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Table 1- Physical and chemical characteristics of soil
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Table 2- Analysis of variance of traits of two quinoa cultivars under low irrigation and use of nanofertilizer
Olaypo (255keo
Mean of squares
50 alcow olasy PR HERIREY S b 15
. ; 59
g el Gy aliow a Judg,ls Total
otal
Plant height Chlorophyll a
g9 Number of Number of seeds phy chlorophyll
spikes per plant per spike
Jl Jl Jlw Jlw Jlw Jlw Jlw Ju
- p9s Jlw p9d Jlw
& Jg! rys Jg! Js! Js! 9o Js! £s
i ST . . Second . Second ] ]
coalfe: irst econ irst irst irst econ irst econ
Sl G0 ¢l F S d F year F year F S d F S d
Source of variation d.f year year year year year year year year
Jle
2 180" 150" 0.36™ 0.54™ 048" 0.49™ 0.002" 0.0009™ 0.008™ 0.001™
Year
«S)L:%T
L. 2 29™ 883" 424" 147" 175" 4067 0037 0.004" 0077 0.007"
Irrigation
() 188 w . “
L 263 26 121 003" 0.16™ 0.20" 0.002" 0.001" 0.002" 0.004™
Replication (year)
255 9l . . . . .
. 2 61.8 323 270" 035" 132 050" 0.05 0.002" 0.13 0.0
Nanofertilizer
) ,
. 1 0.64™ 232" 232" 2.36 188" 0.22" 0.0006™  0.0001™ 0.001™ 001"
Cultivars
055l x (5 ,L]
L . 635" 89" 236" 0.07% 178" 170" 008" 0027 0127 0.047
Irrigation x Nanofertilizer
w8 % k! . . . . . .
. _) ’ . 329 9.44"™ 312" 041" 244 042" 031 0.03 0.66 017
Irrigation x Cultivars
) % 255 U . . “ . .
. . 102 281 047 142" 116™ 001" 024 0.01" 0.52 0.08
Nanofertilizer x Cultivars
08, x 9555l x (5 L]
Irrigation x Nanofertilizer 4 53" R/ 0.32" 0.07" 383" 190° 0057 0.008"™ 006~ 001"
x Cultivars
"'«LQ'T d‘Ua}
e 30 440 4n 146 047 051 0.57 0,002 0.003 0.004 0.006
Error
Coefficient of variation 410 446 125 7.34 491 5.26 6.2 7.08 523 6.21
(%)
e " . " " "
. 1 7.05 306 22 346 22
Chi-square

Aoy S i Jleiml o (o s pe i g4 i o gixe u NS

ns: not significant; * and **: significant at five and one percent probability levels, respectivel
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Table 3- Comparison of mean traits of two guinoa cultivars in under low irrigation and nanofertilizer consumption

Gy gl Al 5 4l Slasy A Jeba)ls s
. . Chlorophyll a Total chlorophyll
Plant height (cm) Number of seeds per spike (mg g™ fresh weight) (mg g™ fresh weight)
i’:; B ede Bde et gl 2 o s 7 o
Treatments Firstyear ~ Second year First year Second year First year year First year year
1:NoQ1 543 bc 419 ef 163 b 151 ab 0.88 bc - - 1.30 def 137 a
1:NoQ> 515 cd 399 f 150 cde 144  a-e 0.96 ab - - 080 h 106 b
11N; Q1 57.3 ab 617 b 164 b 151 ab 096 ab - - 147 ab 137 a
1:1N: Q2 57.8 ab 63.7 ab 151 «cd 141  b-e 094 ab - - 099 g 110 b
1:N2Q1 61.0 a 678 a 195 a 156 a 097 a - - 152 a 138 a
1:N2Q, 58,5 ab 649 ab 16.1 bc 152 ab 096 ab - - 1.41 abcd 128 a
1:NoQ1 485 def 40.7 ef 126 g 138 b-e 065 d - - 129 ef 128 a
1:NoQ: 439 efg 337 ¢ 125 ¢ 139 b-e 048 e - - 0.80 h 108 b
1:N: Q1 493 cd 485 ¢ 136 fg 15.0 abc 095 ab - - 144 abc 133 a
1,N: Q2 488 de 405 ef 132 g 145 a-e 062 d - - 099 g 110 b
1,N2Q; 58.8 ab 493 ¢ 151 cd 151 ab 095 ab - - 147 ab 137 a
1,N2Q, 57.0 ab 489 ¢ 14.7  def 145 a-e 0.88 bc - - 1.37  bcde 133 a
13NoQ1 436 fg 445 cf 131 g 13.6 cde 053 e - - 119 f 124 a
1sNoQ2 394 g 429 def 128 g 132 e 046 e - - 076 h 099 b
13N; Q1 440 efg 453 cde 13.7 fg 147 ad 081 ¢ - - 1.34 cde 127 a
13N;Q, 442 efg 45.3 cde 13.7 fg 135 de 052 e - - 0.84 h 109 b
13NLQ1 519 «cd 491 ¢ 13.7 fg 148 ad 0.88 abc - - 1.38  bcde 132 a
13N,Q> 50.2 «cd 475 cd 13.8 efg 13.6 cde 083 ¢ - - 120 f 125 a

s SUS” 536 545 (No) (a8ls) 355 B pme poe Jolis 055536 bans ds = 55, (13) YA 5(I2) YV (l1) (ailate G ye) 59, VY 2 aolss Jolis (g,Lo] pla 4w

Q26 5 Q12 il 55 8, 50 - JolS 5,50 2UUS 5 355 5 (No)

Three irrigation levels including control every 14 days (area custom) (l1), 21 (I,) and 28 (I3) days - Three levels of nano-fertilizer include no
fertilizer (control) (No), silicon nano-chelate fertilizer (N;) and micro-complete nano-chelate fertilizer (N2) - Two quinoa cultivars include

Q12 and Q26

olis 1y gl gme Bl gilel L 5l g anals Q26 lgnsS
5 AL e whw g Sp S0 Gl 5o Sl sl
Adope 5l &5 00500 el gramgd Olge 0p3S
anld bl [ ol 0p>d sriwgd olge Jlidles F

ol JEl aly o slbeals 4 adles 5l sase Jlal

5 Byan o ik polie July ad,e ook 5l 5 slassS

Jgazme 0,8kes 5 90 g 0b; il coge ailg oo Sras
a5y elas)l (Aghazadeh-Khalkhali et al., 2015) w5
155 8 Sigpmiar 45 8 o8, S Jouiliy il o
05, b ool Jl glis asgy glis ) ks 5l iabesl el o Q12
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Table 4- Analysis of two-year combined variance of traits of two quinoa cultivars under low irrigation and use of nanofertilizer

layyo (uRlkee
Mean of squares

™) yLeres S ySlos

o 4,9 &l5,038 ¢y39 .. b Judg,ls
et e o3 1000 seeds bl b iy o Chlorophyll
Source of variation df weight Harvest Seed Biological Cartonoid b Py
' index yield yield
J
v 1 217 8.58"™ 306997 9924724 0.24™ 0.005 ™
ear
L) 1S5 .
Replication ( ) 4 0.02"™ 2.16™ 10833™ 230794 0.005 0.003 "™
eplication (year
L_§)lr:-.’T
Irricati 2 0.07" 31.4™ 72667" 71335018™ 0.08 ™ 0.007 ™
rrigation
‘5)L'HW x JL..;
v Irricati 2 0.22™ 28.3™ 116378™ 1313661" 0.03™ 0.002 ™
ear x Irrigation
(L) kel 1S5
Reolicat ’I _ t’ e 001"™ 5.45" 30714 332582" 0.002 " 0.0005 ™
eplication x Irrigation (year
5554
Nanofertili 2 0.06 " 107" 60028" 47981545™ 0.01™ 0.03™
anofertilizer
\>555.:l.; X 6)L'-’T " x x -
Irricati Nanofertil 4 0.09 30.8 28649™ 9498706 0.001 "™ 0.01™
rrigation x Nanofertilizer
5555l x Lo
v Nanofertili 2 0.02" 4.24™ 39618™ 790251 0.009 ™ 0.00004 ™
ear x Nanofertilizer
595 95li x 6)L.e-31 x JL..;
Year x Irrigation x 4 0.07™ 23.97 59361" 3333741™ 0.004 ™ 0.0006 ™
Nanofertilizer
)
Cultivars 1 0.04 " 0.73™ 99390" 624945™ 0.0003 ™ 0.01™
wj) x 6}:{" ok ek o *k
Irrigation x Cultivars 2 0.005 " 45.6 31392 8061428 0.012 0.12
R g - - . .
Nanofertilizer x Cultivars 2 0.03 ™ 72.2 11485" 55864692 0.008 0.09
©3,x Jlo -
Year x Cultivars 1 0.06 "™ 3.98™ 14106" 2732563 0.0002 ™ 0.001 ™
w5 % el x Jlo .
Year x Irrigation x Cultivars 0.06 4.86™ 28373™ 261390™ 0.001 "™ 0.002 ™
iy % 955 x Lo
Year x Nanofertilizer x 2 0.004 " 10.4" 48931"™ 4509734™ 0.004 ™ 0.001m
Cultivars
5 09 9l x (6 ]
Irrigation x Nanofertilizer x 4 0.005 "™ 14.6™ 28949™ 13488877 0.002 " 0.004 "
Cultivars
o5, % 358l x 5, Lal x Jlo
Year x Irrigation x 4 0.004 ™ 1517 35010™ 6326680 0.005 " 0.0005 ™
Nanofertilizer x Cultivars
ialejl sllas
Error 60 0.01 2.32 18190 278183 0.001 0.001
Sl gy
- . 6.69 16.98 17.55 5.74 3.78 9.59
Coefficient of variation (%)
Pl SIS o
Chi-square 1 0.48ns 0.11ns 0.77ns 0.23ns 2.90ns 0.41ns

Qo0 S g Jleiml zolaw (o I g oS 5 4 TS ¢lo e 58 NS

ns: not significant; * and **: significant at five and one percent probability levels, respectivel
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Table 5- Comparison of two-year compound mean of traits of two quinoa cultivars under low irrigation and nanocomplete
consumption

clo p pls S3glgm 0,5 los e el
. . . . Cartonoid Chlorophyll b (mg
Harvest index (%) Biological yield (t.ha™) (mg g™ fresh weight) g™ fresh weight)
sl B
el Jol Jl pge Jlw Jol Jlw pgs Jlw Jol Jlw p9s Jlw JLw 99 (55
Treatments First year Second year First year Second year First year Second year Mean of two years

1:NoQ1 760 h-o 705 j-p 113  cde 11.8  bcd 1.04  def 1.07 cde 045 bcd
1:NoQ> 8.72 ek 6.21 op 559 ij 6.60 Im 1.07 cde 1.03 d-g 033 ¢
1:N1Q: 8.35 f-m 705 j-p 116 b-e 124 ab 113 abc 115 ab 049 b
1:N:Q2 743 i-p 954 e-i 9.68 gh 789 jk 1.08 b-e 1.10 bed 0.41 cde
1:N2Q1 756 i-p 179 a 129 a 125 ab 112 abc 119 a 055 a
1:N2Q- 173 b 924 e 107 f 8.80 hij 1.02  e-i 1.04  def 0.40 ef
1,NoQ1 5.06 op 113  b-e 8.71  hij 792 jk 096 g 113 abc 0.40 de
1:NoQ> 504 p 763 h-o 592 m 6.58 Im 092 j 1.09 b-e 032 ¢
1,N1 Q1 7.65 g-0 11.0 d-g 9.45 ghi 11.1  def 097 fj 1.07 cde 0.46 bc
1,N1Q- 111 cf 12.1  bed 7.86 jk 8.04 jk 092 j 1.02  e-i 032 g
1,N2Q1 10.4 d-h 769 g-0 122 abc 114  cde 0.95  hij 112 abc 049 b
12N2Q2 976 e-i 853 fI 9.45 ghi 8.84 hij 094 j 1.13  abc 0.40 ef
1sNoQ: 6.96 k-p 815 fm 738 Kk 8.73  hij 097 fij 1.03 d-g 040 ef
13NoQ2 6.21 nop 6.41 m-p 436 n 396 n 091 j 1.01  e-i 026 h
13N1Q: 782 fn 8.66 e-k 8.87  hij 9.23  hi 0.94 ij 1.02 e-h 040 ef
15N:1Q> 6.83 I-p 132 bc 7.07 ki 859 ij 092 j 1.02 e 027 h
1sN2Q1 10.8  d-h 714 jp 102 fg 121 abc 095 hij 1.13  abc 0.44 cde
15N2Q; 6.81 |Ip 910 e 8.85  hij 8.73  hij 092 j 1.07 cde 035 fg

ks SUS 536 355 ((No) (08L2) 365 3o pae Jals 5955l xbans a = 39, (13) YA 5 (12) Y o(11) (dilaze <3 6) 39, VF 2 oals Juls (5, Lol b 4

Q26 5 Q12 ol 1555 08, 50 JlS 5,500 SUS 56 355 5 (No)

Three irrigation levels including control every 14 days (area custom) (1), 21 (l,) and 28 (l5) days - Three levels of nano-fertilizer include no
fertilizer (control) (No), silicon nano-chelate fertilizer (N;) and micro-complete nano-chelate fertilizer (N2) - Two quinoa cultivars include

Q12 and Q26

59 YA 2 5l 10 (5 0i9 o5 2 Sk IVF) pgd Jlo o
1) 4 bgye (aald) gib 08 B pan pac bl 50 ()l LS
595V F o aals e 5o S e (B Jgu2) 09 Q26 1S
5an SIS 55 355 e Ll 5 (aite 3,0) ol e
oty s M5 ol Gl L QU2 S 5, ) s
b g6 Faare O a5 LR 4 e QB8 Sole
ol 315 a8l il 3iisis 5 5 e om0 oS o ol
el e e o o b IS ofie il il
sl o 5 e o lid polic wlS s SB g5 b,

95’ 05 93 Sluo dllw 93 8 po S g
b Jidg s

s s alesT slmosts Al g3 o5 o el s 4375 s
2B B e 08y x 055l x kel plite Sl a8
2l ol s (8 Jsiz) 991 )5 sime oo gty ez elans
315 clisn iy @ Jpi) Mise 51 il el
S 59, VF 2 wales e 5 G5 03 o5 2 e S skee /OO D
JelS 5 S0 SIS 6 355 8 pmne Layl s 40 ((aiare b ye) (b
b 35,5 e e iz ol Cass 4 QU2 1555 8, 5
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P ga> 359 Sl Gl 65 S8l ln el as; Sl 58,5 55 (g 5tingis Sy suzma Jlil 5 e oK,
(S ymgid (p S medgilio 0 150 slagsyl g Judg,ls sl alizee =10 4o 4l slassS 8, (Pampana et al., 2014)

(Briat etal., 2015) g o (5 yriwgid 033b Lol e go Sy g Cdlad aglas )3 ol b 205 5 dm Logasa

302 ool el g dmgs ;5 5L 590 ol ()b 5ol

29593 Oy g (5 koS Laylpd 50 IgiaS il 130 (339 9 40l 0 S Allus 93 S 50 (eSileo dumylia —F Jouizr
Table 6- Comparison of two-year average seed yield and 1000-seeds weight of quinoa under low irrigation and nanofertilizer

application
als,l52 59 als 5 yShos
1000 seeds weight (g) Seed yield (kg.ha™)
o3l sl Lo Jol Jbe 9o Jlw Jol Jbe 9o Jlw
Treatments First year Second year First year Second year

11No 192 efg 2.08 b-e 737 ad 786 a-d

11Ny 1.94 efg 213 bc 761 a-d 892 ab

11N, 192 efg 244 a 822 a-d 922 a

12N 179 gh 2.05 b-f 701 cd 837 ad

12Ny 1.88 fg 222 b 794  a-d 861 abc

1N, 193 efg 218 bc 803 a-d 915 a

15No 163 h 195 d-g 452 e 719  bcd

13Ny 179 gh 2.03 cf 668 d 737 ad

13N, 184 g 211 bed 690 cd 721  bed

s US55 555 (No) (28Li) 345 <8 pme pae Jolis 35553l gelans ans = 39, (1) YA 5 (I2) YV (1) (ailate 35e) 9, V¥ ,0 aalis Julds (6 Lol gelaw

Jal5 55n SUS 55 555 5 (N)
Three irrigation levels including control every 14 days (area custom) (l;), 21 (1) and 28 (ls) days - Three levels of nano-fertilizer include no fertilizer
(control) (No), silicon nano-chelate fertilizer (N;) and micro-complete nano-chelate fertilizer (N,)

SobeleS Ll 50 1958 05 90 410158 (359 Al 93 5 30 (ruSilno dmmsliia -V Jgurr
Table 7- Comparison of the two-year compound average of 1000-seed weight of two quinoa cultivars under low irrigation conditions

@lo,l3® (539
1000 seeds weight (g)
o3l sl Lo Jsl Jlw peo Js

Treatments First year Second year
1:Q1 193 efg 225 a
1:Q; 192 efg 211 bed
1,Q1 190 fg 219 ab
1,Q; 184 g 2.18 abc
1:Q: 185 g 201 def
15Q, 166 h 2.05 cde

Q26 5 Q12 Julis 1518 03, 55 = 39, (1) YA 5 (1) Y (In) (adlaio 3y2) 56, VF ,2 aals Jolis 5,Lol mlans 4
Three irrigation levels including control every 14 days (area custom) (1), 21 (I) and 28 (Is) days - Two quinoa cultivars include Q12 and
Q26-
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(Yang et al., 2016) 545 o0 0S5 mgid Dy08 als
(SaS A WS (IS S oIS e s
(Elewa et al., 2017) sas o oS | 1S 6055

oIS 5,50 SIS 5 055 e Ll 5 8 Shos S5t
2218 5 Gl jo 9l HLSle b ols’ o5 51 LU wilgs o
b Uil sl (Soslonid slaanld o 550 pole aige
GRIB sl S5 (Sjslsd slaanlp s Jled
Bales 5 bl n S rmgid 018 0gutp o (g o &5 aidly
ol jlos 195 Sojelsm 0 Shoe 5 Sl (I3l 4 e
S sloosS 5l eslinul alie s )5 095 o0 SUSHL L
(Eisvand ol oass pasS a8 5 o5 o, Slos Sgups o
etal., 2014)
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gl 5 Sy oy g g, w8, Gl b e e Ul
5> (hagy by obS a5 Gloj el ] iy ealiS prigd
e sroslys 5l powle (600 0 40 ) sl axils
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(Bagheri et al., 2013) a5 asuS calise

&> 3 Shos

ol Gialesl sloosls alls 90 8 0 (uily)ly 43528 b
o3y 5 eized 5 9555l x gkl x o lize Sl a5 ol
J5az) 52 s sime oy ety Jlaio s 5o s 3 Shae
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G5 6,550 Galejl jo el o)lol maw ol o il e
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cov dle 9o Sl Gialesl S5 40 (Sun et al., 2014)
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(Mousavi et célb zals swo,s FY 5 ¥4 Ci s 4 Y14
al., 2020)
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Slass pals el Solys o a5 b el ol adg Jeily
Slad salgs o Slae cdl 5 @l 59 @y yo aliw
ol ol as oyls wils olaws 5 ()59 4 (Kws 0gdlly o Slos 5>
) lo ) 6W}A5 él}a éa.?u 9 JA[S @mlod; ‘a)b..m
5o 059 GelS o glal Rals aS ol sad 5,155 .asb
(Elewa et al., 2017) 553 oo 1S il
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Abstract

Introduction: Environmental stress limits the yield of crops, and as a result, a significant difference
is observed between the potential yield and the actual yield of crops. Due to their resistance to
abiotic stresses such as drought stress and salt stress, quinoa plants are extremely valuable. In
addition, due to the excessive use of chemical fertilizers, groundwater contamination, and soil
salinization, nano fertilizers are highly efficient and effective.

Materials and Methods: This study was conducted at the Bahoklat Agricultural and Natural
Resources Research Center Station in the city of Chabahar during the two crop years 2018-2019 and
2019-2020 using a split factorial experiment with a randomized complete block design and three
replications. Irrigation at three levels (control every 14 days (regional custom), 21 and 28 days) was
the main factor, while three levels of nano fertilizer (no fertilizer (control), silicon chelate nano
fertilizer, and complete micro-chelate nano fertilizer at a rate of two parts Per thousand) and two
cultivars of quinoa (Q12 and Q26) were sub-factors.

Results and Discussion: The results of the comparison of means indicated that the use of nano-
fertilizers under full irrigation conditions increased the efficiency of element uptake and,
consequently, the production and transfer of photosynthetic material to grain and grain yield
components through the availability of microelements. Increased number of seeds per spike (15.6),
weight per 1000 seeds (2.44 g), and grain yield (923 kg.ha?).

It appears that in the treatment of watering once every 21 and 28 days, the reduction of irrigation
through the reduction of leaf area index and disturbance in the absorption and transfer of nutrients
has decreased the supply of cultivated materials and caused alterations in yield components and a
decrease in grain yield. There are numerous reasons why insufficient watering inhibits the
development of flower stem cells. Due to the loss of pollen grains, reducing irrigation during the
pollination and fertilization stages reduces the number of seeds. Typically, the number of seeds on a
spike determines the capacity of a plant's reservoirs. any factor that increases the number of seeds
also increases the yield.

The increase in yield during the second year of the experiment at the full irrigation level is
attributable to the increase in yield components such as the number of spikes per plant and the
weight of one thousand seeds at this irrigation level. It may be possible to attribute the increase in
the weight of 1,000 seeds in the second year of the experiment to the increased efficiency of water
consumption brought about by the use of complete micro nano chelate fertilizer, through the
provision of microelements and the enhancement of the production and transfer of photosynthetic
materials to the grain and grain yield components.

Under the conditions of using a complete micro nano-chelate fertilizer, the greatest weight per
thousand seeds was achieved. It can be stated that the amount of seeding is determined by the
photosynthetic materials stored during the flowering period, and that the lack of nutrients reduces
the weight of the seeds by reducing the photosynthetic materials.
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Quinoa cultivar Q12 yielded the greatest number of seeds per spike. This can be attributed to the
prolonged flowering stage. The number of seeds in a spike is primarily determined by the genetic
potential of the plant before the spike emerges. After the seeds have been fertilized, the continued
growth and development of the plant depends on the delivery of photosynthetic materials from the
source that produces the grown materials. Due to the availability of photosynthetic materials during
the flowering stage, it is evident that more flowers were inoculated in the quinoa variety Q12,
resulting in more seeds.

It appears that the higher seed yield of quinoa variety Q12 compared to quinoa variety Q26 is the
result of a greater number of seed yield components in this variety. Given that the weight of one
thousand seeds is one of the most influential factors in grain yield, this trait has the potential to
increase the grain yield of the Q12 quinoa variety. By increasing the green area of the plant and
lengthening the seed filling period, the Q12 quinoa cultivar was able to transfer more photosynthetic
substances to the seeds and increase the weight of 1,000 seeds.

Conclusion: To achieve maximum grain yield, it is recommended that the quinoa Q12 cultivar be
grown under irrigation conditions every 14 days (regional custom) and with the addition of a
complete micro-nano-chelate fertilizer.

Keywords: Chlorophyll, Grain yield, Irrigation, Nano chelate, Q12 cultivar



