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ABSTRACT

The effect of Zeolux use as soil amendment on the yield and some of the agronomic traits of a home
garden plant, Sage (Salvia officinalis), irrigated by either fresh or RO reject waters was studied. Clay and
different combinations of clay-Jordanian zeolux were compared for that purpose. Each combination was
divided into two subgroups at randomized experiment and irrigated with either fresh or RO reject waters.
The combination of 75% clay and 25% zeolux irrigated with fresh water produced the best results in terms
of plant height, number of branches, fresh weight, dry weight and root dry weight of sage plant. The
results indicate that the use of RO reject water causes significant reduction in all the studied parameters
above. The use of zeolux did not reduce the harmful effects of the saline water used for irrigation on the
yield of sage.
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1. Introduction

Natural zeolites (zeolux) are among the minerals often used as substrates for plant growth such as
seedling production, rooting of cuttings, potting of ornamental plants, etc. Natural zeolites’ strong
sorption properties, high cation exchange capacity (CEC) and rich macro and micro nutrients content make
them an attractive alternative to peat moss and other natural products used in the industrial production
of substrates. Natural zeolites have also been used for a long time to improve soil quality. Farmers add
zeolites to the soil to control soil pH and to improve ammonium retention (Dwyer and Dyer, 1984). Other
finding revealed that zeolite could be useful in decreasing the negative effects of high salinity (Noori et
al., 2006). Soil salinity is a major abiotic factor limiting crop production. The use of zeolites as a soil
amendment may mitigate the effects of salinity stress on plants. The objectives of this study are to
determine the effects that Jordanian tuff (zeolux) use as a soil amendment has on the yield and some of
the agronomic traits of Sage (Salvia officinalisvar). The effects were studied under two types of irrigation
waters, namely fresh and reverse osmosis (RO) reject waters. The capability of zeolux to reduce the
detrimental effects of such saline water on the growth of sage was also an objective of this study.
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Sage plant (Salvia officinalis var. purpurascens) is an evergreen sub shrub that belongs to the
Mediterranean region. Sage has been used for medicinal purposes, including as an antihydrotic,
spasmolytic, antiseptic and as an anti-inflammatory, and in the treatment of mental and nervous
conditions (Baricevic and Bartol, 2000). Sage has also been used traditionally in food preparation. The
production of plants using saline water such as RO reject water could have numerous adverse effects on
growth, morphology, and survival of the plants (Hasegawa et al., 2000). Salinity in soil becomes a problem
when the total amount of salts which accumulate in the root zone is high enough to negatively affect plant
growth. Accumulation of salts in the root zone affects plant performance through creation of water deficit
and disruption of ion homeostasis (Bauder and Brock, 2001; Munns, 2002) which in turn cause metabolic
dysfunctions. These stresses change hormonal status and impair basic metabolic processes (Munns, 2002;
Loreto et al., 2003) resulting in growth inhibition and reduction in yield (Maas, 1993).

Irrigation management practices aim at using poor quality waters in agriculture by maintaining salt
accumulation in the root zone at lower levels. Therefore, appropriate cultural practices may dramatically
improve the performance of crops in saline environments. Soil permeability problems may be prevented
or corrected by using soil or water amendments. Zeolux was used in this study as a soil amendment in an
attempt to reduce the detrimental effect of saline water on the growth of sage. In the present study RO
reject water from an inland desalination plant was used and compared with fresh water for sage irrigation
in the presence and absence of zeolux. Reject brine has been used for fish farming and irrigation of forage
shrub and crops in South America (Sanchez et al., 2015).

A number of parameters have been used to evaluate the success of plantations. These include, shoot or
root height (Kaya et al., 2006), shoot length to root length ratio (Tadros et al., 2012), diameter, dry mass,
or the ratio of shoot dry mass to root dry mass (Bernier et al., 1995; Tadros et al., 2012). An imbalance in
shoot to root ratio can cause transplanting shock (Bernier et al., 1995). The root mass is correlated with
the ability of a plant to absorb water, while the shoot mass is correlated with the amount of water a plant
losses through transpiration (Wilson, 1988). Therefore, the shoot to root ratio has been used as a measure
to evaluate the drought avoidance potential, with those having a low shoot to root ratio values, have a
higher drought avoidance potential (Bernier et al., 1995). For the same plant, however, an equilibrium
between the amount of shoot to the amount of root (shoot: root ratio) must be present (Wilson, 1988).

2. Methodology

2.1 RO brine water

The brine water was taken from the reject stream of a water desalination plant located in the city of Zarqa,
Jordan.

Table 1. Characteristics of the RO brine water.

Parameter Average
pH 8.0
EC (dscm™) 7
TDS (mg I'%) 4460
TH (mgCaCOs I'Y) 2850
Ca (mgI?) 429
Mg (mg 1) 427
Cl(mg 1Y) 1869
Na (mg ') 1300
K (mgl?) 26
NOs(mg I'Y) 161
PO4(mg IY) 0.0
S04 (mg ') 572

HCOs (mg CaCOs I'1) 270
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The plant consists of two stages of RO membranes with a capacity of 600 m? h'’. The treatment process
includes: chlorination to remove ammonia, coagulation, equalization, sand filtration, dechlorination, pH
adjustment, anti-scaling unit, 5 micron filtration, and RO units.

The source of water is brackish groundwater (TDS= 2001 mg I'!) obtained from three wells located in the
vicinity of the plant. The depth of these wells is 300 m. The raw water has high concentrations of salinity
(TDS), hardness (TH), and NHs*and it must be treated before it can be used for potable purposes. RO reject
water samples were analyzed in triplicate and the results are reported in Table 1. All of the analyses were
carried out following the standard methods for the examination of water and wastewater (APHA, 1995).

2.2 Preparation of pots

Pots with a diameter of 30 cm and a depth of 45 cm were prepared to prevent water loss. They were
divided into five groups with the first group containing clay soil, as control. The second group contains a
mixture of 75% clay soil and 25% zeolux, while the third group contains a mixture of 50% to 50%. The
fourth group contains a mixture of 25% clay soil and 75% zeolux, while the final group consists of 100%
zeolux. Each group was divided into two subgroups at randomized experiment and irrigated with two
types of waters (fresh water and brine water). Each experiment was conducted in triplicate and the
averages of these experiments are reported. Two seedling of Salvia officinalis were planted in each pot.
Soil water potential was maintained by frequently weighing the pots. An amount of water equal to the
weight loss was added from each type of water. Plants were irrigated to the pot capacity for one week
before starting the experiment in order to improve root development.

2.3 Yield and yield components measurement

Plants were harvested after 150 days from transplanting. Shoots were removed from roots at the soil
surface. Yield and yield components were measured for the two plants in each pot. The plants were
harvested during the growing season by cutting the plants and the different vegetative growth parameters
were recorded as follows: plant height (PH), number of branches/plant, (NB), shoot fresh weight (SFW),
shoot dry weight (SDW), root dry weight (RDW) and shoot dry weight to root dry weight ratio (SDR/RDW).

2.4 Statistical analysis

Statistical analyses were performed using ANOVA and the least significant deference test (LSD) using SAS
statistical software (SAS, 2002).

3. Results and discussion

3.1 Effect of Soil Type:
3.1.1 Fresh Water as Irrigation Water

Table 2 shows the effects that the addition of zeolux on clay has on a number of parameters related to
the growth of sage plant. Table 2 shows that the addition of zeolux has a significant effect on most of the
parameters studied when fresh water was used as irrigation water.

Figure 1, shows that the soil that has 25% zeolux and 75% clay produced the largest plant height (PH)
compared to other clay-zeolux combinations. In Figure 1, and all subsequent figures, the zeolux-clay
combination that produced the largest plant height was assigned the letter A to indicate that this
combination has scored the largest PH. In Figure 1, the other zeolux-clay combinations were assigned the
letter B. The meaning of these letters is as follows. To evaluate the differences between PH that occurred
as a result of using different percentages of zeolux in soil, the value of Fisher's Least Square Difference
(LSD) at 0.05 probability level was computed and found to be equal to (3.29 cm), as shown in Table 2 for
the plant height. As the letter A was assigned to a PH of 52.25 cm as shown above to (25% zeolux and 75%
clay), a zeolux-clay combination that produced a PH that is lower than 52.25 cm by LSD (3.29 cm in Table
2) would be assigned the letter B. In other words, a PH of less than 48.96 cm (52.25 cm minus 3.29 cm)
would be assigned the letter B. As the combination that produced the second score of (41.75 cm) was
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(50% zeolux: 50% clay), as shown in Table 2, this combination was assigned the letter B. The letter B as
compared to the letter A means that there is a significant difference between these two zeolux-clay
combinations according to Fisher's LSD at 0.05 probability. A combination that produces a PH that is lower
than (41.75 cm) by the value of LSD would be assigned the letter C. In this case, as Table 2 shows for the
PH, all the other combinations scored a PH that is closer to the (41.75 cm) than the LSD, and therefore all
the other zeolux-clay combinations were assigned the letter B. The four combinations that were assigned
the letter B in Figure 1 are therefore not significantly different according to LSD at 0.05 probability level.

Table 2: Mean plant height (PH), number of branches per plant (NB), shoot fresh weight (SFW), shoot dry
weight (SDW), root dry weight (RDW) and the ratio between shoot dry weight and root dry weight
(SDW/RDW) of Sage Plant (Salvia officinalis) irrigated with two types of water and planted in different soil
mixtures.

Irrigation water Soil mixture ( clay soil : PH NB SEW SOW RDW  SDW/RDW
type zeolux)
100% clay: 0% zeolux 40.50 17.25 5132 17.37 04.20 04.18
75% clay: 25% zeolux 52.25 22,50 90.75 25.15 06.25 04.05
Fresh water 50% clay: 50% zeolux 41.75 19.00 73.46 2245 06.67 03.39
25% clay: 75% zeolux 41.00 18.50 60.54 1890 06.70 03.83
0% clay: 100% zeolux 39.75 18.75 6042 1792 06.97 02.56
100% clay: 0% zeolux 13.50 02.75 02.06 00.91 00.20 04.69
75% clay: 25% zeolux 15.00 05.75 05.03 01.10 00.26 04.28
RO brine water 50% clay: 50% zeolux 1475 04.75 03.52 01.01 00.26 03.88
25% clay: 75% zeolux 1475 03.50 03.42 00.95 00.25 03.65
0% clay: 100% zeolux 14.00 03.50 03.11 00.93 00.25 03.63
LSD (p<0.05) water source 2.08 1.22 2.59 0.76 0.24 0.39
LSD (p<0.05) soil mixture 3.29 1.92 4.09 1.2 0.39 0.62
LSD (p<0.05) Water source x Soil mixture 2.95 1.72 3.66 1.078 0.343 0.554
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Figure 1. Effect of zeolux mixing with clay on sage plant height

Figure 2 shows that, again, the (25% zeolux: 75% clay) soil resulted in the highest number of branches
(assigned the letter A). The zeolux-clay combination that produced the second highest number of
branches was (50% zeolux: 50 % clay). This combination was assigned the letter B to indicate that the
difference was significant according to LSD at 0.05 probability level. The combination that produced the
lowest number of branches was when no zeolux was used (0% zeolux: 100% clay). As the difference was
significant from the (50% zeolux: 50% clay) combination, this combination was assigned the letter C. The
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other two combinations in Figure 2 were assigned the letters BC. A letter BC indicates that the
combination is not significantly lower than B and not significantly higher than C according to LSD at 0.05
probability level.

Figures 3 and 4 show that the (25% zeolux: 75% clay) soil produced the highest shoot fresh weight and
the highest shoot dry weight (assigned the letter A), respectively. On the other hand, (0% zeolux: 100%
clay) soil produced the lowest values in both parameters (assigned the letter D). The difference was
significant according to LSD at 0.05 probability level. Figures 3 and 4 also show that all soil mixtures that
have zeolux (25%, 50%, 75%, and 100% zeolux) produced higher shoot fresh weight and higher shoot dry
weight that when clay was used alone (0% zeolux: 100% clay). The difference was significant according to
LSD (assigned the letters B and Cin Figures 3 and 4) except when 100% zeolux was used for the shoot dry
weight (assigned the letter CD in Figure 4).
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Figure 2. Effect of zeolux mixing with clay on number of branches of sage
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Figure 3. Effect of zeolux mixing with clay on sage shoot fresh weight
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Figure 4. Effect of zeolux mixing with clay on sage shoot dry weight

Zeolux use (at 25%, 50%, 75%, and 100%) has increased significantly the root dry weight of sage (assigned
A and B) as compared to clay soil alone (assigned C) as shown in Figure 5. The (50% zeolux: 50% clay) soil
produced significantly higher value of root dry weight than the (25% zeolux: 75% clay) soil. Higher zeolux
percentages (75% and 100%), however, have not improved the root dry weight significantly according to
LSD than the 50% zeolux percentage. Zeolux addition at 25%, 50%, 75%, and 100% percentages of clay
soil resulted, respectively, in 48.8%, 58.8%, 59.5% and 66% increase in root dry weight compared to clay
soil alone.
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Figure 5. Effect of zeolux mixing with clay on sage root dry weight

In summary, when fresh water is used for irrigation, and as Figures 1-5 show, the addition of zeolux to
clay improved (or at least gave the same effects) the agronomic traits of plants grown in the soil. Sage
plants irrigated with fresh water responded positively to zeolux addition to soil especially at a mixture of
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(25% zeolux: 75% clay). Zeolux addition to clay at 25% resulted in 29 % increase in plant height, 76 % in
shoot fresh weight, 44.9 % in shoot dry weight, and 49 % in root dry weight of the plant.

The shoot dry weight to root dry weight (SDW/RDW) for different zeolux percentages in soil are shown in
Figure 6. Clay soil with no zeolux added produced the highest SDW/RDW while soil with 100% zeolux
produced the lowest value. As zeolux percentage in soil increases, the SDW/RDW decreases. As has been
mentioned earlier, low shoot to root ratio is indicative of a higher drought avoidance potential (Bernier
et al., 1995). In other words, the presence of zeolux has improved the drought resistance of sage plant.
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Figure 6. Effect of zeolux mixing with clay on sage shoot dry weight to root dry weight (SDW/RDW)

The effect of zeolux use may be associated with water and nutrient dynamics in zeolux mixed soils. These
results are in agreement with that obtained for Brassica napus as well as Picea orientalis plants that
showed an improvement in yield and yield components as a result of zeolite addition to soil (Sing and
Bhargava, 1994; Ayan et al., 2005). The improvement in yield and yield component may also be related to
the increase in nitrogen availability and the prevention of nitrogen leaching. Zeolux presence had a higher
effect on root dry weight than shoot dry weight, which resulted in a decrease in shoot to root ratio as
zeolux percentage in soil increases.

3.1.2 RO Reject as Irrigation Water

Table 2 and Figures 1-6 show that the effects of zeolux mixing with clay soil on plant height, shoot fresh
weight, shoot dry weight and root dry weight were absent for plants irrigated with RO reject water.
Although the presence of zeolux has improved the value of SDW/RDW and the presence of 25% zeolux
has increased the number of branches as compared to clay soil alone, the slight improvement does not
justify the use of zeolux for these purposes.

3.2 Effect of the Water Type

Statistical analysis indicated that there is a significant effect of the water type on plant growth and
production (Table 3). Irrigation of sage plants with RO reject water has been found to affect all yield
components negatively. Plants irrigated with saline water exhibited 66%, 79%, 94%, 95% and 85%
reduction over control in plant height, number of branches per plant, shoot fresh weight, shoot dry weight
and root dry weight, respectively (Table 3).
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Table 3: Mean plant height (PH), number of branches per plant (NB), shoot fresh weight (SFW), shoot dry
weight (SDW), root dry weight (RDW) and the ratio between shoot dry weight and root dry weight
(SDW/RDW) of Sage plant (Salvia officinalis) under two types of water§.

Mean square

Type of water

PH NB SFW SDW RDW SDW/RDW
Fresh 43.05 A 19.2 A 67.3 A 20.36 A 6.16 A 3.408B
RO reject 1448 4.058B 3.43B 0.988B 0.258B 4.03A
LSD (p<0.05) 2.08 1.22 2.59 0.76 0.24 0.39

§ Within columns, means followed by different letters suggest that the difference is significant at the 0.05
probability using LSD test.

The decrease of measured vegetative parameters can be explained by the fact that irrigation with saline
water inhibits water uptake and crop nutritional elements from soil via roots. Salinity causes growth
reduction due to the low osmotic potential of the medium and by specific ion effect as a secondary cause
(Hendawy and Khalid, 2005). The response of plant growth to salinity follows two phases. The first is an
exterior effect that decreases root zone osmotic potential (Munns et al., 1995). This leads to water stress
in plants and growth is probably reduced by inhibitory signals from roots (Munns, 2002). The second phase
of growth reduction is due to salts being concentrated within the plant (Munns et al., 1995).The decreased
in the vegetative growth characters of Sage (Salvia Officinalis) as a result of soil salinity are in agreement
with previous reports (Sari and Ceylan, 2002; Ozturk et al., 2004). The effect of salinity was higher on root
more than shoot resulting in increased shoot /root ratio from 3.4 to 4.03 (Table 3). This observation was
confirmed for Bell Pepper seedlings (Morales-Garcia et al., 2008) which could be a consequence of a
higher accumulation of Na+ in roots than in shoots (Blom-Zandstra et al., 1998). Decreasing in the
root/shoot ratio have also been reported for other seedlings grown under saline conditions (Al-Harbi,
1995; Rodriguez et al., 1997; Yildirim and Guvenc, 2006). Salinity reduces root development, water uptake
as well as transpiration and respiration which results in perished hormonal balance, altered
photosynthesis rate, decreased nitrate uptake, and cell growth. Overall, plant response to the above
mentioned reduced physiological conditions occurs in yield and its components (Sonneveld et al., 1999;
Wahome et al., 2000; Shillo et al., 2002; Paradiso et al., 2003; De Lucia et al., 2003; Grieve et al., 2005).
The presence of zeolux as soil amendment could not reduce any of these negative effects of salinity at
this high value of TDS.

4, Conclusions

Zeolux mixing with clay has been found to improve the yield and agronomic traits of sage plant when
irrigated with fresh water. At a mixture of 25% zeolux and 75% clay, which gave the best results, an
increase of 29 % in plant height, 76 % in shoot fresh weight, 44.9 % in shoot dry weight and 49 % in root
dry weight of sage plant were observed as compared with clay soil alone. When fresh water was used for
irrigation, zeolux mixing with clay resulted in 48.8%, 58.8%, 59.5% and 66% increase in root dry weight of
sage plant as compared to clay soil alone when zeolux percentage in soil the percentage were 25%, 50%,
75% and 100 % respectively. As zeolux percentage in soil increases, the shoot dry weight to root dry weight
decreases indicating a higher drought resistance of sage plant. On the other hand mixing clay soil with
zeolux did not reduce the harmful effect of RO reject brine water used for irrigation of the sage plant.
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