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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. The site has latitude of 39°27 N, a longitude of 48°12 E and is 120 m above mean sea level, with an
average annual rainfall of 250-300 mm. In this experiment, Titicaca cultivar of quinoa was cultivated in summer
in the form of a double split plot design based on a randomized complete block design with three replications.
Experimental factors include irrigation at three levels (Conventional irrigation, Irrigation cut-off in budding
stage and Irrigation cut-off in seed filling stage) as a main factor, planting date at three levels (27 July, 11 and
27 August) as a sub-factor and four levels of nitrogen biofertilizer (without inoculation, seed inoculation with
Azotobacter, seed inoculation with Azospirillum and inoculation with a mixture of Azotobacter and
Azospirillum) were considered as a sub-sub-factor. Plant height, stem diameter and panicle length in each plant
were measured at the physiological maturity stage by randomly selecting 10 plants using a ruler with millimeter
accuracy. Leaf area was measured by selecting 5 plants from each plot randomly and with the model Leaf area
meter Li-cor. At the end of the growing season, the product of two middle planting lines with a length of 4
meters was harvested by observing the half-meter margin effect and after drying in a ventilated oven at 70 "C for
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24 hours, grain yield was determined. Leaf carbon concentration was estimated by dry combustion with air flow
in an electric furnace, Kjeldahl method (Sharpe et al., 2001) was used to measure nitrogen concentration.
Experimental data were analyzed before analysis of variance for homogeneity of test errors through Bartlett test
and then analyzed using SAS (9.1) software and comparison of means at 5% probability level using Duncan
multi-range test.

Results and Discussion

The results showed that conventional irrigation with planting date of 27 August and inoculation of
Azotobacter and Azospirillum biofertilizers had the best effect in terms of morphological traits and leaf nitrogen
concentration and The highest grain yield (304.97 g.m®) was obtained from conventional irrigation treatment
with planting date of 27 August and inoculation of biofertilizers of Azotobacter and Azospirillum. Also, quinoa
seed yield had a positive and significant correlation with plant height (r =0.85), stem diameter (r =0.64), leaf area
(r=0.86), panicle length (r=0.86) and leaf carbon concentration (r=0.38) showed.

Conclusion

The results of this study showed though conventional irrigation with planting date of 20 August and
inoculation of Azotobacter and Azospirillum biofertilizers had the highest number of studied traits, especially
grain yield (304.97 g.m™), but with interruption of irrigation treatment at the stage of seed filling with planting
date of 20 August and inoculation of biofertilizers were included in a statistical group, so in terms of the
importance of water consumption, it can be said that in conditions of limited water resources, irrigation cut-off
treatment in the stage of grain filling has the most favorable results.
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Table 1- Some physical and chemical properties of test soil

K(ave) P(ave) N Total Organic Soil Sand Silt Clay Lime H EC
(ppm) (ppm) (%) carbon (%) Texture (%) (%) (%) (%) P (dS mY)
509 9.6 0.08 0.76 Clay 22 32 46 175 7.5 1.77
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Table 2- Weather data for quinoa growing season during two year (2019 and 2020)

7 S5, o Cagby BBl glod (Kbe ST glod (nSSbe
Evaporation Rainfall)(}nm) relative Mean min. Mean max.
(mm) humidity (%) temperature ("C) temperature ("C)
1399 1398 1399 1398 1399 1398 1399 1398 1399 1398
(July - Aug) sl 2471 250.6 3.6 0 53 47 21.7 21.8 321 33.2
(AUg - Sep) s 4 2204 1295 34.2 43.2 60 64 17.9 17.9 29.8 27.8
(Sep - Oct) e 87.4 133.4 28.0 10.1 71 68 13.9 15.1 24.1 253
(Oct - Nov) Ul 61.4 87.0 10.5 20.3 78 69 10.5 8.1 18.3 17.9
(Nov - Dec) > 15.3 28.3 36.5 29.2 85 78 4.1 4.4 9.1 11.3
(Total)  ze> 631.6 6288 1128 1028 - - - - - -
(Average) .Sike - - - - 69.4 65.2 13.6 13.5 22.7 23.1
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Table 3- Results of combined ANOVA of some growth traits of quinoa as affected by irrigation, planting date and

biofertilizers

(Mean of squares) iz po il
. ) . . . e o
s g L) R g e O OB ses
o &3 s 5 41> 3 Slos
Sources of Variation p &g a8l Sy JoSily » » 595 o
: : o Leaf Leaf ) C
PH SD LA PL C% N% C:N Ratio
Year (Y)Jlo 1 1061.34" 0.15™ 56.03" 238.35™ 0.77™ 0.029" 1.15 1310.78"
) s
4 6.72 0.003 0.03 0.002 0.17 0.019 0.78 63.66
(Errorl)
_d)}ﬂ' 2 949471  0.046°  25322" 213177 90.3" 4736 473.34" 174594.89™
Irrigation (I)
el 2 297" 000" 005" 0051 135"  0002" 0.75" 55.30"
(Year xlIrrigation)
s
Y 8 231 0.009 0.05 0.013 0.65 0.009 0.79 52.10
(Error2)
3 &b 2 546162 0002" 33157 458267 9301  0.029" 9.55™ 15545.20"
Planting date (P.D)
_°_5§ 3 456.34"  0.049" 1011 83.81"  98.74™  2.082" 71.71" 28654.21"
Fertilizer (F)
cuilS g . . " - .
.Jﬁx & - 6 17.68 0.001 2.03 8.32 0.63"™ 0.004™ 0.55™ 1012.16
(Planting datexFertilizer)
WK @)bXJL‘J ns ns ns ns ns ns ns ns
. 2 2.77 0.003 0.01 0.026 0.10 0.002 0.21 60.89
(Yearxplanting date)
365% Jlw
¥ J_ . 3 0.75"™ 0.001™ 0.04™ 0.001™ 0.14"™ 0.001™ 0.09™ 63.12"™
(YearxFertilizer)
3¢S x bl gu )bix Jlw
YearxPlanting xFertilizer) 6 2.02™ 0.001" 0.01™ 0.02™ 0.14"™ 0.002" 0.18™ 52.36"™
(date
S Fo,bx gLl - . - . - . - -
L & d) 4 403.57 0.011 3.38 34.26 7.09 0.193 16.24 6466.88
(Irrigationxplanting date)
365X ¢ ylol
- #S o 6 8.83" 0.002" 5537 2.96" 6.23" 0.039" 2.86" 1493.74"
(Fertilizerx Irrigation)
dg8x bl C’{)de)l:.gi
Yearxplanting xIrrigation) 12 21.67" 0.012" 252" 2.33" 499" 0.026" 212" 81450
(date
culs go,bx gy llx Js
planting ) 4 2.48™ 0.001"™ 0.07™ 0.02™ 0.13™ 0.005"™ 0.22™ 53.60™
(YearxIrrigationxdate
365% 6 lolx b
95. d) J L. 6 1.23™ 0.006™ 0.06™ 0.03™ 0.09™ 0.002" 0.06™ 53.71™
(YearxIrrigationxFertilizer)
36Sx Bl Fo,bx g lolx b
FHSE s 12 144 0001  0.08" 003 011"  0.004" 0.34™ 50.457™
(YxIx P.DxF)
& g ° .A.'»l
wriles] ol 44 1162 000l 057 141 146 0.009 0.09 355.36
Error
Ol
e s - 5 34 32 6.9 3.0 43 5.2 8.5
CV (%)

Loy ) 50 maw ) I e g )b xe yuE iy

*% x NS
)

9

ns, * and ** indicate non-significant and significant at 5% and 1% probability level, respectively
PH: Plant Height, SD: Stem Diameter, LA: Leaf Area, PL: Panicle Length, Leaf C%: Leaf Carbon concentration, Leaf N%: Leaf
Nitrogen concentration; SY: Seed Yield
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Table 4- Mean comparisons of the studied traits of quinoa as affected by irrigation, planting date, biofertilizers
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In each column, means followed by the same letters are not significantly different at the 5% level
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Table 4- Mean comparisons of the studied traits of quinoa as affected by irrigation, planting date, biofertilizers
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In each column, means followed by the same letters are not significantly different at the 5% level
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Table 5- Correlation coefficients between studied quinoa traits as affected by irrigation, planting date and biofertilizers
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traits
1

Plant height «4 ¢l 1

2 Kk
Stem diameter sl s 0.54 1

3 *k *k

Leafarea 5, pdaus 0.82 0.76 1
4 *x *k ok
Panicle length Josot Jb 097 061 086 1
5 el Tkl *k *k
032" 037" 045 0.34 1

Leaf C% $p op)S chile

6 ns hid

Leaf N% ‘jﬁ u)ﬁ;“-‘ - Lol 0.02 -0.41
7 *k Kk

CiNRatiO s & o s 000 O
8 Kk Kk

Seed yield «ls 5,Slos 0.85 0.64

-0.08™ -0.05™ 0.07™ 1
-041™ -0.39™ 0.18™ -0.06™ 1

*k

0.86" 0.86° 038" 014™ -0427 1

*% % NS
)

Lopd Vg0 w3 )b pxe gyl pxe puE i ga T
ns, * and ** respectively non-significant and significant at 5% and 1%
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