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Effect of Irrigation Water Quantities and Planting Spacing
on Hot Pepper Yield and Efficient Water Use
E.R. Al-Gharibi and A.M. Abu-Awwad*

ABSTRACT
A study was carried out during 2001 growing season, at the Faculty of Agriculture Farm located at the Jordan
University Experimental Station in Amman, to study the effects of irrigation quantities, planting density and
their interaction on hot pepper yield, and to investigate actual Evapo-Transpiration (ETc) of hot pepper crop that
gives maximum yield per unit volume of water per unit area for a specified planting density. A split plot in a
randomized complete block design was carried out with four replications using drip irrigation system on a clay
soil. Three levels of in-row plant spacing were used (S1 (30cm), S2 (60cm) and S3 (90cm) and five levels of
irrigation quantities (W1 ( 2 6 ), W2 ( 3 6 ), W3 ( 4 6 ), W4 ( 5 6 ) and W5 ( 6 6 times evaporation depth from
Calss-A pan). Irrigation water applied was adjusted according to the crop growth stage in which 1 3 of the
desired amount was applied at the first stage of plant life (seedling), 2 3 at the second stage (development) and
2
3
3 at the last stage (maturity and late). Each plot was 13.5 m with three laterals 5-m long, and 0.9 m between
the laterals.
In general, increasing applied irrigation water and/or plant population increased actual consumptive use.
Seasonal actual consumptive use varies from 397, 376 and 370 mm at W1 to 1153, 1116 and 1095 mm at W5
irrigation treatments, for S1, S2 and S3 treatments, respectively. Pepper yield increases with the increasing
amount of irrigation water applied for all spacing treatments form W1 to W5, respectively. Also, yields increase
with increasing plant population (reducing plant spacing).
The WUE is reduced as irrigation water applied increases because yield is increasing at decreasing increments as
compared to the amount of irrigation water applied. Also, increasing in-row plant spacing from S1 to S3
significantly reduced the WUE. In general, among all spacing and irrigation treatments it is recommended to use
30 cm in-row plant spacing accompanied with W3 ( 4 6 times evaporation depth from Calss-A pan) for higher
yield and WUE and wise water application.
KEYWORDS: Hot pepper, Irrigation, Plant spacing, Water use and Evapotranspiration.

crops; maintaining irrigation system; irrigation practices;
irrigating with good water quality and/or improving water
quality; modifying plant population and spacing;
controlling weeds; use of tolerable cultivars for water
stress; usage of mulches; applying the appropriate tillage,
fertilizers and organic matters. Therefore, the best
configuration of the previous factors will result in a good
water management and eventually maximizing crop
productivity.
Thompson and Kelly (1957) have pointed out that
most varieties of peppers are planted about 60 cm apart
within row and 90 cm apart between rows. Smallgrowing varieties may be planted as close as 45 cm apart

INTRODUCTION
Water availability is a worldwide spread problem,
especially in arid regions, which are characterized by low
rainfall. Therefore, water is a limiting factor in expanding
irrigated agriculture. Usually, maximization of crop
productivity per unit irrigation water per unit area. could
be achieved through the integration of many factors as:
using modern irrigation systems; irrigation scheduling;
determining actual water requirements of the different
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in row. Whereas very large growing varieties sometimes
are planted at 75 cm within row spacing.
Ware and McCollum (1959) have mentioned that the
pepper plants are planted with 90 to 105 cm apart
between rows and 45 to 75 cm apart in the row.
Doorenbos and Kassam (1979) have proposed that
pepper seedlings of 10 to 20 cm heights were transplanted
into the field after 25 to 35 days. The length of the total
growing period varies with climate and variety but in
general it takes 120 to 150 days from sowing to the latest
harvest. They recommend plant spacing of 40 to 60 cm
between plants and 90 cm between rows.
Hochmuth and Vavrina (1997) pointed out that a
standard planting arrangement for pepper crops would be
single row with 1 meter between rows and 45 cm
between plants within the row. Some early, small plant
type varieties may be planted at 1-meter row centers and
30 cm between plants. Alternatively, peppers may be
planted in twin rows on 1.5-meter centers, with 45 cm
between the twin rows, and 45 cm between plants within
the row. So, from the above it is obvious that pepper
seedlings can be planted at different spacing.
Saamin (1978) found that there was no significant
increase in pepper crop yield when in-row spacing was
reduced from 50 to 25 cm. However, Ahmed (1984)
showed that yields were higher with closer spacing 30cm
in-row and 70 between rows than with wider spacing (70
x 70 cm).
Lan Chow Wing (1984) studied the effect of row
arrangement and plant density on the yield of hot pepper
“Piment Cipaye”. Three within-row spacings were used
(30, 45 and 60 cm) in single rows 60-cm apart and double
rows (60 x 90 cm). Yields were the highest (up to 6.2
tons/ha) in plants grown 30-cm apart in single rows
(55550 plants/ha) and the second highest (up to 5.8
tons/ha) in plants grown 30-cm apart in double rows
(44400 plants/ha). No differences in fruit weight among
treatments were detected.
In Mexico, Lopez and Silvas Rios (1986) examined
planting distances between rows and plants in sweet
pepper “California Wonder-300”. The plants were spaced
at 15 to 60 cm apart within rows at 0.75 to 1.5-m apart.
Fruit yields and quality were the highest at the closest
spacing. Planting at 30 cm x 1.0 m is recommended for
good yields and quality and ease of management.
Savic and Ilic (1992) studied the effect of spacing on
pepper (Capsicum annum L.) yield. The plants were
spaced at 15, 25, 30, 40 and 50 cm apart within rows that

- 28 -

laid at 60-cm apart. The closest spacing (15 x 60 cm)
produced the highest yield, while the widest spacing
produced the lowest yield.
In Georgia, Batal and Smittle (1981) studied the
response of “Bell” pepper (Capsicum annum L.) to
irrigation, nitrogen, and plant population. They found that
yield response to irrigation were significant only if water
stress was severe enough to affect normal plant growth.
In the fall, where the rainfall was inadequate, more
frequent irrigation at lower soil-moisture tension
significantly increased marketable yield. Also, yield
increases with a population increase from 27,000 to
40,000 plants/ha in both spring and fall seasons.
Caixeta et al. (1981) studied the effect of different
levels of water (2, 4 and 6 mm/day) and frequency (every
1, 2 and 3 days) of trickle irrigation system on yield of
sweet pepper “Cascadura Ikeda”. Fruit production was
positively correlated with the amount of water and
negatively correlated with dry matter percentage. Fruit
mean weight and the incidence of injured fruit did not
differ between treatments but fruit wall thickness
increased with decreasing water amount and greater
irrigation frequency and decreased with rising water
quantity and reduced irrigation frequency.
Ferreyra et al. (1985) studied the effect of different
water levels on “Pimento” pepper yield. Plants were
irrigated weekly to provide 0.3, 0.7, 1.0 and 1.3 times
class-A pan evaporation. Fruit yields were the highest at
0.7 times pan evaporation depth. Yield and
evapotranspiration were linearly related between 15 and
35cm Evapotranspiration.
El-Gindy (1984) examined optimization of water use
for pepper crop using basin, furrow, drip and sprinkler
irrigation systems. With the same amount of water, drip
irrigation increased yields by 64% over furrow irrigation,
and it was also economically the most efficient method.
Sprinkler irrigation gave the lowest yields and was the
least efficient method.
Callebaut et al. (1985) studied the response of “Beldi”
pepper to irrigation in the semi-arid region of Tunisia on
sandy loam soil. Varying fractions of Potential
Evapotranspiration (PET), as calculated by Penman
equation (1948), were used to define 4 irrigation
treatments (40, 57, 75 and 92 % of PET). Results showed
that the number of fruits of plants under the driest
irrigation treatment was significantly lower. However,
rather than assume an optimum depth of water, they
define a range of optimum depths between 57 and 100 %
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application: W1= 2 6 ; W2= 3 6 ; W3= 4 6 ; W4= 5 6 and
W5= 6 6 of the measured evaporation depth from class-A
pan evaporation and three levels of in-row plant spacing:
S1=30; S2=60 and S3=90 cm apart (equivalent to 3.8, 2.0
and 1.3 plants/m2, respectively). Water treatments were
adjusted according to the crop growth stages in which 2 6
of the desired designed amounts were applied at the first
stage (seedling), 4 6 at the second stage (development)
and 6 6 at the last stage (maturity and late). Evaporation
depth from an on site class-A pan evaporation was
frequently monitored. For the period between two
irrigation events, evaporation depth from calss-A pan was
used to quantify the required amount of irrigation water
to be added for each treatment. Irrigation was practiced
when tensiometer readings reach 30-40 centibars at W3
treatment within each spacing. Each plot had 3 trickle
irrigation laterals controlled by one valve. Each lateral
was 5 meter long and contains 17 in-line emitters 30-cm
apart with an emitter discharge of 4.0 l/h. The distance
between the adjacent laterals was 90 cm. The plot area
was 13.5 m2. Figure 1 shows the experimental design
layout. Hot pepper crop seedlings (Capsicum frutescens
L.) of the variety “Anaheim Chili” was transplanted to
the agricultural land thereafter in May 23, 2001.
Urea 46 % N and compound 20-20-20 % NPK
fertilizers were used at the rate of 90-kg/ha of Urea and
25-kg/ha of compound fertilizers distributed along the
growing season. Fertilizers were applied manually on
weekly basis.
Evaporation depth from class-A pan evaporation was
recorded daily. The amount of irrigation water before
each-irrigation was calculated and applied according to
the experiment design. Soil moisture before each
irrigation was gravimetrically measured to determine
crop EvapoTranspiration. Also, soil moisture was
monitored using tensiometer at 15, 30 and 60-cm depths.
During the experiment fresh pepper yields were harvested
and weighted directly.
Crop EvapoTranspiration under standard conditions
(ETc) is the EvapoTranspiration from disease-free wellfertilized crops, grown in large fields, under optimum soil
water conditions, and achieving full production under the
given climatic conditions (Allen et al., 1990). ETc has
been calculated as follows:

of the calculated potential Evapotranspiration, and limited
irrigation is advisable to increase the water-use
efficiency.
Abu-Awwad (1998) studied the effect of mulch and
irrigation water amounts on soil evaporation,
transpiration and yield for pepper in greenhouse pot
experiment. Results showed that covering soil surface
reduced the required amount of irrigation water. With
deficit irrigation, the reduction in applied irrigation water
was about 14 % and increased to 29 % with excess
irrigation. With limited irrigation, increasing irrigation
water applied decreased the percentage of soil
evaporation and the contribution of soil evaporation to
crop Evapotranspiration. With excess irrigation,
increasing water applied increased the percentage of soil
evaporation and its contribution to the total
Evapotranspiration. Soil evaporation reduced pepper
yield significantly due to the reduction in the available
soil water associated with limited to complete irrigation.
In Jordan, the yield of chillies and peppers for open
fields was 17.2 tons/ha for the year 1999 (FAO, 1999)
and the Jordan total production is about 19000 tons
according to the FAO estimates (FAO, 1999).
When to irrigate? how much water to apply? and plant
spacing are important factors determining crop yield.
This study was carried out to study the effects of
irrigation quantities, planting density and their interaction
on hot pepper yield, and to investigate actual EvapoTranspiration (ETc) of hot pepper crop that gives
maximum yield per unit volume of water per unit area for
a specified planting density.
Materials and Methods
A field experiment was conducted on hot pepper crop
(Capsicum frutescens L.) of “Anaheim Chili” variety
during the growing season of 2001 at the Faculty of
Agriculture Farm at the Jordan University site in Amman
at latitude of 32, longitude of 53 and an elevation of 980
above the sea level. The site represents an area of Jordan,
which is characterized by cold winter with an annual
average rainfall of 434 mm for the last ten years, falling
during winter season, and hot summer with the month of
August represents the warmest month during the 2001
growing season.
The experimental design was split plot arranged in
randomized complete block design, with four replicates.
The treatments consisted of five levels of water

ETc = I + P - DP - R ± ∆ SM
Where ETc is the actual crop Evapotranspiration
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(mm), I is the irrigation water depth applied (mm), P is
rainfall depth (mm), DP is deep percolation (mm), ∆ SM
is change in soil water contents (mm) and R is surface
runoff
(mm).
Soil
water
depletion
(crop
Evapotranspiration, ETc) for the period between irrigation
was estimated from soil water content measurements.
During short periods when field capacity was reached
and/or exceeded due to water applied, drainage water was
estimated as suggested by Abu-Awwad (2001):
dETc = d2 – d1
d2 = d1 + dw, where d2 ≤ dFC
dD = 0.0
If d2 > dFC, then d2 = dFC and
dD = dw – (dFC – d1) = dw – dETc
where;
dETc is measured soil water depletion depth, d1 and d2
are the equivalent depths of moisture in the root zone just
before and after irrigation, respectively, dD is drainage
water depth, dFC is the equivalent depth of moisture at
field capacity and dw is water (irrigation plus
precipitation) depth applied.
Crop coefficient (Kc) is defined as the ratio between
crop Evapo-Transpiration (ETc) and the reference
EvapoTranspiration (ETo), when both apply to large
fields under optimum growing conditions (Vermeiren and
Jobling, 1984). Crop coefficient was derived as
Kc = ETc / ETo
Water use efficiency (WUE in kg/ha.mm) is the yield
of marketable fruit production per unit of water used to
produce yield per unit area. Effects of in-row spacing
treatments and irrigation treatments on the yield were
statistically analyzed and the means of interactive effect
that significantly differs were separated according to LSD
test (Steel and Torrie, 1980).
Results and Discussion
The soil consists of 10 % sand, 28 % silt and 62 %
clay on the average. Therefore, the textural class of the
soil was clay for all depths and characterized with a high
water holding capacity. In this experiment, the electrical
conductivity of irrigation water used ranged between 0.7
and 1.0 dS/m during the growing season. Soil field
capacity and permanent-wilting point were 445 mm/m
and 297 mm/m, respectively.
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Crop Water Use:
Accurate and reliable information of climatic data are
important for the calculation of grass reference
Evaptranspiration (ETo), scheduling irrigation, estimating
irrigation water requirements and designing irrigation
systems, especially in dry areas where water resources are
limited. The ETo values were computed for each month
using Penman-Monteith method. The month of July
represents the peak ETo values and the month of
November represents the lowest values of ETo (Table 1).
Actual crop evapotranspiration (ETc) for each
treatment was calculated from the soil water content
measurements for the period between irrigations (Table
2). The ETc increases as the amount of water applied
increases indicating that plants did not obtain their
sufficiency of water in W1 as compared to W2 and so on.
It is clearly that as water stress increases the plant close
their stomata to prevent more water lose and reduce ETc.
The ETc values also increase as the spacing is reduced
(higher plant population) due to the competition for water
among the adjacent plants and higher shading rate that
decrease water loss as evaporation and giving greater
chance for transpiration, which results in depletion of
water from the root zone. This depletion is for S1 > S2 >
S3 indicating higher plant population consumes more
water compared to lower population. Therefore, actual
consumptive use (Figure 2) was greater for S1 > S2 > S3
and for W5 > W4 > W3 > W2 > W1.
The ETc for the treatment that gives maximum yield
for each plant spacing has been used for the calculation of
crop coefficient (Kc) using Penman Motieth grass
reference EvapoTranspiration (ETo). Seasonal actual
consumptive use varies from 397, 376 and 370 mm at W1
to 1153, 1116 and 1095 mm at W5 irrigation treatments,
for S1, S2 and S3 treatments, respectively. In general,
increasing applied irrigation water and/or plant
population increased actual consumptive use.
Crop coefficients are affected by many factors mainly
crop characteristics such as resistance to transpiration
(closed stomata, waxy leaves), sunlight reflection, crop
planting or sowing date, rate of crop development, crop
height, length of the growing season and climatic
conditions. The recommended Kc values for pepper crop
during mid season ranges between 1.05 and 1.15 (Allen et
al., 1990). In this study, the Kc during mid season varied
from 0.92 to 1.09 with an average of 1.05 (S1W4), from
1.15 to 1.18 with an average of 1.165 (S2W5), and from
1.08 to 1.21 with an average of 1.145 (S3W5), for the
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is significantly higher than W1 and W2 treatments, but
not significantly higher than W3 and W4 treatments.
While for the third in-row plant spacing (S3), yield varies
from a minimum of 14.2 ton/ha at W1 treatment to a
maximum of 20.3 ton/ha at W5 treatment. Increasing
amount of irrigation water applied from 295.8 mm to
842.3 mm increased hot pepper yield but not
significantly, because the reduction of the number of
plants per unit area increased the amount of water lost by
evaporation, deep percolation and at the same time
reduced contribution by plants for transpiration which in
turn increased yield in decreasing increments as
compared to the increments of irrigation water applied.
Water Use Efficiency (WUE) is significantly affected
by irrigation quantities and plant spacing (Table 5). The
increasing amount of irrigation water applied for 30 cm
in-row plant spacing from W1 to W2, W3 and W4 or
from W2 to W3, W4 and W5 reduced WUE but not
significantly. While increasing the amount of irrigation
water applied from W1 to W5 significantly reduced WUE
because the increase in irrigation water applied was
greater as compared to the yield increase. For 60 cm inrow plant spacing, WUE did not reduce significantly
from W1 to W5 indicating that the increase in the hot
pepper yield and amount of irrigation water applied is
proportional (both yield and water applied increases at a
fixed ratio). While for 90 cm in-row plant spacing, WUE
did not significantly reduced as irrigation water applied
increased from W1 to W2 and W3 or from W2 to W3,
W4 and W5. Whereas it is significantly reduced as
irrigation water applied increased from W1 to W4 and
W5. In general, WUE is reduced as irrigation water
applied increases because yield is increasing at
decreasing increments as compared to the amount of
irrigation water applied.
Also, increasing plant spacing from S1 to S3
significantly reduced WUE as indicated in the following
regression equations.
For S1 treatment:
WUE = - 0.0367 W + 78.5416;
R2 = 0.76
For S2 treatment:
WUE = - 0.0273 W + 62.8102;
R2 = 0.83
For S3 treatment:
WUE = - 0.0450 W + 59.5383;
R2 = 0.95
Where W represents total amount of water applied in
(mm).
From the WUE regression equations, the intercept for
S1, S2 and S3 equals to 78.5, 62.8 and 59.5, respectively.

months of August and September, respectively. The Kc
values were around 0.48 and 0.57 during the seedling
stage and reached the peak during August and September
then declined again at the late stage (0.32 to 0.57). The Kc
values greater than 1.0 indicate that the ETc is greater
than the grass reference EvapoTranspiration (ETo).
Pepper Yield and Water Use Efficiency:
The total amount of irrigation water applied for each
treatment is presented in Table (3). Even though the
amount of irrigation water applied for any water level
treatment should be the same and represents a fixed ratio
of evaporation depth from Calss A pan, variation in the
total amounts of irrigation water applied could be
attributed to variation in irrigation frequency. Irrigation
was practiced according to the tensiometer reading for the
same in-row plant spacing.
Within each irrigation treatment from W1 to W5, it
can be seen that plant spacing S2 received less irrigation
water than S3 and S1, this is because irrigation frequency
among the three in-row plant spacing was different. As
irrigation frequency increases for large in-row plant
spacing (low plant density) the soil-water will be more
subject to evaporation and deep percolation. Therefore,
S2 is considered more efficient than S1 and S3 in using
soil water for transpiration.
Analysis of variance was performed to determine the
differences in hot pepper yield among the five irrigation
treatments for the three in-row plant spacing. Results
showed that there are significant effects of irrigation
treatments and in-row plant spacing on the yield. Pepper
yield increases with the increasing amount of irrigation
water applied for all spacing treatments form W1 to W5,
respectively. Also, yields increase with the increasing
plant population (reducing plant spacing) as shown in
Table (4).
For the first in-row plant spacing (S1) yield varies
from a minimum of 21.4 ton/ha at W1 treatment to a
maximum of 40.1 ton/ha at W4 treatment. The increasing
amount of irrigation water applied from 306.7 to 714.4
mm doubled hot pepper yields. The highest yield was at
W4 treatment, which was significantly higher than W1
and W2 treatments, but not significantly higher than W3
and W5 treatments. Whereas, for the second in-row plant
spacing (S2), yield varies from a minimum of 15.2 ton/ha
at W1 treatment to a maximum of 31.8 ton/ha at W5
treatment. The increasing amount of irrigation water
applied from 290.9 to 828.9 mm doubled hot pepper
yields also. The highest yield was at W5 treatment, which
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Therefore, WUE for S1 is greater as compared to S2 and
S3, because more number of plants will get benefit from
the same unit of irrigation water and produce more yields
as the spacing is reduced.
With respect to WUE and yield together (Table 4 and
5), it is recommended to use for S1 in-row plant spacing
treatment the level of W3 of irrigation treatments,
because yield is not significantly different from
maximum yield of W4 treatment, WUE is not
significantly different from maximum WUE of W1
treatment and at the same time it is more efficient than
W4 and W5 treatments. While for S2 in-row plant
spacing treatment, it is recommended to use W3 of
irrigation treatments, because the yield is not significantly
different from maximum yield of W5 treatment, WUE is
not significantly different from maximum WUE of W2
and at the same time it is more efficient than W4 and W5
treatments. Whereas for S3 in-row plant spacing
treatment, it is recommended to use W1 of irrigation
treatments, because WUE is maximum and at the same
time the yield is not significantly different from the
maximum yield of W5 treatment. In general, among all
spacing and irrigation treatments it is recommended to
use S1W3 for higher yield and WUE and wise water
application as compared to S2W3 and S3W1 treatments.
Yields usually respond to a certain crop-water
production function. Yields of the three plant spacing S1,
S2 and S3 were found to respond to the following
regression equations:
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For S1 treatment: Y = 0.0471 (W); R2 = 0.93
For S2 treatment: Y = 0.0361 (W); R2 = 0.94
For S3 treatment: Y = 0.0224 (W); R2 = 0.82
Where Y and W represent yield (ton/ha) and total
amount of water applied (mm), respectively.
The increasing in-row plant spacing from S1 to S2
and S3 reduces the slope of the production function from
0.0471 to 0.0361 and 0.0224, respectively. Therefore,
reducing the increase in crop yield per unit increase of
applied water due to the reduction of the number of plants
per unit area. Thus, increases water loss by evaporation
and/or deep percolation and reduces the beneficial use of
water in transpiration and consequently reduces crop
yield. The coefficient of determination (R2) for S1, S2
and S3 were 0.93, 0.94 and 0.82, respectively. These high
values of R2 indicate that the yield for each in-row plant
spacing in response to quantity of irrigation water can be
predicted fairly well according to the previous equations.
Also, reduction in the regression correlation in S3
treatment indicates that increasing plant spacing weaken
the relation between yield and applied water.
During the growing season, it was observed that for
the 30-cm plant spacing, adjacent plant leaves shade each
other along the rows only, but not between the rows.
Whereas the 60 and 90-cm plant spacing the plants did
not shade each other either along or between the rows,
and the yield was lower as compared to the 30-cm plant
spacing treatments.
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Figure 2: Seasonal actual consumptive use as influenced by the different water levels and in-row plant spacing.

Table 1: Reference (ETo) and actual (ETc) evapotranspiration and crop
coefficient (Kc) for maximum yield treatments.
Month
Jun.
Jul.
Aug.
Sep.
Oct.
Nov.

ETo

ETc
S2W5
4.84
7.08
9.12
8.10
6.79
3.13

S1W4
4.09
5.93
7.31
7.47
5.10
2.68

8.48
8.29
7.93
6.84
7.15
5.46

S3W5
4.84
7.25
8.59
8.29
6.67
1.76

S1W4
0.48
0.71
0.92
1.09
0.71
0.49

Kc
S2W5
0.57
0.85
1.15
1.18
0.95
0.57

S2W5
0.57
0.87
1.08
1.21
0.93
0.32

Table 2: Mean daily actual crop evapotranspiration (mm/day)
as influenced by water levels and in-row plant spacing.
S1
Month
Jun.
Jul.
Aug.
Sep.
Oct.
Nov.

W1
2.12
2.37
2.92
2.99
2.06
1.07

W2
2.90
3.56
4.39
4.48
3.06
1.61

W3
3.86
4.75
5.86
6.00
4.08
2.14
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W4
4.09
5.93
7.31
7.47
5.10
2.68

W5
4.98
7.18
8.84
8.97
6.13
3.21
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S2
Month
Jun.
Jul.
Aug.
Sep.
Oct.
Nov.

W1
1.77
2.36
3.04
2.70
2.25
1.03

W2
2.38
3.54
4.57
4.05
3.37
1.54

Month
Jun.
Jul.
Aug.
Sep.
Oct.
Nov.

W1
1.77
2.42
2.87
2.76
2.22
0.59

W2
2.38
3.63
4.32
4.14
3.34
0.88

W3
3.17
4.72
6.08
5.40
4.49
2.05

W4
3.97
5.90
7.60
6.75
5.62
2.53

W5
4.84
7.08
9.12
8.10
6.79
3.13

W3
3.17
4.83
2.73
5.54
4.45
1.17

W4
3.97
6.04
7.17
6.91
5.56
1.46

W5
4.84
7.25
8.59
8.29
6.67
1.76

S3

Table 3: Total amount of irrigation water (mm) applied for each treatment.
Treatment
S1
S2
S3

W1
306.7
290.9
295.8

W2
444.9
422.0
429.4

W3
588.2
556.5
566.6

W4
714.4
691.3
703.5

W5
858.3
828.9
842.3

Table 4: Mean pepper yield as influenced by water levels and in-row plant spacing.
Yield (Ton/ha)
Treatment
S1
S2
S3

W1
21.4 b
15.2 c
14.2 a

W2
24.7 b
22.2 b
17.1 a

W3
35.3 a
24.4 ab
17.8 a

W4
40.1 a
25.1 ab
18.5 a

W5
38.1 a
31.8 a
20.3 a

* Values with the same letter in the same row are not significantly different at 5%
probability level using LSD test.

Table 5: Water use efficiency (WUE) for the three plant spacing treatments.
Treatment
Water Levels
W1
W2
W3
W4
W5

S1

S2

S3

69.8 a
55.6 ab
60.0 ab
56.1 ab
44.4 b

52.1 a
52.7 a
43.8 a
36.3 a
38.4 a

48.2 a
39.9 ab
31.5 ab
26.3 b
24.2 b

* Values with the same letter in the same column are not significantly different at 5% probability level using LSD test.
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ﺘﺄﺜﻴﺭ ﻤﺴﺘﻭﻴﺎﺕ ﻤﺨﺘﻠﻔﺔ ﻤﻥ ﻤﻴﺎﻩ ﺍﻟﺭﻱ ﻭﻤﺴﺎﻓﺎﺕ ﺍﻟﺯﺭﺍﻋﺔ
ﻋﻠﻰ ﺇﻨﺘﺎﺠﻴﺔ ﺍﻟﻔﻠﻔل ﺍﻟﺤﺎﺭ ﻭﺍﻻﺴﺘﺨﺩﺍﻡ ﺍﻷﻤﺜل ﻟﻤﻴﺎﻩ ﺍﻟﺭﻱ
ﻋﻴﺴﻰ ﺭﺍﺸﺩ ﺍﻟﻐﺭﻴـﺒﻲ ﻭﺃﺤﻤﺩ ﻤﺤﻤﺩ ﺃﺒﻭ ﻋﻭﺍﺩ *

ﻤﻠﺨـﺹ
ﺃﺠﺭﻴﺕ ﺘﺠﺭﺒﺔ ﺒﺤﺜﻴﺔ ﻋﻠﻰ ﻤﺤﺼﻭل ﺍﻟﻔﻠﻔل ﺍﻟﺤﺎﺭ ) (Capsicum frutescens L.ﻤﻥ ﺼﻨﻑ ) (Anaheim Chiliﺨﻼل ﺍﻟﻤﻭﺴﻡ
ﺍﻟﺯﺭﺍﻋﻲ  2001ﻓﻲ ﻤﺯﺭﻋﺔ ﻜﻠﻴﺔ ﺍﻟﺯﺭﺍﻋﺔ ﺍﻟﺘﺎﺒﻌﺔ ﻟﻠﺠﺎﻤﻌﺔ ﺍﻷﺭﺩﻨﻴﺔ ﻓﻲ ﻋﻤﺎﻥ ،ﻭﺫﻟﻙ ﻟﺩﺭﺍﺴﺔ ﺘﺄﺜﻴﺭ ﻜﻤﻴﺎﺕ ﺍﻟﺭﻱ ﺍﻟﻤﻀﺎﻓﺔ
ﻭﻤﺴﺎﻓﺎﺕ ﺍﻟﺯﺭﺍﻋﺔ ﺒﻴﻥ ﺍﻟﻨﺒﺎﺘﺎﺕ ﻋﻠﻰ ﺍﻹﻨﺘﺎﺝ ﻭﺘﺤﺩﻴﺩ ﻤﻌﺩل ﺍﺴﺘﻬﻼﻙ ﺍﻟﻤﺤﺼﻭل ). (ETc

ﺍﺸﺘﻤﻠﺕ ﺍﻟﺩﺭﺍﺴﺔ ﻋﻠﻰ ﺨﻤﺴﺔ ﻤﺴﺘﻭﻴﺎﺕ ﻤﻥ ﺍﻟﺭﻱ ﻭﻫﻲ :ﺇﻀﺎﻓﺔ  2 6ﻭ  3 6ﻭ  4 6ﻭ  5 6ﻭ  6 6ﻤﻤﺎ ﻴﺘﺒﺨﺭ ﻤﻥ ﺤﻭﺽ ﺍﻟﺒﺨﺭ
) ،(Class Aﻭﺜﻼﺙ ﻤﻌﺎﻤﻼﺕ ﺘﻤﺜل ﻤﺴﺎﻓﺎﺕ ﺍﻟﺯﺭﺍﻋﺔ ﺒﻴﻥ ﺍﻟﻨﺒﺎﺘﺎﺕ ﻭﻫﻲ  30ﻭ 60ﻭ 90ﺴﻡ .ﺍﺴﺘﺨﺩﻡ ﺘﺼﻤﻴﻡ ﺍﻟﻘﻁﺎﻋﺎﺕ ﺍﻟﻌﺸﻭﺍﺌﻴﺔ
ﺍﻟﻤﻨﺸﻘﺔ ﺍﻟﻤﻜﻭﻨﺔ ﻤﻥ ﺃﺭﺒﻌﺔ ﻤﻜﺭﺭﺍﺕ ،ﺤﻴﺙ ﻭﺯﻋﺕ ﻤﻌﺎﻤﻼﺕ ﺍﻟﻤﺴﺎﻓﺎﺕ ﻋﻠﻰ ﺍﻟﻘﻁﻊ ﺍﻟﺭﺌﻴﺴﻴﺔ ﻭﻤﻌﺎﻤﻼﺕ ﺍﻟﺭﻱ ﻋﻠﻰ ﺍﻟﻘﻁﻊ ﺘﺤﺕ
ﺍﻟﺭﺌﻴﺴﻴﺔ .ﺘﻡ ﺘﻌﺩﻴل ﺇﻀﺎﻓﺔ ﻜﻤﻴﺎﺕ ﻤﻴﺎﻩ ﺍﻟﺭﻱ ﻁﺒﻘﺎ ﻟﻤﺭﺍﺤل ﻨﻤﻭ ﺍﻟﻨﺒﺎﺕ ﺒﺈﻀﺎﻓﺔ ﺜﻠﺙ ﺍﻟﻜﻤﻴﺔ ﺍﻟﻤﻘﺭﺭﺓ ﻓﻲ ﺍﻟﻤﺭﺤﻠﺔ ﺍﻷﻭﻟﻰ ﻤﻥ ﻋﻤﺭ
ﺍﻟﻨﺒﺎﺕ ،ﻭﺜﻠﺜﻲ ﺍﻟﻜﻤﻴﺔ ﻓﻲ ﺍﻟﻤﺭﺤﻠﺔ ﺍﻟﺜﺎﻨﻴﺔ ،ﻭﺍﻟﻜﻤﻴﺔ ﻜﺎﻤﻠﺔ ﻓﻲ ﺍﻟﻤﺭﺤﻠﺔ ﺍﻷﺨﻴﺭﺓ .ﺃﻀﻴﻔﺕ ﻜﻤﻴﺎﺕ ﻤﻴﺎﻩ ﺍﻟﺭﻱ ﺒﺎﺴﺘﺨﺩﺍﻡ ﻨﻅﺎﻡ ﺍﻟﺭﻱ
ﺒﺎﻟﺘﻨﻘﻴﻁ ﻋﻠﻰ ﺘﺭﺒﺔ ﻁﻴﻨﻴﺔ .ﻭﻜﺎﻨﺕ ﺍﻟﻤﺴﺎﺤﺔ ﻟﻜل ﻤﻌﺎﻤﻠﺔ  13.5ﻡ 2ﻭﺘﺤﺘﻭﻱ ﻋﻠﻰ ﺜﻼﺜﺔ ﺨﻁﻭﻁ ﺭﻱ ﻓﺭﻋﻴﺔ ،ﻭﺒﻴﻥ ﻜل ﺨﻁ ﻭﺁﺨﺭ
 0.9ﻡ ﻭﻁﻭل ﺍﻟﺨﻁ  5ﻡ .ﻭﻜﺎﻨﺕ ﺍﻟﻨﺘﺎﺌﺞ ﻜﺎﻟﺘﺎﻟﻲ:

ﺯﻴﺎﺩﺓ ﻜﻤﻴﺔ ﺍﻟﻤﻴﺎﻩ ﺍﻟﻤﺴﺘﻬﻠﻜﺔ ﺒﻭﺍﺴﻁﺔ ﺍﻟﻨﺒﺎﺘﺎﺕ ﺒﺯﻴﺎﺩﺓ ﻜﻤﻴﺔ ﺍﻟﻤﻴﺎﻩ ﺍﻟﻤﻀﺎﻓﺔ ﻭ/ﺃﻭ ﺯﻴﺎﺩﺓ ﻋﺩﺩ ﺍﻟﻨﺒﺎﺘﺎﺕ ﻓﻲ ﻭﺤﺩﺓ ﺍﻟﻤﺴﺎﺤﺔ ،ﺤﻴﺙ
ﺘﺭﺍﻭﺡ ﺍﻻﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺌﻲ ﺍﻟﻤﻭﺴﻤﻲ ﺒﻴﻥ  397ﻭ 376ﻭ370ﻤﻡ ﻋﻨﺩ ﺍﻟﻤﻌﺎﻤﻠﺔ  2 6ﻤﻥ ﺍﻟﺘﺒﺨﺭ ﻭﺒﻴﻥ  1153ﻭ 1116ﻭ1095ﻤﻡ
ﻟﻠﻤﻌﺎﻤﻠﺔ  6 6ﻤﻥ ﺍﻟﺘﺒﺨﺭ ﻟﻤﺴﺎﻓﺎﺕ ﺍﻟﺯﺭﺍﻋﺔ  30ﻭ 60ﻭ90ﺴﻡ ﺒﻴﻥ ﺍﻟﻨﺒﺎﺘﺎﺕ ﻓﻲ ﺍﻟﺨﻁ ﺍﻟﻭﺍﺤﺩ ﻋﻠﻰ ﺍﻟﺘﻭﺍﻟﻲ.

ﻜﻤﺎ ﺍﻥ ﺯﻴﺎﺩﺓ ﻜﻤﻴﺔ ﺍﻟﻤﻴﺎﻩ ﺍﻟﻤﻀﺎﻓﺔ ﺃﺩﺕ ﺇﻟﻰ ﺯﻴﺎﺩﺓ ﺇﻨﺘﺎﺠﻴﺔ ﺍﻟﻔﻠﻔل ﻟﻜل ﻤﺴﺎﻓﺎﺕ ﺍﻟﺯﺭﺍﻋﺔ ،ﻜﻤﺎ ﺍﺯﺩﺍﺩﺕ ﺍﻹﻨﺘﺎﺠﻴﺔ ﺒﺯﻴﺎﺩﺓ ﻋﺩﺩ
2
ﺍﻟﻨﺒﺎﺘﺎﺕ ﻓﻲ ﻭﺤﺩﺓ ﺍﻟﻤﺴﺎﺤﺔ .ﻟﻤﺴﺎﻓﺔ ﺍﻟﺯﺭﺍﻋﺔ 30ﺴﻡ ﻤﻥ ﺍﻟﻨﺒﺎﺘﺎﺕ ﻓﻲ ﺍﻟﺨﻁ ﺘﺭﺍﻭﺡ ﺍﻹﻨﺘﺎﺝ ﺒﻴﻥ  21.4ﻁﻥ/ﻫﻜﺘﺎﺭ ﻟﻠﻤﻌﺎﻤﻠﺔ 6
ﻤﻥ ﺍﻟﺘﺒﺨﺭ ﻭ 40.1ﻁﻥ/ﻫﻜﺘﺎﺭ ﻟﻠﻤﻌﺎﻤﻠﺔ  5 6ﻤﻥ ﺍﻟﺘﺒﺨﺭ ،ﺤﻴﺙ ﺒﻠﻎ ﺍﻹﻨﺘﺎﺝ ﺤﺩﻩ ﺍﻷﻗﺼﻰ ﻋﻨﺩ ﺇﻀﺎﻓﺔ  5 6ﻤﻥ ﺍﻟﺘﺒﺨﺭ ﻭﻜﺎﻨﺕ
ﺍﻟﺯﻴﺎﺩﺓ ﻤﻌﻨﻭﻴﺔ ﻋﻨﺩ ﻤﻘﺎﺭﻨﺘﻬﺎ ﺒﺎﻹﻨﺘﺎﺝ ﻟﻠﻤﻌﺎﻤﻠﺘﻴﻥ  2 6ﻭ  3 6ﻤﻥ ﺍﻟﺘﺒﺨﺭ ،ﻭﻟﻡ ﻴﻜﻥ ﻫﻨﺎﻙ ﺍﺨﺘﻼﻑ ﻤﻌﻨﻭﻱ ﻓﻲ ﺍﻹﻨﺘﺎﺝ ﻋﻨﺩ ﻤﻘﺎﺭﻨﺘﻪ
ﺒﺎﻹﻨﺘﺎﺝ ﻟﻠﻤﻌﺎﻤﻠﺘﻴﻥ  5 6ﻭ  6 6ﻟﻠﺘﺒﺨﺭ .ﻭﻟﻤﺴﺎﻓﺔ ﺍﻟﺯﺭﺍﻋﺔ 60ﺴﻡ ﺒﻴﻥ ﺍﻟﻨﺒﺎﺘﺎﺕ ﺘﺭﺍﻭﺡ ﺍﻹﻨﺘﺎﺝ ﺒﻴﻥ  15.1ﻁﻥ /ﻫﻜﺘﺎﺭ ﻋﻨﺩ ﺇﻀﺎﻓﺔ
 2 6ﻤﻥ ﺍﻟﺘﺒﺨﺭ ﻭ 31.8ﻁﻥ /ﻫﻜﺘﺎﺭ ﻟﻠﻤﻌﺎﻤﻠﺔ  6 6ﻤﻥ ﺍﻟﺘﺒﺨﺭ .ﻭﻜﺎﻨﺕ ﺍﻟﺯﻴﺎﺩﺓ ﻓﻲ ﺍﻹﻨﺘﺎﺝ ﻤﻌﻨﻭﻴﺔ ﻋﻨﺩ ﻤﻘﺎﺭﻨﺔ ﺍﻹﻨﺘﺎﺝ ﻟﻠﻤﻌﺎﻤﻠﺔ
 6 6ﻤﻥ ﺍﻟﺘﺒﺨﺭ ﻭﺍﻹﻨﺘﺎﺝ ﻟﻠﻤﻌﺎﻤﻠﺘﻴﻥ  2 6ﻭ  3 6ﻤﻥ ﺍﻟﺘﺒﺨﺭ ،ﻭﻟﻡ ﺘﻜﻥ ﻤﻌﻨﻭﻴﺔ ﻋﻨﺩ ﻤﻘﺎﺭﻨﺘﻬﺎ ﺒﺎﻹﻨﺘﺎﺝ ﻟﻠﻤﻌﺎﻤﻠﺘﻴﻥ  4 6ﻭ  5 6ﻤﻥ
ﺍﻟﺘﺒﺨﺭ .ﻭﻟﻡ ﺘﻜﻥ ﻫﻨﺎﻙ ﻓﺭﻭﻗﺎﺕ ﺠﻭﻫﺭﻴﺔ ﻓﻲ ﺍﻹﻨﺘﺎﺝ ﻟﻜل ﻤﻌﺎﻤﻼﺕ ﺍﻟﺭﻱ )  6 6 ، 5 6 ، 4 6 ، 3 6 ، 2 6ﻤﻥ ﺍﻟﺘﺒﺨﺭ( ﻋﻨﺩ ﻤﺴﺎﻓﺔ
ﺍﻟﺯﺭﺍﻋﺔ 90ﺴﻡ ﺒﻴﻥ ﺍﻟﻨﺒﺎﺘﺎﺕ ﻓﻲ ﺍﻟﺨﻁ ،ﺤﻴﺙ ﺘﺭﺍﻭﺡ ﺍﻹﻨﺘﺎﺝ ﺒﻴﻥ  14.2ﻁﻥ/ﻫﻜﺘﺎﺭ ﻟﻠﻤﻌﺎﻤﻠﺔ  2 6ﻤﻥ ﺍﻟﺘﺒﺨﺭ ﻭ 20.3ﻁﻥ/ﻫﻜﺘﺎﺭ
ﻟﻠﻤﻌﺎﻤﻠﺔ  6 6ﻤﻥ ﺍﻟﺘﺒﺨﺭ .ﺍﻥ ﺯﻴﺎﺩﺓ ﺍﻟﻤﺴﺎﻓﺔ ﺒﻴﻥ ﺍﻟﻨﺒﺎﺘﺎﺕ ﺘﺯﻴﺩ ﻤﻥ ﻓﻘﺩ ﺍﻟﻤﻴﺎﻩ ﺒﻭﺍﺴﻁﺔ ﺍﻟﺘﺒﺨﺭ ﻭﺍﻟﺘﺴﺭﺏ ﺍﻟﻌﻤﻴﻕ ﺍﻟﺘﻲ ﻻ ﻴﺴﺘﻔﻴﺩ ﻤﻨﻬﺎ
ﺍﻟﻨﺒﺎﺕ .ﻭﻗﺩ ﺒﻴﻨﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺃﻴﻀﺎ ﺃﻥ ﻜﻔﺎﺀﺓ ﺍﺴﺘﻬﻼﻙ ﻤﻴﺎﻩ ﺍﻟﺭﻱ ﺘﻘل ﺒﺯﻴﺎﺩﺓ ﻜﻤﻴﺔ ﻤﻴﺎﻩ ﺍﻟﺭﻱ ﺍﻟﻤﻀﺎﻓﺔ ﺤﻴﺙ ﺍﻥ ﺍﻹﻨﺘﺎﺠﻴﺔ ﺍﺯﺩﺍﺩﺕ
ﺯﻴﺎﺩﺓ ﻤﺘﻨﺎﻗﺼﺔ ﻟﻭﺤﺩﺓ ﺍﻟﻤﻴﺎﻩ ﺍﻟﻤﻀﺎﻓﺔ ،ﻜﻤﺎ ﺍﻥ ﺯﻴﺎﺩﺓ ﺍﻟﻤﺴﺎﻓﺔ ﺒﻴﻥ ﺍﻟﻨﺒﺎﺘﺎﺕ ﻓﻲ ﺍﻟﺨﻁ ﺃﺩﺕ ﺇﻟﻰ ﺘﻨﺎﻗﺹ ﻓﻲ ﻜﻔﺎﺀﺓ ﺍﻻﺴﺘﻬﻼﻙ
4
ﺍﻟﻤﺎﺌﻲ .ﻭﺒﺸﻜل ﻋﺎﻡ ﻓﺎﻨﻪ ﻴﻨﺼﺢ ﺒﺎﺴﺘﺨﺩﺍﻡ ﻤﺴﺎﻓﺎﺕ ﺯﺭﺍﻋﺔ ﻤﻘﺩﺍﺭﻫﺎ 30ﺴﻡ ﺒﻴﻥ ﺍﻟﻨﺒﺎﺘﺎﺕ ﻓﻲ ﺍﻟﺨﻁ ﻭﺇﻀﺎﻓﺔ ﻤﻴﺎﻩ ﺍﻟﺭﻱ ﺒﻤﻌﺩل 6
ل ﻟﻠﻔﻠﻔل ﻭﻜﻔﺎﺀﺓ ﺍﺴﺘﻬﻼﻙ ﻤﺎﺌﻲ ﻋﺎﻟﻴﺔ ﺃﻴﻀﺎ.
ﻤﻥ ﻋﻤﻕ ﺍﻟﺘﺒﺨﺭ ﻤﻥ ﺤﻭﺽ ﺍﻟﺘﺒﺨﺭ ﻟﻠﺤﺼﻭل ﻋﻠﻰ ﺇﻨﺘﺎﺝ ﻋﺎ ٍ
ﺍﻟﻜﻠﻤﺎﺕ ﺍﻟﺩﺍﻟﺔ :ﺍﻟﻔﻠﻔل ﺍﻟﺤﺎﺭ ،ﺍﻟﺭﻱ ،ﻤﺴﺎﻓﺎﺕ ﺍﻟﺯﺭﺍﻋﺔ ،ﺍﻻﺴﺘﻬﻼﻙ ﺍﻟﻤﺎﺌﻲ ﻭﺍﻟﺒﺨﺭ -ﻨﺘﺢ.

________________________________________________
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