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Extended Abstract

1. Introduction: In recent years, young quinoa leaves are used as fresh or cooked vegetables. Due to its high
quality vegetable protein, quinoa is a promising candidate for increasing food production in the world. Due to its
tolerance to abiotic stresses, quinoa is known as one of the most valuable and nutritious food products.
Environmental stresses, especially drought and salinity are one of the most important factors in reducing growth
in plant growth and development stages, especially the germination stage of the plant. The increase in global
demand for the production of nutritious and healthy food has challenged researchers to look for the production of
products in marginal areas that are inefficient for producing agricultural products due to adverse weather
conditions, low soil fertility, and lack of good quality irrigation water. As a result, in this study was conducted to
study the effect of selenium and humic acid on germination percentage, seed germination characteristics and
some morphological characteristics of quinoa (Chenopodium quinoa) seedling under drought and salinity stress
as a factorial experiment in the form of completely randomized design with three replications.

2. Materials and Methods: The research was conducted as two independent experiments. The experiments were
carried out in the physiology laboratory of the Faculty of Agricultural Sciences and Engineering. The first
experiment consisted of four levels of selenium (0, 5, 10 and 20 mg L* sodium selenate), three levels of humic
acid (0, 100 and 300 mg L'1) and four levels of drought stress (0, -4, -8 and -12 bar). The second experiment with
four levels of selenium (0, 5, 10 and 20 mg L* sodium selenate), three levels of humic acid (0, 100 and 300 mg
L) and six levels of salinity stress (0, 0.5, 4.3, 8, 11.8 and 16 ds/m) were performed. Titicaca variety was used
in this research. The criterion for seed germination was the emergence of roots approximately 3 mm long. At the
end of the seventh day, the characteristics of germination percentage, germination rate, mean daily germination,
mean germination time, germination rate coefficient, seed vigour and seed germination index were measured. At
the end of the experiment, the length, fresh and dry weight of seedlings, stems and roots were examined.

3. Results and Discussion: Drought and salinity stress had a negative effect on germination percentage and seed
germination indices and morphological characteristics of quinoa seedlings. Whiles, according to the results,
selenium and humic acid under salinity and drought stress had a positive effect on germination percentage and
some morphological characteristics of quinoa seedling. Considering that one of the salinity resistance indicators
is having longer root length, selenium and humic acid increased the root length of quinoa under salt stress
conditions compared to the control. Humic acid and selenium had a positive effect on germination and plant
growth by increasing water uptake and root volume, so that the highest germination percentage and
morphological characteristics in the treatment without stress with 20 mg L™ sodium selenate and 300 mg L
Humic acid was observed. According to the obtained results, the highest percentage of germination, germination
rate germination rate coefficient, seed vigor, seedling, stem and root fresh weight in the treatment without salt
stress with 20 mg L™ of sodium selenate and 300 mg Lt humic acid was observed. With the increase of sodium
chloride concentration, the germination percentage and germination indices of quinoa seeds decreased. Under
salinity stress, in all four levels of selenium, with increasing humic acid concentration, the percentage of
germination and investigated characteristics increased.

4. Conclusion: Therefore, the use of humic acid at a concentration of 300 mg L™ along with 20 mg L™* sodium
selenate is recommended to improve germination and seed growth of quinoa under drought and salt stress
conditions. As a result, the use of selenium and humic acid in the direction of sustainable agriculture and healthy
crop production is cost-effective and the use of selenium and humic acid fertilizer is recommended. Humic acid
improves product performance by increasing nutrient absorption and affecting antioxidant defense mechanismes.
In salinity stress, humic acid leads to osmotic regulation by maintaining water absorption. Selenium has
beneficial effects on plants at low levels. Selenium can affect germination and root length. Plant seeds are able to
absorb selenium from the environment and convert it into various organic forms or inorganic selenium
compounds during germination.
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Table 1- Comparison of the mean effect of different levels of selenium and humic acid on some characteristics of seed germination and quinoa seedling

morphology
b SLbe Seageaaanl () Sidler woyd p 0 Sl Cepe S cuye Gl Sl agelS 50y azdle S0 Fog amelS Sy Ses o) SES ()
peSeka) G peSks  Germination Gss Sl Go) Gl S Sk aran, (05 k) azyadle araly
G Humicacid  Percentage (%)  Germination rate Germination Mean Seedling ~ Shoot fresh (. 5 L) Seedlingdry (.5 _L.) (055 o)
Sodium (mg LY (seed day 1) rate coefficient g_ermm[z;tlon fresh weight weight (mg) Root fresh weight (mg) Shoot dry Root dry
selenLa_tg (mg time (Day) (mg) (mg) weight (mg)  weight (mg)
0 32.66" 0.125°¢ 0.382% 7.61% 10.03¢ 6.589 3.449 0.300¢ 0.195¢ 0.105f
0 100 34.00" 0.142° 0.388"d 7.83% 10.169 6.679 3.489 0.305¢ 0.199¢ 0.105f
300 43.33% 0.145° 0.391Pcd 8.33% 10.33¢ 6.789 3.549 0.310¢ 0.203¢ 0.108f
0 28.00° 0.150° 0.385"d 6.72% 11.07% 7.2719 3.801 0.3331 0.217% 0.115°
5 100 41.00® 0.152° 0.390%cd 7.05% 11.83¢%f 7.76%f 4,059%f 0.355%f 0.2330%f 0.123%
300 45.66° 0.171° 0.397%¢ 8.11® 12504 8.21%® 4,29 0.375%¢ 0.245%  0.129%
0 40.33® 0.154° 0.363¢ 7.61% 11.50¢f 7.55¢f 3.94¢f 0.345°f 0.226°f 0.120%
10 100 42.33® 0.155° 0.3943%cd 7.22% 12.630% 8.290cd 4,330 0.380° 0.248%  0.130°«
300 42.66% 0.260% 0.4322 7.00? 12,720 8.35°d 4,360 0.381°¢ 0.250°d  0.130°d
0 45.66° 0.144P¢ 0.395%cd 5.66" 13.53%c¢ 8.89%¢ 4.64%¢ 0.405%¢ 0.265%¢  0.140%c
20 100 47.00° 0.195 0.402%¢ 5.44 13.73® 9.01® 4,71 0.412%® 0.270%® 0.141%®
300 50.00? 0.2672 0.417%® 4.66° 14.322 9.40% 4.91° 0.430? 0.280? 0.148°

sl 0 iy Jlei ! a0 Sils (glaels iz gesl bl ol e glas pas saims ylis LSl Gy b g o sl Sl
The means of each column with the same letters indicate no significant difference based on Duncan's multiple range test (P< 0.05).
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Table 2- Comparison of the mean effect of different levels of selenium and drought stress on some characteristics of seed germination and quinoa seedling

morphology
ol Sas S () Sl eyl (eSike JRUEWE axals 5oy axale o azady, § o) amelS Sas (g azdile S 5y S (g
G 2 ) 0L Germination 55 jals>  Seed vigour (5 k) (5 k) (5 k) (o5 k) Sk (e Sk ey,
Sodium selenate  Drought stress percentage (%) Mean Seedling fresh Shoot fresh  Root fresh (mg)  Seedling dry Shoot dry Root dry weight
(mg LY (bar) germination weight (mg) weight (mg) weight (mg) weight (mg) (mg)
time (Day)
0 39.11bcde 6.51bcde 1663.1% 10.79% 7.09¢% 3.7¢ 0.32¢% 0.21°% 0.112¢%f
-4 37.330cde 6.220cde 1281.1¢ 10.41°f 6.83°f 3.57¢ 0.31° 0.20¢f 0.108°
0 -8 36.88Pcde 6.14bcde 1262.3¢f 9.87¢ 6.48°f 3.39¢ 0.29% 0.19¢% 0.103™
-12 33.33%e 5.55%¢ 1040.0° 9.61 6.311 3.30 0.28¢ 0.18 0.1019
0 47.11° 7.85° 2203.6° 13.22% 8.68¢ 4.54v¢ 0.39 0.26 0.136"
-4 42.44bcd 7.03bcd 1506.7%f 11.61¢ 7.62¢ 3.98¢ 0.35¢ 0.22¢ 0.1214
> -8 35.11bcde 5.85bcde 1321.7¢f 11.49¢ 7.54¢ 3.94¢ 0.34¢ 0.22¢ 0.118%
-12 28.44¢ 4.47¢ 1079.2f 10.78% 7.14% 3.73¢% 0.32¢¢ 0.21¢% 0.113%f
0 46.22b¢ 7.70¢ 2081.0° 13.28 8.72v¢ 4,55b¢ 0.39 0.26¢ 0.136"¢
-4 46.22b¢ 7.70¢ 1986.2°¢ 12.79¢ 8.39¢ 4.39° 0.38¢ 0.25¢ 0.132°
10 -8 41,77° 6.960¢ 1570.5%f 11.58¢ 7.60¢ 3.97¢ 0.34¢ 0.22¢ 0.120%
-12 32.88% 5.48% 1542.00%f 11.49¢ 7.05¢ 3.94¢ 0.34¢ 0.22¢ 0.118%
0 58.662 9.777 3173.22 15.752 10.342 5.40? 0.472 0.31° 0.1622
-4 44.44b% 7.40bcd 2221.8° 14.04° 9.22¢ 4.82° 0.42° 0.27° 0.144°
20 -8 44.44b% 7.4Qbcd 2071.5" 12.84°¢ 8.43¢ 4.40° 0.39 0.25¢ 0.133¢°
-12 42.66b 7.11bcd 1619.2¢ 12.81°¢ 8.41°¢ 4.39° 0.38¢ 0.25¢ 0.133¢°

ol ds o iy Jleisl e ;o SSls (glassls s 303l ool o lo gime iglds pae saimd ylis s g b et 1o sla Sl
The means of each column with the same letters indicate no significant difference based on Duncan's multiple range test (P< 0.05).
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Table 3- Comparison of the mean effect of different levels of humic acid and drought stress on some
morphological characteristics of quinoa seeding

G e o) Semgapinnl (L) (S 5 (o) 4zl Jobo o (iehee) 4z 48l Jsbo

Drought stress

(o ko) azady; Jobo

Humic acid (mg L) Seedling length (mm) Shoot length (mm) Root length (mm)

(bar)
0 45,33 24.17% 21.75b¢
-4 44,33 23.33%e 21.00¢%e
0 -8 39.38f 20.73f 18.65'
-12 32.389 17.049 15.349
0 49.16° 25.87® 23.28%
-4 43.65%¢ 22.97%¢ 20.67%¢
100 -8 40.57¢ 21.35¢f 29.22¢f
-12 34.439 18.129 16.309
0 50.332 26.49° 23.842
-4 45,43k 23.91b¢cd 21.52bcd
300 -8 41.31%f 21.74%f 19.579%f
-12 35.829 16.759 15.07¢

el o iy Jlois] mhans o (S5l (slasals aiz (ygej] wlad o cire gl pas saims lid LS By > b i yo sla il
The means of each column with the same letters indicate no significant difference based on Duncan's multiple range test (P< 0.05).
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Figure 1- The effect of different levels of selenium on quinoa seedling, shoot and root length
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Table 4- Comparison of the mean effect of different levels of selenium and humic acid on some
morphological characteristics of quinoa seeding

G ppS o) mow Sl 5 S (o) Seogpanl Gladen) azalS Jsb o Glehee) azaBle Jsb Gle o) azais; Job

Sodium selenate (mg L) Gl Seedling length (mm) Shoot length (mm) Root length (mm)
Humic acid (mg L)
0 26.65%9 18.40% 8.25¢
0 100 33.92" 23.84pcd 10.08™
300 41.46°" 26.60% 13.85%
0 44,000 25.83%¢ 18.84¢1
5 100 55.29¢e 29.33® 24,17 %f
300 66.57%¢ 32.842 33.69°
0 55.57¢% 26.56%¢ 29,73bcde
10 100 61.90° 29.73® 32.57bcde
300 67.36%¢ 31.75%® 34,520cd
0 49,46 25.39%cd 22.89%f
20 100 66.65%¢ 31.17%® 36.91°«
300 75.012 32.882 43.25%

el 2o )3 iy ezl a0 S5l (glaials aiz yae3l bl 1 lo e Dgles pae saims i eSS g > b st ,o slo . Sile
The means of each column with the same letters indicate no significant difference based on Duncan's multiple range test (P< 0.05).
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Figure 2- The effect of different levels of selenium on the dry weight of seedling and root of quinoa
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