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Abstract -
Introductiong D igh protein content, the balance of essential amino acids such as

lysine
rice, so t and cultivation of this product is very important. Since our country is

than the a f rainfall, the planted crops suffer from drought stress especially at the end of
the season, so the use of natural fertilizers such as seaweed extract and humic acid can be suitable
in adjusting the ffect of stress.

Material d Methods: This experiment was conducted in order to evaluate some
biochemical indices of quinoa under the condition of irrigation interruption in two locations with
hot climate (Qasar Shirin) and cold climate (Dalaho) in Kermanshah province in it was
implemented as a split plot in the form of a randomized complete block design in the 2018-2018
crop year. The main plots of irrigation treatment were at three levels (complete irrigation, stop
irrigation at the beginning of flowering and the beginning of seeding) and the sub-plots of foliar
spraying at five levels of seaweed extract at two levels (2.5 g/L and 3.57 g/L), humic acid at two
levels (3.75 g/L and 5 g/L) along with a control treatment (solution spraying with pure water)..

Results and Discussion: The results showed that stopping irrigation caused a decrease in the
concentration of photosynthetic pigments chlorophyll a, chlorophyll b and carotenoid, the amount
of protein and the relative water content of quinoa plant leaves compared to full irrigation. Also,
under stress conditions, proline content and electrolyte leakage from the cell membrane, the
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activity of antioxidant enzymes superoxide dismutase, catalase and peroxidase increased. The use
of seaweed extract and humic acid reduced the effect of irrigation interruption, so that the highest
amount of chlorophyll a (1.760 mg/g), chlorophyll b (0.989 mg/g), carotenoid (0.291 mg/g),
protein (1.40 mg/g) and the relative water content in foliar application was 3.75 g/L of seaweed
extract. The effects of interruption of irrigation were greater in Qasr-Shirin hot location and the
greatest effect of drought stress was observed in the phase of interruption of irrigation at the
beginning of flowering.

Conclusions: In general, these findings showed that foliar spraying with seaweed extract and
humic acid can be used as an efficient and environmentally friendly strategy to reduce the
adverse effects of irrigation interruption on quinoa plant.

Keywords: Antioxidant enzymes, Biofertilizers, Photosynthetic pigments, Relative water
content e
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Table 1. Meteorological information (monthly average) related to total rainfall, minimum
and maximum temperature in Qasr Shirin and Dalaho stations during the implementation
of the experiment in 2017 and 2018. -

Area  Year/Month Oct  Nov Dec  Janveyeh Feb  Mrs  Apr  May Agust  Sep
Qasr 2017 134 63 1294 399 866 104 322 958 0 0 0
Total rainfall mm) SN 2018 267 131 544 28.4 31 446 1541 14, 0 0 0
Dalaho 2017 208 11406 2368 804 135 942 0 0 0
2018 21 37 94.6 49 46 150.2 . 0 0 0
Average month Qasr 2017 22 1337 97 5.3 6 65 3 266 265 251
i e STirin 2018 206 134 83 5.4 39 3 252 262 247
(C)p Dalaho 2017 137 72 33 0.6 01 o0 18 192 177
2018 133 57 16 0.6 2 3 187 203 168
Average monthly Qasr 2017 36 236 173 14 6 17. . 3 437 429 418
) Shirin 2018 364 261 189 . 8, 145 221 303 41 425 436 414
max'm“m(gmperat”re Dalaho 2017 275 162 107 . 01 199 201 287 361 37 43
2018 287 179 114 @ @4 3 146 219 316 35 364 334
.
Table 2. Physico-chemical characteristics soilb it e test locations
Measured trait Unit r Shirin city Dalaho city
Sand % 7
Silt 48
Clay e 45
Soil texture - Sandy- loam Silty- clay
K (mg kg ™) mg Ko 196 460
P (mgkg ™ mg kg 2 14.6
N (%) 0.02 0.5
C%) w 0.4 1.12
11 16.5
7.82 7.4
dS/m 2.31 0.8
0.28 0.96
1.75 11.10
5.98 14.6

le 3. Humic acid and Seaweed extract characteristics in the test

Humic acid Seaweed extract

tal N (%) 0.5 Total N (%) 7

Water-sokdble potassium (K20) (%) 15 P (%) 5
Soluble iron (%) 0.35 Water-soluble potassium (K20) (%) 12
Humic acid (%) 45 Soluble iron (%) 0.5
Organic carbon (%) 32 Amino acid (%) 25
Organic matter (%) 50 Algae extract (%) 25
Humidity (%) 5 Alginic acid (%) 4

22-

EC (dS/m) - pH Organic matter (%) 20

10
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Figure 1. Changes in Relative water content (RWC) of quinoa (%) by foliar spray treatments
under Qasr Shirin and Dalaho conditions.
*FS 1: control FS 2: Humic acid (1.5 kg ha), FS 3: Humic acid (2 kg/ha), FS 4: Seaweed extract (1
kg/ha), FS 5: Seaweed extract (1.5 kg/ha)
Means with similar letters based on LSD test showed no significant difference at 5% probability

level.
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Figure 2. Changes in Protein content of quinoa (mg/g DW) by foliar §9fay treatments under Qasr
Shirin and Dalaho condition
*FS 1: control FS 2: Humic acid (1.5 kg ha), FS 3: Humic aci
kg/ha), FS 5: Seaweed®sract (1.
Means with similar letters based on LSD test shoWed nessi
level.

m Foliar spray 1 OFoliar spray 2 Foliar s

a
a
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Table 4. Results of the analyses of vakiance effects of i
chl a, chl b, carotenoids, electrolytefleakage, relative

gation and foliar spraying treatments on
er content (RWC), protein, carbohydrate,

proline and some of antioxidan es under Qasr Shirin and Dalaho conditions
sov Means of square (MS)
Chlb Carotenoids EL RWC protein
Site (S) 0.0005™ 0.00007 "™ 12.224 63.365 0.186"
r(S) 0.0076™* 0.00069 "™ 12.894™ 140.893™ 0.052"
Irrigation (1) 0.4597" 0.02191" 820.584" 2821.057" 1.145™
Sx| 0.0861"" 0.01126™ 13.572" 170.410" 0.108™
rx Ix S 0.0218™ 0.00370™ 11.487" 14.8717" 0.053"
Foliar Spray (FS) 1.9079" 0.16203" 897.533" 549.774" 3.367"
FSx | 0.0158™ 0.00161™ 26.040™ 2.689™ 0.115™
FSxS 0.0593" 0.00639™ 12.734™ 6.780™ 0.330"
FS x1xS . 0.0252™ 0.00226" 5.383" 1.725™ 0.025™
Error 72 0.026 0.0023 0.00082 2.280 3.274 0.014
(%) CV - 19.88 10.29 21.33 11.91 2.43 19.38
SOV d Carbohydrate CAT POX Proline SOD
Site (S) 1 0.002™ 0.279™ 0.019™ 0.0001™ 0.000004™
r(S) 6 0.043" 0.166" 0.113™ 0.0160"™ 0.022398"
Irrigation (1) 2 1.318" 3.612” 7.018" 0.4342" 1.537253"
Sx| 2 0.004" 0.537" 0.934™ 0.0393" 0.153370"
rx Ix S 12 0.216™ 0.137™ 0.419™ 0.0234" 0.075420™
Foliar Spray (FS) 4 8.743” 14.730” 39.681" 1.7020™ 7.888081"
FSx | 8 0.343" 0.167™ 0.609™ 0.0243" 0.117705™
FSxS 4 1541 1.429" 0.448™ 0.0359" 0.085962""
FS xIxS 8 0.209" 0.187™ 0.443™ 0.0234" 0.079725™
Error 72 0.014 0.102 0.065 0.065 0.009032
(%) CV - 11.98 23.76 12.50 12.50 10.16

ns, * and ** are non-significant and significant respectively at the five percent and one percent probability levels.



Table 5. Interaction of irrigation x locations on Protein Content and Relative water content
(RWC) of quinoa

Irrigation Protein (mg/g™ DW) RWC (%)
treatments Qasr Shirin Dalaho Qasr Shirin Dalaho
Irrigation 1 0.85%+0.11 0.69%+0.09 86.11%+1.00 80.30°+1.32
Irrigation 2 0.41°+0.06 0.45°°+0.08 67.05%+1.32 66.10°+1.50
Irrigation 3 0.69%+0.08 0.58°°+0.09 71.65°+1.06 74.05°+1.19

(LSD (0.05% 0.24 3.12

Irrigation treatments 1, 2, and 3 show full irrigation, irrigation cut-off at the beginning of flowering and
irrigation cut-off at the beginning of seed growth, respectively.
Table 6. Interaction of Irrigation x foliar spraying on Protein Content of quinoa

Foliar spraying

Protein (mg/g™ DW)

treatments — — _
Irrigationl Irrigation2 Irrigatio

Foliar Spray1 0.2117+0.007 0.063"+0.007 0.139"+

Foliar Spray2 0.756% +0.005 0.630°+0.118

Foliar Spray3 1.064°+0.125 0.584+0.063

Foliar Spray4 1.400%+0.014 0.767°°+0.034 .

Foliar Spray5 0.438°+0.007 0.143'+0.029 6°+0.098

LSD (0.05%) 0.187

Irrigation treatments 1, 2 and 3 show full irrigation, irrigation cut- off at
and irrigation cut-off at the beginning of seed growth, respectively. *FS
(1.5 kg ha), FS 3: Humic acid (2 kg/ha), FS 4: Seaweed extract (1

kg/ha)
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Table 7. Comparisons of mean Chlorophyll a, Chlorophyll b, Carotenoids, Electrolyte
leakage and Relative water content traits related to Irrigation and foliar spraying
treatments under Qasr Shirin and Dalaho conditions

FS Chl a (mg.gY) Chl b (mg.g?) Carotenoid (mg.g™}) EL (%)
Qasr Shirin Dalaho Qasr Shirin Dalaho Qasr Shirin Dalaho Qasr Shirin Dalaho
FS1 11 0.3104+0.006  0.345M+0.066  0.2099"+0.028 0.178"+0.003  0.049"+0.001  0.047"+0.001  13.179"+1.09  13.13%"+1.30
FS2 0.5819+0.006  0.657"+0.081  0.334'+0.003  0.329°+0.003  0.094"*+0.001  0.093%+0.001  10.16%x0.70  9.98"'+1.69
FS3 0.9549+0.006  1.038%9+0.085  0.541%°+0.003 0.542%+0.002  0.156°©+0.001  0.156°9+0.001  7.57"™+0.83  7.34™+1.18
FS4 1.712°+0.006  1.116°7+0.091  0.962°x0.003  0.536*+0.003 ~ 0.283°x0.001  0.1557+0.0g4  6.46™=+0.99  4.87""+0.88
FS5 1.760° +0.006 1.738°#0.016  0.989°+0.003  0.957°#0.003  0.291°+0.001 0.281%+0.001 451 +0.44 2.14940.42
FS1 12 0.138'+0.013 0.188'+0.049  0.107'#0.027  0.126"+0.054  0.017™+0.001  0.016"+0.00 02°+0.63  24.92%+0.63
FS2 0.191'+0.002  0.455"+0.087  0.2989+0.079  0.376'+0.093  0.054"+0.014  0.066"™+ 20.02°%+0.31  21.85™+0.89
FS3 0.517%+0.006  1.022%9#0.113  0.486°+0.075 0.491%+0.003  0.113%7+0.016 17.35%40.20  18.22%+1.41
FS4 0.9089+0.013  1.017°9+0.174  0.667°°+0.051 0.712°#0.003  0.149°%+0. . 11.479+1.05  14.37%+1.19
FS5 0.951M+0.016  1.551*+0.204  0.694°+0.051  0.984°+0.003  0.156°“+0.0 0%+0.022  3.61°9+0.69  8.37XM+1.55
FS1 13 0.131'#0.003 0.147'#+0.005  0.085'+0.002  0.083'+0.003  0.036™"+0.00 0.035"™+0.015  23.70%+0.97  20.22%%1.15
FS2 0.500™+0.006  0.3134+0.076  0.159"+0.042  0.112"+0.001 j 01  0.056"+0.029  17.45+0.16  17.30+0.60
FS3 0.873%"+0.006  0.8549"+0.311  0.3477+0.048  0.293" 105@ 0Qh  0.142°'+0.036  13.70°"+0.84  14579+1.08
FS4 1.271%+0.006  0.9249+0.013  0.565%+0.050  0.514%+0.003 01™ 0146°9+0.026  9.36%%092  11.83M+177
FS5 1.319°+0.006  1.233°°+0.082  0.589%+0.051  0.739°+0.003 .217“3.001 0.217"+0.029 27779027  5.71™+1.88
(LSD (0.05% 0.249 0.098 \ 0.048 2.68

off at the
,FS 3:

of flowering and irrigation cut- off at the beginning of seed growth,
¢ acid (2 kg/ha), FS 4: Seaweed extract (1 kg/ha), FS 5: Seaweed extract

Irrigation treatments (1) 1, 2 and 3 show full irrigation, irrigation
respectively. Foliar spray (FS)*FS 1: control FS 2: Humic acidifd.5 ki

(1.5 kg/ha) .
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Table 8. Intraction of Irrigation x locations and foliar sprayingx locations on Catalase (CAT) and

Prolin of quinoa

Irrigation Catalase (U.min".mg™) Prolin (mol/g FW)
treatments Qasr Shirin Dalaho Qasr Shirin Dalaho
Irrigation 1 0.974° +0.151 1.029° +0.209 0.356° +0.049 0.388™ +0.068
Irrigation 2 1.707% +0.218 1.344%° +0.155 0.608%+0.073 0.533* +0.057
Irrigation 3 1.509%°+0.173 1.528%+0.190 0.508°"°+0.055 0.543% +0.062
LSD (0.05% 0.521 0.173

Foliar spraying treatments

Catalase (U.min".mg?)

Prolin (mol/g FW)

Qasr Shirin Dalaho Qasr Shirin Dalaho
Foliar Sprayl 0.765%+0.106 0.7497+0.132 0.2947+0.033 0.2997+0.042
Foliar Spray2 1.352°40.111 1.886°+0.190 0.471°+0.036 0.480°°+0.043
Foliar Spray3 2.146*+0.156 1.310°+0.089 0.737°+0.052 W 0.603"+0.033
Foliar Spray4 2.346°+0.128 2.235%+0.165 0.804%+0.043 42 +0.047
Foliar Spray5 0.375°+0.061 0.321°+0.061 0.147¢+0.020 £ +0.073
LSD (0.05% 0.353 0.12

Irrigation treatments (1) 1, 2 and 3 show full irrigation, irrigation cut- off at the beginning of flo
cut- off at the beginning of seed growth, respectively. Foliar spray (FS)*FS 1: control
3: Humic acid (2 kg/ha), FS 4: Seaweed extract (1 kg/ha), FS 5: Seaweed extract (1.5 kg/

Table 9. Intraction of Irrigation x foliar spraying on Cat

2: Humic

of quinoa

Foliar spraying treatments

Irrigationl ation2 Irrigation3
Foliar Sprayl 0.297¢ +0.100g +0.161 0.9317+0.111
Foliar Spray2 1.374%+0.265 @ %0.186 1.732°+0.141
Foliar Spray3 1.255% +0.155 10428°%0B49 1.887°+0.150
Foliar Spray4 1.871°+0.287 2.478°° +0.367 2.587%+0.110
Foliar Spray5 0.2109+0.022 0.3819+0.153 0.454%+0.090
LSD (0.05 %) \ 0.415
Irrigation treatments (1) 1, 2 and 3 show fullitrigation, n cut- off at the beginning of flowering and

irrigation cut- off at the beginning o

extract (1.5 kg/ha)

Table 10. The mean
related to Irrigation amd fol
|

L3
|

yaluesyf Carbohyd

eed ¢
Humic acid (1.5 kg ha), FS 3: Humic aci

h, respectively. Foliar spray (FS)*FS 1: control FS 2:
/ha), FS 4: Seaweed extract (1 kg/ha), FS 5: Seaweed

e, Peroxidase (APX) and Superoxide dismutase (SOD)
spkaying treatments under Qasr Shirin and Dalaho conditions



S;f;;?;g ::er;%?r:ie%r: Carbohydrate (mg.g™* FW) POX (U.mint.mg™) SOD (U.min.mg™)

treatments s Qasr Shirin Dalaho Qasr Shirin Dalaho Qasr Shirin Dalaho
Fs1 11 0.254"+0.117  0.119°+0.004  0.315'+0.008  0.279'+0.008  0.162%+0.003  0.158+0.003
FS2 0.420"°+0.221  0.187°+0.002  0.447'+0.004  0.411'+0.004  0.220%+0.002  0.216" +0.002
FS3 0.822"+0.210  2.196%+0.005  1.261"+0.014  1.225"+0.014  0.582'+0.006  0.578'+0.006
FS4 1.239°9+0.118  0.603"™+0.007  2.256°+0.014  2.220°0.014  1.024"+0.006  1.020"+0.006
FS5 1.474°*+0.060  1.1119+0.007 2.827%'+0.014 2.344°+0.010 1.278™+0.006  1.961%+0.006
Fs1 12 0.175°+0.064  0.218%+0.125  0.748'+0.200  0.597'+0.236  0.354'+0.089  0.350+0.089
FS2 0.521"+0.110  0.781"+0.209  1.555"+0.213  1.637"+0.396  0.763'+0.096  0.759'+0.096
FS3 0.9849+0.123  1.409%+0.011  2.4339+0.162 2.1679+0.060 1.103%"+0.073  1.094%"+0.068
FS4 1.607%+0.210  1.058M+0.007  3.582%+0.272  2.912°+0.117 T¥38™+0.119  1.377°+0.055
FS5 1.727°+0.171  1.567%+0.007  4.064+0.275  3.386°+0.284 127 1.661"9+0.142
Fs1 13 0.288"+0.060  0.338™P+0.007  0.504'+0.139  0.583'+0.117 +0.061  0.242%%+0.061
FS2 0.674+0.022  0.686"+0.007  1.434"£0.150  1.449+0.130 9'+0.026  0.605'+0.026
FS3 1.1507+0.022  1.629°+0.007  2.253%0.061 1.023"+0.026  1.019"+0.026
FS4 1.944*+0.131  1.1629+0.007  3.585%+0.268 1.491%+0.067  1.372°7+0.056
FS5 2.050%+0.133 2.130°+0.007  3.544%°+0.270 1.583%+0.105  1.611°+0.118

LSD (0.05%) 0.288 470 0.188

Irrigation treatments (I) 1, 2 and 3 show full irrigation, irrigation cut- off at the b
of seed growth, respectively. Foliar spray (FS)*FS 1: control FS 2: Hunﬂ}id (1.

(1 kg/ha), FS 5: Seaweed extract (1.5 kg/ha).

L3

L\

,ﬁS 3: Humic acid (2 kg/ha), FS 4. Seaweed extract
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