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Abstract

Introduction: Nitrogen (N), as an essential nutrient for growth and development of plants, is added
to agricultural fields to boost crop yield. Major concerns in modern agriculture are maximum
nutrient use efficiency, improvement of the soil fertility and prevention of groundwater pollution.
Environmental and economical challenges due to nitrogen application in agricultural have
increased regard to nitrogen use efficiency (NUE). Improving the nitrogen use efficiency, which is
the fraction of the applied fertilizer nitrogen taken up by a plant for its physiological and growth
purposes, is one of the strategies for reducing N loss in agriculture. With the continued escalating
costs of inorganic fertilizers, NUE in field crops should be enhanced to reduce production costs.
Therefore, it is essential that appropriate N fertilizer management practices are adopted to optimize
the use of applied N in cropping systems. NUE and better plant growth are related to soil’s
physico-chemical traits. In this context, the application of soil amendments, such as zeolie, has
great importance for the reclamation of soil properties and improve plant growth. Natural zeolites
are naturally occurring, hydrated aluminosilicates with and being considered as good soil
amendment for minimizes N losses and increase NUE. Therefore the objective of this study was
investigating the effect of different levels of clinoptilolite zeolite and nitrogen fertilizer on the
efficiency of nitrogen use, growth and yield of maize (Zea mays L.) in field conditions.

Materials and methods: This study carried out in field condition as a split-plot arrangement based
on randomized complete blocks and in three replications, at the University of Kurdistan research
farm in Dehgolan. The experimental treatments include the application of clinoptilolite zeolite at
four levels (0, 5, 10 and 15 ton ha™) as the main plot and the application of nitrogen at five levels
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(0, 50, 100, 150 and 200 kg N ha™) as the sub-plot. Urea fertilizer was used to supply the required
nitrogen. Maize cultivation (KSC 260 cultivar) was done in 2021. At the end of cultivation season,
harvest was done from each plot, and some plant growth traits (leaf area, cob length and cob
diameter), leaf N concentration, yield components (grain number in cob, raw number in cob and
grain weight in cob), and grain yield were measured. In addition, the NUE was calculated. In order
to investigate the effect of zeolite on soil nitrogen status, soil samples were collected from plots
after harvest, and cation exchange capacity (CEC), and total soil nitrogen (TN) were measured.
Analysis of variance (ANOVA) was performed using SAS software version 9.4. Significant
differences of the mean values (P <0 .05) were determined by Duncans’s Multiple Range test.
Results and Discussion: The results showed that as a result of the application of 10 and 15 ton
zeolite ha™, the soil cation exchange capacity the soil total nitrogen concentration, leaf nitrogen
concentration, leaf area index ,cob length, grain yield and nitrogen use efficiency increased
significantly. The results showed that the highest leaf N concentration, plant growth indices, grain
yield and yield omponents was observed in the treatments of co-application of 150 and 200 kg N
ha™ with 10 and 15 ton ha™ of zeolite. There was no significant difference between the grain yields
in these treatments. The results also indicated that Moreover, nitrogen use efficiency decreased
with increasing nitrogen application levels. The nitrogen use efficiency (NUE) in the 150 kg N ha™
treatment was significantly higher than 200 kg N ha™ treatment. The results demonstrated that there
was no significant difference between two nitrogen fertilizer levels (150 and 200 kg N ha™)
positive effects on grain yield. The improved maize growth and enhanced grain yield induced by
zeolite amendment were related to the increase in soil CEC, soil N status, N uptake in plant, as well
as probably improved soil nutrient availability and physicochemical propertis. Leaf N
concentration (56.6), leaf area index (56.5%), cob length (21.5%), leaf nitrogen concentration
(56.6%), grain weight in cob (61.8%), grain number in cob (41.6%) and grain yield (38.6%) in the
plant were significantly higher than control treatment.

Conclusion: It can be concluded that the combined use of zeolite (at the level of 10 ton ha™) and
nitrogen (150 kg ha™) can be a suitable solution for improving corn yield and increasing the
nitrogen use efficiency (NUE).

Key words: Clinoptilolite zeolite, grain yield, nitrogen nutrition, urea fertilizer
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Table (1) physico-chemical properties of the studied soil
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Table (2) Some characteristics of the zeolite used in this study
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Table (3) Variance analysis for the effect of different levels of zeolite and nitrogen on soil cation
exchange capacity, soil and plant nitrogen concentration, and nitrogen use efficiency

Mean Square la, o Kl

a2
O e o) QoI JS 0598 dols o b sl Ol s Gt.a
" Jﬁf:"U ) ffl.\l Sl Sl 5318 db Source of variation
itrogen Use ea . .
Efficiency (NUE)  Concentration Soil Total N Soil CEC
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Means with similar letter(s) are not significantly different according to the Duncan’s test (P<0.05)
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Table (4) Variance analysis for the effect of different levels of zeolite and nitrogen on growth indices, yield and yield components of maize

Mean square Sla o S5ke Ol ok mlie
4> yd Source of variation
sy dlday 33 als O T
. I o als sluas I s = ¢3!
mszgl.q.:« I s ) I : A I sk éfﬁckd
Grain yield . Grain number - Cob Cob lenght Leaf Area (LA) (af)
y Row number in cob Grain weight  diameter Y
in cob in cob
0.85™ 2.03™ 2787™ 195.9™ 0.17™ 1.65™ 6274™ Y Block <S4k,
217" 0.57™ 24607"™ 614.2 0.61™ 317" 215716~ ¥ Zeolite &J 5
| & Lo
0.049 1.93 14140 252.5 0.176 1.72 85091 4 Sl s
Main plot error
3.43" 0.61" 4145™ 201.1" 0.174" 3.53" 159009 ¥ Nitrogen &3
Kk * * * Kk o L) \:Mj 5
1.78 1.21™ 14457 314.4 0.162" 2.77 76322 \Y OIS =S
Zeolitex Nitrogen
0.26 115 5142 123.4 0.13 1.11 1058 Y FpES s
Sub plot error
- | .. — .
15.4 7.04 16.5 17.1 8.70 10.7 19.6 - At

Coefficient of variation (%)

*  *% g

Ao y30 ) dblc}d_ﬂ)})‘}&ﬁ})‘}ﬁﬁ%ﬁ‘\i 5 ¢
", **and * are non-significant and significant at the probability level of 1 and 5%, respectively.
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Table (5) Mean comparison of the effects of zeolite and nitrogen on leaf area and cob lenght

OS> ) Sl 53,28 o
Zeolte levels (ton ha™) 0597538 o
15 10 5 0 (S 53 ¢ 5 kS
(o Aasl) & o Nitrogen level (kg ha™)
Leaf Area (cm?)
1443% 1425° 1285 1075’ 0
1524° 1495 1347" 1165" 50
1589" 1567" 1475% 1190" 100
17217 1684° 1493° 1280 150
1726° 1702 1514° 1290 200
(e ssle) I Jsb
cob length (cm)
15.1% 14.9% 14.7% 14.49 0
15.7% 15.6% 15.1 14.8" 50
16.9® 16.8%* 15.6%f 15.3%f 100
17.8° 17.5° 16.3™ 15.9% 150
17.9° 17.7° 16.5° 16.1% 200

A, (P<0.05) (515 e Ml oSSl 050 5T olsl s oS 2 Cog o (61l LgL»aiJL_.a
Means with similar letter(s) are not significantly different according to the Duncan’s test (P<0.05)

o) S 55308 pakass sy S 85 S o
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Cobe 3 ol Ol 58 S5 0 Glasles
G0 5V 3l o ST 0552 5,18 Calles
Soldgme ssba 6l 5 Slas » S LSS s
5 e ol LS RSy cbdﬂ 5
S 5 510 5 Ve slales sl a5
(F Jsaz) 35 Slsgme LT I s
o3litel I g5 508 ldie Hles S Ol5 e 2l pl
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Table (5) Mean comparison of the effects of zeolite and nitrogen on plant yield and yield components

()&A)’J)‘;“:}};).’jf)l;ch’“
Zeolte levels (ton ha™) 03375 5 )8 pebawr
15 10 5 0 (LS s p 85k

N 53 &l sl Nitrogen level (kg ha™)

Grain number in cob

462.7% 458.4% 401.2 385.3° 0
497.3" 486.5™ 414.5% 405.2" 50
518.4° 508.4° 438.2% 428.5% 100
554.2° 545.7° 467.5% 456.7¢ 150
569.1% 557.8° 475.9° 467.8% 200
((’J?) I 5> 4ils 05
Grain weight in cob (g)
90.2%" 85.3" 77.8" 71.5¢ 0
99.5¢ 97.3%™ 91,5 84.4" 50
108.2° 105.8 99.4% 93.2"" 100
116.4% 115.7%* 108.3"¢ 98.5% 150
120.4% 119.2° 110.6™ 101.9% 200
O s ) ails > Shes
Grain yield (ton ha™)
6.62°" 6.44°1 5.98" 5.72' 0
6.92% 6.72%" 6.48°™ 6.17%" 50
7.38>¢ 7.27% 6.94% 6.76" 100
8.04° 7.93° 7.52" 7.41% 150
8.11° 7.98° 7.64° 7.49™ 200

15 (P<O.05) (513 cme (oMl 5ST1s 090 5T ol 2 S 2ie g o (61,1 (sl KL
Means with similar letter(s) are not significantly different according to the Duncan’s test (P<0.05)
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Figure(4) Mean comparison of the interaction effect of zeolite (0, 5, 10 and 15 ton ha™") and nitrogen (50,
100, 150 and 200 kg ha™) on nitrogen use efficiency (NUE)

515 (P<0.05) (5,15 gme oD ng\: Slaals dim 05057 ol s &S 2t g o (51l éuﬁg
Means with similar letter(s) are not significantly different according to the Duncan’s test (P<0.05)
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