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ABSTRACT 

The effects of using NaCl, Na2S0^ and CaC^ saline 

waters on N and P uptake by tomato plants were studied in 

the greenhouse. There was a significant depression in 

growth of plants irrigated with these waters. The NaCl and 

CaCl2 waters caused more depression of growth of plant tops 

than Na2S0^ water. The CaC^ water-irrigated plants had 

lowest P concentration for all the nutrient treatments— 

control, N, N + P, and P. High water salinity resulted in 

an increase in N concentration in plant tops and Na+ and CI 

had a leading effect. The SO^ ion had a positive effect on 

P concentration in the plant with the N + P nutrient 

treatment and caused the highest dry weight among the P 

treated plants. 

viii 



INTRODUCTION 

In many areas of the world, particularly those under 

irrigated agriculture, farmers may have to resort to the use 

of saline water for irrigating their crops, since adequate 

supplies of better-quality water are unavailable. Use of 

this water increases salt concentration in the soil, 

resulting in stunted growth of plants and reduced yield of 

crops. 

The main cause of salt damage is usually the osmotic 

effect, i.e., the damage is mainly the result of reduced 

availability of soil moisture. But sometimes the damage in 

saline soils may be caused to a large extent by the specific 

ion effect. In this case, the damage is partly the result 

of either the uptake of toxic quantities of a certain ion or 

the inadequate uptake of an essential nutrient element due 

to the antagonistic effect of another element (Sonnevald and 

van den Ende, 1975) . 

Under saline conditions, farmers have to correctly 

select salt-tolerant plants to grow in order to minimize 

losses. With these conditions, plants cope by developing a 

mechanism of increasing efficiency of water use, since there 

is limited moisture available for them because of the 

osmotic effect. 

1 
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In many regions subject to salinization, sodium is 

the main cation found in the soil solution. In other 

regions, calcium or more rarely magnesium is found. The 

anions in such soil solutions are mostly chloride, but the 

sulfate ion may be present in large amounts. The variation 

in proportions of the ions is found to be infinite. So far 

as experimentation involving the influence of various salts 

on plant growth is concerned, the study of a particular 

mixture of salts becomes virtually an isolated case when the 

results obtained are referred to field conditions. A more 

fundamental evaluation of the effects of salinity is 

possible if the influence of each component is studied 

separately before an attempt is made to interpret the 

effects of various mixtures of salts on plant growth (Gauch 

and Wadleigh, 1945). 

This study is aimed at separating the effects of 

soluble ions on the uptake of N and P by the tomato plants, 

Lycopersicum esculentum. The NaCl, Na2S0^, and CaC^ saline 

waters were added separately to a Vinton loamy sand, which 

received applications of N and P. Potassium was also 

applied, not as a treatment but as a base dressing since the 

soil is coarse-textured. 

The objectives of the study were: 



To compare the osmotic effect of the NaCl, Na2SO/j, 

and CaCl2 salts on the N and P uptake by tomato 

plants. 

To find the specific ion effect on N and P uptake. 

To make comparisons between the three salts on their 

effect on this uptake and general growth of the 

plants. 



LITERATURE REVIEW 

Excessive concentration of soluble salts in the root 

medium affects plant growth by osmotic inhibition of water 

absorption, by specific effects of constituent ion(s) in the 

saline media, or a combination of the two. Specific ion 

effects may also involve direct toxicity or a variety of 

nutritional effects (Bernstein and Hayward, 1958). 

Osmotic Effect 

Specific ion effect, in addition to the osmotic 

effect, is indicated by a deviation in growth response from 

one salt compared to another (Bernstein and Hayward, 1958). 

The progressive decrease in the growth of red kidney bean 

(Phaseolus vulgaris) plants with increasing osmotic pressure 

in the range of 1 to 4 atmospheres led Gauch and Wadleigh 

(1945) to conclude that it was directly and primarily 

related to osmotic pressure when NaCl, Na2S0^ and CaC^ were 

the salts added to the base nutrient solution. But with 

MgC^ and MgSO^, additional specific effects of Mg caused 

greater depressions of growth than occurred with the first 

three salts. Hayward and Long (1941) came to the same 

conclusion. 

4 
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According to Bernstein and Hayward (1958), Black 

(1956) found that Atriplex hastate had salt content much 

less than the content originally present in the volume of 

water absorbed because of the selectivity of the plant in 

absorption of salts from root medium. In their experiment 

with beans, Lagerwerff and Eagle (1962) found that in many 

instances, ions were excluded from entering into the roots 

in a way that suggests that the process is selective and 

active. They, for example, found that exclusion of sodium 

ions exceeded exclusions of calcium ions and potassium ions. 

The existence within the plant root of a limiting 

layer or layer of cells which delimits the inner boundary of 

outer space seems likely. Transmission of water by these 

cells deeper into the plant tissues by osmotic processes 

takes place, while absorption of certain ions is restricted, 

resulting in the build-up in the outer layers of a 

concentration which prevents further diffusion of the ion 

species into the plant, or even promotes an outward 

diffusion into the root medium to re-establish equilibrium. 

The limiting factor in transmitting the diffusion pressure 

deficit of the above-ground parts to the root medium would 

be the osmotic properties of the cell layers bounding outer 

space (Bernstein and Hayward, 1958). 

Eaton (1942), Hayward and Wadleigh (1949) have 

reported the progressive stunting of plants and the atten
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dant smaller, darker green leaves which resemble drought 

symptoms. They are in support of the view that the factor 

restricting growth is the water deficit indicated by high 

osmotic pressure (Bernstein and Hayward, 1958). 

According to Bernstein and Ayers (1951), plants that 

develop under cool weather conditions may appear to be only 

slightly affected by salinity but a sudden start of hot 

weather will result in marked injury symptoms such as 

wilting and leaf scorch. 

Wadleigh, Gauch and Strong (1947) determined the 

penetration of roots into soil layers of increasing 

salinity. They found that the roots removed less water as 

the salinity increased. This resulted in the development of 

a uniform osmotic pressure throughout the root zone for each 

crop in the following way: bean 7 to 8; corn (Zea mays) 

10.5 to 11.5, alfalfa (Medicago sativa) 12 to 13; and cotton 

(Gossypium hirsutum) 16 to 17 atm. Therefore, for most 

plants, saline soils should be irrigated when the moisture 

content is appreciably above the permanent wilting point of 

the soil, as determined in the non-saline condition. The 

residual soil moisture which is unavailable to the plant is 

greater when the salinity is higher (Bernstein and Hayward, 

1958) . 

Apart from directly affecting decreased water absorp

tion on plant growth, moisture deficits in the plant may 
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indirectly affect growth through changes in the rates of 

metabolic processes (Bernstein and Hayward, 1958) . Abdul 

Rahman et al. (1971) noted an increase in total available 

carbohydrates of plants with increase in moisture stress. 

Gauch and Eaton (1942) found that sucrose and starch 

increased in barley plants (Hordeum vulgaris) in saline 

conditions. Hayward and Long (1941) noted an increase in 

starch accumulation in basal stem tissues of tomato plants 

due to salinity. Frota and Tucker (1978a) reported that 

protein synthesis was significantly reduced in bean shoots 

when the plants were subjected to NaCl salinity and 

carbowax. 

Specific Ion Effects 

Nutritional Effects 

Cations. According to Lunin and Batchelder (1964), 

previous investigation has shown that irrigation with saline 

water alters the exchangeable cation composition of the 

soil. As salinity increases, the equilibrium in soil 

solution is greatly modified and this, in turn, results in 

change in the cation composition of the plant. Alteration 

of the fertility level of the soil still results in further 

changes in plant composition. Increased rates of fertiliza

tion could result in salinization and could minimize yield 

decrements (Lunin and Batchelder, 1964). 
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Saline soil solutions usually contain Ca, Na and Mg 

ions. If deterioration of soil structure is to be avoided, 

the proportion of Na ion cannot be excessive (USDA Handbook 

#60, 1954). 

Simultaneous presence of moderately high concentra

tions of Ca ion, along with Mg ion, eliminates the effect of 

excessive absorption of Mg ion, which is accompanied by 

greatly decreased absorption of Ca and K in the presence of 

excessive concentrations of Mg ion (Hayward and Wadleigh, 

1949) . 

High concentrations of Ca ion may also result in 

nutritional imbalance in some plants if not compensated by 

some other ion such as Na and K (Bernstein and Hayward, 

1958). Bernstein and Ayers (1953a) observed in their study 

of salt tolerance of some varieties of carrots, Daucus 

carota, that relatively poor yields were obtained for those 

varieties which tended to accumulate more Ca and less K at a 

given salinity. Salinity resulting from addition of CaC^ 

and NaCl to irrigation water increased the uptake of Ca and 

decreased the uptake of K. Bean plants were found to accumu

late high levels of Ca. The decrease in yield has been 

attributed to a nutritional component, as well as the 

osmotic one (Bernstein and Ayers, 1953b). Epstein (1961) 

found that in the absence of Ca, Na interferes with K 

absorption and K with Na absorption, at all concentration 



ratios tested. In the presence of Ca, Na interferes 

slightly with K absorption at low Na concentrations (1 to 2 

mM) , but at higher Na concentration, there is little or no 

inhibition of K absorption. In the presence of Ca, K 

inhibits Na absorption at low concentrations of K but at 

higher concentrations of I< the inhibition per increment of K 

is reduced. Lagerwerff and Eagle (1962) found that there 

was a high rate of accumulation of Na ion and a low rate of 

accumulation of Ca ion in the roots of beans and the 

opposite in the leaves. Also, Na and K ion behaved 

antagonistically in both roots and leaves. In his study 

with rice shoots (Oryza sativa), Pa'lfi (1965) found that 

the uptake of ammonium ions into the plant is impaired by 

the presence of Na ions. He also found that the N/P 

quotient was higher in the high Na medium, i.e., high Na 

content exerts a differential effect on the uptake of N 

and P. 

Anions. With anions, the situation is more striking 

(Bernstein and Hayward, 1958). Gauch and Wadleigh (1945) 

found a decrease in total N concentration in bean plants in 

the presence of high concentrations of NaCl or CaC^ in 

culture solution. If the growth rate is reduced by high 

osmotic pressure, a small repression in N uptake may not be 

reflected in yields. Other studies on tomato, barley and 

bean plants show that salinity increased the total N content 
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of the plants (Hayward and Long, 1943; Gauch and Eaton, 

1942; Wadleigh and Ayers, 1945). 

In their study with red kidney beans, Frota and 

Tucker (1978b) found that NaCl appeared to enhance the 

absorption rate of NO^ ion as related to water stress 

treatment. This indicates a specific ion effect. They also 

found that the plants absorbed the same amount of N in NaCl 

salinity whether the source was NO^ ion or NH^ ion , and 

under water stress, more NH, ion was absorbed than NO-, ion. 
D J 

For most plants studied, the uptake of chloride from 

added NaCl or CaC^ appears to be equal (Gauch and Wadleigh, 

1945). But stone fruit trees take up about twice as much 

Cl/meq of CI in nutrient solution from Ca salt than from Na 

salt (Brown et al., 1953). These species are susceptible to 

chloride toxicity (Bernstein and Hayward, 1958). 

The SO^ ion ion promotes Na uptake while it gener

ally restricts uptake of Ca (Hayward and Wadleigh, 1949). 

Toxicity Effects 

Chloride 

Excessive accumulation of CI ion results in charac

teristic leaf injury symptoms and dieback in many fruit 

plants. Hayward and co-workers (1943, 1946) have 

demonstrated the specificity by comparing with isosmotic 

solutions of SO^ ion salts in stone-fruit trees. Ayers 

(1950) has shown chloride specificity symptoms in avocado, 



Persea americana. Species that are quite salt-sensitive may 

get leaf burn symptoms; also, species under extreme moisture 

deficits may develop leaf-injury symptoms like those of 

chloride toxicity (Bernstein and Hayward, 1958) . 

Bicarbonate 

Excessive bicarbonate ion is toxic to plants, but 

sensitivity varies with species (Bernstein and Hayward, 

1958). Wadleigh and Brown (1952) demonstrated that beans 

were more sensitive than beets, Beta vulgaris (1955), and 

Dallis grass (Paspalum dilataum) more sensitive than Rhodes 

grass, Chloris gayana (1951). Bicarbonate is produced by 

the reaction of CaCO^ with CC>2 and in calcareous soils 

and may be mainly responsible for lime-induced chlorosis 

(Wadleigh and Brown, 1952). A greater problem in saline 

soils is the tendency of bicarbonate ion to precipitate of 

calcium in the soil, resulting in an increase in exchange

able sodium (Wilcox et al., 1954). 

Boron 

Its toxicity is only slightly above the level 

required for optimum growth of many species (Bernstein and 

Hayward, 1958). If excess boron is present in saline soils, 

it is generally more difficult to lower it to a safe level 

than other saline constituents (Reeve et al., 1955). Boron 



accumulation is highest in leaves, and this makes foliar 

analysis particularly effective for diagnosing B toxicity. 

Sodium 

A number of factors may complicate the response of 

plants to excess sodium. Indirect effects on plants are 

produced by deterioration of structure in sodic soils. 

Other factors are toxic effects in sodium-sensitive species 

and nutritional effects. Sodium-tolerant crops that are 

mainly affected by poor soil structure include beets and 

Rhodes grass (Bernstein and Pearson, 1956; Bower and 

Wadleigh, 1948), cotton (Chang and Dregne, 1955), tomatoes 

(Thorne, 1944), and some grain crops (Ratner, 1935). Plants 

which are more sensitive to sodium get leaf burn symptoms 

when sodium in leaves becomes excessive (Bernstein and 

Hayward, 1958). 

Salinity and Stage of Plant Development 

Germination 

The surface soil is usually more saline than the 

soil below because of evaporation and capillarity of saline 

waters to the surface, so the seed would be in a more saline 

environment than the roots of mature plants (Wadleigh and 

Fireman, 1948) . The type of salt is important since the 

extent of the decrease in germination of seed with 
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increasing salt concentration varies with the species and 

type of salt (Ryan et al., 1975). 

Vegetative Growth and Fruiting 

Young plants generally adapt more to salinization 

than older plants, because the older plants may have more 

top growth and may get more injury when moisture supply 

becomes limiting (Bernstein and Hayward, 1958). Since 

salinity retards vegetative growth, it may be expected to 

delay flowering. Hayward and Long (1941) and Hayward and 

Spurr (1944) have reported a delay in flower-bud formation 

of tomato and in anthesis of flax, Linum usitatissimum. But 

the checking of vegetative growth by salinity may hasten 

maturation and harvest dates of crops with indeterminate 

growth habits (Bernstein et al., 1951). Salinity causes 

reduction in yield by decreasing both fruit number and size 

(Bernstein et al., 1951). 

Salinity, therefore, causes many problems in the 

plant complex where water plays an indispensable role. The 

degree to which salinity affects plant growth depends on 

many factors, including nature of crop, its tolerance to 

salinity, and different microenvironmental conditions of the 

plant. 

The presence of many ions together and in infinite 

proportions in the saline media in the field makes it 

difficult to separate the effect of one ion from another or 
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their combinations on plant growth and development. One way 

would be to conduct experiments adding to irrigation water 

(of good quality) one salt and comparing it with another, 

and so on. 

In this study, three types of salts were used to 

find their osmotic and specific ion effect on plant growth 

and its nutrient uptake. A lot more research is needed in 

this field, and in integrating the separated effects of 

individual salts into a system that closely resembles the 

field conditions for plant growth and development. 



MATERIALS AND METHODS 

Two preliminary experiments were conducted to deter

mine a salinity level at which tomato plants, Lycopersicum 

esculentum, Rosa variety, would not die but would have 

stunted growth as compared to plants receiving good-quality 

irrigation water. Only NaCl water was used in the prelimi

nary experiments. 

In the first preliminary experiment, three levels of 

salinity were prepared, ranging from low to very high (EC, = 
W 

(i) 3,400, (ii) 6,500, and (iii) 12,500 ymhos/cm). Many 

plants died at 6,500 ymhos/cm level, and practically all 

died at 12, 500 ymhos/cm salinity of irrigation water. 

The second preliminary experiment followed, but this 

time with narrower range of salinity levels. The levels 

were (i) 4,000, (ii) 5,500, and (iii) 6,500 ymhos/cm. By 

observation and after about two months of growth, it was 

found that 5,500 ymhos/cm is more reasonable in having 

plants continuing to live but with stunted growth as 

compared to tap water-irrigated plants. 

The main experiment was started using 5,500 ymhos/cm 

as the salinity level for the three saline irrigation 

waters. Salinity treatments were supplied by adding NaCl, 

Na2SO^, and CaC^ to tap water at the 5,500 ymhos/cm level. 
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Tomato seeds were sown in plastic pots containing 

2.145 kg soil. This was done on 4 December 1985. 

The soil used was Vinton series, which is a member 

of the sandy, thermic family of Typic Torrifluvents. 

Typically, Vinton soils are more than 60 inches deep and 

contain less than one percent organic matter, and are 

calcareous. They have brown loamy sand A horizons, and 

loamy sand and sand C horizons that contain a strata of silt 

loam, very fine sandy loam or sandy loam. The calcium 

carbonate equivalent ranges from 1 to 7%. The pH ranges 

f rom 7.0 to 8.3. 

In addition to four water treatments, namely NaCl 

water, IS^SO^ water, CaCl^ water, and tap water, there were 

four nutrient treatments; namely, N, N + P, P, and control 

for each of the four water treatments. The treatments were 

replicated three times. The experimental design was 

factorial, completely randomized. 

The soil moisture was kept close to field capacity. 

This was accomplished by weighing the pots with dry soil; 

then water was added to field capacity. The difference from 

field capacity was the amount of water required for irriga

tion. A week after sowing the seeds, germination started in 

the tap water-irrigated pots. Germination in the saline 

water-irrigated pots started about 2 to 3 days later. By 

the time germination was complete in all pots, the number of 
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seedlings was between 9 and 12 (12 seeds were sown in each 

pot) in each pot. Later, some plants were removed to have 

equal number of 8 plants in each pot. 

Three dosages of nutrients were applied during the 

2-month growing period. Solutions containing 100 ppm N and 

100 ppm P were prepared from (NH^^SO^ and Cafl^PO^^# 

respectively. The nutrient solutions prepared were split 

into 3 parts corresponding to three dosages. 

Since the soil was coarse-textured, it would not 

hold much K for the growing period, and therefore, a base 

dressing of K was applied to all the pots. The concentra

tion used was 100 ppm K, and it was split into three 

dosages, as N and P. The first dosage of nutrients was 

given on 26 December 1985. The second dose followed on 11 

January 1986, and the last on 22 January 1986. The interval 

between the second and third dose was narrow because the 

plants were growing rapidly, which demanded more nutrients 

and some nutrient deficiency symptoms (for the plants with 

nutrient treatments) had just started showing on their 

leaves. 

Harvesting of the plant tops was carried out on 2 

February 1986. They were dried in an oven at 60°C for three 

days. Dry weights were taken. The plant tissue was then 

ground and analyzed for percent nitrogen by Kjeldahl method 
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and parts per million phosphorus by dry ashing with color 

developed by the vanadomolybdic acid procedure with absorb-

ance determined on a B + L Spectronic 2 0 spectrophotometer 

(Greweling, 1976). 



RESULTS AND DISCUSSION 

Results Based on Observations 

Figures 1 through 8 show the condition of the plants 

just before harvesting. Figure 1 shows N treatment for all 

the four irrigation water types. The rate of growth was 

highest with tap water, then followed by Na2S0^ water, then 

CaCl2 and NaCl. The NaCl water- and Na2S0^ water-irrigated 

plants had the darkest green color, and tap water-irrigated 

plants had the lightest green color in this group. There 

was purplish color underneath most of the leaves, and more 

so in CaCl2 water-irrigated plants, indicating a mild P 

deficiency. 

Highest growth rate of the tomato plants with the N 

+ P treatment can be seen in the tap water-irrigated plants 

(Fig. 2). Second highest is in Na2S0^ water-irrigated 

plants and the least growth rate is in NaCl water-irrigated 

plants. The darkest green color of leaves is with the NaCl 

water-irrigated plants, and followed closely by both Na2S0ij 

water- and CaC^ water-irrigated plants, and lastly tap 

water-irrigated plants had the lightest green colored leaves 

in the group. 

Figure 3 shows the growth condition with the P treat

ment. The least growth rate is found in tap water-irrigated 

19 
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Fig. 1. Tomato plants with N treatment for all water types 

Fig. 2. Tomato plants with N + P treatment for all water 
types. 
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Fig. 3. Tomato plants with P treatment for all water types. 

CONf'Mf 

Fig. 4. Tomato plants as controls for all water types. 



plants. The Na2S0^ water-irrigated plants have higher 

growth, followed by NaCl water- and CaC^ water-irrigated 

plants. The NaCl water treatment plants had darkest green 

color, and tap water-irrigated plants had a lot of yellowing 

and some purpling at the edge and underneath the yellow 

leaves. The yellow color generally indicates a lack of 

available N. 

Figure 4 shows the control treatment of the four 

waters. Tap water had greatest growth, followed by Na2S0^ 

plants than CaC^/ and lastly by NaCl. The NaCl and Na2S0^ 

treatments had the darkest green color, and tap water plants 

had the lightest green-colored leaves in the group. There 

was some yellowing in all the plants. 

Figure 5 compares all the nutrient treatments of 

NaCl water-irrigated plants. The N + P treatment shows 

darkest green color and greatest growth. Then follows the N 

treatment, then P and poorest growth in the control. 

The CaCl2 water-irrigated plants are shown in Fig. 6 

with N + P treatment having the best growth followed by N 

treatment. Although the plant growth is more in the P 

treatment than control, there is more yellowing in the P 

treated plant leaves. 

Plants irrigated by Na2S0^ water shows a faster 

growth rate with N + P treatment, followed by N treatment 

and lowest in control and P treatment shows slightly higher 
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TAP 

Fig. 5. Tap water-irrigated tomato plants under different 
nutrient treatments. 

Fig. 6. The Na2S0. water-irrigated tomato plants under 
different nutrient treatments. 



Fig. 7. The NaCl water-irrigated tomato plants 
different nutrient treatments. 

under 

Cau% w»rr* 
cwrfu H t 

Fig- 8, The CaCJ^ water-irrigated tomato plants under 
different nutrient treatments. 
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than control (Fig. 7). Phosphorus-treated plants had 

yellower leaves than the control, and N + P and N treatments 

showed the darkest leaves. 

Tap water-irrigated plants had a growth trend of 

their own in relation to the nutrient treatments. The N + P 

treatment showed the highest growth rate, followed by N 

treatment and, surprisingly, the control gave higher growth 

than P treatment (Fig. 8). There was a lot of yellowing in 

the P treatment, with less in the control. 

Results Based on Data and Discussion 

Average Dry Weights 

Table 1 shows the average dry weights of tomato 

plants with their respective salinity and fertilization 

treatments. Phosphorus treatment irrigated with tap water 

had the lowest dry weight of all treatments, but this was 

not significantly different than the CaC^ treatment. The 

Na2S0^ and NaCl waters gave higher dry weight compared to 

tap water and CaC^ water, indicating that the specific ion 

effect of Na ion made P more available to the plant, thereby 

increasing growth. 

The highest values of dry weights were obtained in 

the N + P treatments for all the water types. This indi

cates a general deficiency of N and P under the conditions 

of the study. Each of saline waters gave a significantly 

different depression in plant growth from each other as 
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Table 1. Average dry weights of tomato plant tops with 
different salt and fertilizer treatments (grams). 

Fertilizer Tap Na„SO. NaCl CaC^ Overall 
Treatment Water Water Water Water Means 

Fertilizer 

N 4 . .05c 1, .43b 0. ,74a 0, .81a1 1, .76B2 

N + P 4. . 7 Id 2, .42c 1. . 00a 1. ,51b 2. . 4 1C 

P 0. ,35a 0. ,79b 0. ,73b 0. ,61a 0. . 62A 

Control 1. , 28b 0. ,67a 0. ,45a 0. , 55a 0. , 7 4A 

Overal1 
Means 2.60 1.33 0.73 0.88 
Water C BAA 

Numbers within each row followed by the same small letters 
are not significantly different at the 95% confidence 
level. 

2 
Numbers followed by the same capital letter are overall 
means which are not significantly different at the 95% 
confidence level. 
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Table 2. Analysis of variance for tomato plant by dry 
weights. 

Source df SS MS F Value 

(W) Water Type 3 29 .06 8. 687 177. 2** 

(N) Nutrient 3 26 .35 8. 784 179. 2 * *  

Interaction: (W x N) 3 21 .74 2. 415 49. 3* 

Residual 32 1 .57 0. 049 

LSD 05 = t Q5 /__2MSE__\1/2 = 2.042 ll x 0.049\1/2 

32df \ReP1icates/ \ 3 ) 

.'. LSD Q5 = 0.37 
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compared to tap water. The greatest depression was in NaCl 

water-irrigated plants, and Na2S0^ water caused the least 

depression. Since CaC^ water also caused less growth than 

Na2S0^ water, the reason of more depression in both NaCl and 

CaCl2 may be attributed to CI specific ion effect. As for 

higher dry weight in Na2S0^-irrigated plants, it is due to 

the SO^ specific ion effect. 

The N treatments had the second highest set of 

values of dry weight for all water treatments, indicating 

that N was more limiting than P under the condition of the 

study. The CI specific ion effect in both NaCl and CaC^ 

waters resulted in the lowest yield of plant tops while the 

SO^ ion in Na2S0^ water caused less decrease in yield than 

CI ion specific effect. 

In the control, there was a significant decrease in 

dry weight using saline waters and the rate of decrease was 

about the same for each of the waters (at 95% confidence 

interval). Overall fertilizer (nutrient) means are differ

ent between N and N + P treatments, with N + P giving a 

higher value. The control and P overall means were not 

different (at 95% confidence level) from each other. These 

results indicate that N was the limiting nutrient, while P 

was deficient only when N was applied. The water overall 

means were different between tap and Iv^SO^, with tap water 
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having a higher value, while NaCl and CaC^ showed no 

significant difference (95% level). 

Average Nitrogen Concentration 

Specific ion effect of Na ion is attributed to the 

high N concentration in both NaCl water- and Na2S0^ water-

irrigated plants for all nutrient treatments (Table 3). 

The rate of increase in N content of plants was the 

same for both waters with all treatments except with the P 

treatment, where NaCl water gave a higher N content than 

Na2SC>4 water. This indicates that both Na and CI ions favor 

the increase in N content of the plant tops. The CaC^ 

water-irrigated plants had the intermediate N concentration 

with both N and N + P treatments while they had the same (at 

95% confidence level) N content as tap water-irrigated 

plants with control and P treatments. 

The overall fertilizer means for N and N + P were 

the same (at 95% confidence level) but higher than for both 

P and control. The overall means for water were all 

different from each other, with NaCl leading in N content, 

followed by Na2S0^ then CaC^ , and lastly by tap water. 

Average Phosphorus Concentration 

Table 5 shows that Na2S0^ water-irrigated plants had 

the highest phosphorus concentration with the N + P nutrient 

treatment. The increase in percent P as compared to tap 
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Table 3. Average nitrogen concentration in tomato plant 
tops with different salt and fertilizer treatments 
(percent). 

Fertilizer 
Treatment 

Tap 
Water 

Na2SO. 
Water 

NaCl 
Water 

CaCl p 
Water 

Overall 
Means 

Fertilizer 

N 2.69a1 3.62c 3.62c 3 .22b 3.29B2 

N + P 2. 52a 3.67 b 3.86b 3.56b 3.40B 

P 1.04a 1.22a 1.76b 1.13a 1. 29A 

Control 1. 14a 1.42ab 1.49b 1.13a 1.30A 

Overal1 
Means 
Water 

1.85 
A 

2.48 
C 

2.68 
D 

2.26 
B 

Numbers within each row followed by the same small letters 
are not significantly different at the 95% confidence 
level. 

2 
Numbers followed by the same capital letter are overall 
means which are not significantly different at the 95% 
confidence level. 
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Table 4. Analysis of variance for nitrogen concentrations. 

Source df SS MS F Value 

(W) Water Type 3 4.62 1.54 41.2 

(N) Nutrient 3 50.63 16.88 451.4 

Interaction (W x N) 3 1. 63 0.18 4.9 

Residual 32 1. 20 0.04 

L-S'D-0.05 = \o5 L )1/2 " 2-042 /2 X °4\1/2 = 
32df \Replicates/ \ 3 / 
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Table 5. Average phosphorus concentration in tomato plant 
tops with different salt and fertilizer treatments 
(percent) . 

Fertilizer Tap Na-SO. NaCl CaC^ Overall 
Treatment Water Water Water Water Means 

Fertilizer 

N 0. , 48a1 0. ,43a 0, , 44a 0, ,40a 0, . 43A 

N + P 1. ,41b 2. ,07c 1. ,38b 1, .22a 1, , 52C 

P 1. . 62c 1. . 10b 0. ,94a 0, .79a 1. , 06B 

Control 0. ,59b 0. ,61b 0. , 43a 0, ,36a 0. , 5 OA 

Overal1 
Means 0.98 1.05 0.79 0.69 
Water D C B A 

Numbers within each row followed by the same small letters 
are not significantly different at the 95% confidence 
level. 

2 
Numbers followed by the same capital letter are overall 

means which are not significantly different at the 95% 
confidence level. 
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Table 6. Analysis of variance for phosphorus concentration. 

Source df SS MS F Value 

(W) Water Type 3 9. 79x10 3 .26x10 40. 9** 

(N) Nutrient 3 9. 3 6x102 3 .I2xl02 391. 5** 

Interaction (W x N) 3 1. lOxlO2 1 .22x10 15. 3** 

Residual 32 2. 55x10 7 .97xl0-1 

L.S.D. 05 = t Q5 / 2MSE \1//2 = 2 . 042 ll x 7.97X10"1 \1/2 

32df Implicates/ \ 3 / 
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water treatment is attributed to SO^ ion specific ion 

effect. The NaCl water treatment was not significantly 

different (at 95% confidence level) from tap water treatment 

in percent P. The Ca specific ion effect caused a lower P 

content in the CaC^ water-irrigated plants with the N + P 

treatment. 

As for N treatment, there was no significant differ

ence (at 95% confidence level) in P content between all the 

water treatments. 

For the P treatment, tap water-irrigated plants had 

•the highest P concentration in their tops. The NaCl and 

CaCl water-irrigated plants had a significant decrease (at 

95% confidence level) in P concentration. This decrease is 

attributed to CI specific ion effect. The SO^ specific ion 

effect in reducing P concentration in the plants was milder 

than the CI specific ion effect, as can be seen from the 

value corresponding to Na2S0^ water-irrigated plants for the 

P treatment. With the control, there was no significant 

decrease in P content in Na2S0^ water-irrigated plants, but 

there was a significant decrease (at 95% confidence level) 

in NaCl and CaC^ water-irrigated plants. 

The overall means for fertilizer showed no 

significant difference (at 95% level of confidence) between 

N treatment and control, but a significantly different 

higher value was found with the P treatment, and N + P 
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treatment had a higher value than with P treatment. As for 

overall water means, they were all different from each 

other, with Na2S0^ water having the highest value and 

followed by tap water, then NaCl water, and the least value 

with CaC^ water treatment. 

Average Total Nitrogen Uptake 

The values of average total nitrogen uptake in Table 

7 were derived by multiplying the values of Table 1 (average 

dry weights) and Table 3 (average percent nitrogen). 

There was the greatest reduction in total nitrogen 

uptake with N treatment when NaCl and CaCl^ waters were used 

for irrigation. Using the two waters did not result in a 

significant difference in total N between each other. The 

Na2S0^ water-irrigated plants had a significantly different 

value, which is higher than the ones irrigated by NaCl and 

CaCl2 waters. The CI specific ion effect is attributed to 

the greater reduction in total N as compared to the total N 

obtained in plants irrigated with Na2S0^ water. 

With N + P treatment, all the three saline waters 

caused a decrease in total N uptake, and all the values 

obtained using these waters were significantly different (at 

95% confidence level) from each other. The Na2S0^ water-

irrigated plants had the highest value of the saline waters, 

and the second highest value was in CaC^ water-irrigated 

plants, and NaCl water-irrigated plants had the lowest total 
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Table 7. Average total nitrogen uptake by tomato plant tops 
at different treatments (milligrams). 

Fertilizer Tap Na-SO^ NaCl CaC^ Overall 
Treatment Water Water Water Water Means 

Fertilizer 

N 108.95c 51.77b 26.79a 26.08a1 53.26B2 

N + P 118.69d 88.81c 38.60a 53.76b 75.01C 

P 3.64a 9.64a 12.85a 6.89a 8.26A 

Control 14.59a 9.51a 6.71a 6.22a 9.16A 

Overal1 
Means 61.31 39.77 21.12 23.49 
Water C BAA 

Numbers within each row followed by the same small letters 
are not significantly different at the 95% confidence 
level. 

2 
Numbers followed by the same capital letter are overall 
means which are not significantly different at the 95% 
confidence level. 
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Table 8. Analysis of variance for total nitrogen uptake. 

Source df SS MS F Value 

(W) Water Type 3 1 .23xl04 4128. 0 6 6. 6** 

(N) Nutrient 3 3 .97xl04 13230. 0 213. 5** 

Interaction (W x N) 3 1 .29xl04 1430. 0 23. 2 * * 

Residual 32 1 .98xl03 62. 0 

L.S.D. 05 = t 05 /__2MSE__\1/2 = 2.042 il x 62\1/2 = 13.13 

32df \RePlicates/ \ 3 / 
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nitrogen uptake. With the P and control treatments there 

was no significant difference (at 95"% confidence level) in 

total nitrogen uptake values between each of the four 

waters. 

As for overall fertilizer means, N and N + P treat

ments were different from each other, with N + P treatment 

having a higher value and the lower values for control and P 

treatments were not significantly different from each other. 

With the overall water means, the lowest values of 

total N were obtained in NaCl water and CaC^ water, which 

were not significantly different from each other, and the 

highest value was with tap water. 

Average Total Phosphorus Uptake 

There was no significant difference in total 

phosphorus uptake among the plants irrigated with the three 

saline waters with the N treatment, but tap water-irrigated 

plants had a higher value (Table 9). 

With N + P treatment, NaCl and CaCl water treatments 

gave the lowest values of total P uptake which were not 

significantly different from each other. The Na2S0^ water 

treatment gave a much higher value, but this value was lower 

than in the tap water treatment. For the P nutrient 

treatment, all the water treatments gave values that were 

not significantly different from each other. 
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Table 9. Average total phosphorus uptake by tomato plant 
tops at different treatments (milligrams). 

Fertilizer Tap Na^SC^ NaCl CaCl2 Overall 
Treatment Water Water Water Water Means 

Fertilizer 

N 19.29b 6.12a 3.24a 3.22a1 8.02B2 

N + P 66.53c 50.09b 13.82a 18.35a 37.25C 

P 4.96a 8.69a 6.83a 4.83a 6.22AB 

Control 7.41b 4.11ab 1.94a 2.00a 3.85A 

Overal1 
Means 24.50 17.30 6.43 7.11 
Water C BAA 

Numbers within each row followed by the same small letters 
are not significantly different at the 95% confidence 
level. 

2 
Numbers followed by the same capital letter are overall 
means which are not significantly different at the 95% 
confidence level. 
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Table 10. Analysis of variance for total phosphorus uptake. 

Source df SS MS F Value 

(W) Water Type 3 2709.0 903. 0 99. 8 

(N) Nutrient 3 8878.0 2959. 0 327 . 2 

Interaction (W x N) 3 3696.0 410. 5 45. 4 

Residual 32 289.4 9. 0 

L.S.D. = t nt. / 2MSE \ 1^2 = 2.042 /2x9\ 1^Z = 5.00 
32df VKepiicates/ \ 3 / 
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With the control, the three saline waters had values 

that were not significantly different from each other, and 

the value of Na2S0^ water was also not significantly 

different from the tap water value while the tap water value 

was significantly different from both NaCl and CaC^ waters 

in total P uptake of plant tops. 

The overall fertilizer means show that N and P 

treatments were not significantly different from each other, 

while N treatment was different from the control, but the P 

treatment was not. The N + P treatment had the highest 

value and was significantly different from the rest. 

As for overall water means, NaCl and CaC^ gave the 

lowest values, which were not significantly different from 

each other, and Na2S0^ gave a higher value that was signifi

cantly different from NaCl and CaC^. Tap water gave the 

highest value that was significantly different from the 

rest. 

Soil Results. Some chemical analyses were carried 

out for two samples for each water type. The samples were 

taken at random after the plants were harvested. The 

average results of the analysis are given in Table 11 (see 

the procedures in U.S.D.A. Salinity Handbook #60). Since 

there are only 2 replicates for each water type, no 

statistics were done. 
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Table 11 Chemical analysis of soil samples • 

2 + . 2 + 
Water EC Na Ca K Mg 
Type mhos/cm PH meq/l meq/l meq/l meq/l ESP 

Tap 1,380 7.40 4.55 0.5 0.6 0.9 6. 6 

Na2S04 7,500 7.65 56. 80 4.9 1.3 1.0 32.4 

NaCl 10.400 7. 18 29.80 40.6 2.7 3.6 19.9 

CaCl2 11,000 6.93 4.35 68.4 2.9 4.2 6.5 

100(-0.0126 + 0.01475 SAR) 
l+(-0.0126+0.01475 SAR) 

SAR = - Na+ 

Ca2+ + Mg2+\ 1/2 
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As can be seen from the table, there was a greater 

effect of increasing the pH in Na2S0^ water-irrigated soil 

where the pH is highest. The CaC^ water-irrigated soil had 

the lowest pH. Tap water-irrigated soil had a pH just below 

that of Na2S0^ water-irrigated soil, and NaCl 

water-irrigated soil had a pH just above that of CaC^ 

water-irrigated soil. 

The high values of electrical conductivity of 

saturation extracts (EC ) of the soils were obtained with 
e 

Na2S0^, NaCl, and CaC^ water-irrigated soils. The Na2S0^ 

water-irrigated soil had the highest exchangeable sodium 

percent (ESP), followed by NaCl. Tap water- and CaC^ 

water-irrigated soils had a low ESP. The Mg and K was 

higher in NaCl and CaC^ irrigated soils. 

Although the chemical analysis was carried out in a 

limited number of samples, very useful information was 

obtained. 

The CI ion (from CaC^ a^d NaCl) and the SO^ ion 

(from Na2S0^) are acid radicals and would react with CaCO^ 

that is present in the soil. The bicarbonate ion may have 

been produced by the reaction of CaCÔ  with CC>2 and f̂ O in 

the soil (Wadleigh and Brown, 1952). Then the bicarbonate 

ion may have caused precipitate of calcium in the soil, 

resulting in an increase in exchangeable sodium. The 

presence of SO^ ion in the Na2S0^ water has further moved 



the reaction to combine with Ca ion to form gypsum. This 

explains the reason why all the pots that were irrigated 

with Na2S0^ water had a white crust on the surface of the 

soil, which was assumed to be gypsum. The ESP was very high 

(Table 11), which also explains that Na ion has replaced the 

precipitated calcium on the exchange complex, resulting 

higher pH than is the case of using other irrigation waters. 

Table 11 also shows that there is very little Ca ion in the 

extract as compared to other saline waters, which indicates 

that most of the Ca ion was precipitated. With the high 

ESP, the soil is expected to disperse when irrigated, but 

this was not apparent due to coarse-textured nature of the 

soil (loamy sand) and high salinity. Some dispersion must 

have occurred and may have resulted in reduced rate of 

infiltration of the water into the soil, which may have 

helped the soil to retain water for a longer period of time 

than soils treated with other waters. Therefore, one of the 

probabilities of having a higher dry weight of 

Na2S04~irrigated plants may have been having water present 

for a longer period of time than in the other saline waters. 

As for the soil irrigated with NaCl water, the ESP 

was lower and pH was lower than above. There is much more 

Ca ion in the extract, implying that there is less precipita

tion of Ca ion. In this case, CI ion is not a good 

"partner" to combine with Ca ion to form a precipitate since 



CaCl2 is very soluble. Some CaCO^ may have been solubilized 

by CI ion to get Ca ion into solution. As for CaCl ion 

water-irrigated soil, the ESP was very low and pH was the 

lowest (6.9) . This may be due to removal of Na ion by 

leaching and replacement by Ca ion, thus reducing the pH of 

the original soil (pH of about 8.0). 

All the saline water-irrigated soils, as was expect

ed, had very high salinity with NaCl and CaC^-irrigated 

soil about the same level and Na2SO^-irrigated soil was 

lower. This may be due to precipitation of some SO^ ion 

with Ca ion to gypsum. The lower salinity level had, there

fore, created conditions for better plant growth than was 

the case with NaCl/CaC^ water-irrigated soils, and that is 

one of the reasons why Na2SO^-irrigated plants grew better. 



CONCLUSION 

There was a general stunting of growth of the plants 

by using highly saline waters for irrigation due to osmotic 

effect. Most of the depression in dry weight occurred in 

NaCl water- and CaC^ water-irrigated plants, indicating a 

specific ion effect of chloride. The general depression in 

growth using saline waters occurred in all nutrient treat

ments with the exception of P treatment. High water 

salinity resulted in an increase in N concentration in plant 

tops, and Na ion and CI ion had a leading effect. The P 

concentration in the plant tops was the lowest in CaC^ 

water-irrigated plants in all nutrient treatments, 

indicating the Ca ion specific effect for the nutrient. The 

Ca ion may have fixed P rendering it less available to the 

plants. While the application of N with P increased P 

concentration in plants irrigated with saline waters, the 

application of P with N did not give a significant rise from 

that of N treatment alone. 

The SO^ ion had a positive effect on P concentra

tion in the plants with N + P nutrient treatment and caused 

the highest dry weight with P treated plants. 

46 
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It would have been difficult to assess the effect of 

one ion compared to another and its effect on nutrient 

uptake and general growth of the plant if the salts were 

mixed together in one water as it occurs naturally. Adding 

each salt separately to irrigation water made evaluation of 

each component possible in relation to its influence on 

plant growth and development. A lot more research needs to 

be done in this field and in integrating the separated 

effects of individual salts into a system that closely fits 

the field conditions for plant growth and development. 



APPENDIX A 

DRY WEIGHTS, NITROGEN CONCENTRATIONS, AND PHOSPHORUS 
CONCENTRATIONS IN TOMATO PLANT TOPS 

48 
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DRY WEIGHTS, NITROGEN CONCENTRATIONS, AND PHOSPHORUS 
CONCENTRATIONS IN TOMATO PLANT TOPS 

Water Type* Nutrient 
Treatment** 

Replicate Dry Weight (g) % N % P 

1 1 1 0.78 3.77 0.45 

1 2 1 0.86 3.93 1.29 

1 3 1 0.70 1.60 0.83 

1 4 1 0.44 • 1.50 0.47 

2 1 1 0.70 3.10 0.36 

2 2 1 1.70 3.66 1.21 

2 3 1 0.45 0.95 0.93 

2 4 1 0.47 1.20 0.32 

3 1 1 1.71 3.44 0.48 

3 2 1 2.50 3.66 2.15 

3 3 1 0.65 1.21 1.23 

3 4 1 0.56 1.39 0.72 

4 1 I 3.62 3.09 0.48 

4 2 1 4.59 2.18 1.39 

4 3 1 0.34 1.02 1.35 

4 4 1 1.32 1.12 0.51 

1 1 2 0.68 3.50 0.41 

1 2 2 1.05 3.90 1.48 

1 3 2 0.68 1.93 1.03 

1 4 2 0.54 1.40 0.43 



Water Type* Nutrient Replicate Dry Weight (g) % N % P 
Treatment** 

2 12 

2 2 2 

2 3 2 

2 4 2 

3 12 

3 2 2 

3 3 2 

3 4 2 

4 12 

4 2 2 

4 3 2 

4 4 2 

1 1 3 

1 2 3 

13 3 

14 3 

2 1 3 

2 2 3 

2 3 3 

2 4 3 

1.08 3.62 0.51 

1.74 3.67 1.27 

0 .82  1 .22  0 .66  

0.50 1.10 0.41 

1.31 3.74 0.38 

2.66 3.45 2.17 

0.92 1.27 1.02 

0.75 1.39 0.57 

4.16 2.34 0.52 

4.98 2.83 1.37 

0.43 1.08 1.43 

0.90 1.29 0.73 

0.74 3.60 0.45 

1.09 3.74 1.35 

0.74 1.76 0.95 

0.37 1.56 0.40 

0.66 2.95 0.32 

1.08 3.34 1.17 

0.55 1.22 0.79 

0.67 1.10 0.36 
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Water Type* Nutrient 
Treatment** 

Replicate Dry Weight (g) % N % P 

3 1 3 1.28 3.68 0.43 

3 2 3 2.10 3.89 1.89 

3 3 3 0.79 1.18 1.05 

3 4 3 0.69 1.49 0.55 

4 1 3 4.38 2.63 0.43 

4 2 3 4.55 2.56 1.48 

4 3 3 0.27 1.01 1.47 

4 4 3 1.63 1.02 0.54 

* Water type 1: Tap water 
2: Na_SO. water 
3: CaCl2 water 
4: NaCl water 

** Nutrient treatment 1: N 
2: N + P 
3: P 
4: Gontrol 
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