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ABSTRACT

The adequate supply of irrigation water is a crucial factor controlling the growth and productivity
of crops.Under water poverty conditions in Egypt and most arid regions, sustaining the irrigation water in
the root zone as long as possible becomes very necessary.Consequently, two field trials were performed
aiming to evaluate the effect of zeolite soil addition of as main plots[ Zo:without zeolite(control)and Z::
with zeolite at rate of 10 Mg h™Junder three irrigation intervals as subplots [l1: irrigation every 12 days
(traditional irrigation) in addition to irrigation every 14(I2)and 16(l3) days, which represented the deficit
irrigation treatments]. The execution of the research trail was done in a split-plot design with three
replicates. Maize was used as an experimental plant based on its significant response to water alterations
in the root zone. Biochemical plant characters including total chlorophyll, total phenols and proline contents
were measured in leaves at period of 60 days from sowing. In addition, vegetative growth parameters (plant
height) as well as quantitative (e.g., No.of grain ear,No.of rows ear?, grain and biological yield) and
qualitative (i.e.,carbohydrates, protein and oil)yield characteristics were determined at harvesting stage.
Findings of this study showed that the zeolite soil addition before sowing (Z1) with irrigation interval of
maize plants everyl4days (I2) as combined treatment realizes better results for improving quantitative and
qualitative yield characteristics than non-addition of zeolite (Zo) under traditional irrigation interval
(I:everyl2days).Post-harvest soil analysis indicated that the usage of zeolite improves some studied soil
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properties e.g., bulk density, total porosity, CEC and FC.
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INTRODUCTION

In Egypt, maize (Zea mays L.) is one among the
more important crops in terms of nutritional value and
cultivated area, where it comes in the third order behind
wheat and rice (Abo EI-Ezz and Haffez, 2019). Maize grain
is used for the preparation of corn oil, dextrose, corn starch,
corn syrup, corn flakes, grain cake and gluten as well as
lactic acid and acetone, which are used by different
industries i.e. food industries, fermentation, textile, foundry
as well as is used in the poultry and livestock feeds industry
tremendously (Awwad et al. 2015). Maize is a food source
for human and animals (Ganzour et al. 2020 and Yaseen et
al, 2020). Maize as a summer crop is pronouncedly
influenced by the climate change; therefore, it is expected
that the applied irrigation amount will increase by about 10-
19% by the year 2040 in all Egypt governorates (Ouda et al.
2016). Another study expected an increase irrigation water
needs by about 16% for summer crops by the year 2050
based on climate change scenarios (El-Hamdi et al. 2020). .

On the other hand, the gap between demands and
supplies of water is widening and is reaching such alarming
levels that it is posing a threat to human existence in some
parts of the world. In Egypt, the human share is less than
poverty limit ( FAO, 2009). To face large water
consumption of irrigated agriculture, there is an urgent need
for raising water-efficient cropping systems (El- Agrodi et
al. 2010 and Abdelhameid, 2020). Taking into consideration
the stable water budget of Egypt, saving irrigation water is
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one of the priorities of the Egyptian Ministry of Agriculture
and soil Reclamation. Thus, the major step of the Egyptian
government strategy is raising agricultural productivity
from the unit area with the minimum quantity of water
losses (Sadik and Abd El-Aziz, 2018 and El-Hadidi et al.
2020). The essentiality for water supplies causes urgent need
to find new irrigation techniques to sustain productive
output rates with saving the irrigation water (EI-Hamdi et al.
2020). In this regard, soil amendments application is one of
the most eco-friendly techniques for improving water use
efficiency in arid and semi-arid regions.

Zeolite, as soil amendment, improves soil properties
by reducing water leaching, thus saving soil water for
agronomic crops. Zeolite may hold substantial amounts of
water and nutrients and release them as required for plants,
thereby improving plant growth with limited supply of
irrigation water (Bernardi et al. 2009; Azarpour et al. 2011
and Khalifa, et al. 2019). Zeolite is one of the class minerals
known as "tectosilicates” that naturally occur as hydrated
aluminosilicate minerals, three-dimensional tetrahedral
frameworks of AlOs; and SiOs (Gomah, 2015). Zeolite
improves the efficiency of water use by increasing the water
holding capacity of soil and its availability to plant (Bernardi
etal. 2010). Furthermore, Zeolite as a soil conditioner leads
to an increase in the CEC of soil (DeSutter and Pierzynski,
2005 and Ozbahce et al. 2015). Using zeolite could be
beneficial strategy for improving nutrient retention in soil
and their use efficiency. Ahmed et al. (2010) showed that
the use of mineral fertilizers mixed with zeolite
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pronouncedly increased nutrients uptake, and their use
efficiency by maize plant due to high capacity of zeolite to
hold the nutrients as long as possible. Khalifa, et al. (2019)
showed that the use of zeolite can enhance available
macronutrients, CEC, total porosity, available water values,
field capacity and permanent wilting point. Kulikova et al.
(2020) reported that zeolite is an environmentally friendly
product. Mosa et al. (2020) stated that natural zeolite has a
well-distributed porous structure; however, its surface area
is largely lower than most carbonaceous sorbents.

Silicon or Aluminum

Oxygen

Zeolite structure (cifatidh from Azarpour et al.2011)

Therefore, the objective of the current study is to
evaluate response in terms of maize performance and yield
as well as some soil properties to soil addition of zeolite
under deficit irrigation water.

MATERIALS AND METHODS

1.Experimental setup.

Two field trials were performed at a private farm
located in Met Antar Village, Talkha District, Dakahlia
governorate, Egypt (31° 3’ 17.05” N latitude, 31°22'32.32"
E longitude, with an elevation of about 6 meters above mean
sea level) during the two successive summer seasons of
2019 and 2020. The work aimed to evaluate the effect of
soil addition of zeolite as main plots [ Zo: without zeolite (
control ) and Z;: with zeolite at rate of 10 Mg h™] under
three irrigation intervals as sub plots [l.: irrigation every 12
days (traditional irrigation) in addition to irrigation every 14
(I2) and 16 (1) days, which represented the deficit irrigation
treatments],starting after first irrigation. The execution of
the trial was done in a split-plot with three replicates. The
experimental plot area was 10.5 m2. The source of irrigation
water was main canal near the experimental field (Nile
River). Before cultivation, soil sample (0-30 cm depth) was
taken from experimental soil and analyzed according to
Buurman et al. (1996) and some of its physical and chemical
characteristics are presented in Table 1. Before cultivation,

soft zeolite (from Alex Zeolite Company) was mixed with
the soil surface layer (0-30 cm depth).Table 2 contains the
characteristics of the studied zeolite. Maize seeds "Zea mays
L. Cv single Hybride 10" were sown on May 30" and
harvested on September17" during the studied two seasons.
The traditional agricultural practices and fertilization
(organic and inorganic fertilizers) were done for the maize
production according to the recommendation of the
Ministry of Agri. and soil Rec (MASR). Before sowing, all
plots received compost at rate of 20 Mg ha and phosphatic
fertilizer at rate of 0.476 Mg calcium superphosphate
(6.6%P) ha™. The rates of N and K fertilizers were as
follows: 0.285 Mg N ha*, which was divided into two equal
doses of ammonium sulphate (20.6 % N), the first dose was
applied before life watering (the 2" irrigation), and the 2"
dose was applied before the next one (the 3" irrigation),
while potassium fertilizer was applied at rate of 0.119 Mg
potassium sulphate (39.8 % K) ha* in one dose before the
fourth irrigation. Water was applied through surface
irrigation and plants were irrigated by 7, 6 and 5 irrigations
under I4, I and I3 irrigation regimes, respectively. Table 3
shows the dates of irrigation process.

2.Measurement traits.

At a period of 60 days after sowing, random samples
of five maize plants were taken from each subplot to
estimate the following traits in the plant leaves:

Total chlorophyll content was measured according to
Sadasivam and Manickam, (1996).

Total phenols were analyzed calorimetrically using the
modified  Folin-Ciocaltue  colourimetric  method
(Eberhardt et al. 2000).

Proline was determined using 3% aqueous sulfosalicylic
acid according to Bates et al. (1973)

While at harvest stage (110 days from sowing),
random samples of five maize plants were taken from each
subplot to estimate maize plant height as an average as well
as some qualitative traits as follows:

c- Crude grain protein content was calculated by using the
following formula: Crude protein % = Nitrogen (N) x
5.75. N content of maize grain was determined by
Micro-Kjeldhal method as described by Anonymous,
(1990).

Total carbohydrates in grain was determined using
ethanolic mixture according to Hedge and Hofreiter
(1962).

Crude grain oil content was determined by Soxhlet fat
extraction method (AOAC, 1990).

Table 1. Some characteristics of the investigated soil before sowing.

Soil chemical properties

E 3 § X Soluble ions, meq L™ Available Macro-
w 22 § OM CEC, Cations Anions Nutrients (mgKg™)
© I8 Q % (cmokg)
O 528 8 Ca* Mg* Na* K' CO% HCOs Cr SO?4 N P K
L 7}
085 80 265 126 395 15 32 37 018 - 241 274 343 550 800 203
Soil physical properties Soil moisture properties
Particles size distribution(%)  Texture Real density Bulkdensity T.Porosity Field capacity Wilting point  Available water  Saturation %
Sand%  Silt%  Clay%  class (Mg m) % %
18.85 3193 49.22 Clay 2.585 123 50.03 40.15 20.07 20.07 80.30
Table 2. Chemical composition of zeolite used.
Properties EC CEC SiOz K20 FeO P20s AlO3 Na.0 CaO
(dsm™) (cmol kgh (%)
Value 2.35 158.50 64.75 5.20 6.00 1.05 12.50 150 9.00
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Table 3. Irrigation water schedule (the same dates were
during both seasons).
Irrigations No. Date of irrigation

I1 I2 I3
The 1% irrigation 311" May 31" May 31" May
The 2™ irrigation 12"June 14MJune 16MJune
The 39 irrigation 24" June 28% June 2 July
The 4% irrigation 6t July 12t July 180 July
The 5 irrigation 180 July 26 July 3August
The 6% irrigation 30t July ST LLNTTe 11—
The 7" irrigation 11% August

3. Yield characteristics.
At harvest stage (17" September), criteria measured
of yield (as average of five plants) were as follows:
a- Ear length and diameter
b- No. of rows eart and No. grains ear?
c- Weight of 1000 grain
d- Grain yield and biological yield (grain yield + straw
yield).
e- Harvest index %

equation;
Harvest index — Economical yield (grain yield) % 100
Biological yield (grain + straw yields)

4. Soil measurements.

After harvesting stage of maize plants (after 110
days from sowing); soil samples (0-30 cm depth) from each
plot were taken in order to evaluate the impact of studied
treatments and analyzed according to Buurman et al. (1996),
where the soil parameters measured for assessment of the
combined effect of studied treatments were as follows:

a. Soil chemical characteristics i.e. available nutrients
content (N, P, K), pH, electrical conductivity (EC), cation
exchange capacity (CEC).

b. Soil physical characteristics i.e. total porosity (TP), bulk
density (BD) and soil moisture characteristics i.e. field
capacity (FC), wilting point (WP) and available water
(AW) and saturation percentage (SP). Soil paste extract
was prepared by a suction machine to determined
saturation percentage, while the other characteristics
were calculated as follows: %SP= 2%FC= 4%WP.

5. Statistical Analysis.

It was done according to Gomez and Gomez, 1984,
using CoStat (Version 6.303, CoHort, USA, 1998-2004)].

RESULTS AND DISCUSSION

that calculated as the following

Results.
1.Maize growth and yield Performance.
a- Biochemical parameters at 60 days after sowing
Data in Table 4 showed that soil addition of zeolite
at rate of 10 Mg h* pronouncedly affected content of total
chlorophyll, total phenols and proline (mg g* F.W) in maize
plant leaves at period of 60 days from sowing, where the
values of chlorophyll content significantly increased with
soil addition of zeolite compared to control treatment
(without zeolite), while, the plants grown without zeolite
produced total phenols and proline in leaves more than that
grown under soil addition of zeolite.

Data in the same Table exhibited highly significant
differences among the different irrigation intervals studied.
It is clear that values of chlorophyll content of maize plant
significantly increased as irrigation intervals decreased,
where the highest value is realized when maize plants were

irrigated every 12 days (1), followed by irrigation every 14
days (I2),while the lowest value was obtained at 16 days
irrigation interval regime (ls). In a related behavior, findings
illustrated that water stress caused remarkable increases of
total phenols and proline content in maize plant leaves,
where the increase of irrigation intervals caused increasing
plant production from total phenols and proline content in
leaves to resist irrigation water deficit. Generally, water
stress under irrigation every 16 days gave the highest values
of total phenols and proline content in maize plant leaves.
Regarding the interaction effect, data of Table 4

showed that the combination of zeolite treatments and
irrigation intervals was significant. Concerning chlorophyll
content, maize plants amended with zeolite and irrigated
every 12 days recorded the highest values, while the lowest
values were recorded when maize plants were untreated
with zeolite and irrigated every 16 days. On the contrary, the
lowest values of total phenols and proline content in maize
plant leaves were noticed at [l (irrigation every 12 days) x
Z; (with zeolite)] treatment, while the highest values are
realized at I3 (irrigation every 16 days) x Z, (without zeolite)
treatment. Generally, maize plants fertilized with zeolite
gave better results than that grown without zeolite addition
under each studied irrigation interval. Moreover, mixing
zeolite with soil surface before sowing (Z1) with irrigation
of maize plants every 14 days (I,) as combined treatment
improved maize plant performance than that without zeolite
addition (Zo) under irrigation every 12 days (l1).

Table 4. Effect of soil addition of zeolite, different
irrigation intervals and their interactions on
performance of maize plant (combined data
over both seasons) at 60 days from sowing.

Characters T. Chlorophyll  Total phenols Proline
Treatments (mg gt F.W)
Zeolite
Zo 1.184° 14.69° 4.012
Zi 1.3672 12.14° 3.320
LSD as% 0.042 0.43 0.02
Irrigation intervals
l1 1.3952 10.29° 2.83¢
I2 1.274° 14.22° 3.90°
I3 1.158¢ 15.73 4.26%
LSD at5% 0.029 0.20 0.08
Interaction
Ih 1.314¢ 11.10¢ 3.07°
Zo I 1.156° 15.75° 4.30°
I3 1.082f 17.212 4.65
I1 1.476% 9.47f 2591
Z: I> 1.391° 12.70¢ 3.49¢
I3 1.235¢ 14.24° 3.88°
LSD ats% 0.042 0.28 0.11

Notes Z0: without zeolite; Z1: with zeolite; I11: irrigation everyl12 days;

12: irrigation every14 days; 13: irrigation every16 days.

b- At harvest stage (yield and measurement qualitative
traits).

Data of Table 5 showed the influence of zeolite soil
addition ( Zo: without zeolite and Z;: with zeolite), various
irrigation intervals (l1: irrigation every 12 days, l,: irrigation
every 14 and s irrigation every 16 days) and their
interactions on grain quality traits i.e. carbohydrates, protein
and oil (%) and yield characteristics i.e. No. of grains ear?,
No. of rows ear?, ear length and diameter (cm), weight of
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1000 grain (g), grain and biological yield (Mgh™), harvest
index (%) and plant height (cm), of maize plant.

Additive of zeolite caused marked increase in plant
height, yield and its quality parameters, where the highest
values of all aforementioned traits were realized with soil
addition of zeolite at rate of 10 Mg h, while maize plants
grown on corresponding untreated soil recorded the lowest
values.

Concerning irrigation treatments, the traditional
irrigation was the superior followed by irrigation every 14
and 16 days, respectively for all studied yield and quality
traits.

In fact, the performance of maize plant at harvest
stage took the same trend of its performance at period of 60
days from sowing, where maize plants fertilized with zeolite
gave better results than that grown without zeolite under
each studied irrigation interval. Meantime, maize plants
fertilized with zeolite and irrigated every 12 days recorded
the highest values of all aforementioned quality and yield
traits, while the lowest values were recorded with maize
plants grown on untreated soil with zeolite under irrigation
every 16 days. Taking into account that soil addition of
zeolite before sowing (Z1) with irrigation of maize plants
every 14 days (l;) as combined treatment realized better
results than non-addition of zeolite (Zo) under traditional
irrigation (every 12 days).

The pronounced promotional effect of zeolite may
be attributed to its ability in enhancing the use of NH4 -N
and NOs -N, reducing leaching losses of nutrients in cation
form as well as acting as a slow-release fertilizer as
mentioned by Bernardi et al. (2009) in addition to its role in
preventing soil moisture losses. Generally, zeolite is useful

for performance and yield of maize due to its high content
of nutrients (Table 2). This result is in accordance with those
of (DeSutter and Pierzynski, 2005; Bernardi et al. 2009;
Ahmed et al. 2010; Azarpour et al.2011; Gomah, 2015 ;
Ozbahce et al. 2015 and Kbhalifa, et al. 2019). Beside,
Najafinezhad et al. (2015) who concluded that soil addition
of zeolite led to increase chlorophyll content (SPAD) and
yield of sorghum and corn plant.

The maize plants under drought stress without
zeolite produces antioxidants such as phenols and proline
more than that with zeolite soil addition. It is known that
antioxidants production increased in tissues under stress
conditions such as drought in order to protect the plant from
these conditions but with the continuing stress conditions for
a long time, the production of antioxidants declines. This
fact applies to the contents of total phenols and proline in
maize leaves, where deficit irrigation treatments I, and I3
reduced plant performance through over production of
Reactive Oxygen Species (ROS), which might damage
different macromolecules and cellular structures, thus this
plant is forced to secrete more amounts of total phenols and
proline to resist these ROS (Gharibi et al. 2016). This
finding explains increase of contents of total phenols and
proline in leaves of plants grown without zeolite addition
under deficit irrigation. Generally, zeolite reduces the maize
plant requirements from these antioxidants due to ability of
zeolite for holding water and other nutrients. The adverse
effect of produced ROS in tissues under deficit irrigation
reflects on yield and its quality. This result is in accordance
with those of Mahajan and Tuteja, (2005); Farooq et al.
(2009) on maize; He and Gao, (2009) on wheat and Terzi et
al. (2014) on maize.

Table 5. Effect of soil addition of zeolite, different irrigation intervals and their interactions on grain quality traits,
yield characteristics and plant height of maize plant at harvest stage (combined data over both seasons).

Grain quality traits

Yield characteristics

Characters c . . No.of No. Ear Ear Weightof Grain Biological Harvest Pl_a nt
arbohydrates Protein  Oil ] . - . - . height

Treatments grains rows length diameter 1000grain yield yield index
(%) ear! ear! (cm) () (Mg ha'!) (%)  (cm)

Zeolite
Zo 70.24b 11.40b 4.48b 367.67a 13.44b 15.04b 2.86b  311.21b 542b 11.00b  49.16b 202.66b
Z1 72.09a 13.76a 5.07a 394.78a 15.11a 17.69a 3.47a 329.80a 6.40a 12.48a 51.25a 216.09a
LSD ats% 0.55 0.08 0.01 n.s 082 0.09 0.29 1.86 0.01 0.08 0.23 0.75
Irrigation intervals
I 72.33a 14.11a 5.14a 397.33a 15.50a 18.13a 3.53a 332.77a 6.55a 1257a  52.05a 217.95a
I2 71.16b 1259b 4.77b 382.50b 14.17b 16.37b 3.17b  32057b 594b 11.60b  51.08b 208.03b
I3 69.99c 11.04c 4.41c 363.83c 13.17c 14.60c 2.78c 308.32c 5.26c 11.05c  47.49c 199.90c
LSD at5% 0.42 008 011 1448 088 0.18 0.08 3.72 0.04 0.08 0.58 0.65
Interaction

I 71.55¢ 13.17¢ 4.90° 383.67* 14.67 17.07¢ 3.27° 324.63° 6.18° 12.03° 51.41b 213.07c
Zo I 70.03¢ 11.09°¢ 4.38° 367.67¢ 13.00¢ 14.73¢ 2.77° 308.10°¢ 532 10.69°  49.75c 198.10e
I3 69.13 9.93F 4.16" 351.67¢ 12.67¢ 13.33F 253 300.90F 4767 1027F  46.33e 192.33f
I 73.112 15.05* 5.38* 411.00° 16.33* 19.20° 3.80° 340.90° 6912 13.122  52.68a 222.83a
Z1 I> 72.30° 14.08° 5.15° 397.33% 1533® 18.00° 3.57° 333.03" 655° 1250° 52.42a 217.97b
I3 70.86¢ 12.15¢ 4,679 376.00° 13.67¢ 15.87¢ 3.03¢ 315.73¢  575¢  11.82¢  48.65d 207.47d
LSD at5% 0.60 011 0415 2047 125 0.25 0.12 5.26 0.05 0.12 0.82 0.65

See footnotes of Table 1 for treatment designations

2- Soil properties.

Post-harvest soil analysis indicated that all studied
soil properties pronouncedly differed as a result of studied
treatments, where data of Table 6 showed the effect of soil
addition of zeolite and different irrigation intervals on
average values of some soil properties, where the displayed
parameters' values are mean of the two seasons.

Soil moisture characteristics (FC, WP, AW and SP,
%): All soil moisture characteristics of soil after the harvest
of maize pronouncedly were affected by soil zeolite addition
more than the corresponding soil without zeolite under all
studied irrigation intervals, which have slightly impact on
these soil moisture characteristics. This behaviour could be
due to that zeolite conditioner holds a high quantity of
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irrigation water in its pores, where zeolite can retain
irrigation water in the root zone to be used by plants when
required, thus zeolite helps in resisting the deficit irrigation
treatments (2 and I3) as mentioned by Al-Busaidi et
al.(2008). It can be said that use of zeolite is one way to
improve soil moisture characters and prevent soil moisture
losses due to that aluminosilicates is scaffold structure and
water molecules occupation in its cavities and removable in
its structure so that ion exchange reactions and dehydration
do as reversible (Khalifa et al. 2019). These findings are in
harmony with those obtained by Pisarovi¢ et al. (2003) who
reported that zeolite conditioner can absorb up to 55% water
of that can be used in metabolic activities of plants.

Bulk density (Po, Mg m®) and total porosity (TP,
%):Table 6 illustrated that mixing zeolite with soil surface
before sowing at rate of 10 Mg ha™ led to a reduce soil bulk
density and increase its total porosity under all studied
irrigation intervals, which possessed slight effect on these
physical properties. Py is considered as a good indicator for
the enhancement of the major physical soil properties; the
decrease in its value means that the different structure
parameters are desirable for various biological and chemical
processes in soil. Obtained results in Table 3 showed that
Soil Py values remarkably decreased with soil addition of
zeolite, where the lowest values are obtained at Z; treatment.
TP is a result of relationship between real density (Ps, as
constant = 2.585 Mg m®) and bulk density (P, ) according
to the following equation

1 _ Bulk density (Pb)
(TP =1 Real density(Ps) % 100)

Table 3 showed that TP value of soil treated with
zeolite is higher than that of untreated soil with zeolite.
Increase of soil TP may be attributed to the high porosity of
zeolite amendment, which improved soil structure and
decreased soil bulk density. Generally, reduction of P, and
Increase of TP as a result of applying zeolite may be due to

that zeolite improves the soil physical properties. These
results are in agreement with those obtained by Habashy and
Abdel-Razek (2011) and Rosalina et al. (2019).

Electric conductivity (EC, dSm?): At maize harvest stage,
soil EC values pronouncedly increased due to applying
zeolite as compared to untreated soil (without zeolite). It can
be said that zeolite increased soil salinity. On the other hand,
traditional irrigation interval I, caused a reduction in soil EC
values as compared to deficit irrigation treatments, (I2 and
I3),where the soil EC value increased as irrigation intervals
increased. This may be attributed to irrigation every 12 days
gives more water in the season, thus leaching of salts out of
the soil root zone is more far.

Soil reaction (pH): pH is considered a soil parameters
which is unable to be easily changed. So, the effect of
studied treatments on soil reaction (pH) was not significant
with a slight reduction of pH value in treatments amended
with zeolite. This is mainly attributed to the buffering
capacity of soil, which resist against wide variation in soil
pH values.

Cation exchange capacity (CEC, cmol.kg™): The most
effective factor, which affected soil CEC was zeolite. The
pattern of response to zeolite addition showed a marked
increase in soil CEC. These increases may be due to the high
CEC value of zeolite is 3-4 times greater than that in studied
soils (158.5 cmol kg?). This result is in agreement with
those of Habashy and Abdel-Razek (2011) and Ozbahce et
al. (2015).

Available nitrogen and potassium (mgkg™): Data in
Table 6 illustrated that soil addition of zeolite clearly
increased available N and K in soil. This could be revealed
to the ability of zeolite additives improved the capacity of
soil toward retention of N and K in the root zone. Further to
this, the high K concentration in zeolite might provide a
released supply of K in soil. These findings agree with those
of Azarpour et al. (2011) and Khalifa, et al. (2019).

Table 6. Some soil properties as affected by soil addition of zeolite and different irrigation intervals after maize

harvest (average of both seasons).

Characters Chemical characters Physical characters Moisture characteristics
EC CEC AN  AK TP Po FC WP AW SP

Treatments dS.m? P cmol.kg! mg kg! % Mg m?3 %

Initial soil before sowing  0.858 8.00 39.5 55.0 203 50.03 1.24 40.15  20.07 20.07 80.30
Ih 1.10 7.98 42.30 560 2102  52.80 122 40.00 20.00 20.00 80.00

Zo I2 1.17 8.00 4251 569 2123  53.19 121 40.19 20.09 20.09 80.38
I3 1.23 7.99 42.83 575 213.0 53.96 119  40.13 20.06 20.06 80.26
I 143 7.93 46.33 623 2183 5512 1.16 432 21.60 2160 86.40

z I2 152 7.96 46.54 63.5 2202 559 114 433 21.65 2165 86.60
Is 157 7.98 46.95 639 2209 56.67 112 435 2175 21.75 87.00

See footnotes of Tables 1 and 2 for treatment designations. Values are means, without statistical analysis.
Notes EC: electrical conductivity; pH: soil reaction; CEC: Cation exchange capacity; AN: Available nitrogen; AK: available potassium; TP: total
porosity; Ps: bulk density; FC: Field Capacity, SP: Saturation Percentage, AW: Available Water, WP: permanent wilting Point

CONCLUSION

Results obtained increase our knowledge concerning
the efficacy of zeolite on the improvement of plant
performance and crop yield. Findings confirmed that soil
addition of zeolite improved the most of soil properties
including water holding capacity of the soil and its capacity
toward nutrients retention, therefore, the use of zeolite is one
way to prevent soil moisture losses.

It can be concluded that zeolite represent an
attractive option for programs of sustainable crop
management under deficit water circumstances.
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