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Abstract

Introduction: Soil quality is one aspect of sustainable agroecosystem management. The
application of zeolite minerals alone or in combination with other soil amendments (organic and
inorganic fertilizers) can, directly or indirectly, affect soil quality indicators. Considering the
unique characteristics of zeolites, such as the low-cost and abundance of its mines in Iran and the
large area of wheat cultivation in Kurdistan province, the need to study the effect of zeolite
application on soil properties and wheat yield becomes apparent. Although there is a lot of
research on the impact of zeolite on improving soil properties and increasing the yield of various
crops, few studies have been done on its residual effects. Therefore, in this study, we investigated
the effect of zeolite and nitrogen (N) application on some basic soil properties, N efficiency, and
wheat yield under field conditions after two years of zeolite application.

Materials and Methods: Before conducting the research, a composite soil sample from the
surface soil (0 to 30 cm depth) was collected and analyzed to assess the farm's soil properties.
The experiment was laid out in a split-plot based on a randomized complete block design with
three replications at the University of Kurdistan research farm in Dehgolan. The main plots
consisted of natural zeolite at four levels (0, 5, 10, and 15 ton. ha™). Within each main plot,
subplots were subjected to nitrogen applications at five levels (0, 50, 100, 150, and 200 kg. ha™).
Urea fertilizer was used to supply the required nitrogen. Zeolite was only utilized in 2018 and
mixed into the surface layer of soil. The experiment was repeated in 2019 except for no addition
of zeolite. The field was under potato cultivation in the first year of the experiment and followed
by wheat crop in the second year. Wheat cultivation (Pishgam cultivar) was done in 2019 by
grain seeders in plots with dimensions of 4.5 x 8.25 m. At the end of cultivation season, harvest
was done from each plot, and some plant traits (grain protein, thousand-grain weight, spike
number, grain number in spike, an economic yield of the plant, biological yield of plant, harvest
index, and chlorophyll concentration) were measured. In order to investigate the effect of zeolite
on basic soil properties, soil samples were collected from plots in the second year after harvest,
and a number of physical and chemical properties of the soil were measured [dry bulk density
(po), particle density (pp), total porosity (f), saturated hydraulic conductivity (K), electrical
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conductivity (EC), soil reaction (pH), cation exchange capacity (CEC), and total soil nitrogen
(TN)]. Statistical analysis of data was performed using SAS 8.02 software.

Results and Discussion: The results from the second year indicated that the applications of
zeolite or nitrogen alone or in combination with each other decreased dry bulk density and
particle density of soil, but increased total porosity, saturated hydraulic conductivity, electrical
conductivity, soil reaction, and cation exchange capacity. The porous structure of zeolite helps
improve soil structure and increase porosity, thereby reducing the bulk density of the soil. Also,
zeolites can affect the soil hydraulic conductivity due to channels in their structure. Zeolite is not
acidic but marginally alkaline, and its use with fertilizers can help buffer soil pH levels. The very
open structure of the zeolite and the similar pore network create a high specific surface area for
the storage and exchange of nutrients. Therefore, different salts can be absorbed or desorbed from
the zeolite structure. Desorption of salts from the zeolite can increase EC in the soil. The high
cation exchange capacity and porosity of zeolite increase soil CEC, which increases the soil’s
ability to retain nutrients such as ammonium. The results also revealed that the grain protein,
thousand-grain weight, spike number, grain number in spike, an economic yield of the plant,
biological yield of plant and harvest index, with mean increasing about 37%, 6%, 30%, 15%,
43%, 26% and 7%, respectively, compared with the control, were significantly affected by zeolite
and nitrogen applications, and also zeolite and nitrogen interaction. However, the chlorophyll
concentration was not meaningfully influenced by them. Increased grain yield can be attributed to
reduced nitrogen leaching and increased soil water holding capacity in the presence of zeolite,
which improves nitrogen status and the availability of water for growth. Drought stress
significantly affects grain yield, harvest index, thousand-grain weight, spike number, grain
number in spike, and plant height. The use of zeolite can maintain soil moisture for a longer
period and mitigate the adverse effects of drought stress on the crops.

Conclusion: The improved agronomic traits and enhanced grain yield potentials induced by
zeolite amendment were related to decreased drought stress in wheat crops and the increase in
soil quality indicators and N uptake. The zeolite application probably enhanced NH,*—N retention
in the topsoil and prevented NO3—N from leaching into the subsoil. In general, the results showed
that the combined application of zeolite and N can be a beneficial approach for increasing
nitrogen fertilizer efficiency and improving the sustainability of agricultural systems.
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particle density (b), total porosity of soil (c), and saturated hydraulic conductivity (d). Z1, Z2, Z3 and Z4 are

zeolite application rates of 0

and 15 ton/ha, respectively. N1, N2, N3, N4, N5 are nitrogen application rates

, 5,10
of 0, 50, 100, 150 and 200 kg/ha, respectively. Mean values followed by different letters are significantly

different at P < 0.05 by the Duncan’s test.
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Table (3) The ANOVA results for the effect of zeolite and nitrogen on some soil chemical properties

Sl o Sl
Mean squares o131 4 s Sl e
JS 0l CIT(/:k S S e oH Degrees of freedom Change resources
Total N (%) CMol/Kg EC (dS/m)

0.00002" 0.0515 0.003™ 0.0005 "™ 2 (Block) oS4,
0.001™ 76.098 0.002™ 0.692™ 3 (Zeolite) =I5
0.0001 0.0313 0.0001 0.0025 6 (Error) s
0.00112 76.1808 0.005 0.695 11 Main plot o & 5
0.004™ 6.949™ 0.006™ 0.046™ 4 (Nitrogen) 03 55

- " - I g5x 0558

0.0001™ 5.326 0.002 0.0.302 12 T

Zeolitex Nitrogen

0.00009 0.0133 0.0002 0.002 32 (Error) L
0.00419 12.2883 0.0082 0.0782 48 Sub plot s 5 & 8
0.00531 88.4691 0.0132 0.773 59 (Total) Js

081 SR
6.7 5.8 0.64 - = e

Coefficient of variation

..A..i.lk;ad)b@m;})k&\:}q-)?»jw);b [RW ST JL&!cbjss)\:@mJ)k&l:ggo“:ow%;ynsj%ﬁexe

* **and ns indicate a significant difference in the probability level of 1%, 5% and no significant
difference, respectively.
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Figure (2) Mean comparison of the effects of zeolite and nitrogen on pH (a), EC (b), and CEC (c). Z1,
Z2, Z3 and Z4 are zeolite application rates of 0, 5, 10, and 15 ton/ha, respectively. N1, N2, N3, N4, N5

are nitrogen application rates of 0, 50, 100, 150 and 200 kg/ha, respectively. Mean values followed by
different letters are significantly different at P < 0.05 by the Duncan’s test.
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Figure (3) The effect of zeolite on soil total nitrogen. Mean values followed by different letters are
significantly different at P < 0.05 by the Duncan’s test.

“ge AU Slho Sy p sl WU
4x o

3 QLA ¥ Jgde s o &1yl il a4 e @Lﬂ
b fos 5 055 5 S Calibes s JI &S
05948 Sl Jb 53 cplodis Hls sae S Jb5 IS
Wld 5 g 5 cakiw 55 als Slda caliw sldad il i e
Sol3sme s gbas 6SG5 ) sm 3 Shee 5 (o5l 5 Shee
Sag (2 85 5l S o a3 ) ez Tl 52
S Ods 5 s Jlime laslas 5 0598
(F Jside) mls & g L (F Jou) Cola &
Tl 53 Solsgme sba Cab, el 1l
e 5 S8 Ll b o Aoy ) Jled
PRCAPS IR RS S TP BVSTY*
S s pme Ll pl 5 Os 28
NI

Cakies sl 1 A5 0L S 3 & 480k
Al s gme JS b @ Jos NS 055 5 I
B bl s 5 (09 T She 5 S e (F i)
38 hee 5 oS 55058 Dlho p S5 5 pan

S5 A1 L S edalie GT0ST A5 Ll s 4l

4 Mirzakhani and Maleki

Bl &5 Ol Wlge ppmes SIS
mt o o) LS o o5l 5 paisel (s LS
oA 0T 5 5 Ol i S e iy
5 e pe (FA) 55l S Sl 05 Ciy e
Glasles Sl esliul &7 L3S 5,15 (A) 0, Kes
bS5 00 Gos den YY) 5 VF OV plien & 55
4 0y5l 555 b auslie 53 05l 5ok Co gaS ST 58
A g g BB Slaes ) 035 05T (oS
ol CawgaS JT 558 L S 0as5l A
SRl 5 ST ls T e ) hed (o 50T
Solg 5o pplime opl 55 05558 o] el 4
5 JT 38 LS Aol 8 WS (5,8 e
O pan AT 3 died s (63 S5, Ll 5 o0 S5
$523LS St GO 25 5 (gland Slas S
() 08 5 LMl (YF) 'K 5 s ST L
5 ONT T 5 el gl 5 (F9) "0l e 5 2l
o Gl s SdS5 oS s Shesn oo
e S ASTh oS Lo 5 055 25

1- Karimi et al.
2- Ramesh et al.
3- Sepaskhah and Barzegar



\AE

I RS . - £ . :.‘.. . -
S S5y S 05558 5 85,860 5 Sl

53 aasS gL Rl 5 0l sl 055
. g daoug? .>]§l.~.o

S Ws S uf‘)‘}f (*v) YO\)lgAA 9 sl
el LT sl 4 bse s e 055 cp VL
ASe s 5 F e s ol ST 5L s Ve
s o S 5 Sl ol Oz pile 5 S 55
WS LT 5L s Voo elaly LT 4 Glaze OT
Aol (Bl Joe olena S g5 e pie
L3S 0l 55 OF) TOLKeA 5 g 3 g STkl
Cob O e o LT 3E S wls i 05y &
D8 Sl dl 5 e ian 5 S 5 it
s K
G1S g 5

S 53 5 V0 Ll o F S 4 s L
AV s S s p SIS Yo 5 g5
pde) Aals LS s (Aoys VOVO) (o5, e
V) 4ils 55 JMEs o 7S (055 725 5 S 85 2,8
S oy oo L4 sl ol s a4l (Lo
So35 53 @2 059,55 Sy da S S b 5
NS ol wdly S s a8
Olakily 2130 4 5 els 13 olE Ll 5o 1) 055 53
T F IS P I P I} PUC I JPN
S 3 5V 5,08 &S sl olas (YO) wsslS
SS 5o el b e 55 1) &5 05,28 oo (2 5
0595 Olgme sl 31 L sls il sl Cob i s oS
el &l g s Ol codd 03 )84 S5 s
308 Gt s iy g o i Sl (Sl o0
(YA 51) Llos ST uSTh wls 5 Aoy 5 050
33 3y B 3 WG SIS 2 e
O an s OAS e 53 D55 A Do e

() s il e, 0T

2 Naderi et al.
*Sibi et al.

O 5 g5 Caltbes ol e 5 TS
LOT Jlie SIS oS o3 Jlsinn po @ J3s &S
B e N i R e
Sl el eayls 55,2 soble by IS &S SlT
3o 9 033/ skl AL S S ss)
Sooph Joo IS ke HIE o S Lyl s
508 Pl gt Je A a e LS e 35
0355 S pl 355 L (F) 358 a5alS el jinal
e 535 g e ST s Olles s S
sz 3 OT 823 Jlaiimn b (S ails J35 4
S5 oA BLaI L &S sl s ople LS Sl
B ook oo 5 gy 035,75 ) (s
418 513 039

oSl aglis I ol mls (Gl FS s
Sl e wls Hl5m 055 p 039 5 S5
615 5058 058 5 i oS8 ol @ 5 LSl ol
5 S5 K 53 510 Hles 4 bg s ((Uf AV
RS men 3y 03555 SESa 3 p S S Ye
3,0 pde) dals Sl s (8 W) OT Ll
(FF) 0L 5 g s odaline (035 25 5 &I 655
(1) OL,en 5 SbuleleT 5 (V) 0L 5 IS
3 8ee p Cd 55 Sate DS 3 )50 53 ]y e
Sl Lles S S Jpame 5 Shee gl s
50595 sl EalS sa 05 ey ails > Shes
spam 53 Sy O & sk i
23 05378 Conds Sty Sl S 5 Lod LI 55
(V) 250 Loy (612 ST 0355 e s

55 AT b 5 (00) OLSes 5 s
Log 05s s e 53 paisel Loodd b plt
n o) & Gl laldl b glaeSTs s puE
sl 53 055 G st e [EalS &S Lk

Fhar 0352 o 3 33 o p i sal Lol 28 S 55

1- Mehrab et al.



P 50 adllan 390 Sldo (B 3 p Cal$) § 03958 Ol FT bl 4 P8 W -E Jgu
Table 4 - The ANOVA results for the effects of zeolite and nitrogen on some studied traits in wheat

Sla o S
Mean squares
> L > ,§L..9 3 Sla.; S Ol peds aslie
. e i 53 413 sl sl ls 5l 05 s I dis s b s iS5 a sy N 23T e Change res%urces
cl 53 = 3
B ] ’}]’J @LM' Number of Number of 1000-Grain * ) Chlorophyll Chlorophyll  Chlorophyll Degrees of
Harvest Biological Economic  grains per spike spikes weight Grain total b a freedom
index yield yield protein
0.2 14249.8™ 1936.3™ 11.9™ 55.5" 0.014"™ 1.1™ 210.17™ 133.01™ 10.54" 2 Repetition | S
877.1" 48848.5™ 76103.8™ 109.6™ 2127759 27.2" 53.3" 116.39™ 189.74™ 14.39" 3 Zeolite =3 5}
4.3 2455.1 585.4 3.7 27.2 0.039 0.11 187.61 184.72 0.93 6 Error U=
881.6 65553.4 78625.5 125.2 212858.6 27.25 54.5 514.17 507.47 25.86 11 Main plot Sl o s
58.5™ 60336.6™ 11696.7" 28.8" 4491 2.48" 18.4™ 348.62™ 323.97™ 11.07™ 4 Nitrogen o5 3
o - - o o - 035 XI55
7.2™ 79304.3 11101.7 65.3 2075.002 1.415 4.6 300.83™ 239.93™ 11.79™ 12 . .
Nitrogenx Zeolite
2.8 2780.06 408.1 1.3 135 0.052 0.52 186.18 163.69 104 32 Error L
68.5 167520.96 23206.5 954 2537.6 3.9 235 835.6 729.59 33.26 48 Sub plot EAOS
220.6
950.1 233074/36 101832 215396.2 311 78.02 1349.8 1237.06 59.12 59 Total 5
Coefficient ol ,ux o 5
4.02 6.5 5.9 5.7 0.78 0.61 6.4 23.91 47.65 10.67 - G

of variation
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* **and ns indicate a significant difference in the probability level of 1%, 5% and no significant difference, respectively.
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Figure (4) Mean comparison of the effects of zeolite and nitrogen on 1000- grain weight of wheat (a), grain
protein (b), number of spikes (c), number of grain per spike (d), economic (e) and biological yield (f). Z1, Z2, Z3

significantly different at P < 0.05 by the Duncan’s test.

NS o SIS Oge il el g

and Z4 are zeolite application rates of 0, 5, 10, and 15 ton/ha, respectively. N1, N2, N3, N4, N5 are nitrogen
application rates of 0, 50, 100, 150 and 200 kg/ha, respectively. Mean values followed by different letters are
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Figure (5) Mean comparison of the effect of zeolite (a) and nitrogen (b) on harvest index. Mean values followed
by different letters are significantly different at P < 0.05 by the Duncan’s test.
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