figure 1- Effects of genotype and Foliar application For days to flowering
At 3 no ()l EWS) 88 Jlize 1 (03 (B o3l s bl Syiito B SIS slagygios iy 2 5
In each genotype, columns with the same letter, according to the results of the interaction effect slicing test, lack significant statistical
difference
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Introduction

Wheat (Triticum aestivum L.) is important in the food regime of three-quarters of the world's population
because it is nutritious and cheap compared to other similar foods. The competition between wheat and weeds is
considered as one of the most important limitations of global wheat production. In Iran, weeds are of particular
importance in reducing wheat yield, and according to the surveys, the average damage caused by weeds in the
country's wheat fields is 23%. The most common way to manage wheat weeds is herbicide application. Every
crop resists herbicides at a given growth stage, otherwise, herbicide application will damage the main crop. In
recent years, the most frequent broadleaf herbicides used for weed chemical control in wheat are 2-4-D + MCPA
(U46 combi fluid). To apply the 2,4-D herbicide, wheat should be at the tillering to the appearance of the first
visible node stage. Application of 2,4-D after the first node will cause spike deformation and yield reduction due
to the adverse effect of herbicide on sporogenesis. This study investigated different application times effects of
2-4-D + MCPA (U46combifluid) and Bromoxynil + MCPA (Bromicide MA) on winter wheat yield and weed
control. The study aimed to determine the application time of the best herbicide with minimal damage on
dryland wheat.

Materials and Methods

To investigate the effect of hormone herbicides on weeds and the yield of dryland bread wheat in different
vegetative growth stages in cold dryland areas, a field experiment was conducted as a randomized complete
block design arrangement with four replications during 2021-23 cropping seasons at the Dryland Agriculture
Research Institute, Maragheh, East Azerbaijan. Treatments included the application of 2-4-D + MCPA
(U46combifluid) and Bromoxynil + MCPA (Bromicide MA) (1.5 L hat) at the tillering (Z29), the 2" node
(Z32), and the booting stages (Z45) with two control treatments of weeding (weed infested) and no weeding
(weed free). The Varan wheat cultivar was sown at a depth of 4-6 cm with a seeding density of 380 seeds per
square meter. To evaluate weed type and density (plant m?2), sampling was done 30 days after herbicide

©2025 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
BY any medium or format, as long as you give appropriate credit to the original author(s) and the source.
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application. The crop was harvested at full maturity to collect data for grain yield and a thousand grain weight
and grain/spike. After checking the normality of the data, they were analyzed with GenStat (V.12) software and
the mean comparison was performed by the Least Significant Difference (LSD) test at the 5% probability level.

Results and Discussion

The results indicated that the weed growth time is affected by the rainfall in dryland conditions so that in the
2021-2 year, the main spring precipitations occurred in May while in the 2022-23 year, it happened in April.
Therefore, for the first cropping season, the highest weed density was recorded in the second node stage
whereas at the tillering stage in the second cropping season. In the first year, due to lower rainfall, and drought
stress, a further decrease in wheat yield was observed in response to the delayed herbicide application so that it
was higher in the 2-4-D + MCPA herbicide treatment. In the 2021-22 year, the lowest yields were recorded for
2-4-D + MCPA and Bromoxynil + MCPA herbicides in the booting stage with 1568 and 1710 kg ha®,
respectively. In the 2022-23 year, the lowest grain yield was observed for 2-4-D + MCPA in the second node,
and booting stages, respectively, 1701 and 1747 kg ha.

Conclusion

Based on the results, wheat is more sensitive to delayed application of 2-4-D + MCPA and reduces wheat
yield more, in contrast, it is more tolerant to bromoxynil + MCPA herbicide (Bromicide MA), and it can be
applied up to the 2" node stage (Z32).

Keywords: Biomass, Chemical control, Density, Dryland
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Figure 1- Rainfall and air temperature changes during the growth period in the crop year 2021-2022 and 2022-2023.

(VEo 2=V €2 Y) (5l paiges cillisn Al 30 duw 3 P54 )30 532 (SRCE o Slglyd 9 o515 ) Jga
Table 1- Density and relative abundance of wheat field weeds in three different stages of sampling (2021-2022)
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e o _ J >
Scientific name Prs;zl]aen oSl e Jlglyd oSl e Jlgl2 o1y o (Slgly2
Density Relative Density Relative Density Relative
(plant m-?)  frequency (%) (plantm-?)  frequency (%) (plantm-?)  frequency (%)
Convolvulus arvensis Sory 17 20.5 35 49.3 19 76
Euphorbia heteradena Osdyd 15 18.1 5 7 - -
Tragopogon graminifolius = Jyese il 8 9.6 - - - -
Cirsium arvense A~ 6 7.2 7 9.9 - -
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Acroptilon repens asds 6 72 14.2 3 6 24
Polygonum patulum o cile 1 1.2 3 4 - -
Eremopyrum bonaepartis =~ 5 ble - - 5 7 - _
' Bromoxynil+ MCPA m2-4D + MCPA m Conrtol (weed infested) 140 4 Bromoxynil+ MCPA ®2-4D + MCPA u Conrtol (weed infested)
- a "
} g 351 5) 4 100
-5 b g B
38 33 w|
275 g
9L . %E
o 2 20 A cd ’"'I S 60 1
% & ed g i b
g = 151 ¢ ~ § 40 ¢
3 & 10 1z od «
3,) > - € l 3; 20 1 de de
: c il
Tillering Node 2 Booting stages Tillering Node 2 Booting stages
1 JiS Chle s 4y )15 BliSen gL Lo L S e sy )l ilisen (518 o

Herbicide application time Herbicide application time

5901 daald) cuag pas g (MSUle it (b lowi 53 5,8 (slacile (a9 y0 5o )3 0,5) 8395 Cums 9 (&2 50 50,3 digy dlans) (51,5 -F JSUW

L isale 59,8 51 e

Figure 2- Weeds density (plant.m-?) and biomass (g.m-2) in different herbicide treatments and weed infest (control) at 30 days

after herbicide application
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Means with at least one common letter, are not significantly different, based on Least significant difference. (2021-2022)
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Table 2- Density and relative abundance of wheat field weeds in 3 different stages of sampling (2022-2023)
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lisaea heterocarpa I3 3 4.2 12 14 9.3
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Convolvulus arvensis S - - - - 8 19
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Figure 3- Weeds density (plant m2) and biomass (g m) in different herbicide treatments and weed infest (control) at 30 days
after herbicide application
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Means with at least one common letter, are not significantly different, based on Least significant difference. (2022-2023)
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Table 3- Statistical analysis thousand grain weight, biological yield and grain yield wheat

(VEr =1 E0) Oy o (ileo
Mean squares (2021-2022)

(VE4I1-VEY) Olaypo (ilso
Mean squares (2022-2023)

v . 4?): 4?)5
R B db‘ji 3 ,5os 5 Slos I 059 d"}i 3 &1 15 &3
S.0.v ; N ; 415 3 ySlos R
d.f 4""_’ h&)"” «ls df  Grainvield US"”"”" Thousand
Grain Biological Thousand rainyie Biological  grain weight
yield yield grain weight yield
5L, Block 3 63257 s 1039315 ™ 153" 3 121910 ™ 169551 " 0.53m
UiScale Herbicide 7 50788 * 1229867 16" 7 108660 * 1080956 * 1.36 ™
L5 Error 21 19589 166090 0.5 21 43362 404301 1.7
Js Total 28 31
Sl capd 7.9 7.4 1.9 11 11.3 3.7
CV (%)
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ns, * and **: not significant, significant at 5% and 1% level
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Table 4- Comparison mean of yield biological and wheat grain yield

S e 3,5s 41> 3 Slos
s dle b o Bliseo Jol o Yield biological (kg ha) Grain yield (kg ha)
Herbicide Different stages of spraying  Y£+Y-31€+) V€V VE€ev YLV LY VE0YV-VEWo
2022-2023  2021-2022  2022-2023  2021-2022
T oo pl+ JsinS 909 Tillering  sj4x; 6304 a* 6205 a 2041 abc 1926 a
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Weed free () dali - 6310 a 6176 ab 2129 a 1902 ab
-Weed infested (g pac) sals 5352 bc 5444 cd 1810 bcd 1758 abc
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* In the same column, values followed by the same letter are not significantly different according to LSD at P<0.05.
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Table 5- Comparison mean of wheat thousand grain weight and number of seed per spike (average of 10 plants)
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* In the same column, values followed by the same letter are not significantly different according to LSD at P<0.05.
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Table 6- Statistical analysis number of wheat grain per spike
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ns, * and **: not significant, significant at 5% and 1% level
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Table 7- Correlation coefficients between wheat Thousand grain weight, Number of grain per spike and Grain yield
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Introduction

Chickpea (Cicer arietinum L.) is an important pulse crop that also serves as a soil enhancer. Among the
abiotic stresses, water deficit under rain-fed conditions limits crop production. In this regard, stress modifiers
application (such as humic acid, nano iron oxide, and vermicompost) can decrease the effects of water deficit
under rain-fed conditions and increase grain filling components, relative water content and quantum yield of
plants. Iron (Fe) is an essential element in crop plants. Application of iron and humic acid alleviates drought
effects due to enhancement in chlorophyll content, relative water content and nodulation in chickpea plants
under stress. The aim of this study was to evaluate the effects of supplementary irrigation and stress modifiers
(such as humic acid, nano iron oxide and vermicompost) on nodulation and yield of chickpeas under rain fed
conditions.

Materials and Methods

A factorial experiment was performed at a farm near Ardabil city in 2023 using a RCBD with three
replications. Experimental treatments were vermicompost (without application as control, application of 4 and 8
ton hal), irrigation at two levels (rainfed as control and supplementary irrigation at the flowering stage) and
application of humic acid and nano iron oxide (no application as control, application of humic acid, nano iron
oxide, humic acid and nano iron oxide foliar application). The chickpea cultivar ‘Adel” was planted with the
optimal density of 35 seeds.m2. Vermicompost was prepared by Gilda Corporation and nano iron oxide from
Pishgaman Nanomaterials Company. Application of nano iron oxide and humic acid was in two growth stages
(vegetative growth and before flowering). In order to study the nodulation, three pots (with a diameter of 45 and
depth of 60 cm) were sown in each plot before planting. The pots were removed at flowering and after washing,
some traits like the number of inactive and active nodules were recorded. To investigate grain filling
components, the first sampling was taken 14 days after podding and other samplings were taken in 5-days
intervals to determine the accumulation of grain weight. The protein amount was calculated by multiplying the
nitrogen content by 6.25. For the determination of grain yield, 0.5 m? were harvested in each plot.
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Results and Discussion

The results showed that chlorophyll index, relative water content, quantum yield and number of pod per plant
were significantly affected by the main effects of irrigation levels, vermicompost and humic acid. Also,
irrigation levelsxvermicompostxhumic acid interactions had a significant effect on grain filling components
(grain filling period; grain filling rate; effective grain filling period; maximum of grain weight) and grain yield.
The results indicated that water deficit under rainfed conditions compared to supplementary irrigation at
flowering stage led to a significant decrease in chickpea yield and yield components. However application of
stress modulators (vermicompost, nano iron oxide and humic acid) and supplementary irrigation at flowering
stage moderated the adverse effects of stress. Modulating effects of studied vermicompost, nano iron oxide and
humic acid were emerged by physiological traits improvement (SPAD, quantum yield, grain filling components,
number of active nodules and nodule dry weigh, and improvement of the water status (relative water content).
The use of supplementary irrigation and stress modifiers (vermicompost, nano iron oxide and humic acid)
increased grain filling rate (51.96%), grain filling period (62.5%) and effective grain filling period (44.61%) in
compared to the no application of stress modifiers under rainfed condition. Application of vermicompost with
nano iron oxide and humic acid increased number of active nodules (2.8 fold), nodule dry weigh (45%) and
percentage of active nodules (2.3 fold) in compared to control (no application of stress modulators). Also, the
application of stress modulators and supplementary irrigation at flowering stage had the highest efficiency in
improving grain yield and led to 57% increase in grain yield compared to the no application of theirs under rain
fed conditions.

Conclusion

Based on the results of this study, applying supplementary irrigation at flowering along with stress modifiers
can enhance nodulation, grain filling components, and grain yield of chickpea under rainfed conditions.

Keywords: Cholorophyll index, Grain per pod, Quantum yield, Relative water content, Water limitation
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Table 1- Soil physico-chemical characteristics
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K P N 0.C Texture Sand Loam Clay CaCOs Sampling depth
-1 0, 0,
(mg.kg™) (%) s (%) (cm)
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Table 2- Climatic characteristics during growth of chickpea
Salil OR0y958  Cudgudyl dd S By yei e
Parameter Apr. May Jun.  Jul.  Aug. Sep.
Rainfall (mm) _S.,b 8.4 76 36.8 35 2.2 9.2
Temperature mean (°C) lo> ke 104 13.9 183 183 204 17.2
Sunny hours sl clebs 7 7.8 84 103 113 7.8
Relative humidity mean (%) s cogb, lawgio 63.8 65.6 69 66.6 554 72.8
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Table 3- Result of vermicompost analysis of Gilda corporation
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Characteristic (dsm™® Fe Mn _Cu__zn Pb cd o4
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»3le Amount 112 5000 275 20 110 19 1
sl JS e Aed ey el e
Characteristic Organic materials Organic C (02) P K Ca Mg 764

ol Amount 56.8 32.9
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Table 4- Nono iron oxide characteristics
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Table 5- Analysis of variance of the effects of vermicompost, nano iron oxide and humic acid on grain filling components,
guantitative and qualitative yield and some traits of chickpea under rainfed and supplementary irrigation

Ol o 5o Mean squares

JYve Xy Y1093 ‘b:a’ 0,5 dlaa S (439 KW 8,8 slani yadla 3,5os Slgow g S5 Nas
L] . _ . .. . . 1 . .
S0V o Ju oF  JWeS  Jlbud Ml gl Ol aib
NAN NDW PAN NIN SPAD FV/IFM RWC MGW
5914 R 2 423 * 108.7 ** 112.1** 5.7 ** 75.3** 0.08** 411.81** 0.0093**
d)L:J.1 I 1 2.26ns 0.91ns 23.98 0.259 ns 778.8** 0.515** 1150** 0.0078**
CangoS 09 V 2 17.63** 938.4** 934.3** 39.9*%* 303.5** 0.206** 277.2** 0.00511**
Seoged ol g 2l M 3 205%* 6115*%  5842.7*%  1035%*  27.94%* 0.0119* 8L159**  0.0123**
V x| 2 0.95 ns 4.04 ns 453 1.01ns 0.393 ns 0.0026 ns 0.569 ns 0.00307**
I xM 3 1.04 ns 24.2 ns 4.85 1.12ns 1.027 ns 0.00021 ns 0.355 ns 0.00075ns
M xV 6 2.77* 43.7 ** 38.66** 3.46** 0.208ns 0.000054 ns 3.61ns 0.00467**
VxIxM 6 0.58 4.6 ns 1.79 0.237 ns 0.585 ns 0.000068 ns 0.54 ns 0.00306*
L3 Erro 46 0.93 12.3 7.46 0.596 1.82 0.003 18.48 0.00022
alacadacy - 10 5.8 46 1255 3.8 8.3 6.1 6.4
C.V (%)

Jopd S5 g iy Jlois] maw )3 5 e g )3 pixe e o Sy ki g 8 NS
358 INDW (T s (slsime RWC ¢ og3ls 3,Skos FVIFM ¢ L)l (a3l SPAD «Jld i 6,5 slass ININ ¢ Jlsb 5,5 1o )s PAN ¢ Jlub o,53lus NAN
&l o359 Shs MGW o0 5 s
ns, * and **: are non-significant, significant at P<0.05 and P<0.01, respectively.
I: Irrigation; V: Vermicompust; M: foliar application of humic acid and nano iron oxide; NAN: number of active noudules; NDW:

noudules dry weight; PAN: percentage of active noudles; NIN: number of inactive noudules; SPAD: cholorophyll index; FV/FM:
quantum yield; RWC: relative water content; MGW: maximum of grain weight
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Continued Table 5- Analysis of variance of the effects of vermicompost, nano iron oxide and humic acid on grain filling
components, quantitative and qualitative yield and some traits of chickpea under rainfed and supplementary irrigation

Continue
©lape n0be
R a0 Mean squares
e gl | . , " "
SOV T RrPey P NS 8es lyme
e df &y o &y o &y oy S EEPY aild gy
GFP GFR EGFP NGP NPP GY pPC
Ssb (R) 2 99.43%* 0.000021** 41.62%* 0.076ns  1.4lns  23892.2%%  24.4%*
i () 1 36.07** 0.0000092%* 50.01** 0.12ns  2359%*  90212.6**  37.8**
CawgraS )9 (V) 2 28.54%* 0.000004 ** 12.15%* 0.003ns  97.9%*  B5772.7**  64.5%*
WS ARINE(Y) 3 47.04%* 0.000006** 17.8%* 0054ns  116.3**  78771.1**  68.6**
V x| 2 20.81** 0.000003** 1.244* 0.025 ns 1.29ns 1583.8** 0.1ns
| xM 3 12.98** 0.000001 ** 1.79* 0.025 ns 1.04ns 367.1ns 1.5ns
M xV 6 12.15** 0.0000022** 1.17* 0.023 ns 0.58ns 1328** 0.16 ns
VxIxM 6 10.36** 0.00000187** 0.918* 0.025 ns 0.074ns 624.5* 0.13ns
L5 Erro 46 1.93 0.0000003 0.429 0.039 2.55 255.6 1.52
P S 22 - 43 44 3.2 8.4 105 121 7.1
C.V (%)

2oy Sy g gy Jleinl g 3 3 giae g I3 et a5y e g 3 NS
W&ld Sy 0593 Job :GFP iy i e o ‘GFR ils 155 350 0,93 [EEGFP (e (5 4ily sluws :NGP &5y )3 e slawi :NPP (595 (6lgixe :PC
&l 5 Sles :GY
ns, * and **: are non-significant, significant at P<0.05 and P<0.01, respectively.

GFP: grain filling period; GFR: grain filling rate; EGFP: effective grain filling period; NGP: number of grain per plant; NPP: number
of pod per plant; GY: grain yield; PC: protein content
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Table 6- Means comparison of effects of vermicompost, nano iron oxide and humic acid foliar application on some traits of
chickpea under rainfed and supplementary irrigation conditions

- HReY = e ae L. KW X
) JEUTSRIINC VST co BN SR ST S P VTS 0N
B )loyg b5 s O o e o5 NDW P b
Treatment =9 oy RWC 2 Jied (mg per Jled I sz
SPAD  FVIFM %) NIN NAN plant) oy PP PC(%)
Rainfed > 36.37b* 0.61b 65.9b - - - - 13.30b 16.5b
gshe oS5 5]
sl @S A ye
|r|’igati0n Supplementary 46.95a 0.78a 73.9a - - - - 16.92a 18.02a
levels irrigation at
flowering stage
LSD 0.64 0.027 2.03 - - - - 0.75 0.58
ok oo 36.1c 0.60c 66.5¢c 7.4a 8.7c 53.9¢c 52.9¢c 13c 15.5¢
CusgueS o9 4 395b 0.71b 69.8b 6.09b 9.5b 60b 59.1b 15.2b 17.6b
Vermicompo
st levels 8 43.2a 0.78a 73.3a 4.9¢c 10.5a 66.4a 65.3a 17a 18.7a
(ton ha!)
LSD 0.78 0.0338 2.498 0.44 0.56 2.03 1.58 0.92 0.71
Control sals 38.1c 0.66 b 67.2¢ 9a 4.92d 35.7d 35.1d 11.9d 14.6d
ok 6‘“”& Ml 39.2b 0.69 ab 69.3 bc 6.9b 9.39¢c 57.7¢c 57.8c 14.3c 17.1c
s Humic acid
W 7 "
Tt ol auS1el
Foliar o e 40.2a 0.71a 70.6 ab 51c 10.79b 67.9b 65.6b 16.2b 18.6b
il Nano irin oxide
application ¥ Soget 1
R 41.03a 0.72a 72.2a 3.4d 13.36a 79a 77.9a 17.8a 18.8a
ool 4uS1gl
LSD 0.90 0.03 2.8 0.51 0.64 2.35 1.83 1.07 0.82

W Ao yd iy Jleis ! e 5o LSD O?‘).T bl y (g)d Gize d)L"" MR gty ) dlie By b (sl 1 Slo #
dl?om :PC m)f Sas 99 :NDW “_j (oo d]}"“’ :RWC ‘@514]953)5\&4; :FVIFM cJ..ﬁ9)lf ua>l.w :SPAD 4Jl:$ o)f,\.\o)J :PAN ‘Jlﬁ c)fbl.\x}' :NAN

* Means with similar letters in each column are not significantly different based on LSD test at the 5% probability level
SPAD: cholorophyll index; FV/FM: quantum yield; RWC: relative water content; NIN: number of inactive noudules; NAN: number
of active noudules; ANP: percentage of active noudles; NDW: noudules dry weight; NPP: number of pod per plant; NGP: number of

grain per plant; PC: protein content
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Table 8- Means comparison of effects of vermicompost and nano iron oxide and humic acid on some traits of related to
chickpea root

Ly ylows Jd s 0,50l0a Jled 0,5 0l0ad 5,5 A 439 Jd 2,5 a0y
Treatment NIN NAN NDW (mg per plant) PAN
Vim1l 11.47a* 4.006i 0.831f 24.9j
V1M2 8.17b 8.94¢ 0.883 ef 53g
V1M3 6.36¢d 10.07ef 0.936de 60.1e
V1M4 8.85b 12.16bc 1.006¢ 73.4c
V2 M1 8.85b 4.85hi 0.88¢e 35.6i
V2 M2 6.95¢ 9.67fg 0.973cd 57f
V2 M3 5e 11.04de 0.998c 66.1d
V2 M4 3.59fg 12.63b 1.071b 77.8b
V3 M1 6.92c 5.9h 0.991c 44.8h
V3 M2 5.65de 9.56fg 1.071b 63.4d
V3 M3 4.05f 11.25cd 1.15a 70.5¢c
V3 M4 2.999 15.3a 1.208a 82.6a
LSD 0.89 1.11 0.0545 3.04

V: vermicompust; M: foliar application of humic acid+nano iron oxide
85 2oy iy Jlein] gaws 53 LSD 9051 by (653 xo (65lol BMBI g s 53 ailie gy b (slapSilio %
Jlaé a)f doyd :PAN m)f Sais 059 :NDW ‘JL@).:.: a)f slawi :NIN gJL:_'Q b)fblA:.T :NAN
* Means with similar letters in each column are not significantly different based on LSD test at the 5% probability level
NIN: number of inactive noudules; NAN: number of active noudules; NDW: noudules dry weight; PAN: percentage of active

noudles
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Table 8- Means comparison of the effects of vermicompost, nano iron oxide and humic acid on grain filling components
and grain yield of Chickpea under rainfed and supplementary irrigation

b o5 &I 39 S Tas Qs Gl g 0590 Job  Wild )l g G g i g 50 09 4> 3 Slos
treatm:ant MGW GFP GFR EGFP GY
@) (day) (g day™) (day) (kg haV
DViM1 0.186+0.03 21.2+4.8 0.0102+0.002 15.69+ 1.7 600.87+37.8
DV1M2 0.214+0.013 31.2+2.1 0.013+0.0009 19.45+1.35 633.9+30.26
DV1M3 0.242+0.027 32.3+2.2 0.0149+0.001 19.13+1.33 674.48+31.23
DViM4 0.259+0.017 33.1+2.3 0.015+0.001 20.6+1.43 714.52+32.17
DV2 M1 0.261+0.023 31.76+2.21 0.014+0.001 18.47+1.29 637.68+30.35
DVv2 M2 0.233+0.023 32.83+2.28 0.0149+0.001 20.06+ 1.4 673.53+31.2
DV2 M3 0.254+0.012 33.64+2.34 0.015+0.0010 20.41+1.42 706.01+21.35
DV2 M4 0.265+0.012 34.45+2.4 0.0152+0.001 2111+ 47 808.89+33.8
DV3 M1 0.222+0.0179 31.22+2.17 0.0142+0.001 19.78+1.38 670.19+31.12
DV3 M2 0.240+0.016 32.03+2.23 0.0145+0.001 20.1+1.40 735.49+32.67
DV3 M3 0.243+0.0162 32.30+2.25 0.0147+0.001 20.55+1.43 791.57+40.22
DVv3 M4 0.258+ 0.0251 33.1+2.3 0.015+0.001 21.68+1.51 832.08+22.47
V1M1 0.228+0.02 31.49+2.19 0.0145+0.001 20.05+ .39 692.19+30.02
V1 M2 0.245+0.024 32.3+2.25 0.0149+0.001 20.99 1.46 710.9£32.09
V1 M3 0.257+0.015 32.83+2.28 0.0152+0.001 20.73+1.44 745.02+32.9
V1 M4 0.277+0.010 33.91+2.36 0.0152+0.001 21.87+1.52 818.27+54.84
V2 M1 0.236+0.017 31.49+2.19 0.01453+0.001 20.37+1.41 685.92+31.49
V2 M2 0.261+ 0.022 32.3+2.25 0.0149+0.0010 21.8+1.52 739.3+32.76
V2 M3 0.276+0.012 32.83+2.28 0.0152+0.0010 21.53+1.5 769.81+33.49
V2 M4 0.252+ 0.04 33.91+2.36 0.0152+0.0010 22.02+1.5 844.82+22.76
V3 M1 0.261+ 0.0135 33.1+2.3 0.015+0.00105 21.14+1.47 737.78+32.73
V3 M2 0.275+0.0106 33.64+2.34 0.0152+0.0010 21.72+¢1 5 800.31+34.21
1V3 M3 0.270+0.0242 33.91+2.36 0.0152+0.0010 22.10+1.54 842.25+35.12
V3 M4 0.292+0.010 34.45+2.4 0.0155+0.0011 22.69+ .58 942.25+66
LSD 0.0249 2.28 0.001 1.077 26.28

CawgaeS sayg S p3 oy it g 4l 3,0 g 3,8 pae i V3 5V2 V1t 2 5 dls o 1> (LeSS gyl § w20 bl ciga il 5D
o0 3uS1966 5 Sogat duaol ¢l 1S Toil Seogut duaol b (5b Joloe caalis lgieds O b 3b ke cos s M4 3 M3 M2 M1
355 LD ysail olslys o b (s fosine o lel OMST (ygts yo0 5 aslitio By o L sloSilie
&b o9 yShs MGW ails (a4 095 Jsbo :GFP ¢ &ils (05 s s ‘GFR ils 455 350 093 EEGFP cails 5, Slese :GY
D and I: are rain-fed and supplementary irrigation ar flowering stage, respectively. V1, V2 and V3: are no application and application
of 4 and 8 ton/ha vermicompost. M1, M2, M3 and M4: are foliar application with water as control, foliar application of humic acid,
nano iron oxide, foliar application nano iron and humic acid, respectively.

* Means with similar letters in each column are not significantly different based on LSD test.
GFP: grain filling period, GFR: grain filling rate, EGFP: effective grain filling period, GY: grain yield
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Figure 1- Effects of humic acid and nano iron oxide foliar application and vermicompost on trend of changes of grain filling
of chickpea under rainfed and supplementary irrigation
D and | are rainfed and supplementary irrigation conditions, respectively. V1, V2 and V3 are no application and application of 4 and
8 ton vermicompost hal.
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