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wilgl (B) 2 177.88%%  STAB68**  11524%%  0.01%%  1949.07%*  79.44**
o3, (C) 1 67.87*%  1908.16%*  26.74**  0.002%* 398.84%*  16.25%*

A*B 4 31.86%*%  471.21%** 31.96%*%  0.04**  288.46**  11.75%*
A*C 2 11.26%*  107.16** 3.90* 0.007**  16.99** 0.69**



B*C 2 210 126.16%** 2.01 0.007** 182.69**  7.44%*
A*B*C 4 3.76* 55.91%* 1.68 0.013**  65.79** 2.68%*
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A*C 2 370%%  185.12%* 124 0.07%*  6.79 0.17
B*C 2 1.05 79.46 0.57 0.01* 1451 0.29
A*B*C 4 0.480 11029%  1.57*  0.03** 1229 1.02
Error 34039 31.41 0.58 0.004 8.6l 0.58
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(P)se 1 352.08** 0.03 5425636620.0**  8897000.03**
R(P) 4 23.79 0.09 262612866.0 580455.98
(A)Li-'eebg 2 1603.06** 0.17 142386888.0* 325284.70
(B)S) sl 2 891.45** 0.06 517447814.0** 6776806.03**
(©) & 1 114.08** 0.14 115354805.0 134408.33
A*B 4 71.13%* 0.35 200978165.0** 424205.41**
A*C 2 33.58%* 0.45 39760886.0 79948.77
B*C 2 9.52%* 0.009 376933803.0%* 727325.44**
A*B*C 4 22.98%** 0.85 180272045.0%** 451311.51**
P*A 2 91.58** 0.06 49105090.0 105261.14
P*B 2 25.69** 0.009 13797466.0 31478.25

P*C 1 24.08** 0.59 601742.0 181.48
P*A*B 4 101.31%** 0.16 23473907.0 42940.82
P*A*C 2 0.25 0.12 126824531.0 297905.59
P*B*C 2 60.25%* 0.06 146354071.0* 289895.25
P*A*B*C 4 23.04%** 0.05 121742567.0* 306834.74*
Error 68 0.72 0.25 40924626.0 105815.30
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Sionlyy oy oldgloe gh Lol 40.56+2.42  110.66+1.52  41.27+0.60  43.56+1.00 8.28+0.20
BY 5 42274238  111.33£1.51  43.244042  45.58+2.00 9.72+0.40

(02 mM) (g Lu,lS, 52274277 117.33£2.08  44.02+0.74 ~ 52.90+1.51 10.17+0.30

BY 5 50.394£3.05 ¢ 118.66£1.51  45.26£0.57 . © 48.91£1.51 12.39+0.30
(0.5%) g5y g Ly S, 47.3342.94 115.66+2.05  46.64+0.38  48.58+2.00 9.28+0.40
B 55 46.2242.34  116.33+£2.51  42.79+1.24  48.58+1.00 9.97+0.20
(100 uM) (g gl ek LS, 52.4242.64 117.33£2.03. 43.74+0.18 = 43.57+1.00 9.10+£0.20
BY 55 63.92+2.24  117.66+3.05  47.01£0:56 ~ 45.38+1.60 9.89+0.32

(0.2 mM) gMe  L,l85, 76.43£3.18 126.00+£0.57 45.63£0.82  47.61+1.00 10.14+0.20

BY 5 86.04+£3.07 . 125.66+2.51  50.58+0.14  48.98+1.50 10.41£0.30
(0.5%) g5y g Ly )85, 43.1843.04 117.00+1.00  44.11+£2.07  47.82+0.60 9.12+0.12
KK 5 J 48.65+2.82  11633+2.51 46.91+0.81 45.22+1.54 9.60+0.31
(40 mM) ¢y, cldgu gl e Ly, 44.10+3.28.  118.66+2.55 43.95+1.74 43.54+1.00 9.05+0.20
KK 53 46.5542.71 114.66+2.04  44.45+1.30 45.47+1.52 9.58+0.30
(0.2 mM)gde iS5y 48.5742.70  115.33+1.52  46.90+0.63  46.84+2.08 9.12+0.42
KK 5o 50.40+2.96 114.00+£2.58 47.71£0.81 48.22+1.54 9.61+0.31
(0:5%) gy lilgw Ly )l8a; 47754241  117.00+£2.00  47.29+0.78  47.24+1.55 9.99+0.31
K 5 45994191 115.00+£2.29  51.60+0.91  48.54+1.00 9.65+0.40

LSD 5% 3.806 2.112 1.484 0.829 0.165

All values represent mean+SD.
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Siraslyy pic oldgle ey LS, 40.56+2.42 65.66+1.52 6.33+0.57 30.25+0.03
BY 5 42.27+2.38 62.33+2.08 6.33+0.57 32.47+0.07
(0.2 MM) (igde  LoylSs, 52.27+2.77 66.33+2.51 11.00+£1.00 44.14+0.01
B8 5 o 50.39+3.05 64.66+2.51 10.00+1.00 45.25+0.02
(0.5%) 55y Clilgus  Ls,lS, 47.33£2.94 64.00£2.00 6.66+0.57 41.34+0.02
BY 55 46.22+2.34 63.00+2.00 7.33£1.52 42.54+0.17
o5 (100 uM) oWolos oty L83, 52.42+2.64 71.66+1.52 10.00+1.00 37.41+0.06
B8 5 o 63.9242.24 73.00+2.00 10.00+1.73 35.89+0.02
(0.2 MM) 5550 LS, 76.43+3.18 74.00£2.00 15.00+2.00 48.51+0.07
[ 86.04+3.07 76.66+3.14 13.00+2.64 45.68+0.06
(0.5%) 55, lilgus  Ljlss, 43.18+3.04 65.00+2.93 9.33+1.51 39.4340.13
BY 5w 48.65£2.82 67.66+3.14 8.33£1.52 36.89+0.01
$9, Sligw (40 MM) olgle ety WSS, 44.10+3.28 69.3343.57 7.33+1.52 38.44+0.01
5K 5 5 46.55+2.71 67.33+3.45 7.00£1.00 36.71+0.02
(0.2 MM) 558N Lu,1Ss, 48.57+2.70 68.00+3.57 7.00£1.00 38.25+0.01
[ 50.40+2.96 64.66+3.23 7.00+1.00 32.244+0.08
(0.5%) g5, lilgus  Ls,lS, 47.75+2.41 66.33+3.57 9.00+1.10 38.77+0.07
BY 55 45.99+1.91 68.66+4.54 9.33£1.15 36.36+0.09
LSD 5% 3.806 4.300 1.264 0.104

All values represent mean+SD.
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Saaal ) slae e 5] adss Jsh O g 3 S das 4l 3 Slee
(cm) (kg/ha) (kg/ha)
edlS CSad BEN S BEN S
Shad posy ildlae e LS, 22.00£2.00 15.00+1.00 35408.44+7698  24778.00+3096 1791.00+257.31 1333.33+145.20
B S8 25.66+1.52  16.00£1.00 48020.66+11825 31023.23+£3110 2253.33+£276.09  1643.33+93.97
0¥k (0.2 mM) L lSa 30.33+2.51 19.00+1.00  48723.33+6075  38500.06+£7778 2363.33+£159.38 2020.00+134.54
B S8 27.00£2.00 21.3342.08 45759.83+£1335 23911.66+6137 2333.33+133.11 2183.33+£160.91
S50 Slilsn (0.5%) LlSa ) 29.66+1.52  21.00+1.00 ¢ 52094.13£7679  39045.06%7773 2526.66+134.18 2016.66+131.32
B8 S8 27.00+1.73  18.00£1.00  55462.86+£5934 33906.00£7415 2645.66+92.65 2030.00+£120.33
G (100 (il glae o5 Llsa ) 22.33£1.52  15.00£1.00 35781.83+4894  26046.03+6098 1860.00+£185.78 1553.33+119.23
uM) B S5 25.66+1.52  16.00£1.000. 42296.43+6803 22763.86+3057 2093.33£196.56  1713.33+92.18
U5k (0.2 mM) LlSa ) 33.33+2.08 116.66+1.52 48985.66+6472 30183.23£1618 2398.00+187.45  1983.33+£63.58
B8 S8 31.00£2.00 15.66+1.52 . 39907.46+7854 45067:40+£1641 2655.66+149.24 2250.00+145.35
G50 <l s (0.5%) LlSa ) 26.00+£1.00 16.00+£1.00 ~42015.49£2535 32112.46+£3256 1996.33+118.80 1706.66+124.52
B8 S8 28.66+2.51 18.33£1.15  47067.03+8826  30951.73+£8324 2206.66+135.10 1694.00+183.23
S0l s il slae 092 Llsa ) 27.66+1.52  15.00+1.00  41458.77+3359  30583.23+3809  2171.00+66.74  1700.00+114.53
(40 mM) B S5 25.00£1.00 15.66+1.00 54653.00+4934  34293.20+£7022 2200.00+114.20 1800.00+174.42
Uik (0.2 mM) LlSa ) 27.66+1.52 18.33+0.57 51265.20£5529  300649.83+6988  2186.66+63.58  1660.00+103.45
B8 S8 27.33%£1.52 .19.66+0.57.  35877.60+£3098  25656.12+7228 2160.00+156.97  1894.00+89.07
S50 Slilsn (0.5%) LlSa ) 26.33+0.57. 19.33+0.57 ~ 50384.60+7913  27982.13+6689 2356.66+109.28 1903.33+140.35
B8 S¢S 26.00+£1.00 19.33+0.57 57018.96+£3243  49596.06+£3154 2660.00+123.41 2230.00+£108.41
LSD 5% 0.977 0.977 7370.00 7370.00 530.00 530.00
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Effects of Melatonin and Zinc Sulfate on Agronomic Traits and Grain Yield of Quinoa Cultivars under Salinity

Conditions

Abstract :

To investigate the effects of melatonin and zinc sulfate on agronomic traits and grain yield of quinoa cultivars under
salinity stress, an experiment was designed and conducted in the 2023 growing season in Kashmar and Bardaskan. The
study was laid out as a factorial experiment based on a randomized complete block design with three replications.
Treatments included two quinoa cultivars, ‘Red Carina’ and ‘Titicaca’, and seed priming along with foliar application at
three levels: control (no application), melatonin, and zinc sulfate. The results showed that in Bardsken with saline water
and soil, the protein yield of the Redcarina was 30.02% and that of the Titicaca was.35.39% lower than that of the same
varieties in the Kashmar. The seed yield of the Titicaca in the Bardsken was 23.25% and that of the Kashmar region was
25.81% higher than that of the Redcarina in these two regions. In Kashmar, the combined application of seed priming and
foliar melatonin increased grain yield by 17.85%, while zinc sulfate also led to an 18.04% .increase. Conversely, in
Bardaskan, the combined application of seed priming and foliar melatonin and zinc sulfate resulted in grain yield
increases of 36.91% and 35.70%, respectively. Within the scope of this research, the use of the ‘Titicaca’ cultivar and the
combined application of seed priming and foliar melatonin and zinc sulfate are recommended for enhancing grain and

protein yield."

Keywords: Osmotic stress, Salinity stress, Chlorophyll.



