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Abstract: With the increasing scarcity of water resources and growing population, the dual goal of saving irrigation water and 

increasing grain yield has become a major challenge in rice production around the world.  A two-year lysimetric experiment 

was conducted to assess the effects of zeolite application (Z0: 0 and Z1: 15 t/hm2) and water regimes (W0: continuous flooding 

irrigation, W1: energy-controlled irrigation, W2: alternate wetting and drying irrigation) on grain yield, water use and total 

nitrogen uptake of rice.  Zeolite addition to paddy field significantly increased grain yield, total N uptake, and water use 

efficiency (WUE), despite a negligible effect on amount of irrigation water used.  Compared with W0, the separate use of W1 

and W2 each considerably decreased irrigation water.  However, W2-grown rice showed a significant decline in grain yield.  

In contrast, W1 showed comparable grain yield with W0, and achieved the highest WUE.  Correlation analysis revealed that 

grain yield was significantly and positively correlated with effective panicles, spikelets per panicle, water consumption, and 

total N uptake.  It is concluded that the combination of zeolite application at the rate of 15 t/hm2 and energy-controlled 

irrigation could be recommended to benefit farmers by reducing irrigation water while improving grain yield on a clay loam 

soil. 
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1  Introduction

 

In order to cope with the increasing water scarcity, a number of 

water-saving methods have been developed to decrease irrigation 

water and improve water use efficiency in rice production system, 

such as saturated soil culture[1], aerobic rice[2], system of rice 

intensification[3], non-flooded mulching cultivation[4], alternate 

wetting and drying irrigation (AWD)[5,6], etc.  Among these 

methods, AWD is the most widely used worldwide, especially in 

China.  In AWD treatment, the field does not need to be kept 

submerged all the time but is allowed to dry out to some degree 

when soil water potential reach –10 kPa to –30 kPa before it is 

re-flooded during the whole rice growing season[7,8].  Many 

studies have demonstrated that AWD could indeed save irrigation 

water and improve water use efficiency compared with traditional 

flood irrigation[5,8,9], but the effect of AWD on rice yield was still 

in debate.  Some studies have shown that the adoption of AWD 

could maintain[9] or even increase rice yield[10].  While Bouman 

and Tuong[5] summarized 31 published researches on AWD and 

concluded that 92% of the AWD treatments lead to yield decrease 
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compared with continuously flooded treatment.  Whether AWD 

could obtain the win-win goal of saving irrigation water and 

increasing rice grain yield is still a challenge faced by most 

researchers[11].  In many studies, the threshold of AWD was set as 

a fixed value during the whole rice growing season; this may cause 

rice to suffer from drought stress when it comes to the key water 

requirement stage and eventually lead to yield reduction.  It is 

reported that rice yield reductions occurred ranging from 10%-40% 

when soil water potentials at 10-20 cm depth reached –10 kPa to 

–30 kPa before the field was reflooded[5].  Wiangsamut[12] 

reported a yield decline of more than 30% compared with 

continuous flood irrigation in Tarlac Province, Philippines, when 

soil water potential reached –30 kPa before the irrigation was 

applied.  In some previous reports, the observed yield decline was 

resulted from the reduction in dry matter production, panicle and 

spikelet number, and 1000-grain weight when the thresholds were 

within a range from –20 kPa to –30 kPa[13,14].  Chi et al.[15] 

proposed a water-saving method in 2003, which called 

energy-controlled irrigation and farmers could achieve the dual 

goal of saving irrigation water and increasing rice yield.  In 

energy-controlled irrigation, the threshold for irrigation is not 

constant, but is varied with the sensitivity of rice to water stress at 

specific growth stage. 

The AWD may also impact grain yield through altering 

nitrogen cycle in rice system[16].  Under AWD irrigation, the soil 

is alternately submerged and non-submerged, which lead to aerobic 

and anaerobic conditions.  During the aerobic period, ammonia 

nitrogen is prone to be nitrified due to the availability of oxygen in 

the soil.  And the nitrification process provides nitrate nitrogen for 

denitrification when the soil is rewetting again[17].  Accordingly, 

the alternate wetting and drying cycle increased the nitrogen loss 

by accelerating nitrification-denitrification processes.  The 
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nitrogen loss not only lead to low nitrogen use efficiency, but also 

cause serious environmental risk such as eutrophication, 

groundwater pollution, emission of greenhouse gases and so on[18].  

In order to improve N use efficiency and increase rice yield, many 

N-saving techniques have been developed, i.e. N fertilizer split 

application, application of controlled-release N fertilizers, and 

adoption of soil amendments.  Recently, zeolite has been widely 

used in agriculture as inorganic soil amendment to decrease N 

leaching, improve N use efficiency and increase crop yield.  

Zeolites are crystalline hydrated aluminosilicates materials, 

characterized by high cation exchange capacity, high adsorption 

capacity and water holding capacity which have promoted their 

widespread use in agriculture[19].  The high affinity of zeolite for 

plant nutrients especially NH4
+ have made it to be used to improve 

soil nitrogen retention and nitrogen availability to plants.  Zeolites 

have been reported to improve N use efficiency and increase yield 

of many crops such as spinach[20], canola[21], corn[22] and rice[23,24].  

Although there were many studies about the effects of zeolite 

application on agronomic characters of rice under continuous flood 

irrigation, few studies have looked into its effect on rice under 

AWD.  In addition, zeolite could also improve water use 

efficiency by increasing soil water retention capacity and water 

availability to plants[25].  Natural zeolites have been proved to 

increase crop water use efficiency[26].  Hazrati et al.[27] reported 

that zeolite application rate of 8 g/kg significantly increased Water 

use efficiency (WUE) of A. vera and obtained the highest value.  

Ozbahce et al.[28] found that the zeolite dose of 90 t/hm2 and the 

irrigation levels at 100% ET obtained the highest WUE of common 

bean.  Abdi et al.[29] reported that zeolite application increased the 

WUE of strawberry.  Zeolite also has the capacity to retain water 

in itself and therefore increases the water availability to plant under 

water stress[30].  Hence, whether the combination of zeolite 

application and AWD irrigation could further reduce irrigation 

water, alleviate N loss, and increase rice grain yield should be 

confirmed and studied. 

The objective of this study was to investigate the effect of 

zeolite application on rice grain yield, water use efficiency and 

total nitrogen uptake under alternate wetting and drying irrigation.  

It is hypothesized that the combination of zeolite and 

energy-controlled irrigation may increase rice yield, total N uptake, 

reduce water use and improve water use efficiency.  Furthermore, 

the effect of zeolite application and water regimes on shoot and 

root dry weight, soil total nitrogen and cation exchange capacity 

(CEC) were also evaluated. 

2  Materials and methods 

2.1  Site description and materials 

The experiment was conducted in non-weighing lysimeters at 

the Liaoning Provincial Key Station for Agricultural Irrigation 

Research, Shenyang, China (42°08′57″N, 120°30′45″E, 47 m 

altitude).  The study area has a temperate continental monsoon 

climate with 7.5C average annual air temperature.  Average 

annual rainfall is 672.9 mm, with the main rainy season lasting 

from June to September.  The soil of experimental field was a clay 

loam soil with organic matter of 22.30 g/kg, alkali hydrolysable N 

of 75.41 mg/kg, Olsen-P of   18.39 mg/kg, exchangeable K of 

81.28 mg/kg, total N of 0.78 g/kg, total P of 0.48 g/kg, total K of 

21.90 g/kg, and pH of 7.4 (soil/water, 1:2.5).  The saturated soil 

water contents (v/v) is 42.2%, and bulk density of the soil is   

1.50 g/cm. 

Shennong 9765 (Oryza sativa. L), a predominant local  

middle-late season rice cultivar bred by the Rice Research Institute 

of Shenyang Agricultural University was used, which characterized 

by high yield, good quality and strong resistance to diseases[31].  

The chemical fertilizer used were urea (46% N) as N fertilizer, 

superphosphate (12% P2O5) as P fertilizer, and potassium sulfate 

(50% K2O) as K fertilizer, respectively.  Zeolite (particle size 

between 0.18 mm and 0.38 mm) containing a high percentage of 

clinoptilolite was obtained from a quarry in Faku County, Liaoning 

Province, China.  The chemical content of zeolite is listed in Table 1. 
 

Table 1  Chemical content of zeolite 

Chemical content Percentage/% Chemical content Percentage/% 

SiO2 65.56 Na2O 0.39 

Al2O3 10.62 K2O 2.87 

Fe2O3 0.63 TiO2 0.069 

FeO 0.09 P2O5 0.001 

MgO 0.82 MnO 0.01 

CaO 2.59 Ignition loss 16.59 

H2O 8.16   
 

2.2  Experimental design 

The experiment was laid out in a split-plot design with three 

replications during the rice growing season (from May to October) 

in 2014 and 2015.  Zeolite amendment (Z0: 0 and Z1: 15 t/hm2) 

was main plot.  Zeolite application rate of 15 t/hm2 in this study 

was recommended by Chen et al.[32], who reported that zeolite 

addition to paddy field at the rate of 10-15 t/hm2 was the most 

effective to increase rice grain yield in the same province.  Within 

each of these main plots, the sub-plots were subjected to three 

water regimes (W0: continuous flooding irrigation; W1: 

energy-controlled irrigation[15] and W2: alternate wetting and 

drying irrigation).  The lysimeter was 2.5 m × 2 m in size and had 

a depth of 1.8 m under an automatic rain shelter.  The impact of 

rainfall was avoided using the automatic rain shelter to rigorously 

control the soil water content in the plot.  Each plot was 

individually irrigated using a pipeline with a water meter installed.  

Zeolite was applied to the puddled plots and mixed into the soil by 

rake.  In order to study the long-term effect of zeolite application, 

zeolite was only applied in the first year.  In W0 treatment, the 

fields were continually flooded with a 1-5 cm water level until one 

week before harvest.  In both W1 and W2 treatment, the fields 

were kept flooded with a 3-5 cm and 1-3 cm water depth for the 

first 7-10 d after transplanting.  Thereafter, W1 and W2 were 

managed differently.  In W1 treatment, the fields were left drying 

before reflooding base on the threshold of the soil water potentials 

in specific growth stage.  While in W2 treatment, the fields were 

left drying before reflooding until the soil water potentials reached 

to –15 kPa.  The details for the three water regimes are listed in 

Table 2.  In addition, when necessary farm work such as pesticide 

and fertilizer was applied, the plot must keep standing water for a 

few days. 

Rice was seeded on 25 April in 2014 and 30 April in 2015, and 

transplanted at a hill spacing of 30 cm × 15 cm with four seedlings 

per hill on 20 May in 2014 and 24 May in 2015, respectively.  

Fertilizer management was based mainly on local farmers’ 

practices.  N as urea (210 kg N/hm2) was applied in three parts: 

43% as basal, 43% at tillering and 14% at panicle initiation.  

Potassium (75 kg K2O/hm2) was applied in two parts: 50% as basal 

and 50% at tillering.  Phosphorus (60 kg P2O5/hm2) was applied 

as basal dressing.  Weeds, insects and diseases management were 

all in agreement with the local farmers’ practices.  No noticeable 
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crop damage from weeds, insects and diseases was observed in the 

experiments in both years. 

Table 2  Water management for different growth stages under 

continuous flooding, energy-controlled and alternate wetting 

and drying irrigations 

Growth stages 

W0 W1 W2 

Water 

depth 

/cm 

Water 

depth 

/cm 

Soil water 

potential 

/kPa 

Water 

depth 

/cm 

Soil water 

potential 

/kPa 

Seedling recovery and 
initial tillering stage 

1-5 5-3 0 1-3 0 

Middle tillering stage 1-5 3-0 –5- –10 1-3 –15 

Late tillering stage 1-5 0 –25- –35 1-3 –15 

Jointing–booting stage 1-5 5-0 –5- –10 1-3 –15 

Heading–flowering stage 1-5 5-0 –5- –10 1-3 –15 

Milky ripening stage 1-5 3-0 –10- –20 1-3 –15 

Yellow ripening stage drying drying / drying / 

Notes: W0, W1 and W2 represent continuous flooding irrigation, energy-controlled 

irrigation, and alternate wetting and drying irrigation, respectively. 
 

2.3  Measurements and calculations 

Tensiometers (made by Institute of Soil Science of Chinese 

Academy of Sciences, Nanjing, China) were installed at W1 and W2 

treatment plots to monitor the soil water potentials.  It was 

measured daily at 8:00 and 14:00.  Under W1 and W2 treatment, 

the plot was irrigated to the depths shown in Table 2, when the soil 

water potential reached the corresponding threshold for each 

specific growth stage.  The volume of irrigation water was 

measured by the water meter installed in the irrigation pipeline.  

Water percolation was simulated by releasing 2.0 mm H2O per day 

through the drainage system of the lysimeter.  Each plot was 

irrigated and drained independently. 

WUE, kg/m3, was calculated as the ratio of grain yield to water 

consumption.  Water consumption was calculated using Equation 

(1) as follow[32]:  

WT = P + I + K + (θ0 – θY)              (1) 

where, WT is crop water consumption, mm; P is precipitation, mm; 

I is total irrigation water amount, mm; K is groundwater recharge, 

mm; θ0 and θY is soil water storage of the plot before land soaking 

and after harvesting, respectively.  Since the lysimeter is equipped 

with automatic rain shelter to avoid precipitation and has a closed 

bottom, P and K are both zero.  The difference between θ0 and θY 

is calculated using Equation (2) as follow: 

θ0 – θY = IY – I0                  (2) 

where, I0 is the irrigation amount for land soaking to a water depth 

about 5 cm, and IY is the irrigation amount to obtain a water depth 

about 5 cm after harvesting, mm.  WUE is calculated using 

Equation (3) as follow: 

WUE = Y / WT                  (3) 

where, WUE is water use efficiency, and Y is rice grain yield. 

The crop was harvested manually on 19 and 17 September in 

2014 and 2015, respectively.  At physiological maturity, grain 

yield was measured from all the plants in each plot.  The 

aboveground total biomass was measured before the harvest day.  

Three plants with representation of average tiller numbers in each 

plot (eliminating the border effects) were sampled randomly.  The 

plants were cut at ground level and divided into three parts: stem, 

leaf and panicle.  For measurement of root biomass, the roots in 

soil were dug out by a spade (30 cm in length × 15 cm in width × 

20 cm in depth).  The roots were rinsed and then air dried.  All 

plant samples were oven-dried at 80C for 48 h to constant weight 

and weighted.  Plant samples were finely ground to pass a    

0.15 mm sieve, and then subsamples were taken for N content 

determination.  Tissue N content was determined by micro 

Kjeldahl digestion, distillation, and titration to calculate 

aboveground N uptake[33].  Aboveground total N uptake was 

computed from the sum of the dry matter and N concentration of 

the different plant parts.  Plants were harvested by hand and 

threshed by a hand-driven thresher.  Plants were air dried for 

about one week before grain yield being measured based on 14% 

moisture.  Yield components including effective panicles, 

spikelets per panicle, grain filling percentage, and 1000-grain 

weight were measured from 5 plants which were sampled randomly 

from each plot (avoid border plants). 

After harvesting, surface soil sample were collected with a 

hand auger from 0 to 30 cm depth at 3 locations for each plot to 

determine soil total nitrogen and cation exchange capacity (CEC).  

Soil total nitrogen was determined by Kjeldahl method[33].  And 

CEC values were determined by the ammonium acetate method[34]. 

2.4  Statistical analysis 

All data (two-year average) were analyzed as a split-plot 

design by analysis of variances (ANOVA), using the SAS GLM 

procedure (SAS ver. 9.4).  Mean value for the three replicates 

were computed for all traits.  Treatment means were compared 

using Tukey’s HSD tests at the 5% statistical probability level.  

Spearman’s correlation analysis was used to reveal the correlated 

relationship among different traits. 

3  Results 

3.1  Growth conditions 

Figure 1 shows the daily precipitation and mean temperature 

from transplanting to harvest in both years.  The total precipitation 

was 231.7 mm in 2014 and   185.6 mm in 2015, respectively.  

Maximum daily precipitation was 37 mm at 25 August (97 DAT) 

in 2014 while was 25.8 mm at 8 June (15 DAT) in 2015.  The 

daily mean temperature during the growth season increased firstly 

and then decreased in both years.  Figure 2 shows the soil water 

potential measured at 15 cm depth in different water regimes 

during the whole growing season.  It declared that the expected 

water treatments were achieved.  In W2 treatment, the fluctuation 

of soil water potential is within –15 kPa.  And the threshold of 

soil water potential in W1 treatment varied with the growth stage.  

When the soil water potential in a plot reached the corresponding 

threshold, the plot was irrigated, and the soil water potential 

increased suddenly.  A lower soil water potential (reached to  

–25 kPa) occurred in W1 treatment during the late tillering stage. 

3.2  Shoot and root dry weight 

There were no significant interaction effects between zeolite 

application (Z) and water regimes (W) on shoot and root dry 

weight (Table 3).  Zeolite application had a significant effect on 

spike and root dry weight (DW).  Z1 treatment significantly 

increased spike and root DWs by 10.8% and 18.5%, respectively, 

as compared to Z0 (Table 4).  This indicated that application of 

zeolite could improve the shoot and root growth which might be 

related to the retention of water and nitrogen by zeolite.   

The effects of water regimes on leaf and spike DWs were 

highly significant (p<0.01).  Compared with W0 treatment, W1 

and W2 significantly reduced leaf DW (Table 4).  W1 did not 

differ from W2 in leaf DW, although a numerically higher leaf DW 

achieved compared to W2.  Spike DW was significantly decreased 

in W2 treatment compared with W0 or W1 treatment.  W2 reduced 

spike DW by 15.8% as compared to W0 treatment.  And there was 

no significant difference between W1 and W0 treatment in spike 

DW.  The highest root DW was obtained from W0 treatment, 



160   January, 2018                         Int J Agric & Biol Eng      Open Access at https://www.ijabe.org                         Vol. 11 No.1 

followed by W1 treatment, and W2 treatment.  However, the differences among them were insignificant. 

 
a. 2014  b. 2015 

 

Figure 1  Daily precipitation and mean temperature during the rice growing season in 2014 and 2015 in Shenyang, China 

 
a. 2014  b. 2015 

 

Figure 2  Soil water potential from transplanting to harvest of rice under different water regimes in 2014 and 2015 
 

 

Table 3  Analysis of variance for DW of rice 

Source of  

variation 
df 

MS 

Stem DW Leaf DW Spike DW Root DW 

Block 2 0.04
ns

 0.06
ns

 0.20
ns

 0.06
ns

 

Z 1 0.07
ns

 0.01
ns

 5.16
*
 0.83

*
 

Error(z) 2 0.56 0.14 0.23 0.02 

W 2 0.77
ns

 0.43
**

 5.98
**

 1.21
ns

 

Z*W 2 0.48
ns

 0.09
ns

 0.48
ns

 0.05
ns

 

Error(w) 8 0.30 0.02 0.19 0.33 

CV (%)  9.24 6.29 4.19 22.78 

Notes: *, ** and ns denote significant at the 5% and 1% probability levels and 

not significant, respectively.  Z-zeolite application, W-water regimes, 

CV-coefficient of variance, DW-dry weight. 

 

Table 4  Mean comparisons of zeolite and water regimes on 

DW of rice 

Main effects 
Stem 

DW/t∙hm
-2

 

Leaf 

DW/t∙hm
-2

 

Spike 

DW/t∙hm
-2

 

Root 

DW/t∙hm
-2

 

Zeolite application     

Z0 5.99a 2.46a 9.94b 2.32b 

Z1 5.86a 2.47a 11.01a 2.75a 

Water regimes     

W0 6.07a 2.74Aa 11.07Aa 2.95a 

W1 6.19a 2.44Bb 11.04Aa 2.60a 

W2 5.52a 2.21Bb 9.32Bb 2.06a 

Notes: In a column within the same factor, means followed by the same 

lowercase or capital letter are not significantly different at the 5% and 1% 

probability levels by Tukey’s HSD tests, respectively.  DW: dry weight. 
 

3.3  Grain yield and yield components 

Table 5 shows the ANOVA results of grain yield and yield 

components as affected by zeolite application and water regimes.  

No significant interaction effects between Z and W on grain yield, 

effective panicles, spikelets per panicle, grain filling percentage 

and 1000-grain weight were observed averaged over two years.  

Zeolite application had a significant effect on grain yield, effective 

panicles, and spikelets per panicle at the 5% probability level and 

1000-grain weight at the 1% probability level (Table 5).  The 

effect of zeolite application on grain filling percentage was 

insignificant.  Water regimes had a significant influence on grain 

yield and effective panicles at the 1% probability level, but did not 

impact spikelets per panicle, grain filling percentage, and 

1000-grain weight. 
 

Table 5  Analysis of variance for yield and yield components 

of rice 

Source of 
variation 

df 

MS 

Grain 

yield 

Effective 

panicles 

Spikelets per 

panicle 

Grain filling 

percentage 

1000-grain 

weight 

Block 2 0.18
ns

 3.27
ns

 5.93
ns

 0.50
ns

 0.08
ns

 

Z 1 2.52
*
 1.78

*
 1440.61

*
 3.01

ns
 0.72

**
 

Error(z) 2 0.08 0.08 49.48 0.19 0.01 

W 2 5.28
**

 24.82
**

 150.95
ns

 8.33
ns

 0.03
ns

 

Z*W 2 0.10
ns

 0.04
ns

 122.27
ns

 2.52
ns

 0.04
ns

 

Error(w) 8 0.07 0.98 73.21 1.94 0.32 

CV (%)  2.48 6.96 6.22 1.45 2.27 

Notes: *, **, and ns denote significant at the 5% and 1% probability levels and 

not significant, respectively.  Z: zeolite application, W: water regimes, CV: 

coefficient of variance. 
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Table 6 shows the mean comparisons of zeolite amendment and 

water regimes on grain yield and yield components.  Zeolite 

addition at the rate of 15 t/hm2 significantly increased grain yield 

by 7.5% compared with Z0 treatment.  Grain yield was also 

influenced by water regimes.  The shift from W0 to W2 irrigation 

negatively affected grain yield, decreasing grain yield by up to 

15.3%.  However, the shift from W0 to W1 irrigation did not show 

a measurable difference in grain yield.  Effective panicles, 

spikelets per panicle, and 1000-grain weight were all significantly 

increased with zeolite addition.  Z1 treatment increased effective 

panicles by 4.5%, spikelets per panicle by 13.9%, and 1000-grain 

weight by 1.6%, respectively, when compared with Z0 treatment.  

Despite an increase trend was observed, the effective panicles 

under W1 treatment did not differ from that under W0 treatment.  

However, a significant decrease in effective panicles was detected 

under W2 treatment.  Compared with W0 treatment, effective 

panicles under W2 treatment was declined by 19.2%. 
 

Table 6  Mean comparisons of zeolite and water regimes on 

yield and yield components of rice 

Main effects 
Grain 

yield/t∙hm
-2

 

Effective 

panicles 

Spikelets  

per panicle 

Grain filling 

percentage/% 

1000-grain 

weight/g 

Zeolite levels      

Z0 10.05b 13.89b 128.59b 96.35a 24.78Bb 

Z1 10.80a 14.52a 146.48a 95.53a 25.18Aa 

Water regimes      

W0 11.04Aa 14.78Aa 143.13a 94.64a 24.91a 

W1 10.89Aa 15.89Aa 136.01a 96.25a 24.98a 

W2 9.35Bb 11.94Bb 133.45a 96.94a 25.05a 

Notes: In a column within the same factor, means followed by the same 

lowercase or capital letter are not significantly different at the 5% and 1% 

probability levels by Tukey’s HSD tests, respectively. 
 

3.4  Total N uptake, soil total nitrogen and CEC 

Table 7 shows the ANOVA results of water consumption, 

WUE, soil total nitrogen, CEC and total N uptake as influenced by 

zeolite application and water regimes.  The interaction effects 

between Z and W on total N uptake, soil total nitrogen, and cation 

exchange capacity (CEC) were non-significant (Table 7).  Zeolite 

application had a significant effect on soil total nitrogen and total N 

uptake at the 5% probability level and CEC at the 1% probability 

level, respectively.  Water regimes had no significant effect on 

these traits. 
 

Table 7  Analysis of variance for water consumption, WUE,  

soil total nitrogen, CEC and total N uptake of rice 

Source of 

variation 
df 

MS 

Water 

consumption 
WUE 

Soil total 

nitrogen 
CEC 

Total N 

uptake 

Block 2 1470.3371
ns

 0.0050
ns

 0.0074
ns

 0.1511
ns

 124.8449
ns

 

Z 1 1966.4811
ns

 0.0593
*
 0.0355

*
 10.9041

**
 2646.9951

*
 

Error(z) 2 460.1971 0.0025 0.0012 0.0332 119.4197 

W 2 85505.7921
**

 0.0582
**

 0.0115
ns

 0.7670
ns

 148.5346
ns

 

Z×W 2 5785.3681
*
 0.0258

**
 0.0046

ns
 0.0295

ns
 99.6779

ns
 

Error(w) 8 1070.4920 0.0028 0.0042 0.6646 45.5913 

CV (%)  4.0316 4.0867 8.5952 4.9189 8.3939 

Notes: *, ** and ns denote significant at the 5% and 1% probability levels and 

not significant, respectively.  WUE and CEC represent water use efficiency and 

cation exchange capacity, respectively.  Z: zeolite application, W: water 

regimes, CV: coefficient of variance. 
 

Table 8 shows the mean comparisons of zeolite application and 

water regimes on water consumption, WUE, soil total nitrogen, 

CEC and total N uptake.  Soil total nitrogen under Z1 treatment 

was 0.80 g/kg, significantly higher than that under Z0 treatment 

with 0.71 g/kg (Table 8).  Water regimes did not alter the soil total 

nitrogen at the p<0.05 significant level.  Total N uptake was 

significantly affected by application of zeolite.  Zeolite addition at 

the rate of 15 t/hm2 increased  total N uptake by 35.5%.  

Comparing the water regimes, total N uptake was the highest under 

W0 treatment, and intermediate under W1 treatment, and the lowest 

under W2 treatment, while the differences among them were 

insignificant.  The topsoil CEC was significantly influenced by 

zeolite addition.  Zeolite addition increased CEC by 9.8% as 

compared to the zero-zeolite control.  Water regimes did not show 

a significant difference in CEC at the p<0.05 significant level. 
 

Table 8  Mean comparisons of zeolite and water regimes on 

water consumption, WUE, soil total nitrogen, CEC and total N 

uptake of rice 

Main  
effects 

Water  
consumption 

/mm 

WUE 
/kg∙m

-3
 

Soil total  
nitrogen 

/g∙kg
-1

 

CEC 
/cmol∙kg

-1
 

Total N  
uptake 

/kg∙hm
-2

 

Zeolite levels     

Z0 822.00a 1.24b 0.71b 15.80Bb 68.31b 

Z1 801.10a 1.35a 0.80a 17.35Aa 92.57a 

Water regimes     

W0 936.86Aa 1.18Bb 0.81a 16.71a 86.04a 

W1 798.65Bb 1.37Aa 0.73a 16.17a 78.78a 

W2 699.15Cc 1.34Aa 0.73a 16.84a 76.51a 

Notes: In a column within the same factor, means followed by the same 

lowercase or capital letter are not significantly different at the 5% and 1% 

probability levels by Tukey’s HSD tests, respectively.  WUE and CEC 

represent water use efficiency and cation exchange capacity, respectively. 
 

3.5  Water consumption and water use efficiency 

There were significant interaction effects between Z and W on 

water consumption and WUE (Table 7).  Zeolite application had a 

significant effect on WUE at the 5% probability level.  WUE was 

also affected by water regimes as well as the water consumption. 

Water consumption was numerically less under Z1 treatment 

than Z0 treatment, but the differences were insignificant (Table 8).  

Compared with W0 treatment, water consumption under W1 and W2 

treatment was reduced by 14.8% and 25.4%, respectively.  W2 

treatment required 12.5% less irrigation water than W1 treatment.  

Figure 3 indicated that water consumption was the lowest under 

Z0W2 treatment, and the highest under Z0W0 treatment.  Zeolite 

addition under W1 treatment required lower water use than Z0 under 

the same irrigation.  Under both W0 and W2 treatments, water 

consumption did not show significant differences between Z0 and 

Z1 treatment.  WUE was the highest under Z1W1 treatment, and 

the lowest under Z0W0 treatment (Figure 4).  In the Z0W0 

treatment, although grain yield was high, water consumption was 

the highest among all the treatments, hence obtaining the lowest 

WUE.  Zeolite addition under W0 and W1 treatments both resulted 

in enhanced WUE compared to non-zeolite control, while zeolite 

did not show any difference in WUE under W2 at the p<0.05 

significant level. 

3.6  Correlation studies 

The correlation coefficient among grain yield, yield 

components, water consumption, WUE, total N uptake and soil 

total nitrogen are shown in Table 9.  There were significantly 

positive correlations between grain yield and effective panicles, 

spikelets per panicle, water consumption, total N uptake and soil 

total nitrogen.  Among these indexes, effective panicles were most 

significantly positive related to grain yield with correlation 
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coefficient of 0.85.  In addition, spikelets per panicle showed 

significantly positive correlations with total N uptake and soil total 

nitrogen.  Total N uptake showed significantly positive correlation 

with soil total nitrogen.  This indicated that increase of total N 

uptake was related to the increase of soil total nitrogen induced by 

addition of zeolite. 

 
Figure 3  Interaction effects between zeolite application and water 

regimes on water consumption (2-year mean) 

 
Figure 4  Interaction effects between zeolite application and water 

regimes on water use efficiency (2- year mean) 
 
 

Table 9  Correlation analysis among grain yield, yield 

components, water consumption, water use efficiency, total N 

uptake and soil total nitrogen 

Traits GY EP SP GFP TGW WC WUE TNU STN 

GY 1         

EP 0.85
**

 1        

SP 0.46
*
 0.05

ns
 1       

GFP -0.56
*
 -0.40

ns
 -0.45

ns
 1      

TGW 0.21
ns

 0.23
ns

 0.30
ns

 -0.33
ns

 1     

WC 0.61
**

 0.52
ns

 0.10
ns

 -0.52
*
 -0.01

ns
 1    

WUE -0.01
ns

 -0.01
ns

 0.25
ns

 0.17
ns

 0.29
ns

 -0.76
**

 1   

TNU 0.60
**

 0.32
ns

 0.74
**

 -0.61
**

 0.46
ns

 0.19
ns

 0.25
ns

 1  

STN 0.56
*
 0.35

ns
 0.71

**
 -0.55

*
 0.36

ns
 0.11

ns
 0.27

ns
 0.75

**
 1 

Notes: *, ** and ns denote significance at 5%, and 1% level of probability and 

non-significance, respectively.  GY, EP, SP, GFP, TGW, WC, WUE, TNU and 

STN represent grain yield, effective panicles, spikelets per panicle, grain filling 

percentage, 1000-grain weight, water consumption, water use efficiency, total N 

uptake and soil total nitrogen, respectively. 

4  Discussion 

4.1  Effects of zeolite application and water regimes on grain 

yield 

Due to the high selectivity of zeolite for large cations, 

especially for NH4
+, it has been widely used in crop production to 

improve nitrogen use efficiency and increase grain yield.  By 

applying zeolite as a soil conditioner, the yield of carrots, eggplant, 

apples, and wheat were significantly increased by 63%, 19%-55%, 

13%-38% and 13%-15%, respectively, only by adding 4-8 t of 

zeolite per acre[35].  Kavoosi[24] reported that mixture of zeolite at 

a rate of 8 t/hm2 and N as urea at a rate of 60 kg/hm2 in a 

light-textured soil significantly increased rice grain yield.  

Sepaskhah and Barzegar[23] also showed that N application rate of 

80 kg/hm2 and zeolite application rate of 4 t/hm2 could obtain the 

highest grain yield.  Wu et al.[36] reported that zeolite application 

rate of 10 t/hm2 mixed with N application rate of 157.5 kg/hm2 

significantly improved rice grain yield compared with conventional 

nitrogen management.  In the present study, Z1 with zeolite 

application rate of 15 t/hm2 significantly increased grain yield by 

7.5% compared with Z0 without addition of zeolite.  Z1 treatment 

also significantly increased effective panicles, spikelets per panicle 

and 1000-grain weight compared with Z0.  These traits were yield 

components and the increment of them contribute to the increase of 

grain yield.  Majid et al.[37], Gül et al.[38] and Polat et al.[39] 

reported similar results about positive effects of zeolite on yield 

and yield components of crop.  The increase of grain yield could 

be attributed to reduced nitrogen leaching and increased water 

holding capacity in soil in the presence of zeolite which improved 

the nitrogen and water availability for rice growth. 

In order to save irrigation water and maintain rice yield 

simultaneously, lots of water-saving methods have been put 

forward.  Among most of the methods, AWD has been most 

widely used in rice production.  However, the effect of AWD on 

grain yield still remains debatable, the different results might be 

attributed to many reasons, such as frequency and duration of water 

stress, soil hydrological conditions and N fertilizer management[40].  

In the present study, W2 treatment reduced grain yield by 15.3% 

compared with W0, while W1 treatment obtained the comparable 

grain yield with W0.  This indicated that W1 treatment could not 

only save irrigation water, but also maintain rice grain yield 

compared with continuous flooding irrigation which is similar to 

the results of Chi et al.[15]  Due to the variable sensitivity of rice to 

soil drying at different growth stages[8], the thresholds for irrigation 

should be adapted to a specific growth stage.  Under W1 treatment, 

the thresholds for irrigation are varied with the sensitivity of rice to 

water stress in different growth stage.  For example, under W1 

treatment, rice was not so sensitive to water stress in late tillering 

stage, the thresholds for irrigation set between –25 kPa to –35 kPa 

could kill unproductive tillers which could decrease nutrient and 

water requirement in formation of unproductive tillers, therefore 

more nutrient and water could be absorbed by productive tillers.  

In heading-flowering stage, rice was sensitive to water stress which 

could lead to the risk of spikelet sterility[41], the thresholds for 

irrigation was set between –5 kPa to –10 kPa in which the water 

stress was not so severe as –15 kPa under W2 treatment, so the 

grain-filling process would not be severely affected.  As a result, 

rice grain yield under W1 treatment could be improved as compared 

to W2.  Hence, W1 treatment could be recommended as an 

efficient water management to save irrigation water and maintain 

high grain yield in the rice production of this area. 

4.2  Effects of zeolite application and water regimes on water 

use efficiency 

WUE is defined as the ratio of grain yield to water 

consumption.  Due to a high porosity of the crystalline structure 

of zeolite, it may hold water up to 60% of their weight[39].  Zeolite 
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could save water by increasing the water holding capacity of soil 

and its availability to plants[25].  Soil water availability is one of 

the most important factors that influence plant growth and crop 

yield[42].  Al-Busaidi et al.[43] applied zeolite at a rate of 5 kg/m2 to 

sand, finding that soil water content was increased about 2.5% to 

4.8% compared with control.  Sepaskhah and Barzegar[23] reported 

that zeolite application rates of 8 t/hm2 and N application rate of   

80 kg/hm2 could obtain the highest WUE.  Abdi et al.[29] indicated 

that application of zeolite at 3 g/kg to soil increased WUE as 

compared to unamended treatment.  In the present study, WUE 

under Z1 treatment was increased by 8.9% in comparison to Z0.  

This might be due to the fact that on one hand zeolite could 

improve total N uptake and increase grain yield, on the other hand 

it could increase soil water retention and decrease water 

consumption.  Hence, under zeolite addition, the increase of grain 

yield and decrease of water consumption lead to the improved WUE.  

It is urgently necessary to improve WUE in crop production 

and promote sustainable utilization of water resources[44].  A large 

number of studies about AWD compared with continuous flooding 

irrigation had been conducted in many Asia countries such as 

China, India and the Philippines[9,45,46], indicating that AWD indeed 

had high water-saving potential.  Yao et al.[9] reported that AWD 

saved 24% and 38% irrigation water in 2009 and 2010, respectively.  

Belder et al.[40] found that AWD reduced water input by 15%-30% 

in comparison to CF.  Similar results were observed in the present 

study, compared with W0 treatment, W1 and W2 decreased 

irrigation water by 14.8% and 25.4%, respectively.  Though 

considerable water-saving potential and WUE, W2 resulted in a 

significant decline in yield.  However, the use of W1 not only 

achieved a comparable water-saving like W2, but also maintained 

an acceptable yield performance like W0, and attained the highest 

WUE among the three irrigations.  There were significant 

interaction effects between Z and W on WUE.  Figure 4 shows 

that under W0 or W1 treatment, Z1 significantly improved WUE as 

compared to Z0.  While in the case of W2 treatment, WUE under 

Z1 was not significantly different from that under Z0.  Figure 3 

shows that water consumption under Z1W2 was less than under 

Z1W1.  However, WUE under Z1W2 was significantly lower than 

under Z1W1.  It may be due to the addition of zeolite resulted in 

more yield increase under W1 than under W2.  It also indicated 

that zeolite application could better alleviate the adverse effect of 

water stress on rice growth and increase grain yield under W1 

treatment.  Therefore, compared with Z0W0 (the conventional 

water management) treatment, Z1W1 treatment could be considered 

as a water-efficient management to obtain a higher WUE in rice 

production. 

4.3  Effects of zeolite application on N uptake of rice 

As the most widely used fertilizer in the world, nitrogen is an 

important limiting factor for crop growth.  Increasing nitrogen 

fertilizer application rate has been a major method to improve crop 

yield.  Farmers try to use excessive nitrogen fertilizer to obtain 

higher crop yield.  Large amounts of N inputs have resulted in low 

N use efficiency which consequently caused serious environment 

risk, such as eutrophication, groundwater pollution, and emission 

of ammonia and greenhouse gases[47,48].  Zeolite have been 

reported as soil amendment to decrease N leaching, increase N use 

efficiency and minimize environmental pollution[49]. 

There are lots of studies in literature indicating the increased N 

uptake in plant when urea is utilized together with zeolite.  Ahmed 

et al.[50] reported that application of inorganic fertilizers mixed with 

zeolite significantly improved N uptake in maize tissue compared 

with treatment without zeolite addition.  Majid et al.[37] reported 

that application of zeolite at a rate of 9 t/hm2 significantly 

decreased nitrate leaching compared with control.  Gül et al.[38] 

indicated that application of zeolite resulted in increased plant 

growth and higher N and K contents in plant tissues.  Kavoosi[24] 

indicated that mixture of zeolite at a rate of 8 t/hm2 or 16 t/hm2 and 

N as urea at a rate of 60 kg/hm2 obtained higher N uptake by grain 

and straw than control.  In the present study, Z1 with zeolite 

application rate of 15 t/hm2 and traditional N fertilizer application 

rates obtained a 35.5% higher total N uptake than Z0 without 

zeolite addition.  This resulted from the unique character of 

zeolite that influenced soil CEC and in turn increased the NH4
+ 

absorption and decreased N loss induced by leaching.  There were 

no significant interaction effects between water regimes and zeolite 

application on total N uptake.  Hence, Z1W1 treatment could be 

recommended to obtain a higher total N uptake and achieve a 

higher grain yield. 

5  Conclusions 

In the present study, it is concluded that zeolite application 

significantly increased grain yield, WUE and total N uptake, and 

negligibly reduced water consumption.  W1 treatment obtained 

comparable grain yield with W0, while W2 treatment significantly 

reduced grain yield as compared to W0.  Both W1 and W2 

treatment remarkably decreased water consumption and improved 

WUE and W1 treatment achieved the highest WUE.  No 

significant effect of water regimes on total N uptake was observed.  

There were significant interaction effects between zeolite 

application and water regimes on water consumption and WUE.  

Z1W1 treatment obtained the highest WUE.  The combined Z1 and 

W1 treatment enhanced spike and root dry weight, effective 

panicles, spikelets per panicle, and 1000-grain weight, all of which 

contributed to increased grain yield, and consequently improved 

WUE and total N uptake with the decreased water consumption by 

W1 treatment and enhanced N retention by zeolite addition.  

Therefore, the results implied that the combined Z1 (zeolite 

application of 15 t/hm2) and W1 (energy-controlled irrigation) 

treatment could be recommended to increase rice grain yield, 

reduce irrigation water and improve WUE on a clay loam soil. 

 

Acknowledgements 

This study was financially supported by the National Natural 

Science Foundation of China (51679142, 51709173), and the 

Special Fund for Agro-scientific Research in the Public Interest 

from the Ministry of Agriculture, China (201303125). 

 

[References] 
[1] Kima A S, Chung W G, Wang Y M.  Improving irrigated lowland rice 

water use efficiency under saturated soil culture for adoption in tropical 

climate conditions.  Water, 2014; 6(9): 2830–2846. 

[2] Nie L X, Peng S B, Chen M X, Farooq S, Huang J L, Cui K H, et al.  

Aerobic rice for water-saving agriculture: A review.  Agronomy for 

Sustainable Development, 2012; 32(2): 411–418. 

[3] Berkhout E, Glover D, Kuyvenhoven A.  On-farm impact of the system of 

rice intensification (SRI): Evidence and knowledge gaps.  Agricultural 

Systems, 2015; 132: 157–166. 

[4] Qin J, Wang X, Hu F, Li H.  Growth and physiological performance 

responses to drought stress under non-flooded rice cultivation with straw 

mulching.  Plant Soil Environ., 2010; 56(2): 51–59. 

[5] Bouman B A M, Tuong T P.  Field water management to save water and 

increase its productivity in irrigated lowland rice.  Agric. Water Manage, 

2001; 49(1): 11–30. 

[6] Nalley L, Linquist B, Kovacs K, Anders M.  The economic viability of 



164   January, 2018                         Int J Agric & Biol Eng      Open Access at https://www.ijabe.org                         Vol. 11 No.1 

alternative wetting and drying irrigation in Arkansas rice production.  

Agronomy Journal, 2015; 107(2): 579–587. 

[7] Lampayan R M, Rejesus R M, Singleton G R, Bouman B A M.  Adoption 

and economics of alternate wetting and drying water management for 

irrigated lowland rice.  Field Crops Research, 2015; 170: 95–108. 

[8] Yang J C, Liu K, Wang Z Q, Du Y, Zhang J H.  Water-saving and 

high-yielding irrigation for lowland rice by controlling limiting values of 

soil water potential.  Journal of Integrative Plant Biology, 2007; 49(10): 

1445–1454. 

[9] Yao F X, Huang J L, Cui K H, Nie L X, Xiang J, Liu X J, et al.  

Agronomic performance of high-yielding rice variety grown under alternate 

wetting and drying irrigation.  Field Crops Res, 2012; 126: 16–22. 

[10] Liu L J, Chen T T, Wang Z Q, Zhang H, Yang J C, Zhang J H.  

Combination of site-specific nitrogen management and alternate wetting 

and drying irrigation increases grain yield and nitrogen and water use 

efficiency in super rice.  Field Crops Res, 2013; 154: 226–235. 

[11] Tabbal D F, Bouman B A M, Bhuiyan S I, Sibayan E B, Sattar M A.  

On-farm strategies for reducing water input in irrigated rice: case studies in 

the Philippines.  Agricultural Water Management, 2002; 56(2): 93–112. 

[12] Wiangsamut B.  Water-saving method in irrigated rice fields in Tarlac, 

Philippines.  Unpublished PhD dissertation.  Los Baños, Laguna: 

University of the Philippines, 2010, 4. 159 p. 

[13] Li Y H.  Research and practice of water-saving irrigation for rice in China.  

In: Barker R, Loeve R, Li Y H, Tuong T P (Eds.), editors.  Proceedings of 

an International Workshop on Water-Saving Irrigation for Rice. 23-25 

March, 2001, Wuhan, China, pp. 135–144. 

[14] Lu J, Ookawa T, Hirasawa T.  The effects of irrigation regimes on the 

water use, dry matter production, and physiological responses of paddy rice.  

Plant and Soil, 2000; 223(1): 209–218. 

[15] Chi D C, Wang X, Zhang Y L, Xia G M.  Suitable irrigation scheme and 

soil water potential criteria for water-saving and high-yield in paddy rice.  

Journal of Irrigation and Drainage, 2003; 22(4): 39–42. (in Chinese) 

[16] Dong N M, Brandt K K, Sørensen J, Hung N N, Hach C V, Tan P S, et al.  

Effects of alternating wetting and drying versus continuous flooding on 

fertilizer nitrogen fate in rice fields in the Mekong Delta, Vietnam.  Soil 

Biology & Biochemistry, 2012; 47: 166–174. 

[17] Tan X Z, Shao D G, Liu H H, Yang F S, Xian C, Yang H D.  Effects of 

alternate wetting and drying irrigation on percolation and nitrogen leaching 

in paddy fields.  Paddy and Water Environment, 2013; 11(1-4): 381–395. 

[18] Ju X T, Xing G X, Chen X P, Zhang S L, Zhang L J, Liu X J, et al.  

Reducing environmental risk by improving N management in intensive 

Chinese agricultural systems.  Proc. Natl. Acad. Sci, 2009; 106(9): 

3041–3046. 

[19] Sfechiş S, Vidican R, Şandor M, Stoian V, Şandor V, Muste B.  Using 

assessment of zeolite amendments in agriculture.  ProEnvironment, 2015; 

8(21): 85–88. 

[20] Li Z, Zhang Y, Li Y.  Zeolite as slow release fertilizer on spinach yields 

and quality in a greenhouse test.  Journal of Plant Nutrition, 2013; 36(10): 

1496–1505. 

[21] Bybordi A, Ebrahimian E.  Growth, yield and quality components of 

canola fertilized with urea and zeolite.  Communications in Soil Science 

and Plant Analysis, 2013; 44(19): 2896–2915. 

[22] Bernardi A C C, de Souza G B, Polidoro J C, Paiva P R P, de Mello Monte 

M B.  Yield, quality components, and nitrogen levels of silage corn 

fertilized with urea and zeolite.  Communications in Soil Science and 

Plant Analysis, 2011; 42(11): 1266–1275. 

[23] Sepaskhah A R, Barzegar M.  Yield, water and nitrogen-use responses of 

rice to zeolite and nitrogen fertilization in a semi-arid environment.  

Agricultural Water Management, 2010; 98(1): 38–44. 

[24] Kavoosi M.  Effects of zeolite application on rice yield, nitrogen recovery, 

and nitrogen use efficiency.  Communications in Soil Science and Plant 

Analysis, 2007; 38(1-2): 69–76. 

[25] He X B, Huang Z B.  Zeolite application for enhancing water infiltration 

and retention in loess soil.  Resources, Conservation and Recycling, 2001; 

34(1): 45–52. 

[26] Gholamhoseini M, Ghalavand A, Khodaei-Joghan A, Dolatabadian A, 

Zakikhani H, Farmanbar E.  Zeolite-amended cattle manure effects on 

sunflower yield, seed quality, water use efficiency and nutrient leaching.  

Soil & Tillage Research, 2013; 126(1): 193–202. 

[27] Hazrati S, Tahmasebi-Sarvestani Z, Mokhtassi-Bidgoli A, 

Modarres-Sanavy S A M, Mohammadi H, Nicola S.  Effects of zeolite and 

water stress on growth, yield and chemical compositions of Aloe vera L.  

Agricultural Water Management, 2017; 181: 66–72. 

[28] Ozbahce A, Tari A F, Gönülal E, Simsekli N, Padem H.  The effect of 

zeolite applications on yield components and nutrient uptake of common 

bean under water stress.  Archives of Agronomy & Soil Science, 2015; 

61(5): 615–626. 

[29] Abdi G, Khosh-Khui M, Eshghi S.  Effects of natural zeolite on growth 

and flowering of strawberry (Fragaria × ananassa Duch.).  International 

Journal of Agricultural Research, 2006; 1(4): 384–389. 

[30] Zahedi H, Noormohammadi G, Rad A H S, Habibi D, Boojar M M A.  The 

effects of zeolite and foliar applications of selenium on growth, yield and 

yield components of three canola cultivars under drought stress.  World 

Applied Sciences Journal, 2009; 7(2): 255–262. 

[31] Shen X Z.  Cultivation Techniques of Super Japonica Rice Qianchonglang 

2.  Agricultural Science & Technology and Equipment, 2012; 10: 1–3. (in 

Chinese) 

[32] Chen T T, Sun D H, Zhang X D, Wu Q, Zheng J L, Chi D C.  Impact of 

water-nitrogen coupling on grain yield, water and nitrogen usage in 

zeolite-amended paddy field under alternate wetting and drying irrigation.  

Transactions of the CSAE, 2016; 32(22): 154–162. (in Chinese) 

[33] Yoshida S, Forno D, Cock J, Gomez K.  Laboratory manual for 

physiological studies of rice.  International Rice Research Institute, The 

Philippines, 1976.  

[34] Bao S D.  Soil agro-chemistrical analysis.  Beijing: China Agriculture 

Press, 2000: 495 p. 

[35] Torri K.  Utilization of natural zeolites in Japan.  Natural Zeolites: 

Occurrence, Properties, Use, 1978; 441–450. 

[36] Wu Q, Xia G M, Chen T T, Chi D C, Jin Y, Sun D H.  Impacts of nitrogen 

and zeolite managements on yield and physicochemical properties of rice 

grain.  Int J Agric & Biol Eng, 2016; 9(5): 93–100. 

[37] Aghaalikhani M, Gholamhoseini M, Dolatabadian A, Khodaei-Joghan A, 

Asilan K S.  Zeolite influences on nitrate leaching, nitrogen-use efficiency, 

yield and yield components of canola in sandy soil.  Archives of 

Agronomy and Soil Science, 2012; 58(10): 1149–1169. 

[38] Gül A, Eroğul D, Ongun A R.  Comparison of the use of zeolite and 

perlite as substrate for crisp-head lettuce.  Scientia Horticulturae, 2005; 

106(4): 464–471. 

[39] Polat E M. Karaca M, Demir H, Onus A N.  Use of natural zeolite 

(clinoptilolite) in agriculture.  Journal of Fruit and Ornamental Plant 

Research, 2004; 12(1): 183–189. 

[40] Belder P, Bouman B A M, Cabangon R, Lu G A, Quilang E J P, Li Y H, et 

al.  Effect of water-saving irrigation on rice yield and water use in typical 

lowland conditions in Asia.  Agric. Water Manage, 2004; 65(3): 193–210. 

[41] Bouman B A M, Lampayan R M, Tuong T P.  Water management in 

irrigated rice: Coping with water scarcity.  Los Baños (Philippines): 

International Rice Research Institute, 2007: 54 p. 

[42] Darko R O, Yuan S Q, Liu J P, Yan H F, Zhu X Y.  Overview of advances 

in improving uniformity and water use efficiency of sprinkler irrigation.  

Int J Agric & Biol Eng, 2017; 10(2): 1–15. 

[43] Al-Busaidi A, Yamamoto T, Inoue M, Eneji A E, Mori Y, Irshad M.  

Effects of zeolite on soil nutrients and growth of barley following irrigation 

with saline water.  J. Plant Nutr, 2008; 31: 1159–1173. 

[44] Al-Ghobari H M, El Marazky M S A.  Effect of smart sprinkler irrigation 

utilization on water use efficiency for wheat crops in arid regions.  Int J 

Agric & Biol Eng, 2014; 7(1): 26–35. 

[45] Cabangon R J, Tuong T P, Castillo E G, Bao L X, Lu G A, Wang G H, et al.  

Effect of irrigation method and N-fertilizer management on rice yield, 

water productivity and nutrient-use efficiencies in typical lowland rice 

conditions in China.  Paddy Water Environ, 2004; 2(4): 195–206. 

[46] Mahajan G, Chauhan B S, Timsina J, Singh, P P, Singh K.  Crop 

performance and water- and nitrogen-use efficiencies in dry-seeded rice in 

response to irrigation and fertilizer amounts in northwest India.  Field 

Crops Res, 2012; 134: 59–70. 

[47] Peng S B, Buresh R J, Huang J L, Zhong X H, Zou Y B, Yang J C, et al.  

Improving nitrogen fertilization in rice by site-specific N management: A 

review.  Agron. Sustain. Dev, 2010; 30(3): 649–656. 

[48] Spiertz J H J.  Nitrogen, sustainable agriculture and food security: A 

review.  Agron. Sustain. Dev, 2010; 30(1): 43–55. 

[49] Malekian R, Abedi-Koupai J, Eslamian S S.  Influences of clinoptilolite 

and surfactant-modified clinoptilolite zeolite on nitrate leaching and plant 

growth.  Journal of Hazardous Materials, 2011; 185(2): 970–976. 

[50] Ahmed O H, Sumalatha G, Muhamad A M N.  Use of zeolite in maize 

(Zea mays) cultivation on nitrogen, potassium and phosphorus uptake and 

use efficiency.  International Journal of Physical Sciences, 2010; 5(15): 

2393–2401. 


