Gl Sl aagh 4 4
1FY 5le 1A digly —) osked —FFo 88

g™ (535999 318 Do 93 e 59 raanolis 3957 936 guiany 339578 395157 1 1
s i o (Chenopodium quinoaWilld)

Effects of application of biofertilizer and potassium nanofertilizer on
yield and physiological traits of quinua (Chenopodium quinoaWilld)
under drought stress
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" Table 1. Soil analysis results of the test field (depth 0-30 cm)
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Table 4. Combined analysis of variance for the studied traits of quinoa under drought stress, biofertilizer and potassium nanofertilizer.
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A s Degree of Mean squares
o L
S freedom S Cgsby Gsee
S.0.V 035 G 3 3 ket &l s Shas S
. . . Lo Relative water
Biological yield Grain yield content
J 1 - - "
9644318 1084438 14.7
Year
Jlx )1 S 4
. 980.41™ 8943 ™ 0.266642™
Yearx Replication
Son i 3
o 29932710 113517317 19617
Drought stress
i e 3
Sex rmxdl
S 8271.65™ 3072.43™ 0.009906™
Drough stressx Year
. 12
Jol gl
i 4087.85™ 1327.05™ 0.171176™
Error a
S osS 3 .
s 9013.46™ 3302.78 ™ 2.229
Biofertilizer
m 1
& . - o -
s 263367 116846 9.909
Potassium nanofertilizer
o 3
xJlw
e f’{ 424.19™ 44526™ 0.035™
BiofertilizerxYear
" 1
& b xJl
o 25 - 519.85™ 26.39™ 0.003"™
Potassium nanofertilizerxYear
s S x Ses s 9 . . .
e 4 o 60846 22739" 5.079
BiofertilizerxDrough stress
Y U x S..> . xx
L 5. - o 29867 6119 0.06669 ™
Potassium nanofertilizerx Drough stress
" . 3
L s Ux = 3 * * *x
L ’;"_‘“"’ ’{ N 11434 4744 1.005
Potassium nanofertilizerx Biofertilizer
x i *x Il
e > S 521.56™ 382.66™ 0.0342™
BiofertilizerxDrought stressxYear
Ly (Y S > x Jlw
o~ ";_’_ S 1538.79™ 716.42™ 0.01181™
Potassium nanofertilizerx Drought stressx Year
" . 3
Ly Ux = xJlo
S o L 670.97™ 88.59™ 0.069™
Potassium nanofertilizerx Biofertilizerx Year
- . - 9
Ly s Ux 3,5 x Sas A .
o ;jf e S e 5226.94™ 2361.71™ 0.465
Potassium nanofertilizerx Biofertilizerx Drought stress
oty 555 S5 g 25 x (St i x e ?
Potassium nanofertilizerx Biofertilizerx Drought 838.09™ 3818.21™ 0.093 ™
stressxYear
. 112
s
(2 4277.1 1475.87 0.103171
Error b
(A2 33) Sl oS -
RN Z s 183 167 8.93

cVv

u);aii,@JL.:,lc]y):)l: RO T P R R
ns: non-significant, * and ** significant at five and one percent probability levels, respectively

S 25 6l e 51 S i 53 Okl 55 dhs & ALE G0 5558
O per o it 457 315 085 ol 3,556 5 (AL sla 035 J S 015 olS s
5,08 5 oWT dbey Ll s s 4l s Sles I M5 5 Dlid S o oy
5 OESs 53 0,58 YAND) oty 55 50 > Sbas 5 Ay (il sl S 55l e

¥ Jader 53 0T op a8 303 03 g gssS bwg 0bE s

9 (J\ﬁwl.lliﬁ —/8) L S Ly s (Alori et al., 2017) X 4% P s ke

£4



DA wd»

g

VFoY Ol WA Lo ls =) o)l = Y2 095« (B35 SO o5 S g

Table 2 continued.
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Potassium nanofertilizerx Biofertilizer
g 25 X i 5 0.011198™ 0.000644"™ 0.21545™ 0.000152"™ 0.000281"™ 0.0111™ 0.000822™
BiofertilizerxDrought stressxYear
kapumkcx,ﬁé.v.(utxuf 3
Potassium nanofertilizer< Drought 0.037188"™ 0.005971"™ 0.644473 ™ 0.001801"™ 0.003791" 0.03718" 0.000775"™
stressx Year
et 355 56 X s 35 xlu 3 . . . . . .
Potassium nanofertilizerx 0.01687™ 0.001299 ™ 1.03541™ 6.67E-05™ 0.000401 ™ 0.01687™ 0.002489™
Biofertilizerx Year
kapumkcxﬂuztuumx,ﬁé.v.(ut 9
Potassium nanofertilizerx 0.322%* 0.117** 0.961* 0.001246 "™ 0.0069 ™ 0.448%* 0.0126**
Biofertilizerx Drought stress
el 358 50 X a3 358 X (Si i x e 9 ) ) ) ] ]
Potassium nanofertilizerx 0.012682"™ 0.006349™ 0.29222™ 0.001643™ 0.003545"™ 0.01268™ 0.00180™
Biofertilizerx Drought stressxYear
s : 112
m &Fﬂ 0.039657 0.11701 0.814532 0.001432 0.003402 0.037597 0.009683
rror
(4o ) Do g 0 -
v 1.331 7.756 4.661 9.015 1.397 1.178 1.579

Lﬁ»»ﬁﬂtﬁ\uALFnLﬂr.\u»aurwf{m\n&**“*Crrw......x.ume

ns: non-significant, * and ** significant at five and one percent probability levels, respectively
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Table 3. Two-year average comparison of the interaction effect of drought stress and biofertilizer
on some quinoa traits

it s S 3S s s S 3,Shes s i Jsloe UG (g gios
Drought stress Biofertilizer L Biological . Soluble
Grain yield . Proline
(MPa) (Kg ha) yield (mg ' Fw) carbohydrate
(%) ¢ (Kg ha™) £e (mg ¢! Fw)
Ll 3 pde
Non- 2749.29 8833.54 0.334 4.169
Control application
1 2787.8 8893.07 0.297 3.989
2 2789.25 8907.79 0.277 3.94
3 2809.09 8926.10 0.256 3.857
:l,g)lf ru\.ﬁ
Non- 2388.91 8249.26 0.457 4354
-03 application
1 2405.85 8284.98 0.404 4.150
2 2423.66 8291.16 0.398 4.102
3 2448.05 8348.08 0.379 4.044
3,8 e
Non- 210743 7796.26 0.511 4430
-0.6 S
application
1 2097.25 7778.3 0.485 4.268
2 2095.11 7775.166 0.484 4.239
3 2105.28 7786.02 0.469 4.168
3,8 e
Non- 1560.4 5279.17 0.526 4.462
-0.9 S
application
1 1692.93 627917 0.488 4253
2 1599 6969.49 0.465 4417
3 1696.46 6898.52 0.478 4.167
LSD (0.05) 53.46 53.46 0.030 0.030

\J;;duﬁj}dl;:ﬁijbg:;jU):&ﬂ&li:»;ldbjsdh&;JL_.»HLL.FJ}J;.-

Table 4. Two-year average comparison of the interaction effect of drought stress and potassium
nanofertilizer on grain and biolocical yield of quinoa

RSt el 255 50 4l s Sles ) 3 Sk
Drought stress Potassium Grain yield Biological yield
(MPa) nanofertilizer (Kgha) (Kgha")
dalis 3,08 pde 2752.26 8841.28

Control Non- application
58 2815.45 8938.92
Application
-0.3 3,8 pe 2399.47 8274.74
Non- application
58 2433.77 8312
Application
-0.6 3,08 pde 2088.08 7769.86
Non- application
38 2114.44 7798.26
Application
-0.9 3,8 e 1600.45 6960.97
Non- application
58 1673.95 7093.96
Application
LSD (0.05) 30.655 51.958

Wl o 030zl HESCn 3 p S ASF Ol e 4 ol 3587 5L
Potassium nano-fertilizer was used at a rate of 3 kg ha™’.
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Table 5. Two-year average comparison of the interaction effect of biofertilizer and potassium
nanofertilizer on some quinoa traits

SR ol 38 50 <l 5 Shos 035 oy 3 Shas Ot o sl
Biofertilizer Potassium Grain yield Biological yield Proline Soluble
(%) nanofertilizer (Kgha™) (Kgha™) (mg g Fw) carbohydrate
(mg g’ Fw)
0 sj)Lf (.\c
’ 2199.68 7950.2 0.489 4372
Non- application
3,8
T 2271.36 8012.9 0.425 4336
Application
1 Aj:)lf (.Lo
o 2231.08 7938.6 0.458 4.195
Non- application
3,8
T 2260.83 8040.3 0.379 4.135
Application
2 :ﬁ)lf f‘\’
. 2196.66 7991.6 0.447 4.144
Non- application
3,8
T 2256.86 8033.4 0.364 4.081
Application
3 Aﬁ)l{ r.u—
o 2212.84 7966.3 0.449 4.136
Non- application
3,8
Application 2248.56 8056.3 0.342 3.982
LSD (0.05) 42.859 73.55 0.025 0.040

Wl 0 o3lizal JESa 53 0 S Ol e )3 ol 387 5L

Potassium nano-fertilizer was used at a rate of 3 kg ha™.
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Table 6. Two-year average comparison of the interaction effect of drought stress, biofertilizer and
potassium nanofertilizer on some traits of quinoa

o~ EEEY . ey 25556 T 5 des Lo Less
Sos Biofertilizer Potassigm e a s S b Jés,8 Total s als 29,y
(%) nanofertilizer P B Chlorophyll chlorophyll oo
Drought i Chlorophyll phy &l Grain oil
stress (%) a b 1 fw . (%)
(MPa) Relative (mgg” fw)  Grain
water mgg ) (mg g fw) pr(())teln
content (%)
:x)l.f (.A.c
2,08 e Non- 95.1 14.40 4132 18.88 12.98 6.383
Non- application
application 2208
Application 95.4 15.71 4781 20.94 14.29 6.734
J_,!)l; {s-Lc
1
Non- 952 15.60 4579 5520 14.18 6.704
application
e
Application
« 95.7 16.94 5.112 22.07 1552 6.004
S0 {s-Lc
Non-
2 application 95.4 15.83 4.861 20.89 14.41 6.740
Ite
Application
?pg - 95.8 17.07 5.169 21.81 15.65 7.107
Control 2=
Non-
3 application 95.6 15.83 4.850 20.81 14.41 6.874
3
Application 96.1 18.31 5.209 2276 16.89 7.309
:J.;Jlf r.)& b,{;‘f r-&
Non- Non- 90.8 13.06 4.061 14.68 14.21 5.798
application application
3
Application 90.5 14.654 4.079 18.94 15.83 6.278
A){J\f r.A.c
1
Non- 91.1 14.29 4303 18.85 1547 6135
application
2,8
Application
bpie 91.2 15.92 4776 20.39 1017 64912
Sy r.A.c
03 Non-
o 2 application 913 14.64 4270 19.24 15.82 6.284
Ity
Application
p 91.7 16.24 4581 20.42 17.42 6.618
EES) K.'L;
Non-
3 application 91.2 14.92 4.843 20.18 16.10 6.398
Ity
Application 91.8 16.61 4.87 20.93 17.79 6.698

23 5 dsd e A5 OIS Jals Cw kg
A5 Ap 02 el el O e ol
2B S e 5l e b Sis
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Non- Non-
. . 87.1
application application

;l,g)lfr.\.;

3,8
Application 87.7

3,8 pde

Mon- 87.0
application
3,8
Application
3 pde
Non-
2 application 86.7

87.3

3,8
Application
Ajulf (:.Lc
Non-
3 application 87.0
3,8

87.5

Application 87.2

12.39

14.06

13.62

14.96

13.65

15.07

13.65

16.10

3.685 16.74 16.65 5.559

4.184 18.46 18.07 5.791

4201 18.15 16.65 5.901

4259 18.90 19.10 6.246

15.28 6.037

4337 18.58

4.467 19.04 17.31 6.393

4.490 18.82 16.70 5.274

4.648 20.18 18.86 5.598

_sj.:)lfc-.u 3,5 pue

Non- Non-
o o 79.1
application application
3,8

Application 792
:l,;')lf r.l.c

Non-
application
3,5

81.7

Application
Sy Jlf r.Lc
Non-
2 application 795

81.0

3,5
Application
Sy Jlf r.Lc
Non-
3 application 81.2

80.4

3,5
Application 8.1

12.02

14.05

13.44

15.60

13.83

16.13

13.87

15.98

38713 15.92 18.09 5.559

4.087 17.77 19.91 5.871

3813 16.87 17.65 5.653

4.490 19.62 19.76 5.996

3.790 17.24 0.244 5.819

4.656 20.13 16.65 6.098

3.992 17.93 18.07 0.140

4543 19.63 16.65 5.901

LSD 0.539

0.258

19.10 6.246

0.566 1.231
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Wl o o3lizl HESa 53 05 ST F Ol 53 ol 5,5 U
Potassium nano-fertilizer was used at a rate of 3 kg ha™.
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Introduction

Quinoa, scientifically known as Chenopodium quinoa Willd., is an annual plant

from the Chenopodiaceae family. It has similar appearance and is related to the
weed species lamb’s quarters (Sepahvand et al., 2009). Quinoa has the ability to
adapt to different environmental conditions and climates. This plant has a high
resistance to drought, poor soils and high salinity levels and can play an important
role in eradicating hunger, malnutrition and poverty. Recognizing this potential,
the United Nations declared 2013 as the “International Year of Quinoa” (Fao,
2013). Currently, sustainable and organic agriculture relies on the use of biological
fertilizers. Biofertilizers are microorganisms that facilitate the biological fixation
of nitrogen or the provision of phosphorus, sulfur, and other nutrients, particularly
micronutrients, in the soil. They primarily include rhizospheric bacteria that fix
molecular nitrogen, phosphate-solubilizing bacteria and fungi, silicate-solubilizing

fungi, and mycorrhizal fungi (Zahir et al., 2004).
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Materials & Methods
In order to investigate the effect of drought stress, biofertilizer and potassium
nanofertilizer on yield and physiological traits of quinoa, a split-factorial experiment
was conducted in a randomized complete block design with three replications in
2018 and 2019 in Tehran province. The studied factors included drought stress
(control, -0.3, -0.6 and -0.9 MPa) as the main factor and two biofertilizer factors
(a combination of nitrogen-fixing bacteria and mycorrhiza fungi (non-application,
1%, 2% and 3%) and potassium nanofertilizer (non-application and application)
as sub-factors. Potassium nanofertilizer chelate (Sephehr Parmis Company) was
applied at a rate of 3 kg ha'' to the aerial parts of the plants before flowering with
a 5-day interval between applications. At harvest, 10 plant samples were randomly
collected from the middle two rows of each plot, with a margin of 25 cm from
the beginning and end of each plot. The traits of grain yield and biological yield
were then measured and calculated. Variance analysis of the data obtained from
the measurement of the traits was done using SAS software (version 9.1) and the
means were compared by the LSD test at a probability level of 5%.
Results & Discussion

The results showed that under normal irrigation conditions, the application
of 3% biofertilizer resulted in the greatest biological yield and grain production,
measuring 8926 and 2809 kg ha'!, respectively, which was only different from the
control in which no biofertilizer was applied under the same stress conditions.
The greatest amount of proline (0.526 mg g fresh weight) and the least (0.256
mg g fresh weight) were obtained under the severe drought stress and lack of
application of biofertilizer and normal irrigation condition and the application of
3% biofertilizer, respectively. The highest chlorophyll content (22.8 mg g fresh
weight) in the entire aerial part was observed under normal irrigation conditions,
with the application of three percent biofertilizer and potassium nanofertilizer.
The lowest chlorophyll content (15.9 mg g' fresh weight) was recorded under
severe stress conditions, without the application of biofertilizer or potassium
nanofertilizer. The relative water content significantly decreased under stress

condition. The highest amount of soluble carbohydrates (4.37 mg g' fresh weight)



Effects of ...

was achieved without the application of biofertilizer or potassium nanofertilizer.
The mean comparison of the triple interaction effect of drought stress in biofertilizer
and potassium nanofertilizer showed that the highest amount of seed protein was
obtained in severe stress conditions, the use of 2% biofertilizer and the use of
potassium nanofertilizer (19.9%) and the lowest was obtained in normal irrigation
conditions, non-use of biological fertilizer and non-use of potassium nanofertilizer
(0.13%). The highest amount of seed oil was achieved under normal irrigation
conditions, the application of 3% biofertilizer and potassium nanofertilizer
application (31.7%) and the lowest was obtained in severe stress conditions, non-
use of biological fertilizer and non-use of potassium nano fertilizer (5.27%).
Conclusion

Relative water content had the highest value in normal irrigation conditions,
application of 3% biofertilizer and application of potassium nanofertilizer. The
highest amounts of chlorophyll a and b in the aerial parts of the plant were also
observed under these conditions. The use of biofertilizers and nano-potassium
fertilizer improved the amount of protein and seed oil. Therefore, the application
of biofertilizer and potassium nanofertilizer improved the growth of quinoa under

drought stress.
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