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Article Info ABSTRACT

Article type: Background and Objectives: Micronutrient deficiencies in plants are
Full Length Research Paper  pecoming increasingly common, particularly in calcareous soils. As a
result, the application of new products, including slow-release fertilizers, is
gaining popularity to improve the nutritional status of plants. Therefore,
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Revised: 10.13.2024 soil chemical properties, yield, zinc concentration, and zinc uptake in
Accepted: 10.19.2024 Mentha grown in calcareous soil under greenhouse conditions.

Materials and Methods: This research was carried out in a completely

ggg::?cﬁs;e rtilizer, randomized design with three replications. The treatments included
Hydrogel, hydrogel at levels of 0%, 0.005%, and 0.01% of soil and zinc sulfate
Mentha, fertilizer at levels of 40 and 20 kg/ha. During the experiment, chlorophyll a
Zink uptake and b were measured. At the end of the experiment, soil chemical

properties such as pH, dissolved organic carbon (DOC), available zinc, and
Mentha yield were measured, along with some physiological characteristics
of Mentha.

Results: The results of this study showed that the greatest effect of the
treatments on pH and dissolved organic carbon (DOC) was observed with
the 0.01% hydrogel treatment by weight, while the highest soil available
zinc was observed with the hydrogel treatment combined with zinc sulfate
(0.01% hydrogel by weight and 40 kg/ha zinc sulfate). The Mentha plant
performance was significantly affected by both hydrogel and zinc (zinc
fertilizer) treatments. The highest root yield (12-23%) and shoot yield
(30%) were observed in the 0.01% hydrogel treatment by weight.
Additionally, the combination of 0.01% hydrogel by weight and 40 kg/ha
zinc sulfate resulted in the most significant increase in essential oil content
(14.2%) in Mentha.

Conclusion: The results of this study indicate that the application of
hydrogel at 0.01% by weight and 40 kg/ha of zinc sulfate can effectively
improve zinc uptake in Mentha. These findings suggest that the increase in
zinc concentration in Mentha was due to higher zinc availability in the soil,

)



leading to better uptake and improved plant yield. The combination of
hydrogel with chemical fertilizers is a practical approach to address
environmental concerns related to the use of chemical fertilizers.
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Table 1. Some chemical and physical properties of soil.
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Figure 1. FT-IR spectrum.
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Table 2. Analysis of variance of hydrogel and zinc effect on pH, dissolve organic carbon and available zinc.
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Figure 2. Mean comparison effect of hydrogel on soil pH.

Hy: Control, H;: Hydrogel (0.005%), H,: Hydrogel (0.01%).
Same letters mean no statistical difference between treatments at Tukey’s test (P<0.05).
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Figure 3. Mean comparison interaction effect of hydrogel on DOC.

Hy: Control, H;: Hydrogel (0.005%), H,: Hydrogel (0.01%).
Same letters mean no statistical difference between treatments at Tukey’s test (P<0.05).
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Figure 4. Mean comparison interaction effect of hydrogel and zinc on soil available zinc.
Hj: control, H;: Hydrogel (0.005%), H,: Hydrogel (0.01%), Zn,: Chemical fertilizer of Zinc sulfate (20 Kg/ha),

Zn,: Chemical fertilizer of Zinc sulfate (40 Kg/ha).
Same letters mean no statistical difference between treatments at Tukey’s test (P<0.05).
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Table 3. Analysis of variance of hydrogel and zinc effect on Mentha yield.
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Figure 5. Mean comparison effect of hydrogel on root yield.
Hj: control, H;: Hydrogel (0.005%), H,: Hydrogel (0.01%).
Same letters mean no statistical difference between treatments at Tukey’s test (P<0.05).
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Figure 6. Mean comparison effect of zinc on root yield.

Zn;: Chemical fertilizer of Zinc sulfate (20 Kg/ha), Zn,: Chemical fertilizer of Zinc sulfate (40 Kg/ha).
Same letters mean no statistical difference between treatments at Tukey’s test (P<0.05).
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Figure 7. Mean comparison effect of hydrogel on shoot yield.
Hy: control, H;: Hydrogel (0.005%), H,: Hydrogel (0.01%).
Same letters mean no statistical difference between treatments at Tukey’s test (P<0.05).
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Table 4. Analysis of variance of hydrogel and zinc effect on some characteristics of Mentha.

S ool S o &) 5T 4y R
Leaf number Leaf area Plant height Degrees of freedom Sources of variations
ek ek * JL M
3963.55 527733.58 5.85 2 207
Hydrogel
4802" 123074.14” 0.76™ 1 S
Zinc
sk # J5s,0a
50.66™ 32136.01 1.08™ 2 20 % i
Hydrogel* Zinc
o
288.55 3273.08 0.9 12
Error
1) s o
10.24 4.19 4.77 . R

Coefficient of variation (%)

)‘)L;'*‘J;f‘ 1 a/ve Jha CE._« BE) 6‘)bu§."" YA | 5 L5)‘>L;"’~‘ s
** is significant at 1%, * is significant at 5%, ™ is nonsignificant



V€Y & D)Lo.'.s NE D)sbc)‘é.g'l.g. Jﬁjjﬁ‘jdb%ﬂé&qw

22 -
a
21 -
2 & 20 @
D E b
3 .2 19 1
5 [}
’%f 18 -
3, 49
B 17 -
16 -
15 T T 1
HO HI H2

s s 5l Jols s tplal S slaes
Sl sas 5 Jisodes ol S aS s e LS
dsdx) o Ll gre do s S C}“” 55 glas Sy
o b aglie 55 1) pliad S slas (55 (8
Solssme sba (diood 2,08 O50) dals
GO e e D (O JS2) sl Ll
Spobas Gl 5 b ke B35 Ao
2l s (10 JS8) Sl pliai (o3 1O/T)
355 ae S Gas oS sl Ol Sols alis
e 2 p S £ ke 4 g5) Sl plesd
(o3 VO/N) S slaws il bl o 5k 0
G s S gled 585 L alie 5 pl
OV K8 il s s ijiv_s Yoo ldie
3 ol (S Ll L il
robe 5 PH b imes 5 S S5
Gl odd S sliad Jolbl o S 3 1A

YY)

(Hydrogel) Jj 3,
2l g1 J5ssaa ST Kl amlie A IS
RUTEE WSS PINWSCRVER I : PRSP WS PRCW- SRV & RTINS & P}
Bl g 10 i 53 (S5 0g5T el g Lsles o (ol e e Kby S e By
Figure 8. Mean comparison effect of hydrogel on Plant height.

Hy: Control, H;: Hydrogel (0.005%), H,: Hydrogel (0.01%).
Same letters mean no statistical difference between treatments at Tukey’s test (P<0.05).
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Figure 9. Mean comparison interaction effect of hydrogel and zinc on Leaf area.
Hj: control, H;: Hydrogel (0.005%), H,: Hydrogel (0.01%), Zn,: Chemical fertilizer of Zinc sulfate (20 Kg/ha),

Zn,: Chemical fertilizer of Zinc sulfate (40 Kg/ha).
Same letters mean no statistical difference between treatments at Tukey’s test (P<0.05).
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Figure 10. Mean comparison effect of hydrogel on Leaf number.

Hy: Control, H;: Hydrogel (0.005%), H,: Hydrogel (0.01%).
Same letters mean no statistical difference between treatments at Tukey’s test (P<0.05).
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Figure 11. Mean comparison effect of zinc on Leaf number.

Zn,: Chemical fertilizer of Zinc sulfate (20 Kg/ha), Zn,: Chemical fertilizer of Zinc sulfate (40 Kg/ha).
Same letters mean no statistical difference between treatments at Tukey’s test (P<0.05).
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Table 5. Analysis of variance of hydrogel and zinc effect on Chlorophyll.

b i a Ji, ks 5T am s Q\Jx;jc;a
Chlorophyll b Chlorophyll a Degrees of freedom Sources of variations
4.02" 9.25" 2 Jaode
Hydrogel
3.73° 0.8™ 1 S
Zinc
0.29™ 3.75" 2 oo # asden
Hydrogel* Zinc
o
0.4 0.92 12
Error
1) Sl piS e o
3.15 4.51 _ (1) Sl s o ot

Coefficient of variation (%)
Slagme s ™ /00 Jlaz Ch'“ 33 L;J\zd'u* /0 Jlaz Ck'“ BERT Eypen i

** is significant at 1%, * is significant at 5%, ™ is nonsignificant
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Figure 12. Mean comparison interaction effect of hydrogel and zinc on Chlorophyll a.
Hj: control, H;: Hydrogel (0.005%), H,: Hydrogel (0.01%), Zn,: Chemical fertilizer of Zinc sulfate (20 Kg/ha),
Zn,: Chemical fertilizer of Zinc sulfate (40 Kg/ha).
Same letters mean no statistical difference between treatments at Tukey’s test (P<0.05).
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Figure 13. Mean comparison effect of hydrogel on Chlorophill b.

Hy: Control, H;: Hydrogel (0.005%), H,: Hydrogel (0.01%).
Same letters mean no statistical difference between treatments at Tukey’s test (P<0.05).
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Figure 14. Mean comparison effect of zinc on Chlorophill b.

Zn;: Chemical fertilizer of Zinc sulfate (20 Kg/ha), Zn,: Chemical fertilizer of Zinc sulfate (40 Kg/ha).
Same letters mean no statistical difference between treatments at Tukey’s test (P<0.05).
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Table 6. Variance analysis of the effect of hydrogel and zinc on the concentration and uptake of zinc in the
aerial parts of of Mentha.

3T 4 s

Zn uptake of shoot Zn concentration of shoot ~ Degrees of freedom Sources of variations)
ok ok 5 M
0.01 8.89 2 s
Hydrogel
0.01” 19.01" 1 -
Zinc
sese # J59 0
0.0002" 0.76 2 20 % i
Hydrogel* Zinc
o
0.0001 0.079 12
Error
1) O s o i
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Coefficient of variation (%)
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Figure 15. Mean comparison interaction effect of hydrogel and zinc on Zn concentration.
Hy: control, H;: Hydrogel (0.005%), H,: Hydrogel (0.01%), Zn,: Chemical fertilizer of Zinc sulfate (20 Kg/ha),

Zn,: Chemical fertilizer of Zinc sulfate (40 Kg/ha).
Same letters mean no statistical difference between treatments at Tukey’s test (P<0.05).
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Figure 16. Mean comparison effect of hydrogel on Zn uptake.
Hy: Control, H;: Hydrogel (0.005%), H,: Hydrogel (0.01%).
Same letters mean no statistical difference between treatments at Tukey’s test (P<0.05).
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Figure 17. Mean comparison effect of zinc on Zn uptake.
Zn;: Chemical fertilizer of Zinc sulfate (20 Kg/ha), Zn,: Chemical fertilizer of Zinc sulfate (40 Kg/ha).
Same letters mean no statistical difference between treatments at Tukey’s test (P<0.05).
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Table 7. Analysis of variance of hydrogel and zinc effect on essence percentage and yield.

oilol s Slas ol A s 5T 4y Dl S
Essence yield Essence percent Degrees of freedom Sources of variations
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0.0001™ 0.01 2 Sa ¥ S
Hydrogel* Zinc
o
0.0001 0.002 12
Error
1) s o
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Coefficient of variation (%)
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** is significant at 1%, * is significant at 5%, ™ is nonsignificant
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Figure 18. Mean comparison interaction effect of hydrogel and zinc on Essence.
Hy: control, H;: Hydrogel (0.005%), H,: Hydrogel (0.01%), Zn,: Chemical fertilizer of Zinc sulfate (20 Kg/ha),

Zn,: Chemical fertilizer of Zinc sulfate (40 Kg/ha).
Same letters mean no statistical difference between treatments at Tukey’s test (P<0.05).
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Figure 19. Mean comparison effect of hydrogel on Essence yield.

Hy: Control, H;: Hydrogel (0.005%), H,: Hydrogel (0.01%).
Same letters mean no statistical difference between treatments at Tukey’s test (P<0.05).
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Figure 20. Mean comparison effect of zinc on Essence yield.

Zn;: Chemical fertilizer of Zinc sulfate (20 Kg/ha), Zn,: Chemical fertilizer of Zinc sulfate (40 Kg/ha).
Same letters mean no statistical difference between treatments at Tukey’s test (P<0.05).
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