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Abstract

Introduction: The most important problem that threatens food security of any country and the world
is the lack of adequate water resources, so one of the ways to deal with this crisis is to use plants with
low water requirements and high water use efficiency. Among the plants, we can name Quinoa, which
is one of the plants that has been less studied and exploited in Iran. Since the planting date has the
greatest impact on the physiological characteristics of the crop compared to other cropping treatments,
so choosing the appropriate planting date can also create the greatest correlation between plant growth
trends and climatic conditions. Undoubtedly, the use of biological fertilizers, in addition to the positive
effects it has on all soil properties, is also economically, environmentally and socially fruitful and can
be a suitable and desirable alternative to chemical fertilizers. Therefore, the aim of this study was to
determine the response to deficit irrigation, planting date and application of different biofertilizers in
quinoa.

Materials and Methods: This experiment was carried out during two cropping years 2019 and 2020
in a farm located in Moghan region in Iran. In this experiment, Titicaca cultivar of quinoa was
cultivated in the form of split factorial design based on a randomized complete block design with three
replications. Experimental factors included irrigation at three levels (normal irrigation, irrigation
termination at bud stage and termination at seed filling stage) as main plot and factorial combination
of planting date at three levels including (27 July, 11 August and 27 August) and three types of
Nitrogenous biological fertilizer (seed inoculation with Azotobacter, seed inoculation with
Azospirillum and inoculation with a mixture of Azotobacter and Azospirillum and control (without
inoculation)) were also considered in sub-plots. Leaf Length and leaf Width at the physiological
maturity stage was measured by randomly selecting 10 plants using a ruler with millimeter accuracy.
At the end of the growing season, the product of two middle planting lines with a length of 4 meters
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was harvested by observing the half-meter margin effect and after drying in a ventilated oven at 70 °C
for 24 hours, grain yield was determined. Kjeldahl method was used to measure nitrogen concentration
and the percentage of protein was calculated. Finally, protein yield was obtained from the product of
protein percentage in seed yield. The soil bacterial population was determined based on the methods
recommended and the gridline interest method was used to determine the root colonization percentage.
Experimental data were analyzed before analysis of variance for homogeneity of test errors through
Bartlett test and then analyzed using SAS (9.2) software and comparison of means at 5% probability
level using Duncan multi-range test.

Results and discussion: The results of this study showed that the yield of quinoa increases under the
influence of irrigation, planting date and biofertilizers, which is consistent with the results of other
researchers' research. Irrigation termination in seed filling stage has no statistically significant
difference with normal irrigation treatment, so it can be desirable in water shortage conditions. In
terms of the planting date, the 11th of August treatment had the highest seed yield, and the combined
use of azotobacter and Azospirillum had a significant effect on the vegetative indices and seed yield
of quinoa. Therefore, it seems that the use of bio-fertilizers is one of the best ways to achieve optimal
performance, which in the long run can lead to a reduction in the need for chemical inputs in
agricultural systems.

Conclusion: The results of this research showed that although normal irrigation with the planting date
of 11 August and inoculation with Azotobacter and Azospirillum biofertilizers had the highest amount
of studied traits, especially seed yield (3049.7 kg/ha), but with the treatment of irrigation termination
in the filling stage with the planting date of 11 August and inoculation with biofertilizers was placed
in a same statistical group. Therefore, in terms of the importance of water consumption, it can be said
that in the conditions of limited water resources, the treatment of irrigation termination during the seed
filling stage has the most favorable results. Investigating the studied traits showed the positive effect
of the use of biofertilizers, especially the combined use of Azotobacter and Azospirillum in the studied
traits. Hence, the combined use of biofertilizers due to their high ability to fix nitrogen and provide
nutrients needed by plants such as phosphorus, potassium, siderophore production and iron
solubilization, synthesis of phytohormones such as auxin, cytokinin, gibberellin and synthesis of
enzymes that grow and affect the growth of the plant, it showed positive effects on the examined traits,
especially the seed yield.
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Table 3- Combined analysis of variance of studied traits in quinoa under irrigation, planting date and biofertilizer
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k! - - - o - " -
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(Year xlIrrigation)
Y Uas
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*and ** indicate significant at 5% and 1% probability level, respectively.
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Table 4- Comparison of the mean of the three-way effect Irrigation, planting date, biofertilizers on quinoa

Sy Jeb Sppse T JS 50 asLli olass
Leaf Lengh Leaf Width Number of branches in
(cm) (cm) the inflorescence

Non-Inoculation 3.801-0 2.35f-k 717 j-n
olsye B cils Azotobacter 407e-h 2.78 a-c 9.70 b-d

27 July Azospirillum 4.15c-h 2.78 a-c 9.13c-g
- Azoto+Azos 445a 2.70 a-d 9.73 b-d

‘jﬂ; § Non-Inoculation 3.67 op 2.38¢e-j 9.38 c-f
9 olsye Ve cuils Azotobacter 4.02 g-j 2.65 a-e 10.13 be
i E 11 August Azospirillum 4.03 g-j 2.67 ad 10.87 ab
o ’25 Azoto+Az0s 4.38 ab 292a 11.33a
Non-Inoculation 3.77m-0 2.28 h-m 7.95g-l

o3RS O cls Azotobacter 4.20 c-f 2.62 b-f 8.67 d-i

27 August Azospirillum 4.25 b-d 2.77 a-c 8.27 fj

Azoto+Azos 4.15c-h 2.80 ab 8.73 d-i
Non-Inoculation 3.82k-0 1.80rs 6.57 m-0
o oloye & s Azotobacter 4.30a-c 2.23i-0 8.07 gk
ﬁj\) 2 27 July Azospirillum 3.97 h-i 2.00 n-s 7.60 h-n
3 B Azoto+Azos 4.28 ad 2.20j-p 7.80 h-m
9 E Non-Inoculation 3.37q 1.87g-s 7.17 j-n
?: é olsye Ve cuils Azotobacter 3.68n-p 2.05 m-q 747 in
3 £ 11 August Azospirillum 3.52pg 1.93p-s 7.67hn
j g Azoto+Az0s 3.68 n-p 2,07 I-r 7.60 h-n

iq’ﬂ § Non-Inoculation 3.650p 1.73s 5.870
= 9l B Zals Azotobacter 4.00 h-j 1.98 0-s 6.731-0

- 27 August Azospirillum 3.88i-m 1.85rs 6.40 no
Azoto+Azos 3.73m-o0 2.02 m-r 6.47 no
o Non-Inoculation 3.650p 2.03 m-r 7.80 h-m
§ Slsye b zusls Azotobacter 412 c-h 2.73a-c 9.47 c-f
3 2 27 July Azospirillum 3.98 h-k 2.63b-e 953 c-e
] E Azoto+Az0s 4.28 a-d 2.33 gl 9.87 b-d
;0 § Non-Inoculation 3.73m-0 2.131q 9.13 c-g
g B sbeecals Azotobacter 422b-e 2.53b-h 9.73 b-d
IR 11 August Azospirillum 418¢-g 2.60 b-g 10.13be
; é Azoto+Azos 438 ab 2.58 b-g 10.87 ab
"]3 ‘2 Non-Inoculation 3.53p 1.93 p-s 6.92 k-0
K -% SR AN O cnls Azotobacter 4.10d-h 2.50 c-i 7.67 h-n
g 27 August Azospirillum 3.85j-n 2.27j-n 8.80 d-h

B Azoto+Az0s 4.27 bd 2.43h-n 8.33 e

Q5505 (6l gime BN doyo gy Jleisl mha jo (SIS ygesl bl s caliie Bgy b slo niSilo gt yd 4o

In each column, means followed by the same letters are not significantly difference at the 5% level.
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Table 4- Comparison of the mean of the three-way effect Irrigation, planting date, biofertilizers on quinoa

S SL e e . (R
o 3,5 s 5 .51 AL oo Al gl jigls

Protein Yield  Seed Yield Soil bacterial Root
population colonization (%)
Non-Inoculation 279.3i-l 2328.4 c-l 2.03 f-k 6.49 i-m
Sloye b cuils Azotobacter 418.5c-g 2642.6 a-g 2.63a-e 12.06 b-g
27 July Azospirillum 468.6 b-e 2807.3 a-d 2.70 a-d 14.51 a-c
s Azoto+Azos 580.9 a 2897.5 a-c 2.92ab 15.19 ab
B Non-Inoculation 307.1 h-l 2398.1 c-k 2.00 f-1 6.59 i-m
D) :g Sloye Yo cls Azotobacter 396.5 e-h 2521.9 a-i 2.65 a-e 11.75 b-h
i g 11 August Azospirillum 4255 ¢c-g 2663.8 a-g 2.70 a-d 12.93 b-d
B S Azoto+Az0s 504.7 a-d 3049.7 a 3.00a 16.53a
< Non-Inoculation 253.2 j-m 2140.0 k-q 2.13 e 7.111-m
J9s O Cls Azotobacter 366.9 e-l 2459.6 b-j 2.50 a-f 8.73 e-l
27 August Azospirillum 427.8 c-g 27815 a-e 2.70 a-d 9.77 d-j
Azoto+Azos 519.3 a-Cc 2869.2 a-d 2.88 ab 11.17 c-h
Non-Inoculation 239.0 k-m 1825.2 k-q 1471 5.44 Im
% sls e B clls Azotobacter 352.1 f+ 1983.7 h-0 1.73 -1 8.53 f-m
ij) > 27 July Azospirillum 363.9 e-i 19235 j-p 1.73i-l 10.06 d-i
3 3 Azoto+Az0s 410.2 d-h 19374 i-p 2.00 -1 11.70 b-h
9 § Non-Inoculation 179.8 m 1342.2 qr 1.53 ki 5.61 k-m
:? % Sloye Ve cls Azotobacter 283.3 -1 1583.4 n-r 1.73 -1 8.12g-m
4 -g 11 August Azospirillum 338.7 f-k 1834.7 k-q 1.77 - 9.11 d-I
3 I3 Azoto+Az0s 336.4 g-k 1650.8 m-r 1.93 g-l 11.02 ¢-h
3 _S Non-Inoculation 166.4 m 1253.3 g-0 1.70 j-1 4.65m
HYE  masdears Azotobacter 266.5 i-m 1485.0 a-h 1.90 h| 5.68 k-m
= 27 August Azospirillum 287.1 -l 1536.8 c-k 2.07 f-j 8.09 h-m
Azoto+Azos 364.7 e-i 1765.4 a-f 2.10 f+j 8.81 el
% Non-Inoculation 263.5i-m 2112.2 g-0 1.90 h-I 5.93j-m
- 2 olsye & cunls Azotobacter 432.0c-g 2561.3 a-h 2.20 d-j 8.93 -l
—1 £ 27 July Azospirillum 419.7 c-g 2397.0 c-k 2.27 c-i 11.46 b-h
3 g Azoto+Az0s 547.6 ab 27309 a-f 240 b-h 12.67 b-e
,? 3 Non-Inoculation 280.5i-I 2212.6 e-m 1.93 g-l 5.80 j-m
{ E Sloye Ve cls Azotobacter 426.1 c-g 2554.4 a-h 2.47 a-g 9.13 d-I
48 11 August Azospirillum 443.3 c-f 2552.7 a-h 253 a-f 9.23 d-|
; E Azoto+Az0s 578.2a 3006.0 ab 2.67 a-¢ 12.57 b-e
e Non-Inoculation 217.7Im 1682.1 m-r 1.77 i-l 6.35i-m
3 8 23 O s Azotobacter 338.4 f-k 1966.5 i-p 2.23¢ 9.57 d-k
g 27 August Azospirillum 405.5 d-h 2315.7 ¢l 2.40 b-h 12.20 d-f
= Azoto+Azos 444.2 c-f 2296.8 d-I 2.75a-c 11.56 b-h

D55 (5,8 gime BN doyo gty Jletil gmhas jo S5l g0l bl s ctlin By y b (sl i Silo gy 50
In each column, means followed by the same letters are not significantly difference at the 5% level.
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Table 5- Correlation coefficients between studied quinoa traits under the influence of irrigation, planting date and biofertilizers

Traits wlao 1 2 3 4 5 6 7
1 1.00
2 0.68™ 1.00
3 057" 0.81™ 1.00
4 0.79" 077" 0.75" 1.00
5 0.66™ 0.88" 0.83" 0.84™ 1.00
6 0.62™ 0.80™ 0.73"™ 0.71™ 0.72" 1.00
7 0.69™ 0.77™ 0.70™ 0.82™ 0.64™ 0.83™ 1.00

Fo* oo, ) 50 Jlisl mhaw (o s e sS4y
* and ** indicate significant at 5% and 1% probability level, respectively.
Protein .55, o, Skee =¥ Number of branches in the inflorescence ;31 J5 ;s asLs slaws =Y [Leaf Width 5, o ,e =Y Leaf lenght 5, Jgbo =)

Root colonization az, , :ys.l5isls =V Soil bacterial population S s 2SL cosraz = Seed Yield als s Slee =0 (Yield
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