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ABSTRACT 

Effects of three levels of irrigation frequency; five 

levels of increasing NaCl (max 8000 ppm) in the irrigation 

water; and, two different soil types on the growth and 

survival of Italian Cypress Cupressus semoervirens. Oriental 

Arborvitae Thuja orientalis. and She-Oalc Casuarina 

equisetifolia tree seedlings were studied under a greenhouse 

conditions. 

There were significant differences between the species 

throughout the stress period with regard to the evaluated 

parameters. Height, diameter growth, and leaf water potential 

in all species were reduced by increasing water and salt 

stress throughout the stress period. Reductions in total, 

shoot and root dry weight by water and salt stress were 

significant. Higher reductions were associated with higher 

water or salinity stress level. However, the species differed 

in their response to the stress treatments. Thuja had the 

lowest reductions in all measured growth parameters, followed 

by Casuarina and Cupressus. 

Water and salt stress treatments affected foliage 

tissue ion concentrations in all seedlings. N, P, K, Ca, Mg, 

Na, and Cl decreased as water stress level increased (except 

for, Na and Cl in Brazito soil) . However, Ca, Mg, Na and Cl 

ion concentrations increased as the salinity level in the 

irrigation water increased. N and P decreased with increasing 
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salinity and K was selectively accumulated. 

The seedlings' health declined with increasing stress 

treatment level. NaCl treatments caused foliar injury, which 

increased as the concentration of NaCl in the irrigation water 

increased. Thuia showed the least injury followed by 

Casuarina. Mortality was limited to Cupressus seedlings on 

both soil types. More mortality was noted with the increase in 

irrigation frequency and salinity level of the irrigation 

water. Thuia and Casuarina seedlings survived to the highest 

salinity level (8000 ppm NaCl), but with visible injury. 

Soil types affected all seedlings morphological 

parameters, total water potential, and foliage ion 

concentrations, except for P and Ca. All seedlings (except for 

Casuarina root dry weight) planted in Pima soil maintained 

higher growth and better overall health condition than on 

Brazito soil. Also, total water potential reached lower values 

in all species planted in Brazito soil rather than on Pima 

soil. Foliage Na and CI concentrations on Brazito soil 

exceeded those on Pima soil. 

Survival of Cupressus seedlings was less on Brazito 

soil than on Pima soil. Overall, Cupressus growth was reduced 

the most on Brazito soil as compared with Pima soil. Growth of 

Casuarina was the least adversely affected on Brazito soil. 
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INTRODUCTION 

Water is the most important factor limiting plant 

growth and productivity in arid and semi-arid regions of the 

world, such as Egypt. Intensive exploitation of limited water 

resources often necessitates the use of saline irrigation 

waters, which adds to soil salinity. Vast areas are suffering 

from increased soil salinity. It has been estimated that about 

one-third of the world's 230 x 10^ hectares of irrigated land 

is influenced by salinity (Downton, 1984). 

In the wake of perennial irrigation in the Nile 

valley, Egyptian agriculture has become more than ever a 

constant struggle with salt, as the area of salt-affected 

lands is increasing at the expense of productive land. Also, 

water shortages in areas far from the Nile and its branches 

necessitates the use of either ground water (usually of poor 

quality) or drainage water for irrigation. 

The need to confront these problems is urgent, with 

the steady growth of the human population, compounded by the 

declining availability of new agricultural land and the energy 

crisis. Since technological improvement in the situation is 

improbable in the near-future, a biological approach seems 

more practical; it might be the only feasible solution to use 

salt-affected waste land and salt marshes. In Egypt, there is 

a need for afforestation and revegetation programs using 

drought-and salt-tolerant tree species to satisfy the urgent 

need for forage, fuel, and shelterbelts to protect different 
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agricultural activities in particular. 

Knowledge of plant response to water-and salt-stress 

and the comparative drought and salt tolerance of species is 

needed for selecting tree species of suitable tolerance for 

reforestation and revegetation programs. However, relatively 

few investigations of drought and salt tolerance of trees of 

economic importance have been undertaken. The literature has 

little to contribute to the subject of water stress in the 

presence of salt, and information is scant on the effect of 

saline irrigation of seedlings subjected to drought stress. 

It is in this context that the present investigation of 

comparative drought and salt tolerance of trees was conducted. 

This study was conducted under the controlled 

environmental conditions of a greenhouse, simulating water and 

salt stress that might be encountered by plants that are 

irrigated periodically with saline irrigation water under arid 

conditions. The intent of this research was to broaden our 

knowledge on the manner and extent to which stress treatments 

(irrigation and salinity) affect the growth and performance of 

seedlings of Italian Cypress Cupressus sempervirens L., 

Oriental Arborvitae Thuna orientalis L., and She-Oak Casuarina 

ecmisetifolia Linn. 

Italian Cypress Cupressus sempervirens is one of the 

most important trees for planting in the Mediterranean region 

and North Africa because of its valuable wood, quick growth 
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and modest site requirements. It is widely used in Egypt for 

windbreaks around fruit groves and afforestations in the 

irrigated Nile valley and Delta areas. Its hard durable and 

easily worked wood is used in general building construction, 

carpentry and for posts and poles. 

Oriental Arborvitae Thuia orientalis is native to 

China and Korea but cultivated in all Asian countries. It is 

often cultivated in Egypt for urban forestry as ornamentals 

and hedges. The wood, which is light and easy to work and 

without resin canals, is used for general building, furniture, 

and telegraph poles. 

She-Oak Casuarina eauisetifolia is of acknowledged 

salt tolerance and usefulness for littoral planting (Corner, 

1952; Hearne, 1975). It is native to Australia and believed to 

have been introduced to Egypt over a century ago. Casuarinas 

are widely used for shelterbelts in semi-arid regions and 

serves well to hold sands along the Northern sea coast. The 

wood is excellent for fuel and sometimes also used for poles 

and posts. 

Since soil type in which tree seedlings are grown is 

one of the determinants that influence their successful growth 

and survival, the seedlings studied were planted on two 

different soil types largely found in the arid and semi-arid 

regions of the world, to investigate the performance of the 

seedlings in certain types of soil. 
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Objectives of this study were : 

1. To evaluate the progression of growth of 

container-grown Cupressus sempervirens. Thuia 

orientalis. and Casuarina ecmisetifolia seedlings 

during water-and salt-stress periods in two soil 

types under greenhouse conditions. 

2. To determine the effect of water-and salt-stress 

treatments on the seedlings* foliage nutrient 

content. 

3. To evaluate the progression of the seedlings• 

total water potential during the stress period. 

4. To determine the effect of stress treatments on 

the survival of the seedlings. 

5. To evaluate the impact of soil characteristics on 

Cupressus sempervirens. Thuia orientalis. and 

Casuarina eouisetifolia seedling's response to the 

stress treatments. 

6. To provide information for management. 

These objectives were pursued through the 

implementation of a greenhouse study where Cupressus 

sempervirens. Thuia orientalis. and Casuarina ecmisetifolia 

container-seedlings were planted in Pima clay loam soil type 

(similar to the soil in the Nile valley and Delta areas of 

Egypt) and Brazito sandy loam soil type (similar to the newly 

reclaimed soils on Western and Eastern deserts North of the 
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Nile Delta and around the High Dam Lake) and subjected to 

saline irrigation treatments. The seedlings response-

parameters pertinent to water relations, growth, and survival 

were evaluated on a continuous basis throughout the study. 
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LITERATURE REVIEW 

Water Deficit and Tree Growth 

Water supply is the most important environmental 

factor controlling growth and distribution of woody plants, 

and their species composition and productivity (Kramer and 

Kozlowski, 1979 ) . Water is essential as a constituent of 

protoplasm and forms 80 to 90% of the fresh weight of actively 

growing tissues, a solvent in which gases, salts, and other 

solutes move within and between cells and from organ to organ, 

a reagent in photosynthesis and a substrate or product in many 

other metabolic reactions and vital for maintenance of 

turgidity of cells and tissues (Kozlowski, and Pallardy, 

1997b). 

Water deficits adversely affect all aspects of plant 

growth and are often responsible for more growth loss than any 

other factor (Kramer, 1980). The impact of water deficiency on 

plant growth is reflected in the growth loss in arid lands. On 

the remaining land area, plant growth is reduced in different 

amounts by periodic droughts. For example, annual net primary 

production of forests varies from as much as 3000 g/m^ in wet 

areas, 250 to 1000 g/m^ in semi-arid regions, and only 25 to 

400 g/m^ in arid regions (Fisher and Turner, 1978). 
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Cause amd Development of Water Deficit 

Plant water deficit or water stress, is a condition 

in which the cells are less than fully turgid and the water 

potential is substantially less than zero (Kozlowski, and 

Pallardy, I997b). However, the threshold of plant cell water 

potential at which water deficit occurs varies among and 

within species and depends upon the stage of development 

(Kramer, 1983). 

Plant water deficits always accompany droughts, but 

they also occur at other times either because of rapid 

transpiration or slow absorption or by a combination of the 

two (Kozlowski, et. al., 1991). Most plants experience 

temporary mid-day water deficit on hot sunny days (Kozlowski, 

1982). The degree of water deficit in plants varies among and 

within species, depending largely upon the environmental 

factors that influence transpiration rates and soil moisture 

conditions. This fact has been demonstrated by the seasonal 

changes in leaf water potential (T) of the desert shrub Larrea 

divaricata in California, which closely reflected climatic 

changes with low values of -5.2 MPa in September (hot dry 

season) and high value of -2.5 MPa in February (cool moist 

winter months) (Oechel et al., 1972) . In addition, the diurnal 

changes in Y follow a typical pattern with a maximvim T value 

near dawn to a minimum midday T value followed by an increase 

during the late afternoon (Klepper 1968; Cline & Campbell, 
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1976; Landsberg & Jones, 1981). 

The soil-plant-air system can be considered a 

continuum through which water moves along a path of deceasing 

water potential (Philip, 1966; Pallardy, et al. 1991). 

Transpiration produces the energy gradient that causes water 

to move upward through the soil-plant-atmosphere continuum. 

Initially, the plant water potential must be lower than the 

soil water potential with the lowest water potential in the 

leaves. Diurnally, when a turgid plant in a moist soil, is 

subjected to evaporative demands of its environment 

transpiration exceeds absorption of water, reducing leaf water 

potential and turgor, and creating shoot water deficits, even 

in plants growing in soil at field capacity (Kramer and 

Kozlowski, 1979). Appreciable absorption does not occur until 

the decreasing leaf water potential produces enough tension in 

the xylem sap (transpiration stream) to initiate the potential 

gradient required for the upward water movement through the 

soil-plant-air continuum. 

The resulting internal water deficits in plants are 

reduced or eliminated during the night as stomata close and 

transpiration is reduced rapidly. However, absorption 

continues until plant water potential increases approximately 

to that in the soil. The development of long-term water 

deficits begins with the daily cycle described above, but this 

is altered by the eventual inability to recover on succeeding 
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nights as absorption is reduced by the reduction of water 

content and potential of the soil (Slatyer, 1967) and the 

progressive increases in liquid flow resistance in the plant 

(Tyree and Ewers, 1991) . 

Progressive drying of the soil profile on successive 

days with less recovery at nights causes severe water deficit. 

Permanent wilting occurs when soil water potential decreases 

to the leaf water potential (Kramer, 1983). The consequence of 

this severe water deficits is the equilibration of plant and 

atmospheric water potentials (Slatyer, 1967) and finally plant 

death. Without recovery, there is successive impairment of all 

physiological and metabolic processes (Hsiao et al., 1976) . 

Growth Responses to Water Stress 

Water deficits affect every aspect of plant growth, 

modifying anatomy, morphology, physiology, and biochemistry 

(Kozlowski, 1985; Kozlowski and Pallardy 1997a). Trees are 

smaller on dry sites, and their leaves usually are smaller, 

thicker, and more heavily cutinized; moreover, vessel diameter 

of earlywood often is smaller, and the cell walls usually are 

thicker and more lignified. An extreme example of reduced 

growth on a dry site is that of bristlecone pines in the White 

Mountains of California (Schulman, 1958). 

At the cellular level, cell enlargement in general, 

is more sensitive than cell division to dehydration (Hsiao, 

1973). Kozlowski and Pallardy (1997b) suggested that growth 
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reduction of enlarging tissues could be the result of water 

deficit affecting both turgor and cell walls extensibility. 

Cosgrove (1993a,b) considered wall yielding as the major 

limiting process for growth of cells. However, prolonged water 

stress often leads to solute accumulation and osmotic 

adjustment in growing regions thereby, turgor often is 

maintained in dehydrated growing tissues and that growth 

inhibition arises because of reduced cell wall extensibility 

causing cell wall hardening (Nonami and Boyer, 1990; Schultz 

and Matthews, 1993; Chazen and Neumann, 1994). For example, 

growing leaves of three poplar clones did not lose turgor when 

irrigation water was withheld; however, cell wall 

extensibility was greatly diminished in unirrigated plants and 

was therefore primarily responsible for leaf growth inhibition 

(Roden et al. 1990) . 

The balance of growth regulators is also affected by 

water stress (Nooden and Leopold, 1988). Abscisic acid levels 

in both roots and shoots increase with tissue dehydration (Lin 

et al., 1986). Cytokinin and gibberellin contents of shoots 

appear to decline under water stress (Morgan, 1990). For 

example, under water stress conditions in sunflower, Hubick et 

al. (1985) observed an accumulation of abscisic acid in both 

roots and shoots as a result of water stress. Meanwhile, the 

cytokinin level of the shoot decreased due to an increase in 

the levels of 'bound' cytokinins remaining in the roots, not 
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as a result of a reduction of cytokinin production by roots. 

These results have led to a suggestion by Turner (1986) that 

interactions might take place between cytokinin and abscisic 

acid in both the root and the leaves, influencing the stomatal 

behavior and gas exchange of the plants when subjected to soil 

water stress. 

Plant growth is also reduced indirectly through the 

intermediation of seed germination (Kaufmann, 1969) , enzymatic 

activity (Todd, 1972), photosynthesis, respiration, and 

mineral nutrition (Viets, 1972) , hormone relations (Itai and 

Benzioni, 1976), and nitrogen metabolism (Sprent, 1976; 

Brandle et al. 1977). 

Beneficial Effects of Water Deficits 

Water stress is not always harmful to the growth of 

woody plants. Water stress may decrease injury from gaseous 

air pollutants, because it induces stomatal closure and 

stomata are the principal pathways by which air pollutants 

enter leaves (Norby and Kozlowski, 1982). Mild water deficits 

often have a variety of beneficial effects on the quality of 

plant products, for example, moderate water stress has 

increased the yield of rubber content of guayule plants, 

although the fresh weight of guayule is reduced (Wadleigh et 

al., 1946). Richards and Wadleigh (1952) stated that moderate 

water stress improves quality of apples, pears, peaches, and 

pliams. Water deficits also increase the oil content of mint 
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and olive (Evenari, 1960). The wood quality of water stressed 

trees may be increased because of a higher proportion of 

latewood to earlywood (hence, more dense wood) (Kozlowski and 

Pallardy 1997a). 

A short period of water stress at a critical stage of 

reproductive growth can be beneficial. For example, Kozlowski 

(1982) stated that water stress during the floral initiation 

period can stimulate the formation of flower buds in both 

angiosperms and gymnosperms. Short periods of water stress 

break the dormancy of flower buds in Coffea (Alvim, 1973) and 

Theobroma cacao (Alvim, 1977). In addition, shrinkage of 

various fruits and cones caused by water deficits induces 

their opening and facilitates dissemination of pollen and 

seeds (Kozlowski, 1972b). 

Mild water stress may decrease subsequent injury from 

transplanting and drought, gardeners and nursery operators 

have long recognized that drought-hardening, by gradually 

exposing seedlings to full sun and decreasing irrigation, 

before transplanting them to the field increases survival. 

Seedlings of acacia and eucalyptus that had been repeatedly 

stressed by imposed drought had better control of water loss 

and were more drought tolerant than seedlings that were not 

previously stressed (Clemens and Jones, 1978). Maintaining a 

low root-shoot ratio by root pruning of forest tree seedlings 

periodically in the seed bed also produces temporary water 
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stress, stimulating root branching, and providing compact root 

systems suitable for transplanting (Rook 1973) . 

Drought Tolersmce 

Drought is a meteorological event that ultimately 

produces water deficit or water stress in plants. It is 

described as a period without precipitation of sufficient 

duration that results in depletion of soil water and injury to 

plants (May and Milthorpe, 1962; McWilliam, 1986). The length 

of time without precipitation required to produce drought 

conditions depends largely upon the atmospheric conditions 

affecting the rates of evapotranspiration, the water storage 

capacity of the soil, and to a lesser degree on the kind of 

vegetation. Periodic droughts are permanent features in arid 

regions, seasonal in areas with well-defined wet and dry 

seasons, or random as in many humid areas. 

Kozlowski (1982), Kramer (1983) and Kozlowski et al., 

(1991) preferably used the term drought tolerance rather than 

drought resistance to accurately describe a range of 

mechanisms whereby plants withstand periods of dry weather 

(meteorological term), avoiding the confusion arising from 

equating "drought" with plant water deficit. There are a wide 

range of drought tolerance mechanisms that exist among plants. 

According to Kozlowski (1982), and Kozlowski and Pallardy 

(1997b), drought tolerance in trees can reflect desiccation 

avoidance or postponement mechanisms, desiccation tolerance 
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mechanisms, or both, with the former more important in 

sxirvival of trees under extremely arid conditions (Kozlowski 

and Davies, 1975). Kozlowski et al. (1991) reported that 

neither forestry nor agriculture is profitable if severely 

dehydrated, where prolonged droughts occur frequently, unless 

irrigation is feasible. 

Desiccation Avoidcuice or Postponement 

Desiccation avoidance involves a combination of one or 

more morphological and physiological adaptations in leaves, 

stems, and roots that enables the plant to prevent or postpone 

the occurrence of injurious low plant water potential when the 

supply of water is reduced (Kozlowski and Pallardy, 1997b). 

Levitt (1980) claimed that these adaptations, reach their 

highest development in xerophytes. 

Stem adaptations include the capacity for twig and 

stem photosynthesis and development of a wide cortex that 

protects vascular tissues from desiccation (Fahn, 1964) . Also, 

low xylem flow resistance ( for a given rate of transpiration) 

could reduce the water potential gradient between roots and 

leaves (Kozlowski and Pallardy, 1997b). Resistance to liquid 

water flow varies widely among taxonomic groups and can have 

a major impact on maximum transpiration rate and the drop in 

water potential across a plant. For example, Tyree et al. 

(1991) found that Schefflera morototoni trees showed smaller 

internal water potential gradients than did sugar maple and 
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northern white cedar trees. 

There are several morphological adaptations in leaves that 

help reduce water loss and/or decrease the energy load and 

leaf temperature; these include leaf abscission, high 

cuticular effectiveness (Pallardy and Rhoads 1993), reduction 

in leaf size and altered stomatal morphology and controls 

(Pallardy, 1981). 

Rapid stomatal closure during drought is a powerful 

mechanism for reducing water loss to the atmosphere under 

drought. Although, genetic variations occur in stomatal size, 

stomatal frequency, and control of stomatal closure under 

stress conditions (Carpenter and Smith, 1975; Pallardy and 

Kozlowski, 1981), however, differences in capacity for early 

stomatal closure are often more important in drought avoidance 

than are differences in stomatal size or frequency (Kozlowski, 

1972a) . For example. Eucalyptus sideroxvlon avoided or 

postponed desiccation better than Eucalyptus polvanthemos. or 

Eucalyptus rostrata because of rapid stomatal closure of the 

former (Quraishi and Kramer, 1970). 

Lopushinsky (1969) indicated that considerable 

differences in sensitivity of stomata to water stress exist 

among conifer species, with stomata of pines generally being 

more sensitive to water stress than are those of other 

conifers. This pattern of differential response among conifers 

with respect to the relationship between leaf water stress and 
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stomatal opening was supported by Ni and Pallardy (1991), who 

observed that leaf conductance was reduced at higher leaf 

water potential plant (lower water stress) than in white or 

post oak. Post oak maintained measurable levels of stomatal 

conductance near -3MPa. 

One of the most effective drought-avoiding adaptations 

of roots is the capacity for a deep, wide-spreading, much-

branched root system, which provide an efficient water 

absorbing system (Kozlowski, 1972a). Also, root system depth 

and extent frequently are correlated with species distribution 

(Stone and Kalisz, 1991). It was noted earlier that a high 

root/shoot ratio is important for the survival of trees under 

drought conditions, as it reflects high water absorbing 

capacity and relatively low transpiration conditions. For 

example. Parsons (1969) found that Eucalvptus socials grew 

better than E. incrassato on dry sites because of the higher 

root/shoot ratios and slower growth of the aerial parts in the 

former. However, severe water stress will cause great 

reduction or complete cessation of root growth, thereby 

decreasing or eliminating the tendency toward higher root-

shoot ratios (Rhodenbaugh and Pallardy, 1993; Pallardy and 

Rhoads, 1993). 

Establishment of planted trees often depends largely 

upon their potential for high root regeneration immediately 

after transplanting. Woods (1959) found that successful 
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establishment of Pinus caribaea trees transplanted to dry 

sites in Florida is due to their capacity for root growth soon 

after transplanting. Large root systems were found to be 

important for the establishment of outplanted Pinus ponderosa 

and Pseudotsuga menziesii seedlings in the Pacific Northwest 

(Lopushinsky and Beebe, 1976). However, Kummerow (1980) 

reported that root systems are less important than leaf 

adaptations in drought tolerance of shrubs of the California 

chaparral. This can be attributed to the fact that the shallow 

soils of the chaparral region prevents development of deep 

root systems even when the hereditary potential for deep 

rooting exists (Kozlowski et al., 1991). 

Desiccation Tolerance 

Kozlowski and Pallardy (1997b) referred to desiccation 

tolerance as the capacity of protoplasm to sustain partial 

function or at least avoid irreversible injury under extreme 

dehydration. There are wide variations among plants in the 

tolerance of dehydration ranging from mesophytes such as 

sunflower leaves that are irreversibly injured at -2.0MPa 

(Fellows and Boyer, 1978) to certain mosses, lichens, ferns, 

and few flowering plants (often called"resurrection"plants) 

that can tolerate the air-dry condition for months and resume 

physiological activity in a few hours or days after 

rehydration (Gaff, 1989). other plants, particularly tropical 

C4 grasses and some woody plants from arid regions such as 
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creosote bush, sagebrush, acacias, and shrubs of the 

Mediterranean maquis and California chaparral, have 

protoplasmic tolerance of desiccation (Slatyer, 1961; Odening 

et al., 1974; Schlesinger et al., 1982). Different genotypes 

within a species may also exhibit inherent differences in 

tolerance of dehydration as was shown for black spruce and bur 

oak (Tan and blake, 1993; Kuhns et al. , 1993). However, the 

vast majority of woody plants show limited desiccation 

tolerance. 

In some plants, tolerance of dehydration is increased 

by osmotic adjustment. This refers to the lowering of cell 

osmotic potential arising from the net accumulation of solutes 

in response to water deficits (Turner, 1986), permitting 

maintenance of turgor-dependent processes; such as growth and 

stomatal opening of guard cells as drought develops (Osonubi 

and Davies, 1978; Parker et al., 1982). Osmotic adjustment 

during drought has been observed in many woody plants; such as 

those from the genera Populus, Prunus, and Eucalyptus (Gebre 

and Kuhns, 1991; Ranney et al. , 1991; Lemcoff et al., 1994). 

Another function of osmotic adjustment is related to 

the maintenance of volume in chloroplasts, thereby preserving 

photosynthetic capacity (Berkowitz and Kroll, 1988; 

Santakumari and Berkowitz, (1991). 

Desiccation-tolerant species may also avoid injury by 

maintaining, ar at least managing, alterations in membrane and 
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organelle structure as water is lost from cells. Leopold 

(1990) suggested that membrane structure is preserved in 

desiccating plants by creation of an ordered pleatlike 

arrangement. Likewise, protoplasmic and biochemical changes 

are produced under drought that increase desiccation tolerance 

(Gaff, 1989; Leopold, 1990; and Bray, 1993). 

The Nature of Salinity Effects on Plants 

The global extent of saline soils ranges between 450 

X 10° and 950 x 10° hectare (Downton, 1984) . Soils may be salty 

because of existing salt deposits, salt spray along sea coast, 

runoff water from highways treated with deicing salts, and 

salts in irrigation waters. The most important salt is 

normally sodium chloride, the salt that predominates in sea 

waters (most sea waters contain about 480 mol m Na" and 560 

mol m CI' ) (Flowers and Yeo, 1992). 

Salinity adversely affects both the distribution and 

growth of many plants. Accumulation of excessive salts in the 

soil excludes trees and shrubs from vast areas of land, partly 

because of osmotic inhibition of water absorption and partly 

because of toxic effects of high concentrations of ions. Only 

a few woody halophytes (plants that can complete their life 

cycles in saline environments), such as greasewood, and 

saltbrush can tolerate highly saline soils (Kozlowski et al., 

1991). Reductions of growth could be caused by osmotic 
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effects, as well as effects caused by the specific toxicity of 

certain ions (Rengel, 1992). Although it often is claimed that 

growth of plants in saline soil is regulated by turgor, leaf 

turgor of salt-affected plants is not always reduced. 

Furthermore, the turgor of leaves of salt-sensitive varieties 

usually is higher than that of leaves of salt-tolerant 

relatives (Kozlowski and Pallardy, 1997a). Munns (1993), 

emphasized that turgor is essential for growth of cells, but 

the rate of cell wall expansion may be controlled by 

rheological processes of the cell wall (wall softening and 

strain hardening) and not by turgor alone. 

Munns (1993) used a model of short- and long- term 

responses of plants to salinity to compare genotypes (16 

species of Eucalyptus and other woody plants) that are 

sensitive, moderately tolerant, and tolerant to salinity. In 

the short term these genotypes responded similarly as growth 

was first inhibited by a decrease in soil water potential that 

is regulated by inhibitory signals from the roots. Later a 

salt- specific effect appeared as salt injury in the old 

leaves, which die because of a rapid increase in salt in the 

cell walls or cytoplasm. In the long term the genotypes 

responded differently because of variation among them in the 

time required for salt to reach a maximum concentration in the 

vacuoles of mesophyll cells. Death of leaves began during the 

phase 1 (the short term) ; the effect on leaf expansion was 
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evident later. The loss of leaves reduced the supply of 

photosynthate or hormones to meristematic tissues and thereby 

inhibited growth. 

Salinity influences water, carbohydrate, mineral, and 

hormonal relations of plants. Salts that enter the soil 

decrease the capacity of roots to absorb water by decreasing 

the water potential gradient from the soil to the roots 

(Kozlowski and Pallardy, 1997a). As emphasized by Kozlowski 

and Pallardy (1997b), salinity lowers the rate of 

photosynthesis by affecting stomatal aperture and by 

nonstomatal effects as well. The adverse long-term effects of 

salinity involve lowering the rate of photosynthesis as a 

result of inhibition of initiation and expansion as well as 

leaf shedding. Salinity also elevates the rate of respiration 

and increases the proportion of maintenance respiration over 

growth respiration (Waisel, 1991). 

Salinity decreases mineral acquisition by plants 

through osmotic effects and, by direct interactions of ions in 

the substrate. The major ions can influence absorption of 

mineral nutrients by competitive interactions or by influences 

on ion selectivity of membranes. Examples include Na-induced 

K deficiency and Ca- induced Mg deficiency (Grattan and 

Grieve, 1992). 

Salinity induces changes in endogenous hormones that 

are associated with early senescence of plants. Senescence is 
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promoted by increased production of abscisic acid and 

ethylene. A decrease in availability of cytokinins may inhibit 

growth of salt-stressed trees (Waisel, 1991). 

Salt Resistance 

Plants differ widely in salt resistance from sensitive 

glycophytes, which include cultivated plants that are 

characterized by a negative reaction, to the presence of a 

surplus of water soluble salts in the medium, to the most 

resistant obligate halophytes, whose growth is inhibited at 

low salinities (Levitt, 1980); for example, Rizophora mangle, 

which survives only at salinities that approximate sea water, 

and Avicennia germinans, which thrives in salinities in excess 

of sea water (Morrow and Nickerson, 1973). However, there is 

a wide range of salt resistance among halophates themselves. 

In nature, there is no sharp distinction between the two 

categories. Plants having half- way properties exist; they are 

called facultative halophytes (such as Salicornia rubra), 

which are found at the highest salinities yet are capable of 

growing normally in low to non-saline environments (Ungar et 

al., 1969) . 

A variety of mechanisms of adaptation to salt stress 

are found in plants growing in saline environments. These 

include regulatory mechanisms which help maintain the internal 

osmotic pressure of plants relatively constant (Hellebubst, 

1976) . Among these mechanisms are salt glands, which actively 



39 

secrete concentrated salt solutions on the surface of organs, 

exclusion pumps at the plasmalemma and the tonoplast, actively 

pimping ions either back to the mediiom or into the vacuole, 

salt accxamulating epidermal bladder cells, and succulence, 

which has been suggested as a dilution mechanism for the two 

ions (Luttge, 1971; Jennings, 1968; 1976; Osmond et al., 1969; 

Waisel et al. 1986; Waisel, 1991). In mangrove plants which do 

not posses salt glands, salts are partially excluded by the 

roots (Scholander et al., 1962). Some species are more 

tolerant of soil salinity than others because their root 

systems tend to prevent it from reaching the shoots. For 

example, Cleopatra mandarin orange rootstocKs exclude CI and 

trifoliate orange rootstocks exclude Na from the shoots of 

Valencia oranges grafted on them, apparently because they 

sequester ions from the xylem sap in the cells of wood and 

bark in the root-shoot transition region (Walker, 1986; Lloyd 

et al., 1987). However, Kozlowski et al., (1991) observed that 

such a protection has only limited capacity and is effective 

only for a short time or in soil containing a relatively low 

concentration of salt. 

Rapid osmotic adjustment may account for salt 

tolerance (McKersie and leshem, 1994) . For osmotic adjustment 

to occur the internal osmotic potential must be lowered either 

by absorption of solutes or synthesis of organic solutes. Both 

mechanisms appear to be variously involved in different 
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plants. Halophytes operate primarily by absorbing inorganic 

ions. Salt acciamulating halophytes (exihalophytes) contain the 

most resistant plants that grow on saline soils. Halophytes of 

this type are characterized by being able to accumulate large 

amounts of salts in their leaves without detriment. For 

example, leaves of Nitraria schoberi (the most tolerant among 

woody plants) can contain approximately 14% NaCl of the weight 

of the dry matter and have a total salt content of as much as 

57% of the weight of dry matter (Strogonov, 1964). 

Osmoregulation in salt-tolerant nonhalophytes results 

from synthesis and appropriate partitioning of organic solutes 

but with an unavoidable cost of photosynthate (Epstein, 1980) -

There is evidence of effective osmotic adjustment in crop 

plants (Eaton, 1927, 1942). Under such conditions, glycophytes 

(unlike halophytes) must exclude the salts and generate 

sufficient organic solutes to maintain turgor (McCree, 1986). 

Interrelation of Salinity and Water Stress 

In nature, many plants are exposed simultaneously to 

both salt stress and water stress. Such plants have to be 

adapted to both stresses in order to survive (Levitt, 1980). 

Water stress, like salinity, involves a lowering of plant 

water potential (Flowers and Yeo, 1986). A good example of 

associated water-salt stress resistance is the consistently 

lower water potential in halophytes than in mesic glycophytes 
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at decreasing water potentials (Delting and Klikoff, 1973). 

In addition, efficiency of water use under conditions 

of limited moisture availability can be a factor in salt 

resistance. For example, the water requirement of Galenia 

pubescens decreased with increasing salinity, that is, less 

water used per gram of dry matter produced (Kleihkopf et al., 

1976). 

Salinity allows plants to withstand water stress more 

readily, possibly by increasing their water content and turgor 

pressure (Levitt, 1980); this occurs both in glycophytes 

(Kirkham et al. , 1974) and halophytes fAtriplex halimus) 

(Kaplan, 1972). Similarly, species of Atriplex. where 

sodium acts as a micronutrient, are better adapted to saline 

conditions and, their dry matter production is increased under 

conditions of low relative humidity (high evaporative demand) 

by the lowering of cell water potential (water loss is reduced 

due to absorption of sodium chloride) and the possible 

decrease in stomatal conductance. Meanwhile, photosynthesis is 

much less affected (Jennings, 1976). 
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MATERIALS AND METHODS 

Experimental Approach 

This study was conducted in a greenhouse at the 

University of Arizona Campus Agricultural Center, Tucson, from 

October, 1986 to March, 1988. The tree seedlings studied were 

potted in two different soil types and subjected to water and 

salt stress treatments. Treatments were intended to mimic 

irrigation with poor quality irrigation water under dry 

environmental conditions. The purpose of the study was to 

compare initial growth and survival of Italian Cypress 

(Cupressus semperveriens), Oriental Arborvitae (Thuia 

orientalis), and She-Oak (Casuarina eouiestifolia) seedlings 

with respect to their responses to water and salt stress, 

including consideration of soil types under long term 

greenhouse conditions. 

Cupressus semperveriens. Thuia orientalis. and 

Casuarina equiestifolia seeds were obtained from the Ministry 

of Agriculture, Government of Jordan, in May 1986. The area of 

Jordan in which these tree species are typically planted 

receives 200 to 300 mm of annual precipitation, temperatures 

range from 3 to 42°C and the elevation is about 1,100 m. The 

species studied were expected to possess the ability to adapt 

to periods of soil water deficits and different soil salinity 

levels, because these habitat conditions experience durations 
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of soil water deficits and differ in soil salinity. Adaptive 

responses were anticipated to be unique to each species. 

The two soil types were Brazito sandy loam soil, a sandy, 

mixed, thermic Typic Torrifluvent, obtained at Campbell Avenue 

Farm in Tucson, Arizona and, Pima clay loam soil, a fine-

silty, mixed, thermic Typic Torrifluvent, obtained at the 

University of Arizona Marana Branch Experiment Station. These 

soils were selected because of their widely different textural 

properties. The intent was to simulate soil conditions in 

which soil water deficits developed at different rates. 

About 0.5 metric ton of each soil type was collected from 

the surface 30 cm depth at each site. Soils were air-dried for 

two days and passed through a soil grinder. Three 

representative soil samples were taken from each soil type and 

mixed for physical and chemical analysis (Table 1) , in the IAS 

Laboratories, Phoenix, Arizona. 

Seedling Culture 

Seeds of the three species were sown separately onto 

vermiculite germination trays. Seeds were then misted daily 

with tap water at room temperature. One-half the germinants of 

each species were carefully transplanted into 15 cm black 

plastic pots filled with Pima soil (clay loam) four weeks 

following seeding. The remaining germinants were transplanted 

in the same way into similar pots filled with Brazito soil 
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Table 1. Physical and chemical characterisitics of the 
Pima and Brazito soils. 

Soil parameters Pima soil Brazito soil 

Texture Analysis 
Clay (%) 30.4 10.7 

Silt (%) 36.9 14.6 

Sand (%) 32.7 74.7 

Soil Texture Clay Loam Sandy Loam 

Soil Moisture (%) 
1/3 bar (F.C) 32.2 13.0 

15 bar (W.P) 17.5 3.76 

pH (saturated paste) 8.20 8.02 

EC (mmhos cm"') 0.360 0.041 

Soluble Cations (mg/L) (5:1 extract) 

Ca (mg/L) 48.0 5.45 

Mg (mg/L) 4.60 0.445 

K (mg/L) 3.55 8.60 

Na (mg/L) 22.6 1.50 

CI (mg/L) 42.8 5.55 

Organic Carbon (%) 0.75 0. 304 
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(sandy loam). About 2,000 gm of dry soil was enough to fill 

the plastic pot to about 2 cm from the rim. Drainage holes 

were covered with nylon mesh and layers of gravel positioned 

below the soil bulk to prevent soil disturbance and removal 

when watering. The weights of the gravel and soil in the pots 

were recorded. Seedlings were planted using a wooden dibble to 

first create a hole in a moist soil into which the roots of 

the seedlings were firmly placed by hand. Pots of each soil 

type were arranged randomly and watered regularly to ensure 

maximiom establishment. 

Air temperature and relative hvimidity in the 

greenhouse were recorded daily on hygrothermographs calibrated 

using maximum and minimum thermometers and a dew- point 

hygrometer. Temperature in the greenhouse averaged 2 6°C in the 

day and 18°C at night, while relative humidity averaged 50% in 

the day and 80% at night. The normal photoperiod was not 

altered throughout the course of study. 

Eight weeks after seeding, seedlings were thinned to 

one per pot (based on size) . The germinants were given 

Hoagland's solution monthly as a source of essential elements. 

Soils in the pots were maintained at field capacity by 

irrigation with tap water approximately three times a week. 

The pots were kept weed-free until the treatments were begun, 

44 weeks after seeding. 
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Experimental Design and Arrangements 

Forty five uniform seedlings of each species were 

selected for each soil type and subjected to water and salt 

stress treatments for a 30 week period. 

Seedlings were randomly arranged in the greenhouse to 

conform to a multiple split plot experimental design in which 

the main plots were allocated to the two soil types, the sub

plots to three species, the sub-sub plots to three irrigation 

treatments, there were five salinity levels within each 

irrigation treatment. Each treatment was replicated thrice. 

Within each replication, there were 90 pots (2 soil types x 3 

species x 3 irrigation levels x 5 salinity levels). This 

scheme provided 270 pots for the experiment (3 replications x 

2 soil types x 3 species x 3 irrigation levels x 5 salinity 

levels = 270). 

Replications and treatments within replications were 

rotated periodically to lessen the impact of temperature and 

light gradient on the response of seedlings to treatments. The 

experimental layout is presented in Figure 1. 

Stress Treatments 

Seedlings were stressed by controlling the frequency 

of irrigation and applying NaCl in the irrigation water, as 

described below: 

Irrigation. Three levels of water- stress were used 

on all three species by irrigating one-third of the seedlings 
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on a daily, one-third of the seedlings on a weekly, and one-

third of the seedlings on a biweekly basis. Daily irrigation 

maintained seedlings in a low water stress conditions, while 

weekly and biweekly irrigation promoted the development of 

medium and severe water stress. 

All pots received tap water and were allowed to drain 

freely over night at the beginning of the stress period 

(seedlings at age 44 weels) . Soil in this condition was at 

field capacity. The pots were weighted with the thoroughly 

wetted soil, and, the weight of each pot was recorded. The 

pots were sealed with plasticine in the drainage hole to 

prevent direct loss of water from the soil. 

The seedlings were then sorted into 3 similar groups 

of five each, based on height and shape size. These groups of 

seedlings were randomly assigned to one of three watering 

regimes (A,B,C) controlled by pot weighing. The pot weight at 

feild capacity was maintained by daily addition of water in 

the wettest treatment (A) . The soil (initially at field 

capacity) was allowed to dry-out to 7 and 14 days, 

respectively, in the other two treatments before re-wetting to 

the field capacity weight. In this way, the seedlings in 

treatments B and C received approximately 3 0 and 15 drying 

cycles, respectively, over a growth interval of 3 0 weeks. 

NaCl. Salinity treatments consisted of five levels 

of NaCl in irrigation water specifically, the control (tap 
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water with no added NaCl), and 2,000, 4,000, 6,000, and 8,000 

ppm NaCl in tap water. Saline irrigation water was prepared by-

adding NaCl (by weight) to 10 Liter of tap water in a 

watering-cane to provide the prescribed concentration of NaCl. 

Varying percentages of NaCl (on air-dry weight basis) and 

water were added. Concentrations were calculated according to 

the USDA Soil Salinity Laboratory (Richards, 1954). 

Seedlings were assigned each to one of the five 

salinity levels (S,, S2, S3, S4, S5) randomly in each irrigation 

treatment. Within each irrigation frequency level the control 

treatment (S, ) , tap water with no added salt was used to 

irrigate the seedlings up to their initial weight at the field 

capacity (at the same frequency as that of the irrigation 

treatment) . The other four treatments, S2, S3, S4 and S5, NaCl 

were applied concomitantly with irrigation. In this way, 

plants in treatments S2, S3, S4 and S5 were watered up to their 

initial field capacity weight with saline water, with NaCl 

concentrations of 2,000, 4,000, 6,000 and 8,000 ppm, 

respectively, at the same frequency as that of control plants. 

The water and salt stress treatments are summarized in Table 

2 .  

Saiig>ling and Analysis Procedures 

Seedling leaf water potentials, and associated 

morphological and physiological parameters important in 

studying drought tolerance and salt resistance were determined 
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Table 2. Irrigation frequency and NaCl concentration in the 
irrigation water used in the study. 

Treatment Irrigation frequency NaCl concentration 

AS, Daily Irrigation (A) Control 
(Tap Water) 

AS2 It II II 2000 ppm NaCl 

AS 3 If 11 It 4000 ppm NaCl 

AS, II II It 6000 ppm NaCl 

AS 5 II II It 8000 ppm NaCl 

BS, Weekly Irrigation (B) Control 
(Tap Water) 

BS2 II II It 2000 ppm NaCl 

BS3 II II II 4000 ppm NaCl 

BS, II It It 6000 ppm NaCl 

BS. II II It 8000 ppm NaCl 

CSi Biweekly Irrigation (C) Control 
(Tap Water) 

CS, II II II 2000 ppm NaCl 

CS3 It II II 4000 ppm NaCl 

CS, II II II 6000 ppm NaCl 

CS5 II II II 8000 ppm NaCl 
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dioring the moisture and salt stress period using the following 

procedvires. 

Seedling Growth 

Height growth to the apex of the leading shoot (± 0.5 

cm) and shoot diameter (± 0.5 mm) close to soil surface were 

measured for all seedlings two weeks after the beginning of 

the experiment, when growth was fast, and at monthly intervals 

later in the season. The first measurements taken on the 

seedlings were used as control values. At the end of the 

experiment, all seedlings were cut near the soil surface and 

their roots were gently removed and rinsed free of the soil. 

Roots and shoots were individually dried at 60°c to a constant 

weight. The root and shoot dry weight (± O.Ol g) and 

root/shoot ratios (g/g) were then determined. 

Seedling Nutrition 

The individual dried shoots were ground, using a Willy 

Mill, and passed through a 40-mesh sieve and analyzed for N, 

P, K, Ca, Mg, Na, and CI in the Soil, Water, and Plant 

Analysis Laboratory, University of Arizona. Total N was 

determined by using NA 1500 C-N-S Analyzer. P, K, Ca, Mg, and 

Na concentrations were determined by first digesting samples 

with a mixture of nitric and perchloric acid. P concentrations 

were measured using a spectrophotometer after color developed 

with ammonium meta vanadate reagent. Ca and Mg concentrations 

were determined by atomic absorption, and Na & K 
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concentrations were measured by flame emission. CI 

concentrations were determined first by extracting CI" from 

plant tissue by cold water, and then by titration with silver 

nitrate. Methods specified by the USDA Soil Salinity 

Laboratory (Richards, 1954) were used throughout. 

Evaluation of Seedling Leaf Water Potential 

The seedlings leaf water potential was measured using 

a pressure chamber (Plant Water Status Console Model 3005), 

utilizing the techniques of Scholander et al., (1964, 1965). 

Four samplings were made during the experimental period. On 

each occasions, all seedlings within soil types and 

replications were evaluated between 1100 and 1500 hours. 

At the time of measurements, one small lateral shoot 

per seedling (about one third down the stem from the apex) was 

excised with a razor blade, inserted in a rubber sealing 

sleeve, and inserted into the specimen holder except for the 

cut end of the shoot. The sample was then subjected to 

increasing pressure, the source of which was compressed 

nitrogen gas (99% N) , at a rate of 5-10 psi sec"', until the 

end point was reached xylem sap appears at the cut end of the 

shoots which extends out side the chamber (Boyer, 1966). This 

state theoretically occurs when the external pressure equals 

the xylem water potential and is identified when the xylem sap 

reaches the cut surface of the stem. A 10 power handlens was 

used to facilitate the identification of this point and assist 



in avoiding a false end point. 

Seedling Health Condition and Survival 

Assessments of the seedlings average physiological or 

health condition were recorded periodically throughout the 

study. Stages of diminishing health used for this assessment 

were interpreted from degree of foliage browning, withering 

of stems and leaves, and mortality was deemed to have occurred 

when all foliage was brown. Survival of the seedlings in both 

experiments was also recorded. The survival was calculated 

based on the number of plants that survived in all three 

replications in a particular treatment. 

Methods of Statistical Analysis 

Treatment effects on seedlings growth and 

morphological parameters, ionic composition of shoots, 

seedlings water potential, soil electrical conductivity, and 

ionic composition were determined by analysis of variance by 

species and soil type. Significant differences among 

treatments were determined by Duncan's Multiple Range Test 

(0.05 level). 
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RESULTS AND DISCUSSION 

Seedling Growth 

Height Growth in Pima Soil 

Shoot height growth progressions of Cupressus 

sentpervirens. Thuia orientalis. and Casuarina ecmisetifolia 

seedlings in the Pima soil type (clay loam) are presented in 

Figures 2, 3, and 4, respectively. Means and statistical 

differences in the means are presented in Table 3. Casuarina 

had the tallest plants, followed by Cupressus and Thuja. 

Height increment was reduced with decreasing irrigation 

frequency, weekly irrigated seedlings had lower height 

increment mean values than that of daily irrigated seedlings, 

except for Thuia. However, biweekly irrigated seedlings of all 

species had the least Height increment mean values (Table 3) . 

similar observations were recorded by Wenger (1952) in Pinus 

palustris. P. elliottii. P. taeda, and P. echinata seedlings. 

Wenger observed that shoot elongation was twice as great in 

soils allowed to dry to 60% available water than in soils 

allowed to dry to 20% available water before rewatering; and, 

that seedlings growing in soils maintained near field capacity 

elongated 3 times as much as those in soils that dried to 20% 

available water before rewatering. Waring and Schlesinger 

(1985) suggested that decreasing predawn water potential is 

well correlated with decreasing height of Douglas-fir trees. 

Zahner (1968) summarized the work done with watered 
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Figure 2. Progression of shoot length of Cupressus seedlings 
in Pima (clay loam) soil during the stress period. 
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Figure 3. Progression of shoot length of Thuja seedlings in 
Pima (clay loam) soil during the stress period. 
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Table 3. Means for shoot length (cm) of Cupressus, Thuja, and 
Casuarina seedlings in Pima (Clay Loam) soil. 

Shoot Length (cm) 
Variable Treatments 

Cupressus Thuja Casuarina 

Irrigation Daily 22. . 4a' 14. . 8a 50, . 8a 

Weekly 21, .9 b 14. ,5a 48, .3 b 

Biweekly 21, . 1 c 13. ,8 b 46, . 6 C 

LSD (5%) 0 .374 

Salinity 280 ppm 26. , 3a 15. 7a 54. . 9a 

2000 ppm 23. . 4 b 14. 7 b 51. . 4 b 

4000 ppm 21. , 2 c 14. 2 C 48. . 6 c 

6000 ppm 19. ,5 d 13. 8 d 45. .3 d 

8000 ppm 18. ,5 e 13. 5 d 42. ,8 e 

LSD (5%) 0 .413 

Species 21. 8 b 14. 4a 48. 6 c 

LSD (5%) 0 .759 

'All values followed by a different letter are significantly 
different at 5% probability level. 



59 

stressed potted seedlings and reported that shoot elongation 

and dry weight production are related directly to watering 

frequency. He emphasized that shoot growth of seedlings is 

very sensitive to water stress and is much slower if soil is 

periodically allowed to dry below field capacity than if it is 

kept near field capacity. Differences in the growth response 

of different species to moisture stress were explained by 

Jarvis and Jarvis (1963 a, b, c, d) who conducted a series of 

experiments based on the water relations of tree seedlings 

fPopulus. Bettula. Pinus and Picea). They concluded that, the 

growth differences between species growing in the same 

environments, are conferred mainly by properties of the root 

system which control water absorption, (reduction in root 

permeability); leaf features (stomatal aperture) which 

regulate rate of water loss; and, a direct effect of water 

potentials induced in the plant on metabolic processes. 

Salt treatment reduced the height increment in 

Cupressus. Thui a. and Casuarina at even the lowest NaCl 

concentration (Figures 2, 3 and 4, and Table 3) , since all 

seedlings grew best when irrigated with no added salt in the 

irrigation water; and, height increment decreased steadily 

with increasing salinity level, reaching its least mean value 

at the highest salt treatment levels (8000 ppm NaCl). 

Salinity inhibition of shoot growth was also observed by other 

investigators. In a comparative salt tolerance study of 
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several Casuarina species, El-Lakany and Luard (1982) reported 

reductions in height growth of salt sensitive species, even 

with the weakest salt-treatment (50 mM NaCl). Tomar and Yadav 

(1977) reported decreases in the hieght growth of Eucalvptus 

hvbrid and Albizzia lebbek seedlings with the increasing level 

of salinity in irrigation waters in a pot experiment with 

saline water irrigation. The adverse effect of saline water 

irrigation was greater in Albizzia lebbek than in Eucalyptus 

hvbrid. Slatyer (1967) concluded that the plant response to 

salt stress is one of growth suppression that is in proportion 

to the solute concentration of the saline habitats. However, 

the level of suppression varies with different species. 

Analysis of variance indicated species differences 

throughout the stress period (Appendix Table l). By week 46, 

irrigation frequency and salinity treatments affected the 

height growth of all three species through the rest of the 

stress period, except for weeks 66 and 70 where irrigation 

effects were not detected. Interactions between stress 

treatments and species and between irrigation and salinity 

treatments with regard to height growth were noted during the 

stress period. 

Diameter Growth in Pima Soil 

The progressions of shoot diameter growth of the three 

species of seedlings in Pima soil are presented in Figures 5, 

6, and 7, respectively, and Table 4. Casuarina had the 
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greatest diameter followed by Thuia. and Cupressus (Table 4) . 

Diameter growth of Casuarina declined with decreasing 

irrigation frequency, weekly irrigated seedlings had lower 

mean diameter growth than that of daily irrigated seedlings 

(Table 4). However, longer periods of water stress (biweekly 

irrigation) suppressed diameter growth further in all three 

species. This result agrees with the results of Assaf et. al. 

(1975) and Hewett (1976) who found that in apple trees, water 

deficits reduce trunk girth and adequate water increases it. 

According to Zobel and Van Buijtenen (1989) both the 

quantity and quality of wood produced by a tree are affected 

directly and indirectly by water supply. This conclusion was 

supported by Sheriff and Whitehead (1984) who found that after 

4 weeks of drought, the lumen diameters of recently produced 

tracheids of Monterey pine were small. Furthermore, 

rehydration and restoration of cell expansion did not occur 

for several days after water was resupplied. However, cell 

division continued when cell expansion was decreased to a 

minimum, emphasizing the greater sensitivity of cell expansion 

to water stress (Kramer, 198 3) . Water deficits decrease the 

width of the annual xylem increment. During a dry summer in 

Arkansas, diameter growth of loblolly pine stopped by August 

but resumed during a rainy autumn, with one-third of the 

annual xylem increment being produced in September and October 

(Zahner, 1958, 1968). 
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Figure 5. Progression of shoot diameter of Cupressus seedlings 
in Pima (clay loam) soil during the stress period. 
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Figure 6. Progression of shoot diameter of Thuja seedlings in 
Pima (clay loam) soil during the stress period. 
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in Pima (clay loam) soil during the stress period. 
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Table 4. Means for shoot dicuaeter (mm) of Cupressus, Thuja, 
and Casuarina seedlings in Pima (clay loam) soil. 

Shoot Diameter (mm) 
Variable Treatments 

Cupressus Thuja Casuarina 

Irrigation Daily 3 .29a' 3 . 52a 3 . 93a 

Weekly 3 .21a 3 .45a 3. 73 b 

Biweekly 3 .00 b 3 .27 b 3 . 35 c 

LSD (5%) 0.154 

Salinity 280 ppm 3 .83a 4 . 00a 4. 35a 

2000 ppm 3 .50 b 3 .59 b 4. 01 b 

4000 ppm 3 . 22 c 3 . 37 c 3. 68 c 

6000 ppm 2 .72 d 3 . 16 d 3 . 32 d 

8000 ppm 2 .57 e 2 .94 e 2. 98 e 

LSD (5%) 0.184 

Species 3 . 17a 3 .41 b 3 . 67 c 

LSD (5%) 0.229 

'All values followed by a different letter are significantly 
different at 5% probability level. 
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Diameter growth of salt-treated seedlings of 

Cupressus. Thuja, and Casuarina.. declined steadily, as the 

concentrations of NaCl in irrigation water increased (Figures 

5, 6, and 7 and Table 4) . Greatest reductions in diameter 

growth mean values associated with the highest NaCl level 

(8,000 ppm) and occured in Cupressus. 

Analysis of variance indicated differences in diameter 

growth among species throughout the stress period (Appendix 

Table 2). Initially, the irrigation frequency did not affect 

diameter growth, however, irrigation effects became 

significant in all species by week 50 through 62 and toward 

the end of the experiment (week 74) . Salinity treatment 

affected diameter growth of all species starting from week 46 

and through week 74. Interactions between stress treatments 

and species and between the stress treatments were noted 

during the stress period. 

Height Growth in Brazito Soil 

shoot height growth of Cupressus, Thuja, and Casuarina 

on Brazito soil by treatment levels is presented in Figures 8, 

9, and 10, respectively, and in Table 5. Casuarina had the 

highest height increment followed by Cupressus and Thuia. 

Average height increment of daily and weekly irrigated 

seedlings were not different from each other, except for 

Casuarina (Table 5) . However, height increment mean values of 

the three species was reduced by decreasing irrigation 
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Table 5. Means for shoot length (cm) of Cupressus, Thuja, and 
Casuarina seedlings in Brazito (sandy loam) soil. 

Shoot Length (cm) 
Variable Treatments 

Cupressus Thuja Casuarina 

Irrigation Daily 13, . 8a* 12, .la 40 . 5a 

Weekly 13, . 6a 12. . Oa 38, .9 b 

Biweekly 13, .1 b 11, .8 b 37, .9 c 

LSD (5%) 0. 449 

Salinity 280 ppm 16. . 8a 13 . . la 45. . 3a 

2000 ppm 14. ,8 b 12. .3 b 41. .7 b 

4000 ppm 13 . , 0 c 11. ,7 c 39. . 0 c 

6000 ppm 11. ,8 d 11. ,4 d 35. .7 d 

8000 ppm 11. , 1 e 11. ,2 e 33 . ,8 e 

LSD (5%) 0. 358 

Species 13 . ,5 b 11. 9a 39. ,1 c 

LSD (5%) 0. 611 

'All values followed by a different letter are significantly 
different at 5% probability level. 
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frequency further in the biweekly irrigation treatments. 

Increases in salinity level in the irrigation water 

lowered (by different amounts) the height increment in all 

species, with the average height increment falling more 

rapidly at the higher concentrations of NaCl in irrigation 

water (Figures 8, 9, and 10, and Table 5). 

Analysis of variance showed that there were 

differences among species with regard to shoot height growth, 

throughout the stress period (Appendix Table 3) . There were no 

differences in height increment due to the irrigation 

treatments for any species through week 50. However, 

differences between the irrigation treatment effects were 

noted by week 54 through week 58, and by week 70 through the 

end of stress period. Differences in height growth due to the 

salinity treatment were noted by the second sample time and 

through the rest of the stress period. There were interactions 

between stress treatments and species and between the stress 

treatments. 

Diameter Growth in Brazito Soil 

Diameter growth in Brazito soil throughout the stress 

period, is presented by stress treatment for Cupressus. Thuia. 

and Casuarina in Figures 11, 12 and 13, respectively. Table 6 

presents the means by species, irrigation frequency, and 

salinity level treatment. Casuarina had the greatest diameter 

followed by Thuia and Cupressus (Table 6). Average diameter 
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Figure 13. Progression of shoot diameter of Casuarina seedlings in Brazito 
(sandy loam) soil during the stress period. 
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Table 6. Means for shoot diameter (mm) of Cupressus, Thuja, 
and Casuarina seedlings in Brazito (sandy loam) soil. 

Shoot Diameter (mm) 
Variable Treatments 

Cupressus Thuja Casuarina 

Irrigation Daily 2. 10a* 2. 68a 3 . 10a 

Weekly 2. 01 b 2. 60a 2 .90a 

Biweekly 1. 93 b 2. 49a 2 . 80a 

LSD (5%) 0.092 

Salinity 280 ppm 2. 66a 3. 05a 3 .57a 

2000 ppm 2. 41 b 2. 76 b 3 .23 b 

4000 ppm 1. 89 c 2. 58 c 2 .95 c 

6000 ppm 1. 64 d 2. 39 d 2 . 68 d 

8000 ppm 1. 47 e 2. 18 e 2 .44 e 

LSD (5%) 0.147 

Species 2. Ola 2. 59 b 2 .97 c 

LSD (5%) 0.106 

'All values followed by a different letter are significantly 
different at 5% probability level. 
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growth of weekly and biweekly irrigated Cupressus seedlings 

was less that of daily irrigated seedlings. 

On the other hand, diameter growth of all salt-treated 

seedlings declined steadily (by different amounts) with the 

increase in the salinity levels (Figures 11, 12 and 13) . 

Greater reductions in diameter growth associated with the 

higher salinity levels and, greatest reductions occurred in 

Cupressus (Table 6) . Similar findings come from the work of 

Jain and Muthana (1982), who compared growth for fProsopis 

juliflora, Colophospp-mnTn mopane. Tamarix articulata. 

Eucalyptus hybrid, Cassia siamea. Acacia aneura and 

Dichrostachvs alomeratal under saline irrigation at nursery 

stage. They reported a fall in collar diameter of all species 

with increase in the salinity of irrigation waters. 

Analysis of variance indicated that there were 

consistent diameter growth differences between species 

throughout the stress period (Appendix Table 4). Irrigation 

frequency affected diameter growth during weeks 50 through 58. 

However, salt stress effects on diameter growth started at 

week 50 and continued throughout the remainder of the stress 

period. Interactions between stress treatments and species and 

and between irrigation and salinity treatments were also 

observed. 
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Seedling Dry Weight 

Total Dry Weight in Piina Soil 

Total dry weight of Cupressus. Thui a, and Casuarina 

seedlings in Pima soil type at the end of the experiment is 

presented in Figure 14 and Table 7. Casuarina had the highest 

total dry weight followed by Thuia and Cupressus (Table 7). 

Total dry weight of all seedlings decreased with the decrease 

in irrigation frequency (Figure 14); greater reductions in 

average total dry weights occurred in biweekly irrigation 

treatments than in weekly irrigation treatments (Table 7) . 

Similar results were obtained by Kongsrud (1969) who reported 

a 2.5 fold differences in dry matter increments of potted 

apple trees between the wettest and driest regimes of six 

watering treatments. Sands and Rutter (1959) working with 

Pinus svlvestris seedlings, found that dry weight production 

was reduced by soil moisture conditions of only 0.5 atm 

tension. 

Total dry weight in all species was reduced by the 

different salinity levels, particularly at the higher 

concentrations of NaCl in the irrigation water (Figure 14 and 

Table 7). Highest reductions in total dry weight mean values 

occurred in Cupressus followed by Thuia and Casuarina. Clemens 

et al. (1983) found a similar trend with various Casuarina 

species; that is, the seedling total dry weight tended to 

decrease in response to salinity, with some (C. ecmisetifolia) 
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Figure 14. Total dry weight of CXpressus, Thuja, and Casuarina seedlings 
in Pima (clay loam) soil at the end of the stress period. 
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Table 7. Means for total dry weight (gm) of Cupressus, Thuja, 
and Casuarina seedlings in Pima soil. 

Total Dry Weight (gm) 

Variable Treatment Cupressus Thuja Casuarina 

Irrigat Daily 6.46a' 6.23a 10.4a 

ion Weekly 5.64 b 5.94 b 8.96 b 

Biweekly 5.08 c 5.37 c 7.73 c 

LSD (5%) 0.158 

Salinity 280 ppm 7.26a 6.94a 13.0a 

2000 ppm 5.79 b 6.44 b 10.6 b 

4000 ppm 4.14 c 5.92 c 8.68 c 

6000 ppm - 5.34 d 7.23 d 

8000 ppm - 4.58 e 5.56 e 

LSD (5%) 0.111 

Species 5.73a 5.85 b 9.01 c 

LSD (5%) 0.039 

All values followed by a different letter are significantly 
different at 5% probability level. 
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showing little growth reduction and others (C. inophloia) 

showing greatly reduced growth. 

Analysis of variance showed differences in total dry 

weight among species, irrigation and salinity treatments 

(Appendix Table 5). Interactions among all factors (species, 

irrigation, and salinity) were observed. 

Shoot Dry Weight in Pima Soil 

The means of shoot dry weight at harvest, in Pima soil 

type are presented in Figure 15 and Table 8. Analysis of 

variance of shoot dry weight is presented by species and 

treatment level in (Appendix Table 5). Casuarina maintained 

the highest shoot dry weight followed by Thuia and Cupressus 

(Table 8). 

Average shoot dry weight in all species was reduced in 

the weekly and the biweekly irrigation treatments relative to 

the daily irrigation treatments. Higher reductions occurred in 

biweekly irrigated seedlings than in weekly irrigated 

seedlings (Figure 15 and Table 8) . Similar findings were 

presented by Kenworthy (1949) who found that shoot dry weight 

production of Prunus seedlings was reduced by moisture 

tensions beginning at about 0.5 atm as measured by 

tensiometers. Effects of low tensions on dry weight production 

were also studied by Jarvis and Jarvis (1963a) who grew first-

year seedlings of four Betula verrucosa. Populus tremula. 

Pinus sylvestris. and Picea abies under varying soil moisture 
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Table 8. Means for shoot and root dry weight and 
shoot/root ratios of Cupressus, Thuja, and 
Casuarina seedlings in Pima (clay loam) soil. 

Shool dry weiqhl (qm) Root dry weiqht (qm) Shoot/Root Ratios 

Variable Treatment Thuja Casuarina Cupressus Thuja Casuarina Cupressus Thuja Casuarina 

Irriqation Doily 4.54a 4.65a 8.27a 1.92o 1.58a 2.07a 2.130 2.980 3.9Ia 

Weekly 199 b 4.45 b 7.17 b 1.65 b 1.46 b 1.72 b 2.38a 3.06 b 4.12 b 

Biweekly 3.60 c 4.09 c 6.19 c 1.39 c 1.28 c 1.54 c 2.24a 3.28 b 3.98ab 

LSD (5%) 0.133 0.054 0.101 

Salinity 280 ppm 5.29 o 5,14a IO.60 1.96a 1.80a 2.35a 2.72a 2.87o 4.57a 

2000 ppm 4.13 b 4.80 b 8.47 b 1.66 b 1.64 b 2.10 b 2.49 b 2.940 4,01 be 

4000 ppm 2.72 c 4.48 c 6.90 c 1.42 c 1.43 c 1.69 c 1.92 c 114 b 4.11 b 

6000 ppm - 4.06 d 5.76 d - 1.29 d 1.47 d 1.75 d 118 b 3.92 c 

8000 ppm - 3.50 e 4.25 e - 1.05 e 1.26 e - 3.40 c 3.40 d 

LSD (5%) 0.102 0.013 0.079 

Species 4.05a 4.40 b 7.22 c 1.68a 1.44 b 1.77 c 2.32a 111 b 4.00 c 

LSD (5%) 0.076 0.096 0.278 

All values followed by a different letter are significantly 
different at 5% probability level. 
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tensions for a period of 20 days. Dry weight in the two 

conifers was reduced about one third in soils that dried to 

1.7 atm, whereas dry weight was reduced only 10-20% in the two 

angiosperms by tensions up to 2 atm. The external resistance 

to vapor loss from the leaves of the conifers was about one 

third that from leaves of the angiosperms, largely because of 

mutual interference between leaves on the same plant. The 

result was less water deficit within the seedling and greater 

net assimilation in aspen and birch than in pine and spruce. 

Shoot dry weight was reduced in all species at all 

salinity levels (Figure 15). Greatest reductions in shoot dry 

weight mean values associated with the highest NaCl levels in 

irrigation water (8,000 ppm) and occurred in Cupressus 

followed by Casuarina and Thuia (Table 8) . Similar effects 

have been found in other experiments Casuarina (Clemens et al. 

1983) , Eucalvptus (Sands 1981). 

Analysis of variance indicated differences in shoot 

dry weight among species, irrigation and salinity treatments 

(Appendix Table 5) . There were interactions between stress 

treatments and species and between irrigation and salinity 

treatments. 

Root Dry Weight in Pima Soil 

Data for root dry weight of Cupressus, Thuja, and 

Casuarina seedlings in Pima soil type (clay loam soil) are 
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presented by stress treatment in Figures 15, treatment means 

are summarized in Table 8. Casuarina had the highest average 

root dry weight followed by Cupressus and Thuia. Root dry 

weight in all species decreased steadily with the decrease in 

irrigation frequency and the increase of salinity level in the 

irrigation water (Figures 15 and Table 8); higher reductions 

associated with the higher levels of water and salt stress 

treatments. 

Analysis of variance showed differences in root dry 

weight among species, irrigation and salinity treatments 

(Appendix Table 5) . Interactions between stress treatments and 

speices and between irrigation and salinity treatments were 

noted. 

Lands berg and Jones (1968) Siammarized the work done 

with apples and reported that water stress increases the 

proportion of new dry matter going to root rather than to 

shoot tissues, though the absolute amount of root growth may 

be decreased by stress. This was supported by Maggs (1961) who 

found that fewer roots were produced with "low water" than 

with "high water" treatments, though the percentage of the dry 

weight increment that went to the roots was higher in the "low 

water" treatment. The reason for this finding was explained by 

Kramer (1983) , who stated that water stress decreases or stops 

root growth and roots become suberized to their tips. 
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Shoot/Root Ratios in Pima Soil 

Shoot/root ratios of 74 week old seedlings are 

presented in Figure 16 and Table 8 by species, irrigation, and 

salinity levels. Casuarina had the highest shoot/root ratios 

followed by Thuia and Cupressus. Shoot/root ratios mean values 

of weekly and biweekly irrigated seedlings in Thuia and 

Casuarina were higher than that of daily irrigated seedlings 

(Table 8) . However, irrigation frequency did not alter the 

shoot/root ratios in Cupressus. These findings differ from 

those of Cripps (1971) who found that water stress caused much 

more root proliferation in his containers than occurred in 

well-watered treatments and consistently decreased shoot/root 

ratios in apple seedlings. On the other hand, Ladiges (1974) 

found that the most drought-resistant population of Eucalyptus 

viminalis did not have a shoot/root ratios significantly 

higher than those in other drought sensitive populations. He 

concluded that these ratios change with age of the plants. 

Salinity levels altered the shoot/root ratios in all 

species (Figure 16 and Table 8) . The average shoot/root ratios 

in Casuarina and Cupressus decreased with the increase in salt 

stress, greater reductions were detected at higher salinity 

levels. Bernstein and Hayward (1988) considered the decrease 

in shoot/root ratios to be significant in the adjustment of a 

plant to salinity as the proportion of water absorbing to 

transpiring organs increases. However, no such trend was found 
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in Thuia in the present study, as the shoot/root ratios 

increased with the increase of salinity levels. This appears 

to be due to restricted root growth at higher levels of 

salinity and to vigorous root system growth of control 

seedlings. 

Analysis of variance showed differences in shoot/root 

ratios among species, irrigation and salinity treatments 

(Appendix Table 5). Also there were interactions among all of 

these factors (species, irrigation, and salinity). 

Total Dry Weight in Brazito Soil 

Total dry weight for Cupressus. Thuia and Casuarina is 

presented by stress treatment in Figure 17 and Table 9. On the 

average, Casuarina seedlings had the highest total dry weight 

followed by Thuia and Cupressus. The average total dry weight 

of all water-stressed and salt-treated seedlings was lower (by 

different amounts) than the corresponding controls (Figure 17 

and Table 9) . Higher reductions in total dry weight due to 

increasing water and salt stress associated with the higher 

stress treatment levels, greatest reductions occurred in 

Cupressus and least reductions in Casuarina. 

Analysis of variance showed differences among species, 

irrigation and salinity treatments with regard to total dry 

weight (Appendix Table 6) . Interactions between these factors 

were noted. 
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Table 9. Means for total dry weight (gm) of Cupressus, Thuja, 
and Casuarina seedlings in Brazito (sandy loam) soil. 

Total Dry Weight (gm) 

Variable Treatment Cupressus Thuja Casuarina 

Irrigat Daily 3.lOa' 4.36a 7.86a 

ion Weekly 2.01 b 4.14 b 6.84 b 

Biweekly 1.77 c 3.19 c 6.05 c 

LSD (5%) 0. 062 

Salinity 280 ppm 3.21a 4.84a 11.6a 

2000 ppm 1.89 b 4.35 b 7.96 b 

4000 ppm 1.25 c 3.98 c 6.25 c 

6000 ppm - 3.40 d 4.94 d 

8000 ppm - 2.89 e 3.80 e 

LSD (5%) 0.064 

Species 2.32a 3.89 b 6.92 c 

LSD (5%) 0.147 

All values followed by a different letter are significantly 
different at 5% probability level. 
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Shoot Dzy Weight in Brazito Soil 

Shoot dry weight in Brazito soil type is presented by 

stress treatment for Cupressus. Thuia and Casuarina seedlings 

in Figure 18 and Table 10. Casuarina seedlings had the highest 

average shoot dry weight followed by Thuia and Cupressus 

(Table 10) . Shoot dry weight in all species was reduced by all 

levels of water and salt stress treatments (Figure 18 and 

Table 10) . Highest reductions associated with the highest 

level of stress treatments and occurred in Cupressus. least 

reductions occurred in Casuarina. 

Analysis of variance indicated that there were 

differences among species, irrigation and salinity treatments 

with regard to shoot dry weight (Appendix Table 6) . There also 

were interactions between stress treatments and species and 

between the irrigation and salinity treatments. 

Root Dry Weight in Brazito Soil 

Data presented in Figure 18 and Table 10 indicated 

that Casuarina had the highest root dry weight, followed by 

Thuia and Cupressus. Average Root dry weight of Cupressus and 

Casuarina weekly irrigated seedlings was lower than that of 

daily irrigated seedlings. However, biweekly irrigated 

seedlings of Thuia and Casuarina had the least average root 

dry weight relative to the controls (Table 10). 

Root dry weight of all salt-treated seedlings was 

reduced (by varying magnitudes) with the increase in salinity 
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Table 10. Means for shoot and root dry weight and 
shoot/root ratios of Cupressus, Thuja, and 
Casuarina seedlings in Brazito (sandy loam) 
soil. 

Shoot dry weiqht (qm) Root dry weiqhl (qm) Shoot/Root Ratios 

Variable Treotmeni Cupressus Thuja Casuarina Cupressus Thuja Casuarina Cupressus Ihujo Casuarina 

Irriqation Doily 2.08a' 2.90a 5.59a l.Olo 1.45o 2.26a 2.03a 2.G0a 2.450 

Weekly 1.42 b 2.76 b 4.94 b 0.650 b 1.38a 1.90 b 2.07a 2.G0a 2.60a 

Biweekly 1.17 c 2.28 c 4.35 c 0.600 b 1.14 b 1.70 c 1.95a 2.00a 2.550 

LSD (5%) 0.080 0.051 0.106 

Salinity 280 ppm 2.17 a 3.29o 8.30a 1.04O 1.62a 3.34a 2.090 2.02a 2.49 be 

2000 ppm 1.23 b 2.95 b 5.76 b 0.658 b 1.46 b 2.20 b 1.85 b 2.02a 2.6lob 

4000 ppm 0.850 c 2.71 c 4.56 c 0.263 c 1.33 c 1.69 c 2.15a 2.03O 2.720 

6000 ppm - 2.32 d 3.48 d - 1.18 d 1.43 d - 1.96a 2.40 c 

8000 ppm - 1.98 e 2.69 e - 1.01 e 1.12 e - 1.96a 2.40 d 

LSD (5%) 0.047 0.037 0.085 

Species 1.55o 2.65 b 4.96 c 0.760a 1.32 b 1.95 c 2.02a 2.00 b 2.53 c 

LSD (5%) 0.113 0.066 0.090 

All values followed by a different letter are significantly 
different at 5% probability level. 
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levels; highest reductions associated with the 8,000 ppm NaCl 

level and occurred in Cupressus; Casuarina maintained the 

least reductions (Table 10). 

Analysis of variance indicated that there were 

differences in root dry weight between species and stress 

treatments (Appendix Table 6). Also, there were interactions 

between the stress treatments and species and between the 

stress treatments. 

Shoot/Root Ratios in Brazito Soil 

Figure 19 and Table 10 summarize the shoot/root ratios 

of seedlings in Brazito soil by species, irrigation and 

salinity level. Casuarina maintained the highest average 

shoot/root ratios, followed by Cupressus and Thuia (Table 10) . 

Unlike other growth parameters, there was no difference in 

shoot/root ratios of all seedlings due to irrigation 

frequency. 

On the other hand, shoot/root ratios in Casuarina and 

Cupressus were altered by salinity levels. Initially, the 

shoot/root ratios of Casuarina increased then decreased at the 

higher salinity levels (6000 and 8000 ppm NaCl); the opposite 

applied in Cupressus. There was no change in shoot/root ratios 

of Thuia in response to salinity treatments (Figure 19 and 

Table 10) . 

Analysis of variance showed differences in shoot/root 

ratios among species. There were no differences in the 
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shoot/root ratios due to the irrigation treatments, however, 

the shoot/root ratios were affected by salt stress treatments 

(Appendix Table 6) . Interactions among all factors were 

observed. 

leaf Water Potential 

Pima Soil 

The progressions of leaf water potentials for 

Cupressus. Thuia and Casuarina are presented by treatment 

level in Figures 20, 21, and 22, respectively. Treatment means 

on which the above figures are based, are summarized in Table 

11. Casuarina had the lowest average leaf water potentials, 

followed by Cupressus and Thuja. Leaf water potentials of all 

water-stressed seedlings were lower than the control values. 

However, there was more decline in leaf water potentials in 

biweekly than in weekly irrigation treatments (Figures 20, 21, 

and 22 and Table 11) . These results generally agree with 

findings of other investigators for different forest species. 

These include Pinus (Heth and Kramer, 1975), Picea aluca (Tear 

et al., 1982), Anaophora costata and Banksia serrata (Tibbits 

and Bachelard, 1981), Eucalyptus (Withers, 1978). 

There was a reduction in leaf water potentials in all 

salt-treated plants. Irrespective of the species, leaf water 

potentials declined most in the 8,000 ppm NaCl treatment and 

least in the 2,000 ppm NaCl treatment. Largest reductions 

in the leaf water potentials occurred in Casuarina followed by 
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Table 11. Means for leaf water potential (bars) of Cupressus, 
Thuja, and Casuarina seedlings in Pima (clay loam) 
soil. 

Leaf Water Potential (bars) 
Variable Treatments 

Cupressus Thu j a Casuarina 

Irrigation Daily -13, . 6a' -11. . 4a -17, . oa 

Weekly -15, .1 b -13. . 0 b -20, .3 b 

Biweekly -16, . 2 c -15. . 4 c -23 , . 0 c 

LSD (5%) 0 . 387 

Salinity 280 ppm -12. . 6a -11. . 3a -16. . Oa 

2000 ppm -13 . .8 b -12, . 0 b -17. .7 b 

4000 ppm -15, .7 c -13 . . 2 c -19. ,7 c 

6000 ppm -16, ,3 d -14. 2 d -22, ,2 d 

8000 ppm -16, . 9 e -15. , 4 e -24, ,9 e 

LSD (5%) 0, .530 

Species -15. ,0 b -13 . 3a -20. . 1 c 

LSD (5%) 0, .397 

'All values followed by a different letter are significantly 
different at 5% probability level. 
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Cupressus and Thuja.. Others have noted similar behavior in 

Casuarina and A1locasuarina species (Laurd and El-Lakany, 

1984), Avicennia marina (Naidoo, 1987), and Pinus radiata 

(Sands and Clarke, 1977). These results show that the salt 

treatments induced water stress in the plants; indicating a 

disturbance in water balance (Abd- El Rahman, 1968). 

Analysis of variance revealed that there were 

differences in leaf water potentials among species throughout 

the stress period (Appendix Table 7) . Irrigation and salinity 

treatments affected leaf water potentials starting from the 

second sample time and through the rest of the stress period. 

There were interactions between stress treatments and species 

and between irrigation and salinity treatments throughout the 

stress period, except for the first sample date. 

Brazito Soil 

Progressions of the leaf water potentials are 

presented for Cupressus. Thuia and Casuarina in Figures 23, 24 

and 25. Treatment means are summarized in Table 12. On the 

average, Casuarina maintained the lowest leaf water potentials 

followed by Cupressus and Thuja. Leaf water potentials in all 

specis dclined with decreasing irrigation frequency. Biweekly 

irrigated treatments had lower leaf water potentials mean 

values than those of weekly irrigated (Table 12). 

Leaf water potentials of the salt-treated plants 

declined below the control values at all salinity levels 
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Table 12. Means for leaf water potential (bars) of Cupressus, 
Thuja, and Casuarina seedlings in Brazito 
(sandy loam) soil. 

Leaf Water Potential (bars) 
Variable Treatments 

Cupressus Thuja Casuarina 

Irrigation Daily -15. 7a* -12.3a -21. 3a 

Weekly -17. 2 b -14.1 b -26. 6 b 

Biweekly -20. 6 c -17.0 c -30. 1 c 

LSD (5%) 0.483 

Salinity 280 ppm -15. la -12.6a -20. 8a 

2000 ppm -16. 4 b -13.4 b -22. 9 b 

4000 ppm -18. 9 c -14.2 c -25. 6 c 

6000 ppm -19. 0 c -15.5 d -28. 5 d 

8000 ppm -19. 7 d -16.7 e -32. 2 e 

LSD (5%) 0. 613 

Species -17. 8 b -14.5a -26. 0 c 

LSD (5%) 0.625 

'All values followed by a different letter are significantly 
different at 5% probability level. 
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(Figures 23, 24 and 25 and Table 12) . Largest declines 

associated with the 8000 ppm NaCl treatment and occurred in 

Casuarina seedlings; least declines associated with the 2000 

ppm NaCl level and Thuia seedlings. 

Analysis of variance revealed that there were species 

differences with regard to leaf water potentials throughout 

the stress period (Appendix Table 8). Irrigation and salinity 

treatments affected leaf water potentials starting from the 

second sample time and through the end of the stress period. 

Interactions between stress treatments and speciesand between 

irrigation and salinity treatments were observed throughout 

the stress period, except for the first sample date. 

Foliage Nutrient Concentrations 

Pima Soil 

Nutrient concentrations of foliage tissues of 

Cupressus. Thuia. and Casuarina seedlings in Pima soil type 

are presented in Figures 26 to 32 and Table 13. Summaries of 

analysis of variance by element is presented in (Appendix 

Table 9). 

Nitrogen. Casuarina attained the highest N 

concentrations followed by Cupressus and Thuia (Table 13). N 

concentrations mean values were highest in daily irrigated 

seedlings and lowest in biweekly irrigated seedlings, weekly 

irrigated seedlings had intermediate values (Figures 26, 27, 
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and 28, and Table 13). 

N concentrations of salt-treated seedlings decreased 

(by different amounts) as the salinity levels increased. 

Higher reductions in N concentrations associated with higher 

NaCl levels. This finding agrees with the results obtained 

with other plants; Avicennia marina (Naidoo, 1987), Oriza 

(Palfi, 1965) . 

Analysis of variance revealed that there were 

differences among species, and between stress treatments with 

regard to N concentrations (Appendix Table 9). 

Phosphorus. Thuia had the highest P concentrations 

mean values followed by Cupressus and Casuarina. Reductions in 

P concentrations due to water stress were noted in the 

biweekly irrigated seedlings of Thuia and Casuarina (Figures 

26, 27,and 28, and Table 13) . Similar results were reported by 

Gates (1957) , who observed a decline in accumulation of 

nitrogen and phosphorus in young tomato plant top tissues 

during moderate and severe water shortage. 

Salinity reduced P concentrations (by different 

magnitudes). Differences in P concentrations between salinity 

treatments were noted in Cupressus at 2,000 and 4,000 ppm NaCl 

levels, in Thuia at 4,000, 6,000 and 8,000 ppm NaCl levels and 

in Casuarina at only 8,000 ppm NaCl level. Palfi (1965), 

studied the uptake of nitrogen, and phosphorus by rice plants 

grown in normal and in saline media. Shoots of rice plants 
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Table 13. Means for nutrient concentrations of Cupressus, 
Thuja, and Casuarina seedlings in Pima (clay loam) 
soil. 

Variable Treatments 

Nutrient concentration 

Cupressus 

P (ppm) K Ca .Mg Ma CI 

Irrigation Daily 1 .90a 1756a 12374a 18458a 3105a 6589a 25238a 

Reekly 1 .71b 149Sa 11488b 17043b 2097b 4936b 22157b 

Biweekly 1 .63c 1375a 10252c 14962c 1945b 3629c 18555c 

Salinity 280 ppm 1 .9Ba 1801a 12358a 13100a 1847a 1310a 6629a 

2000 ppm 1 .72b 1502b 11423b lS68Bb 2078a 3611b 21643b 

4000 ppm 1, .54c 1324c 10331c 21674c 3222b 10233c 37677c 

6000 ppm - - - - - - -

8008 ppm •" 

" Thuja 

"" 

Irrigation Daily 1. .77a 2564a lOOSla 19506a 2104a 4911a 19986a 

17ee)cly 1, .64b 2343ab 9174 b 16961b 1945a 3S33b 16631b 

Biweekly 1. .47c 2008 b 8953 c 148940 1803a 2828c 14518c 

Salinity 280 ppm 1, .92a 2752a 9459 a 12731a 1565a 1255a 5037 a 

2000 ppm 1. .72b 2496a 9334 a 14444b 1768ab 1950b 11126b 

4000 ppm 1. 61c 2286b 9285 a 17034c 1970b 2618c 15569c 

6000 ppm 1. 49d 2167b 9445 a 19352d 2093b 4742d 23239d 

8000 ppm 1. 38e 182Sc 9440 a 22033e 235 6c 8221e 30254e 

Casuarina 

Irrigation Daily 1. 94a 1062a 14098a 17079a 2259a 8771a 29318a 

weekly 1. 79b 994 a 12150b 14766b 2079a 6466b 25936b 

Biweekly 1. 67c 563 b 10559c 13281c 1921a 5282c 23824c 

Salinity 280 ppm 2. 17a 768 a 10039a 10474a 1754a 1828a 738Sa 

2000 ppm 1. 90b 1414b 10648a 12461b 1896a 3501b n841b 

4000 ppm 1. 76c 608 a 11843b 14457c 2083ab 6063c 27293c 

6000 ppm 1. 67d 549 a 13278c 16958d 2232b 9554d 34839d 

8000 ppm 1. 50e 1024b 15536d 20859e 2465c 13251e 44439e 

Species Cupressus 1. 75a 1542a H371a 16821a 23a2a 5051a 21983a 

Thuja 1. 63b 2305b 9393 b 17119b 1950b 37S7b 17045b 

Casuarina 1. CD
 
O
 

0
 

624 c 12269c 15042c 2086b 683 9c 2635 9c 

All values followed by a different 
different at 5% probability level. 

letter are significantly 
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grown on a nutrient solution rich in Na contained less 

nitrogen and phosphorus than plants grown on a normal nutrient 

containing the same amounts of Na and P as the "high Na" 

medium. Palfi concluded that the presence of Na' ions impairs 

the uptake of ammonium ions into the plant. The uptake of 

phosphate ions is antagonized by the So" and CI" ions. 

Analysis of variance showed that there were 

differences in P concentration among species, irrigation and 

salinity treatments (Appendix Table 9) . 

_Potassium. Casuarina had the highest K concentrations 

followed by Cupressus and Thuja (Figures 29, 30, and 31, and 

Table 13). K concentrations of water-stressed seedlings 

decreased steadily with decreasing irrigation frequency, daily 

irrigated seedlings exhibited the highest K concentrations 

while, biweekly irrigated seedlings exhibited the least K 

concentrations. Richards and Wadleigh (1952) summarized the 

data on nutrient availability in relation to soil water 

availability and concluded that decreasing water supply 

produced an increase in N concentration, a decrease in K 

concentration, and variable effects on the P, Ca, and Mg 

concentrations in the plant. 

On the other hand, the concentrations of K exhibited 

variable trends with salinity treatments. K concentrations in 

Cupressus fell steadily below the control level even at the 

lowest salinity level. The response was different in 
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Casuarina. where K concentrations increased (by different 

magnitudes) with increasing salinity. K concentration in Thuia 

was not altered by increasing salinity levels in the 

irrigation water (Table 13) . These results agree with the 

results of Luard and El-Lakany (1984), who exposed ten species 

of Casuarina and Allocasuarina to increasing levels of NaCl 

(max 550 Mm) in liquid culture over a period of 5 months. 

Luard and El-Lakany found that Na* and CI" ion concentrations 

increased in the tissues of all species as the salinity 

increased and that K" was selectively accumulated. 

Analysis of variance indicated that there were 

differences between the species and between the stress 

treatments with regard to K concentrations (Appendix Table 9) . 

Calcium. Calciiam concentrations were highest in Thuia 

foliage tissues and least in Casuarina, Cupressus had 

intermediate mean values (Table 13). Ca concentrations 

decraesed with decreasing irrigation frequency in the three 

species (Figure 29, 30, and 31). Biweekly irrigated seedlings 

had the least Ca concentrations mean values followed by weekly 

and daily irrigated seedlings. 

Ca concentrations in salt-treated seedlings increased 

with the increase of salinity, at all levels. Greatest 

increases associated with the maximum tolerated NaCl level and 

least increases associated with the lowest NaCl level (2000 

ppm NaCl) . 
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Figure 29. Ca, Mg, Na, and K concentrations of (̂ ressiis seedlings 
in Pima (clay loam) soil at the end of the stress period. 
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Figure 30. Ca, Mg, Na, and K concentrations of Thuja seedlings in Pima 
(clay loam) soil at the end of the stress period. 
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Figure 31. Ca, Mg, Na, and K concentrations of Casuarina seedlings in Pima 
(clay loam) soil at the end of the stress period. 
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Analysis of variance revealed that differences among 

species, irrigation, and salinity treatments were all 

significant (Appendix Table 9) . 

Magnesixim. Cupressus had higher Mg concentrations 

than Casuarina or Thuia (Figures 29, and 30, and 31, and Table 

13). Differences in Mg concentrations among irrigation 

treatments were noted in Cupressus. whose daily irrigated 

seedlings had higher Mg concentrations than those of weekly or 

biweekly irrigated seedlings. Increases in Mg concentrations 

due to the increase in salinity of irrigation water were 

observed at the 4,000 ppm NaCl level in Cupressus and Thuja 

and the 6,000 ppm level in Casuarina (Table 13), further 

increases in Mg concentrations occurred at the 8,000 ppm NaCl 

level in Thuja and Casuarina. These findings differ from those 

of Luard and El-Lakany (1984) who reported a decrease in Ca 

and Mg levels in both shoots and roots of Casuarina and 

Allocasuarina seedlings, as a result of increasing NaCl 

concentration in a liquid culture for a period of 12 weeks. 

The increase in Ca and Mg concentrations found in the present 

study, rather than the decrease found in Luard and El-Lakany's 

experiment, might reflect the longer duration (30 versus 12 

weeks) of present study, possibly resulting in more severe 

changes in internal metabolism. 

In addition to metabolic changes, it is probable, as 

reported by others (Russell, 1973), that the addition of Na 
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ions to the soil displaced some of the exchangeable Ca, Mg, 

and K. Therefore, salt treated seedlings would have more 

available quantities of these ions for uptake than the control 

plants. Future studies should include measurement of media pH, 

cation exchange capacity and exchangeable levels of all 

cations. 

Analysis of variance indicated that there were 

differences among species, irrigation, and salinity treatments 

with regard to Mg concentrations (Appendix Table 9). 

Sodium. Casuarina had the highest Na concentrations 

average values followed by Cupressus and Thuia (Table 13). 

Na accximulation decreased in all water-stressed seedlings with 

the decrease in irrigation frequency. Highest reductions in Na 

accumulation associated with the biweekly irrigation 

treatments. 

Salt treatments resulted in an increase in Na 

concentrations at all salinity levels. Highest increases in Na 

accumulation associated with the 8,000 ppm NaCl treatments; 

least increases associated with the 2,000 ppm NaCl treatments 

(Figures 29, 30, and 31, and Table 13). Similar results have 

been reported for Pinus ponderosa (Bedunah and Trlica 1979), 

Casuarina (Clemens et al. 1983), Casuarina and Allocasuarina 

(Laurd and El-Lakany 1984), Rice (Palfi 1965), and Eucalyptus 

canaIdulensis (Sands 1981). 

Analysis of variance indicated that there were 
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differences between the species and between the stress 

treatments with regard to Na concentrations (Appendix Table 

9) . 

Chloride. Castiarina had the highest CI concentrations 

followed by Cupressus and Thui a. Reductions in CI 

concentrations were observed with the decrease in the 

irrigation frequency, higher reductions occurred in the 

biweekly irrigated seedlings than the weekly irrigated 

seedlings (Figure 32 and Table 13). 

CI accumulation in the foliage of salt-treated 

seedlings increased steadily with increasing of NaCl 

concentrations in the irrigation water. Differences in Cl 

accumulation were greater at the higher levels of salt in 

the irrigation water. These findings parallel those reported 

by Townsend (1984), who compared Cl concentrations in the 

stems of 2-year-old seedlings for six tree species treated 

with NaCl solution for 6 weeks; Cl concentrations were low in 

the stems of tolerant species (Ginkgo biloba. Gleditsia 

triacanthos. and Sophora iaponica) and high in sensitive 

species (Pinus strobus. Platanus occidentalis and Cornus 

florida). 

Analysis of variance revealed that there were 

differences among species, and between irrigation and salinity 

stress treatments with regard to Cl concentrations (Appendix 

Table 9). 
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Figure 32. Chloride concentration of Ci5>ressus, Thuja, and Casxoarina 
seedlings in Pima (clay loam) soil at the end of the stress 
period. 
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According to Flowers and Yeo (1986) , ions accxunulation 

is important in the water relations of plants adapted to 

drought; because these ions are used to increase the solute 

content of the cells to lower the osmotic potentials which is 

required to lower the plant water potential without loss of 

turgor. 

Brazito Soil 

Concentrations of nutrient elements in foliage tissue 

of Cupressus. Thuja,, and Casuarina seedlings in Brazito soil 

type (sandy loam) are svimmarized in Figures 33 to 39, and 

Table 14. Summaries of analysis of variance by element are 

presented in Appendix Table 10. 

Nitrogen. Casuarina had higher N concentrations than 

Cupressus or Thuia (Table 14) . Decreasing irrigation frequency 

reduced N concentrations in all species (Figures 33, 34, and 

35). Highest N concentrations mean values associated with the 

daily irrigated seedlings and lowest concentrations with the 

biweekly irrigated seedlings. Weekly irrigated seedlings 

exhibited inteirmediate values. 

N concentrations of salt-treated seedlings decreased 

with increasing salinity of irrigation water at all levels. 

Invariably, highest N concentrations occurred in the control 

treatments (non-saline irrigation) and least concentrations 

occurred in the 8,000 ppm NaCl treatments . 

Analysis of variance revealed that there were species, 
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Figure 33. Nitrogen and phosphate concentrations of Cupressus seedlings 
in Brazito (sandy loam) soil at the end of the stress period. 
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Figure 34. Nitrogen and phosphate concentrations of Thuja seedlings 
in Brazito (sandy loam) soil at the end of the sturess period. 
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Figure 35. Nitrogen and phosphate concentrations of Casxjarina seedlings 
in Brazito (sandy loam) soil at the end of t±ie stress period. 
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irrigation, and salinity differences with regard to N 

concentrations (Appendix Table 10). 

Phosphorus. P concentrations in Thuia exceeded those 

in Cupressus and Casuarina at every treatment combination 

(Figures 33, 34, and 35, and Table 14). Average P 

Concentrations in weekly and biweekly irrigation treatments 

were lower than that of the daily irrigation treatments, 

higher reductions associated with the biweekly irrigated 

seedlings. 

P concentrations in all species were reduced at all 

salinity levels. Lowest P concentrations mean values 

associated with the maximum tolerated level of NaCl in the 

irrigation water. 

Analysis of variance showed species, irrigation and 

salinity treatments effects with regard to P concentrations 

(Appendix Table 10). 

PotassiTim. K concentrations were highest in Casuarina 

followed by Thuia and Cupressus (Table 14). K concentrations 

of all watered-stressed seedlings were lower than those of 

daily irrigated seedlings, lowest values occurred in the 

biweekly irrigation treatments. Salinity treatments altered K 

concentrations for all species. K concentrations, decreased 

steadily in Cupressus with increasing salinity levels. On the 

other hand, K concentrations in Thuia and Casuarina. 

increased with increasing salinity, particularly, at the 
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Table 14. Means for nutrient concentrations of Cupressus, 
Thuja, and Casuarina seedlings in Barzito (sandy-
loam) soil. 

Variable Treatments 

Nutrient concentration 

Ciipressus 

Ca Ma CI 

Irrigation Daily 1 .91a 1991a 14803a 17483a 1937a 6978a 19124a 

ffeekly 1 .60b 1728b 13845b 17712a 1865b 8388b 27194b 

Biweekly 1 .48c 1583c 12976c 16420b 17S7c 70S7c 231S7C 

Salinity- 280 ppm 1 .85a 1953a 14331a 13672a 1660a 2590a 7709a 

2000 ppm 1, .60b 1739b 13775b 17660b 1888b 7923b 26837b 

4000 ppm 1 .36c 1419c 12876c 21682c 2050c 14377c 42B30C 

6000 ppm - - - - - - -

8008 ppm — — 

Thuja 

— " 

Irrigation Daily 1. .71a 2036a 19542a 17784a 1919a 9773a 2483ea 

Weekly 1 .  .60b 1936b 18513b 16038b IBOSb 7838b 23611b 

Biweekly 1. .S2c 1786c 17612c 1498BC 1733c 6750c 21610c 

Salinity 280 ppm 1. ,91a 2395a 16891a 12442a 1479a 1342a 6406a 

2000 ppm 1. .73b 2091b 17685b 13754a 1633b 2882b 14377b 

4000 ppm 1. .S9c 1872c 181S4C 16454b 1766c 5945c 22922e 

6000 ppm 1. 46d 1714d 19532d 184S4C 1950d 12319d 301S4d 

8000 ppm 1. 37e 1525e 20515e 20245d 2268e 18115e 42877e 

Casuarina 

Irrigation Daily 1. 82a 860a 21383a 15851a 2295a 13145a 35887a 

weekly 1. 75b 810b 19933b 14414b 2133b 10356b 32825b 

Biweekly 1. 66c 739c 18330c 14126b 1992c 8639c 30271c 

Salinity 280 ppm 1. 99a 1000a 12583a 9807a 1799a 2394a 8237a 

2000 ppm 1. 85b 889b 15694b 11671b 1911b 5276b 21237b 

4000 ppm 1. 74e 776c 19927c 14944c 2123c 10418c 37002c 

6000 ppm 1. 64d 708d 24267d 16901d 2297d 14031d 43711d 

8000 ppm 1. 50e 64 le 26936e 20662e 2569e 21447e 54784e 

Species Cupressus 1. 66a 1767a 1387Sa 17205a 1853a 7474 a 23158a 

Thuja 1. 61a 1919b 18556b 16270b 1819a 8120 b 233S3a 

Casuarina 1. 74b 803 c 19882c 14797c 2140b 10713c 32994b 

All values followed by a different letter are significantly 
different at 5% probability level. 
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higher NaCl levels (Figure 36, 37, and 38, Table 14). 

Analysis of variance showed differences in K 

concentrations among species, irrigation and salinity 

treatments (Appendix Table 10). 

Calcium. Cupressus. had the highest Ca concentrations 

followed by Thuia and Casuarina (Table 14) . Ca concentrations 

declined with decreasing irrigation frequency. Weekly 

irrigated seedlings of Thuia and Casuarina had lower Ca 

concentrations than that of daily irrigated seedlings. Ca 

accumulation declined further in the biweekly irrigated 

seedlings of Cupressus and Thuia. 

Salt treatments resulted in an increase in Ca 

concentrations at all salinity levels, with one exception. 

Highest increases in Ca concentrations associated with the 

8,000 ppm NaCl level (Figure 36, 37, and 38, and Table 14). 

Analysis of variance revealed that species, irrigation 

and salinity treatments affected Ca concentrations (Appendix 

Table 10). 

Magnesium. Casuarina maintained higher Mg 

concentrations than Cupressus and Thuia (Figures 36, 37, and 

38, and Table 14). Mg concentrations of weekly and biweekly 

irrigated seedlings were lower than that of daily irrigated 

seedlings, least values were observed in the biweekly 

irrigation treatments. 

Mg concentrations of salt-treated seedlings increased 
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Figure 35. Ca, Mg, Na, and K concentrations of Cî iressus seedlings 
in Brazito (sandy loam) soil at the end of the stress period. 
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Figure 37. Ca, Mg, Na, and K concentrations of Thuja seedlings 
in Brazito (sandy loam) soil at the end of the stress period. 
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due to increasing of salinity levels in the irrigation water. 

Greatest increases in Mg concentrations associated with the 

8,000 NaCl level in the irrigation water. 

Analysis of variance revealed that there were 

differences between species, irrigation and salinity 

treatments with regard to Mg concentrations (Appendix Table 

10) . 

Sodium. Casuarina had the highest Na concentrations 

followed by Thuia and Cupressus (Table 14). Na concentrations 

increased in Cupressus with the decrease in irrigation 

frequency, however, higher Na concentrations occurred in the 

weekly irrigated treatments than in the biweekly irrigated 

treatments. On the other hand, Na concentrations decreased in 

Thuia and Casuarina with the decrease in irrigation frequency, 

lowest Na concentrations mean values occurred in the biweekly 

irrigated treatments (Figures 35, 37, and 38, and Table 14). 

Na concentrations increased in salt-treated seedlings 

at all levels (Table 14) . Greatest increases in Na 

concentrations associated with the 8,000 ppm NaCl levels. 

Analysis of variance revealed that there were 

differences in Na concentrations among species, irrigation and 

salinity treatments (Appendix Table 10). 

Chloride. Casuarina had higher concentrations of CI 

than Thuia and Cupressus (Table 14) . Irrigation treatments 

altered CI concentrations of all species. CI concentrations 
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Figure 39. Chloride concentration of Cupressiis, Thuja, and Casviarina 
seedlings in Brazito (sandy loam) soil at the end of the stress 
period. 
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of weekly and biweekly irrigated Casuarina and Thuia seedlings 

were lower than that of daily irrigated seedlings (Figure 39 

and Table 14) . On the other hand, CI concentrations of weekly 

and biweekly irrigated Cupressus seedlings exceeded those of 

daily irrigated seedlings (Table 14) . 

CI concentrations increased steadily, in salt-treated 

seedlings at all levels. Highest increases occurred at the 

8,000 ppm NaCl levels. 

Analysis of variance revealed that there were 

differences in CI concentrations among species, irrigation and 

salinity treatments (Appendix Table 10). 

Seedling Physiology 

Health Condition and Survival 

The decline in the health of Cupressus. Thuia. and 

Casuarina seedlings during the stress period is indicated in 

Table 15 and 16, for Pima and Brazito soil types, 

respectively. The decline in health began to emerge by week 58 

of the stress period. Initially, seedlings responded by 

exhibiting discoloration of foliage (green to pale yellow). 

Advanced stages of decline in seedling health were evidenced 

by incipient wilting, then severe wilting and browning of 

foliage (at which point seedlings were considered to be dead). 

No evidence of poor health was seen in the daily 

irrigated non-saline seedlings from any species on the two 
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soil types throughout the stress period (Tables 15 and 16) . 

However, differences in health condition occurred between 

stressed seedlings in the three species on the contrasting 

soil types. With respect to water stress, the health condition 

declined with the increase in water stress, the most declines 

occurred in the biweekly non-saline irrigation treatments, on 

both soil types (Tables 15 and 16). 

Further distinction could be made for levels of NaCl. 

Within species at each irrigation treatment, the health of 

salt treated seedlings declined more rapidly as the 

concentration of NaCl increased (Tables 15 and 16) . These 

results were similar to those of Bedunah and Trlica (1979), 

Clemens et al. (1983), Sands (1981), Sands and Clarke (1977). 

In this study the symptoms of salt injury were similar in all 

species, seedlings turned yellow in color before they 

succumbed. On both soil types, the greatest decline in health 

and the most salt foliar injury occurred in Cupressus 

seedlings followed by Casuarina and Thuia (Tables 15 and 16) . 

Mortality varied depending upon species, stress 

treatment level, and soil type. Mortality in Pima and Brazito 

soil types was confined to Cupressus seedlings. With respect 

to irrigation frequency, survival of Cupressus seedlings 

decreased in the moist treatment (daily irrigation) and 

increased in the dry treatment (biweekly irrigation) on both 

soils probably, because the moist (daily irrigation) treatment 
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Table 15. Progression of health condition and survival of 
Cupressus, Thuja, and Casuarina seedlings in Pima 
(clay loam) soil. 

Cupressus 
Treatment 

Samplina time (week) / Physioloqical Code* 
Irrigation / 

54 58 62 66 70 74 Salinity 54 58 62 66 70 74 
(ppm) 

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

Daily 280 X X X X X X 

2000 X X X X X X 

4000 X X X X X X 

6000 X X X X X X 

8000 X X X X X X 

Weekly 280 X X X X X X 

2000 X X X X X X 

4000 X X X X X X 

6000 X X X X X X 

8000 X X X X X X 

Biweekly 280 X X X X X X 

2000 X X X X X X 

4000 X X X X X X 

6000 X X X X X X 

8000 X X X X X X 

Physiological Code: 
1 excellent condition 
2 good condition with some discoloration 
3 incipient wilting with discoloration 
4 wilted appearance, leaves wrinkled 
5 mortality, foliage wilted, light brown 
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Table 15. (continued) 

Thuia 

Treatment Sampling time (week) / Physiological Code^ 
Irrigation 

54 58 62 66 70 74 / Salinity 54 58 62 66 70 74 
(ppra) 

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

Daily 280 X X X X X X 

2000 X X X X X X 

4000 X X X X X X 

6000 X X X X X X 

8000 X X X X X X 

Weekly 280 X X X X X X 

2000 X X X X X X 

4000 X X X X X X 

6000 X X X X X X 

8000 X X X X X X 

Bi- 280 X X X X X X 
weekly 

2000 X X X X X X 

4000 X X X X X X 

6000 X X X X X X 

8000 X X X X X X 

' Physiological Code: 
1 excellent condition 
2 good condition with some discoloration 
3 incipient wilting with discoloration 
4 wilted appearance, leaves wrinkled 
5 mortality, foliage wilted, light brown 
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Table 15. (continued) 

Casuarina 

Treatment Sampling time (week) / Physiological Code* 

Irrigation / 54 58 62 66 70 74 
Salinity 
(ppm) 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

Daily 280 X X X X X X 

2000 X X X X X X 

4000 X X X X X X 

6000 X X X X X X 

8000 X X X X X X 

Weekly 280 X X X X X X 

2000 X X X X X X 

4000 X X X X X X 

6000 X X X X X X 

8000 X X X X X X 

Biweekly 280 X X X X X X 

2000 X X X X X X 

4000 X X X X X X 

6000 X X X X X X 

8000 X X X X X X 

• Physiological Code: 
1 excellent condition 
2 good condition with some discoloration 
3 incipient wilting with discoloration 
4 wilted appearance, leaves wrinkled 
5 mortality, foliage wilted, light brown 
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Table 16. Progression of health condition and survival of 
Cupressus, Thuja, and Casuarina seedlings in Brazito 
(sandy loam) soil. 

Cupressus 

Treatment Samplina time (week) / Physiological Code' 
Irrigation / 

54 58 62 66 70 74 Salinity 54 58 62 66 70 74 
(ppm) 

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

Daily 280 X X X X X X 

2000 X X X X X X 

4000 X X X X X X 

6000 X X X X X X 

8000 X X X X X X 

Weekly 280 X X X X X X 

2000 X X X X X X 

4000 X X X X X X 

6000 X X X X X X 

8000 X X X X X X 

Biweekly 280 X X X X X X 

2000 X X X X X X 

4000 X X X X X X 

6000 X X X X X X 

8000 X X X X X X 

' Physiological Code: 
1 excellent condition 
2 good condition with some discoloration 
3 incipient wilting with discoloration 
4 wilted appearance, leaves wrinkled 
5 mortality, foliage wilted, light brown 
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Table 16. (continued) 

Thuja 
Treatment 

Sampling time (week) / Physiological Code* 

Irrigation / 54 58 62 66 70 74 
Salinity 
(ppm) 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

Daily 280 X X X X X X 

2000 X X X X X X 

4000 X X X X X X 

6000 X X X X X X 

8000 X X X X X X 

Weekly 280 X X X X X X 

2000 X X X X X X 

4000 X X X X X X 

6000 X X X X X X 

8000 X X X X X X 

Biweekly 280 X X X X X X 

2000 X X X X X X 

4000 X X X X X X 

6000 X X X X X X 

8000 X X X X X X 

' Physiological Code: 
1 excellent condition 
2 good condition with some discoloration 
3 incipient wilting with discoloration 
4 wilted appearance, leaves wrinkled 
5 mortality, foliage wilted, light brown 



139 

Table 16. (continued) 

Casuarina 
Treatment 

Sampling time (week) / Physiological Code 

Irrigation / 54 58 62 66 70 74 
Salinity 
(ppm) 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

Daily 280 X X X X X X 

2000 X X X X X X 

4000 X X X X X X 

6000 X X X X X X 

8000 X X X X X X 

Weekly 280 X X X X X X 

2000 X X X X X X 

4000 X X X X X X 

6000 X X X X X X 

8000 X X X X X X 

Biweekly 280 X X X X X X 

2000 X X X X X X 

4000 X X X X X X 

6000 X X X X X X 

8000 X X X X X X 

' Physiological Code: 
1 excellent condition 
2 good condition with some discoloration 
3 incipient wilting with discoloration 
4 wilted appearance, leaves wrinkled 
5 mortality, foliage wilted, light brown 
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would have received more salt applications than the drier 

treatments (weekly and biweekly irrigation). It seemed likely 

that the harmful effects of salt varied according to the 

water-frequency treatment; when water (with salt) was added 

less frequently, the effects were much mitigated. 

Less survival was observed in Cupressus with 

increasing salinity levels within irrigation treatments. In 

Pima soil, by the last sample date, 100% mortality occurred at 

the 6,000 and 8,000 ppm NaCl levels (Table 15). In Brazito 

soil the survival of Cupressus seedlings was shorter and the 

mortality was much greater than observed on Pima soil (Table 

16) . 

In general, seedlings on Pima soil were in better 

overall condition (in terms of health condition, salt injury 

symptoms and survival) than on Brazito soil type. These 

findings are similar to those by Horie (1966) who screened 

several Japanese tree species for salt tolerance and found 

greater foliar injury in lighter sandy soils than in the 

heavier clay soils. 

Inhibition of growth, injury, and mortality from NaCl 

irrigation could have been caused by water stress associated 

with the lowered osmotic potential of the soil solution; 

nutritional or osmotic regulation problems resulting from an 

ion imbalance; and/or increased Sodium and /or chloride ions 

in the foliage to levels that Sodium were toxic, or by a 
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combination of all factors of these. 

Seedlings Response in Relation to Soil Type 

According to Kauslik et al. (1969), the possibilities 

of establishing trees in semi-arid and arid regions depend on 

the soil characteristics. To investigate the impact of soil 

characteristics on seedling growth performance during the 

stress period, progressions of shoot height, diameter growth 

and seedling water potentials throughout the stress period 

were evaluated in relation to the two contrasting soil types -

Pima soil type and Brazito soil type (Appendix Tables 11, 12, 

and 13) . Seedling dry weight and nutrient content at the end 

of the stress period were also evaluated in relation to soil 

type and presented in (Appendix Tables 14 and 15) . Means and 

statistical differences in the means are presented in Tables 

17 to 29. 

Seedling Growth 

Analysis of variance of seedling shoot height 

increment and diameter growth indicated that soil type 

affected all species shoot height and diameter growth 

throughout the stress period (Appendix Table 11 and 12). 

Larger shoot increment and diameter growth occurred in 

all species on Pima clay soil rather than on Brazito sandy 

loam soil, 28.4 vs 21.5 cm and 3.42 vs 2.52 mm, respectively 

(Tables 17 and 18) . This finding might be attributed to the 

greater water holding capacity and more available nutrients 
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Table 17. Means for shoot length (cm) of Cupressus, Thuja, and 
Casuarina seedlings in Pima (clay loam) and Brazito 
(sandy loam) soil types. 

Treatment Pima Soil Brazito Soil 

water/salt cupressus Thuja Casuarina Cupressus Thuja Casuarina 
stress 

Daily 22.4 

00 

• 

H
 50.9 13.8 12.1 40.5 

Weekly 21.9 14.5 48.3 13.6 12.0 38.9 

Biweekly 21.1 13.8 46.6 13.1 11.8 37.8 

280 ppm 26.4 15.7 54.9 16.8 13.1 45.3 

2000 ppm 23.4 14.7 51.4 14.8 12.3 41.7 

4000 ppm 21.3 14.2 48.6 13.0 11.7 39.0 

6000 ppm 19.5 13.8 45.3 11.8 11.4 35.7 

8000 ppm 18.4 13.5 42.7 11.1 11.2 33.8 

Species 21.8 14.8 48.6 13.5 11.9 39.1 

Soil Type 28.4a 21.5 b 

Values followed by a different letter are signicantly different at 5% 
probability level. 
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Table 18. Means for shoot diameter (mm) of Cupressus , Thuja, 
and Casuarina seedlings in Pima (clay loam) and 
Brazito (sandy loam) soil types. 

Treatment 

water/salt 
stress 

Cupressus 

Pima Soil 

Thuja Casuarina 

Brazito Soil 

Cupressus Thuja Casuarina 

Daily 3.29 3.52 3.93 2.10 2.68 3.10 

Weekly 3.21 3.44 3.73 2.01 2.60 2.95 

Biweekly 3.00 3.27 3.35 1.93 2.49 2.86 

280 ppm 3.83 4.00 4.35 2.66 3.05 3.57 

2000 ppm 3.50 3.59 4.01 2.41 2.76 3.22 

4000 ppm 3.22 3.37 3.58 1.89 2.58 2.95 

5000 ppm 2.72 3.16 3.32 1.64 2.39 2.58 

8000 ppm 2.57 2.94 2.98 1.47 2.18 2.44 

Species 3.17 3.41 3.67 2.01 2.59 2.97 

Soil Type 3.42a 2.52 b 

Values followed by a different letter are significantly 
different at 5% probability level. 
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under the clay soil conditions than in the sandy loamy soil. 

Seedling Dry weight 

Analysis of variance showed differences in seedlings 

total dry weight, shoot and root dry weight, and shoot/root 

ratios due to soil types (Appendix Table 13). 

Except for Casuarina root dry weight, seedlings 

planted in Pima soil exhibited higher values of total, shoot 

and root dry weight, and shoot/root ratios than seedlings in 

Brazito soil (Tables 19, 20, and 21). 

Seedling Leaf Water Potentials 

Analysis of variance indicated differences in leaf 

water potential due to soil type throughout the stress period 

in all species (Appendix Table 13). 

Seedlings planted on Brazito sandy loam attained lower 

total water potential values than seedlings on Pima clay loam 

soil (Table 22) . It seems likely that variations in the water-

holding capacity of the two soil types influenced the results. 

Coarse textured soils, with their larger proportion of non 

capillary pore space, release their water quickly because of 

the predominance of large pores, and release of additional 

water requires low water potential (Kramer, 1983) . It is 

important that low water potentials in plant be maintained to 

allow for continued absorption of water. Casuarina exhibited 

such characteristics. 
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Table 19. Means for total dry matter (gm) of Cupressus, Thuja, 
and Casuarina seedlings in Pima (clay loam) and 
Brazito (sandy loam) soil types. 

Treatment Pima Soil Brazito Soil 

water/salt cupressus Thuja Casuarina Cupressus Thuja Casuarina 
stress 

Daily- 6.46 6.23 10.4 3.10 4.36 7.86 

Weekly 5.64 5.94 8.96 2.10 4.14 6.84 

Biweekly 5.08 5.37 7.73 1.77 3.19 6.05 

280 ppm 7.26 6.94 13.0 3.21 4.84 11.6 

2000 ppm 5.79 6.44 10.6 1.89 4.35 7.96 

4000 ppm 4.14 5.92 8.68 1.25 3.98 6.25 

6000 ppm - 5.34 7.23 - 3.40 4.94 

8000 ppm - 4.58 5.56 - 2.89 3.80 

Species 5.73 5.85 9.01 2.32 3.89 6.92 

Soil Type 6.86a 4.38 b 

Values followed by a different letter are significantly 
different at 5% probability level. 
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Table 20. Means for stem dry weight (gm) of Cupressus, Thuja, 
and Casuarina seedlings in Pima (clay loam) and 
Brazito (sandy loam) soil types. 

Treatment Pima Soil Brazito Soil 

water/salt cupressus Thuja Casuarina Cupressus Thuja Casuarina 
stress 

Daily- 4.54 4.65 8.28 2.08 2.90 5.59 

Weekly 3.99 4.46 7.18 1.42 2,76 4.94 

Biweekly 3.6 4.09 6.19 1.17 2.28 4.34 

280 ppm 5.29 5.14 10.6 2.17 3.29 8.30 

2000 ppm 4.13 4.80 8.47 1.23 2.95 5.76 

4000 ppm 2.72 4.48 6.96 0.85 2.71 4.56 

6000 ppm - 4.06 5.76 - 2.32 3.48 

8000 ppm - 3.50 4.25 - 1.98 2.69 

Species 4.05 4.40 7.22 1.55 2.65 4.96 

Soil Type 5.22a 3.05 b 

Values followed by a different letter are significantly 
different at 5% probability level. 
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Table 21. Means for root dry weight (gm) of Cupressus, Thuja, 
and Casuarina seedlings in Pima (clay loam) and 
Brazito (sandy loam) soil types. 

Treatment Pima Soil Brazito Soil 

water/salt cupressus Thuja Casuarina Cupressus Thuja Casuarina 
stress 

Daily- 1.92 1.58 2.07 O
 

to
 

1.45 2.26 

Weekly 1.65 1.46 1.72 0.68 1.37 1.90 

Biweekly 1.47 1.28 1.54 0.60 1.14 1.70 

280 ppm 1.96 1.80 2.35 1.04 1.62 3.34 

2000 ppm 1.66 1.64 2.10 0.66 1.46 2.20 

4000 ppm 1.42 1.43 1.69 0.40 1.33 1.69 

6000 ppm - 1.29 1.47 - 1.18 1.43 

8000 ppm - 1.05 1.26 - 1.01 1.12 

Species 1.68 1.44 1,77 0.77 1.32 1.96 

Soil Type 1.63a 1.35 b 

Values followed by a different letter are significantly 
different at 5% probability level. 
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Table 22. Means for leaf water potential (bars) of Cupressus, 
Thuja, and Casuarina seedlings in Pima (clay loam) 
and Brazito soil types. 

Treatment Brazito Soil Pima Soil 

water/salt cupressus Thuja Casuarina Cupressus Thuja Casuarina 
stress 

Daily- -15.7 -12.3 -21.3 -13.6 -11.4 -17.0 

Weekly -16.3 -14.1 -26.6 -15.1 -12.9 -20.3 

Biweekly -20.6 -17.0 -30.1 -16.3 -15.4 -23.0 

280 ppm -15.1 -12.6 -20.8 -12.6 -11.3 -16.0 

2000 ppm -16.5 -13.3 -22.9 -13.8 -12.0 -17.7 

4000 ppm -18.9 -14.2 -25.5 -15.3 -13.2 -19.6 

6000 ppm -18.3 -15.5 -28.5 -16.3 -14.2 -22.2 

8000 ppm -18.8 -16.7 -32.2 -16.9 -15.4 -24.9 

Species -17.5 -14.4 -26.0 -15.0 -13.2 -20.1 

Soil Type -19.3a -16.1 b 

Values followed by a different letter are significantly 
different at 5% probability level. 
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Foliage Nutrient Concentrations 

Analysis of variance indicated significant soil type 

differences for all minerals except P and Ca (Appendix Tables 

15) . 

N concentrations were higher in foliage tissue of all 

species in Pima soil than in Brazito soil, 1.73 vs 1.66%, 

respectively (Table 23). This difference might be due to the 

fact that N found in the clay soil is more available to the 

plant than that found in the sandy loam soil. Consequently, 

these differences were reflected in the better growth of all 

three species on Pima soil rather than Brazito soil. 

The trend in K concentration was different and 

seedlings in Brazito soil appeared to exhibit markedly greater 

K concentrations than in Pima soil (Table 25) . It probably 

resulted from the fact that Brazito soil showed more K 

concentration than Pima soil, 8.60 vs 3.55 ppm, respectively, 

at the beginning of the experiment, determined by the chemical 

analysis of soil types (Table 1). 

All three species maintained higher Mg concentrations 

in Pima soil rather than Brazito soil (Table 27). This result 

is likely due to the higher Mg concentration of the Pima soil 

compared with Brazito soil 4.60 vs 0.445 ppm determined by the 

chemical analysis of soil types (Table l). 

Foliar concentrations of Na and CI, for seedlings in 

Brazito soil exceeded those in Pima soil, 7520 vs 4756 ppm and 
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Table 23. Means for Nitrogen concentration (%) of Cupressus, 
Thuja, and Casuarina seedlings in Pima (clay loam) 
and Brazito (sandy loam) soil types. 

Treatment Pima Soil Brazito Soil 

Cupressus Thuja Casuarina Cupressus Thuja Casuarina 
stress 

Daily- 1.90 1.77 1.94 1,90 1.71 1.82 

Weekly 1.71 1.64 1.79 1,60 1.60 1.75 

Biweekly 1,53 1.52 1.67 1.48 1.47 1.64 

280 ppm 1,98 1.92 2.17 1.85 1.90 1.99 

2000 ppm 1.72 1.74 1.90 1.59 1.71 1.85 

4000 ppm 1.54 1.63 1.76 1.35 1.57 1.74 

6000 ppm - 1.50 1.67 - 1.44 1.63 

8000 ppm - 1.41 1.49 - 1.34 1.46 

Species 1.75 1.64 1.80 1.66 1.59 1.74 

Soil Type 1.73a 1.66 b 

Values followed by a different letter are significantly 
different at 5% probability level. 
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Table 24. Means for Phosphate concentration (ppm) of 
Cupressus, Thuja, and Casuarina seedlings in Pima 
(clay loam) and Braito (sandy loam) soil types. 

Treatment Pima Soil Brazito Soil 

Cupressus Thuja Casuarina Cupressus Thuja Casuarina 
stress 

Daily 1756 2564 1062 1991 2036 860 

Weekly- 1495 2343 994 1728 1936 810 

Biweekly 1375 2008 563 1583 1786 739 

280 ppm 1801 2752 768 1953 2395 1000 

2000 ppm 1502 2496 1414 1739 2091 889 

4000 ppm 1324 2286 608 1419 1872 776 

6000 ppm - 2167 549 - 1715 708 

8000 ppm - 1825 1024 - 1525 641 

Species 1542 2305 624 1767 1920 803 

Soil Type 149Ca 1497a 

Values followed by a different letter are significantly 
different at 5% probability level. 
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Table 25. Means for Potassium concentration (ppm) of 
Cupressus, Thuja, and Casuarina seedlings in Pima 
(clay loam) and Brazito (sandy loam) soil types. 

Treatment Pima Soil Brazito Soil 

Cupressus Thuja Casuarina Cupressus Thuja Casuarina 
stress 

Daily 12373 10051 14098 14802 19542 21382 

Weekly 11487 9174 12150 13845 18513 19933 

Biweekly 10251 8953 10559 12976 17612 18330 

280 ppm 12358 9459 10039 14331 16892 12583 

2000 ppm 11423 9334 10648 13775 17685 15694 

4000 ppm 10331 9285 11844 12876 18154 19927 

6000 ppm - 9445 13278 - 19532 24267 

8000 ppm - 9440 15536 - 20515 26937 

Species 11371 9393 12269 13874 18556 19882 

Soil Type 11011a 17437 b 

Values followed by a different letter are significantly 
different at 5% probability level. 
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Table 26. Means for Calcium concentration (ppm) of Cupressus, 
Thuja, and Casuarina seedlings in Pima (clay loam) 
and Brazito (sandy loam) soil types. 

Treatment Pima Soil Brazito Soil 

water/salt cupressus Thuja Casuarina Cupressus Thuja Casuarina 

Daily 18458 19506 17079 17483 17784 15851 

Weekly- 17043 16961 14766 17712 16038 14414 

Biweekly 14962 14893 13281 16420 14988 14126 

280 ppm 13100 12731 10474 13672 12442 9807 

2000 ppm 15688 14444 12461 17660 13754 11671 

4000 ppm 21674 17034 14457 21682 16454 14944 

6000 ppm - 19352 16958 - 18454 16901 

8000 ppm - 22033 20859 - 20245 20662 

Species 16821 17119 15042 17205 16270 14797 

Soil Type 16327a 16091a 

Values followed by a different letter are significantly 
different at 5% probability level. 
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Table 27. Means for Magnesium concentration (ppm) of 
Cupressus, Thuja, and Casuarina seedlings in Pima 

(clay loam) and Brazito (sandy loam) soil types. 

Treatment Pima Soil Brazito Soil 

f S3.lt. cupressus Thuja Casuarina Cupressus Thuja Casuarina 
stress 

Daily 2438 2104 2295 1937 1919 2259 

Weekly 2097 1945 2133 1865 1805 2079 

Biweekly 1944 1803 1992 1757 1733 1921 

280 ppm 1847 1565 1799 1659 1479 1754 

2000 ppm 2078 1768 1911 1888 1633 1896 

4000 ppm 2555 1970 2123 2049 1766 2083 

6000 ppm - 2093 2297 - 1950 2232 

8000 ppm - 2356 2569 - 2268 2465 

Species 2160 1950 2140 1853 1819 2086 

Soil Type 2083a 1919 b 

Values followed by a different letter are significantly 
different at 5% probability level. 
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Table 28. Means for Sodium concentration (ppm) of Cupressus, 
Thuja, and Casuarina seedlings in Pima (clay loam) 
and Brazito (sandy loam) soil types. 

Treatment Pima Soil Brazito Soil 

water/salt cupressus Thuja Casuarina Cupressus Thuja Casuarina 
stress 

Daily 6589 4911 8771 6978 6831 13145 

Weekly 4936 4901 8757 8388 6826 13155 

Biweekly 3629 4847 8352 7057 6656 12559 

280 ppm 1310 1255 1828 2590 1342 2394 

2000 ppm 3611 1950 3501 7923 2738 5276 

4000 ppm 10233 2618 6063 14926 5339 10418 

6000 ppm - 4742 9554 - 7674 14031 

8000 ppm - 8221 13251 - 11809 21447 

Species 5052 3359 5857 7474 5298 9787 

Soil Type 4756a 7520 b 

Values followed by a different letter are significantly 
different at 5% probability level. 
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Table 29. Means for Chloride concentration (ppm) of Cupressus, 
Thuja, and Casuarina seedlings in Pima (clay loam) 
and Brazito (sandy loam) soil types. 

Treatment Pima Soil Brazito Soil 

water/salt cupressus Thuja Casuarina Cupressus Thuja Casuarina 
stress 

Daily 25238 19986 29318 29123 24838 35887 

Weekly 22157 16631 25936 27193 23612 32825 

Biweekly 18555 14518 23824 23157 21610 30271 

280 ppm 6629 5037 7385 7710 6406 8237 

2000 ppm 21643 11126 17841 26836 14378 21237 

4000 ppm 37677 15569 27293 42830 22922 37002 

6000 ppm - 23239 34839 - 30184 43711 

8000 ppm - 30254 44439 - 42877 54784 

Species 21983 17045 26359 26491 23353 32994 

Soil Type 21796a 27613 b 

Values followed by a different letter are significantly 
different at 5% probability level. 



27613 vs 21796 ppm, respectively (Tables 28 and 29). 
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SUMMARY AMD CONCLUSIONS 

Identifying the tree species which survive, and grow 

and produce satisfactorily under conditions of drought and 

salinity is important for the success of afforestation and 

revegetation in arid and semi-arid regions. Cupressus. Thuia 

and, Casuarina seedlings were raised in a greenhouse 

environment for a period of 44 weeks before undergoing water 

and salt stress treatments for 30 weeks to compare the growth 

and performance of the seedlings under conditions of water and 

salt stress and various soil characteristics. 

Italian Cypress Cupressus sempervirens. Oriental 

Arborvitae Thuia orientalis and She-Oak Casuarina 

ecruisetifolia container-seedlings were planted in two 

different soil types, the Pima soil type (clay loam); and the 

Brazito soil type (sandy loam) with the ultimate objective to 

make recommendations as to the performance of the different 

seedlings in certain types of soil. 

The progression of seedling morphology, total water 

potential, health condition, and survival was evaluated during 

the water and salt stress period. Differences in foliage 

nutrient content at the end of the stress period were 

investigated, and the impact of the soil characteristics on 

seedling response to the stress treatments was compared. The 

study resulted in the following conclusions: 

1. There were differences between species throughout 
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the stress period with regard to the evaluated parameters. 

2. Shoot length, diameter growth, and total water 

potential throughout the stress period, and total dry weight 

and shoot and root dry weight were reduced in all species by 

increasing water and salt stress treatment levels, with only 

few exceptions. However, the rate of reductions were not 

uniform. 

3. Irrespective of the species, the higher the level 

of water and/or salt stress treatment level, the higher and 

more rapid were the reduction and decline of morphological 

parameters and total water potential. 

4. The effects of salinity were modified by 

irrigation treatment level, when water (with salt) was added 

less frequently, the effects were much mitigated. 

5. The species exhibited a wide range of response to 

water and salt stress, with Thuia showing the least and 

Cupressus showing the greatest growth reduction; growth of 

Casuarina was intenaediate. 

6. Leaf water potential was lowest in Casuarina. and 

highest in Thuna in all treatments. 

7. N, P, K, Mg, Na, and Cl concentrations of foliage 

tissue decreased with increasing water stress (except for, Na 

and Cl in Cupressus seedlings on Brazito soil). N and P 

concentrations were reduced with the increase of salinity 

levels; Ca, Mg, Na and Cl concentrations increased steadily 
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with increasing NaCl levels in the irrigation water. K was 

selectively accumulated. 

8. Health of seedlings declined with increasing water 

and salt stress. All sodium chloride treatments caused foliar 

injury. Relative foliar injury increased with time and NaCl 

concentrations in the irrigation water. 

9. On both soil types, Thuia showed the least foliar 

injury in response to salinity treatments. Casuarina was 

intermediate and Cupressus showed the most injury. 

10. On both soil types, all Thuia and Casuarina 

seedlings survived the highest salinity level tested (8000 ppm 

NaCl), but with visible injury. 

11. Mortality on both soils was confined to Cupressus. 

Within the limited length of the study. 

12. Soil type affected seedling morphology and total 

water potential throughout the stress period, total and shoot 

and root dry weight and foliage ion concentrations at the end 

of the experiment. 

13. In all species (except for Casuarina' s root dry 

weight), higher shoot increment, diameter growth, total and 

shoot and root dry weight occurred on Pima clay loam soil 

rather than on Brazito sandy loam soil. 

14. All seedlings leaf water potentials reached lower 

values on Brazito sandy loam than on Pima clay loam soil. 

15. Except for P and Ca, soil type had significant 
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effects on foliage ion concentrations in all seedlings. 

Foliage N, and Mg concentrations were higher on Pima soil 

rather than on Brazito soil, while values of foliage K, Na, 

and Cl ion concentrations on Brazito soil exceeded those on 

Pima soil. 

16. All seedlings on Pima soil were in better overall 

health than on Brazito soil type (based upon health, foliar 

damage, and growth and survival results). 

17. Survival of Cupressus seedlings was less on 

Brazito sandy loam than on Pima clay loam soil. 

By combining the growth and survival results, Thuia 

and Casuarina seems to be relatively tolerant, both to water 

and salt stress together. Also, the results of this study 

demonstrate Cupressus intolerance to salt stress compared with 

Thuia and Casuarina. which can be of particular importance 

when Cupressus is planted in conditions where salinity is a 

limiting factor. However, the trials reported here should be 

extended to a field situation to confirm these results. 

It is recommended that Thuia and Casuarina be used for 

afforestation and rehabilitation of moderately saline and more 

semi-arid areas of Egypt. Thuia and Casuarina can be 

incorporated in agroforestry systems, in plantings for 

windbreaks and shelterbelts, and to stabilize sand dunes and 

generally improve a site for agricultural production. 

Cupressus may be used in planting for agroforestry systems 
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and windbreaks and shelterbelts on more mesic sites where NaCl 

concentrations of the irrigation water does not exceed 4,000 

ppm. 



Appendices 
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Appendix Table 1 

Analysis of variance (F values) and significance levels- of 
shoot length of Cupressus, Thuja, and Casuarina seedlings in 
Pima soil (clay loam) for each sample time during the stress 
period. 

Source 
of 

Sample time (week) 

variation 
df 

44 46 50 54 58 62 66 70 74 

Block 2 

Species 
(Sp) 2 

*** 

6191 
*** 
5450 

*** 
5609 

*** 

6957 
*** 

8521 
*** 
9892 

"k-kie 
8453 

*** 
6972 

*** 
7757 

Error (a) 4 

Irrigation 
(I) 

2 0.50 
** 

9.37 
*** 
18.5 

*** 
18.5 

*** 
15.9 

* 
5.72 0.20 2.77 

* 
4.22 

I X Sp 4 1.29 
* 

3.65 
* 

4.59 
* 

4.47 
* 

4.01 
** 
8.18 

*** 
14.2 

*** 
20.1 

* 
5.36 

Error (b) 12 

Salt (S) 4 0.06 
*** 

14. 7 
*** 

84.8 
*** 
173 

*** 
267 

*** 
489 

*** 
781 

*** 
679 

*** 
1061 

S X Sp 8 0.94 1.64 
*** 

12.9 
*** 
29.9 

*** 
45.3 

*** 
76.5 

*** 
146 

*** 
147 

*** 
239 

S X I 8 0.25 0.30 
* 

2.14 
*** 

4.90 
*** 
8.89 

*** 
49. 1 

*** 
77.8 

*** 
52.4 

*** 
42.9 

S X I X Sp 16 0.40 0.42 0.50 1.31 
* 

2.06 
*** 
22.5 

*** 
36.4 

*** 
23.8 

*** 
19.2 

Error (c) 72 

Significance levels 
* p i 0.05 
** p s 0.01 
*** p s 0.005 
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Appendix Table 2 

Analysis of variance (F values) and significance levels- of 
shoot diameter of Cupressus, Thuja, and Casuarina seedlings in 
Pima soil (clay loam) for each sample time during the stress 
period. 

Source o£ 
variation 

Sanple time (week) 

Source o£ 
variation 

df 
44 46 50 54 58 62 66 70 74 

Block 2 

Species (Sp) 
2 141 

** 

39.1 
4-

16.8 
** 

20.4 
** 

22.8 
** 

57.1 
*•* 
14.5 

*** 

137 
**• 

163 

Error (a) 4 

Irrig. (I) 2 0.80 3.81 
• •• 

13.6 
*** 

18.3 19.6 
*** 

14.4 2.81 2.43 
** 

10.0 

I X Sp 4 0.90 0.18 0.79 1.30 2.02 10.6 
*** 

18.3 
*•* 

18.3 
•k 

5.03 

Error (b) 12 

Salt (S) 4 0.26 
• 

3.07 
•kit-It 
17.7 38.0 

**• 

59.3 
*** 

121 
• ** 

225 283 
*** 

398 

S X Sp 8 0.51 0.60 0.42 0.47 0.50 
*** 

4.55 
*** 

22.5 
*** 

35.0 .1 

S X X 8 0.19 0.17 0.26 0.29 0.54 
*** 

7.78 
• ** 
14.4 

*** 

14.2 
*1r* 
10.6 

S X X X Sp 16 0.32 0.25 0.24 0.13 0.10 
*•* 
4.20 

*** 

8.01 7 .33 
**1r 
4.75 

Error (c) 72 

' Significance levels 
* p ^ 0.05 
** p ^ 0.01 
*** p £ 0.005 
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Appendix Table 3 

Analysis of variance (F values) and significance levels* of 
shoot length of Cupressus, Thuja, and Casuarina seedlings in 
Brazito soil (sandy loam) for each sample time during the 
stress period. 

Source o£ Saitple time (week) 

variation 
df 

44 46 50 54 58 62 66 70 74 

Block 2 

Species 
(Sp) 2 

*#• 

61520 
*** 
6258 

*** 

4227 
*** 
3352 2006 1884 

*** 
1576 

*** 
1529 

*** 
1423 

Error (a) 4 

Irrig. (I) 2 0.73 0.86 2.70 
* 

5.80 
** 

7.93 3.33 0.15 
* 

4.23 
* 

4.39 

I X Sp 4 1.19 0.21 0.51 1.20 2.08 
** 

7.22 
*** 

16.7 
** 

9.33 
*** 
13.0 

Error (b) 12 

Salt (S) 4 0.13 
*** 
11.3 

***  

42.0 
***  

143 
*** 

242 
**• 
637 

*•* 
991 1256 

*** 
1442 

S X Sp 8 0.36 0.69 
* 

2.30 
* • *  

16.7 
*** 
45.4 

**• 
131 

• •• 

178 226 
*** 

239 

S X X 8 0.14 0.33 0.76 1.91 
*• 

3.08 28.5 
•k** 
46.7 

•kit* 
28.3 

*•* 
24.7 

S X X X Sp 16 0.47 0.15 0.23 0.39 0.79 
*** 
13.4 23.8 

*** 
15.3 18.4 

Error (c) 72 

' Significance levels 
* p s 0.05 
** p ^ 0.01 
*** p ^ 0.005 
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Appendix Table 4 

Analysis of variance (F values) and significance levels* of 
shoot diameter of Cupressus, Thuja, and Casuarina seedlings in 
Brazito soil (sandy loam) for each sample time during the 
stress period. 

Source 
of 

variation df 

Sanple tine (week) 

Source 
of 

variation df 44 46 50 54 58 62 66 70 74 

Block. 2 

Species (Sp) **•  • ** • ** *** ***  Species (Sp) 
2 262 197 166 145 106 112 160 216 289 

Error (a) 4 

* **  

Irrig. (I) 2 0.38 1.91 5.68 8.79 9.25 2.85 0.15 3.24 2.98 

** * ** 

X X Sp 4 0.33 0.34 0.27 0.17 0.13 2.53 7.25 3.91 5.57 

Error (b) 12 

**• *** *** **• *** 

Salt (S) 4 0.25 1.10 12.4 29.6 52.9 97.0 158 236 316 

** **• *•* **•  

S X Sp 8 0.25 0.38 0.39 0.39 0.74 3.72 11.7 23.4 27.5 

*** *** *** 

S X X 8 0 .25 0.22 0 .29 0.41 0.76 3.83 6.66 4.38 6.95 

*** * ** 

S X X X Sp 16 0.12 0.08 0.08 0.06 0.05 1.69 3.09 1.95 2.90 

Error (c) 72 

^ Significance levels 
* p £ 0.05 
** p 5 0.01 
*** p ^ 0.005 
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Appendix Table 5 

Analysis of variance (F values) and significance levels- of 
dry weight parameters of Cupressus, Thuja, and Casuarina 
seedlings in Pima soil (clay loam) at the end of the stress 
period. 

Dry weight (D.wt) 

Source of Shoot Root Total Shoot:Root 

variation 
D.wt D.wt D.wt Ratios 

variation df 

Block 2 

Species *** *** *** *** 

(Sp) 2 14733 198 71834 311 

Error (a) 4 

*** *** *** *** 

Irrig (I) 2 119 74.2 145 14.4 

*** •kick *** ** 

I X P 4 48.2 19.3 52.2 5.78 

Error (b) 12 

*** *** *** 

Salt (S) 4 2369 2005 3354 265 

*** *** •k-kie *** 

S X Sp 8 263 229 327 219 

*** *** *** *** 

S X I 8 36.7 52.2 55.9 16.9 

*** *** *** *** 

S X I X Sp 16 24.1 40.8 37.4 14.8 

Error (c) 72 

' Significance levels 
*  p  ^  0 . 0 5  

* *  p  s  0 . 0 1  
* * *  p  5  0 . 0 0 5  
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Appendix Table 6 

Analysis of variance (F values) and significance levels' of 
dry weight parameters of Cupressus, Thuja, and Casuarina 
seedlings in Brazito soil (sandy loeim) at the end of the 
stress period . 

Dry weight (D.Wt) 
Source of 

variation df 

Shoot 
D.Wt 

Root 
D.Wt 

Total 
D.Wt 

Shoot;Root 
Ratios 

Block 2 

Species 
(P) 2 

•k-kic 
5241 

*** 

2165 
*** 

5827 
*** 

1052 

Error (a) 4 

* * * * * * *** 

Irrig (I) 2 213 88. 3 694 6. 61 

*** *** *** ** 

I X P 4 44.2 23.4 155 6.45 

Error (b) 12 

*** *** *** *** 

Salt (S) 4 5220 1550 5725 168 

*** *** *** *** 

S X P 8 942 220 957 109 

*** *** *** *** 

S X I 8 61.1 16.1 63.2 19.6 

*** *** *** *** 

S X I X P 16 24.9 7.38 25.5 11.2 

Error (c) 72 

' Significance levels 
* p ^ 0.05 
** p s 0.01 
*** p S 0.005 
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Appendix Table 7 

Analysis of variance (F values) and significance levels' of 
leaf water potential of Cupressus, Thuja, and Casuarina 
seedlings in Pima soil (clay loam) for each sampling time 
during the stress period. 

Source 
of variation df 

Sample time (week) Source 
of variation df 

44 50 55 62 68 74 

Block 2 

Species (Sp) *** *** *** *** *** *** Species (Sp) 
2 1051 496 452 776 1820 2924 

Error (a) 4 

ns **•* *** *** *** • * * 
Irrig. ( I )  2 0.541 315 740 660 876 1507 

ns *** *** *** *** *** 

I X Sp 4 0.484 10.4 30.3 60.7 29.3 34.3 

Error (b )  12 

ns *** *** *** *** *** 

Salt (S)  4 1.26 324 466 476 523 523 

ns *** *  * * *** *** *** 

S X Sp 8 0.552 44.7 30.2 19.8 111 665 

ns *** *** *ie* *** *** 

S X I 8 0.392 13.7 13.5 8.53 153 405 

ns *** *** *** *** *** 

S X I X Sp 16 0.745 3.81 5.38 7.20 61.9 182 

Error fc) 72 

' Significance levels 
* p ^ 0.05 
** p 5 0.01 
*** p £ 0.005 
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Appendix Table 8 

Analysis of variance (F values) and significance levels- of 
leaf water potential of Cupressus, Thuja, and Casuarina 
seedling in Brazito soil (sandy loam) for each sampling time 
during the stress period. 

Source Sample time (week) 
of variation df 

44 50 55 62 68 74 

Block 2 

Species (Sp) 
2 

*** 
606 

*** 
960 

*** 
4610 

*** 
13513 

*** 
3662 

*** 
14301 

Error (a) 4 

Irrigation (I) 2 
ns 

0.391 
*** 
139 

*** 
275 

*** 
782 

*** 
786 

*** 
2881 

I X Sp 4 
ns 

0.474 
*** 
12.2 

*** 
44.6 

*** 
38 . 0 

*** 
37.3 

*** 
185 

Error (b) 12 

Salt (S) 4 
ns 

0.409 
*** 
336 

*** 
577 

*** 
576 

*** 
349 

*** 
501 

S X Sp 8 
ns 

0.311 
*** 
17.7 

*** 
59.8 

*** 
185 

*** 
578 

*** 
1161 

S X I 8 
ns 

0.590 
*** 
5.15 

* 
2.25 

*** 
132 

*** 
248 

*** 
381 

S X I X Sp 16 
ns 

0.605 
* 

2.07 
*** 
7.34 

*** 
84.6 

*** 
161 

*** 
224 

Error (c) 72 

' Significance levels 
* p ^ 0.05 
** p 5 0.01 
*** p S 0.005 
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Appendix Table 9 

Analysis of variance (F values) and significance levels- of 
nutrient concentration of Cupressus, Thuja, and Casuarina 
seedlings in Pima soil (clay loam) at the end of the stress 
period. 

Source of 

variation df 

Nutrient concentration 
Source of 

variation df 
N P K Ca Mg Na CI 

Block 2 

ie-k-k * • *  *  *  *** Hr *  *  *  *  *  *  

Species (P) 2 1954 33.4 3312 682 16.2 6136 7313 

Error (a) 4 

*  *  •  * *  * * *  * * *  *  * * * *  *  *  

Irrig. (I) 2 333 7.57 746 189 6.41 1488 1999 

* * * ns *  *  •  * * ns * * • * * *  

I X P 4 11.0 0.918 122 9.10 0.762 72.9 26.4 

Error (b) 12 

*  *  *  * * *  *  *  *  * * * * • * * * • *  *  *  

Salt (S) 4 3453 9.80 529 229 10.7 3213 13107 

*  *  *  * * * * * *  * * * *  *  *  *  •  *  *  *  *  

S X P 8 1064 3.78 1622 786 21.2 3079 12606 

* • • ns *  *  *  • * ns * * * * * *  

S X I 8 4.39 1.01 4.35 2.97 1.16 132 137 

* * * ns *  *  *  *  *  *  ns *  *  •  * * * 

S X I X P 16 6.22 1.16 16.8 4.58 1.29 97.8 71.8 

Error fc) 72 

' Significance levels 
* p ^ 0.05 
** p S 0.01 
*** p S 0.005 
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Appendix Table 10 

Analysis of variance (F values) and significance levels- of 
nutrient concentration of Cupressus, Thuja, and Casuarina 
seedlings in Brazito soil (sandy loam) at the end of the 
stress period. 

Source of 

variation 

Nutrient concentration 
Source of 

variation df 
N p K Ca Mg Na 01 

Block 2 

*  *  *  *** •kkk *  *  *  *  *  *  kkk * * *  

Species (P) 2 4320 13912 20327 328 5758 2348 18406 

Error (a) 4 

• * * * * *  *  *  *  k *  *  *  kkk * * * 

Irrig. (I) 2 119 70.8 104 4.92 39.5 277 278 

* * * * * *  •  *  *  *  *  *  *  *  *  *  *  kkk 

I X P 4 201 111 187 6.19 166 252 886 

Error (b) 12 

• * * * * * kick * * *  kkk * * * *  *  *  

Salt (S) 4 3252 2811 44.4 8.46 359 2782 6482 

* * * •kick * * *  *  *  *  * * *  *  *  *  * * *  

S X P 8 935 737 1719 95.5 2479 1983 5092 

*  *  *  *** kkk * * * *  *  *  kkk *  *  *  

S X I 8 100 73.0 41.1 5.91 204 lis 339 

* * *  * * • kkk * * *  * * *  *  *  *  * * *  

S X I X P 16 110 82.0 65.3 8.52 179 135 347 

Error f c )  72 

- significance levels 
* p ^ 0.05 
** p ^ 0.01 
*** p ^ 0.005 
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Appendix Table 11 

Analysis of variance (F values) and significance levels- of 
shoot length of Cupressus, Thuja, and Casuarina seedlings in 
relation to soil type for each sample time during the stress 
period. 

Source of 
variation <3f 

Sample time (week) 

Source of 
variation <3f 44 46 50 54 58 62 66 70 74 

Block 2 

Soil type (ST) 1 * * *  * * *  * * *  * « *  * * *  ieieie * * *  *** •kit* Soil type (ST) 
33960 1067 775 188 437 412 291 283 212 

Error (a) 2 

Species (Sp) *** * * * * * *  *  *  *  *  *  *  * * * * * * *  *  *  kkk Species (Sp) 
2 19811 10270 9900 2762 7804 7046 5838 5723 5754 

* * *  *  *  *  *** * * *  * * * * * • *  *  *  kkk 

ST X Sp 2 313 126 169 39.8 112 IS.9 51.0 50.6 51.7 

Error (b) 4 

*  *  *  * * * *  *  *  * * *  * * *  *  *  kkk 

Irrig. (I) 2 0.82 7.74 16.6 14.9 23.3 8.94 0.34 4.81 7.73 

*  • *  *  

ST X  I 2 0.26 1.62 2.48 3.06 2.65 1.05 0.03 1.04 1.44 

*  *  *  *  *  * * *  *  *  *  *  *  *  * * *  kkk 

Sp X  I 4 1.89 1.90 3.65 4.97 5.78 14.9 28.6 22.5 10.9 

• * * * 

ST X  Sp X  I 4 0.65 0.59 0.90 2.03 0.74 0.85 1.17 3.69 2.02 

Error (c) 24 

* * *  *  *  *  * * *  *  *  *  ie "kic • * * *  *  *  •  *  *  *  

Salt (S) 4 0.08 21.2 94.5 61.7 350 654 983 1184 1167 

* * * * * * * * *  * * * * • * * * *  *  *  *  

ST X  S 4 0.08 0.53 7.01 2.60 4.03 4.44 8.41 6.50 18.2 

*  *  *  *  *  *  *  *  *  *  •  *  • * * * * *  kkk 

Sp X  S 8 0.32 1.05 9.23 9.16 61.8 111 168 222 216 

*  *  *  * * * * * *  * * * * * *  kkk 

I X  S 8 0.16 0.28 1.55 2.44 8.08 46.8 71.9 53.2 25.5 

* * *  * * * •kick •  *  *  *  *  *  * * *  

ST X  Sp X  S 8 0.87 1.07 3.65 2.00 0.53 5.23 13.5 12,7 20.5 

* * *  k if it k kk * * * 

ST X  I X  S 8 0.31 0.36 0.84 1.23 0.98 3.73 5.27 10.6 9.29 

* * * *  *  *  *  * * * * * *  

Sp X  I X  S 16 0.25 0.26 0.24 1.51 1.70 21.7 34.5 21.6 9.09 

*  *  *  *  • • * * * *  

ST X  Sp X  I X  S 16 0.25 0.15 0.35 1.27 0.41 1.70 2.34 6.94 8.28 

Error fd^ 88 

Significance levels ( * p s 0.05),( ** p s 0.01),( *** p s 0.005) 
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Appendix Table 12 

Analysis of variance (F values) and significance levels* of 
shoot diameter of Cupressus, Thuja, and Casuarina seedlings in 
relation to soil type for each sample time during the stress 
period. 

Sample time (week) 

Source of 
van" ation df 44 46 50 54 58 62 66 70 74 

Block 2 

Soil type (ST) 1 icicic 

1561 
*** 
424 

* * * 
537 

*** 

202 
*** 
169 

* * * 
123 

* * * 
141 

kkk 

238 
* * * 
118 

Error (a) 2 

Species (Sp) 2 
* * * 
349 

*** 
183 

* * * 

102 
* * * 
91.2 

*** 
75.5 

* * *  

109 
* * * 
176 

*** 
180 

kkk 

246 

ST X Sp 2 
* * * 

137 
* * * 
50.5 

* * * 
13.4 

* • 
10.0 

* 
6.03 2.63 0.71 1.02 3.29 

Error (b) 4 

Irrig. (I) 2 0.10 
* * 

5.05 
*** 
17.8 

*** 
19.1 

* • * 
19.4 

•kick 

9.56 0.87 
* 

4.28 
* k 

5.49 

ST X  I 2 0.81 0.47 
* 

2.69 2.35 
* 

3.09 
k 

3.53 1.62 0.40 2.51 

Sp X  I 4 0.26 0.21 0.90 1.06 1.67 
* * * 
8.81 

kkk 

17.4 
kkk 

12.7 
kkk 

5.06 

ST X  Sp X  I 4 0.56 0.17 0.70 0.51 0.58 1.48 2.26 
* 

3.77 0.83 

Error (c) 24 

Salt (S) 4 0.22 
* * * 
4.30 

* • * 
27.2 

*** 
69.6 

* * * 
108 

*** 
205 

*** 
326 

kkk 

338 
* • * 
534 

ST X  S 4 0.25 0.45 1.03 0.61 0.56 1.30 
k 

3.28 
* 

2.32 
*** 
6.22 

Sp X  S 8 0.50 0.48 0.45 0.51 0.68 
*** 
6.54 

*** 
26.0 

* * * 
32.9 

kkk 

48.0 

I X  S 8 0.29 0.36 0.46 0.66 1.08 
*** 
9.73 

* * * 
15.7 

* • • 
9.99 

ilr • * 

8.15 

ST X  Sp X  S 8 0.60 0.88 0.58 0.43 0.36 0.55 1.62 1.41 
* * * 
5.52 

ST X  I X  S 8 0.41 0.28 0.33 0.10 0.12 0.81 1.40 
*** 
3.18 

*** 
4.81 

Sp X  I X  S 16 0.26 0.21 0.30 0.13 0.11 
*** 
5.48 

kkk 

9.49 
kkk 

5.11 
kkk 

2.91 

ST X  Sp X  I X  S 16 0.30 0.25 0.20 0.16 0.13 0.37 0.51 1.26 
kkk 

2.91 

Error fd) 88 

' Significance levels: (* p s 0.05), (** p s 0.01), 
(*** p 5 0.005) 
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Appendix Table 13 

Analysis of variance (F values) and significance levels* of 
dry weight parameters of Cupressus, Thuja, and Casuarina 
seedlings in relation to soil type for each sample time during 
the stress period. 

Source of df Drymatter parameters 
variation 

Root Stem Total S/R ratio 

Block 2 

Soil type (ST) 1 
*** 
238 

*** 
7858 

*** 
3963 

**« 
50514 

Error (a) 2 
* * * kkk * * * * * * 

Species (Sp) 2 2234 12032 11207 1215 

•kick * * * * * * *** 

ST X Sp 2 266 31.8 35.4 55,3 

Error (b) 4 

*** * • * * * * *** 
Irrig. ( I )  2 202 305 484 12-7 

Hr * * * *** *** 

ST X I 2 3.83 16.0 18.2 8.90 

* * * *** * * * * 

Sp X I 4 46.6 60.7 98.9 3.32 

* * *** * * * *** 

ST X Sp X I 4 4.21 12.4 13.9 6.86 

Error ( c )  24 

kick kkk * * * * * * 
Salt (S) 4 1950 5539 6185 334 

*** • * * •kieic * * * 
ST X S 4 65.4 254 205 11.8 

*** *** *** kkk 

Sp X s  8 145 667 648 246 

kkk * * * * * * *** 
I X s  8 27.1 87.3 92.7 12.6 

* * * * * * *** * * * 
ST X Sp X S 8 106 114 147 20.9 

*** ilr * * * * * kkk 

ST X I X S 8 6.62 22.7 21.3 20.1 

* * * *** *** kkk 

Sp X I X S 16 11.0 36.9 37.7 13.0 

* * * kiek * * * * * * 

ST X Sp X I X S 16 11.3 21.7 25.0 12.1 

Error (d) 88 

• Significance levels 
* p 5 0.05 ** p S 0.01 *** p S 0.005 
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Appendix Table 14 

Analysis of variance (F values) and significance levels* of 
leaf water potential of Cupressus, Thuja, and Casuarina 
seedlings in relation to soil type for each sample time during 
the stress period. 

Source of 
variation 

Sample time (week) Source of 
variation df 

44 50 55 62 68 74 

Block 2 
* * *  * * *  *  *  *  * * * *  *  *  

Soil type (ST) 1 17.7 93.1 319 818 812 2064 

Error (a) 2 

Species (Sp) 
* * * *  *  *  *  *  *  * * • *  •  *  

Species (Sp) 2 1799 1602 3065 4769 5122 13234 

*  *  •  •  **  * * *  * * *  * • * 

ST X Sp 2 1.44 62.5 290 516 564 717 

Error (b) 4 

* * *  *  *  *  *  *  *  *  *  *  

Irrig. (I) 2 0.39 409 740 1424 1623 4253 

*** *  *  *  * * *  *  *  *  *  *  *  

ST X I 2 0.46 10.7 13.9 98.3 82.5 183 

* * *  *  *  *  ieirir •kick *  *  *  

Sp X  I 4 0.12 24.8 72.1 74.8 45.9 173 

*  *  *  *  *  *  * « *  * * * *  *  *  

ST X  Sp X  I 4 0.67 4.56 16.7 17.8 29.8 55.5 

Error {c) 24 

*  *  *  *  *  *  * * *  *  •  *  *  *  *  

Salt (S) 4 1.34 520 860 986 614 860 

* * *  *  *  *  *  *  *  * * *  * * «  

ST X  S 4 0.24 6.82 13.7 20.2 20.3 72.7 

* * *  *  *  •  *** * * * *  *  *  

Sp X  S 8 0.64 43.4 68.7 129 420 1603 

* * *  *  *  *  *  *  *  * * *  *  *  *  

I X  S 8 0.27 12.4 9.91 87.5 203 650 

*  *  *  •k** * * *  *  *  *  * * *  

ST X  Sp X  S 8 0.36 3.09 7.86 55.7 86.7 111 

*  *  * * *  *  *  *  * * * 

ST X  1 X  S 8 0.72 2.22 2.29 38.5 90.6 81.7 

• * * * * * * *  * * * •kick 

Sp X  I X  S 16 0.52 2.12 9.92 33.6 80.6 295 

* * * *  *  *  *  *  *  *  

ST X  Sp X  I X  S 16 0.76 1.77 1.12 49.2 84.9 79.0 

Error fd) 88 

Significance levels: * p s 0.05 ** p s 0.01 *** p s 0.005 
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Appendix Table 15 

Analysis of variance (F values) and significance levels* of 
nutrient concentration of Cupressus, Thuja, and Casuarina 
seedlings in relation to soil type for each sample time during 
the stress period. 

Source of Nutrient concentration 
variation df 

N P Ca K Mg Na CI 

Block 2 

Soil type (ST) 1 
* * * 
621 8.41 13.2 

* * * 
1260 

• * * 
617 

*** 
9069 

* * • 
1436 

Error (a) 2 
* * * * * * * * * •kieic * * * * * * * * * 

Species (Sp) 2 5711 578 1064 1230 1317 5157 3749 

* * * * * * * * * * * * * * * * * • 
ST X Sp 2 55.7 14.9 3.26 246 38.0 628 188 

Error (b) 4 

* * * * *** * * * *** #** * * * 
Irrig. (I) 2 416 4.28 71.7 80.9 45.1 1066 105 

* * * * * * * * * * * * * * * *** 
ST X  I 2 135 2.50 60.6 11.6 19.2 31.1 79.2 

*** *** * * * * * * *** * * * * * * 
Sp X  I 4 89.6 5.53 26.7 60.6 14.8 310 60.5 

* * * * *  *  H r  *** * * * * • * * * * 
ST X  Sp X  I 4 34.6 3.51 6.29 11.9 7.91 124 45.1 

Error (c) 24 

*** *** "kifk * * * * * * * * * * * * 
Salt (S) 4 6612 129 134 33.3 143 5012 2421 

* * * * * * * * * * * * * • * *** * * * 
ST X  S 4 66.3 4.22 6.79 19.0 26.6 512 48.4 

*** *** * * * * * * * * • * * * * * * 
Sp X  S 3 1923 33.6 707 460 566 3897 2011 

*** * * * • *** * * *  * * * *** 
I X  S 8 49.7 2.41 7.98 4.28 10.7 116 33.5 

* * * *** ieick * * * * * * * * • 
ST X  Sp X  S 8 73.4 0.95 19.7 37.0 15.4 371 66.9 

* * * * * * *** *** * * * ieick 

ST X  I X  S 8 47.6 1.06 18.1 5.95 11.6 113 54.2 

* * * * * * * * * * * * * * * * * * 
Sp X  I X  S 16 53.2 1.58 18.6 6.68 8.90 88.8 42.4 

* * * *** * * * * ** *** *** * * * 

ST X  Sp X  I X  S 15 55.0 2-68 17.5 8.63 12.4 156 43.0 

Error fd) 88 

^ Significance levels 
* p s 0.05 ** p 5 0.01 *** p ^ 0.005 
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