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Abstract

Introduction

Environmental stresses are the most important factors limiting the growth and production of
crops in the world. Among the environmental stresses, drought or water shortage is considered as
the strongest and most sophisticated reducing factor for crop and food security threatening which
is solely responsible for 45% of the reduction in crop yield in different parts of the globe.
Drought stress and nutrient limitation, especially in arid and semi-arid conditions, have severe
consequences on crop yield. Therefore, finding new solutions to increase the resistance of plants
is essential. Quinoa is highly resistant to drought and salt stress and can grow well in soils with
lack of nutrient. The high tolerance of this plant to abiotic stresses has made this plant highly
adaptable to different climatic conditions. Therefore, quinoa can be used as a suitable plant for
nutrition (i.e., food security) and achieving sustainable agriculture.

Materials and Methods
The current study was performed in two experimental stations in Birjand and Mashhad, Iran, in
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2019. Experiments were similarly conducted as the factorial split with four replicates. Irrigation
regimes at 3 levels (50, 75, and 100% of water requirement) was the main plot and vermicompost
(0 and 5 t. ha') x GABA (0, 5, and 10 mg. I') were the subplot. Growth indices were measured
in six stages and then the content of malondialdehyde, grain yield and amino acids were
measured in full flowering stage and physiological ripening stage respectively.

Results and Discussion

According to the results of data analysis, increasing drought stress levels caused a decreased
effect on plant height, Leaf Area Index (LAI), Crop Growth Rate (CGR), and Relative Growth
Ra (RGR). For example, in the fourth stage (flowering stage) in Mashhad, after applying 5 t. ha™
of vermicompost compared to control, CGR increased by 26.8%. The same results were recorded
for isoleucine, lysine, phenylalanine, threonine, and tryptophan. A positive response regarding
growth characteristics and amino acids in quinoa seeds was recorded following the application of
vermicompost. Under severe drought stress, the application of GABA had a significant effect in
reducing malondialdehyde content (15.6%), which is used as a marker to determine the amount
of oxidative damage to lipids and the membrane damage. Based on the combined application of
vermicomposting and GABA, the highest concentrations of isoleucine (5.25 mg. 1), lysine (6.20
mg. I""), methionine (2.19 mg. I'"), and phenylalanine (3.21 mg. I"") were obtained when 5 t. ha™
vermicompost + 10 mg. I GABA were tested.

Conclusion

In general, the use of GABA alone or in combination with vermicompost effectively decreased
the adverse effects of drought stress on lipid metabolism and amino acid accumulation.
According to the results, it is recommended the applying 5 t. ha™ vermicompost + 10 mg. I"*
GABA to improve quinoa resistance to water stress, especially under arid and semi-arid areas.
Having this in mind, the widespread use of organic fertilizers can be considered as one of the
essential areas in applied scientific research on sustainable agriculture development. Drought
stress is also related to the plant nutrition, and a reduction in availability and various nutrients
uptake for the plant is considered as one of the most important negative effects of drought stress.
Therefore, using of natural fertilizers with biological origin has great importance in maintaining
the structure, biological activity, exchange and water holding capacity and finally, in modifying
the physical and chemical structure of soil.
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Table 1. Some chemical and physical traits of experimental soil in Birjan and Mashhad regions

Experimental sites Clay Silt  Sand OrganicC N P 1 K™ ph EC (dS. m™)
% mg kg
Birjand 18 12 70 0.16 0.031 11.75 2253 7.80 4.58
Mashhad 4 32 24 0.48 0.080 671 1815 8.34 1.16
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Figure 7. Leaf area index changes during the growing season in quinoa under different vermicompost levels (t.
ha™) in Birjand and Mashhad regions
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Figure 8. Relative growth rate changes during the growing season in quinoa under different drought stress
levels in Birjand and Mashhad regions
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Figure 9. Relative growth rate (RGR) changes during the growing season in quinoa under different GABA
levels (mg. kg™) in Birjand and Mashhad regions
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Figure 10. Relative growth rate (RGR) changes during the growing season in quinoa under different
vermicompost levels (t. ha™) in Birjand and Mashhad regions
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Table 2. Effects of experimental treatments on seed yield, malondialdehyde and amino acid content in quinoa

Experimental treatment DF Seed yield Malondialdehyde Isoleucine  Lysine  Methionine Phenylalanine  Threonine  Tryptophan Valine
Xperimental treatments (kg ha™) (nmol. gt FW) (9. 100 g'* protein)
Site
Birjand 1371.38 47.00 5.53 6.33 2.29 3.38 4.28 1.36 5.44
Mashhad 1554.75 41.04 4.49 5.66 1.82 2.67 3.60 1.13 4.89
LSD (0.05) 21.59 0.47 0.11 0.09 0.09 0.03 0.033 0.03 0.078
Plant water requirement (%)
50 1190.67 46.74 5.16 6.24 2.17 3.25 4.21 1.48 531
75 1508.08 43.83 5.01 5.87 2.02 2.96 3.94 1.20 5.15
100 1190.67 41.49 4.86 5.88 1.95 2.89 3.67 1.04 5.03
LSD (0.05) 26.45 0.57 0.13 0.11 0.11 0.03 0.041 0.038 0.096
Vermicompost application (t ha™)
0 1364.44 44.98 4.94 5.9 2.01 2.96 3.84 121 511
5 1564.66 43.06 5.08 2.1 2.10 3.10 4.03 1.28 5.22
LSD (0.05) 21.59 0.47 0.11 0.09 0.09 0.03 0.033 0.031 0.078
GABA levels (mg .kg™?)
0 1394.49 48.05 4.92 5.85 1.98 2.96 3.81 1.20 5.09
5 1466.50 43.57 4.98 6.02 2.04 3.01 3.95 1.24 5.15
10 1528.19 40.44 5.13 6.11 2.13 3.11 4.05 1.29 5.24
LSD (0.05) 26.45 0.57 0.13 0.11 0.11 0.09 0.041 0.038 0.096
S.0V
Site (9) 1 wor wox wox . . wox
Error 1 6 ) ) ; -
Plant water requirement (P) 2 ” ‘” o o . o o o -
S X P 2 ns * el ns ns * o ns
Error 2 12 ) ) ) ; -
GABA levels (G) 2 " o * o o o o
Vermicompost application (V) 1 ** ** * - - o -

GxV

ns

ns

ns

*k

*k

ns
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Table 2. Continued

Experimental treatments DF Seed yield Malondialdehyde Isoleucine  Lysine Methionine Phenylalanine  Threonine Tryptophan Valine
P x G 4 ) * * ns ns Kk *k * ns
PxV 2 o ns ns ns *x *x * ns

PxGxV 4 kd ns ns * ns el ** ns ns
SxG 2 ns ns * ns ns * * ns ns
SxV 1 ns ns ns ns ns ns ns * *

SxGxV 2 ns ns * * ns * * ns ns

SxPxG 4 * ns ns * ns ns * * ns

SxPxV 2 ns ns * * ns ns * ns ns

SXxPxGxV 4 ns ns ns * ns ns * ns ns
Bartlett's test - 0.35 0.97 0.19 0.10 0.31 0.51 0.76 0.69 0.36
CV (%) - 14.44 7.38 6.70 4.63 14.20 9.94 11.54 7.59 4.56

**

Lo ys ey 568G Jlazl o )3 Sl me OV 5 5 s g U 5 g s o™
**: significant at P<0.01; *: significant at 0.01<P<0.05; "™: non-significant (0.05 < P).
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Table 3. Interaction effect of irrigation regims and different levels of GABA on studied traits of quinoa

Blant water GABA levels Seed yield (kg. Malondialdehyde Isoleucine Lysine Phenylalanine Threonine Tryptophan
- . ha” -1 .
requirement (%) (mg. kgt ) (nmol. g™ FW) (9. 100 g* protein)
0 1066.06 51.00 5.06 6.06 3.11 411 1.42
50 5 1213.71 46.19 521 6.20 321 4.19 1.50
10 1292.25 43.04 523 6.45 342 433 154
0 1468.54 47.84 4.92 5.74 293 3.89 114
75 5 1495.69 43.40 4.96 5.90 2.95 3.95 1.22
10 1560.00 40.24 5.12 5.98 297 3.97 1.26
0 1648.88 45.30 476 5.77 2.85 3.45 1.04
100 5 1690.01 41.12 479 5.97 2.87 3.71 1.02
10 1732.33 38.06 5.04 591 2.95 3.86 1.06

LSD (0.05) 45.81 1.003 0.23 0.19 0.063 0.071 0.066
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Table 4. Interaction effect of irrigation regims and vermicompost application on studiedt traits of quinoa

Vermicompost Seedyield  Malondialdehyde Lysine  Phenylalanine  Threonine Tryptophan
Plant water application (t ha®) (kg ha?) (nmol .g™ FW) Y Y yPiop
requirement (%) (9. 100 g™* protein)
50 0 1043.18 47.67 6.18 3.12 4.14 1.47
5 1338.16 45,82 6.29 3.37 4.28 1.50
75 0 1445.09 44.80 5.81 2.92 3.89 1.16
5 1571.07 42.85 5.94 2.99 3.97 1.24
100 0 1605.00 42.47 5.71 2.83 3.49 0.99
5 1775.82 40.51 6.05 2.94 3.85 1.09
LSD (0.05) 37.40 0.81 0.16 0.051 0.058 0.054
2/0 - 6/0 -
° .0
o ¢ 5/5 - ° o*%
% 5 1 o0 . e e ' ()
= 0. g S 5/0 - K
g ° g‘h o © > "ﬁ y = 0.5383x + 2.4622
T104 e @ R2 = 0.94 **
l_
&° y = 0.2635x - 0.0789 4/5 A
R2 = 0.41 **
0/5 L] L] L] L] L] 1 4/0 L] L] L] L] L] 1
4/0 4/4 4/8 5/2 56 6/0 6/4 4/0 4/4 4/8 5/2 5/6 6/0 6/4
Isoleucine Isoleucine

(32 p S 0.01) 19 5 OBk 5 b Cmwgl gl (ot (o -1

Figure 11. The correlation between isoleucine with tryptophan and valine (**: p < 0.01)
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Table 5. The correlation between the experimental treatments

Traits Plant height Crop growth rate  Relative growth rate  Seed yield
Plant height 1
Crop growth rate 0.38" 1
Relative growth rate 0.46" 077" 1
Seed yield 059" 0.66 " 041" 1

*x *

Ao ys ey 5 0S5 el o 53 s e SN S S 4 s
**: p<0.01; *: p<0.05
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