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Abstract

The aim of this study was to investigate the response of sweet pepper (Capsicum annuum L.) to saline
irrigation water and various irrigation regimes. The experiments were conducted in a greenhouse with
two sweet pepper varieties (ONUR F1 and ADA F1) over two cropping seasons: Spring and Autumn
on the Mediterranean coast at Antalya, Turkey. The irrigation regimes comprised four levels of Class
A pan-evaporation and were applied using a drip irrigation system when evaporation reached a target
value of around 10 mm. These four levels represented 0.50, 0.75, 1.00 and 1.25 of Class A pan-
evaporation. In each irrigation regime the sweet pepper plants were exposed to four salinity treatments
with electrical conductivities of 1.0, 2.5, 3.5 and 6.0 dS m respectively. The study showed that both
pepper varieties generally performed in a similar manner (except in terms of vegetative biomass
production). The amount of salt accumulation within the root-zone was higher in Spring compared to
Autumn; and therefore related to the total amount of irrigated water usage between seasons due to
climatic variability. Increased salinity induced higher levels of salt accumulation within the pepper
plant's root-zone, while an increased amount of saline irrigation water increased the size of the affected
layer within the root-zone. Overall, an increased level of salinity alongside increased irrigation
considerably depressed both vegetative growth and yield. Higher irrigation water productivities were
attained with a regime comprising 0.50 of Class A pan-evaporation and which appeared to fulfil crop
water requirements. It was found that sweet pepper varieties ONUR F1 and ADA F1 are moderately
sensitive to salinity with a threshold value of 1.43 dS m™ and a decreasing slope value of 11.1%.
Although both seasons revealed a single salinity response function, there were considerable differences
in the actual fresh pepper yield. This study demonstrates that for pepper crops irrigated with saline water
(or grown on salt-affected soils), pepper growers must consider the salinity response function and
seasonal productivity alongside an appropriate irrigation regime.

Keywords: Capsicum annuum L.; class A pan-evaporation, modelling; sweet pepper varieties; salinity

response function; salinity tolerance index, season; irrigation water productivity; yield.
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1. Introduction

Pepper (Capsicum annuum L.) is a high-value crop cultivated in many parts of the world
(DeWitt and Bosland, 1993). In the Mediterranean basin, pepper crops are grown in
greenhouses and often irrigated in salt-affected soil with low quality water (i.e. brackish or
reclaimed water) due to increasing demand (Chartzoulakis and Klapaki, 2000). Saline water
combined with excessive fertilization only causes further problems. The use of poor quality
water and over-fertilization can cause damage to the crop and soil — which in turn causes a
reduction in the marketable yield if poorly managed.

Horticultural production is one of the main economic activities in Turkey, with Antalya
province being a centre of protected cultivation (in greenhouses or plastic houses) due to the
very sympathetic climatic conditions of the Mediterranean coast (e.g. Ozkan et al., 2004,
Yilmaz et al., 2005). The most common vegetables produced under protected cultivation are
tomato, pepper, cucumber, eggplant and squash (Yilmaz et al., 2005). Pepper is the second
major vegetable crop produced in Antalya where it is grown twice a year (in Spring and
Autumn) under protected cultivation. This production depends almost entirely on water
management.

Pepper (Capsicum annuum L.) is normally classified as a moderately (or medium)
sensitive crop to salt-stress and as being sensitive to water-stress (e.g. Allen et al., 1998; Aktas
et al. 2006; Ayers and Westcot, 1985). It has been reported in several studies that water and
salinity stresses can have a considerable effect on the production of field and greenhouse-grown
pepper (e.g. AlHarbi et al., 2014; Ben-Gal et al., 2008; Nagaz et al., 2012; Patil et al., 2014;
Shao et al., 2010; Sezen et al., 2006; Unliikara et al., 2015). Water and salt stresses restrain
plant growth and affect crop yield (quality and quantity) as both reduce water uptake. The
natural ability to tolerate or resist water-stress and root-zone salinity depends on crops and their
varieties (e.g. Allen et al., 1998; Arslan et al., 2015; Maas and Hoffman, 1977; Rameshwaran
et al., 2015a,b; Shannon and Grieve, 1999, Steppuhn et al. 20053, b). The main objective of
this paper, therefore, was to study the impact of water-use regimes and salt stresses on pepper
crops (and their yield) grown in a greenhouse environment under a drip irrigation system. The
two varieties of sweet pepper (ONUR F1 and ADA F1) were chosen because they are
commonly grown in Antalya. The experiments were conducted in the Spring and Autumn of
2011. Four irrigation regimes were studied in which pepper plants were subjected to four
differing salinity-level treatments. Mathematical modelling of the data was also performed

using the SALTMED model. The impact of irrigation regimes and salinity treatments on
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greenhouse soil was also considered. Salinity response functions — the classical threshold-slope
linear response function (Maas and Hoffman, 1977) and the sigmoidal-shape nonlinear
response function (Steppuhn et al. 2005a) — were used to study the salinity response of pepper

yields and also calibrate their indices.

2. Materials and methods

The greenhouse experiment was conducted on the Mediterranean coast at Antalya, Turkey
(Latitude: 36° 12°, Longitude: 30° 02° and Elevation 19 m). The soil itself was a sandy clay
loam and its properties (prior to planting of the peppers in Spring 2011) are given in Table 1.
The soil was of a slightly alkaline pH; its salinity varying from 0.42 to 0.33 dS m™ in a zero to
80 cm soil layer. The experiment was laid out using a design of sixteen subplots 8.0 meters
long and 2.1 meters wide. In each subplot the pepper plants were transplanted in three rows
(plant spacing 0.4 m and row spacing 0.7 m) with the top 4.0 m lengths with ONUR F1 variety
and the rest 4.0 m with ADA F1 variety. In summary, each subplot contained two varieties with
three replications. Transplanting from the seed bed during Spring was carried out on 25th
March 2011. The harvest ended on 12th July 2011 giving a growth period length of 110 days.
Transplanting from the seed bed during Autumn was carried out on 26th September 2011. The
harvest ended on 22nd February 2012 giving a growth period length of 150 days from
transplanting. The soil was leached with fresh water before transplanting.

Class A evaporation-pan measured the water evaporation within the greenhouse. Four
irrigation regimes were studied using Class A pan-evaporation data multiplied by a pan
coefficient (Kcp) of 0.50, 0.75, 1.00 and 1.25 respectively. In each irrigation regime, pepper
plants were subjected to four salinity-level treatments with irrigation water electrical
conductivities (ECiw) of 1.0, 2.5, 3.5 and 6.0 dS m™ respectively; and where the 1.0 dS m*
cases acted as a control. Salinity levels were attained by mixing fresh water with the
concentrated saline water made with sodium chloride (NaCl).

A drip irrigation system was utilised with dripper spacing of 0.2 meters and a 2.0 litre
per hour (L h'!) discharge rate. The drippers were placed within 5 cm of the plant row. The
threshold value (around 10 mm of Class A pan-evaporation from the previous irrigation) was
used to initiate irrigation; except for the first two irrigations following transplanting, whereby
a proportional amount of fresh water was added to each experimental treatment. The seasonal
totals for each plant within the four irrigation regimes (i.e. K¢, of 0.50, 0.75, 1.00 and 1.25)
were as follows: In the Spring, 36.94, 55.41, 73.88 and 92.35 litres of water were added over
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twenty-nine scheduled irrigations; while during the Autumn, 29.61, 44.42, 59.22 and 74.03
litres of water were added over twenty-two scheduled irrigations per plant. Fertilizers were
applied as 60% NO3z and 40% NHa. On average 0.70 gm2 NOgzand 0.47 g m NH4 were added
per irrigation.

Various soil parameters were measured — such as saturated soil moisture content (0.410
m® m3); soil moisture at wilting point (0.115 m® m=) and field capacity (0.230 m3 m?); air
entry value i.e. bubbling pressure (0.280 m); and saturated hydraulic conductivity (254.4 mm
day1). The moisture and salinity of the saturated paste extract — EC. at soil layers of 0-20 cm,
20-40 cm and 40-60 cm (i.e. within the root-zone) — were measured periodically during the
cropping season at a central point between two plants along the row. Climatic parameters
within the greenhouse were also measured; i.e. temperature, sunshine hours, relative humidity
and radiation. The plant parameters such as crop height and leaf-area index were measured for
mid and late growing stages for all sixteen experimental trials for each variety listed in Table
2. The dry biomass of the vegetative elements and roots (excluding pepper fruits) were
measured for late growing stages. The total fresh pepper yields during the harvest period were

also noted.

3. Mathematical modelling

In order to study the soil moisture and salinity distribution within root-zone soil we used a
SALTMED model — a physical mathematical model that uses water and solute transport,
evapotranspiration and water-uptake equations (Ragab 2015). The modelling was carried out
using experimentally measured crop and soil parameters along with crop coefficients K¢ and
Keo values from FAO-56 (Allen et al., 1998). A 'plane flow' model involving the Cartesian
coordinates x and z was also utilised: namely, a set of dripper sources at an equal distance (0.2
meters) and close enough to each other so that their wetting-fronts overlap shortly after starting
the irrigation. Detailed procedures for this model set-up, calibration and validation are given in
Rameshwaran et al. (2013, 2015a).

4.  Salinity response functions and the salinity tolerance index

The salinity response function of a crop can be described by several forms of response functions
where the yield is reduced by salinity of the irrigation water or soil; i.e. root-zone salinity (Maas
and Hoffman, 1977, Maas, 1993; Rameshwaran et al. 2015b, Shannon and Grieve 1999;
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Steppuhn et al., 2005a,b). In order to scale and compare the salinity response of crops, root-
zone soil salinity is commonly expressed on the basis of the electrical conductivity of the
saturated soil-paste extracts (ECe); while yields are expressed in terms of relative yield Y
(=Y/Ymax where Y is the absolute actual yield and Ymax is the maximum yield of the season and
where salinity has a very minimal or zero effect on yield). The classical threshold-slope linear
response function (Maas and Hoffman, 1977) and the sigmoidal-shape non-linear response

function (Steppuhn et al. 2005a) were used and the indices calibrated.

4.1. Threshold-slope linear salinity response function

The threshold-slope linear response function of Maas and Hoffman (1977) is a three-piece
linear function that measures the salinity response; maximum yield until the salinity threshold;
rate of yield decline with increases in salinity beyond the threshold; and zero yield beyond a

particular value of salinity (van Genuchten, 1983):

Y, =1 0 < EC, < EC,
Y, =1—-b(EC,— EC,)  EC, <EC, <EC, 1)
Y, =0 EC, > EC,

where ECe is the root-zone salinity during the growing season; EC; is the maximum threshold
for root-zone salinity without a yield reduction (Y,=1); EC, is the root-zone salinity beyond

which the yield is zero (Y,=0); and b is the absolute value of the declining slope in relative yield

(Yr).
4.2. Sigmoidal-shape salinity response function

The sigmoidal-shape salinity response function proposed by Steppuhn et al. (20054, b) is given

as.
_ 1
r [1+(ECe/EC50)e

GECs0)] )

where ECx is the root-zone salinity at which yield is reduced by 50% and s represents response-

curve steepness.
4.3. Salinity tolerance index

ECso values are traditionally used as a salinity tolerance index (ST Index) for crops simply

derived from experimental data or from the threshold-slope linear response function. These
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ECso values are used to assess the relative tolerance of an agricultural crop. For the sigmoidal-
shape salinity response function, Steppuhn et al. (2005a) defined the salinity tolerance index
(ST Index) as:

ST Index = EC5q + SECsy 3)

More detailed discussion of the ST Index can be found in Steppuhn et al. (2005a, b) and
Rameshwaran et al. (2015b).

5. Results and discussion

5.1. Root-zone soil moisture and salinity

Root-zone soil moisture and root-zone soil salinity (ECe) measurements were taken
periodically during the cropping season at three distinct soil layers: 0-20 cm; 20—40 cm; and
40-60 cm. These are shown in Figure 1 for ONUR F1 experimental Case 11 in Spring and
Autumn respectively. The effects of pepper varieties ONUR F1 and ADA F1 on soil moisture
and salinity were minimal. The amount of irrigation is also shown as litres per meter-length of
dripper line. The variation of measured soil moisture and root-zone soil salinity (ECe) for the
0-60 cm layer (i.e. calculated from 0-20 cm; 20-40 cm; and 40-60 cm layers) over the growing
season for each experimental case in Spring and Autumn are summarised by box and whisker
plots in Figure 2.

Figure 2 shows that soil moisture values are similar in both Spring and Autumn. This is
because the irrigation carried out in each treatment was proportional to Class A pan-
evaporation from the previous irrigation (with a threshold value of around 10 mm). Figures 2a
and 2b clearly show irrigation regime effects on soil moisture where measured values were
increasing as expected within the same salinity treatment. These figures also show that soil
moisture values were increasing with salinity treatment for each irrigation regime (i.e. the same
Kep value experiments). In other words, soil moisture within the root-zone increases with
increased irrigation or an increased level of salinity treatment. The average rate of increase in
soil moisture was similar in both seasons. It is worth noting that the measured soil moisture at
wilting point and field capacity for the greenhouse soil were 0.115 m® m= and 0.230 m® m™
respectively while the measured root-zone soil moisture during the cropping season in Figures
2a and 2b were well above the wilting point and within field capacity except in the higher

irrigation cases mainly in K¢p=1.25 experiments.



The root-zone soil salinity (EC.) example — Experimental Case 11 in Figure 1 — shows
that measured values were increasing over both cropping seasons (i.e. salt accumulation within
the root-zone). Figures 2c and 2d also show that root-zone soil salinity increased with each
level of salinity treatment. However, the average rate of increase and amount of variation were
less in the Autumn than in the Spring, particularly in cases of higher salinity irrigation. This
means that salt accumulation was also higher in the Spring.

The climatic parameters within the greenhouse (averaged over the cropping seasons) are
given in Table 3. We can see that the climatic parameters were lower in the Autumn and
therefore evaporation rates were also lower than during the Spring. The amount of total water
added in the Autumn was 20% less than that for the Spring (although the cropping season was
forty days longer). The reduced total amount of irrigated water usage in Autumn led to less salt

accumulation within the root-zone and can be seen in Figures 2c and 2d.

5.2. Predicted soil moisture and salinity

Figure 3 shows the predicted soil moisture and salinity for ONUR F1 experimental Cases 9,
10, 11 and 12 with ECi»w=3.5 dS m! (i.e. a constant level of salinity treatment) and Cases 3, 7,
11 and 15 with K¢p=1.00 (i.e. a constant level of irrigation) for Spring at mid-season (the
highlighted cases are in Table 2). It is worth noting that the dripper line and plant row are
central on the soil's surface, while the salinity predicted by the model was the actual salinity in
the soil at mid-season (rather than the electrical conductivity of saturated soil-paste extracts,
EC.). The plotted soil moisture and salinity profiles reflect the dripper-irrigation effect where
the contour profiles display an arch-like shape. We can see that soil moisture levels increase
considerably under an irrigation regime (Figure 3a) and also with a level of salinity (Figure
3b). Figure 3c shows that increasing amounts of irrigation water for a particular salinity level
increases the area of the soil layer affected by salinity within the root-zone. It also moves the
region of higher concentration downward. Figure 3d shows that increasing levels of salinity for
a particular irrigation regime increases salt concentration considerably within the root-zone.
During the cropping season salts accumulate in the root-zone (Figure 1) due to the
process of saline water irrigation. This rate of accumulation can be increased by increasing
higher salinity levels in the irrigation water and/or increasing the amount of water used to
irrigate. In these experiments, the amount of water added in the higher irrigation cases
(Kep=1.25) was still not enough to leach out regions of higher salt concentration from the root-

zone (Figure 3c). As soil salinity increases within the root-zone, the osmotic potential level of
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soil water and plant water uptake both decrease. In other words, the plant leaves more water in

the root-zone as its salinity increases. This process can be clearly seen in Figures 2a and 2b.

5.3. Plant growth and yield response

Figures 4a and 4b show plant heights and Leaf Area Indexes (LAI) in mid and late stages for
both varieties in both seasons. Figures 4c and 4d show the dry biomass of the vegetative
elements and roots (excluding pepper fruits) at their late stage, as well as fresh yields for both
varieties in both seasons. Figures 4a to 4d show that increased levels of salinity decreased both
growth and yield rates considerably. Apart from the control experiments (with 1.0 dS m™)
increased irrigation decreased the growth rate more in higher salinity-level treatment cases than
lower treatment cases. These rates of decrease were higher in the Spring than the Autumn. In
both seasons, the greenhouse pepper varieties ONUR F1 and ADA F1 responded in a similar
manner; except in terms of vegetative biomass production where the ADA F1 variety produced
slightly more (Figures 4b and 4c). Hence, the predicted model results for soil moisture and
salinity (Figure 3) were almost similar for both variety.

Whenever root-zone soil salinity is high the roots cannot absorb water alongside
dissolved nutrients. In these experiments, then, salts continued accumulating in the root-zone
over the entire cropping season (Figure 1); with the salt-affected layer becoming larger under
an irrigation regime. It also grew larger and more concentrated with salinity treatment (Figures
3c and 3d). This in turn further affects plant growth by reducing the availability of water; i.e.
the osmotic potential of soil water. This lesser water and nutrient uptake (or absorption) leads
to a decline in the growth rate and therefore the yield production.

Although root-zone salt concentrations were less during Autumn (Figures 2c¢ and 2d),
plant growth and yield remained lower than in the Spring. This was mainly due to climatic
variation between seasons (Table 3). Biomass productivity is proportional to the level of solar
radiation the plant receives. Indeed, Table 3 shows that the level of radiation was considerably
less in Autumn (almost half) than in the Spring. This accounts for lower rates of photosynthesis
and development. In turn, this leads to a longer growth period with less irrigation water usage
during the Autumn.

The ability to produce biomass and yield from pepper plants with higher salinity levels
is connected to a marked inhibition of photosynthesis as shown by Chartzoulakis and Klapaki
(2000); as well as Bethke and Drew (1992). Chartzoulakis and Klapaki (2000) demonstrated a

partial closure of stomata (i.e. decline in stomata conductance measurements at higher salinity
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levels) which caused a reduction in photosynthesis at higher salinity levels. On the other hand,
Bethke and Drew (1992) concluded that reductions in photosynthesis are connected with
concentrations of both Na+ and CI- (biochemical levels) in the leaf tissue.

When analysing variance in plant parameters — plant height; LAI; and dry biomass of
vegetative elements and roots — there are indications of significant differences (p<0.05) as
evidenced by the four salinity-level treatments. Likewise, when we analyse variance in the
yield, there are indications of significant differences (p<0.05) across the four salinity-level
treatments and irrigation regimes in both seasons (except for Autumnal cases with salinity
treatments of 1.0 dS m™ and 2.5 dS m™).

5.4. Irrigation water productivity

Irrigation water-productivity (IWP) was used to evaluate the effects of irrigation regimes and

salinity treatments on the pepper crop. It is calculated by using the following equation:

WP = — (4)

where Y is the absolute actual yield (kg m) and IW is the irrigation water applied in different
irrigation regimes (m® m). The calculated water-productivity (IWP) is shown in Figure 4e.
There are significant differences (p<0.05) in the irrigation water-productivity (IWP) due to the
four salinity level treatments and irrigation regimes in both seasons. In all cases, the greatest
productivity was achieved in Case 1 (K¢, = 0.50, 1.0 dS m™) control experiments, while the
least productivity was exhibited in Case 16 (K¢ = 1.25, 6.0 dS m™) experiments — which had
the greatest amount of water added and the highest level of salinity. It can be seen, therefore,
that productivity was affected by salinity levels, irrigation regimes, and the season itself. In
lower salinity cases, greater productivities were attained in Spring, while in higher salinity
cases almost similer productivities were attained in both seasons. Among the experiments,
irrigation cases with K¢, = 0.50 gave higher irrigation water-productivity due to optimum
moisture in the soil. It can be seen from the yield and IWP results (Figures 4d and 4e) that the
crop water requirement was possibly fulfilled in Kep = 0.50 irrigation cases (50% of Class A

pan-evaporation) — which cannot be considered a real deficit in terms of the irrigation level.



5.5. Salinity response function

Mean and median values for root-zone electrical conductivity of the saturated soil-paste extract
(ECe) over the two cropping seasons for ONUR F1 experimental cases for root-zone layer 0—
60 cm are listed in Table 4. It can be seen that the median values and mid-season values are
almost similar. Therefore, the mean or mid-season value of the soil salinity can be considered
as the mean reflection of soil salinity for the entire cropping season.

The relative yield data (Yr) of all experiments across both seasons are plotted against the
mean value of soil salinity (ECe) in Figure 5. It shows that relative yield data decreases with
soil salinity (ECe) and that this data reasonably falls into a curve regardless of salinity
treatments, irrigation regimes or season. The parameters b, ECt, EC,, s and ECso of the crop-
yield response function equations (1) and (2) are calibrated along with the salinity tolerance
index (ST Index) in equation (3) and given at Table 5. The correlation coefficients (R?) are also
listed here. The fitted threshold-slope linear function and sigmoidal-shape function curve is
also shown in Figure 5. Both functions fitted the data reasonably well with single representation
and good correlation.

Table 6 lists literature parameter values for the threshold-slope linear response function
for peppers developed using soil salinity (ECe) as their function variable. The differences in
the threshold-slope linear response function parameters between studies can be due to variety
of pepper; growing environment (including soil properties); irrigation method/amount;
fertilizer application; climatic variation between study regions; as well as season. Figure 5
shows that the calibrated threshold-slope linear response function placed the ONUR F1 and
ADA F1 pepper varieties in the moderately salt-sensitive category along with other studies in
Table 6. Although the measured fresh yield (Figure 4d) clearly shows considerable differences
in salinity response between seasons, Figure 5 shows that the salinity response of pepper
varieties ONUR F1 and ADA F1 can be well represented by a single threshold-slope linear
function or sigmoidal-shape function in terms of soil salinity (ECe) within our experimental
range regardless of season.

6. Conclusions

In this study, the effects of different irrigation regimes and salinity treatments using a drip
irrigation system on sweet pepper (Capsicum annuum L.) were investigated. Experiments were

conducted in a greenhouse in the Mediterranean coast at Antalya, Turkey during the Spring
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and Autumn growing seasons. Two varieties of sweet pepper were used (ONUR F1 and ADA
F1) with four irrigation regimes subjected to four salinity treatment levels. Four irrigation
regimes were considered using Class A pan-evaporation data multiplied by the pan coefficient
(Kep) of 0.50, 0.75, 1.00 and 1.25 respectively — and subjected to four salinity treatments with
irrigation water electrical conductivities (ECi) of 1.0, 2.5, 3.5 and 6.0 dS m™,

The study showed that increased levels of salinity induced a high level of salt
accumulation within the pepper plants' root-zone, while increased saline irrigation increased
the size of the affected layer within the root-zone. The total amount of irrigated water usage
was higher in Spring than the Autumn. This was due to climatic variability and also reflected
for salt accumulation within the root-zone. In all salinity treatment experiments, higher
irrigation water-use productivities were achieved under irrigation regimes with a K¢p of 0.50.
Here, the crop water requirements appeared to have been fulfilled. Both pepper varieties
(ONUR F1 and ADA F1) largely performed in a similar manner throughout the season; except
in terms of vegetative biomass production. Vegetative growth, biomass production and yield
were all significantly lower in cases of higher level salinity treatment. This was true in both
seasons. The study also highlighted considerable variations in fresh pepper productivity
between the seasons: their rate of decrease corresponding with increases in salinity-stress due
to climatic variation.

The calibrated threshold-slope linear salinity response function for both seasons (a
threshold of 1.43 dS m™ and a decreasing slope of 11.1%) showed that the ONUR F1 and ADA
F1 sweet pepper varieties are moderately sensitive to salt and can be well represented by a
single function in terms of soil salinity EC. regardless of season. However, there are
considerable differences in fresh yield from season to season. Salinity response can also be
well represented by the sigmoidal-shape function within our experimental range regardless of
season. Overall, this study demonstrates that for pepper crops irrigated with saline water,
pepper growers must take into account both the salinity response function and productivity for

the season with appropriate irrigation regime.
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Table 1. Soil properties of the experimental site before planting of pepper in Spring 2011.

Soil depth (cm) Sand (%) Silt (%) Clay (%) Texture pH EC, (dSm?)
0-20 60 15 22 Sandy clay loam 7.8 0.42
20-40 62 16 23 Sandy clay loam 7.6 0.38
40-60 62 16 25 Sandy clay loam 7.8 0.36
60 — 80 59 15 25 Sandy clay loam 7.7 0.33

Table 2. Irrigation and salinity treatment experiments for ONUR F1 and ADA F1 varieties in both
Spring and Autumn cropping seasons.

Salinity EC;,, (dS m?) Kep = 0.50 Kep =0.75 Kep = 1.00 Kep =1.25
1.0 Case 1 Case 2 Case 3 Case 4
2.5 Case 5 Case 6 Case 7 Case 8
35 Case 9 Case 10 Case 11 Case 12
6.0 Case 13 Case 14 Case 15 Case 16

Table 3. Average climatic data over Spring and Autumn cropping seasons.

Parameters Spring Autumn
Minimum Temperature (°C) 16.2 9.3
Maximum Temperature (°C) 36.3 27.2

Sunshine (h) 9.4 6.6
Humidity (%) 68.3 53.8
Net Radiation (MJ m2 day™) 12.5 5.8

Table 4. Mean and median values of soil salinity (ECe) over Spring and Autumn cropping
seasons for ONUR F1 Experimental Case (number of measurements over Spring cropping
season n=10; and over Autumn cropping season n=11).

Salinity Kep =050 _ Kep =075 Kep=1.00 Kep=1.25
EC. Mean Median Mean Median Mean Median Mean Median
(@S Fr‘;{l) EC, EC, EC, EC, EC, EC, EC, EC,
(dSm?) (dSm?) dSm?) (dSm?) dSm?) (dSm?) dSm?) (dSm?)
Spring cropping season
1.0 1.41 1.42 1.53 151 1.59 1.57 1.79 1.66
25 1.79 1.71 2.16 2.12 2.62 2.62 2.85 2.84
35 2.01 1.98 2.60 2.54 3.06 2.70 3.61 3.29
6.0 3.22 3.20 4.15 4.05 5.03 5.28 6.20 6.22
Autumn cropping season
1.0 1.42 1.48 1.53 1.68 1.65 1.77 1.79 1.87
25 1.77 1.72 2.19 2.26 2.50 2.70 2.78 3.05
35 2.12 2.12 2.66 2.76 2.88 2.99 3.40 3.77
6.0 2.90 3.08 3.73 3.86 4.05 4.45 4.38 5.04

Table 5. The calibrated threshold-slope linear response function parameters b, EC; and EC,
including salinity tolerance index (ECso) and sigmoidal-shape function parameters s and ECso
including salinity tolerance index (ST Index).

Threshold-slope linear function Sigmoidal-shape function
Season b EC, EC, ECy R s ECsg ST 2
(@dSm?)  (@Sm?) (dSm? (dSm?) Index
Spring 0.111
and X 1.43 10.41 5.92 0.84 0.16 5.60 6.50 0.82
A (11.1%)
utumn
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Table 6. Present and literature values for threshold-slope linear response function parameters

b and EC: for pepper based on soil salinity (ECe).

Values based on soil salinity EC, b EC, (dSm?)
Present study 0.111 (11.1%) 1.43
Allen et al., (1998) 0
(Upper limit of FAO-56 guideline) 0.120 (12.0%) 1.70
Maas and Hoffman (1977) 0
(Lower limit of FAO-56 guideline) 0.140 (14.0%) 1.50
Sonneveld (1988) — Greenhouse Pepper 0 )
(Addition of sodium chloride) 0.131 (13.1%) 3.40-4.00
Sonneveld (1988) — Greenhouse Pepper 0 i
(Addition of various salts) 0.126 (12.6%) 3:40-4.00
Huez-Lopez et al. (2011) — Greenhouse Chile Pepper 0
(with inorganic fertilizer 120 kg ha™) 0.120 (12.0%) 1.44
Huez-Lopez et al. (2011) — Greenhouse Chile Pepper 0
(with organic, plant-based fertilizer 120 kg ha') 0.160 (16.0%) 2.62
Huez-Lopez et al. (2011) — Greenhouse Chile Pepper 0
(with organic, plant-based fertilizer 200 kg ha') 0.100 (10.0%) 2.05
Kurunc et al. (2011) — Greenhouse Bell Pepper 0
_ (with different saline and water regime conditions) 0.109 (10.9%) 1.20
Unlikara, et al. (2015) — Greenhouse Green Long Pepper 0.070 (7.0%) 1.20

(with different saline and water regime conditions)
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Figure 4. Measured (a) plant heights in mid and late stages, (b) (Leaf Area Index (LAI) in mid
and late stages, (c) dry biomass of vegetative elements and roots (excluding pepper fruits), (d)
fresh pepper yield and (e) Irrigation water productivity (IWP) for the spring and autumn
cropping seasons with ONUR F1 and ADA F1 varieties.

20



¢ ONURFI Spring data
ONUR F1 Autumn data

e T hreshold-slope linear function

ADA F1 Spring data

ADA F1 Autumn data

== == == Siomoidal-shape function

1.00
(.
)
) SALINITIES
UNSUITABLE FOR

075 * CROP PRODUCTION
R
=) n
=
2

> 0.50
=
=
&
TOLERANT
0.25
MODERATELY
S.  TOLERANT
MORERATELY, _
L 5 -
SENSITIVE alal T VRGNS
0.00 —

Threshold-slope linear function: Y, = 1 — 0.111(EC, — 1.43)

Sigmoidal-shape function: Y, =

0.0

5.0

10.0

15.0 20.0 25.0

EC, (dS m)

1
[1+(ECe/5.60)60 0%

Figure 5. Calibrated threshold-slope linear salinity response function and sigmoidal-shape salinity response

function.

21



	N512529Cover
	N512529Text

