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Abstract

This study was conducted at Jordan Valley to evaluate the use of locally available tuff and sand substrates in comparison with soil for
growing sweet pepper (Capsicum annum L. cv. Reehan) using an open soilless culture. Treatments were randomly distributed according
to RCBD with three replications. Sweet pepper plants, grown in soil or tuff gave higher total yield (6.0, 5.5 and 8.7, 6.5 ton/1000m?,
respectively) and yield/plant (2.0, 1.58 and 1.3, 1.38 kg/plant, respectively) in both the years, while those grown in sand produced the
least. Fruit weight of plants grown in soil was the highest in the first season (200.6 g) followed by tuff and lastly the sand (177.0 and
169.4 g, respectively), however, it was not affected by the substrates in the second season. Substrates had little effect on fruit length
in both seasons and fruit diameter in the first season, but, in the second season those grown in soil gave the highest diameter (74.4
mm) followed by those in tuff and sand (70.6 and 70.3 mm, respectively). This study indicated that open soilless system using tuff as
a substrate may be suitable for sweet pepper production without dramatic changes in yield or fruit quality and it saved about 65-70%

of water applied by conventional farmers for sweet pepper production under plastic house.
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Introduction

Due to the arising problems of soil and the shortage of water
supply for irrigation in Jordan, several farmers are using closed
soilless cultures with the non-organic volcanic tuff as a substrate
for production of cash crops such as cut flowers. However, the
main disadvantage of such systems is the high initial establishment
cost (Cooper, 1975; Winsor and Schwarz, 1990), therefore, the
The National centre for Agricultural Research and Extension
(NCARE) has developed a simple, cheap and effective open
soilless culture to conduct this study at the Jordan Valley using
locally available substrates to reduce the cost of imported ones.

In substrate culture, the nutrient solution can be applied in open
or closed systems. In open systems, the nutrient solution is not
recirculated, while it is recirculated in closed systems (Alan et
al., 1994; Celikel, 1999; Cooper, 1975; NeSmith and Duval,
1998; Siomos et al., 2001; Winsor and Schwarz, 1990). Under
different substrates study, no significant difference was found
between open and closed systems with respect to sweet pepper
total yield (Tiizel et al., 2001). Sand culture is one of the most
efficient and a cost-effective method of soilless cultures due to
its relatively low construction cost, simplicity of operation, ease
of maintenance and service. However, sand culture requires
sterilization between crops and feed lines may be blocked with
sand particles, in addition to rapid salt build-up (Wright, 1992).
Tuff culture has been used to grow several vegetable crops and cut
flowers (Celikel and Caglar,1999; Economakois and Krulji, 2001;
Hurewitz and Janes, 1983; Martin-Closas and Recasens, 2001;
Tiizel et al., 2001; Tiizel et al., 2003). No significant difference
was observed among different substrates with respect to bean
total yield (Tiizel et al., 2003), additionally, when sweet pepper
plants were grown in different soilless substrates, fruit quality

was comparable to those grown in soil culture (Celikel and Abak,
1996). However, under greenhouse conditions, tuff resulted in
higher tomato yield than soil (Abak and Celikel, 1994).

This study was carried out to evaluate two locally available
soilless substrates (tuff and sand) in comparison with conventional
growing in soil for the growth of sweet pepper in a non-circulating
open culture.

Materials and methods

This research was conducted at Wadi Al-Rayyan, northern Jordan
Valley (200 m below sea level) during the 2001 and 2002 growing
seasons. Treatments were tuff culture, sand culture and in soil,
therefore, unheated plastic house was divided into six rows (two
rows for each treatment). Soilless beds (40 cm wide, 30 cm deep
and 10 m long) were made in soil with cement blocks and the
ground was zero leveled. Each bed was lined with a 400-p black
polyethylene sheet to preserve the nutrient solution. Acid-washed
sand and tuff were placed in the beds with equal volume in the
first season. In the second season, the same substrates were re-
washed with acid in the same beds. Tuff was placed in the beds
in two layers; 5 cm of coarse tuff (8-16 mm in diameter) above
it 15 cm of fine tuff (0-4 mm in diameter) was placed. The upper
side of beds was covered with black plastic mulch, and an empty
space was made at the end of soilless beds to monitor and control
the nutrient solution.

A complete Hoagland’s nutrient solution (Hoagland and Arnon,
1938) containing all macro and micronutrients was added to
soilless beds manually (as needed) in a great caution since no
drainage was available for excess solution. The level was kept
between 5-15 cm according to the growth stage and its volume
was recorded. The nutrient solution was daily monitored for EC
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and pH and adjusted to 2.0-2.5 dS/m, and 5.5-6.0, respectively.

Soil beds were solar-sterilized, prepared, irrigated and fertilized as
practiced by pepper farmers in the area of the study. Soil samples
were collected from soil beds prior to planting and analyzed and
contained Na 11 (meg/L), Mg 15 (meg/L), Ca 15 (meq/L), K971
(ppm), P 20 (ppm), pH 7.5, EC 3.5 (dS/m) and CaCO, 37.9 (%).
The total volume of water applied to soil was recorded using water
meter. For all treatments, sweet pepper cv Rechan seedlings were
planted on October 15" in double rows with 40 cm spacing.

At each harvest, fruits were collected; counted and weighed to
determine total and marketable yields, yield per plant and average
marketable fruit weight, length, diameter and skin thickness. At
the end of the study, whole plants were collected, weighed and
oven-dried to determine plant dry weight and N, P, and K content
(A.0.A.C., 1970). Air temperature at 50 cm above ground and
soil, sand and tuff temperature at 10 cm depth were measured
with a data logger and recorded.

Treatments were randomly assigned the experimental units
in a Randomized Complete Block Design (RCBD) with three
replications per treatment. Collected data were statistically
analyzed using MSTAT software (version 4.0, 1985) and mean
separation was performed according to the Least Significant
Difference (LSD) method, P<0.05.

Results and discussion

Total, marketable, non marketable yield and plant productivity:
Results indicated that there is no significant differences for total
and marketable yields between tuff and soil cultures while yield
in culture decreased significantly in the 1% season. In 2" season,
significant differences were observed among the substrates; yield
in soil was the highest followed by tuff and sand (Table 1).

For non-marketable yield, no significant differences were
observed among different substrates in 1% season, while in the
2" season yield was significantly higher in soil than tuff and sand
cultures (Table 1).

For total yield, no significant difference was observed between
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tuffand soil, but yield decreased significantly in sand in 1% season.
However, in the 2" season, significant differences among different
media were observed (Table 1).

Physical fruit properties: In 1* season, soil gave significantly
higher average fruit weight than tuff and sand, but no significant
difference was observed among different media in the 2" season
(Table 2).

In addition, no significant difference was observed among
different media in 1% and 2" seasons in respect to fruit length. For
fruit diameter, no significant differences among different media
were observed in 1% season. However, in the 2™ season it was
significantly higher in soil than tuff and sand (Table 2).

Also, in the 1% season tuff gave significantly higher fruit skin
thickness than soil and sand, but, no significant differences among
different media were observed in the 2" season (Table 2).

Mineral composition of vegetative growth: Results indicated
that in 1% season, nitrogen % was significantly lower in tuff than
soil and sand. But, no significant differences were observed among
different media in 2" season. For phosphorous %, no significant
differences were observed among different media in 1% season,
however, in 2" season, P% was significantly higher in sand than
tuff which was also higher than in soil but the difference was
not significant (Table 3). Potassium and dry matter percentage
showed no significant differences among different media in 1%
and 2" season.

Percentage of applied water: Calculation for percentage of water
applied to tuff and sand was based on the total amount of water
applied to the soil. Comparison between tuff and sand with soil
show that amount of applied water to tuff culture was 31.8% for
1%t season and 33.7% for 2" season, while for sand, 26.7% for 1%
season and 23.7% for 2™ season (Fig. 1).

Tuff, sand, soil, and air temperatures: Results revealed that
the lowest difference between the maximum and the minimum
temperatures was observed in tuff (Fig. 2). Temperature stress and
variation in day and night temperatures may affect several aspects
of plant growth, fruit quality and yield in soil as well as soilless

Table 1. Total, marketable, non-marketable yield and productivity of Pepper cv. Reehan

Treatment Total yield Market yield Non-market yield Yield/plant
(ton/1000 m?) (ton/1000 m?) (ton/1000 m?) (kg)
2001 2002 2001 2002 2001 2002 2001 2002
Tuff 55a 6.8b 50a 6.5b 0.5a 03b 1.38a 1.58b
Sand 2.8b 29¢ 25D 2.8¢ 03a 0.1b 0.58b 0.63 ¢
Soil 6.0a 8.7a 57a 8.1a 03a 0.6a 1.30 a 2.00a

* Mean separation within columns by LSD test, values that don’t share the same letter are significantly different at the 5 % level.
Table 2. Average fruit weight, length, diameter and skin thickness of pepper cv. Reehan

Treatment Fruit weight (g) Fruit length (mm) Fruit diameter (mm) Skin thickness (mm)
2001 2002 2001 2002 2001 2002 2001 2002
Tuff 177.0b 131.7a 1253 a 1203 a 859a 703 b 63a 4.7 a
Sand 169.4 b 1343 a 137.1a 120.1a 80.6 a 70.6 b 58b 4.7 a
Soil 200.6 a 150.1 a 1342 a 131.8a 84.5a 74.4 a 58b 4.8a
* Mean separation within columns by LSD test, values that don’t share the same letter are significantly different at the 5 % level.
Table 3. Percentage of nitrogen, phosphorus, potassium, and dry matter of pepper vegetative growth
Treatment N (%) P(%) K (%) Dry matter (%)
2001 2002 2001 2002 2001 2002 2001 2002
Tuff 0.8b 23a 03a 03b 51a 2.1a 17.0a 183 a
Sand 13a 26a 04a 05a 44a 24a 17.8 a 193 a
Soil l.6a 2.6a 03a 0.4 ab 52a 22a 16.6 a 213a

* Mean separation within columns by LSD test, values that don’t share the same letter are significantly different at the 5 % level.
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Fig. 2. Temperatures of tuff, sand, soil (at 10 cm deep), and air (at 50
cm height) of pepper.

culture (Hurewitz and Janes, 1983; Kafkafi, 2001; Papadopoulos,
1991; Woitke and Schitzler, 2005). Thus, maintaining optimum
root temperature is the main factor in plant production under
soilless culture conditions, and the least temperature variation
in tuff substrate may reduce the negative effects on yield and
quality.

The main disadvantage of using soilless culture systems is the
high cost of substrates particularly the imported ones. In order to
lower the cost of substrate, locally available material such as black
volcanic rock (tuff) may be used. Results of this study indicated
that open soilless system using tuff as a substrate may be suitable
for sweet pepper production without dramatic changes in its yield
or fruit quality. It is concluded that open soilless culture system
using tuff substrate may save about 65-70 % of water applied
by conventional farmers for sweet pepper under plastic house.
However, maintaining the optimum media (root) temperature and
controlling the nutrient solution (water) levels may be used as
a new technique for growers to manage open system in order to
increase oxygen availability to the plant roots.
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