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Abstract

Excessive uses of fertilizer can create environmental problems such as soil pollution. This problem could be
reduced by amending clinoptilolite zeolite with compound fertilizers. The objective of this study was to
evaluate the effect of clinoptilolite zeolite rates in compound fertilizers (N: P: K) on maize nutrients uptake and
use efficiency. The following treatments were considered and evaluated: soil alone (T1), 44.6 g 5:3:2
formulated fertilizer (12.83 g compound fertilizer + 31.77 g zeolite) (T2), 44.6 g 5:5:5 formulated fertilizer
(18.24 g compound fertilizer + 26.36 g zeolite) (T3), 37.17 g 6:6:6 formulated fertilizer (18.25 g compound
fertilizer + 18.92 g zeolite) (T4), 22.30 g 10:10:10 formulated fertilizer (18.24 g compound fertilizer + 4.06 g
zeolite) (T5), and 14.87 g 15:15:15 commercial fertilizer (T6). Selected soil chemical properties, as well as, dry
weight, nutrients concentrations, uptake and use efficiency were measured. Compound fertilizers with zeolite
increased soil pH compared to soil alone (T1) and commercial fertilizer (T6). Application of compound
fertilizer did no significantly affect total N and available nitrate in the soil. T6 gave better plant height and dry
matter production among treatments. Nitrogen concentrations for all plant parts were similar for all treatments.
T6 showed better P concentrations, uptake, and use efficiency. K concentrations in maize plant parts were
significantly increased for treatments with zeolite except for roots. T5 and T6 significantly increased K uptake.
T6 significantly increased N and P uptake and use efficiency, while T2 significantly increased K use efficiency.
Amending N, P, and K fertilizers with higher dosage of clinoptilolite zeolite improved soil chemical properties,
nutrient uptake of Masmadu variety. Compound fertilizers amended with clinoptilolite zeolite enhanced K use
efficiency of Masmadu maize variety.
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Introduction

Maize is being considered the most popular
cereal crop after wheat and rice (FAO, 2006).
Macronutrient and micronutrient fertilizers play
important role as soil conditioner (Hattenschwiler
et al., 2000). Agriculture production is usually
affected by the fertilizer type applied to plants.
Mineral fertilizers are alternative sources of
nutrient supplement to supply sufficient nutrients in
soil as well as to promote better plant productivity.
However, inadequate application of fertilizers leads
to its excessive consumption. Low management of
fertilizers in agriculture may further cause
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environmental pollution. The increasing demand
for environmental friendly fertilizers is encouraging
in crop cultivation at the same time can preserve
environmental quality. Natural mineral based
material such as ash and rock phosphate can be
used in agriculture and horticulture to reduce
excessive fertilizer use.

Clinoptilolite zeolite, as a soil conditioner, can
be considered in agricultural production. According
to Polat et al. (2004), clinoptilolite can be used to
improve fertilizer nutrient use efficiency. Zeolite
has high cation exchange capacity (CEC) which can
hold nutrient release from fertilizers slowly.
Nitrogen, P and K in soil can also increase through
zeolite application (Abdi et al., 2006).

Normally, the most common used fertilizers
among farmers are straight fertilizers, such as urea,
triple superphosphate (TSP) and muriate of potash
(MOP). Both of AN and Egypt rock phosphate
(ERP) are alternative sources of N and P to improve
plant development. On the other hand, there is
scanty information on the effects of N: P: K
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fertilizers obtained from AN, ERP, and MOP
amended with clinoptilolite zeolite on the plant
growth and nutrient use. The objective of the study
was to determine maize nutrients uptake and use
efficiency considering N: P: K formulated
compound fertilizers with different rate of
clinoptilolite zeolite Zea mays L. growth. The ratios
used were based those commonly found in the
fertilizer industry.

Materials and Methods

A pot study was conducted in a greenhouse
located at Universiti Putra Malaysia Bintulu
Campus Sarawak, Malaysia. The fertilizers were
surface  applied following the Malaysian
Agricultural Research and Development Institute
(MARDI) recommendation for Masmadu variety
(60 kg ha' N; 60 kg ha' P,Os; 40 kg ha' K,0)
(MARDI, 1990). The fertilizer application was
scaled down to per pot basis as follows:

i. Tl: soil only

ii. T2:  44.6 g 5:3:2 formulated fertilizer (12.83
g compound fertilizer + 31.77 g zeolite)

iii. T3:  44.6 g 5:5:5 formulated fertilizer (18.24
g compound fertilizer + 26.36 g zeolite)

iv. T4: 37.17 g 6:6:6 formulated fertilizer
(18.25 g compound fertilizer + 18.92 g
zeolite)

v. T5: 22.30g10:10:10 formulated fertilizer
(18.24 g compound fertilizer + 4.06 g
zeolite)

vi. T6: 14.87 g 15:15:15 commercial fertilizer

These fertilizers were surface applied in split
form at 9 days after planting (DAP) and 27 DAP.
Plants were monitored until 65 DAP before harvest.
The harvested plants were partitioned into leaves,
stems and roots. The washed plant parts with
distilled water were oven dried at 60 °C until
constant weight. After harvesting, soil samples
were randomly taken from the pots and crushed.
The pH, total and available N, P, and K were
analysed in crushed soil samples. Total N, P and K
were analysed in plant samples to determine their
nutrient uptake. Soil pH was determined in a ratio
of 1:2.5 soils: distilled water suspension and 1 M
KCI using a glass electrode (Peech, 1965). Total N
of the soil and plant parts were determined by the
Kjeldahl method, as described by Bremner (1965).
Total P and cations in the soil were extracted by the
Aqua Regia method. Soil available P and
exchangeable cations were extracted using the
double acid method (Tan, 2005). Nutrients in plant
samples were extracted using the single dry ashing
method (Cottenie, 1980). Total and available P was
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determined following Murphy and Riley (1962),
while total and exchangeable cations (K, Ca, and
Mg) were determined using atomic absorption
spectrometer (AAS). Exchangeable NH4+ and
available NO3- were determined using Keeney and
Nelson (1982) method. Fertilizer nutrient use
efficiency (NUE) was calculated according to
following formula (Pomares-Gracia and Pratt,
1987):
% NUE = (TNF — TNU) + RFA x 100

Where,

TNF = total nutrient uptake of fertilized plants
(T2, T3, T4, TS, and T6),

TNU = total nutrient uptake of unfertilized
plants (T1),

RFA = rate of fertilizer nutrient applied.

The experimental design was a completely
randomized design with three replications. Analysis
of variance was used to test treatment effects while
means of treatments were compared using
Duncan’s New Multiple Range Test (DNMRT)
(SAS, 2008).

Results and Discussion

The selected physical and chemical properties
of Bekenu series after planting are presented in
Table 1. It was found that soil pH, total P and K,
exchangeable K+ and available P displayed
differences between unfertilized (T1) and fertilized
(T2, T3, T4, TS5, and T6) treatments. The pH in
both water and KCl for soil alone (T1) and the
commercial fertilizer (T6) were found to be acidic
when compared to treatments with clinoptilolite
zeolite. Zeolite also changed the soil pH (to neutral)
when it was applied with fertilizers (Polat et al.,
2004). The pH in the treatments with more zeolite
kept alkaline. These findings remained consistent
with other researchers (Noori et al., 2006; Perez-
Caballero et al., 2008; Ahmed et al., 2010). Both
total N and available NO3- did not show any
difference between treatments, however, soil
exchangeable NH4+ showed differences among
treatments after planting. The increase in NH4+
eventually resulted of the sorption in the zeolite
lattice when greater dosages of zeolite were applied
(Ippolito et al., 2011). According to Mumpton
(1999), application of clinoptilolite zeolite could
improve the amount of P in the soils due to the
presence of P in the form of P205. This reaction
takes place through ion exchange processes (Lai
and Eberl, 1986; Chesworth et al., 1987; Van
Straaten, 2002). Additionally, exchangeable K+ in
the soil was higher for treatments with zeolite,
relatively to both commercial fertilizer (T6) and
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soil alone (T1) treatments. Treatments having
higher amounts of zeolite showed higher K+ in the
soil because zeolite has the potential to absorb K+
from chemical fertilizers, hence reducing K
leaching (Hershey et al., 1980; Carolino et al.,
1998).

Roots, stems and leaves dry weight in all
treatments also revealed significant changes (Table
2; Figure 1). In the roots, T1 which is soil alone had
the lowest dry matter production compared to the
fertilized treatments. TS and T6 gave similar roots
dry weight values, while, T4 developed the highest
roots dry weight. T1, T2, T3, and T5 showed no
significant difference on stem dry weight. With the
exception of T4 and T6, the remaining treatments
had no significant effects on leaves dry weight.
Overall, Figure 1 shows that the total of dry weight
for T1, T2, T3 were significantly lower than those
of T4, T5, and T6.

Nutrient accumulation in the maize roots,
stems, and leaves were inconsistently affected by
the rates of zeolite in the fertilizers (Table 3). In
roots, there was no significant difference in N
content regardless of treatment. Except for T6
(commercial fertilizer), both P and Mg
concentrations in roots showed no statistical
differences between treatments. However, there

was significant variations between treatments for K
in roots at 65 DAP. Potassium concentration in
roots for T1 was lower than those of the fertilized
treatments. However, K concentrations for
fertilized treatments (T3, T4, TS5, and T6) were not
different except for T2. Calcium concentrations in
roots were significantly different for T1 and T6 but
no difference for treatments with clinoptilolite
zeolite. Amending compound fertilizers with
clinoptilolite zeolite affected N, K, Ca, and Mg
concentrations in stems. Total N in stems increased
with higher amounts of clinoptilolite zeolite (T2).
Nitrogen concentration in stems statistically
differed between soil alone and fertilized
treatments. Similar effects on P accumulation as in
roots were found in both in stems and leaves. A
phosphorus concentration in both stems and leaves
for T1 and those treatments with (T2, T3, T4, and
T5) zeolite did not show differences except for T6.
Both K and Mg contents in stems were higher for
treatments with zeolite compared to T1 and Té.
However, Ca concentrations were not statistically
different for T1, T2, and T3. In the leaves,
treatments showed no significant difference for N
and Ca contents. Nevertheless, clinoptilolite zeolite
in the compound fertilizers inconsistently affected
K and Mg.

Table 1. Selected physico-chemical properties of Bekenu series after planting.

. . . Treatments

Physico-chemical properties T ™ T Ta 5 T6
pH (water) 4.42° 4.90° 4.76" 4.86" 4.80* 423°
pH (KCI) 3.71° 3.99° 4.07° 4.03° 4.05° 3.62°
Total N (%) 0.042° 0.098" 0.084% 0.098* 0.098* 0.098*
Total P (mg kg™) 82.93f 2504¢ 3639° 4456° 3493¢ 264°
Available P (mg kg™) 1.96 204.8¢ 577.6° 540.7° 647.2° 58.5°
Total K (mg kg™) 69.1° 1904.7* 1961.1° 1826.4° 536.1° 125.4°
Exchangeable K (mg kg™) 12.57° 316.67° 479.00° 395.80° 182.17¢ 45.27°
Exchangeable NH," (%) 0.002° 0.008* 0.006™ 0.004" 0.003" 0.008°
Available NO3™ (%) 0.001° 0.002° 0.001° 0.001° 0.001° 0.001°

Means with difference alphabets in column indicate significant difference between treatments by DNMRT’s test at P <

0.05.
Table 2. Dry weight (in g) of roots, stems, and leaves of maize (var. Masmadu) at 65 days after planting.
Treatments Roots Stems Leaves
Tl 11.14° 7.20° 10.83°
T2 13.74% 7.54° 10.82¢
T3 12.32% 7.36° 10.57¢
T4 16.18* 10.58% 13.26°
T5 15.68% 8.94° 11.82%
T6 14.47%® 13.39° 16.80°

Means with difference alphabets in row indicate significant difference between treatments by DNMRT’s test at P < 0.05.
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Figure 1. Effect of treatments on total dry weight of maize (var. Masmadu) at 65 days after planting.
Means with difference alphabets indicate significant difference between treatments by DNMRT’s test at P < 0.05.

Table 3. Nitrogen, P, K, Ca, and Mg concentrations in roots, stems, and leaves of maize (var. Masmadu) at 65 days after

planting.

Element concentration (%)
Treatments N P K Ca Mg
Roots
T1 0.738" 0.090° 0.266° 0.010° 0.050°
T2 0.972% 0.084° 0.814° 0.019® 0.073°
T3 0.822° 0.095° 1.311° 0.015% 0.065°
T4 1.074° 0.098° 1.120% 0.018% 0.064°
T5 1.158% 0.091° 1.340° 0.010® 0.057°
T6 1.224° 0.312° 0.989% 0.022° 0.105°
Stems
T1 0.560° 0.062° 0.352° 0.065° 0.166™
T2 1.140° 0.078° 3.042% 0.065% 0.212%
T3 1.074% 0.100° 4.491° 0.060° 0.202°
T4 0.934% 0.092° 4.248" 0.053" 0.228°
T5 1.074% 0.069° 3.937%® 0.041® 0.146™
T6 1.392° 0.314° 1.564° 0.029° 0.100°
Leaves
Tl 0.831° 0.090° 0.806° 0.078* 0.193°
T2 1.307° 0.092° 1.495° 0.058° 0.160™
T3 1.233° 0.086° 2.092% 0.097° 0.142°
T4 1.261% 0.089° 1.681° 0.070° 0.137°
T5 1.373° 0.080° 2.364° 0.033° 0.172%
T6 1.606° 0.431° 1.686° 0.038° 0.069°

Means with difference alphabets in row indicate significant difference between treatments by DNMRT’s test at P < 0.05.

Incorporation of clinoptilolite zeolite in
compound fertilizers significantly affected N, P,
and K uptake in the roots, stems, and leaves (Table
4). Except for T3, N uptake in both maize roots and
leaves were improved for treatments with
clinoptilolite zeolite, relatively to T1. T2 caused
higher uptake of N in stems compared to treatments
with lower amounts of clinoptilolite zeolite. This
finding is comparable to that of Ahmed et al.
(2010) who also reported that zeolite amended with
inorganic fertilizers enhanced uptake of N in maize.
Uptake of P was also significantly affected. Unlike
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N uptake, P uptake in roots was higher with lower
amount of zeolite. In stems, only T6 increased P
uptake. Uptake of K in roots and stems were higher
in treatments with zeolite, relatively to T1 and Té6.
However, uptake of K in leaves had similar effect
as found for P uptake in roots. Total uptake of N
showed no differences after application of different
amounts of clinoptilolite zeolite (Figure 2).
However, N uptake showed difference between
soils alone, treatments with zeolite and commercial
fertilizer. In the N and P uptake were also higher
for the commercial fertilizer relatively to the
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treatments with clinoptilolite zeolite (Figures 2, 3).
In terms of total nutrient uptake, T6 caused higher
N and P uptake (Figures 2 and 3) and not for K
uptake (Figure 4). T6 caused better N use efficiency
in roots, and stems (Table 5). Nitrogen use
efficiency for treatments with zeolite (T2, T4) was
similar to that of the commercial fertilizer (T6).
Phosphorus use efficiency in roots, stems and
leaves for T6 was better than the other treatments
(Table 5). Contrary to P, higher amount of zeolite
caused significant increase in K use efficiency in
roots, stems, and leaves relatively to the
commercial fertilizer. For total N, P, and K use
efficiency, T6 proved to have an higher ranking for
N and P, while T2 was better for K (Figures 5, 6,
and 7). This observation can be comparable to the
report of Gul et al. (2005), concerning to the use of
zeolite to reduce the leaching of K. The heights of
unfertilized and fertilized plants were inconsistent
as shown in Figure 8, but the application of the
commercial fertilizer caused better height compared
to other treatments.

Table 4. Nitrogen, P, and K uptake in roots, stems, and
leaves of maize (var. Masmadu) at 65 days after

planting.

N P K
Treatments Uptake (mg plant 1)
Roots
Tl 62.83° 9.085¢ 28.54¢
T2 144.0° 10.40° 110.6°
T3 74.67° 12.10° 183.1%
T4 116.4° 13.55% 214.2°
T5 120.6° 14.60° 166.6™
T6 192.7° 46.15° 150.9"
Stems
T1 29.95¢ 4.50° 25.35¢
T2 98..98° 5.23% 216°
T3 68.75° 5.97° 309°
T4 71.73¢ 6.00° 300™
T5 63.73¢ 5.33% 290°
T6 180.6° 38.0° 202°
Leaves
T1 95.96° 8.35° 86.97°
T2 181° 9.92° 183¢
T3 104° 9.05° 217
T4 170° 9.74° 236"
T5 175° 9.36 269°
T6 271° 71.8° 306°

Means with difference alphabets in column indicate
significant difference between treatments by DNMRT’s
test at P < 0.05.
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Figure 2. Effect of treatments on N uptake of maize (var. Masmadu) at 65 days after planting.
Means with difference alphabets indicate significant difference between treatments by DNMRT’s test at P < 0.05.
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Figure 3. Effect of treatments on P uptake of maize (var. Masmadu) at 65 days after planting.
Means with difference alphabets indicate significant difference between treatments by DNMRT’s test at P < 0.05.
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Figure 4. Effect of treatments on K uptake of maize (var. Masmadu) at 65 days after planting.
Means with difference alphabets indicate significant difference between treatments by DNMRT’s test at P < 0.05.

Table 5. Nitrogen, P, and K use efficiency in roots, stems, and leaves of maize (var. Masmadu) at 65 days after planting.

Treatments N Use Efficiency (%) P Use Efficiency (%) K Use Efficiency (%)
Roots

T2 3.640° 0.225¢ 11.09°
T3 2.718° 0.261¢ 8.355%¢
T4 2.402° 0.374% 10.04®
T5 2.592° 0.563° 7.462%
T6 5.824° 3.782° 6.150°
Stems

T2 2.697° 0.126° 25.70°
T3 1.544° 0.150° 16.41°
T4 1.475° 0.298° 12.63%
T5 1.516° 0.059° 14.32%
T6 6.550° 4.601° 9.894¢
Leaves

T2 4.736% 0.391° 15.53*
T3 1.292° 0.120° 5.961°
T4 5.110%® 0.142° 8.608°
T5 4.464° 0.049° 9.005"
T6 7.460° 6.588" 11.55®

Means with difference alphabets in column indicate significant difference between treatments by DNMRT’s test at P < 0.05.
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Figure 5. Effect of treatments on N use efficiency of maize (var. Masmadu) at 65 days after planting.
Means with difference alphabets indicate significant difference between treatments by DNMRT’s test at P < 0.05.
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Figure 6. Effect of treatments on P use efficiency of maize (var. Masmadu) at 65 days after planting.
Means with difference alphabets indicate significant difference between treatments by DNMRT’s test at P < 0.05.
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Figure 7. Effect of treatments on K use efficiency of maize (var. Masmadu) at 65 days after planting.
Means with difference alphabets indicate significant difference between treatments by DNMRT’s test at P < 0.05.
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Figure 8. Effect of treatments on height of maize (var. Masmadu) at 65 days after planting.
Means with difference alphabets indicate significant difference between treatments by DNMRT’s test at P < 0.05.

Conclusion

Amending N, P, and K fertilizers with higher
dosage of clinoptilolite zeolite improved soil
chemical properties, nutrient uptake of Masmadu
variety. Compound fertilizers amended with
clinoptilolite zeolite enhanced K use efficiency of
Masmadu maize variety. Future field study for at
least three cycles is recommended for consolidation
of these findings.
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