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Table 1- Physical and chemical properties of the test site soil

JB ol JB yawd 0395 u».’{f vl 5o Sl e L, - o !
e wia Js o S
Absorbable Absorbable Total . .
R . ocC EC Silt Clay Sand Soil
potassium phosphorus nitrogen pH L
4 4 o (%) dSm™) (%) (%) (%) texture
(mg kg™) (mg kg™) (%)
245 9.5 0.11 0.3 7.1 11 43 35 32 = 9
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Table 2- Meteorological information of the test site in 2018 and 2019
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Year L maximum minimum rainfall  temperature temperature temperature temperature
transpiration (mm) o\ idity humidity (%) (mm) ©C) ©C) ©C) ©C)
2019 10.45 55 23 62.71 10.6 18.3 11.4 25.2
2020 9.63 57 24 93.25 10.9 14.9 11.9 26.9
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Table 3- Analysis of variance of the effect of planting date, iron and proline nanoparticles on yield and related traits

ol i aolio : Saslyoloa  asla glisyl L8 o s Lo
s e oyl azyo aigr glad,l & &= I3 09 415 0 ySlos s5os g
SOV osad oubuls Lol ails S3slem ele
of Number  the of height L
. K . . 1000 seeds | Biological ~ Harvest
DF Height flowering flowering main . yield Seed . .
weight yield index
branches branch
Ju 282.8™ 167.2™ 455.4™ 0.39™ 678976.1" 119255.1" 222.5™
Year (Y)
e, 55 4 895.1" 17.21™ 211.2™ 572" 3067927.1™ 2103075 573.7"
Rep (Y)
Wls &b 2 33454™ 2831™ 7319.4™ 76.7" 8914061.2™ 16427782 682.1™
Planting data (P)
onl sl JLs " " " " " "
yp 2 217.7 229.5 123.7 1.98 314522.4 1258536 187.33
| clas
ke _6 8 80.083 6.36 11.62 1.05 271387.3 1069167.2 165.38
Residual
ool gk o - o - x - x
3 3074 276.5 629.2 6.38 456582.9 533577 54.39
Iron (1)
&‘irfdb 3 8.22"™ 6.62" 4.26™ 0.02"™ 28978.6" 17041.1™ 2.94"
ool gilixewls g )b - - - . - -
. 6 24.18 15.73 14.38 0.19 52055.3 24730.2™ 7.62
ool plinedls & lix Sl 6 467" 783" 330" 020" 207462  147042" 914"
Y*P*F
= sl
36 17.49 0.34 1.39 0.05 14846.6 292241 2.88
Ra
Q"_’J”’: 1 294.1™ 51.3" 105.5™ 1.15™ 196396.6™ 235710™ 21.48™
Prolin (Pr)
ol 1 10.56™ 1.48™ 1.38™ 0.006™ 8070.1™ 42.25™ 1.50m
Y*Pr
. xS 2, - - ke - * *
s pxp cw 2 36.14 3.96 2.70 0.06 30581.1 11718.4™ 3.76
e
Ol o lix Jls 2 21.89™ 0.16™ 0.34™ 0.01™ 19405.4™ 18972.7™ 3.87"
Y*P*Pr
O?]”I",'X;’M o 3 17.61" 0.25™ 0.17™ 0.013™ 27676.97 32250.2" 2.20™
*Pr
O*’”*«-;O‘I‘" F‘f"'XJ'“” 3 17.73" 2.25" 0.11ns 0.024"  17626.1™ 13236.2" 3.50"
* | *| r
049)9’*0‘:93:" XP“;“ &b g 1057 0.44" 0.87" 0030°  432565%  45667.1° 447"
% | | r
@)UXJL.:
&Jjﬁx&ﬂﬁ;mmlf 6 23.54™ 1.43™ 0.56™ 0.007™ 10096.3™ 11555.1™ 2.83"
Y#P*I*P
I sl 48 6.49 0.24 0.42 0.011 8563.21 19917.3 0.98
R Totall
“"“gv""‘ - 3.04 2.77 2,63 2.90 457 3.16 2.20
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" " and * and are non-significant and significant at the probability level of one and 5%, respectively.
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Table 4- Comparison of the mean of three interactions Iron and proline nanoparticles on plant height and seed yield

; ool 9l (il Jslo 85 doe
oo bl Jelme gus,l
. . L. Nano-iron foliar application A Seed yield
Proline foliar application . Height (cm)

(g Litr") (kg ha™)

0 70.809 1858.7°

0 0.3 78.53° 1970.4%

0.6 84.88° 2029.4%

0.9 94.17° 2091.1%®

0 75.21° 1939.8°f

A St 03 81.42¢ 1999.4¢c

100 mg Litr * 0.6 88.01° 2062.1%

0.9 95.18° 2238.1°

J.G)J.'\ RPN o @a..; 5 LSD uﬁ*“)] Ja‘.u?.‘ Lg)bL;.m LS)L’J s J);...ua J5)> 6')“"' ASL‘”Q}:-‘-‘
Columns with common letters do not have a statistically significant difference by LSD test at the level of 5.
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Table 5- Comparison of mean interaction effects of planting date and proline on plant height, flowering branch height and seed

yield
. ooy 9l Jelo ag glas,l oS el gl )l 4ils & ySlos
cls & ,0 ’ ¢
. Proline foliar application Height main the of Height Seed yield
Planting date
(mg Litr ") (cm) branch flowering (kg ha™")
O V0 0 55.59° 12.30f 1637.5°
4 February 100 59.29¢ 13.54¢ 1673.1°
o T 0 82.47¢ 23.12¢ 1888.8¢
19 February 100 83.33° 24.85° 1943.7¢
asil 10 0 108.23° 36.48° 2431.6°
4 March 100 112.24% 38.67° 2562.7°

W, o )0 O xhaws ;o LSD O903) dawgi (g lobime (g kel M| S iie gy slls (slayy g
Columns with common letters do not have a statistically significant difference by LSD test at the level of 5.
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Table 6- Comparison of mean interaction effects of planting date and iron nanoparticles on plant height and flowering branch

height
o] gl b auals asls gl
cblS g, 02! 96 5 Jylo Gyt gl ° e,
X Nano-iron foliar application . main the of Height
Planting date K Height (cm) X
(g Litr") branch flowering
0 47.0! 9.01°9
oo V0 0.3 54.5 12.21
4 February 0.6 60.9 9 14.2°
0.9 67.51 16.2°¢
0 73.9" 18.8°¢
REAR 0.3 79.69 22.2¢%
19 February 0.6 84.4f 2554
0.9 93.7° 29.3°
0 98.2¢ 32.1%
bl 10 03 105.9° 35.3"
4 March 0.6 114.1° 38.9%®
0.9 122.8* 43.82

35,105 0,0 O mhaw 48 LSD (9031 Jawgs (6 lobine (5Ll M| S piie gy slyls slagy g
Columns with common letters do not have a statistically significant difference by LSD test at the level of 5/.
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Table 7- Comparison of the mean interaction of planting date, iron nanoparticles and proline on some traits

#U ool Jolo (SO Jokmo 5 asLi olass

cls ool odon PRSTX ails 13 39 4ils o Slos SO 59l gm0 Slos il sl
Nano-iron foliar Proline foliar ~ Number of 1000-seed Seed yield Biologic yield o
Planting L. L. . . 1 4 HI (%)
dat application application flowering weight (g) (kg ha™) (kg ha™)
a
¢ (g Litr?") (mg Litr P branches
. 0 6.66t 1855 1531.2 hjg 3688 fg 4159 g
100 14.75n 3.36 m 1724.7 gh 42225 ef 40.66 h
03 0 20.46 h 4.38¢ 2303.2¢e 4887.5 bc 46.92d
il 10 ' 100 8.19s 2.04r 1562.2 3729 h 45.39 de
4 March 06 0 15.26 m 3.491 1898.3 f 4458.5 de 42519
' 100 2229 453 f 2358.8 de 4932.3 ab 47.66 cd
0.9 0 9.05r 2.28q 1599.7 ij 37933 h 426 f
' 100 15.86 m 3.61k 19112 f 4478.2 de 42.61¢g
0 0 23.85f 4.67e 2400.5 cde 4953.5 ab 48.27c
100 11.26q 247p 1640.8 hij 3849.5 gh 42.86
. 0 16.51 1 3.73]j 19253 f 4482.5 de 42.85 fg
oo ¥ 0.3
19 100 25.18e 4.8d 2432.2 bed 4973.7 ab 48.69 bc
Feb 05 0 11.06 q 2.57 op 1671 g-j 3886.2 fgh 43.21 ef
ebruary ' 100 17.01k 382j 10447 F 4520.3 de 42.94fg
0.9 0 26.68d 4.96 ¢ 2472.5 bc 4992.5 ab 49.29b
' 100 12.15p 261p 1714.7 ghi 3930.2 fgh 43.85 ef
0 0 17.45 k 3.93j 1959.8 f 4543.7 de 43.06 f
100 28.33¢c 5.34b 2511.7 be 5020.5 ab 49.77 ab
. 0 1320 290 1748.2 gh 3978.2 fgh 4413 e
e VO 0.3 i
4 100 18.88j 4.06 h 1974.8 f 4569.3d 43.15 ef
0 29.71b 5.48b 2550.6 b 5054.3 ab 50.17 ab
February 0.6
100 14.11n 3.09n 177489 4044.8 fgh 44.06e
0.9 0 19.43i 42h 1991.3 f 4591.7 cd 43.31 ef
' 100 31.43a 5.87a 2948.2 a 54245 a 54.13a
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Abstract

Introduction: One of the benefits of agricultural research is the introduction of new and suitable
plants for food production according to the agricultural conditions in the country. Quinoa
consumption has become very common in countries around the world. On the other hand, climate
change has made it necessary to pay attention to the planting date.

Materials and Methods: In order to investigate the possibility of ecophysiological compatibility of
guinoa in different cultivation dates under the influence of foliar application of iron and proline
nanoparticles on yield and related experimental traits in two consecutive years 2017-2018 and 2018-
2019 in February in the farm of Sarableh Research Center in Ilam province as a split-split plot In the
framework of the basic design, randomized complete blocks with three replications were
implemented. The main factor included the planting date on 3 dates: 4th February, 19th February and
4th March. The secondary factor included proline in 2 levels of non-consumption and consumption.
The sub-factor included iron nanoparticles in four levels of non-consumption, consumption of 3.0
grams, consumption of 6.0 grams and consumption of 9.0 grams. Before statistical analysis and
analysis of variance, the test of normal distribution of data and errors was performed using SAS
software and also before the combined analysis of variance, the homogeneity test of variance of
experimental errors (Bartlett test) was performed. Then, two-year data were analyzed using SAS
software version 9, combined analysis, and mean comparison and graph plots were performed using
Excel. Duncan test was used to compare means.

Results and Discussion: The results showed that the interaction of iron nanoparticles and planting
date on flowering branch height; The interaction effects of planting date, iron and proline
nanoparticles on 1000-grain weight, grain yield, biological yield and harvest index were significant.
On the 4th March planting date, proline consumption and consumption of 0.9 g of iron nanoparticles,
the highest number of flowering branches was obtained with 31.4. The highest 1000-seed weight was
obtained on the 4th March planting date and consumption of 0.9 g of iron nanoparticles in the amount
of 5.87 g. In all planting dates, proline consumption and consumption of 0.9 g of iron nanoparticles
increased the weight of 1000 seeds and the number of flowering branches. The highest amount of
biological yield was obtained on the 4th March and the use of 0.9 g of iron nanoparticles and proline
consumption (5424.5 kg hal) and the lowest amount of biological yield was obtained on the 4th
February without iron nanoparticles and no proline ( 3688 kg ha*) was obtained. In all planting dates,
proline consumption and consumption of 0.9 g of iron nanoparticles increased biological yield. The
highest grain yield with a rate of 2238.1 kg ha! was obtained in the treatment of 0.9 g of iron
nanoparticles and proline consumption and also the lowest grain yield with a rate of 1858.7 kg ha™*
was obtained in the treatment of no proline consumption and no consumption of iron nanoparticles.
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In all planting dates, proline consumption and consumption of 0.9 g of iron nanoparticles increased
seed yield.

Conclusion: In general, in all planting dates, proline consumption and consumption of 0.9 g of iron
nanoparticles increased the number of flowering branches and 1000-seed weight as the main
components of grain yield, which was followed by grain yield and harvest index. Also, in all planting
dates, proline consumption and consumption of 0.9 g of iron nanoparticles increased plant height and
on the other hand, due to the fact that plant height has a transient effect on biological yield, this
treatment combination increased plant dry matter yield. According to the obtained results, the date of
cultivation is 4th March, the use of proline and treatment of 0.9 g of iron nanoparticles to achieve
high grain production in the region under cultivation conditions is recommended to slightly increase
the yield components.

Keywords: Antioxidant enzymes, Ecophysiological compatibility, Micronutrients, Yield
components, Yield



