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Abstract: As the world’s population continues to grow and as more countries become further developed, there
will be an ever-increasing demand for greater agricultural output to increase the efficiency of fertilization,
production and use. A pot experiment on Response of durum wheat to clinoptilolite zeolite and nitrogen
fertilizer rates on Cambisols of Bale highlands, Southeastern Ethiopia was undertaken, to determine the zeolite
and nitrogen fertilizer rates for optimum yield of durum wheat (Triticum turgidum L. var Durum). Treatments
included were clinoptilolite zeolite (CpZ) in four levels (0, 4, 8 and 12 t ha ) in factorial combination with four1

levels of N (0, 23, 46 and 69 kg ha ) from urea fertilizer source with three replications. The ANOVA results1

reaveld that the application of sole zeolite had shown significant difference only on spike length; number of
grains per spike, biomass yield and straw yield. The sole nitrogen fertilizer rate also showed significant effect
only on spike length, number of grains per spike, grain yield and straw yield. However, their interaction had no
significant effect on their yield components. The highest number of grains per spike was 25.75 by12 t ha  of1

zeolite,  with 15.5% increase over no zeolite. Increasing zeolite rates showed increasing tendancy on number
of grains per spike. The highest number of grains per spike (25.08); biomass yield (19974 kg ha ), grain yield1

(5375 kg ha ) and straw yield 13920 kg ha  which was 31%, 29.3% in significantly decreasing and 28% in1 1

significantly increasing trend, respectively by application of 46 kg ha  N. The highest grain nitrogen (2.41%)1

and grain crude protein (13.75%) contents were obtained at 4 t ha  of zeolite (which was each 5% higher over1

the control). The overall mean grain nitrogen was 2.32% by the zolite amendment rates. Therefore from this
study 4 tons per hectare of zeolite is recommended to amend the nitrogen of the soil. Since the N rates with this
soil types gave lower value than the control, no N rate was suggested for recommendation from this experiment.
There may be other interfering soil properties to the applied N or the quantity in the soil was optimum for lack
of response. Nevertheless; the obtained results are only a greenhouse experiment further work using higher
rates of zeolite rock sample, nitrogen rates and other mixtures of soil amendments in different soil types are
necessary for further recommendation of this useful resource for crop production. 

Key words: Grain and straw nitrogen  Crude protein  Greenhouse  Pot experiment

INTRODUCTION Zeolites are crystalline hydrated alumino-silicates of

Soil nitrogen (N) loss is an important limitation to dimensional rigid crystalline  network,  formed by
agricultural production in the highlands especially for different combinations of tetrahedral Al O  and Si O ,
cereal production. Zeolite (Z) as a soil amendment can be which come together to compose a system of honeycomb
used to retain nitrogen in near-surface soil layer in the like channels, cavities, pores and voids of molecular
highland durum wheat production system. dimension [1, 2]. They contain cation needed to balance

alkali or alkaline-earth metals, structured in a three-
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the electrostatic charge of the framework of silica and soil columns to 87.7-, 74.7- and 63%, compared to 95% for
alumina tetrahedral and containing water [3, 4]. These
channels allow the easy movement of the resident ions
and molecules into and out of the structure. The presence
of aluminum results in a net negative charge, due to
isomorphic substitution of divalent cations like
magnesium or zinc for aluminum and trivalent cations for
Silicon, which is balanced by positively charged cations
[1]. Some zeolites have molecular–sized channels that
effectively prevent movement of large molecules, leading
to the use of zeolites as “Molecular sieves” [5]. There are
more than forty naturally occurring and more than 150
synthetic zeolites reported [6]. 

Clinoptilolite promote better plant growth by
improving the value of fertilizers due to its relatively high
absorption rate, cation exchange, catalysis and
dehydration capacities [1]. It has a very high CEC (from
100 to 230 cmol kg ). Therefore, its application to the soilc

1

increases the CEC of soils 2-3 times greater than other
types of minerals found in soils [7, 4]. 

In most of Sub-Saharan Africa crop yields and the
use of external inputs in agriculture are much lower than
in other developing countries [8]. A sustainable
agricultural system is one that is economically viable,
provides safe, nutritious food and conserves resources
and enhances the environment [9]. 

Where the potential for N loss is high, enhanced-
efficiency of fertilizers may provide an effective method of
improving N use [10]. Studies showed that soil enrichment
with natural zeolites improved NH -N and NO -N,4 3

increased productivity of various agricultural crops and
reduced leaching losses of exchangeable cations [11].
Zeolite (Z) as a soil conditioner can be used to retain
water and nitrogen in near-surface soil layer in production
system [12]. Zeolite increased plant growth, increased N
and K contents in plant tissues and reduced K leaching
[13].

Application of clinoptilolite at rates of 6.7 to 13.4 Mg
ha resulted in the conservation of inorganic N in the1

soils [14]. Higher N retention in soil improved grain yield
quality resulted at 8 t ha  zeolite application rate and1

80 kg ha  N application rate but the highest grain yield1

was obtained at zeolite application rate of 4 t ha  and N1

application rate of 80 kg ha  [12]. 1

The amount of NO -N leached from chlinoptilolite-3

amended lysimeters at 60 gkg application rate was1

approximately 22% lower than that from the control
system [15]. Also, Sepaskhah and Yousefi [16] found that
application of 2, 4 and 8 g kg  zeolite to the soil,1

decreased the amounts of NO   leached  down  out  of  the3

control, respectively. Application of 8 or 16 tones zeolite
ha  increased apparent N recovery up to 65% [16, 17]1

indicated that zeolite absorb ammonium and retard excess
leaching of nitrate, leached nitrate was 75% and 63% of
total applied nitrate at the soil surface with zeolite
applications of 4 and 8 g kg  soil, respectively [18].1

Zeolite reduces surface erosion, prevent surface and
ground water contaminations, cleans up earthen pits,
prevent odors and nitrate leaching and for sequestering
and releasing ammonia-N [13]. Zeolite (CP) application at
the rate 1 and 2% improved the germination and seed
quality of soybean cultivars [19]. An addition of 6.25%
zeolite resulted in a 50% reduction in ammonia
volatilization [20]. Mixing urea with zeolite and peat
significantly reduced ammonia loss by 5 to 14% and
improved soil ammonium (by 42 to 76 ppm) retention as
compared to urea [21]. Nitrogen and Z applications
resulted in higher grain protein contents and N recovery
efficiency (NRE) [12, 13; 22, 23].

Soils are either inherently low in fertility or made less
fertile due to the removal of nutrients without adequate
replenishment by intensive farming [4]. On the otherhand;
leaching of nitrate (NO ) below the root zone and gaseous3

-

losses of nitrogen such as ammonia (NH ) volatilization3

are major mechanisms of N loss from agricultural soils
[23].

Therefore, development of management practices
may help improve inorganic nitrogen (N) availability to
plants and reduce nitrate-N (NO -N) leaching losses in3

soils [3, 14, 24]. Both clinoptilolite and mordenite are
common natural zeolite found in Ethiopia [25] but their
rates with nitrogen fertilizers were not yet determined for
production of different crops. Therefore the current study
was aimed at determination of clinoptelolite zeolite and
nitrogen application rates for durum wheat production
using one of the major soil types of Bale highlands of
Southeastern Ethiopia. 

MATERIALS AND METHODS

Methodology
Climate Characteristics: The long term precipitation
(1990 - 2011) of the experimental site ranged from 823 to
1566 mm, with an annual average of 1174 mm. The area has
bimodal rainfall pattern with distinct peaks in April and
September (Fig. 1). The seasonal rainfall varies from 346 to
861 mm during the first rainy season (March to July) and
353 to 894 mm during the second rainy season (August to
December). The mean annual maximum and minimum
temperatures are 21 and 9.5°C, respectively. 
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Fig. 1: Mean monthly rainfall, minimum and maximum temperature of SARC metrological station for 1990 -2011 cropping
seasons

Natural Zeolite Clinoptilolite Used: Clinoptilolite zeolite Design and Treatments: The experiment consists of
with particle sieze less than 2 mm diameter was used in factorial combinations of four levels of natural zeolite (0,
this experiment. The zeolite samples were analyzed for 4, 8 and 12 t ha ) and four levels of N fertilizer (0, 23, 46
chemical composition in the Geosciences Laboratory and 69 kg ha N) laid out in CRD with three replications.
Center, National Geological Survey of Ethiopia. The A total of 48 pots were filled with 3 kg pot  air-dried soil.
analysis of rock samples were made following standard Nitrogen fertilizer was thoroughly mixed with the
laboratory procedures and the major mineralogical measured amounts of zeolite and urea fertilizer application
properties results are given on mass (%) basis as follows: levels. Pots were randomly arranged in a greenhouse at
SiO  (63.60), Al O  (11.32), Fe O (4.77), CaO (1.83), MgO Sinana Agricultural Research Center (SARC). Fertilizer N2 2 3 2 3

(0.36), Na O (1.44), K O (3.24), TiO  (0.79), P O  (0.04), was applied all at planting with basal application of 20 kg2 2 2 2 5

MnO (0.17). P per hectare.

Pot Experiment: A pot experiment was conducted during durum wheat (Triticum turgidum L. var Durum) was
2011/2012 “Meher” cropping season using Cambisols at planted. Number of wheat seed planted were calculated
SARC, Bale Zone, Oromia Region, Southeastern Ethiopia. from the recommended durum wheat seed rate, 150 kg per
The experiment was conducted in a greenhouse. ha and thousand kernel weight for the variety used,
Geographically; SARC is located at 07°06' N, 40°12' E with converted to seed rate per upper surface pot area. After
an elevation of 2400 masl. preparing the soil samples, the durum wheat seeds were

The   soil   samples    were   collected   from  the planted. All the pots were receiving equal amounts of
farmer  managed  fields  under  Cambisols  from  the water needed during the growing season. Soil moisture
surface  0.3  m  soil depth across the study area. The content was regularly adjusted to 60% at field capacity by
zeolite used in this research study was obtained from adding potable water in all pots. The pot experiment was
deposit found in Southern Nations Nationalities and kept until the crop harvest time. After maturation total
People Region (SNNPR), at about 10 km from aboveground durum wheat were harvested for
”Moricho”,which is about 25 km away from South of determination of grain yield and yield components of
Hawassa town. durum wheat, straw and grain N uptake.

A bottom perforated pot with 3 kg soil sample The dry biomasses were weighed for dry-matter yield
carrying capacity was used to undertake this experiment. and ground to determine total N by following kjeldahl
The soil were air dried, thoroughly mixed prior to potting. procedure [27] methods for plant analysis. Data on plant
Afterwards, the soil samples were mixed with the set height, leaf area (cm  per pot) were measured and numbers
treatments (after the levels of nitrogen fertilizer or zeolite of kernels per plants in each pot were counted; total
rates (in kilogram or tons per hectares) were converted to biomass (g per pot), grain yield (g per pot) were weighed
the plot sieze (top surface area of pot) following after drying the seed to a constant moisture content on a
procedure [27]. sensitive balance. Dry-matter yield, straw N and grain N

1

1

1

After 10 days of equilibration time in the greenhouse,

2
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concentrations were determined following Kjeldahl Response of durum wheat to different application
procedures used by respective laboratory. Leaf area was rates of Zeolite: Only spike length and number of grains
calculated by multiplying breadth by length of leaves per spike showed significantly lower difference at p = 0.05
multiplied by 0.8 as a factor [29]. significance levels where observed when sole zeolite was

Statistical Analysis: In the zeolite leaching with The highest number of grains per spike was 25.75 durum
ammonium nitrate fertilizer experiment; treatments wheat seed which was obtained by the sole application of
consisted of factorial combinations of four levels of 12 t ha  of zeolite which is 15.5% higher over the control
natural zeolite (0, 4, 8 and 12 t ha ) and four levels of N treatment, with no zeolite. The 4 t ha  and the 8 t zeolite1

fertilizer (0, 23, 46 and 69 kg ha N) laid out in randomized treatments were not significantly differing from each other1

complete design (CRD) with three replications. Analysis and the control. Biomass yield, grain yield and straw yield
of variance (ANOVA) was used to detect treatment are the three yield components of durum wheat, all of
effects whereas Fisher’s lsd test was used to compare which were not significantly affected by the applied
treatment means at P = 0.05. The Statistical Analysis nitrogen. There was an increasing tendency of the grain
System software version 9.1.3 [29] was used for the yield and TKW with increasing rate of zeolite from zero t
statistical test. ha  to 12 t ha  rates of application. The over all mean of

RESULTS AND DISCUSSIONS below. According to Khan et al., [20] an  addition of

Significance of the Main and Interaction Effects of volatilization. At equilibrium NH  concentrations of (0.2-
Treatments on Yield and Yield Components: The results 300 g NH -N m ), NH  removal by both mordenite and
of the response of different rates of zeolites with different clinoptilolite was significantly (P < 0.0001) reduced by the
nitrogen rate showed significant difference (p=0.05) with presence of competing sodium (Na ) [30]. 
the sole rates of zeolite applications (Table 1-4). The The ANOVA results (Table 3) indicated that
application of sole zeolite showed significant effects only application of different rates of nitrogen fertilizer affected
on spike length; number of grains per spike, biomass yield durum wheat yield components (Number of tillers per
and straw yield. plant, Number of grains per plant, Biomass yield, grain

The sole application of nitrogen rate showed yield and straw yield; respectively). 
significant effect only on spike length, number of grains
per spike, grain yield and straw yield components of the Response of Durum Wheat Grain Yield and Yield
durum wheat plant. The interaction of zeolite and nitrogen Components to N Application Rates : The ANOVA results
rate had significant effect only on the straw yield. On the (Table 1) indicated that there were significant effects of
other hand, both the sole and interaction effects of zeolite applied N rates to most of the durum wheat yield
with the applied nitrogen rates showed no significant components (Number of tillers per plant, Number of grains
difference on plant height, number of tillers per plant; leaf per plant, Biomass yield, grain yield and straw yield;
area; and thousand kernel weights for the considered sole respectively). All of the yield components showed
zeolite and nitrogen rates (Table 2). significantly lower value than from the control.

applied  to  the  durum  wheat  plant “Ejersa” (Table 1).

1

1

1 1

durum wheat yield parameters are as indicated (Table 2)

6.25% zeolite resulted in a 50% reduction in ammonia
4

+

4 4
3 +

+

Table 1: ANOVA results of the zeolite by nitrogen application rates on grain yield and yield components of durum wheat at SARC in 2011/2012 

Treatments PtH (cm) NTPP SL (cm) NSPS LA (cm ) BY(kg ha ) GY (kg ha ) StY(kg ha ) TKW(g)2 1 1 1

Z rate NS NS * * NS NS NS NS NS

N rate NS * ** * NS ** ** ** NS

 Z*N NS NS NS NS NS NS NS NS NS

Mean 62.1 0.74 4. 68 23.8 15.64 17316.4 4822.9 11.69 46.1

CV(5%) 4.65 76.03 6.9 4 11.16 16.10 14.77 17.02 22.11 8.56

R2 0.72 0.69 0.8 0.79 0.52 0.77 0.77 0.74 0.63

Means with the same letter are not significantly different. PtH =Plant height; NTPP=No Tillers per plant; SL = Spike length; TKW = Thousand kernel

weight; GY = Grain Yield; StY= Straw Yield; BY= Biomass Yield; LA= Leaf area; N=rate; Z= zeolite rate; ** = significant at 0.01; * = significant at 0.05

levels.
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Table 2: The effect  of  clinoptilolite  application  rates  on  yield  components  of  durum  wheat  during  2011/2012  cropping  season  a  greenhouse

experiment  at  SARC

Z (tha ) PtH (cm) NTPP SL (cm) LA (cm ) NGPS BY(kg ha ) GY (kg ha ) SY(t ha ) TKW(gm)1 2 1 1 1

0 63.39a 0.64a 4.82a 16.02a 22.30b 17672a 4750.0a 12.29a 46.17a

4 60.75b 0.81a 4.51a 14.93a 23.44b 16453a 4625.0a 10.96a 44.67a

8 62.31ba 0.72a 4.81a 15.48a 23.75ba 18112a 4791.7a 12.83a 46.00a

12 61.75ba 0.81a 4.59ba 16.13a 25.75a 17029a 5125.0a 10.67a 47.42a

Mean 62.05 0.743 4.68 15.64 23.81 17316 4822.9 11.69 46.06

CV(%) 4.65 76.03 6.94 16.10 11.16 14.77 17.02 13.91 8.56

LSD (5%) 2.47 0.48 0.28 2.16 2.28 2194.1 704.17 2.22 3.38

Means with in the column with the same letter are not significantly different.

PtH =Plant height; NTPP=No Tillers per plant; SL = Spike length; NGPS = Nos of grains per spike; TKW = Thousand kernel weight; GY = Grain Yield;

SY= Straw Yield; BY= Biomass Yield; LA= Leaf area; N=rate; Z= zeolite rate

Table 3: Effect of N application rates on durum wheat yield components, a greenhouse experiment under taken during 2011/2012 cropping season 

N (kg ha ) PtH (cm) NTPP SL (cm) NGPS LA (cm ) BY (kg ha ) GY (kg ha ) SY (t ha ) TKW(g)1 2 1 1 1

0 62.86a 1.08a 4.91a 24.92a 16.35a 19974a 5375.0a 13.92a 45.50a

23 62.25ba 0.53b 4.65a 23.56ba 15.72a 16724b 4958.3a 10.71bc 46.08a

46 62.94a 0.86a 4.77a 25.08a 15.71a 18451ba 5083.3a 12.54ba 47.42a

69 60.14b 0.50b 4.39a 21.69b 14.77a 14117c 3875.0b 9.58c 45.25a

Mean 62.05 0.74 4.68 23.81 15.64 17316.4 4822.92 11.69 46.06

CV(%) 4.65 76.03 6.94 11.16 16.10 14.77 17.02 13.91 8.56

lsd (5%) 2.47 0.48 0.28 2.28 2.16 2194.1 704.17 2.22 3.38

Means with the same letter are not significantly different. PtH =Plant height; NTPP=No Tillers per plant; SK= Spike length; NGPS = Nos of grains per spike;

TKW = Thousand kernel weight; GY = grain yield; SY= Straw Yield; BY= Biomass Yield; LA= Leaf area; N=rate; Z= zeolite rate

This may happen when there is high build up, yield were significantly differed but lower than the
immobilization by microorganisms, denitrification or control. The highest biomass yield, grain yield and straw
leaching of N or run on fertilizer treatments by soil erosion yield of 19974 kg ha (29.3%), 5375 kg ha (28%) lower
on the control treatment or when there is allilopathic effect and 13.92 t ha  (31%) higher than the highest rate 69 kg
of the decomposed residue left in the farm from the ha of nitrogen applications. Higher grain yield was
previous cropping season. mostly attributed to lower unfilled grain percentage and

Number of Tillers Plant : The highest number of tillers and N retention in soil due to Z application [12]. 1

per plant was obtained from the control treatments, no These results disagree with that of Woyema et al.,
zeolite.  Whereas,   the   lowest  number  of  tillers  per [31] undertaken on durum wheat at SARC. On the
plant  was  obtained  by  the  application  highest N rate contrary Tsadilas and Argyropoulos, [32] found that
(69 kg ha ). The number of tillers per  plant  was  reported clinoptilolite addition increased total wheat yield dry1

by summing up number of tillers under three durum wheat matter of hay plus grains) by 52% (from 21.1 g  pot   in
and taking their average. the control to 32.0 g pot ) in the treatment with 60 t ha

Number of Grains per Plant: The highest number of Zeolite by N rate interactions showed no significant
grains per spike (25.08) was obtained when the durum effects for most of the durum wheat yield parameters for
wheat was treated with 46 kg ha  nitrogen fertilizer which the applied treatments. Only sole application of zeolite by1

was not significantly different from the control, no nitrogen interactions had significant effect on straw yield.
nitrogen fertilizer applications. The lowest number of This may be attributed to higher N retention in the soil
grains per plant was obtained when durum wheat plant under zeolite application, improved grain yield quality,
was treated with the highest N application levels. The nitrogen-use efficiency at zeolite application rate of
three yield parameters biomass yield, grain yield and straw 8 t ha  and N application rate of 80 kg ha  [12].

1 1

1

1

higher TKW that were a result of higher N application rate

1

1 1

of CP. 

1 1
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Table 4: ANOVA results of the experiments on response of zeolite by nitrogen applications rates on grain yield and yield components of durum wheat during

2011/2012 at SARC 

Treatments StN (%) StCp (%) GN (%) GCP (%) pH (H O) pH (KCl) SOTN (%)2

Z NS NS NS NS NS NS NS

N NS NS * * NS NS NS

 Z * N NS NS NS NS NS NS NS

Mean 0.62 3.58 2.32 13.24 6.60 5.39 0.17

CV(%) 34.9 34.9 6.72 6.73 1.68 4.57 12.99

R 0.53 0.53 0.91 0.91 0.65 0.74 0.622

StN= straw nitrogen contents; GN=grain nitrogen contents; StCP straw crude protein contents; GCP= grain crude protein contentsl, pH(1:2.5 soil to H O)=soil2

reaction in water solution; pH(1:2.5 soil to KCl) = soil reaction potassium chloride paste; SOIN= soil total nitrogen. 

Table 5: Laboratory analysis results of yield and soil parameters from a greenhouse experiments samples at SARC during 2011/2012

Zeolite (kg/ha) StN (%) StCP(%)  GN(%) GCP(%) pH (H O) pH(KCl) SONT (%)2

0 0.60a 3.45a 2.30ba 13.08ba 6.61a 5.43a 0.16b

4 0.64a 3.71a 2.41a 13.73a 6.58a 5.40a 0.18a

8 0.62a 3.55a 2.31ba 13.19ba 6.62a 5.39a 0.17 ba

12 0.63a 3.62a 2.27b 12.95b 6.59a 5.33a 0.17ba

Mean 0.62 3.58 2.32 13.24 6.60 5.39 0.17

CV(%) 34.9 34.9 6.72 6.73 1.68 4.57 12.99

LSD(0.05) 0.19 1.07 0.13 0.76 0. 10 o.21 0.02

Means  with the  same letter are not significantly different. StN= straw nitrogen contents; GN=grain nitrogen contents; StCP straw crude protein contents;

GCP= grain crude protein contentsl, pH(1:2.5 soil to H O)=soil reaction in water solution; pH(1:2.5 soil to KCl) = soil reaction potassium chloride paste;2

SOIN= soil total nitrogen. 

Soil and Durum Wheat (Grain and Straw) Samples difference due to the application of the zeolite rates (p =
Laboratory Analysis Results of the Greenhouse 0.05). The highest total nitrogen was observed in a soil
Experiments: The ANOVA results of the yield samples treated with 4 t of zeolite (0.18%) which was
parameters, straw and grain N, CP and selected soil 12.5% over the control. All the zeolite treated samples
properties are indicated in Table 4. Only grain nitrogen contained higher soil total nitrogen over the control
and crude protein contents of durum wheat showed treatments, with the overall mean of 0.17%.
significant difference at P=0.05 levels. 

The analytical results of the effect of zeolite and Response of N Rates to the Straw, Grain Nitrogen and
nitrogen rate on the grain yield and yield components of Crude Protein Content: The application of sole nitrogen
zeolite indicated that zeolite rates showed significant rate showed significantly lower grain nitrogen and crude
effects on grain nitrogen, crude protein and soil nitrogen protein contents over the control (Tables 1 and 6). This
contents (Table 5.). The highest grain crude protein is reduction in N might be attributed to favored condition for
indicated by the application of sole 4 t ha  of zeolite multiplication of micro-organizms in immobilization of N or1

(2.41%) grain nitrogen contents which is the highest grain leaching or volatilization loss has occurred at some stage
nitrogen among the treatments (5% higher over the of durum wheat development during 2011/2012 cropping
control). The mean grain nitrogen content was 2.32%. y for the greenhouse experiment under taken at Sinana
Also crude protein contents of grain showed highly Agricultural Research Center (SARC). Similar results were
significant difference due to the application of zeolite at 4 observed by [33] that the fertilizer level did not have any
t ha  providing 13.75% crude protein which is 5% higher significant effect on straw quality except that the CP1

than the control. Both 4 t ha , 8 t ha  and control content of the straw tended to increase with increasing1 1

treatments were notsignificantly different from each other level of fertilizer application. Except the CP content, straw
but the lowest crude protein contents of 12.95% were quality was not negatively correlated with grain and straw
observed from the application of 12 t ha  of the zeolite yield [33]. This indicates that there is a possibility of1

amendment. Soil total nitrogen contents of the samples selecting varieties of wheat that combine high grain and
after harvest of the durum wheat plant showed significant straw yield with desirable straw quality.
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Table 6: Summary of durum wheat straw, grain N and soil parameters from a greenhouse experiments at SARC during 2011/2012 cropping season

Nitrogen
Rate (kg ha ) StN (%) StCP (%)  GN (%) GCP (%) pH (H O) pH (KCl) SONT (%)1

2

0 0.65a 3.74a 2.66a 15.16a 6.53b 5.25b 0.18a
23 0.65a 3.72a 2.07c 11.81c 6.65a 5.51a 0.17a
46 0.59a 3.42a 2.41b 13.78b 6.61ba 5.31ba 0.17a
69 0.60a 3.45a 2.14c 12.21c 6.62ba 5.47a 0.17a
Mean 0.62 3.58 2.32 13.24 6.60 5.39 0.17
CV(%) 34.9 34.9 6.72 6.73 1.68 4.57 12.99
LSD(0.05) 0.19 1.07 0.13 0.76 0.10 0.21 0.02

Means with the same letter are not significantly different. StN= straw crude protein contents; N=grain nitrogen contents; StCP straw crude protein contents;
GCP= grain crude protein contentsl, pH (1:2.5 soil to H O)=soil reaction in water solution; pH(1:2.5 soil to KCl) = soil reaction potassium chloride paste;2

SOIN= soil total nitrogen

Only grain nitrogen and crude protein contents of The ANOVA result of pot experiment indicated that
durum wheat showed significant difference at P=0.05 application of sole zeolite had shown significant effects
levels. All of the yield parameters by sole N treatment only on spike length; number of grains per spike, biomass
resulted in significantly lower than control treatments. yield and straw yield. Where as the sole nitrogen showed
The analysis results of the samples indicated that zeolite significant effect only on spike length, number of grains
rates showed significant effects on grain nitrogen, grain per spike, grain yield and straw yield parameters of the
crude protein and soil total nitrogen. The highest grain durum wheat plant. Moreover, both the sole and
nitrogen and grain crude protein contents were obtained interaction effects of zeolite by the applied nitrogen levels
by the application of 4 t ha  of zeolite (2.41% and did not show significant difference on plant height,1

13.75%) which was each 5% higher over the control. The number of tillers per plant; leaf area; and thousand kernel
overall mean grain nitrogen was 2.32% (Table 6). weights.
Therefore from this study 4 t ha  of zeolite may be used Only spike length and number of grains per spike1

with its other function to amend the nitrogen of the soil. showed significant difference at p=0.05 significance level
Similar study showed on CP that the CP content of the when sole zeolite was applied to the durum wheat plant
straw tended to increase with increasing level of fertilizer “Ejersa”. The highest number of durum wheat grains per
application [33]. Except the CP content, straw quality was spike was 25.75 which were obtained by the sole
not negatively correlated with grain and straw yield. This application of 12 tones of zeolite, with 15.5% higher over
indicates that there is a possibility of selecting varieties of the control, no zeolite. The zeolite treatment showed
wheat that combine high grain and straw yield with increasing tendency with increasing levels of zeolite.
desirable straw quality [33]. Biomass yield, grain yield and straw yield are the three

CONCLUSIONS no significant effect due to applied zeolite levels during

Clinoptilolite amendment of soil acts as a mechanism application treatments were not significantly differed from
for slowly releasing nutrients and water for the purpose of each other there was an increasing trend of the grain yield
increasing both the efficiency of water uptake and and TKW by increasing CpZ rate. 
nutrient utilization while reducing nitrate leaching losses. The ANOVA results (Table 1) also indicated that
A pot greenhouse experiment was conducted at Sinana there were significant effects of applied N rates to most of
Agricultural Research Center (SARC) on response of the durum wheat plant parameters (Number of tillers per
durum wheat to clinoptilolite zeolite and nitrogen fertilizer plant, Number of grains per plant, biomass yield, grain
rates on Cambisols of Bale highlands, Southeastern yield and straw yield; respectively). 
Ethiopia, so as to determine the zeolite and nitrogen The highest number of grains per spike of 25.08 was
fertilizer rates for optimum yield of durum wheat. obtained when the durum wheat was treated with 46 kg
Treatments included were 4 levels of clinoptilolite zeolite ha  nitrogen fertilizer which which showed no significant
in (0-, 4-, 8- and 12 t ha ) in factorial combination with 4 difference from the control. The highest biomass yield,1

levels of N (0-, 23-, 46- and 69 kg ha ) fertilizer with 3 grain yield and straw yield of 19974 kg ha  (29.3%), 53751

replications. kg  ha  (28%)  lower and 13.92 t ha   (31%)  higher  than

yield components of durum wheat, all of which had shown

the 2011/2012 cropping season. Although zeolite

1

1

1 1
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the  highest  rate  69  kg  ha   of nitrogen applications. 3. Ghorbani, H. and A.A. Babaei, 2008. The effects of1

The interactions of zeolite by N rate showed significant
difference only with straw yield on zeolite by nitrogen
interactions. Only grain nitrogen and crude protein
contents  of durum wheat showed significant difference
at P=0.05 levels. The analysis results of the samples
indicated  that  zeolite rates showed significant effects
only on grain nitrogen and grain crude protein contents.
The highest grain nitrogen (2.41%) and grain crude
protein (13.75%) contents were obtained by the
application  of  sole 4  tones  of  zeolite  which  was  each
5% higher over the control. The overall mean grain
nitrogen was 2.32%. Therefore from  this  study  4  tons
per hectare of zeolite is recommended with its other
function  to  amend  the  nitrogen  of  the soil. The
obtained  results  are  only  a   greenhouse  experiment
and further work using increased rates of zeolite rock
sample and nitrogen rates is necessary for further
recommendation of this useful resource to grow crops
with a given N content by the end users. As a result
farmers will get an option to reduce cost and N loss by
leaching, volatilization, denitrification and reduce
environmental pollution. Finally, both greenhouse and
field work using higher rates of N, zeolite, soil types and
other soil amendments in mixture with zeolite are
recommended for future work.
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