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Article Info ABSTRACT

Article type: Background and Obijectives: Micronutrient insufficiency in plants is
Full Length Research  becoming increasingly common, particularly in calcareous soils. Hence,
Paper application of new ways including slow release fertilizer is increasing to

improve the nutritional status of nutrients. Therefore, the present study was

carried out to investigate the effects of hydrogel and zinc on soil chemical
Article history: properties, yield, concentration and uptake of zinc in Mentha in a
Received: 05.13.2024  calcareous soil under greenhouse condition.

Revised: 10.13.2024
Accepted: 10.19.2024 Materials and Methods: This research was conducted in a complete

randomized design with three replications. The treatments were included
hydrogel in levels of 0, 0.005 and 0.01 % of soil and zinc sulfate fertilizer

Keywords: in level of 40 and 20 Kgha™. nDuring the experiment, chlorophylin a and b

Hydrogel, were measured. At the end of the experiment, soil chemical properties such

fﬂheTh'Cm fertilizer, as pH, dissolved organic carbon (DOC), available zinc, and yield and some
entna,

Zink uptake physiological characteristics of Mentha were measured.

Results: The results showed that the lowest pH, the maximum of DOC and
soil available zinc was obtained in level of 0.01% of hydrogel treatment.
The maximum yield of Mentha was obtained in level of 0.01% of hydrogel
treatment. The utilization of hydrogel and zinc fertilizer had a considerable
impact on the zinc concentration and uptake.

Conclusions: The results of this study showed that the use of hydrogel in
the amount of 0.01% by weight and 40 Kgha™ of zinc sulfate can have a
useful and effective role in improving zinc uptake in Mentha. Based on
these experimental results, it could be concluded that the increase in the
amount of zinc in the Mentha plant was due to the increase in the amount
of zinc in the soil and as a result, better uptake and impact on yield. The
utilization of hydrogel in combination with chemical fertilizers is an
effective approach to mitigate environmental issues associated with the use
of chemical fertilizers.
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Table 1. Some chemical and physical properties of soil.
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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.

Ho: Control, H;: Hydrogel (0.005%6), 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.

Ho: 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.

Ho: 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 5. Mean comparison effect of hydrogel on root yield.

Ho: control, Hy: 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.

Znl: Chemical fertilizer of Zinc sulfate (20 Kg/ha), Zn2: 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.

Ho: control, Hy: 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.
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Figure 8. Mean comparison effect of hydrogel on Plant height.
H,: 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.

Ho: control, Hy: 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.
Ho: Control, H;: Hydrogel (0.005%6), H,: Hydrogel (0.01%). Same letters mean no statistical difference between
treatments at Tukey’s test (p < 0.05).

AR



VF-¥ Y D)vas NF 8,93 s),..\g‘b ..\3)955 SKB Cy o 4.:,&0

190 -
180 -
170 -
160 -
150 -
140 -
130 -
120 -
110 -
100 -

(:.\.F) d?j )La.&
(Leaf number)

Znl

Zn2

(ZinC)éj)

LR S slam p (595 AU 5Sle amlie 1Y S
Sy .Jb&h):f;_y\.ﬁf' Sldee 4 59, Qu‘,-n wlbosd 345 =ZNy La s c;‘,lst' Sldee 4 69, Qwr o 38 =ZNy

bl 0 10 e 53 (S 5 0ga3T el Wasled o Golasine pe Kby S e

Figure 11. Mean comparison effect of zinc on Leaf number.
Znl: Chemical fertilizer of Zinc sulfate (20 Kg/ha), Zn2: 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.
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Figure 12. Mean comparison interaction effect of hydrogel and zinc on Chlorophyll a.

Ho: control, H;: Hydrogel (0.005%6), H,: Hydrogel (0.0196), 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.
Ho: Control, H;: Hydrogel (0.005%6), 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.
Znl: Chemical fertilizer of Zinc sulfate (20 Kg/ha), Zn2: 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.
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Figure 15. Mean comparison interaction effect of hydrogel and zinc on Zn concentration.

Ho: control, Hy: 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.

H,: Control, Hy: 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.

Znl: Chemical fertilizer of Zinc sulfate (20 Kg/ha), Zn2: 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.

bl 3 Sas ol Ao s &:b.] RN s
(Essence yield) (Essence percent) (Degrees of o CM )
(Sources of variations)
freedom)
0008.“. Ollgﬁse; 2 Jj})"‘:‘“
Hydrogel
0003-:‘:- 0.15%% 1 S
Zinc
0.0001 ™ 0.01" 2 9o #5550
Hydrogel* Zinc
Lo
0.0001 0.002 12
Error
N
8.37 2.15 - (=t e s

Coefficient of variation
s gme po T /00 Jla| ch.« Sl ae /) Jlaxl ch.« 33 ols gae

** s significant at 1% , * is significantat 5% ,™ is nonsignificant

\A4



VFaY Y D)vas NF 8,93 ‘),.\gb -\9)955 SKB Cy o 4.:)“0

(hpy3) U’“L‘“‘
Essence(%)

L N NN
P MR o NN D O 0w
1

aZznl

mZn2

H2

(Hydrogel*zinc) s s,#J55,4

tl..u gl Ao s 5 sy 9 Jiasuee ol JI w.i»l:.n Al VA IS

Yo Sldie 4 g9y SW g glend 355 1 ZN1 I35, o deps /0N H2 5 J5s 0 S35 deys 0/000 tHL cals : HO
qudehdM r&ﬁjﬁ;{ﬁ ASJ:.\:A d}f- .J&h)é r;}\:s‘" J‘AA&A{‘SJJ Qw‘rd d’w :"S 1ZN2 gjm)éf;"-\:s

Figure 18. Mean comparison interaction effect of hydrogel and zinc on Essence.

Ho: control, H;: Hydrogel (0.005%6), H,: Hydrogel (0.0196), 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.
Ho: 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.
Znl: Chemical fertilizer of Zinc sulfate (20 Kg/ha), Zn2: 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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