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ABSTRACT

Field and greenhouse experiments to determine the

response of grapes to saline irrigation water were con-

ducted. The goal of this research were: (1) to study the

effect of salinity on grape and wine quantity and quality

and (2) to evaluate the degree of salt tolerance of some

of the grape rootstocks.

For the greenhouse study, seven grape rootstocks

were grown in the soil columns irrigated with three levels

of salinity, EC of 0.45, 2.5, and 5 mmhos/cm. The later

two waters were prepared by adding MgSO4 and CaC12 salts

to tap water with EC of 0.45 mmhos/cm. Shoot growth,

pruning weight, leaf area, and trunk diameter were signi-

ficantly reduced by salinity. Reduction in shoot growth

and pruning weight were more pronounced than leaf area and

trunk diameter. Maximum ECe values (100
7 reduction in

growth) varied from 8.81 mmhos/cm for 41B rootstock to

16.43 mmhos/cm for Ramsey rootstock. Maximum ECe for

Barbera (Vitis vinifera) was 11.04 mmhos/cm. Based on

percent reduction in growth, the relative tolerance of

grapes could be arranged as follows: Ramsey > 5BB > SO4 >

1613 > Barbera > 99R > 41B.

The field study included two sources of water and

six grape rootstocks which were grafted to Barbera. Two

xi i



xiii

sources of irrigation water were city and well water with

EC of 0.42 and 2.6 mmhos/cm, respectively. The response of

grapes to salinity was evaluated by fruit yield and pruning

weight. Well water application significantly reduced fruit

yield and pruning weight. The average fruit yield and

pruning weight of Barbera grapes with all the rootstocks

decreased by 49.5 7e and 26.7 7e with the well water compared

to the city water, respectively.

Must and wine analysis indicated that salt treated

grape had higher total acidity and lower pH. Alcohol of

the wines was not affected uniformly by treatment. Except

for 99R rootstocks, the color of the wines were darker in

city water than well water. Quality of wine from 3309

rootstock was lowered considerably by well water. With

well water, only Barbera wine from 5BB rootstock appeared

to be commercially acceptable.

The six rootstocks differed from each other in

their ability to growth in saline condition. Barbera grape

grafted on 5BB and Ramsey rootstocks showed higher tolerance

to salinity than Barbera on 99R, 3309, Harmony, and 41B

rootstocks.



CHAPTER 1

INTRODUCTION

One of the major water quality problems associated

with irrigation is the hazard of increasing the concentra-

tion of mineral salts in the root zone. Over an irrigation

cycle, salinity of the soil water increases as soil water

is reduced by evapotranspiration. As plants absorb and

transpire water from the soil, salts in the irrigation

water are left behind, which increase soil salinity and

damage the plants (Wadleigh and Ayers, 1945; Wadleigh,

Gauch, and Magistad, 1946). Waters used in irrigated areas

often contain up to several tons of dissolved salt per

hectare-meter and about one-half hectare-meter per year of

water are applied in arid regions (Rhoades and Bernstein,

1971).

Soluble salts provide most of the elements essen-

tial for plant growth, but excessive amounts of soluble

salts cause injury to all crop plants. The principal ions

present in excessive amounts in soil influenced by irriga-

tion are the cations calcium, sodium, and magnesium, and

the anions chloride, sulfate, and bicarbonate. The propor-

tion of these ions vary widely from place to place depend-

ing on the source of the salt. Occasionally salts of

1
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potassium, boron, or nitrate may be present (Bernstein,

1961b).

The fact that depressed growth of many plants

results from even moderate accumulation of salts in soil

solutions has a highly practical significance. This was

realized by many investigators more than two decades ago.

As early as 1919 Hoagland grew plants in nutrient solutions

and observed reduction of growth due to increasing salt

concentration in the solution. He also obtained lower

water loss by plants grown in concentrated solutions.

It is generally recognized that plant growth bears

a definite relationship to the osmotic potential of the

root medium. It is well recognized that soluble salts in

the root medium may cause injury to plants by retarding

water absorption, by inhibiting biological activities, by

toxicity due to excess ions or due to products of hydroly-

sis, or by producing abnormal soil physical conditions.

Oertli (1966) discussed two mechanisms through which exces-

sive salt in soil solution causes injury to plants. They

are: (1) a general effect on the external water potential

through which the availability of water is reduced, a mode

of injury that is often called an osmotic effect; and (2)

specific salt effect in which injuries occur after salts

have been taken up, the effect presumably being the result

of some interaction between salts and organic substances.
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Salt tolerance of plants has been the subject of

considerable interest to scientists. Ability of these

plants to survive and grow in saline habitats has been

attributed to such characteristics as: development of high

osmotic pressure to counteract the soil moisture stress,

ability to utilize water of high salinity, and possession

of a protoplasm resistant to toxic ion accumulation.

A considerable amount of research on saline-alkaline

soil has been directed toward salinity tolerance of several

agronomic and horticultural crops, but little information

is available on salt tolerance of grapevines (Vitis 

vinifera) and grape rootstocks.

Of the three major uses of gapes (fresh table

grapes, raisins, and wine), wine appears to have been the

fastest growing and most profitable. Grape prices increased

significantly over the past 10 years, with wine varieties

bringing the highest prices.

Wine consumption in the United States has increased

dramatically during the past two decades. In 1964 adult

per capita wine consumption was 1.64 gallons which increased

to 2.65 gallons in 1974 (Wine Advisory Board, 1975). Con-

sidering the economic success of grapes in various parts of

the United States, it was of interest to assess its adapta-

tion potential to water of poor quality which is a problem,

especially in western states.
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The objectives of the present investigation were:

1. To study the effect of saline irrigation water on

grape and wine quantity and quality.

2. To evaluate the degree of salt tolerance of some of

the grape rootstocks.



CHAPTER 2

LITERATURE REVIEW

Responses of plants to salinity have been reviewed

by many investigators (Bernstein and Hayward, 1958;

Strogonov, 1964; Greenway, 1973; Maas and Hoffman, 1977;

Maas and Nieman, 1977). The effects of salt on different

plants and species vary, depending upon the sensitivity

of the plant to salt (Strogonov, 1964; Maas and Nieman,

1977).

This investigation is primarily concerned with the

effects of salinity on grapes. Very little research has

been reported on the effect of salinity on grapes, especi-

ally in the United States. Therefore, the effects of

salinity on plants in general will be reviewed first, then

followed by grape responses to salinity.

General 

Criteria for Classification
of Water Quality

Research on the quality of irrigation water dates

back only a few decades. However, during the latter part

of the nineteenth century Hilgard (1906) was among the

first to recognize the importance of irrigation water qual-

ity and proposed standards based on composition as well as

5
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on total concentration. He rated water by the anion

content as well as by the total salt concentration.

In 1936, Schofield used a relative water classifica-

tion ranging from good to unsuitable for irrigation.

Wilcox (1948) published a diagram showing five classes of

water. This classification is based essentially on the

earlier work of Schofield (1936). Eaton (1950) considered

the precipitation of Ca and Mg by carbonates when irriga-

tion water applied to soils. He introduced the concept of

the Residual Sodium Carbonate (RSC) and he defined it as;

RSC = (CO3 + HCO 3 ) - (Ca + Mg) in meq/liter. He suggested

that if RSC exceeded 2.5 meq/liter the water would be

unsuitable for irrigation.

The Salinity Laboratory Staff (1954) published a

diagram based on the interaction of the total salt concen-

tration and sodium concentration expressed as the sodium

adsorption ratio (SAR). The SAR is defined as:

SAR - 	 Na , ions in meq/liter
7/

,

Ca+mg/4

At equilibrium the SAR is closely related to the exchange-

able sodium of the soil.

Bower et al. (1965) and Bower, Ogata, and Tucker

(1968) proposed the use of Langelier's water. The index

to estimate carbonate percipitation from irrigation water.

The index as applied to soil is:
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SI = (8.4 - pH)

where 8.4 is assumed to be the pH of the non-saline sodic

soil in equilibrium with CaCO3 . The pile is given by:

pHc = (pK2 - pKc) + (Ca + Mg) + pAlK

where p(Ca + Mg) and pAlK are the negative logarithms of

concentrations of Ca + Mg and CO3 + HCO3 , respectively.

pK2 and pKc are the negative logarithms of second dissocia-

tion constant of H 2 CO3 and solubility product of CaCO3 ,

respectively.

Based on the above investigations and further

experience, Ayers and Westcot (1976) developed another set

of guidelines (Table 1). The principal criteria for

developing guidelines were salinity, sodicity, and toxi-

city as determined by electrical conductivity (EC),

adjusted sodium adsorption ratio (adj. SAR), and specific

ion concentration.

The adjusted SAR value is caluculated as:

Na 
Adjusted SAR -

iCa + 
Mg/2 (1 + (8.4 - pH c ))

where:

Sodium, calcium, and magnesium concentrations are

in meq/liter from a water analysis and (8.4 - pH) is

Langelier's saturation index.
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Table 1. Guidelines for interpretation of water quality
for irrigation. -- Adapted from Ayers and
Westcot, 1976).

Type of Problem
No	 Increasing Severe
Problem Problem	 Problem

Salinity 

EC (mmhos/cm)
	

0.75	 0.75-3.0	 3.0

Permeability 

Adjusted SAR

Montmorillonite 6 6-9 9
Illite-vermiculite 8 8-16 16
Kaolinte 16 16-24 24

Specific Ions

Na (adjusted SAR) 3 3-9 9
Cl (meq/liter) 4 4-10 10
B (mg/liter) 0.75 0.75-2.0 2.0
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Salinity and Plant Growth

Plant response to salinity according to Bernstein

(1961a) depends on the total concentration, and sometimes

the proportions, of ions in the soil solution. Response

may vary with the stage of development for a given plant

or be modified by climatic factors and by irrigation

regimes. Bower and Fireman (1957) stated that abnormally

high salt concentration of the soil solution reduces the

rate at which plants absorb water; consequently, growth is

retarded. The retardation of growth is almost directly

related to the total salt concentration of the soil solu-

tion and is largely independent of the kind of salts pre-

sent. The salinity status of soils is appraised by

measuring the electrical conductivity (EC e) of the solution

extracted from saturated soil paste. The EC e is a good

measure of the total salt concentration, and the water

content of saturated soil is related to the field moisture

conditions. The electrical conductivity of the soil solu-

tion is related to its osmotic pressure (0.P.); the rela-

tion is expressed as OP = ECe x 10
3 x 0.36 where the OP is

in atmosphere and ECe is in millimhos per centimeter

(mmhos/cm) at 25°C. The relation between ECe and the soil

concentration can be approximated as ppm = ECe x 10
3 x 640

(Salinity Laboratory Staff, 1954).

At a given level of salinity, growth and yield are

depressed more when nutrition is disturbed than when
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nutrition is normal. When nutrition disturbances occur,

spraying the affected plant with a solution of the defi-

cient nutrient may correct the disorder (Bernstein, 1964a).

It has been stated (Richards and Wadleigh, 1952:

Bernstein and Hayward, 1958) that the causes are specific

and nonspecific (osmotic) with respect to different salt

species present in the root environment.

Osmotic Effects

Growth reduction was shown to follow the increase

in osmotic pressure of the root environment by several

investigators (Ayers, Wadleigh, and Magistad, 1943;

Wadleigh and Ayers, 1945; Bernstein, 1961a; and Unger,

1974). Gauch and Wadleigh (1944) demonstrated progressive

growth reduction of beans in solution culture with increas-

ing salinity and the equivalent effects of sodium and

calcium salts regardless of the anion (chloride and sul-

fate) present. This indicates that the total concentration

of solute particles in the solution, rather than their

chemical nature, is mainly responsible for the inhibitory

effects of saline solutions on the growth of plants.

Study by Wadleigh, Gauch, and Kolisch (1951) also

showed that growth retardation due to salinity is directly

related to the osmotic pressure of the soil solution, and,

to be largely independent of the kind of salts present.



1 1

The cause of growth reduction, associated with

increasing osmotic pressure of the rooting medium, has been

attributed to decreased water entry or availability based

on observations of Hayward and Spurr (1943). However,

evidence by Bernstein (1961b) indicated that water-

absorption capacity is relatively unaffected by salinity.

Slatyer (1961), in studying the water content of

tomato leaves, found that water stress did exist in the

plant equal to the osmotic potential of the substrate. The

plant apparently acted as an osmometer with nondiffusible

solutes contributing to the osmotic potential.

Kirkham, Gardner, and Gesloff (1969) concluded that

the growth of salt-stressed bean and barley plants was

reduced not by lack of water, but by the lower osmotic

potential. O'Leary (1971) reported that resistance of

roots to water flow, increases in plants grown in saline

solution. This results in development of water stress in

leaves, when plants are grown in an environment with high

evaporative demand. Total seed germination and growth

rate of several seedling species were reduced or even

inhibited by high osmotic pressure (Unger, 1974).

Specific Ion Effects

Plant response to salinity is governed by the

osmotic pressure of the soil solution, although specific

ion effects may be important for some crops under certain
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condition. Osmotic relationships account for the major

effect of salinity on plant growth, but, in addition to

osmotic inhibition, some ions exert specific effects that

depress growth and yield (Bernstein, 1961b).

Ehrler (1960) stated that salinity has an adverse

effect on the growth of crops, and that this adverse effect

is correlated with increasing solute concentrations of the

substrate. The decrease in growth results from the

increased osmotic pressure regardless of the proportion of

major ions in a saline soil. However, at equal osmotic

pressure resulting from added solutes, growth is depressed

according to the specific ion present.

Specific ion effects may be toxic or nutritional

in nature.

Toxic Effects. A toxic effect is considered to be

due to the presence of an ion in the solution which causes

direct damage to the plant. Injury is usually associated

with the accumulation of harmful concentrations of the

toxic ion in the plant tissue (Bernstein, 1961b). Ions

such as sodium and chloride are the major ones causing

injury of sensitive plants.

Some elements may be toxic when present in low

concentrations. The essential element boron may be toxic

if its concentration is increased only several fold above
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the 0.2 to 0.5 mg/liter that is required for optimum

growth (Wilcox, 1960).

Injury associated with either high sodium or high

chloride concentration in the leaves has been reported for

cotton (Salinity Laboratory Staff, 1954) and soybeans (Abel

and MacKenzie, 1964). Specific toxicity of chloride and

sodium has been demonstrated for peach, avocado, almond and

citrus (Hayward, Long, Ultvits, 1946; Ayers, 1950, Brown,

Wadleigh, and Hayward, 1953; Bernstein, 1965).

Strogonov (1964) explained that the toxic effect of

salt appears to occur due to a change in metabolism and

toxic intermediary substances that are not found in plants

grown under non-saline condition. In addition, salinity

may induce toxicity through other pathways.

Nutritional Effects. Ions that usually account for

most of the salts in irrigation waters and saline soils are

calcium, magnesium, sodium, bicarbonate, sulfate, and

chloride. The proportions may vary widely but the concen-

tration of other essential nutrients by a factor of from

10 to more than 100. Therefore, it is not surprising that

salinity sometimes affects the nutrition of the plants

(Bernstein, 1964a).

As early as 1942, it was reported by Gauch and

Eaton that the addition of chloride and sulfate salts to

the nutrient solution reduced contents of potassium and
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calcium, increased sodium, and left magnesium unchanged in

the plants. The accumulation of carbohydrates was

associated with salt accumulation, indicating that the

salt interfered with the utilization of carbohydrates in

cells.

The major nutritional effects of salinity are those

associated with cation nutrition. Therefore, calcium and

magnesium deficiencies are liable to develop on saline or

sodic soils due to the low concentration of these elements

in the exchange and water soluble phases (Bernstein, 1975).

Bernstein and Ayers (1953a), in studying the salt

tolerance of five varieties of carrots, observed relatively

poor yields at a given salinity level for those varities

which tended to accumulate more calcium and less potassium.

Salinity, achieved by addition of CaC1 2 and NaC1 to the

irrigation water, increased the absorption of calcium and

depressed the adsorption of potassium.

In saline soils the Na/K ratio is usually very

high. It seems, therefore, logical to expect that salt

tolerant plants would have developed a mechanism for the

preferential uptake of potassium from mixtures rich in

sodium. They should have a very developed "absorption

system I" (Epstein, 1972). The ratio of K/Na in the

solution seems more important in determining the levels of

potassium and sodium in plant cells than the absolute
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concentrations. Pitman (1965) studied the absorption of

potassium and sodium by roots from a solution with a con-

stant K and Na (1/3 ratio) but increasing total concen-

tration. He found the root content K and Na in the same

proportion (2.7-3.1:1) at least up to 80 mM total concentra-

tion. However, changing the ratio of K/Na in the solution

from 1/3 to 3/1 changed the ratio of K/Na in the root from

2.7 to 1.3. These results partly explain why plants sensi-

tivity to a particular concentration of NaC1 is greater at

low than at high K concentration of the medium (Greenway,

1963).

Salinity and Stage of Growth

Salinity affects plants at all stages of develop-

ment and for some crops, sensitivity varies from one growth

stage to the next (Bernstein and Hayward, 1958; Bernstein,

1961b). Generally, plants are most sensitive to salinity

during germination or early seedling growth. Germination

can be depressed as a result of decreased inhibition of

water and/or by accumulation of toxic ions in the plants

(Ayers and Hayward, 1948).

Several studies showed that rice is tolerant to

salinity during germination, becomes very sensitive during

early seedling growth, and then becomes increasingly more

tolerant with maturation (Pearson, 1955; Pearson, Ayers,

and Eberhard, 1966). Barley is also more sensitive to
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salinity during emergence and early seedling stage than

during later stages of growth and grain development (Ayers,

1953).

Choudhari (1968) mentioned that some or all of the

constituent salts or ions may be toxic to embryos or seed-

lings. Younis, Fathyan, and Hatata (1971) studied the

effects of single salt solution on germination of wheat.

The germination capacity decreased with increasing salt

concentrations beyond a certain level characteristic for

each salt.

Salinity and Tolerance

Plants differ in their ability to withstand the

harmful effects of salinity in the field. As shown by

Briggs and Shantz (1912), plants have different abilities

to extract water from soils in the wilting range, and plants

adapted to saline soils tend to have a greater ability to

extract water at the drier end of this range.

The ability of plants to adapt themselves to

salinity has been shown by several workers (Eaton, 1942;

Hayward and Wadleigh, 1949; Bernstein and Hayward, 1958;

Bernstein, 1961a, 1963). In general, tolerance of saline

substrates depends on how much salt can be tolerated by

the protoplasm (Repp, McAllister and Weibe, 1959). Those

plants with low tolerance fail to survive in saline soils



17

because of protoplasmic injury from salt accumulation

rather than from desiccation.

Hayward and Wadleigh (1949) described three impor-

tant properties that will determine the salt tolerance of a

certain plant. Those are: (1) ability to increase the

osmotic pressure of the substrate; (2) ability to resist

toxic effects of accumulated salts; (3) existence of a

regulating mechanism within the plant for the intake of

ions so as to bring about the increase of osmotic pressure

and yet be able to prevent an excess accumulation of ions.

Although decreases in osmotic potentials of root

media decrease the osmotic gradients for water uptake,

such effects do not persist after a day or two, the osmotic

potentials of plant organs decrease to match the decrease

in osmotic potential of the medium (Bernstein, 1961a,

1963). Sensitive plants as well as tolerant ones seem to

adjust osmotically to saline solutions (Eaton, 1942;

Bernstein, 1961a; Janes, 1966), but still their growth is

suppressed in proportion to the osmotic potential of the

solution (Bernstein and Hayward, 1958).

Osmotic adjustment is achieved mainly by active

salt accumulation in the cells. However, in some plants

absorption is passive with the transpiration stream

(Slatyer, 1961). Roots of many plant species absorb

sodium but transfer to the tops is blocked (Jacoby, 1964;

Waisel, 1972). In such plants osmotic adjustment is
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attained by breakdown of polysccharides or release of

potassium ions from bond sites within the cells. Greenway

(1962) found a correlation between salt tolerance of dif-

ferent varieties of Hordeum and their ability to exclude

sodium and chloride ions from the tops. There is good evi-

dence that plants are able to prevent entry to the xylem of

some ions even though the ions are present at considerable

concentrations in the root environment. Atkinson et al.

(1967) showed low concentration of chloride in the xylem

sap of Rhizophora (17 mM) in comparison with Aeqialitis 

(100 mM) when both are growing in sea water. Ions may in

fact be excluded as proposed by Scholander et al. (1966),

or they may be returned to the root environment by pumps,

rather than be allowed to enter the xylem.

The interrelation between factors involved in the

physiology of salt tolerance are shown by Greenway (1973)

in Figure 1; which gives a general introduction to the

interrelations between osmotic and specific ion effects.

Salinity and Morphological and
Anatomical Changes

Salinity is known to affect many aspects of the

metabolism of plants and to induce changes in their anatomy

and morphology. These changes are often considered to be

adaptations which increase the changes of plants to endure

the stress imposed to salinity.
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LOW WATER POTENTIAL <	  SALT ACCUMULATION
OF ENVIRONMENT 	IN ENVIRONMENT

I
LOW WATER POTENTIALS IN PLANT

NO SALT UPTAKE
BY PLANT

SALT UPTAKE
BY PLANT

ORGANIC SOLUTE
ACCUMULATION

NO EXTRA
SOLUTE
ACCUMULATION

/
LOW TURGOR,
DEHYDRATION,
LOW WATER
POTENTIALS

OSMOTIC ADMUSTMENT
HIGH TURGOR AND
HYDRATION: LOW WATER
POTENTIALS

INDIVIDUAL CELLS
HAVE LOW TURGOR,
DEHYDRATION AND
LOW WATER
POTENTIALS

"TOXIC
EFFECTS"

TOXIC EFFECTS
ON ENZYMES,
ORGANELLES,
AND
MEMBRANES

SALT ACCUMULATI OENS
IN CELL WALLS

Figure 1. Interrelations between factors involved
in the physiology of salt tolerance. -- After Greenway,
1973).
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The most common salinity effect is a general stunt-

ing of plant growth. As salt concentrations increase above

a threshold level both the growth rate and ultimate size

of most plant species progressively decrease. Not all

plant parts are affected equally.

Top growth is often suppressed more than root

growth (Bernstein and Pearson, 1954; Ayers and Eberhard,

1960; Meiri and Poljakoff-Mayber, 1970). The resultant

decrease in top:root ratio presumably improves water

balance by maintaining the potential for water absorption

while reducing transpiration.

Symptoms such as browning of the tip and marginal

or interior portions of leaves, leaf mottling, curling,

and chlorosis are occasionally observed (Bernstein and

Hayward, 1958; Black, 1968; Strogonov, 1964). The anatomi-

cal changes in plants as a result of increasing concentra-

tion of solution in root media were studied by Hayward and

Long (1941) and Hayward and Spurr (1943). The reduction in

stem height and diameter was correlated with marked changes

in the differentiation of the stem tissues. The cells of

mechanical tissues were smaller in caliber and thicker in

the wall.

Meiri and Poljakoff-Mayber (1970) mentioned that

the leaf area in bean plants is smaller by approximately

20 to 407e when grown in a substrate salinized to -3 bars

with NaCl.
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Strogonov (1964) and Waisel (1972) ascribed to

salinity the induction of numerous changes in plant struc-

ture: (1) increase in succulence; (2) changes in number and

size of stomata; (3) thickening of the cuticle; and (4)

extensive development of tyloses.

Salinity and Metabolic Process

It seems possible that almost every aspect of cell

metabolism might be affected by an excess of salt, and it

will therefore be difficult to attribute the inhibition of

growth to interference with any single process. The effect

of high salt content on metabolic process are not well

understood and much more research should be done on this

problem. Nieman (1960, 1965) studied growth suppression of

bean leaves by salinity. His data suggested a more direct

effect on RNA, protein synthesis and cell enlargement than

on DNA synthesis and cell division. Slower growth of salt

stunted plants was accompanied by slower rate of increase

in nucleic acid. Agreement with Nieman regarding cellular

effects was reported by Palfi (1965). He found a higher

amino acid level and aspargine concentration in rice plants

grown in high NaCl media than in controls.

There is a tendency for amino acids and amides to

accumulate in tissues of salt-stressed plants (Strogonov,

1964). He concluded that this indicates disturbed protein
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metabolism and suggested that it may lead to the accumula-

tion of toxic diamines.

Salinity also reduced the ability of the tissue to

incorporate leucine into protein (Kahane and Poljakoff-

Mayber, 1968). These results revealed a dependence of the

protein synthesizing capacity upon water absorption.

Kessler and Chen (1969) reported that intensified synthesis

of protein under the action of salt is induced by the

removal of basic proteins from the DNA of the salt tolerant

plants.

Carbohydrate metabolism in plants is affected by a

general increase in salinity levels, and it can be altered

depending on the type of salt. The accumulation of carbo-

hydrate was associated with salt accumulation (Gauch and

Eaton 1942), indicating that the salt interfered with the

utilization of carbohydrate in cells.

Salination has been also observed to alter the

hormone balance in plants. An increase in salinity caused

a decreased transport of kinetin from root to leaves and an

increase in leaf content of abscisic acid (Mizrahi,

Blumenfeld, and Richmond, 1970; Mizrahi et al. 1971).

Both changes decrease stomatal aperture. These hormonal

responses may mediate the adjustment of plants to salinity

by reducing stomatal aperture and water loss.
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Salinity and Photosynthesis

Brix (1962) found that the respiratory rate of

tomato plants grown in soil started to decline at leaf water

potential of -8 bars, but the photosynthetic rate declined

when leaf water potential reached -7 bars. He, therefore,

concluded that increasing water stress in plants affected

photosynthesis before it reduced respiration. It must be

remembered that in his experiments the water stress in

plants was brought about by high moisture stress and not

mainly by solute concentration.

Nieman (1962) believed that photosynthesis is

generally not a limiting factor in the growth of salt-

stunted plants because leaf samples of plants grown in sand

culture with added NaCl to bring osmotic potential to -4

bars did not indicate any appreciable suppression of photo-

synthetic activity per unit leaf area.

Boyer (1965) attributed decreased growth in cotton

to decreased photosynthesis or to decreased use of photo-

synthesis in growth while Nieman (1962) attributed decreased

growth to both effects. One certain way in which salinity

affects photosynthesis is by reducing stomatal aperture.

This interferes with CO2 diffusion into the plant, resulting

in a reduction of photosynthesis (Gale, Kohl and Hagan,

1967). Increased resistance to CO2 diffusion from the

atmosphere to the chloroplast under saline conditions has

been reported to be a cause of reduced photosynthesis
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(Kirkham, Gardner and Gerloft, 1972) and Jones (1973)

attributed the photosynthesis decrease to structural and

functional breakdown of chloroplasts.

Salinity and Transpiration

Many workers have found that transpiration is

decreased under increasing salinity levels (Ashby and

Beadle, 1957; Gale, Kohl, and Hagan, 1967; Gale and

Poljakoff-Mayber, 1970; Kaplan and Gale, 1972). Meyer

(1931) found that increasing the salt concentration of

the soil solution decreased the water requirement and

transpiration rate of cotton plants. Lagerwerff and Eagle

(1962), in their work on dwarf bean plants growing in

saline solution, concluded that transpiration rate per

total leaf surface area decreased as growth decreased with

an increase in the concentration of solution.

Boyer (1965) reported that osmotic water stresses

induced on cotton plants with open stomata caused increased

transpiration at high salt concentrations. Kramer and

Kozlowski (1960) explained that increasing the concentra-

tion of cell sap, which occurred under saline conditions,

decreased the rate of water loss. This was due to a

decrease in the permeability of the cell membranes. They

based their opinion on the fact that increasing the osmotic

pressure of a solution lowered its rate of evaporation

through a membrane much more than from an open surface.
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Salinity and Climate

Climate may modify the responses of plants to

salinity. Generally salinity effects are more drastic under

hot, dry conditions than under cooler, humid ones (Magistad

et al., 1943; Maas and Hoffman, 1977). This may be the

result of reduced transpiration at high relative humidities.

Ahi and Powers (1938) grew plants in diluted sea water and

obtained much greater growth in a cool than in a hot green-

house. Similar results were obtained by Bernstein and

Ayers (1953b).

Climate also affects the expression of some specific

salt injury symptoms. Fruit crops and woody plants often

develop leaf burn with the onset of hot, dry weather

(Bernstein, 1974). Ehlig (1960) showed no injury during

cool weather even though leaves contained toxic levels of

chloride.

Hoffman and Rawlins (1971) reported lower leaf

osmotic potentials at 45 7e relative humidities than at 95 7e .

Mizrahi et al. (1971) found that low relative humidity

increased abscisic acid in leaves and suggested that leaf

water stress is the primary signal for modifying plant

hormone balance.

Salinity and Rootstock 

Rootstock differences are important in the salt

tolerance of fruit trees and vine crops. Rootstocks that
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differ in their ability to absorb and transport salt have

different salinity tolerances.

Rootstocks can differ greatly in the absorption

and transport of sodium and chloride (Bernstein et al.,

1969; Ream and Furr, 1976). Plants grown on rootstocks

that absorb these ions slowly are more tolerant than those

that accumulate them rapidly.

Cooper (1951) and Embleton, Matsumura, and Storey

(1962b) found that salt tolerance of avocado is closely

related to chloride accumulation by their rootstocks.

Similar effects of rootstocks on salt accumulation and

tolerance have been reported for stone-fruit trees

(Bernstein, Brown, and Hayward, 1956). They compared

growth and chloride accumulation in stone-fruit trees and

found that "Yunnan" root greatly increased chloride accu-

mulation and depressed growth of apricot compared to

"Lovell", while "Marianna" root effectively restricted

chloride accumulation and improved growth as compared to

Lovell in plum.

Rootstock also exerts a predominant influence on

boron accumulation (Hass, 1945; Embleton, Labanavskas, and

Bitters, 1962a). In a study of 45 rootstocks on soils

irrigated with high-boron water, Cooper, Paynado, and

Schull (1955) reported that "Sweet" lime and "Sweet" lemon

roots accumulated high boron, while "Cleopatra" mandarin

and "Sweet" orange roots accumulated lower boron levels.
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The work of Eaton (1942, 1944) has shown a selective

absorption by plants of toxic amounts of such ions as

chloride, sulfate, sodium and boron introduced into soil

with irrigation water. He found this selective absorption

to vary for different rootstocks.

Grapes 

Salinity and Water Stress

Water stress on grape growth has been studied by

many investigators (Moore, Sistrent, and Vail, 1964;

Alexander, 1965; Hardie and Considine, 1976; and El-Barkouki,

Hifny, and Baghdadi, 1979). To a great extent the ability

of vines to resist drought conditions is dependent upon

species and variety (Moore et al., 1964). The capacity of

drought resistant vines to withstand severe shortage of

available water during growth period can be attributed to

their physiology adaption (Grinesko and Guklina, 1957).

Evidence from various sources suggested that yield

reduction may occur if vines are subjected to water stress

in the major growth phases. Water deficits prior to

verasion (fruit softening or color change) have been shown

to reduce fruit set (Alexander, 1965) and/or fruit size

(Hardie and Considine, 1976). Severe stress applied after

verasion has been shown to cause crop loss (Vaadia and

Kasimatis, 1961).
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Salinity and Metabolic Process

Severe stress interferes with plant physiological

processes, so it is unlikely that yield effects can be

attributed to any single factor. Generally, lack of photo-

synthesis and loss of turgor in fruit account for most of

the irreversible effects of severe water stress.

Photosynthesis in grapevines is directly related to

stomatal aperture. It decreases as leaf water potential

approaches -5 bars, and ceases at a critical value of about

-12 bars (Kriedemann and Smart, 1971). They stated that

photosynthesis was severely impaired during periods of

water stress. Downton (1977a) studied the effect of

photosynthesis on grapevine. He observed a decrease in

photosynthesis and CO2 fixation rate with increasing level

of chloride in leaves. He suggested that the decrease in

photosynthesis could be largely attributed to increased

residual (mesophyll) resistance to CO2 fixation.

Study by Ravikovitch and Binder (1937) showed that

salt affects the protoplast, and consequently impedes the

process of sugar formation. Sugar decreases from 70.27 in

slightly affected fruits to 31.1 7 in highly deteriorated

ones. The reverse is true of the acid content of fruit

which increases from 2.3 to 5.6 7e as salinity increases.

Other investigators also reported a decrease in sugar

content of berries in saline environment or under water

stress (Downton, 1977a; Hawker and Walker, 1978).
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Salt stress can give rise to increased concentra-

tions of abscisic acid and proline in vine leaves (Downton

and Loveys, 1978). They found that concentrations of

abscisic acid and reducing sugar increased before proline,

arginine, potassium and chloride increased, and before

acidity declined. Saakyan and Petrosyan (1964) showed that

increased salinity and alkalinity reduced the contents of

RNA, total nitrogen, and protein nitrogen in the leaves,

but did not affect the content of non-protein nitrogen.

The decrease in RNA content in grape leaves under conditions

of increasing soil salinity is closely associated with the

disruption in protein metabolism and the consequent depres-

sion of growth processes.

Relations between salt transport, salt tolerance

and lipids were observed by Kuiper (1968a, 1968b). Using a

series of five rootstocks of grape varieties of different

salt tolerance, Kuiper (1968a) found that their content

of monogalactose diglyceride increased with increasing

uptake of chloride. Phosphatidylcholine was inversely

related to chloride accumulation. Kuiper (1968b) further

found an inverse relationship between chloride and sodium

transport capacities by grape root lipids suggesting that

rootstocks that transport chloride readily should restrict

sodium transport and vice versa.
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Salt Tolerance of Grapevine

Grapevines are moderately salt tolerant (Salinity

Laboratory Staff, 1954), provided that the chloride levels

in the soil solution remain low (Ehlig, 1960; Bernstein,

1965). Salt tolerance in grapes seem related to the plant's

ability to restrict the uptake of toxic ions (Ehlig, 1960).

Reduction in growth of grapevines are mostly the result of

the toxic effect rather than osmotic effect (Saakyan and

Petrosyan, 1964; Ravikovitch and Bider, 1937; Pandey and

Divate, 1976). Type of salts in the soil solution has

different effects on growth of grapevine (Pandey and Divate,

1976; Krylatov, 1962; Joolka, Singh, and Khera, 1976).

They found that NaC1 is more injurious than Na2 SO4 and

MgSO4 .

The vegetative growth and yield of grapevine are

often reduced by saline soils. Several workers in various

countries have reported varietal differences in response

to saline conditions (Ravikovitch and Bider, 1937; Woodham,

1956; Ehlig, 1960; Nauriyal and Gupta, 1967; Dragan, 1977).

Ravikovitch and Bider (1937) reported a decrease of yield

by 50%, as salt concentration of the soil increases from

1.98 to 4.47 7e . Effects of salt have been studied on Thomp-

son Seedless vine by Taba, El-Sewey, and Fadial (1972).

He stated that growth is reduced by 30 and 907e when grapes

were irrigated with waters containing 2000 and 8000 ppm

salts, respectively.
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Shoot growth was relatively unaffected by NaCl level

in nutrient solution up to 25 mM (Downton, 1977b). The

severity of growth reduction was closely associated with

levels of chloride in the bleeding sap of plants.

Alexander and Woodham (1968) and Woodham (1956) also sug-

gested 25 mM NaC1 as a limit for reduction of growth in

grapes.

It was found that growth, fruit set, and fruit

development of young grapevine cuttings responded to both

the concentration of NaCl and the age of the plants

receiving the NaC1 treatment (Hawker and Walker, 1978).

They found that shoot growth was not affected until 20 mM

NaC1 but 50 mM NaCl had a marked effect on berry growth

and development. They also stated that berry set and

development are reduced if NaCl is applied to rooted

cuttings early in their development. The effect of sodium

chloride is reduced at later stages of growth.

Khanduja, Chaturvedi, and Garg (1980) studied the

effect of exchangeable sodium percentage on the growth and

mineral composition of "Thompson Seedless" grapevines.

Shoot growth decreased with increasing ESP levels, the

reduction being more pronounced from ESP of 30 to 75.

Chloride Toxicity

Grapevines, like several other horticulturally

important woody plants, are sensitive to chloride salinity
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(Bernstein et al, 1956; Bingham, Fenn, and Oertle, 1956;

Gupata and Nauriyl, 1973). The most obvious manifestation

of this response is leaf burn, the extent of which can be

related to foliar chloride level (Woodham, 1956). As early

as 1937, Ravikovitch and Bider found that grapes deterio-

rated and died when accumulation of chloride in the leaves

ranged from 1.5 to 3.8 7e . The symptoms of injury, in this

case, were tip-burn of the leaves and the appearance of

yellow and brown spots all over the leaf surface. In a

solution culture experiment in which four Vitis vinifera 

were compared, Alexander and Woodham (1968) found that 50

meq/liter chloride reduced shoot growth. However, up to

this level, Bernstein et al, (1969), trial reported no

significant change in pruning weights during a 3-year

outdoor sand culture trial. Woodham (1956) reported a

detailed study of chloride accumulation in Sultana grape-

vines in relation to yield. Petiole chloride was the best

index of chloride status of the vine. Chloride accumula-

tion was greatest in basal leaves and decreased toward the

apex. Petiole chloride contents of 1.97 in early December

or 2.5% in January were associated with severe burn of

basal leaves.

Ehlig (1960) reported that leaf blades of Perlette

grapes grown in salinized sand cultures accumulated 350

meq/kg dry weight of Cl without showing foliar injury.

However, Bernstein et al. (1969) found that leaf blade
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chloride levels in excess of 300 meg/kg dry weight were

injurious to five other grape cultivars. Chloride levels

in leaves associated with leaf-burn symptoms reported by

other workers are shown in Table 2.

Rootstock and Chloride Accumulation

Large differences in the salt tolerance and grape

variety have been linked with rootstock effects on chloride

accumulation (Ehlig, 1960; Sauer, 1968; Bernstein et al.,

1969; Alexander and Obbink, 1971; Kamel et al., 1977).

Grape varieties grafted to certain rootstocks contained

much less chloride in the foliage compared with own-rooted

varieties (Sauer, 1968; Bernstein et al, 1969; Alexander

and Obbink, 1971).

Bernstein et al. (1969) observed that different

grape rootstocks provide markedly different chloride trans-

port to the leaves. When the roots of plants growing out-

doors in sand cultures were exposed to 25 meg/liter chloride

in the nutrient solution, the most salt-sensitive rootstock,

Cardinal, accumulated 19.8 meg C1/100g dry weight of leaves.

Leaves on Thompson Seedless, Dog Ridge, 1616-3, and Ramsey

rootstocks accumulated 8.9, 7.0, 2.6, and 1.4 meg C1/100 g

dry weight, respectively. There was a 15-fold difference

in Cl accumulation in leaves between the extremes, Cardinal

ana Ramsey.
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Table 2. Level of chloride in the leaves associated with
leaf burn symptoms

Cultural
Chloride Accumulation(%)

Medium Safe Value * **
Toxic Value Reference

Field .6 1.5 Ravikovitch and
Bider (1937)

Field .8 1.9 Woodham (1956)

Sand 1.24 Ehlig (1960)

Solution .36-.53 Alexander and
Obbink (1971)

Pot .5 .6 Gupta and
Nauriyal (1973)

*Safe value is a value which below that normal
growth and fruiting were obtained.

**Toxic value is a value at which the grape stop
growing and eventually will die.
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Alexander and Obbink (1971) compared the growth of

Sultana grape with regard to chloride concentration in

solution culture. Sultana (own-rooted) and grafted on

Ramsey survived and grew with treatment up to 100 and 150

meq/liter chloride, respectively. Ramsey takes up less

chloride from saline solution than Sultana on its own root.

Sauer (1968) also found that own-rooted Sultana vines con-

tained from 3 to 7 times more chloride in their petioles

than those grafted on Ramsey.



CHAPTER 3

MATERIALS AND METHODS

Greenhouse Study 

A greenhouse study was conducted from June 1980 to

Feburary 1981 in the greenhouse of The University of Arizona.

Sixty-three soil columns were constructed, using white PVC

plastic pipe (Figure 2). The columns were 160 cm high and

15 cm in diameter. The bottom of the columns were closed

with PVC caps. A rubber tube was connected to a tap in the

bottom of each cap in order to collect leachate in a jar

(Figure 3).

About 1.5 metric tons of soil were collected from

the surface 30-cm depth at the experiment field site in

Safford. Soils were transferred to the greenhouse in May

1980 and passed through a soil grinder. Soil columns were

packed uniformly with about 10 c of sand in the bottom and

to a 140-cm depth with the soil. Three representative soil

samples were taken and mixed for physical and chemical

analyses (Table 3).

Cuttings of seven rootstocks were collected from

The University of Arizona experimental vineyard in Tucson

and rooted in a media consisting of vermiculite and peat

moss (1:1, v/v) in a greenhouse at 29 ± 3 C. The rootstocks

36



Figure 2. General view of
soil columns
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Figure 3. Jars for collecting leachate



Table 3. Selected physical and chemical charac-
teristics of soil in greenhouse study

Soil Parameters	 Values

Clay (%)	 35

Silt (%)	 33

Sand (%)	 32

Texture	 Clay Loam

pH	 7.6
3*

EC x 10	 0.53

Soluble Salts (ppm)	 394

Ca (ppm)	 12

Mg (ppm)	 5

K (ppm)	 12

Na (ppm)	 84

56

All analyses are based on 5:1 extracts

39
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used were: Kober 5BB (Vitis berlandieri x V. riparia),

Millavdet et de Grasset 41B (V. berlandieri x Chasselas

(V. vinifera)), Richter 99R (V. berlandieri x V. rupertris),

Oppenheim SO4 (V. berlandieri x V. riparia), Ramsey (also

known as Salt Creek) (V. champini), Couderc 1613 (Solonis

(V. riparia-rupestris-candicans) x Othello (V. labrusca-

riparia-vinifera)) and Barbera (V. vinifera). The rooted

cuttings were planted in the greenhouse in the previously

described soil columns in a factorial design with three

replicates in July 1980. Treatments consisted of three

levels of salinity in irrigation water. Three levels were

0.45, 2.5 and 5.0 mmhos/cm, respectively.

Samplers for extracting soil water were installed

at three depths, 15, 30, 45 cm, respectively; one set for

each treatment. The sampler consists of a lucite plastic

tube having an outer and inner diameters of 1.5 and 1.49

cm, respectively. The tube was connected to a porous

ceramic cup. The open end of the plastic tube was closed

with a one-hole rubber stopper into which the capillary

tube had been inserted. The tube was connected to a

vacuum cylinder. Samples were collected in an Erlenmeyer

flask (Figures 4 and 5).

"Irrometer" tensiometers were used to monitor soil-

water pressure heads, and indicate scheduling for all

irrigation treatments. Tensiometers were installed for

each treatment at the 45 cm depth. Irrigation was scheduled
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Figure 4. Schematic diagram of soil

water sampler
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Figure 5. Soil water sampler in place
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when soil water pressure head approached about 35 centibars.

Soil columns were irrigated with 2 liters of water. Irri-

gation waters were prepared by adding MgSO4 and CaC1 2 (2:1

ratio by weight) to tap water having an EC of 0.45 mmhos/cm

to increase the EC to 2.5 and 5.0 mmhos/cm (Table 4). The

0.45 mmhos/cm water served as the nonsaline control. Grape-

vines were irrigated with tap water for about 15 days.

Treatments with saline waters were started on July 13, 1980.

Shoot lengths of all vines were measured twice

monthly at the beginning of experiment when growth was fast

and monthly later in the season. The response of grapes to

salinity was also evaluated by measuring trunk diameter and

leaf area. Trunk diameter was measured between the second

and third node above the soil surface. Three leaves from

lower, middle, and upper parts of the vines were selected

and leaf area was measured with protable meter, Model

L-3000. All vines were pruned to two nodes on February 3,

1981. Pruning weight was used as another growth parameter.

Leaf samples for chemical analysis were taken on

January 17, 1981. Samples were dried at 65°C. Using a

Wiley mill, the samples were ground and passed through a

40-mesh sieve. Soil water solutions were taken five times

during the experiment. Samples were taken 2 to 4 days after

irrigation when tensiometer reading approached about 10

centibars.
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Table 4. Chemical properties of waters used for
irrigation in the greenhouse

Treatment
1

Treatment
2

Treatment
3

EC x 10 3 (mmhos/cm) 0.45 2.5 5.0

Soluble Salts (ppm) 288 1,600 3,200

pH 6.9 6.7 6.5

Ca (ppm) 47 207 425

Mg (ppm) 3 179 418

Na (ppm) 48 48 48

K (ppm) 14 14 14

SO4 (ppm) 38 742 1,699

HCO
3 

(ppm) 151 151 151

CO
3 (ppm) 0 0 0

SAR 1.84 0.59 0.39
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Field Study 

A field study was conducted from April 1978 to

February 1980 at The University of Arizona Experiment Farm,

Safford, Arizona. The farm is located in the Gila River

Valley near the town of Safford in southeastern Arizona.

The climate is characterized as hot and dry. Climatologi-

cal data were obtained from Experimental Farm Station

(Table 5)..

Soil at the field site was Pima variant (Post,

Hendricks, and Hart, 1977). The Pima variant is a member

of the fine-silty, mixed, thermic family of Typic Torri-

fluvents. The particle size analysis by depth is shown in

Table 6.

The experiment consisted of a factorial design with

seven rootstocks, two sources of water, and three replicates.

The rootstocks used were: Kober 5BB (Vitis berlandieri 

x Vitis riparia), Millavdet et de Grasset 41B (V. berlan-

dieri x Chasselas (V. vinifera)), Couderc 3309 (V. riparia

x V. rupestris), Richter 99R (V. berlandieri x V. rupter-

tris), Ramsey (V. champini), Harmony (Couderc 1613 (Solonis

(V. riparia-rupestris-candicans) x Othello (V. labrusca-

riparia-vinifera)) x Dog Ridge (V. champini)) and Barbera

(V. vinifera). To determine the effect of water quality

and rootstock on fruit quality all rootstocks were grafted

to the Barbera cultivar.
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Table 5. Climatological data

Month Year
Precipitation

mm

Temperature (°C)

Average
Min.

Average
Max.

May 1979 11.6 11.4 29.1
June 1979 8.8 15.7 35.2
July 1979 30.7 18.8 36.7
August 1979 25.9 16.7 34.8
September 1979 2.3 15.7 34.2
October 1979 2.3 7.7 29.7
November 1979 2.5 -0.3 18.8
December 1979 13.9 -1.6 17.3

January 1980 12.1 0.9 15.4
February 1980 66.5 2.7 17.9
March 1980 8.8 3.0 19.1
April 1980 1.5 6.3 25.6
May 1980 0.8 10.7 30.0
June 1980 0.5 15.4 38.0
July 1980 36.5 20.1 38.3
August 1980 15.9 18.6 35.1
September 1980 39.8 15.5 34.2
October 1980 6.5 7.4 26.6
November 1980 16.9 1.2 20.7
December 1980 3.8 -0.3 19.4
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Table 6. Particle size distribution analyses of
Pima variant soil at the field site

Percent

Depth (cm) Clay Silt Sand Textural Class

0-15 39 31 30 Clay Loam

15-30 41 30 29 Clay

30-45 43 30 27 Clay

45-60 30 31 39 Clay Loam

60-75 15 26 59 Sandy Loam

75-90 13 21 66 Sandy Loam



48

Two sources of irrigation water of different quality

were used. The two sources were water from a well located

on the farm and water from the Safford city water system.

The chemical analyses of the two waters are shown in Table

7. Each treatment included two rows of vines surrounded

by one guard row on each side. Spacing was 2.4 meters

between vines in the row and 3.6 meters between rows

(Figure 6). Irrigation distribution lines consisted of

25-cm black polyethylene pipe. Spray head emitters, one

per vine, were installed in the pipe. The irrigation

scheduling was based on monitoring the soil moisture

status. Soil matric potentials were determined by

tensiometers at 45-cm depth. The plots were irrigated

when soil moisture tension reached about 35 centibars at

any of the treatments. All vines were irrigated with

city water prior to March, 1979. Well water treatment

started on March 1, 1979.

Soil samples were taken to compare variations in

salt content between treatments during the experimental

period. Samples were taken on April 25, 1979 prior to

the first well irrigation and again on December 19, 1979

and on August 18, 1980 before harvesting. Samples were

taken at 15 cm increments to the 90 cm depth. Each sample

is a composite from six different locations. Samples

were taken at 15 cm intervals to the side of the vines

over a distance of 45 cm, and at 15 cm depths to 90 cm
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Table 7. Quality of irrigation waters used in the field
study

Parameters	 City Water	 Well Water

EC x 10 3 (mnhos/cm)

Soluble Salts (ppm)

ph

Ca (mg/liter)

Mg (mg/liter)

0.42

269

7.6

45

9

2.6

1,664

7.5

94

16

Na (mg/liter) 25 449

Cl ( ng/liter) 11 554

SO4 (mg/liter) 4 186

HCO 3 (mg/liter) 254 488

CO 3 (mg/liter) 0 0

SAR(mg/liter) 0.89 11.24



Guard Rows = 1, 4, 5, 8
Well Water Treatment = 2, 3
City Water Treatment = 6, 7 

SCALE 

50

0 	10m 

._VELL WATER
BURIED MAIN IINE 

	- 1---- -1- 	--- -1-

1	 12	 6	 5	 6	7	 8

1 	I	 1
1

_i_	 1	 I
BURIED MAIN LINE

CITY WATER

Figure 6. Experimental plot design used at
the Safford Experiment Station
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on August 18, 1980 in order to determine the salt distri-

bution normal to the irrigation lines.

Grapevines were pruned and the prunings weighed

on February 22, 1980 and again on January 22, 1981. Plant

petioles were collected on July 12, 1980. Samples

included 12 to 15 petioles from the mid-portion of cane

at each replication. Petioles from all replications were

mixed together to represent the average for each variety.

The petioles samples were washed and dried at 65°C. Using

a Wiley mill, the samples were ground and passed through

a 40-sieve.

Grapes were harvested as near to optimum maturity

as possible. Maturity for Barbera, at this climate, was

taken to be when berries reach a total soluble solids

content of 21-23 Brix. Total soluble solids were measured

with hand refractometer. After harvesting, grapes were

transported to The University of Arizona cellar at Tucson.

The grapes were processed into the wine (Figure 7). All

grapes were crushed the day after picking. Musts were

treated with 100 ppm sulfur dioxide using potassium

metabisulphate. After inoculating with champagne yeast

culture, the must was stored at 21°C to ferment. During

fermentation the skins were pressed down twice daily.

After sufficient color developed, the skins were pressed

and wine transfered to another container. After comple-

tion of fermentation, the wines were racked, 50 ppm
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Figure 7. Processes for wine making
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sulfur dioxide added, and stored at 10°C (Table 8). Wines

were racked several times during the clarification period

which lasted about three month, bottled on December 9,

1980 and stored in the cellar. The wines were compared by

sensory analyses in February 1981 to determine if any

differences existed. The testing panel consisted of six

members of the College of Agriculture at The University

of Arizona. The wines were evaluated by the 20 point

California system (Ough and Baker, 1961).

Physical and Chemical Analyses 

Soil Analysis

Soil texture was determined by the hydrometer

method as proposed by Foth, Jacobs, and Withee (1974).

Electrical conductivity of the saturated and 5:1

extracts was determined with a Beckman Model RC-16B2 con-

ductivity bridge using a 2 ml pipette cell which had been

calibrated with a standard KC1 solution. The pH of the

saturated paste was determined by means of a glass electrode

pH meter.

A Jarrell-Ash analytical instrument was used for

Na, K, Ca, and Mg determinations in 5:1 extract, using

flame emission for Na and K and atomic absorption apectro-

photometry for Ca and Mg.

Sodium in the saturated extract was determined as

above. Calcium and Mg in the saturated extracts were
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Table 8. Dates of different processes used in wine made
from harvesting to bottling in 1980

End of
Root- Har- Fermen-
stocks Water vested Crushed	 Pressed tation Bottled

Month and Day 	

99R City 8/11 8/12 8/16 8/29 12/9
Well 7/31 8/01 8/05 8/20 12/9

3309C City 8/11 8/12 8/16 8/23 12/9
Well 7/31 8/01 8/05 8/20 12/9

Ramsey City 8/05 8/06 8/09 8/23 12/9
Well 8/05 8 106 8/09 8/23 12/9

Harmony City 8/05 8/06 8/09 8/23 12/9
Well 8/11 8/06 8/09 8/23 12/9

5BB City 8/11 8/12 8/17 8/26 12/9
Well 8/11 8/12 8/17 8/26 12/9

41B City 8/11 8/12 8/16 8/29 12/9
Well 8/05 8/06 8/09 8/23 12/9
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estimated by subtracting the Na concentration in meq/liter

from total soluble salts. Total soluble salts in meq/liter

was obtained by multiplying the EC of saturated extract

by 10. Chloride in both extracts was determined by

titration with silver nitrate.

Plant Analysis

The plant tissue samples were digested by the

University of Arizona Soil Water Testing Labortory, using

perchloric acid procedure. Digested plant materials were

diluted to 25 ml with deionized water. Calcium and Mg were

determined by atomic absorption and Na and K were measured

by flame emission as above. Chloride was extracted from

plant tissues by cold water and determined by titration

with silver nitrate.

Must and Wine Analyses

Must was analyzed for soluble solids, pH, and

titratable acidity as described by Amerin and Ough (1974).

The finished wine was analyzed for pH, titratable acidity,

volatile acidity, and alcohol by standard methods as

described by Amerine and Ough (1974). Residual sugar was

determined colorimetrically with clinitest reagent tablets

from Ames Company, Division of Miles Laboratory. This is

an acceptable procedure for up to 2% sugar in wine. The

color of the wine was determined colorimetrically at 420
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and 520 nm according to Amerine and Ough (1974). Calcium

and Mg were determined by atomic absorpition and Na and K

were determined by flame emission as described above.

Chloride in the wine was determined by The University of

Arizona, Soil Water Testing Laboratory, using a Technicon

Auto-Analyzer II, Industrial Method No. 99-70W/B.



CHAPTER 4

RESULTS AND DISCUSSIONS

Greenhouse Study 

Soil Water Salinity

Changes in EC of soil water for each treatment at

the three sampling depths are shown in Figures 8, 9, and 10.

Initial salinity in all treatments was about 3 mmhos/cm.

Salinity in the control treatment (0.45 mmhos/cm) decreased

at all three depths during the experimental period. Soil

water salinity at 15 and 30 cm depths for EC of 2.5 and 5

mmhos/cm increased progressively until the middle of

September, and then decreased. Salinity at the 45 cm depth

for both salt treatments increased with time.

Soil salinity for all three treatments at the final

stage of the experiment is shown in Figure 11. Average EC

of the soil water for three depths was 2.2, 6.8, and 10.7

mmhos/cm for irrigation water with EC of 0.45, 2.5, and 5

mmhos/cm, respectively.

Shoot Growth

The pattern of relative shoot growth during the

measuring period is presented in Figures 12 through 18. On

the first measuring date, July 12, shoots of all rootstocks

57
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Figure 8. Soil water salinity profile obtained
with water with electrical conductivity of 0.45 mmhos/
cm in the greenhouse
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Figure 9. Soil water salinity profile obtained
with water with electrical conductivity of 2.5 mhos/cm
in the greenhouse
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Figure 10. Soil water salinity profile obtained
with water with electrical conductivity of 5 mmhos/cm in
the greenhouse
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Figure 13. Influence of salinity on the shoot
growth of 5BB in the greenhouse
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Figure 15. Influence of salinity on the shoot
growth of 99R in the greenhouse
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Figure 16. Influence of salinity on the shoot
growth of SO4 in the greenhouse
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Figure 17. Influence of salinity on the shoot
growth of Ramsey in the greenhouse
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Figure 18. Influence of salinity on the shoot
growth of 1613 in the greenhouse
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in all treatments had grown 10 to 20 cm. The depressive

effect on mean shoot length of each variety due to increas-

ing salinity was not apparent until August 6 for 1613, 5BB,

and SO4 and August 24 for 41B, Ramsey, Barbera, and 99R.

The growth rate in all rootstocks in all three treatments

leveled off by or before November 13. Treatment of grapes

with saline waters led to an earlier depression in shoot

growth of Barbera and 41B compared to other rootstocks

(Figures 12 and 14).

The final shoot growth for all rootstock at three

treatments are shown in Table 9. The shoot growth decreased

as the levels of salinity in the irrigation water increased.

This result was in accordance with the findings of

Bagdasarashvili (1952), Nauriyal and Gupta (1967), Joolka

et al. (1976), and Kamel et al. (1977).

The analysis of variance for the data on final

shoot growth shows highly significant differences for

different salt levels and different rootstocks (Table 10).

No significant interaction between salt levels and root-

stocks was found.

The average shoot growth for all varieties was

reduced by 17 and 397e with EC of 2.5 and 5.0 mmhos/cm,

respectively (Table 11). Reduction in shoot growth was

greatest for 41B at the highest salinity level. Ramsey,

5BB, 1613, and SO4 showed less reduction in shoot growth

than the other three rootstocks.



Table 9.	 Final shoot growth (cm)
70

as influenced by salinity

Salinity Levels(mmhos/cm)
Root-
stock 0.45 2.5 5.0

Barbera 185 141 97

5BB 268 236 185

41B 179 142 84

99R 370 300 200

SO4 168 142 110

Ramsey 245 215 179

1613 230 195 149

Rootstock means 235 a 196b 143c

All values followed by a different letter are
significantly different at the 57 probability level.
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Table 10. Analysis of variance for final shoot growth
growing under different levels of salinity

Source of	 Degree of
Variation	 Freedom	 Mean Square

Main Effects 

Rootstock
Salinity

6
2

30023.90
44331.86

46.72*
68.98*

2-way Interactions 

Salinity and
Rootstock	 12	 1045.19	 1.62NS

Residual	 42	 642.62

*--Significant at 5% level
NS--Not significant at 5% level

Table 11. Percent reduction compared to control in shoot
growth under different levels of salinity

Salinity Levels (mmhos/cm)

Rootstock	 2.5	 5.0

Barbera
	

24
	

48

5BB
	

12
	

31

41B
	

21
	

53

99R
	

19
	

46

SO4
	

16	 35

Ramsey
	 12	 27

1613
	

15	 35

Mean
	

17	 39
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Pruning Weight

Pruning weight for all varieties are shown in

Table 12. All values are the average of three replications.

The pruning weight was considerably reduced by salt treat-

ments as compared to control for all rootstocks. Salinity

means for all rootstocks were significantly different at

the 5% proability level.

Statistical analyses show highly significant

differences between salinity levels and rootstocks (Table

13). Interaction between salinity levels and rootstocks

were not significant at 5% probability level. Salinity

levels, EC of 2.5 and 5 mmhos/cm, reduced average pruning

weight of all the rootstocks by 17 and 37%, respectively

(Table 14). The reduction in pruning weight was highest

in 41B followed by 99R, Barbera, 1613, 5BB, SO4, and

Ramsey. Rootstock 41B seemed to be most adversely affected

by salt.

Leaf Area

Leaf area was considerably reduced by the two salt

levels as compared to the control, but differences between

the means of two salinity levels for all the rootstocks

were not significant at the 5% probability level (Table 15).

The analysis of variance for the data on leaf area shows

highly significant differences for different salt levels

and for different rootstocks (Table 16). Average leaf area
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Table 12.	 Pruning weight (g/vine) as influenced by
salinity

Rootstock

Salinity Levels	 (mmhos/cm)

0.45 2.5 5.0

Barbera 6.98 5.60 4.20

5BB 8.44 7.53 5.51

41B 6.04 4.23 2.38

99R 8.05 5.82 4.08

SO4 8.23 7.12 5.85

Ramsey 11.07 9.65 8.44

1613 11.42 9.30 7.40

Salinity means 8.60 a 7.11 b 5.40 c

All values followed by the different letter are
significantly different at 57 probability level.
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Table 13.	 Analysis of variance for pruning weight growth
under different levels of salinity

Source of Variation
Degree of
Freedom Mean Square

Main Effects

Rootstock 6 34.35 58.10*
Salinity 2 53.82 91.04*

2-way Interactions

Rootstock and Salinity 12 .44 .75NS

Residual 42 .59

*--Significant 5% level
NS--Not significant at 5% level

Table 14.	 Percent reduction in pruning weight of grape
rootstocks grown under different levels of
salinity compared to control

Salinity Levels (mmhos/cm)

Rootstock 2.5 5.0

Barbera 20 40

5BB 11 35

41B 30 61

99R 28 49

SO4 13 29

Ramsey 13 24

1613 19 35

Mean 17 37
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Table 15.	 Grape leaf area (cm2 ) as influenced by

salinity

Rootstock

Salinity Levels (mmhos/cm)

.45 2.5 5.0

Barbera 110 89 68
5BB 138 111 86
41B 123 96 64

SO4 153 107 90

99R 77 56 44

Ramsey 100 73 59

1613 115 85 69

Salinity Mean 117 a 88b 69b

All values followed by a different letter are
significantly different at the 57 probability level.

Table 16. Analysis of variance for leaf area growing
under different levels of salinity

Degree of
Source of Variation
	

Freedom	 Mean Square F

Main Effects 

Rootstock 6 3526.36 15.57*
Salinity 2 8404.59 37.12*

2-way Interactions

Rootstock and Salinity 12 125.61 .56NS

Residual 42 266.44

*--Significant at 57 level
NS--Not significant at 57 level
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for all the rootstocks was reduced by 25 and 37 70 in two

salt treatments compared to control. There was only 127

reduction in leaf area from EC of 2.5 to 5.0 mmhos/cm.

These results are in agreement with the observation of

Pandey and Divate (1976) with three different grape root-

stocks.

Trunk Diameter

Mean trunk diameters (Table 17) were significantly

different at the 570 probability level. The analysis of

variance shows significant differences between salinity

treatments and rootstocks (Table 18) but the interaction

was not significant. In general salinity levels reduced

the trunk diameter by 17 and 26 7e for EC of 2.5 and 5.0

mmhos/cm, respectively. Reduction in trunk diameter was

less affected by salinity than the other growth parameters.

Ionic Compositions of Leaves

Chemical analysis of leaves of each rootstock are

shown in Table 19. There were marked differences between

single ion concentration for rootstocks and also between

treatments for a given rootstock. The sum of total cations

in the leaves of each rootstock remained relatively constant

although salt concentration in the soil solution increased.

Total cations accumulated in the leaves of grapes were

different between rootstocks. Barbera accumulated almost

twice as many cations in its leaves as Ramsey or 1613.
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Table 17.	 Trunk diameter (mm) 	 as influenced by salinity

Salinity Levels (limbos/cm)

Rootstock .45 2.5 5.0

Barbera 5.02 3.97 3.30
5BB 3.92 3.53 3.37
41B 5.32 4.13 3.45
99R 5.18 4.00 3.45
SO4 4.25 3.73 3.17
Ramsey 5.33 4.72 4.52

1613 5.50 4.63 4.23

Salinity Mean 4.93 a 4.10 b 3.64 c

All values followed by a different letter are
significantly different at the 57 probability level.

Table 18. Analysis of variance for trunk diameter growing
under different levels of salinity

Degree of Mean
Source of Variation
	

Freedom	 Square

Main Effects

Rootstock 6 2.07 19.95*
Salinity 2 8.98 86.49*

2-way Interactions

Rootstock and Salinity 12 .20 1.96NS

Residual 40 .10

*--Significant at 57 level
NS--Not significant at 5% level
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Table 19. Grape rootstock effect on the composition of

leaves under different salinity levels (percent
dry weight)

Treatment	 Total
Rootstock (mmhos/cm) 	 K	 Na	 Ca Mg	 Cl Cations

	0.45	 1.61	 .44 3.89	 .45	 .47	 .6.39
Barbara	 2.50	 1.06 .20 4.08 .73	 .68	 6.06

	

5.00	 .91 .16 4.32	 .88 1.69	 6.27

	

0.45	 1.26	 .18 1.81	 .49	 .23	 3.84
5BB	 2.50	 1.17 .07 2.08 .68	 .28	 4.00

	

5.00	 .98 .07 2.24 .78	 .50	 4.06

	

0.45	 1.29	 .46 3.15	 .37	 .20	 5.27
41B	 2.50	 .91 .15 2.89 .47	 .35	 4.42

	

5.00	 .59	 .28 4.09	 .75 1.79	 5.71

	

0.45	 1.04 .24 1.98	 .37	 .19	 3.63
99R	 2.50	 .91 .15 2.89 .47	 .35	 4.42

	

5.00	 .73	 .16 3.36	 .84	 .74	 5.09

	

0.45	 1.40 .18 2.05 .54	 .23	 4.17
SO4	 2.50	 1.16 .13 2.19 .57	 .85	 4.05

	

5.00	 1.08 .08 2.30 .77 1.77	 4.23

	

0.45	 1.35	 .26 1.46	 .20	 .23	 3.27
Ramsey	 2.50	 1.23 .21 1.53 .26	 .49	 3.23

	

5.00	 1.08 .16 1.85	 .38	 .97	 3.47

	

0.45	 1.31	 .31 1.41	 .17	 .19	 3.20
1613	 2.50	 1.23 .21 1.53 .26	 .49	 3.23

	

5.00	 1.08 .16 1.85 .38	 .97	 3.47

	

0.45	 1.32 .28 2.25	 .37	 .25	 4.22
Mean	 2.50	 1.06 .18 2.57 .50	 .56	 4.31

	

5.00	 .92 .15 2.86 .68 1.24 	 4.61
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Reduction in growth due to salinity seems related to the

sum of total cations in the leaves. Barbera and 41B which

showed lower tolerance to salinity accumulated more cations

in their leaves. More tolerant rootstocks such as Ramsey,

5BB, and 1613 accumulated less cations. A significant

positive correlation (r = 0.87) at the 5 7 probability level

was found between the total cations in the leaves and the

percent reduction in shoot growth. These results are in

agreement with previous observation by Bernstein et al.

(1969) and Ream and Furr (1976) which suggested that

varieties that absorb ions slowly are more tolerant than

those which accumulate them rapidly. High salt concentra-

tions in the leaf tissue may also be partly due to loss of

semi-permeability of root (Greenway, 1965) and partly

because vegetation growth ceases.

The accumulation of ions in the leaves of the grape

rootstocks were proportional to the concentrations of these

ions in the respective irrigation waters. As EC was

increased the average of the Ca, Mg, and Cl in the leaves

of all rootstocks increased, but K and Na decreased (Figure

19). Since the irrigation waters for salt treatments were

prepared by adding Mg504 and CaC1 2 to the tap water, one

would have expected that the concentrations of K and Na.

There is a highly significant positive correlation between

Ca, Mg, and Cl concentrations in the leaves and electrical

conductivity of irrigation waters (Figure 19). Potassium
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Figure 19. Effect of salinity levels on average
accumulation of ions in the leaves of all rootstocks
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and Na concentrations in the leaves show a highly signifi-

cant negative correlation with EC of irrigation water.

Chloride Uptake

Chloride content in the leaves of different root-

stocks were proportional to the concentration of this ion

in the irrigation water (Table 19). Differences in Cl

accumulation in the leaves were greater at the higher levels

of salt in the irrigation water and indicate the specific

response of each rootstock to the Cl. Rootstock 5BB accumu-

lated less Cl in the leaves compared to other rootstocks.

Ramsey, 1613, and 99R accumulated medium values, and

Barbera, SO4, and 41B had the highest values. The mean Cl

concentrations for all the roostock increased 2.2 and five-

fold for EC of 2.5 and 5.0 mmhos/cm, respectively. Percent

Cl on dry weight basis in the leaves of 99R was lower than

SO4 or 1613, but the relative depression of shoot growth

was greater. Also, chloride in the leaves of Barbera was

similiar to that in SO4, but the relative shoot growth

depression was greater. These results suggested that Cl

level in the leaves is not related to growth depression of

the grape rootstocks. Excessive accumulation of Cl causes

characteristic leaf injury symptoms and damage in a number

of crops. It is thought that chloride may cause toxicity,

but the mechanism of this toxicity is unknown (Bernstein

and Hayward, 1958).
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Magnesium Uptake

Application of salts to the soil increased the Mg

concentration of the leaves compared to the control (Figure

19). Mean Mg levels with all rootstocks increased by 37 and

847e with the respective salt treatments compared to the

control. The high levels of Mg in the irrigation water

were not toxic, however, apparently, because of the asso-

ciated high levels of Ca added to irrigation water (Wadleigh

and Gauch, 1944). Hayward and Wadleigh (1949) also stated

that the presence of excessive Ca greatly diminished the

toxicity of Mg.

Sodium Uptake

The average Na concentration in the leaves of all

the rootstocks was decreased markedly by the 2.5 mmhos/cm

water treatments, but additional salinity generally gave

only a slight additional decrease This may be because of

lack of Na in the soil solution rather than antagonism by

another ion. The high amount of Ca introduced to soil by

the CaC12 treated irrigation water may have caused Na to

leach to the lower parts of the root zone.

Calcium Uptake

The Ca content of the leaves was affected by root-

stocks and salinity treatments but not to such a great

degree as Cl or Mg. Barbera and 41B accumulated higher

°T11r1
1
7"-a	 than the other rootstocks.
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Higher Ca accumulation could be one of the reasons for

growth reduction of these two rootstocks. Berstein and

Ayers (1953a), in studying the salt tolerance of carrots,

observed relatively poor yields at a given salinity level

for those varieties which tended to accumulate more Ca and

less K. Salinity, achieved by adding CaCl2 to the irriga-

tion water, increased the absorption of Ca and depressed

the absorbtion of K. Generalizations regarding the effect

of salinity on the Ca uptake of plants are difficult to

formulate, however, except in the broadest terms (Bernstein,

1964b). Rice, for example, grows better at low than at

high Ca levels. Even varieties of the same crop may respond

quite differently to high levels of Ca (Ehrler, 1960).

Potassium Uptake

The potassium concentration of the leaves markedly

decreased with increasing salinity (Table 19 and Figure 19).

There is a highly significant negative correlation (r =

0.997) between EC of irrigation water and K concentration

in the leaves of grape rootstocks. The decreasing concen-

tration and uptake of K with increasing salinity may have

been related to an increasing availability of Ca and Mg in

comparison with K as the salinity of the root medium

increased. This may have caused the decreasing concentra-

tion and uptake of K by the plants (Bernstein and Ayers,

1953a; and Hayward and Wadleigh, 1949). McVicker, Bridger,
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and Nelson (1963) reported that when the availability of

Ca and Mg is higher than available K in the soil solution,

then the K uptake by the plant is reduced because of com-

petition among these cations.

The Mg/K and Ca/K ratios in the leaves were

increased with increasing EC of irrigation water with CaC1 2

and MgSO4 (Table 20). This increase was more pronounced in

Barbera, 41B, and 99R, which also showed a more growth

reduction than the other rootstocks.

The ratio divalent cations to monovalent cations

also increased as salinity increased (Table 20). This

increase was higher than those rootstocks such as Barbera,

41B, and 99R which showed relatively higher growth depres-

sion than the others. Accumulation of monovalent and

reduced uptake of divalent cations is one of the proposed

methods of osmotic adjustment (Bernstein, 1961a). This

could be one of the reasons for higher tolerance of some of

the rootstocks. Although even higher salt tolerant root-

stocks showed an increase in divalent to monovalent cation

ratios, the increase was relatively lower than other root-

stocks. For example, the sensitive 41B showed an increase

in this ratio of 2.78 times compared to the tolerant 5BB

which showed only 1.67 times increase.
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SO4

Ramsey

1.90
3.18
4.60

1.46
1.89
2.13

1.08
1.24
1.71

1.08
1.34
1.71 

1.70
2.42
3.11

1.83
3.17
4.72

1.64
2.17
2.65

1.03
1.24
1.80

.98
1.28
1.80 

1.64
2.48
3.31

0.45
2.5
5.0

0.45
2.5
5.0

0.45
2.5
5.0

0.45
2.5
5.0

0.45
2.5
5.0

1613

Mean

0.36
0.52
1.15

0.39
0.49
0.71

0.15
0.21
0.35

0.13
0.21
0.36 

0.28
0.47
0.74

	

0.45	 0.30	 2.42
Barbera	 2.5	 0.68	 3.85

	

5.0	 0.97	 4.75

	0.45	 0.38	 1.44
5BB	 2.5	 0.58	 1.78

	

5.0	 0.80	 2.28

	

0.45	 0.29	 2.44
41B	 2.5	 0.79	 4.85

	

5.0	 1.27	 6.93

2.16
3.81
4.86

1.72
2.23
2.87

2.01
4.15
5.56
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Table 20. Effect of salinity in ratio of cations in the
leaves of seven grape rootstocks

Divalent/
Treatment	 Monovalent

Rootstock	 (mmhos/cm)	 Mg/K	 Ca/K	 Cations
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Nature and Extent of Salt Injury

Salt injury frequently developed under the highest

salinity level (Table 20). The symptoms of injury first

appeared on older leaves. The symptoms started when the

color of the leaves changed from dark green to yellowish

green. The leaves became rough and lost their luster.

Then a marginal or tip burning appeared on leaves which

proceeded inwards and towards the base of the leaf. The

leaf abscised as soon as about 80 7e of the leaf margin was

affected, 41B showed severe salt burn (Figure 20) followed

by SO4 and 1613 which showed slight salt burn. Rootstock

5BB was found to be more susceptible to salt injury than

the other rootstocks. At the highest salt treatment, 5BB

was the only rootstock which did not develop symptoms.

Ravikovitch and Bider (1937), Woodham (1956), and Ehlig

(1960) reported that the level of Cl in the leaves of

grapevines associated with leaf burn symptom is about 1.24

to 1.9 7 dry weight. The leaf Cl levels of rootstocks in

this study was about 0.50 to 1.797 with the highest salt

treatment. The rootstocks which accumulate about .747e Cl

or higher developed some degree of salt injury. Barbera,

SO4, and 41B rootstocks accumulated almost the same level

of leaf Cl with the highest salt treatment, but they

developed different degrees of symptoms, being very slight,

slight, and severe, respectively. The level of Cl accumula-

tion at which symptoms develop is not well defined.
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Table 21. Degrees of salt burn symptoms

Salinity Levels (wihos/cm)

Rootstocks	 0.45	 2.5	 5.0

Barbera

5BB

41B

99R

SO4

Ramsey

1613

1

2	 4

1

1	 2

1

2

- = none

1 = very slight

2 = slight

3 = moderate

4 = severe



Figure 20. Severe leaf burn of 41B
under highest salt treatment

88
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Uninjured leaves may sometimes have higher Cl accumulation

than injured leaves of the same species (Brown et al.,

1953). However, rootstocks which are quite salt-sensitive

may develop leaf burn symptoms which are not specifically

related to Cl accumulation. Extreme moisture deficits

apparently may produce leaf-injury symptoms which are

difficult to distinguish from Cl injury. In this green-

house experiment, growth depressions occurred before the

onset of leaf symptoms. The variable occurrence of symptoms

within rootstocks could also be due partly to temperature

and/or humidity conditions in the greenhouse. Ehlig (1960)

reported that the onset of symptoms in grape varieties

were temperature dependent and that symptoms occurred

rapidly above 38° but slow below 32°C.

Drainage Leachate

Leachates were collected from only two soil columns

containing rootstock 41B of the highest salt treatment on

November 24. Average EC of drainage waters was 29 mmhos/cm.

On December 19, leachates were collected from three more

columns at same treatment. Two containing Barbera and on

containing rootstock 41B. Average EC of drainage water for

Barbera columns was 35 mmhos/cm and for 41B columns for

first and second leachates were 30 and 24.5 mmhos/cm,

respectively. Barbera and 41B are the two least salt
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tolerant rootstocks among the seven grape rootstocks

studied in the greenhouse.

Salt Tolerance of Grape Varieties

Two of the most evident differences between the

saline and non-saline treatments were reduction in shoot

growth and pruning weight. Leaf area and trunk diameter

were also retarded but not severely as the shoot growth.

Salinity inhibition of shoot and other growth parameters

also were observed by several others (Ehlig, 1960; Alexander

and Woodham, 1968; Kamel et al., 1977; Gupta and Nauriyal,

1973; and Joolka et al., 1976). The decreased growth of

grapevines may be due to the physiological scarcity of

water caused by high concentration of salts (Ayers et al.,

1951). Bernstein (1963) suggested that under saline condi-

tions, the osmotic pressure of plant cells increases in

order to adjust for the increase in osmotic pressure of the

root medium. This probably causes a general retardation

of the enzymatic processes. Therefore, a shortage of the

plant building material is associated with reduction in

photosynthesis (Nieman, 1962; Khalil, Fathi, and Elgabaly,

1967).

The percent reduction of grape growth resulting

from the two added levels of salinity was evaluated (Table

22) and wide range of reduction was observed. Based on
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Table 22.	 Percent reduction in grape growth* as influenced
by two levels of salinity compared to control
(EC = 0.45 mthos/cm)

Salinity Levels (mthos/cm)
Rootstock 2.5 5.0

Barbera 21 40

5BB 12 29

41B 22 52

99R 22 41

SO4 17 32

Ramsey 14 26

1613 18 32

*Grape growth is based on average percent reduction
of all four measured growth parameters (shoot
length, pruning weight, trunk diameter, and leaf
area).
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percent reduction in growth (Table 22), grape rootstocks

were classified into three categories as follows:

1. higher salt tolerance	 Ramsey, 5BB, 1613, and SO4

2 , medium salt tolerance	 Barbera, and 99R

3. lower salt tolerance	 41B

The French (Galet, 1979) reported that the 41B is

very sensitive to salt. This is in good agreement with

results obtained in this study; but there is a great dis-

crepancy between salt tolerance of Barbera (V , vinifera)

obtained in this study and that reported by Galet (1979).

This may be due to difference in environmental conditions

for which the salt tolerance of grapes (V. vinifera)

evaluated in France.

The upper limit to which grapevines can concentrate

the soil solution depends on their salt tolerance. For

the greenhouse study, the limit is obtained by extrapolating

the relative percent growth to salinity to 1007 reduction at

which water uptake becomes zero (Figure 21). Soil salini-

ties were obtained by averaging soil water salinity at 15

and 30 cm depth at the final stage of the experiment and

multiplying by 0.5 ot obtain EC of saturation extract (EC e ),

since the saturation percentage is approximately twice the

soil water percentage at which the soil water was sampled.

The resulting maximum ECe value (1007 reduction in growth)

for Barbera is 11.04 mmhos/cm (Figure 21), which is in
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agreement with maximum ECe of 12 mmhos/cm reported by

Ayers and Westcot (1976). Maximum ECe for Ramsey was

highest (16.43 mmhos/cm) while the 41B (8.81 mmhos/cm)

was the lowest.

Field Study 

In February 1980, it was observed that Barbera

grapes on their own roots at both treatments were dead.

Two Barbera vines (shoot and root) were taken to The

University of Arizona for diagnosis. Unlike the shoots,

the roots were healthy, and root rot or other diseases were

not observed. A possible explanation is that the Barbera

grapes were damaged by cold weather. In December 1980,

the temperature for a few nights reached -8°C and since

Barbera is sensitive to freezing weather, and may have

damaged the shoots.

Soil Analysis

The chemical analysis of the soil profiles receiving

city and well water treatments are shown in Tables 23 and

24. Soil chemical analyses on 5:1 extracts are shown in

Appendix A. Application of the salts by the well water is

clearly reflected by the results of the soil analyses.

Irrigation with water containing high Na and Cl increased

Na and Cl content of the soil dramatically. Sodium and

Cl concentration in the soil extracts followed similar
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Table 23. Chemical characteristics of the soil profile
in plots receiving city water

EC x 10 3*
Soluble Ions* 

Depth (cm)	 (mmhos/cm) pH-- Na 	Ca+Mg Cl	 SAR

	 meq/1 	

March 25, 1979

0-15 .60 7.9 4.45 1.55 1.20 5.05

15-30 .64 8.1 4.96 1.44 1.20 5.85

30-45 .73 3.1 5.81 1.49 1.48 6.73

45-60 .72 8.1 5.70 1.50 1.55 6.58

60-75 .62 8.2 4.83 1.37 .85 5.84

75-90 .58 8.2 4.48 1.32 .86 5.51

August 8, 1980

0-15 .51 8.0 3.77 1.33 .43 4.63

15-30 .61 7.9 4.46 1.65 .71 4.97

30-45 .62 8.0 4.69 1.51 .71 5.40

45-60 .65 8.0 4.85 1.65 .70 5.34

60-75 .60 8.1 4.24 1.75 .45 4.52

75-90 .57 8.2 4.15 1.55 .46 4.71

*Determined on the saturated extract

**Determined on the saturated paste
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Table 24. Chemical characteristics of the soil profile
of plots receiving well water

Depth (cm)
EC x 10 3*
(mmhos/cm)

Soluble Ions*

pH** Na Ca+Mg Cl SAR

March 25, 1979

meq/liter

0-15 .60 7.9 4.45 1.55 1.20 5.05

15-30 .64 8.1 4.96 1.44 1.20 5.85

30-45 .73 8.1 5.81 1.49 1.48 6.73

45-60 .72 8.1 5.70 1.50 1.55 6.58

60-75 .62 8.2 4.83 1.36 .85 5.84

75-90 .58 8.2 4.48 1.32 .86 5.51

August 8, 1980

0-15 2.28 8.2 20.7 2.1 9.85 20.20

15-30 3.32 8.1 30.8 2.4 16.15 28.12

30-45 3.50 8.0 32.5 2.5 18.27 29.07

45-60 3.56 7.9 33.1 2.5 16.86 29.61

60-75 2.23 7.9 20.0 2.3 10-52 18.65

75-90 1.77 7.9 15.9 1.8 11.37 16.76

*Determined on the saturated extract

**Determined on the saturated paste
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patterns to that of the total soluble salts in their distri-

bution through the soil profile.

The SAR of the soil solution increased considerably

with the well water treatment. Well water increased average

SAR of the soil profile from 5.93 to 23.74 but city water

decreased SAR from 5.93 to 4.93.

In both treatments, salinity distribution (Figures

22 and 23) in the soil profile tended to be low near the

surface, high in the middle (45 to 60 cm) and lower near

the bottom of the zone sampled. That could be due to

restricted water movement within the soil profile caused

by stratified soil. Figures 22 and 23 also show the change

in the soluble salts with respect to time. The initial

average ECe of the soil profile was about 0.65 mmhos/cm.

The average ECe of the soil profile for city water decreased

to 0.59 mmhos/cm during the test period but well water

treatment increased to 2.78 mmhos/cm.

The pattern of salts in the soil profile, determined

at the end of the experimental period, is shown in Figures

24 and 25. The highest accumulation of salts was found at

45 and 60 cm depth for both treatments. As explained pre-

viously, this was related to soil stratification. High

clay content at 45 to 60 cm layer restricted the movement of

water into the sandy layer below.
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Fruit Yield

The fruit yield data for Barbera grape on different

rootstocks are shown in Table 25. The average yield

decreased as the level of salinity increased. This is in

accordance with the findings of Ravikovitch and Binder

(1937), Dragan (1977), and Petrosyn, Saakyan, and Sakunts

(1978). Salinity means for all rootstocks were signifi-

cantly different at the 5 7 probability level. Well water

reduced fruit yield 49.5 7 compared to city water treatment.

The analysis of variance for the data on fruit yield shows

highly significant differences for the salt levels and for

different rootstocks (Table 26). Interaction between salt

levels and rootstocks also were significant. The highest

was obtained with 41B rootstocks at city water treatment,

but its yield was reduced dramatically with well water.

Rootstock 41B yield was twice that of 5BB with well water

treatment. Investigations by Avromov, Lovic, and

Tadijanovic (1978) and Boichev and Rangelov (1980) showed

that 41B produces significantly higher mean yelds than 5BB.

Study by Dimitrov (1976) demonstrated that 5BB is more

drought resistance than 41B. 41B, Harmony, and 3309C

rootstocks showed more yield reduction as a result of the

application of the well water. The yield reduction were

68.4, 55.2, and 53.5 7 , respectively.
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Table 25. Fruit yield (kg/vine) as influenced by treat-
ments

Treatments

Rootstock City Water Well Water % Reduction

5BB 2.38 1.57 34.0

41B 4.93 1.56 68.4

3309 2.99* 1.39 53.5

Harmony 3.88* 1.74* 55.2

Ramsey 1.88* 1.46* 22.3

99R 1.22 .86* 29.5

Mean 2.87 a 1.45 b 49.5

*Average of two replicates

All values followed by different letter are signifi-
cantly different at the 57 probability level.

Table 26. Analysis of variance for fruit yield under
different levels of salinity

Degree of	 Mean
Source of Variation
	 Freedom	 Square

Main . Effects

Root Stock 5 3.49 6.86**
,Salinity 1 16.92 33.23**

2-way Interactions

Salinity and Rootstock 5 1.82 3 • 59*

Residual 18 .51

*--Significant at 5% level
**--Significant at 1% level
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Cluster Number and Weight

Cluster number and weight data are shown in Tables

27 and 28. The analysis of variance for the data on

cluster number and weight shows highly significant differ-

ences for different salt levels and for different root-

stocks. No significant difference for interaction between

salt levels and rootstocks were found (Tables 29 and 30).

Average cluster number for all rootstocks decreased

22.77e with well water treatment compared to city water

treatment (Table 27). The reduction in cluster number was

highest for 41B, followed by 5BB and Harmony, while 99R

showed no change in cluster number. Unlike the other root-

stocks, the cluster number for both Ramsey and 3309 was

increased by salt treatment.

Cluster weight was obtained by dividing yield by

number of clusters per vine. The overall average cluster

weight of all rootstocks was reduced 32.3 7e due to salt

treatment (Table 28). The cluster weight for 3309 was

markedly lower than the other rootstocks. 5BB showed least

reduction in cluster weight.

Cluster size also was affected by salt treatments.

Figures 26 to 31 illustrate the average size cluster for

Barbera grape on different rootstocks.
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Table 27. Cluster number per vine as influenced by
treatments

Treatments

Rootstock
	

City Water	 Well Water	 Change

5BB	 36.00	 27.00

41B	 54.33	 25.67

3309	 29.00
*

30.33

Harmony	 35.50
*

27.50
*

Ramsey	 19.00
*

20.50
*

99R	 20.00	 20.00
*

Mean Salinity	 33.20 a	 25.67 b

-25.0

-52.8

+ 4.6

-22.5

+ 7.9

0.0

-22.7

*Average of two replicates

All values followed by different letter are
significantly different at the 57 probability level.
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Table 28.	 Cluster weight (g/cluster) as influenced by
treatments

Treatments
%

Rootstock City Water Well Water Reduction

5BB 64.67 58.67 9.3

41B 93.00 62.00 33.3

3309 101.00
*

46.67 53.8

Harmony 108.50
*

65.00
*

60.1

Ramsey 99.00
*

71.50
*

27.8

99R 62.00 44.50
*

28.2

Mean Salinity 85.07 a 57.60 b 32.3

*
Average of two replicates

All values followed by a different letter are
significantly different at 57 probability level.
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Table 29.	 Analysis of variance for cluster number under
different levels of salinity

Source of Variation
Degree of
Freedom

Mean
Square

Main Effects

Rootstock 5 323.43 4.66**
Salinity 1 509.45 7.43*

2-Way Interaction

5 182.62 2.63NSSalinity and Rootstock

Residual	 18	 69.42

*--Significant at 57 level
**--Significant at 1% level
NS--Not significant at 57 level

Table 30. Analysis of variance for cluster weight under
different levels of salinity

Degree of	 Mean
Source of Variation
	

Freedom	 Square

Main Effects

Rootstock 5 869.34 4.04**
Salinity 1 6113.69 28.44**

2-way Interaction

Rootstock and Salinity 5 388.07 1.81NS

Residual 18 214.97

**--significant at 1% level
NS--Not significant at 57 level



Figure 26. A comparison of average size
cluster of Barbera grape on 5BB rootstock for
city water (Ti) and well water (T2) treatments
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Figure 27. A comparison of average size
cluster of Barbera grape on 41B rootstock for city
water (Ti) and well water (T2) treatments
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Figure 28. A comparison of average size
cluster of Barbera grape on 3309 rootstock for
city water (Ti) and well water (T2) treatments
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Figure 29. A comparison of average size
cluster of Barbera grape on Harmony rootstock
for city water (Tl) and well water (T2) treatments



Figure 30. A comparison of average size
cluster of Barbera grape on Ramsey rootstock for
city water (Ti) and well water (T2) treatments
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Figure 31. A comparison of average size
cluster of Barbera grape on 99R rootstock for
city water (T1) and well water (T2) treatments
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Pruning Weight

The growth response to salinity was measured by

pruning weight (Tables 31 and 32). The analysis of variance

for the data on pruning weight for first and second year

shows highly significant differences for city and well

water and for different rootstocks (Tables 33 and 34).

There was a significant difference for interaction between

salt levels and rootstocks for the first year, but not for

the second year. The reduction in pruning weight for the

first year was greater than the second year was for 37.5

and 26.7%, respectively (Tables 31 and 32). Pruning weight,

expressed as gram of wood per vine removed at pruning,

was greatest both years with Harmony for city water treat-

ment. Harmony also showed the most reduction with well

water treatment compared with city water both years. Root-

stocks 5BB, 41B, 99R, and 3309 showed no change in pruning

weight in response to salinity with first year but Harmony

showed more adaptation to salinity by the second year.

Pruning weight reduction for Harmony due to salinity was

81.2 and 47% for the first and second years, respectively.

Ramsey was another rootstock which showed improved growth

due to salinity the second year.

Cation Uptake and Accumulation

The uptake and accumulation of Na, K, Ca, and Mg

in the petioles were affected largely by the different
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Table 31. First-year pruning weight (gram/vine) as
influenced by treatments

Treatments

Rootstock
	

City Water	 Well Water	 Reduction

5BB	 330	 298	 9.6

41B	 383	 242	 36.8
*

3309	 307	 227	 25.8
*

761Harmony	 143-	 81.2
*

Ramsey	 409* 	20.4
*

99R	 151	11 3*

Mean Salinity	 370 a
	

231 b	 27.5

Average of two replicates.

All values followed by a different letter are
significantly different at the 57 probability level.
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Table 32.	 Second year pruning weight (gram/vine)
influenced by treatments

as

Treatments

Rootstock City Water Well Water Reduction

5BB 498 451 9.4

41B 499 318 36.4

3309 426* 328 23.0

Harmony 860
* *

456 47.0

* *
Ramsey 435 377 13.4

99R 341 254* 25.3

Mean Salinity 497 a 364 b 26.7

Average of two replicates.

All values followed by a different letter are
significantly different at the 57 probability level.
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Table 33. Analysis of variance for first-year pruning
weight (g/vine) under different levels of
salinity

Source of Variation
Degree of	 Mean
Freedom	 Square

Main Effects 

Rootstock	 5	 55005.78	 6.61*
Salinity	 1	 163840.70	 19,69*

2-way Interaction 

Rootstock and Salinity	 5	 52990.62	 6.37*

Residual	 18	 83.7.59

*--Significant at 17 level

Table 34. Analysis of variance for second-year pruning
weight (g/vine) under different levels of
salinity

Degree of	 Mean
Source of Variation
	

Freedom	 Square

Main Effects 

Rootstock
	

5
	

66295.07
	

8.42*
Salinity
	

1
	

142447.69
	

18.09*

2-way Interaction 

Rootstock and Salinity	 5	 19567.86	 2.48NS

Residual	 18	 7873.07

*--Significant at 17 level
NS--Not significant at 57 level
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salinity levels and rootstocks (Table 34). A differential

ions concentration in the petioles may be expected as the

absorption and accumulation of ions are mainly affected by

type and ion concentration of the root zone (Bingham and

Garber, 1970; Tisdale and Nelson, 1974).

Increasing the salt in the root media had little or

no effect on total cations accumulated in the petioles.

The ratios of some ions were changed. A comparison of the

analytical results of the petioles shows that the Na con-

tent of the petioles was increased substantially by the

application of well water, particularly in the case of

3309C root which showed an increase of 607e compared to city

water treatment. Sodium varied from 2.38 7 in Harmony to a

low of 0.50 7e in 99R (dry weight basis). Rootstocks 99R and

5BB both with 0.63 and 0.66 7e Na in petioles, respectively

showed an ability to exclude sodium from petioles.

The potassium content of the petioles was decreased

by salt application, except for 99R. Potassium ranged from

2.05 to 4.05 7e dry weight for the city water and from 1.29

to 4.17 7e for well water treatments. Potassium in petioles

in Harmony was more affected by well water treatment than

the other rootstocks and showed a decrease of 48.8 7 compared

to city water treatment.

Calcium content in petioles was affected by root-

stocks and salinity treatment but not to the extent that

Na and K were affected. Except for 41B, the Ca levels
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Table 35. Composition of Barbera grape petioles on six
rootstocks under different soil salinity (76
dry weight)

Root- Treat- Total
stock ment K Na Ca Mg Cl Cations

5BB cw** 3.29 .66 2.66 1.02 .61 7.63
ww 2.91 .66 2.42 1.02 .66 7.01

41B cw 2.35 1.03 2.74 .77 1.04 6.89
ww 1.85 1.44 2.89 .78 1.60 6.96

3309 cw 4.05 .75 2.13 .90 2.29 7.83
ww 3.50 1.20 1.95 .87 3.26 7.52

Harmony cw 2.52 1.61 2.03 .76 .65 6.45
ww 1.73 2.26 1.83 .72 1.03 6.54

Ramsey cw 2.05 2.18 1.91 .76 .83 6.80
ww 1.73 2.26 1.83 .72 1.03 6.54

99R cw 4.01 .50 2.12 .99 .65 7.62
ww 4.17 .68 1.53 .92 .83 7.30

Mean cw 3.05 1.14 2.27 .87 .98 7.22
ww 2.58 1.44 2.10 .87 1.37 6.98

cw = City water treatment
ww = Well water treatment
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were decreased slightly by well water application. Mean

petiole Ca for all rootstocks was 2.27 and 2.10 7e dry weight

for city and well water, respectively.

Salt applications to the soil had little or no

effect on the Mg content of the petioles. Mean petiole Mg

for all rootstocks remained constant at 0.87 7e dry weight

level for both water treatments. There was no appreciable

difference existing between petiole Mg content from the

various rootstocks.

The data presented in Table 35 show that rootstocks

are associated with a wide range of ions in the grafted

(scion) variety (Barbera). Grapevine rootstock influence

on the foliar composition of the scion variety has been

shown by Bernstein et al. (1969) and Downton (1977c, 1977d).

The differential accumulation of ions by the six rootstocks

in this study could be founded in the selective permeability

of the protoplasm of the roots (Osterhout, 1940). For

example, the protoplasmic membrane of the absorbing cells

of roots of Harmony may be more permeable to the Na ion or

have a higher retentive capacity for the 5BB.

Chloride Uptake and Accumulation

The concentration of Cl in the petioles is shown in

Table 35. The average concentration of Cl in the saturated

extract (about 21 and 526 ppm in city and well water,

respectively) caused Cl accumulation in the petioles to
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about .98 to 1.37 7e dry weight with petioles in city and

well water treatment, respectively. Extremely large differ-

ences in Cl accumulation have been demonstrated among the

six grape rootstocks in this study. On the dry-weight

basis, the range between the highest Cl accumulator, 3309

and the lowest, 5BB, was 4.94-fold. These results indicate

that the 5BB is more tolerant to salinity due to a capacity

to exclude chloride from the accumulated salts. The entry

of Cl into vines can be restricted by certain rootstocks

(Sauer, 1960, Bernstein et al., 1969; Downton, 1977c)

Interaction Between Cation Uptake

The amount of ions in a given plant depends on a

number of factors including the level of soil salinity,

plant species or variety, and the nature and quantity of

other ions present in the soil solution. Nutrient imbalance

problems are frequently illustrated in terms of the ionic

ratios involved because ion selectivity and competitive

(antagonistic) effects frequently are interrelated. The

K/Na and Ca/Na ratios (for ion contents in Table 35) are

shown in Table 36. The K/Na ratios of petioles decrease

with increasing salinity level. For the most part these

decreases are related to increasing amounts of Na uptake

with increased amounts of Na in the soil medium. Martin,

Harding, and Murphy (1953) found that a high concentration

of Na decreased K content of the plant but had little effect
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Table 36. K/Na and Ca/Na ratios in the petioles of Barbera
grape on six different rootstocks under different
soil salinity conditions

K/Na	 K/Na

Rootstock
City
Water

Well
Water

City
Water

Well
Water

5BB 4.98 4.41 4.03 3.67

41B 2.28 1.28 2.66 2.01

3309 5.40 2.92 2.84 1.63

Harmony 1.56 .54 1.26 .83

Ramsey .94 .77 .88 .81

99R 8.02 6.13 4.24 2.25
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on the Mg uptake. The effect of high Na levels on K absorp-

tion has been well documented (Gauch and Wadleigh, 1945;

Larson and Pierre, 1953; Epstein, 1962; Pitman, 1965;

Bajwa and Bhombla, 1971). Bajwa and Bhombla (1971) found

that an increase in Na concentration in soil was associated

with an increase of Na and a decrease of Ca, Mg, and K

content of the tops and roots of different crops.

Calcium to sodium ratios of petioles also decreased

as Na in the root medium increased by application of well

water. The presence of relatively high proportion of Na on

the exchange complex of soil may prevent the vine roots

from obtaining adequate supply of Ca. Nightingale and

Smith (1966) reported that sodium prevented calcium from

entering the plant.

Must and Wine Analyses

The composition of must is shown in Table 37. Total

acidity, expressed as gram of tartraic acid per 100 ml of

must, was increased by the application of well water, parti-

cularly in the cases of 3309 and 99R. The reverse is true

for the pH of the must. Except for 5BB, the must pH

resulting from city water was higher than the well water

treatment. Sugar content of the must, expressed as degree

of Brix was not affected uniformly by treatments. Sugar

content in actuality was a function of harvesting late

rather than treatment. The ratio of sugar to acid was
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Table 37. Must composition of Barbera grape on six
different rootstocks under different soil
salinities

Rootstock
Treat-
ment Brix pH

Total
Acidity
(g/100 ml)

Brix/
Acid

5BB cw 23.6 3.1 .844 27.96
ww 23.1 3.2 .953 24.24

41B cw 21.7 3.0 .977 22.21
ww 24.0 3.0 1.040 23.08

3309 cw 22.6 3.2 .813 27.80
ww 21.0 2.8 1.160 18.10

Harmony cw 22.8 3.2 .859 26.54
ww 23.6 3.1 .875 26.97

Ramsey cw 22.0 3.3 .789 27.88
ww 22.0 3.2 .906 24.28

99R cw 23.4 3.2 .821 28.50
ww 20.5 2.8 1.120 18.30

Mean cw 22.68 3.17 .851 26.59

*City water treatment
**Well water treatment



125

affected similarly to the total acidity. Except for 41B,

salinity of soil solution caused a decrease in Brix/acid.

The reduction in Brix/acid ratio was more significant for

3309C and 99R roots than the other rootstocks. Higher

total acidity of the must obtained from the salt treatment

was in good agreement with Ravikovitch and Binder (1937),

but differ from those of Petrosyan et al. (1978) who

reported lower total acidity in saline soil compared to

non-saline soil. Different effects have been reported

about the effect of salinity on the sugar content. Under

some conditions the sugar content is higher (Dragan, 1977),

while others (Ravikovitch and Binder, 1937; Petrosyan et

el., 1978) reported lower sugar content under saline condi-

tions. The contradictory reports on the effect of salinity

on sugar and acid content may be explained by the different

varieties and cultural conditions of growing grapes. The

sugar and acid content of grapes depend not only on the

characteristics of the grown variety, but also depend on

factors such as soil moisture, amount of heat during the

maturation, pruning practices and others.

Total acidity and pH of the wine were affected by

the salt treatment similar to the must. Total acidity of

the wine was increased as the result of increasing the soil

salinity (Table 38). 3309 and 99R showed a higher increase

in total acidity for well water compared to the other

rootstocks. Increasing salinity caused reduction in pH of
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the wine, particularly in the cases of 3309, Harmony, and

Ramsey rootstocks. Except for 99R, the color of wines

were darker with city water than with well water (Table 33

and Figure 32). Decrease in color due to salinity was much

greater for Ramsey and 41B than the other rootstocks. For

the well water, only 5BB developed sufficient color to be

acceptable as commercial wine, the wine from Harmony root

was rosé.

Ionic Composition of the Wine

The concentrations of Na, K, Ca, Mg, and Cl of the

wine were affected by the different salinity levels and

rootstocks (Table 39). The Ca content of the wine was

increased by salinity, except in 41B which showed a slight

decrease. The Mg content also was increased by application

of well water compared to city water. Sodium, K and Cl

were affected by salinity to a greater degree than Ca and

Mg. Sodium content of the wine was increased substantially

by salt water application. Ramsey, 3309, and Harmony

showed almost a 2-fold increase in Na content for well

water compared to city water . Increasing salinity in the

soil solution caused a decrease in K content, particularly

in the case of 3309. Salinity also had significant effect

on Cl content of the wine (Table 39). The average Cl

content of all rootstocks was 198 and 522 ppm for city and

well water treatments, respectively. The increase in Cl



Figure 32. Barbera wine color from six
different rootstocks grown under different soil
salinity conditions
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Table 39. Grape rootstock and salinity effects on the

mineral composition of Barbera wines (values
in ppm)

Total
Rootstocks	 Treatment Ca Mg Na	K	cl	 Cations

5BB cw** 118 121 126 1,212 145 1,577
ww 123 125 136 1,110 194 1,494

41B cw 142 115 177 1,200 210 1,634
ww 132 121 211 1,019 384 1,483

3309 cw
ww

113
161

107
140

111
252

2,290
1,606

357
1,688

2,621
2,159

Harmony cw
ww

84
113

105
138

210
456

1,748
1,260

156
419

2,147
1,967

Ramsey cw
ww

70
103

98
110

267
436

1,913
1,639

194
221

2,357
2,288

99R cw
ww

127
151

138
160

122
141

1,439
1,194

123
227

1,826
1,646

Mean cw
ww

111
131

114
132

169
272

1,634
1,305

198
522

2,027
1,850

cw* = City water treatment
ww** = Well water treatment
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for 3309 was greater than the others and showed an increase

of 4.73-fold due to salinity.

Sensory Evaluation

The wines were evaluated blind by an expert panel

of six tasters (Table 40). Barbera wine from Paul Mason

was selected as a comparison. The wine from Paul Mason was

oxidized and received lower scores than all the experimen-

tal Barbera grapes, even lower than wines affected by

salinity. Evaluation scores for all rootstocks on the

city water indicated that all were colluitercially acceptable

with an overall average of 12.5. The overall average

evaluation scores on the well water was 10.52 which was

commercially acceptable but with a noticeable defect.

Salt treatment did not have a pronounced effect on

the quality of wine made from the 5BB and Harmony root-

stocks. Quality of the wine made from grape on the 3309

rootstock was considerably lower with well water compared

to city water treatment. This could be due to high Cl

content of wine. Wine composition data (Table 39) shows

high level of Cl in wine from 3309 rootstock with well

water. The salty taste of wine from 3309 was also detected

by one of the panel members. Saline water had a similar

effect on Ramsey and 99R and decreased their evaluation

scores by 2.35 points. Under saline irrigation conditions,

wine from 5BB appeared to be commercially acceptable.
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Table 39. Sensory evaluation of Barbera wines from
six different rootstocks under two salin-
ity levels using the California 20-point
system*

Rootstock

Water Source

City Well

5BB 13.35 12.90

41B 11.90 10.45

3309C 12.70 8.25

Harmony 12.25 11.40

Ramsey 12.45 10.10

99R 12.80 10.00

Mean 12.50 10.52

Standard 7.75

1-4 completely spoiled
5-8 below commercial acceptability
9-12 commercially acceptable with noticeable

defect
13-16 standard wines with neither outstanding

character or defect
17-20 wines with outstanding character and no

marked defect
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Salt Tolerance of Barbera Grape
on Different Rootstocks

The most evident differences between city and well

water treatments was reduction in the fruit yield. The

average fruit yield of Barbera on all rootstocks decreased

49.5 7 with well water compared to city water treatment.

Pruning weight was also decreased but not as severely as

the fruit yield. Pruning weight of the second year was

reduced by 26.77e with in well water compared to city water.

According to Ayers and Westcot (1976), irrigating

grapes with water of EC 2.7 mmhos/cm should reduce the

growth by 25 7e- Average reduction in growth (pruning weight)

of Barbera in this study is in agreement with Ayers and

Westcot (1976), but the reduction in fruit yield was much

more than expected. This may have been caused by high

NaC1 in the well water since grapevines are sensitive to

Cl (Bernstein et al., 1956; Bingham, et al., 1956; Gupta

and Nauriyl, 1973). Reduction of yield of grapevines were

mostly the result of toxic effect rather than osmotic

effect (Saakyan and Petrosyan, 1964; Pandey and Divate,

1976). Fruit yield reduction was correlated with an

increase in Na and Cl in the grape petioles (Figure 33).

A linear correlation of the percent reduction in yield due

to salinity and percent increase in Cl and Na concentra-

tions, when computed, revealed that the increase in Cl in

the petioles had a pronounced positive correlation with
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PERCENT CHANGE IN PETIOLES CONTENT

Figure 33. Correlation between percent yield
reduction and percent increase in Cl and Na and decrease
in K/Na in the petioles of grapes in well water compared
to city water treatment
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yield reduction at the 5 7 significance level. Sodium was

not significantly correlated. A correlation also was found

between percent decrease in K/Na ratio and yield reduction

at 107e significance level (Figure 33). Even though the

increase in sodium was not significantly correlated with

yield reduction, it caused nutritional imbalance which

indirectly affected the several metabolic process such as

respiration, photosynthesis, protein synthesis, and other

processes which may have been reason for the reduction in

fruit yield.

A wide range of salt tolerance of Barbera grape on

different rootstocks was observed. Based on relative

reduction in fruit yield, rootstocks were classified into

two categories:

1. high salt tolerance - 5BB, Ramsey, and 99R

2. low salt tolerance - Harmony, 3309, and 41B

Since the reduction in pruning weight was different from

reduction in fruit yield, growth of Barbera on different

roots were also classified based on their relative reduction

in pruning weight. Rootstocks were classified into three

categories.

1. high salt tolerance 	 - 5BB and Ramsey

2. medium salt tolerance - 3309 and 99R

3. low salt tolerance 	 - 41B and Harmony

Based on the quality of the wine, 5BB was the only high salt

tolerant rootstock tested in this study.



CHAPTER 5

SUMMARY AND CONCLUSIONS

Greenhouse Study 

Seven grape rootstocks were grown in soil columns

and irrigated with either water of EC 0.45, 2.5 or 5

mhos/cm. The later two waters were prepared by adding

MgSO4 and CaC1 2 to 0.45 mmhos/cm tap water. Shoot growth,

pruning weight, leaf area, and trunk diameter were signifi-

cantly influenced by salinity. Reduction in shoot growth

and pruning weight were more pronounced than in leaf area

and trunk diameter. The average shoot growth for all root-

stocks was reduced by 17 and 39% with EC of 2.5 and 5

mmhos/cm, respectively. Salinity levels, EC of 2.5 and

5 mmhos/cm, also reduced average pruning weight of all the

rootstocks by 17 and 37%, respectively. Reduction in shoot

growth and pruning weight was higher for 41B and lowest for

Ramsey. Rootstock 41B seemed to be most adversely affected

by salt.

Total cations accumulated in the leaves of grapes

were different between rootstocks. Barbera accumulated

almost two times more cations in its leaves than Ramsey or

1613. A significant positive correlation (r = 0.87) at 5%

probability level was found between the total cations in

135
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leaves and the percent reduction in shoot growth. As EC

was increased, the average of the Ca, Mg and Cl in the

leaves of all the rootstocks increased, but K and Na

decreased. The mean Cl concentrations for all the root-

stocks increased 2.2 and 5-fold for EC of 2.5 and 5

mmhos/cm, respectively. Rootstocks and salinity treatments

affected the Mg/K and Ca/K ratios. Increased Ca and Mg

content of irrigation water increased the Mg/K and Ca/K

ratios. Various symptoms of salt injury developed. Root-

stock 41B developed severe salt burn under the highest

salinity level. At highest salt treatment, the only root-

stock which did not develop any injury symptom was 5BB.

Maximum ECe values (100% reduction in grwoth)

varied from 8.81 mmhos/cm for 41B to 16.43 mnhos/cm for

Ramsey. Maximum ECe for Barbera (Vitis vinifera) was 11.04

mmhos/cm. Based on percent reduction in growth, the rela-

tive tolerance of grape rootstocks could be arranged as

follows: Ramsey > 5BB > SO4 > 1613 > Barbera > 99R > 41b.

Field Study 

A field experiment was conducted on The University

of Arizona Experiment Farm at Safford. Six rootstocks used

in this study were grafted to Barbera. Two sources of

water, city and well with EC of 0.42 and 2.6 mmhos/cm,

were used. In both treatments, salt distribution in the

soil profile tended to be low near the surface, high in the



137

middle (30 to 60 cm), and lower near the bottom of the

zoned sampled (90 cm). That could be due to restricted

water movement within the soil profile caused by stratified

soil. Average ECe of soil profile for city and well water

was 0.59 and 2.78 mmhos/cm, respectively.

Fruit yield decreased significantly with well

water treatment. The average fruit yield of Barbera on all

rootstocks decreased 497e with well water compared to city

water. Pruning weight was also decreased but not as

severely as the fruit yield. Barbera grape on 41B root-

stock showed a greater yield reduction than on the other

rootstocks. Barbera on Ramsey rootstock showed lowest

reduction in yield. Pruning weight reduction due to

salinity was highest for Harmony and lowest for 5BB.

Treatments and rootstocks affected the Ca, Mg, Na,

K, and Cl contents of the barbera grape petioles. Well

water application increased the Na and Cl concentrations in

the petioles, but decreased the K and Ca. Petioles of

Barbera on Harmony and Ramsey accumulated more Na than

other rootstocks. Chloride accumulation was highest for

Barbera on 3309 and lowest for 5BB. The K/Na ratio of

petioles decreased with increasing salinity level. A

significant positive correlation was obtained between per-

cent reduction in yield with percent increase in Cl and

decrease in K/Na ratio of the petioles. This result leads

to the following conclusion: the reduction in fruit
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yield of barbera grape could be mostly the result of toxic

effect of Cl ion rather than osmotic effect. Also this

could be the result of nutritional imbalance caused by

higher uptake of Na and lower uptake of K by grapevines.

Must analysis indicated that salt treated grape had

a higher total acidity and sugar to acid ratio. Except for

5BB rootstock, the pH of city water was higher than well

water. Total acidity and pH of the wines were affected by

the well water similar to the musts. Alcohol of the wines

were not affected by treatments uniformly.

Quality of Barbera wine on different rootstocks

decreased as salinity increased. Except for 99R rootstock,

the color of the wines were darker with city water than

well water. Only Barbera wine from 5BB rootstock developed

sufficient color to be acceptable as commercial wine.

Quality of wine from 3309 rootstock was considerably

lowered with the well water. With well water, only wine

from 5BB appeared to be commercially acceptable.

Based on percent reduction in fruit yield, the

relative tolerance of Barbera on different rootstocks could

be arranged as follows: Ramsey > 99R > 5BB > 3309 > Harmony

> 41B. Based on quality of wine, the only high salt tole-

rance of grape rootstocks. In both studies, 5BB and Ramsey

showed higher tolerance to salt than the other rootstocks.

Rootstock 41B was the most sensitive rootstock to salinity

and its growth and yield was reduced dramatically.
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Rootstock 5BB by far was the most suitable rootstock for

production of Barbera grape under the saline condition.

As far as can be seen from these analyses, data are

insufficient to determine which factors, if any, of those

measured contribute to wine quality to a measurable extent.

Further investigations should be made in order to determine

the long-term effects of salinity on grapevine.



APPENDIX A

CHEMICAL CHARACTERISTICS OF

THE SOIL PROFILE

140
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Table A-1. Chemical characteristics of the soil profile
of plots receiving city water

Soluble ionsa (PPm)

.Depth- (cm)	 EC x 1.0.3 .. Ca . Mg	 K	 Na	 Cl	 SAR

Date:	 3/25/79

0.31
0.37
0.38
0.38
0.36
0.33

12.4
11.1
14.1
14.2
11.6
9.3

4.5
5.4
6.1
5.1
4.5
5.1

6.0
6.6
6.6
6.8
5.8
6.2

61
74
73
72
66
60

16.5
12.4
19.5
21.1
17.0
16.5

1.68
2.02
1.83
1.89
1.87
1.76

0-15
15-30
30-45
45-60
60-75
75-90

Date: 	12/19/79

0-15 0.25 9.2 3.6 7.9 49 10.5 1.47
15-30 0.31 10.2 4.4 5.1 55 11.1 1.61
30-45 0.31 11.2 5.0 4.8 53 11.4 1.48
45-60 0.33 11.0 4.3 5.6 59 12.9 1.71
60-75 0.29 10.1 3.6 4.8 49 10.8 1.51
75-90 0.26 8.5 4.2 4.7 48 10.3 1.51

Date: 	8/18/80

0-15 0.23 7.0 3.3 5.8 47 6.5 1.65
15-30 0.25 10.7 3.2 4.3 47 5.5 1.43
30-45 0.28 10.2 4.2 3.9 49 5.7 1.46
45-60 0.38 8.4 3.3 4.9 51 7.1 1.69
60-75 0.24 8.2 2.7 3.4 44 5.0 1.51
75-90 0.22 7.8 2.9 3.2 43 4.5 1.49

aDetermined on the 5:1 extract
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Tabl(t A-2. Chemical characteristics of the soil profile of
plots receiving well water

Soluble Ionsa (am) 
Depth (cm)	ECa x 10 3 Ca Mg	 K	 Na Cl	 SAR

Date:	 3/25/79

0.31
0.37
0.38
0.36
0.33

12.4
11.1
14.1
11.6
9.3

4.5
5.4
6.1
4.5
5.1

6.0
6.6
6.6
5.8
6.2

61
74
73
66
60

16.5
17.4
19.5
17.0
16.5

1.68
2.02
1.83
1.87
1.76

0-15
15-30
30-45
45-60
60-75

Date: 	12/19/79

0-15 0.42 9.3 4.1 5.2 87 34.4 2.66
15-30 0.46 8.5 3.7 5.6 95 42.0 3.05
30-45 0.49 11.2 4.4 5.3 100 48.8 2.86
45-60 0.48 9.8 3.1 4.5 102 54.4 3.25
60-75 0.40 8.4 3.7 4.7 83 25.0 2.72
75-90 0.36 8.3 4.1 5.2 64 23.2 2.03

Date:	 8/18/80

0-15 0.54 5.8 4.2 4.9 115 59.8 3.99
15-30 0.64 8.0 2.6 5.5 133 86.0 4.66
30-45 0.64 8.9 3.3 4.9 139 87.0 4.53
45-60 0.67 9.4 1.9 2.9 125 99.2 4.51
60-75 0.47 7.6 2.6 3.8 95 45.8 3.40
75-90 0.40 7.7 2.8 3.5 82 56.8 2.42

aDetermined on the 5:1 extract
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