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Background and Objectives: Zinc (Zn) is an essential micronutrient for
various physiological and biochemical processes in plants. Zn deficiency
affects plant growth and development and reduces plant yield and
nutritional quality. In calcareous soils, Zn aminocholate is one of the novel
fertilization strategies to address Zn deficiency for plant. This study was
conducted to determine Zn speciation in soil solution and predict Zn
chemical species and their correlation with Zn concentration in sunflower
(Oscar cultivar).

Materials and Methods: This experiment was conducted using a
randomized complete block design with three replications under field
conditions. The experimental treatments consisted of fertigation of Zn-
glycine [Zn (Gly),] and Zn- methionine [Zn (Met),] aminocholates (4 L™)
and ZnSO, fertilizer (40 kg ha™*) and control treatment (without fertilizer).
Following the cultivation period, soil chemical properties were analyzed,
including pH, dissolved organic carbon (DOC), cations and anions, soil
soluble Zn, soil available Zn and Zn concentration in plant leaves and
seeds. Visual MINTEQ geochemical software was utilized to determine the
dominant Zn species in the soil solution phase.

Results: The results showed that soil pH, soil soluble Zn, soil available
Zn, and DOC were affected by experimental treatments. Zn
aminochelates, especially [Zn (Met),] significantly reduced soil pH. [Zn
(Gly),] and [Zn (Met),] aminochelates significantly increased DOC (25.6
and 30.4%), soil soluble Zn (25.5 and 26.8%), soil available Zn (23.9 and
11.2%), and Zn concentration in leaves (32.8 and 34.8%) and seeds (2.25
and 3.19%), respectively, compared to the ZnSO, treatment. The highest
amount of Zn bound to dissolved organic matter (Zn-DOM) species was
obtained by the application of the [Zn (Met),] aminochelate treatment.
[Zn (Gly),] and [Zn (Met),] aminochelates and ZnSO, fertilizer also
significantly increased the concentration of free Zn specie (Zn®") (43.2-
76.1%) compared to the control treatment. The results also indicated a
strong positive correlation between the concentrations of Zn’* and Zn-
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DOM species and Zn concentration in plant leaves and seeds.

Conclusion: The results of this study demonstrated that the application of
Zn aminochelates can be considered as an effective approach to improve
soil conditions, increase Zn availability and improve the nutritional quality
of sunflower plants under Zn deficiency conditions.
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Table 1. Characteristic of Zinc aminochelates.
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Table 2. Characteristic of studied soil.

Property Value
Texture Clay Loam
pH 7.7
EC (dSm™) 3.8
Organic C (%) 0.35
CaCOs (%) 37.5
Total N (%) 0.06
Pava (Mg kg™ 16
Kexc (Mg kg™) 275
DTPA-extractable Zn (mg kg™) 0.44
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Table 3. Analysis of variance of the effect of treatments on pH, DOC, soil soluble Zn and soil

available Zn.
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Figure 2. Mean comparisons of the effect of treatments on soil pH. The same letters indicate non-
significant difference according to Tukey's test (P <0.05).
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Figure 3. Mean comparisons of the effect of treatments on soil DOC. The same letters indicate non-
significant difference according to Tukey's test (P <0.05).
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Figure 4. Mean comparisons of the effect of treatments on concentration of soil soluble Zn. The
same letters indicate non-significant difference according to Tukey's test (P <0.05).

VY

(Available Zn) S w ywd BB 59,
S by glas Laesls u,:i—!l.:ﬁ awslie 31 ol @L:J

Sbime SRl e (gsy IS sl 5,8
Lald Hled @ Cons S e res BB gy, ke

S o sie OIS el bl L0 JK2) Lus



Ol 9 (6L 491 e Uso [ gy (52 4355 32 (59) SWgww 9 (59, SRS ol (5, lelagS 52,8 3T

0.58 a
~ 056 i
~ o ]
d X 0544
= : b
= £ 052
- < 1 ——
2 N 0.50
; 2 7 T
n B 0.48- i
;) T 046 _
4 2z ]
“W o= 04| T .
3 |
0.42 - =
040 L
0.38 ‘ ‘ ‘ |
Control Zn-Gly Zn-Met ZnSO,
Ll Soro - S G mn e Gy ok S

$25 S ghole 3

Fertilizer treatments
O3l el Sl ime a5 e Kby Ailes Sy (S 3 s BB (555 e p bjles AU 5Kl amlis -0 3
(P S~,~O) o | ‘;‘,S

Figure 5. Mean comparisons of the effect of treatments on concentration of soil available Zn. The
same letters indicate non-significant difference according to Tukey's test (P <0.05).

Gilulay o 5 3L5 oMl s LS sl
Lol (See oS oy S sdae iy jols
AL andly (g i s oS b g o s
2 el sole 5l S eslitel 4 e
38 Sl las S Gl e glas S L alie
Lo Sl 58 xS onlply TV TF)
PH SRl o Ll 5 o DMy 0 il (11580
(0) 355 Skt ylme g5, chile Ll 5 S
GLEIS el ale (g5, ol S JIKa I
3= sl s sas O 3 il dal s )
LB sy Jie CdEl (SLE s s e SVl
L sl s ehs a0 S s 1) (g2l v 5w
OF) 2 o ol 3 Vb Sl S e (sl smes L VL H
sladul 3 s b sy OIS gl cnly osdle
Oisre pedplie dox 1 olS S5 s0

Y

S pH & Bdes S Jglma 55 g3,y chle

IS8 3l (Ko Sk gl I S il
NS gl S5y 5 S pH (JS b o4 (F
o S s 1y Sl e (sl Sas
MG g5y clle YU pH L St (YY) S
I Gomb PH L S o Cod (6508 ot
s Sl Cl (Sae S2 pH Zals (YY)
LS Sl Sy o id Sial3l 53 1y Jﬂ s
Gladan! b T gL 5l eslizal iz 35
IS w e wl dd oS L I
S s S s gy bl JT gl LSS
RS RN (I o S I R FRPPPIGIN, B
SEINEEY) Q%MT Lo Ll sl oSS
L Sss o s 5 S g S s b anslis

‘ui\ 2 QJM.G (Y'O) J.S@ J.:@,...J al.:§ L;b;



..... Cone b)w Goe 899 c)l.\g‘tg: .\.9939‘5‘:- Cu o & il

A 51 i A5 s opl (B8 13 s e
bl 5wl K& 1 Jede (55, S Ao
(ZnCl, (ag); Zn(OH), (aq) k) WLaS L
35 5t

S St sy ulbyls a5l Jool il
il (6355 sl e sl 0o lasne
s Sl gbos 53 55 b s S
(F dsd) P<evy)

L e Sy el e e A
oAl s GBS 558
oL S o5 5 Sas A o 4 e Ll
(F0) 348
2 89y Wgw 355 5 g9y GBS giuel 315
Jolowo 5B 53 (59 AL (lends sASS clil

hoaigi Jae 3l edliel L SB
MINTEQ

Visual

g S chle bl U adlas opl s
Sl s (ZnSO, 5 Zn-DOM Zn**) g5,

S Jglowe 56 55 695 AL pberd g S chle bl 1 6Ll 4 -F Js

Table 4. Analysis of variance of the effect of treatments on concentration of Zn dominant
chemical species in the soil solution phase.
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Figure 6. Mean comparisons of the effect of treatments on concentration of Zn?" in soil solution.
The same letters indicate non-significant difference according to Tukey’s test (P <0.05).
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Figure 7. Mean comparisons of the effect of treatments on concentration of Zn-DOM in soil
solution. The same letters indicate non-significant difference according to Tukey's test (P <0.05).

ML.:: )La.:.t lJ 4...‘4”\_5.4 DL 5[} d_}l}cﬁ DL ZnSO4 ZnSO4 43;

a,les - I> 2 R P ol Lo
ST om SR A R o e sl L2 baesls S0le a1 Juole s
D03 S Toms 9 S T oeedIS OIS gl

A JS3) sl

(S35 Mg 355 5 555 GLONS sl 51,8 &S
Jsloes 53ZnS0O, 4,8 hlale Hls jxe il bl o
Loles (A JS8) 12 als Jls 4 cud S
S8 cble doys VI LBOYYY LB e

\ld



Ol 5 (53Ll 51 o Uso [ (89, Gt 4355 32 (59, Slilgus 5 (S3) SREHS gl (5yllogS 2,2, 13T

1.8x1077
a a
-7 _|
1.6x10 . j ;
Moo~
2 14x107 4
©
R~
~ 1.2x1077 c
-]
5 O
2 2 L
vy N 1.0x107 -
8.0x107% 1
1
6.0X10_8 T T T T
Ctrl Zn-Gly Zn-Met ZnSO,
»l Gorir = A5 oy imioa gsy ok g
625 S byl 3

Fertilizer treatments
pas Sl diler Dy .S Jglows 56,3 (ZNSOY) 5y g 65 Sl p bajles 56 5 Kile demlis A JSS

( P S','a) | ‘;‘,5 b‘,ﬁji U"'L‘Af-' J‘}u'.u Q}w
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Figure 9. Distribution diagram of the concentration of dominant Zn species in soil solution.
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Figure 10. Mean comparisons of the effect of treatments on seed Zn concentration of sunflower.
The same letters indicate non-significant difference according to Tukey's test (P <0.05).
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Figure 11. Mean comparisons of the effect of treatments on leaf Zn concentration of sunflower. The
same letters indicate non-significant difference according to Tukey's test (P <0.05).
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Table 6. Pearson correlation coefficients between concentration of Zn dominant chemical
species in soil solution phase with soil available Zn concentration and seed and leaf Zn
concentration of sunflower (P <0.05).

Variables Zn? Zn-DOM  ZnSO, Soil available Zn  Seed Zn Leaf Zn
Zn?* 1
Zn-DOM 0.97" 1
ZnS0O, 0.99" 0.94" 1
Soil available Zn  0.83" 0.92" 0.80™ 1
Seed Zn 0.74” 0.79” 0.67" 0.78" 1
Leaf Zn 0.83" 0.91" 0.81" 0.87" 0.69" 1
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Figure 12. Heat map of the hierarchical cluster (double dendrogram) analysis of the studied
parameters. The heatmap plot describes the relative amount of each variable (columns) within each
fertilizer treatment (rows). Dark red and light blue color indicate high and low amount,
respectively. The length of the dendrogram branches represents the distance between variables or
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clusters of variables calculated from bivariate Pearson correlations.
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