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ABSTRACT  
 

A field experiment was conducted for evaluating the effect of brackish water on citrus growth and soil 
chemical properties during 2008-2009. For the study, one-year-old citrus seedlings were transplanted and were 
drip irrigated with two types of brackish (saline) water. One with high salinity (SW) having an electrical 
conductivity (ECi) of 7.16 dS/m. The other with low salinity (GW) having ECi of 1.36 dS/m. Results of the 
study revealed that, only 14% of the total transplanted seedlings were succeeded with limited growth under SW 
compared to 82% with increased growth parameters under GW. Results of soil properties revealed accumulation 
of salts at the fringe of the irrigated area under the emitter in both irrigation waters, but the phenomenon was 
largely accelerated under SW. Frequent irrigation with saline water increased the accumulation of Na and Cl 
which decline soil chemical propertied, cause nutrients imbalance and increase toxicity, consequently plant 
damage. 
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Introduction 
 

Water is the most important factor affecting agriculture production. It is a limited resource in arid and semi-
arid regions especially in the Kingdom of Saudi Arabia (KSA). The main source for irrigated agriculture in KSA 
is groundwater. Due to dry hot weather and less rainfall in the kingdom, the majority of the groundwater used in 
irrigation is brackish (saline) water. Continuous irrigation by brackish water harm plants because of its high 
content of salts and salt accumulation in soil. However, regular annual summer rain in the area was considered 
to alleviate soil salinity by leaching accumulated salts from the root zone and decrease the risk of plant damage 
(Al-Yassin 2005). 

Recently, summer rainfall becomes irregular with an average interval of 3 to 5 years (Ministry of 
Agriculture and Water 2006). The indiscretions of summer rain interval lead to increase salt accumulation in soil 
and irrigation water salinity. As a result, the risk of plant damage especially in fruits production is increased.  
The range of salt concentrations tolerated by crops varies greatly from species to species. Citrus species are 
more sensitive to salinity than many other fruits. The observed effects of salinity are various symptoms of leaf 
injury, growth suppression and yield decline crops (Maas 1990, 1993; Boman 1993).When a reductions in fruit 
yield occur without excessive accumulation of Cl or Na and without any apparent toxicity symptoms, it is 
indicated that the dominant effect is osmotic stress (Cerda et al. 1990; Dasberg et al. 1991). Increasing salinity 
in root zone area reduce plant growth. For example, the reduction in plant growth of Cleopatra mandarin and 
macrophylla rootstocks was higher than that of sour orange rootstock (Maas 1993). The level of salinity 
tolerance in the root zone for Valencia oranges, ranged from ECe of 2.5 to 3.0 ds/m. However, the growth of 
citrus species and their fruit yield generally reduced at soil electrical conductivities (ECe) above 1.4 ds/m. 
Salinity reduced growth and yield due to the osmotic potential effect. It may also delay and depress emergence 
(Zekri 1993) 

When irrigation water is saline, the irrigation method greatly influences plants performance.  Drip irrigation 
is considered one of the most efficient methods that can be used with saline water. It is uniformly distributes 
water, precisely control the amount of applied water, and minimize salinity effects. Drip irrigation at frequent 
intervals maintains a low soil water tension and prevents salt accumulation within the wetted zone. Frequently 
irrigations resulted in less depletion of soil water by the plants between irrigations, thus reducing average soil 
salt concentration and salt uptake by the plants. Consequently, water with higher salinity levels could be used 
without significantly affecting the yield (Elfving 1982; Grieve 1983; Batchelor et al. 1996; Kang 1998; Ayars et 
al. 1999). Bharambe et al. (2001) reported the effect of moisture regimes applied through drip irrigation on 
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spatial distribution of soil moisture, salts, nutrient availability and water use efficiency of banana under different 
planting patterns. They found that, below the dripper was the highest water content and it followed a decreasing 
trend with increasing spatial distance, lateral as well as vertical. The salt content was low near the dripper and 
increased with waterfront, laterally. More salt spread was observed from the trickle source with higher 
application rate of water and maximum salt accumulation was at periphery of wetted zone of soil. Because of 
the point-source nature of drip irrigation, the salts along with water can be pushed toward the fringes of the 
irrigated area, forming a desalinization zone in the center in close proximity to the dripper. Thus the salts are 
prone to accumulation at the periphery of the wetted bulb (Karlberg and Frits 2004; Chen et al. 2009). 

The main objective of the current study was to manage for the increasing salinity in the area due to irregular 
summer rainfall and saline irrigation water, which cause salt accumulation in soil that is risky to the plants. 
Some other objectives of this study were as follows: (1) to measure the effects of two different irrigation water 
salinities on the establishment, performance and growth characteristics of Citrus; (2) to measure solute 
distribution patterns perpendicular the dripper; (3) to measure the change in soil chemical properties as affected 
by investigated irrigation water salinity. 
 
Material and Methods 

 
Location and experimental design: 

 
The experiment was conducted at Agriculture Experimental Station of King Abdulaziz University (KAU) 

located at Hada Alsham village (21o79’N, 39o70’E and Altitude of 226 m), 110 km north east of Jeddah, KSA. 
The climate of the area is arid with high temperatures during summer. The soil texture is sandy loam. The 
detailed physical and chemical analysis of soil is presented in Table (1).Experimental site was prepared, and 
divided into two equal parts. Drip irrigation network was installed in each part of the field with a dripper 
discharge of 5 G/h. One-year-old seedlings of Citrus (citrus Aurantifolia) were transplanted at the first of 
March, 2008. Hundred seedlings were transplanted in each part of the filed with a distance of 5 m2 between row 
and lines. The design of the experiment was Completely Randomized Design (CRD) inside each field.  

 
Irrigation water treatments: 

 
Two level of irrigation water salinity were used in this experiment. One with high salinity, had an electrical 

conductivity (ECi) of 7.16 dS/m and considered as saline water (SW). The other with low salinity, had an 
electrical conductivity (ECi) of 1.36 dS/m and considered as good water (GW).  
 
Table 1: Initial physical and chemical analysis of soil in the experimental site. 

Soil physical properties 

Soil 
depth cm 

Particle size analysis 
Saturation 
cm3/cm3 

Field capacity 
cm3/cm3 

Wilting point 
cm3/cm3 

Available 
water cm3/cm3 

Sat. Hyd. 
Cond. 
cm/h 

Bulk 
density 
g/cm3 Sand  Silt Clay 

Texture 
grade 

0-25 78.4 10.4 11.2 Sandy loam 0.41 0.18 0.10 0.09 2.07 1.56 
25-50 76.3 9.3 14.4 Sandy loam 0.42 0.19 0.11 0.09 1.52 1.53 
Soil chemical properties 
Soil depth 
cm 

PH EC dS/m 
Total Cations (meq/l) Total Anions (meq/l) 
Na+ K+ Ca++ Mg++ HCO3- + CO3= Cl- SO4= 

0-25 8.0 1.28 8.0 0.4 2.7 1.4 3.5 4.7 4.4 
25-50 8.0 1.15 7.9 0.4 2.0 1.0 3.0 4.5 3.7 

 
The two types of irrigation water used in the experiment were obtained from two local wells found in the 

experimental station. Detailed chemical analysis of both types of irrigation water is presented in Table (2). After 
transplanting both fields were irrigated with GW for one month, then, the experimented was subjected to 
irrigation water salinity treatments. 
 
Table 2: Chemical analysis of saline irrigation water used in the experiment. 

Water type pH EC dS/m 
Total Cations (meq/l) Total Anions (meq/l) 

Na+ K+ Ca++ Mg++ 
HCO3- + 
CO3 

Cl- SO4= 

Good water (GW) 8.01 1.36 8.7 0.9 3.09 1.44 3 7.6 3.5 
Saline water (SW) 8.18 7.16 51.2 3.9 9.27 8.03 7.5 55.7 8.9 

 
The required amount of irrigation water were added to the seedlings though drip irrigation network three 

times a week. It was calculated based on crop water requirement and total available soil moisture using Penman-
monteith equation as described by Allen et al. (1998). 
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Measurements: 
 
Measurements included the following:- 
1. Establishment of trees (%) during the first six months after transplanting.  
2. Growth characteristics included stem lengths, stem diameter, number of main and secondary branches 

during the first 18 months after transplanting.  
3. Salts, soluble cations and anions distributions perpendicular the  dripper after 18 month of transplanting 
Establishment of trees: the establishment of trees was expressed as percent by counting the number of 

survived seedlings during the first six month of transplanting in relation to the total number of transplanted 
seedlings in each part of the field. 

Growth characteristics: ten homogenous trees were randomly selected in each part to measure the 
performance and growth characteristics of citrus. The monitored growth characteristics included stem lengths, 
stem diameter, number of main and secondary branches on the tree. The measurements were collected after 
1,6,12 and 18 months of transplanting. Stem diameter was measured directly above the ground.  Average of 
collected data from the selected trees were taken and statistically analyzed to represent stem lengths, stem 
diameter, number of main and secondary branches. 

Salts, Cations and anions distributions: after 18 months of transplanting soil samples were collected to 
determine the concentration and distribution of salts, cations and anions. The sampling zone locations 
perpendicular the dripper was chosen in a way that represents the most closely correlated with plant uptake, 
(Fig, 1).Soil samples were collected in horizontal direction at 0 (under the dripper), 20 and 40 cm distance from 
dripper. In vertical direction samples were collected at 0-10, 10 -20 and 20-40 cm depth. Four replications of 
soil samples were collected from four different locations in  each part of experimental field.  

 

 
 
Fig. 1: Diagram represents soil sampling locations relative to dripper. 

 
At the time of sample collection, each soil sample was collected into two parts. One was collected in plastic 

bags, then, air dried and prepared for chemical analysis. The other was collected in a pre-weighed soil sample 
can for soil moisture measurements. The can was closed, and once the collection was completed, the cans were 
weighed. Then, dried at 105oC for a minimum of 24 hours, then re-weighed to calculate of soil moisture. 

 
Soil pH and EC: soil pH was measured in (1:1) soil suspension, and then the suspension was filtrated to get 

1:1 soil extraction. The extraction was used to measure salts, cations and anions concentration and distribution. 
EC was measured using the electric conductivity meter which gives the values in units of ds/m. Concentration of 
Na and K were determine by flame photometry while SO4 was measured using spectrophotometric method. Ca, 
Mg, HCO3 and Cl were measured by titration method. 
 
Statistical analysis of data: 

 
The obtained data were statistically analyzed as CRD design using the statistical package software SAS 

(SAS Institute Inc., 2000, Cary, NC., USA). Comparisons between means were made by the least significant 
differences (LSD) at P = 5%.  
 
Results and Discussions 

 
Establishment and growth characteristics: 

 
Results of trees establishment is presented in Fig.(2). Results indicated significant difference between 

seedlings irrigated with GW and those irrigated with SW. The establishment percent in GW irrigation treatment 
reach 82% while it was only 14% under SW irrigation. 
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Fig. 2: Establishment percent after six months of transplanting 
 
Results of stem length along the growing season are presented in Fig. (3). Results show that, the length of 

young trees irrigated with GW was higher than that irrigated with SW.  
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Fig. 3: Stem length in relation to irrigation water salinity 
 
The differences were low during the first six months of the experiment however it is increased by 

increasing time. Significant differences were found in stem diameter between trees as affected by irrigation 
water salinity levels (Fig. 4).  Trees irrigated with GW have thick diameter compared with trees irrigated with 
SW.  

Results of numbers of main and secondary branches are presented in Figure (5). Results revealed that, trees 
irrigated with GW have high number of main and secondary branches compared with those irrigated with SW 
especially the results of secondary branches. Results also revealed that, the differences in secondary branches 
were very small during the first six month after transplanting. However, it was highly increased in trees irrigated 
with GW compared with those irrigated with SW along the growing seasons. 

Pictures which collected after 2, 9 and 18 month after transplanting during the experiment time are 
presented in figure (6). Results of the pictures confirmed and supported the analytical results shown through 
Figs. 2 to 5. The pictures clearly show large differences in aboveground biomass in trees irrigated with GW 
compared with those irrigated with SW. The pictures also show that, there were symptoms of toxicity like leaf-
burn, and chlorosis in citrus trees irrigated with the SW.  
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Fig. 4: Stem diameter in relation to irrigation water salinity 
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Fig. 5: Main and secondary branches in relation to irrigation water salinity 

 

 
Fig. 6: Differences in aboveground biomass for trees irrigated with GW and SW. 

 
Results show severe damage of citrus seedlings establishment in the field irrigated with SW during the first 

six months of the experiment. Only 14% of seedlings were survived. The results might be due to nutrients 
imbalance and toxicity effect. Irrigation water used in this field contained high concentration of Cl and Na.  
Accumulation of ions such as Cl in citrus leaves might shorten the life span of leaves via increasing chlorosis, 
promoting senescence and abscission. Presence of large amounts of this ion in the leaves might be the main 
factor causing leaf burn and inhibition of certain metabolic processes like stomatal conductance and CO2 
assimilation (Goell 1969; Levy and Lifshitz 1999). Three reasons could be responsible for the reduction of 
stomatal conductance and CO2 assimilation as published by Lloyd et al. (1990). They are: (i) the closure of 
stomata by salinity decreases mesophyll capacity for CO2 assimilation, (ii) salt stress reduces chloroplast 
capacity to fix CO2 which produces a feedback signal to close the stomata, and (iii) salt stress impairs 
chloroplast metabolism and guard cell function. Similar results were reported by Boman et al. (2005) who said 
that, salinity may cause canopy thinning, severe leaf drop, and twig dieback.  

Increasing soil salinity affected the growth parameters of citrus as clearly indicated by the reduction of plant 
height, stem diameter, and  number of main and secondary branches. The reduction in growth characteristics due 
high salinity level might be attributed to several mechanisms. Change in leaf water relations to a rate that 
reduces photosynthesis. Increasing salinity decrease the assimilation rate and stomatal conductance in leaves 
especially lemon varieties and consequently inhibited growth (Murkute et al. 2005). Osmotic stress resulted 
from high concentration of soluble ions especially Na and Cl. In addition, the accumulation of these ions in soil  
lead to decrease the absorption availability of essential elements like Ca, Mg, and Kcausing nutritional 
imbalances and consequently reduced growth (Al-Yassin 2005). 
 
Soil salinity (EC in 1:1 soil extraction): 

 
Results of the spatial distribution of EC values for the in soil as affected by both types of irrigation water 

(GW and SW) are presented in Fig. (7). The results revealed that, EC values for the soil irrigated with GW were 
significantly less than that irrigated with SW.  
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Fig.  7: The spatial distribution of EC and water content (WC) perpendicular the dripper after 18 months of  
              transplanting 

 
The least values of EC was measured under the dripper however, the values were increased toward the 

fringes of the irrigated area and by increasing depth in both soils. The distributions of salts show a reverse 
compared with water content distribution. The areas which had low EC values were characterized by high soil 
water content (Fig. 7). The highest soil water content was found under the dripper and decreased towards the 
outer edge of irrigated area and along soil depth. 

In spite of using almost good quality of irrigation water in one filed of the current study, the results 
emphasized the possible accumulation of salts at the fringe of the wetted soil volume under the emitter. This 
phenomenon was accelerated when saline irrigation water was used. The distribution pattern of salts was the 
least under dripper then increase towards the outer edge of the irrigated area and along soil depth in both fields. 
These phenomena of distribution might be attributed to the point-source nature of drip irrigation. The salts along 
with water can be pushed toward the fringes of the irrigated area, forming a desalinization zone in the center in 
close proximity to the dripper (Kang 1998; Chen et al. 2009; Souza and Folegatti 2010). Thus the salts were 
prone to accumulation at the periphery of the wetted bulb as revealed in the spatial distribution of the EC values. 
It was also noticed that, the EC values under drippers were lower than that measured before starting especially 
in GW treatment. The results might be due to the continuous high soil moisture under the dripper. It may also 
attribute to salt leaching during growing seasons as a result of frequent irrigation. The results are in agreement 
with those obtained by Wang et al. (2011). 

Results of salt distribution perpendicular the drippers indicated that, drip irrigation could be a successful 
irrigation method to use with saline irrigation water. The possible frequent irrigations by drip method result in 
less depletion of soil water by the trees between irrigations, thus reducing average soil salt concentration and 
salt uptake by the trees (Grieve 1983; Boman et al. 2005). 
 
Soil chemical properties: 
 
Soil pH: 

 
Results of the special distribution of pH perpendicular the dripper after 18 months of transplanting are 

presented in Fig. (8). Results revealed that, irrigation with GW slightly decreased soil pH but irrigation with SW 
slightly increased soil pH. When compared with the initial pH (Table 1), the average pH of soil profile was 
decreased by less than 1% in soil irrigated with GW, while it was increased by about 0.5 to 1.25% in the soil 
irrigated by SW. 

According to the characteristic of the ion movement, the ions that are easily to leached are Cl and Na. 
Leaching these ions can play an important role on the decrease in pH. However, its accumulation in soil might 
be slightly increase soil pH. Similar results were reported by Dou et al. (2011) and Wang et al. (2011).  
 
Soluble cations distribution (Na, K, Ca, and  Mg): 

 
Results of the special distribution of Na and K are presented in Fig. (9). Results revealed that, the 

concentration of Na in soil irrigated with GW was less than that irrigated with SW.  Na distribution indicated 
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that, low concentration was found in surface layer under and neat the dripper in both soils. The concentration of 
Na was increased by increasing depth especially under the dripper where the highest values of Na concentration 
in both soils were measured. Results of K distribution in soil irrigated with GW indicated that, the values were 
almost same through soil profile.  Under SW irrigation, the concentration of K was higher than that in GW 
irrigation. The values were low under dripper and gradually increased towards the outer edge of irrigated area 
and along soil depth.  

 
 
Fig. 8: The spatial distribution of soil pH perpendicular the dripper after 18 months of transplanting 

 
Results of Ca distribution presented in Figure (10) indicated that, the least values were measured at the 

outer edge of irrigation area in both soils. The concentration of Ca was significantly higher in the soil irrigated 
with SW than that of GW irrigation. Also, the concentration was higher under the dripper and increased along 
soil depth in both soils. The least Mg concentration (Fig. 10) was recorded in the surface layer under dripper. 
Slightly increase in Mg values was measured towards the fringes irrigated area and along the soil depth in both 
soils. 

 

 
 
Fig. 9: The spatial distribution of Na and K perpendicular the dripper after 18 months of transplanting 
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Fig. 10: The spatial distribution of Ca and Mg perpendicular the dripper after 18 months of transplanting 

 
Soluble anions distribution (Cl, HCO3 and SO4): 

 
Results of Cl distribution are presented in Fig. (11). The results almost similar trend as in Na concentration 

distribution which explained previously. Due to the similarity in the distribution of Na and Cl, it is expected 
that, the majority of salts in soil profile were in the form of sodium chloride (Nacl).   

 

 
 
Fig. 11: The spatial distribution of Cl perpendicular the dripper after 18 months of transplanting 

 
Distribution results of SO4 and HCO3 concentrations are presented in Fig. (12). The least concentration of 

SO4 was measured in the surface layer at the outer edge of irrigated area in the soil irrigated with GW. Then, the 
values were increased towards dripper and along soil depth. For the soil irrigated with SW, the least values of 
SO4 were recorded under dripper and gradually increased along soil depth and towards the fringes of irrigated 
area. The values of HCO3 were almost similar in both soils and through soil profile (Fig. 12).  
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Fig. 12: The spatial distribution of SO4 and HCO3 perpendicular the dripper after 18 months of transplanting 

 
Presence of high concentration of Na and Cl in irrigation water in SW beside the frequent irrigation led to 

accumulate large amount of these ions in soil and consequently in citrus trees.  Increasing the concentration of 
Na in soil may increase clay particles dispersion, block soil pores, decrease water infiltration and cause poor 
aeration. Through the previous deleterious effect beside the effects of Na on nutrient imbalances, Na may cause 
injury to citrus plants (Boman et al. 2005). In addition, increasing Na concentration in plant tissues may cause 
plant toxicity.  Visible Na toxicity symptoms appear on citrus trees when leaf Na reaches to 0.25% of leaf dry 
weight, but vary with climatic conditions. These toxicity symptoms are leaf “bronzing” along with reductions in 
growth (Chapman 1968; Syvertsen et al. 1988; Al-Yassin 2004). The low values of K concentration in soil 
profile may be attributed to its low concentration in the source of irrigation water. 

In a reverse behavior to Na, Calcium can flocculate soil in which clay particles and aggregates have been 
dispersed by Na. Therefore presence of high concentration of Ca in relation to Na either in soil or irrigation 
water  may make salt-affected soil productive and  delay the negative effect of Na toxicity. The percent of Ca in 
relation to Na concentration for GW used in the current study was almost two times more than that in SW 
(Table 1). That could be one of the reasons derived for good growth characteristics in citrus trees irrigated with 
GW compared with those irrigated by SW. Similar results reported by Zekri (1993) who found that increasing 
Ca concentration in leaves when irrigated with salinized irrigation water minimized the effect of salt-stress.   

The concentration of Mg was found to be low in both soils but, it was high in soil irrigated by SW 
compared with that irrigated by GW. The results might be due to the low concentration of Mg in both irrigation 
water sources compared with Ca concentration (Table 1).  Our results are supported by Alva and Syvertsen 
(1991) who reported that, salinity not only increased soil EC, Na, Cl and Ca, but also increased P concentration 
and decreased Mg. Sometimes, increasing Ca tend to decrease Mg concentration in plant, primarily due to the 
displacement of Mg from the soil complex. 

Increasing the concentration of Cl in soil mainly effects on plant growth not on soil properties. The critical 
Cl concentration that cause plant toxicity is varies with climate, humidity and tree water use. Toxicity symptoms 
may appear when leaf Cl reach about 1% of leaf dry weight but 0.2% should be considered excessive (Koo et al. 
1984). Necrotic areas on leaf margins are the most common visible salt injuries resulted from high Cl 
concentration in plant tissues (Al-Yassin 2004). Increasing Cl concentration may reduced NO3 uptake in plants 
due to the competition between them (Banuls and Millo 1992). Increasing the concentration of Na and Cl in soil 
irrigated with SW under the current study might be the main reason for severe death of seedling which resulted 
in very low establishment of citrus tree compared with soil irrigated with GW (Fig. 2).  

High concentration of SO4 was measured in the soil irrigated with SW than that irrigated with GW. The 
results can be attributed to the frequent irrigation and the high concentration of SO4 in SW compared with GW. 
Sometimes irrigation with high SO4 water enhance plant growth (Metochis 1989). 
 
Conclusion: 

 
From the results of this experiment it can be concluded that, increasing salinity in irrigation water adversely 

affect the establishment and growth characteristics of citrus. Only 14% of the total transplanted seedlings were 
succeeded with limited growth under high saline irrigation water compared to 82% with large growth 
parameters in good irrigation water. Results of salt distribution emphasized the possible accumulation of salts at 
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the fringe of the irrigated area under the emitter with both irrigation waters. However, the phenomenon was 
largely accelerated when saline irrigation water was used. Frequent irrigation with saline water increased the 
accumulation of Na and Cl which decline soil chemical propertied, cause nutrients imbalance and increase 
toxicity and consequently plant damage.  Further study may recommend on combining both of the two 
prevailing water sources for irrigating citrus. 
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