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Effect of silicon application on physiological traits and seed yield of quinoa
(Chenopodium quinoa Willd.) under drought stress conditions

Alinaghizadeh, M. and Azimi Gandomani, M.?
ABSTRACT

Alinaghizadeh, M. and Azimi Gandomani, M. 2025. Effect of silicon application on physiological traits and seed yield of
quinoa (Chenopodium quinoa Willd.) under drought stress conditions. Iranian Journal of Crop Sciences. 26(2): 187-204.
(In Persian).

Introduction: In recent years, silicon (Si) fertilizer has attracted attention of farmers and researchers as a
potential mitigator for adverse effect of drought stress, offering means to enhance the resilience and functional
traits of agricultural crops. Numerous studies have demonstrated the positive effects of Si application in
alleviating water deficiency, though most have utilized foliar spraying methods. Soil application (fertilization)
may serve as a suitable alternative for utilizing this beneficial element (Mostofa et al., 2021). This study aimed
to determine the beneficial role of silicon as a plant biostimulant through fertilization, reducing water stress
effect and improving the biochemical and physiological characteristicsas well as yield of quinoa.

Materials and Methods: To investigate the physiological, biochemical, and yield responses of quinoa to silicon
fertilization under drought stress conditions, a field experiment was conducted during the 2023-2024 growing
season at the Gandoman research farm of Payame Noor University, Chaharmahal and Bakhtiari province, Iran.
The experiment was carried out as split-plot arrangements in randomized complete block design with three
replications. The experimental treatments included irrigation at four levels in the main plots (40%, 60%, 80%,
and 100% field capacity; defined as severe, moderate, mild and full irrigation, respectively) and silicon fertilizer
at four levels (0, 1, 2, and 3 L.ha) in the sub-plots. Analysis of variance was performed using SAS software and
the means were compared using LSD test at the 5% probability level. Graphs were made using Excel software.
Results: The results indicated that reducing irrigation levels led to a decrease in photosynthetic pigments,
antioxidant enzyme activities, and seed yield, while the application of silicon fertilizer mitigated the negative
effects of the drought stress. Under the 40% field capacity irrigation level, the chl,, chly, carotenoids and total
chlorophyll content in the treatment with 3 L.ha! of silicon were higher by 103%, 52%, 117%, and 99%,
respectively, compared to the control (without silicon). Additionally, the activity levels of catalase, superoxide
dismutase, and peroxidase enzymes in the 3 l.ha of silicon level were higher by 264%, 65%, and 176%,
respectively, than in the control under the 40% field capacity irrigation condition. Moreover, in the 40% field
capacity irrigation level, compared to the 100% field capacity level, the increase in relative water content of
leaves, seed yield, and biomass in the treatment with 3 I.ha? of silicon was higher by 51%, 40%, and 9%,
respectively, than the control without silicon application. Based on the results, the treatment with 40% field
capacity and 3 Lha? of silicon (equivalent to 1250 kg.ha) prevented more effectively the reduction in seed
yield. Under the 40% field capacity treatment (severe drought stress), the highest proline content (1.56 pmol.g™*
FW) and soluble carbohydrate content (20.7 mg.g™* FW) were observed with the application of 3 I.ha* of silicon.
Conclusion: Overall, the results of this experiment demonstrated that drought stress led to reductions in
photosynthetic pigments (chl,, chlp, and carotenoids by 29%, 79%, and 38%, respectively, compared to the
control), relative leaf water content (by 11% compared to the control), seed yield (by 49% compared to the
control), and biomass (by 68% compared to the control). Under drought conditions, antioxidant enzyme activity,
proline, and soluble carbohydrate content increased. Moreover, silicon fertilization mitigated the negative effects
of drought stress. In conclusion, the results of this experiment showed that although drought stress led to
reduction in physiological traits and seed yield, however, the application of silicon fertilizer significantly
lessened the negative effects of drought stress.
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Table 1. Chemical and physical properties of the soil at the experiment site

Sil of S e STos  SSGe il Sk
Soil texture N (%) P (mg.kg?) K(mgkg?) O.C(%) EC(dS.m?) pH  Si(mgkg™)

. o) e 0.045 143 257 0.49 131 7.62 0.371
Silty loam
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Table 2. Monthly meteorological information of the experiment site (2023 - Borujen synoptic station)
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Month obe Min. temp. (°C) Max. temp. (°C) Mean temp. (°C)  Rainfall (mm)
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May 22 —Ju. 21 sls = 7.3 325 19.7 0.4
Jun. 22 - Jul. 22 I 9.6 35.9 23.7 0
Jul. 23 — Aug. 22 S35 7.4 36.1 22.6 0
Aug. 23 — Se. 22 ) 7.5 33.6 215 0
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Table 3. Mean comparisons photosynthetic pigments content of quinoa in interaction of irrigation and silicon

fertilizer treatments
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0 0.68g 0.118j 0.228i 5.76h 1.03h
40% FC i B A Fe 1 1.15f 0.145i 0.454h 7.93b 1.759
(severe drought stress) (s 25) 2 1.23e 0.173h 0.4869g 7.11ef 1.89f
3 1.38d 0.179g 0.494¢g 7.71cd 2.05f
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3 1.78a 0.320a 0.683a 5.56i 2.78a
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test
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Table 4. Mean comparisons of catalase, superoxide dismutase, and peroxidase activity of quinoa in interaction of

irrigation and silicon fertilizer treatments
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Fig. 1. Mean comparison of Relative Water Content of quinoa leaf in interaction of irrigation and silicon

fertilizer treatments
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Table 5. Mean comparisons of proline and soluble carbohydrates content of quinoa in irrigation and silicon

fertilizer treatments

SHan Jslos ol yon 5 S
Proline Soluble carbohydrates
Irrigation ST (umol.g* FW) (mg.g* FW)
40% FC P ROR SN &
(severe drought stress) (L 23) 1.56a 20.7a
60% FC o b as s #
(moderate drought stress) (Jow g2 25) 0.85b 16.8b
80% FC oo bas,s A
(mild drought stress) (e 25) 0.81b 16.5b
100 % FC g\)jc,._é,\éd.p):\n
(full irrigation) Cos oo s oo 2760 13.5¢
Silicon (l.hat) O Sk
0 ho 0.796¢ 13.0c
1 e 1.03b 16.8b
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test
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Fig. 2. Main comparison of glycine betaine content of quinoa in irrigation treatments
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Fig. 3. Mean comparison of seed yield of quinoa in interaction of irrigation and silicon fertilizer treatments
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Fig. 4. Mean comparison of biological yield of quinoa in interaction of irrigation and silicon fertilizer treatments
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Fig. 5. Mean comparison of harvest index of quinoa in interaction of irrigation and silicon fertilizer treatments
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