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Table 1- Physical and chemical characteristics of the experimental soil

el

S os e S S ens 0395 o iy 73)
Soil depth i pH Salinit?/ Organic Nitrogen Phosphorus Potassium Zinc
(cm) Soil (ds.m™) carbon (/) (mg.kg™) (mg.kg™) (mg.kg™)
texture
0-30 o 7.9 45 0.58 0.055 10.5 245 0.42
30-60 < 8 4.4 0.53 0.048 11.2 265 0.38
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Table 2- Results of variance analysis of morphological, quantitative and qualitative
parameters related to roots and shoots of quinoa

Ol gl alols

e “ 0d9 Ay y ylad 2 . (e
Sl gilie o5 s ey P R“(jot S — ::y ; h
S.0. V. 6o Root width ] istance from the
df Rvsgit (llll;y diameter dSr?s?t first branch to the
g ty tip of the root
(Phosphorus) yaud 3 1757 155.90™ 8.59” 0.23" 311.89"
(Zinc) s, 2 1.08" 715" 0.55™ 0.07" 356.72"
(Cultivar) o3, 2 3.12" 308.75" 1410 0.003" 333.74"
(Phosphorusx Zinc) g, X yhuws 6 0.66"" 57.99" 336" 0.04™ 225917
i x i
27 , 6 0.86" 18.717 592" 0.06" 174.20™
(Phosphorusx Cultivar)
(Cultivar x Zinc) p3, X 59, 4 0.51"" 11.38" 2.28"™ 0.117 23.017
oI 9 xRS 12 0.82" 39.89" 401" 008" 215.93"
(Phosphorusx ZincxCultivar)
(Error) s 72 0.03 0.89 0.61 0.0006 3.28
C.V. (%) &l i s > 17.18 9.44 14.38 437 7.09
Aoy SO g g Jeiol mhaw 10 (610 gire (6 IS sixe pmf o Sy itk i NS
ns, *, ** non-significant, significant at five and one percent probability levels, respectively.
=Y Jous aslol
Table 2- Continued
S dild oluxy ..
b oy ¥ Ay (939 S Job ? . ShS (39 b
, 9 ol adgs s &l
Ol i ol o ; Number of . &ls 595 4
Root weight to Panicle . Grain dry
S.0. V. df . grains per . P/Zn
shoot weight length weight
plant
(Phosphorus) yius 3 021" 27.73" 116351657  82.04" 2201
(Zine) 9, 2 0.05" 2238 2022429™. 18.90™ 58.70"™
(Cultivar) o3, 2 0.04"™ 7747 10398875 65.74" 1019.30™
(Phosphorusx Zinc) g, X yiuws 6 0.05"™ 6.17" 2737080™ 12.75™ 946.40"
i x
w7 . 6 0.13" 11307 8217060  49.45™ 373.30™
(Phosphorusx Cultivar)
(Cultivar x Zinc) p3, %53, 4 0.08" 6.75" 2549124" 7.13" 107.50"
ﬂs)x S99 X)'é‘”‘é *x *% *% *x
12 0.08 8.43 3458951 19.98 52.40™
(Phosphorusx ZincxCultivar)
(Error) s 72 0.005 0.41 21792 0.09 112.9
C.V. (%) &l s g ps - 21.03 9.02 8.92 7.75 13.31
Qo) S g gty Jlaol w0 (6 s (s IS S E oS Sy ek o IS

ns, *, ** non-significant, significant at five and one percent probability levels, respectively.
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Table 3- Differences in grain P/Zn ratio of quinoa cultivars

(Cultivar) ﬁ,é, .C:‘S ')‘5 w—% \id 9%5 w—% .lS.lS el n—%
Giza 1 cultivar Q26 cultivar Titicaca cultivar
Grain P/Zn ratio  4i1s (595 4 yiamd (glguicxo 85.07 74.43 79.95
LSD 5% 4.95

L ol 9o )0 O Jleiml ghans (o lo cme BN JBlaz a0l b S & g0y o Silee
The means were independently compared with the LSD test at the 5% probability level.

lgeS als (59, 4 o Glyizms p (59, Slges 5 S Dland now 055 2S00 bl -F Jgu
Table 4- Interaction effect results of triple superphosphate fertilizer and zinc sulfate on quinoa
grain P/Zn ratio

Triple superphosphate fertilizer (mg.kg") U 5 ©lind ygw 355

Slouss 0 mgkg” 6 mgkg” 12 mg kg’ 18 mg.kg”
Treatment Zinc sulfate (g.L7) g9, wligw
0 4 8 0 4 8 0 4 8 0 4 8

abssyudedslyze  gh00 7337 6450 5970 7463 8837 75 8174 8141 9779 9396 8634
Grain P/Zn ratio

LSD 5% 9.91

B0 dlie 9o )0 O Jlotil mhans ) lo gime IS JBlas (9031 b Jius & 90 4 b Silo
The means were independently compared with the LSD test at the 5% probability level.

s O30 oyl p Glalosl laole (S bl -0 Jgu
Table 5- Interaction effect of experimental factors on the studied parameters

(Cultivar) 58, (Giza 1 cultivar) ¢y 155 o3, (Q26 cultivar) Y# g5 o5, (Titicaca cultivar) 51 J J o8,
039 039
Jeb &l Slaxs s Jsb FHEIRES) s Jsb alsolass  SiS o39
e, ags g 0 &l Ay agr 0 &l Adgs g 0 als
Treatment Panicle =~ Number Grain Panicle =~ Number Grain Panicle =~ Number  Grain dry
length of grains dry length of grains dry length of grains weight
(cm) perplant  ejght (cm) perplant  eight (cm) per plant  (g.plant’)
(g.plant™) (g.plant™)
g Sy o 4.13 400 0.73 5.36 519 1.20 5.86 432 0.95
i :i _____ Zng (wald) sy
= | f odale
i3 e 7.30 1174 2.46 8.16 1493 3.58 8.23 2455 531
) g Zng ) olilew
T 52 0 A el
Y P 6.06 958 2.30 6.66 650 1.85 5.83 515 111
Ing g3y Wgw
Wy 904 o
. oseorie 5.9 1014 2.56 7.53 4298 7.60 6.06 1024 1.76
o Zny (wald) s,
-3; N e el
W g " 5.33 912 2.16 743 368 243 5.56 499 1.09
AR AN e
K ° 1 A chle
s R 5.26 736 1.69 6.66 1131 2.49 5.06 677 138
ng g9y wldguw
Sl g i
3 S o 9.06 4891 7.8 4.53 1025 2.18 6.90 591 1.64
x . Zny (oals) 89y
3T merels
RE 10.4 3639 9.20 6.93 1100 2.53 9.20 2945 8.57
3 SILCTCC I
% o 132 55 A cdalé
a2 7.36 2524 5.8 8.16 3257 8.35 6.10 622 1.60
ZIng g3y oWgw
Sligas o3 o
' 11.06 2824 475 7.86 3520 8.67 7.03 637 1.69
b ﬁi Zny (sald) 59,
_ia N T e e F ekl
. 9.13 1049 2.33 12.93 4542 143 523 1119 2.46
W T sn s
&) | A chale
P 5.16 1602 425 7.76 2755 7.65 7.06 1160 2.90
Zng g3y Wgw
LSD 1.04 240.58 0.48 1.04 240.58 0.48 1.04 240.58 0.48

L0 dlie 9o )0 O Jloil mhans (0 lo gime M JBlas (5031 b Jius )50 4 b Silo
The means were independently compared with the LSD test at the 5% probability level
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6
5 N
4
3
y=0.697x+ 3.66
! ¥=0028r+599
. =067+ 389
0
OmgkgP 6mg kP Dmgkg?  BmgkgP
¢ Gial s Qf * Titicaca
weewe Linear (Gizal) - Linear (Q26) - Linear (Tificaca)
v . y=-0.042+0.4 (f.)
05 . y=-0.144x+0.725
o y=-0000x +0.353
04 . ", .
0
0
01
0
Omgkg?  6mgkg? DmgkgP 1BmgkgP
* Gial o Q * Titicaca
<o Linear (Gizal) ---Linear (Q6) - Linear (Tircaca)
1 ;
y=1129x+101 (C)

1) '
¢ y-0205+199 ‘

Ingke?  6mgkgP  Lmgke?  BnmgkgP
+ CGial O} + Tidaa
s Liear (Gia 1) oo Tinar () o Limear (Titesc)

4000

30

2500

2000

1500

1000

0

g y=0.736x+8.37
¥=2434x + 6715
¥=1.224x + 3895

Omg/kg P 6mg/ kg P 12 mg kg P 18 mg/kgP
+ Gial ¢ Qi ¢ Titicaca
------- Linear (Gizal) - Linear (Q26) - Linear (Titicaca)
©)
.
. .

y=1979x+19.92
¥ =0.166x + 28.435
y=1763x + 18.46

Omg/kgP 6mgkgP 12 mgkgP 18 mg kgP
¢ Gizal * Q6 o Titicaca
------- Linear (Gizal) - Linear (Q26) - Linear (Titicaca)
y=54x+3755 ' f (C)

y=T8525+133.5
y=167x+10145

Imyks?  6mgkeP  DmyksP  18myksP
¢ Ginl o Qi ¢ Titiaca
------- Linear (Gizal) = Linear (Q26) s Linear (Titicaca)
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Figure 1- Regression relationship of studied parameters by changing the amount of triple
superphosphate fertilizer in quinoa cultivars
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Figure 2- Regression relationship of studied parameters by changing the amount of zinc sulfate
in quinoa cultivars
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Table 6- Regression analysis of grain dry weight and root parameters

(Step) p& First) Js (Second) pgs (Third) g
Constant number <ol sue -0.67 1.43 1.01
Root dry weight Ay ) S (39 451" 521" 435"
Root width Ay P e -0.52™ -0.61™
Root diameter aigy ylad 0.18"
R* (%) (00 39) (el (g i 66.97 69.94 72.74

Boye SO g g Jiol mhaw 10 (6l sixe (5 IS sixe i o 4y aik i NS
ns, *, ** non-significant, significant at five and one percent probability levels, respectively.
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Abstract

Proper distribution of plant root facilitates the uptake of nutrients and improves
crop yields. This study aims to evaluate the root and shoot structure of quinoa cultivars
in response to the application of phosphorus and zinc in the Research, Agricultural
Education and Natural Resources Center of Khuzestan province in a factorial design
with three factors including the use of triple superphosphate fertilizer at four levels (0,
6, 12, 18 mg.kg" soil weight), foliar application of zinc sulfate in three amounts (water
without zinc sulfate (control), foliar application at 4 and 8 per thousand concentrations)
and three quinoa cultivars (Giza 1, Q26, Titicaca) were performed in pot and in three
replications. The results showed that root parameters such as root dry weight, root
width, root diameter, distance from the first branch to the tip root, and the weight ratio
of root to shoot were affected by phosphorus fertilizer levels and quinoa cultivars
(P<0.01) and foliar application of zinc sulfate had a significant effect only on root dry
weight, root width, distance from the first branch to the root tip, root density, root
weight to shoot weight, and aerial part parameters. Q26 cultivar was identified as the
best cultivar in terms of root structure development, which at 18 mg.kg™ phosphorus
levels and 4 per thousand zinc sulfate concentration had a maximum root dry weight
(3.23 g.plant™), root width (18.06 cm) and distance from the first branch to the root tip
(53.23). At these levels of element consumption, the highest number of grains per plant
(4542) were obtained in cultivar Q26. Based on the experiment results, the optimal level
of elements by reducing antagonistic effects and increasing synergistic effects of P and
ZnSOy led to the root structure development, improved element uptake and increased
production components of quinoa cultivars.

K ey words: Root, Number of grains per plant, Triple superphosphate, Zinc sulfate,
Genotype, Quinoa.
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