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Abstract: Water stress is a central environmental issue affecting agricultural land in Jordan. To conserve water,
nutrients and to reduce pollution in arid land ecosystems, we investigated the potential of environment-friendly
mineral: zeolitic tuff as a soil substrate (conditioner) to rehabilitate arid soil via mitigating the intense negative
effect of water scarcity and limited water supply on crop productivity to sustain agriculture in Jordan. This was
achieved by cultivating two varieties of tomatoes (Marmande and Margo) in soil using three different levels
of the substrate (zeolite: soil), 0, 5, 10, 15 g/kg soil. Irrigation water was applied under three different levels
representing  the   drought   stress   where  substrates  allowed  to  dry  via  evapotranspiration  to  different
pre-irrigation moisture contents (50%, 75%, 95% of available water) before plants were irrigated with an
adequate volume of water during growing period. Results have shown that both varieties promote significant
vegetation response represented in measuring some growth and development parameters as stem elongation,
stem diameter and leaf area under the level of 5% zeolite and 75% of available water on which reduces the
unfavorable effects of  the  drought  stress.  This  finding  encourage  using  such  substrate  to  rehabilitate
Al- Mwaqqar area and other widely spreading similar areas to improve economy and  livelihood  of  farmers.
The outcome should be included in the strategic planning frameworks for the protection and sustainable
management of natural resources in Jordan.
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INTRODUCTION to lose its productivity over time. This is due to

Majority of the arid/desert areas in Jordan have of  overgrazing,  cultivation  and  plowing of marginal
suffered desertification where precipitation, evaporation soils  in   addition   to  a   periodic  drought.  In  such
and wind action are considered the main climatic areas  where  water  scarcity  is  the  major restrictive
parameters in such area [1]. Seventy five percent of the factor for cultivation, farmers try to utilize diverse
rainfall regime of the kingdom is characterized by low, approaches to adapt and minimize negative impacts of
irregular and unpredictable precipitation with few water  deficiency  and  drought  which reduce
rainstorms. They bring moisture to the soil for a short productivity or make it impossible to  grow  some  crops
period over a limited area. [4, 5].  To  reduce  these  impacts,  certain  agronomical

Although the rate of desertification  was  not and chemical approaches have been practiced [6].
identified yet, several studies  indicated  that  Jordan's Applying  Zeolite  tuff  in  the  soil-plant  system  is  one
land is prone to high rate of desertification [2]. According of  the  promising  measures  to  lessen  these impacts.
to Al-Hadidi [3], the transition zone between  arid  areas The application of zeolitic tuff to soil is considered greatly
in the east and sub-humid  areas  in  the  west is effective, environmentally safe and biologically
subjected to high risk of desertification  and  is expected acceptable [7, 8].

unsupervised  management  and   land  misuse practices
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Recently, zeoponics; loading soil with the destroy  the   vegetation   and  cause  erosion  of  fertile
microporous mineral; zeolite has been extensively used to top soil. The site represents arid area near  the  town of
protect environment and increase agriculture production Al-Mwaqqar at the foot of the catchment area of the
as a substrate for plant growth by at least 10-15% via intermittent stream Wadi Al-Magyer with gently
reducing the effect of water deficit on plant productivity undulating and low hills. The site is located at 31°46
[9].  This  is  due to its physical and physiochemical 43.81" N and 36°12  57.60"E at 1200 m above mean
characteristics such as high adsorption, molecular sieving sea level. Research activities have been devoted to
and cation exchanging capacity along with controlling developing simple water harvesting techniques that could
release of available nutrients which the plants require as be applied throughout the catchment to capture runoff
well as improving water and ammonium retention [10]. which represents 27%-38% of the total rainfall and utilize
Zeolitic tuff holds up to 60% of its weight where it acts as the water for productive purposes while sustaining the
moderator due its absorbance capability and releases it natural soil and plant resources of the area.
slowly [11]. Zeolite adsorbs part of the excess nutrients Slopes range between 1% and 5% and soils are
and water resulting in more balanced macronutrient cation highly calcareous, shallow on higher slopes, deeper on
ratios in the root zone of crops keeping water in this zone lower slopes and on gradients of less than 2%. Soil texture
[12]. Natural zeolites contain minerals of Alominosilicate is generally silty clay soil that show poor physical
having traits of the fertility of the soil along with the structure with relatively good fertility status. Soil surface
storage of both the temperature and water [13]. is prone to crusting, erosion and water runoff where
Worldwide,  Jordan  listed in the top ten in producing terminal rates of infiltration rate range  3-14  mm/h  [20].
natural zeolite. Zeolite occurs mainly in the northeastern Soil is generally susceptible to dispersion and capping
basaltic plateau [14]. In 2011, Jordan produced 140,000 ton which leads to very high proportions of runoff. Rainfall
of this mineral [15]. This mineral has been used in events of less than 5mm can cause noticeable runoff
cultivating different crops such as vegetables, cereals, flows. Rainfall is irregular and unpredictable occurs in the
etc. [16] due to their high ion-exchange capacity [17] form of short, intensive storms between November and
facilitating horizontal spread of water after irrigation in the May, with a long-term average of less than 200 mm per
root zone [8, 18]. annum. Only a small quantity of rain is retained by soil

Tomato is  used  as  a  test  crop  in  this  research. surfaces and most is lost either through direct
The crop is considered one of the most widely grown evaporation from the surface or through runoff into
vegetables in the world ranking second in importance to gullies.
potato in many countries [19].

The goal of this research was to investigate and Field Methods: A two months experiment was conducted
assess the potential use of zeolitic tuff as a component of inside 25 m * 6 m * 3 m greenhouse covered  with  glass,
substrate to determine weather it increases tomatoes of 2 mm thickness. The greenhouse belongs to the
drought tolerance by utilizing it for growth of different Faculty of Agriculture and located  at  the  main  campus
varieties of this crop under different irrigation regimes in of  the University  of  Jordan  in  the   capital  Amman.
arid area reducing the unfavorable effects of the drought The geographical location of the experiment site is N 32°
stress in Jordan which ultimately rehabilitate soils; our 00.680` 35°52 .372 E at 985 m above sea level.
natural resources and improve economy and livelihood of Two cultivars of tomato (Lycopersicon Esculentum)
Jordanian farmers. Investigating possible increase of were used in this experiment; Marmande and Margo.
tomato drought tolerance using zeolite which reflected on These cultivars can be grown in all types of soil with
tomato growth and development and weather this moist to medium range of water. The characteristics of
tolerance is related to level of water stress. these cultivars are shown in Table 1.

MATERIALS AND METHODS trays that have 200 inverted pyramid cells with side length

Research Site: The University of Jordan has established the same size. Five-week old Tomato seedlings were
a 200 ha research site in 1985 about 40 km south-east of transferred and transplanted when the height of shoot
Amman, the capital where the annual rainfall ranges was 10 cm from the soil surface and 14 cm including the
between 100 and 200 mm. The site is typical of large areas roots in plastic containers (plastic pots: frustum of right
of Jordan where the land has both degraded by circular cone) and left to grow for eight weeks, from May,
overgrazing and indiscriminate cultivation both of which 22  to July, 26 , 2011.

Cultivar seeds were sown in seedling polystyrene

of 2.5cm and depth of 7.0 cm. All seedling of plant were

nd th
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Table 1: Characteristics of the used Tomato cultivars
Characteristics
Cultivar Marmande Margo
Family Solancease Solancease
Height 2 to 4 ft 3 ft
Plant Category annuals and biennials, vegetables fruit
Plant Characteristics seed start seed start
Foliage Characteristics medium leaves narrow leaves
Foliage Color Green green
Flower Characteristics old fashioned/ heritage ----------
Flower Color whites, yellows white
Tolerances heat and humidity heat and humidity
Requirements
Bloom time Range Early Spring to Late Summer same
Hardness Zone Undefined 3 to 14
AHS Heat Zone not defined for this plant not defined for this plant
Light Range Sun to Full Sun ----------
pH Range 5.5 to 7.0 5.5 to 6.5
Soil Range Any any plus medium Nitrogen
Water Range Normal to Moist medium

Table 2: Chemical analysis of Zeolitic tuff from Arityan area in Jordan [24]
SiO % Al O % Fe O % MgO% CaO% K O% Na O%2 2 3 2 3 2 2

38.6 12.8 12.1 9.6 9.3 1.5 2.1

Table 3: Soil chemical properties of Al-Mwaqqar area
Extract meq/L Total OC CEC
-------------------------------------- ------------------------------------------------- ----------- ------- --------------

Location pH EC (dS/m) Ca Mg Na Cations (%) me/100g++ ++ +

1 7.8 1.3 9.5 5.3 2.47 15.3 0.43 21.1st

2 8.1 1.38 8.6 5.5 2.23 15.3 0.49 20.8nd

3 7.9 1.47 8.7 5.4 2.28 16.4 0.58 24.3rd

ppm N Total Carbonate Iron Oxides
----------------------------- ------- --------------------------------------

Location Na(%) SAR ESP P K (%) (%)
1 16.17 0.8 0.18 36.2 625.3 0.07 22.3 2.5st

2 14.52 0.84 0.02 32.5 614.9 0.07 23.7 2.33nd

3 13.93 0.77 0.01 41.6 708.3 0.08 21.9 2.41rd

The containers were filled  with  three  kilogram  of Soil Sampling and Analysis: The chemical and physical
Al-Mwaqqar soil and zeolitic tuff to a standard depth. properties of the surface soil (30 cm depth) including pH,
Three different levels of zeolitic tuff (zeolite: soil), electrical conductivity, cation exchange capacity, organic
0%:100%; 5%:95%; 10%:90% and 15%:85% on weight carbon, total nitrogen and available P, K, Ca, Mg and Na
basis. were measured (Table 3). The used soil (0-30 cm depth)

Substrate Preparation: The used zeolitic tuff is of a high sand. Organic matter content was determined by
grade with 30% phillipsite which originated from Aritain Walkley-Black   method,   total  N  using  a  modified
area in Jordan. The chemical analysis of the used zeolite micro-Kjeldahl digestion procedure, available P by
is shown in Table 2 [21]. Zeolite was prepared using extraction with sodium bicarbonate [25, 26].
conventional mineral processing techniques by crushing
the materials by Jaw crusher followed by autogenously Observations and Data Gathering: Non-destructive
tumbling mill and then low intensity magnetic and gravity method was used to measure some physiomorphological
separation with combined wet and dry processing routs. characteristics of growth and development of tomato
The obtained grade ranges between 80 to 96% at plant such as stem diameter, stem elongation and leaf area
reasonable recovery [22, 23]. Zeolite portion that was (LA) at weekly intervals in plants within all replicates of
passed through 0.5 mm sieve was used in this research. the  all treatments beginning from the day of transplanting

has a texture of silty clay with 44% clay, 45% silt and11%
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till the end of eight weeks. The arithmetic means of three RESULTS AND DISCUSION
replicates were calculated for the measured parameters at
each week of the experiment duration after transplanting. The results collected from the experiment included
Leaf is a vital plant organ and is linked to the following plant traits: leaf area (cm ), stem diameter
evapotranspiration and photosynthesis. (mm) and stem elongation (cm) for both Tomato cultivars.

Moreover, stem diameter and stem elongation and Figures 1, 2 and 3 show the trend of the growth difference
leaf area measurements are required in most physiological over time of these parameters, respectively. The Figures
and agronomic studies relating plant growth. The method show the trend under four different levels of the
is suitable for small potted plant populations which allow substrates and for the three different levels of water
the measurement of the same plant several times during application (irrigation) which represent the drought water
the growing period. The measured length and width of stress levels. The data for the three tested parameters are
leaves were used to estimate the leaf area adopting an fitted to mathematical model both linear and polynomial
empirical linear model developed by Blanco and Folegatti along with the error bars representing standard errors of
[27]. The used mathematical model is the means. Moreover, variance components and mean

LA= 0.347(L*W)-10.7 The results of the analysis of variance revealed that the

where L & W are length and width of leaf in cm, application) were statistically significant for all assessed
respectively. traits at P=0.05. The different levels of water stress

Experimental Design and Statistical Analysis: This parameters at P=0.05.
approach is simple, easy and quick to implement and The effect of watering levels on leaf area, stem
revealed good precision for many crops. The experimental diameter and shoot elongation were significant at P=0.05.
was conducted based on a completely randomized blocks This finding is consistent with the studies of Song et al.
design arranged in nested structure with three replicates. [29], when they investigated the effect of applying zeolite
Analysis of variance (ANOVA) was performed using the on cucumber seedling quality. They have showed an
General Linear Model procedure of SAS using MIXED increase of stem diameter and leaf area with increasing
procedure via a personal computer [28]. Each replicate amounts of zeolite. Watering level 50% and 95% of
was considered as an experimental unit. The effects of available water had the highest and lowest leaf area,
treatments were analyzed with a mixed model that included respectively. The sample effect of Zeolitic tuff on leaf area
fixed effects of irrigation level on the basis of three levels was significant at P=0.05. Study of mean comparison
of substrates-water depletion. These substrates were showed that application of 5zeolitic tuff: 95 soil in
permitted to dry via evapotarspiration to 50%, 75% and comparison to non-application had a significant
95% of available water. The level of watering represents preference.
normal irrigation, mild stress and severe stress, Differences between the tested growing substrates
respectively  and   Zeolitic   tuff   level   of   four classes were statistically significant at p<0.05 in respect to stem
(0, 5, 10, or 15%) as well as interaction effect of these two elongation, diameter and leaf area. But the levels of
factors. Furthermore, measurements were taken every irrigation showed no significant differences. Considerable
week from each experimental unit repeatedly, therefore differences were revealed of the parameter of seedling
individual  effect  of  the  replicate  as  the  repeated growth (elongation, cm) for both cultivars.
subject within a treatment over the experimental period Nevertheless it was proved that seedlings could be
(week) was included in the model as random. Orthogonal grown in  all  of  the  prepared  zeolitic  tuff  substrates,
contrasts were used to test the linear and quadratic the watering of the substrates after seedling created
effects of irrigation level and Zeolite level on the studied suitable condition for the starting of growing process.
variables. Differences were accepted as representing The exposure of calcareous soil where the carbonate
statistically  significant  differences  when  P<0.05. ranges between 21.9% and 23.7% may still cause growth
Tukey’s test was used to separate means for significant reduction as shown in all Figures under substrate 0%
interactions. zeolitic tuff as showed by Smith and Wass [30].

2

comparisons  for   all  tested  traits  were  investigated.

sample effect of treatments (ziolitic tuff and water

(applied water) also have significant effect on the tested
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* = significant differences among treated groups at the same week, (Tukey, P<0.05) after a significant interaction of
treatment and week drawn from a mixed model
Fig. 1: Mean and standard error of the mean of weekly measured leaf area increase of the two tomato under pre-irrigation

moisture contents 50% of available water

The effect of zeolite was significant at the level of 5% The comparison of the means showed that the
on the growing percentage of tomato seedlings (p<0.05) different levels of the Zeolite have the significant effect
and leaf area (p<0.05). The growing substrates had on the cultivar’s  stem  elongation,  stem  diameter  and
significant (p<0.001) effect on growing tomato seedlings. the leaf area. The different levels of the irrigation also
The growing media showed considerable differences at have the significant effect on these characters [31].
the assessment of the parameter of plant growth (height). Utilizing zeolitic tuff can preserve water and
Seedling height was significantly (p<0.001) affected by agrochemicals in soil for long-term which facilitate its
growing substrates for both cultivars. availability to the plants [32, 33]. Therefore, minimizing the
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* = significant differences among treated groups at the same week, (Tukey, P<0.05) after a significant interaction of
treatment and week drawn from a mixed model
Fig. 2: Mean and standard error of the mean of weekly measured stem diameter of the two tomato varieties. under pre-

irrigation moisture contents 75% of available water

negative effects of the drought stress on the tested agrochemicals costs. The total cost of rehabilitate one
parameters where ultimately reflect on Al- Mwaqqar hectare is estimated to be 630 JD/ha. This amount covers
rehabilitation,  zeolite  tuff  would  be the right choice to the cost of zeolitic tuff, ploughing and labor are 50JD, 6JD
use. and 7JD, respectively. This means we can invest in  the

Normally, zeolitic tuff remains on the soil and persist Al-Mwaqqar Research site as a pilot project. More
breaking down over time. It improves water and nutrients research is required to test cash and other various crops
retention which eventually reduces water and than tomato.
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* = significant differences among treated groups at the same week, (Tukey, P<0.05) after a significant interaction of
treatment and week drawn from a mixed model
Fig. 3: Mean and standard error of the mean of weekly measured stem elongation of the two tomato varieties under pre-

irrigation moisture contents 95% of available water

CONCLUSION Jordan. In  arid  fragile  areas  of  Jordan,  moisture

Zeolitic tuff (philipsitic tuff) is considered an is  usually  offset  by  evaporation  which makes such
abounded  natural  substrate  in  substantial  amounts areas prone to serious degradation through improper
with  promising  characteristics  for  plant growth in exploitation.

supplied  to  the soil  from  irregular  rainfall  distribution
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