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ABSTRACT 

Red kidney bean (Phaseolus vulgaris L.) plants were 

grown in nutrient solution and in nutrient solution plus 

four bars of added NaCl. Chlorophyll and protein decay 

occurred much more rapidly in intact leaves from plants 

subjected to four bars of added NaCl in the growth medium 

than in intact leaves from plants without added NaCl. 

Ribonucleic acid (RNA) content in intact leaves of salt 

treated plants was higher than in intact leaves from plants 

grown in nutrient solution alone. 

In another series of experiments the effects of high 

humidity and cytokinin on growth and water relations of red 

kidney bean plants were studied. Salinity inhibited growth 

of plants in both low and high humidities when compared to 

control plants grown under the same conditions. However, 

salt treated plants grew better under high humidity when 

compared to salt stressed plants grown under low humidity. 

Benzyl adenine (B.A.) sprays did not have any effect on 

growth of salt treated plants grown in low humidity. How

ever, when plants were grown in high humidity B.A. either 

had no effect or inhibited the growth of the plants. 

Salinity increased leaf resistance to water vapor loss (R^) 

in both low and high humidity, and B.A. decreased Rj^ of salt 

treated plants in both humidities. The effects of salinity 

xi 



on decreasing root permeability were the same in both high 

and low humidities, and they were not reversed by B.A. 

applications. The results do not support the idea that 

growth inhibition due to salinity is simply the result of 

impaired cytokinin metabolism and/or transport. Rather, 

the growth inhibition probably is due to the effect of 

salinity on the balance of hormones and could be acting at 

several different steps. 



CHAPTER 1 

INTRODUCTION AND REVIEW OF LITERATURE 

Need for Research on Physiology 
of Salt Tolerance 

It is well known that soil and/or water salinity 

have tremendously reduced agriculture production in several 

countries (Strogonov, 1964; Black, 1968). This effect is 

most conspicuous in irrigated areas (Kramer, 1969), and it 

has been reported (Magistad and Reitemeir, 1943) that 

osmotic pressures equivalent to 4 bars at the permanent 

wilting percentage can reduce the growth of salt tolerant 

species such as alfalfa, cotton, and sugar beets in soil 

kept near field capacity. Despite the economic importance 

of the problem and the interest of soil, plant, and water 

scientists, the effects of salinity on plant growth and 

development are still not completely understood. Another 

point that is not clear is why certain plants are more 

resistant than others to high salt concentration in the root 

environment. Absence of a deeper understanding of physi

ological changes occurring in plants subjected to salinity 

is one of the major obstacles to the solution of the salinity 

problems. Once these mechanisms are known, it may be 

possible to infer how plants can tolerate salts. This may 

then provide a basis for selection of salt tolerant species 
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at the same time that it could provide for artificial means 

of increasing salt tolerance of glycophytes (Strogonov, 

1964). 

Physiological Drought versus 
Osmotic Adjustment 

The soil water potential (^ ) can be said to be 

dependent mainly upon the matric pressure (t ) when the 
s 

solute concentration of the soil solution is low. However, 

when one is dealing with saline soils the osmotic component 

(TT ) can be regarded as very important and the ¥ becomes a 
s s 

function not only of the soil matric pressure (T ) but also 

of the soil osmotic pressure (TT ). So the value of the soil 

water potential can be indicated as Y = -TT -T . What this 
S SS 

means is that one can have low water potentials, even at 

high soil-water content (O'Leary, 1971b). Since water move

ment from the soil into the plant is a function of the water 

potential gradient between the two components of the soil-

water system, the increase in soil osmotic pressure (IT ) 

(which lowers soil water potential [Y ]) will decrease the 

gradient. As a consequence, one should expect less water 

absorption and, as a result, less growth. Schimper (1898) 

postulated that the effect of salinity on plant growth was 

primarily due to the fact that salts increase the osmotic 

pressure of the soil solution, and as a consequence, the 

plants are subjected to "physiological drought." This point 
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of view was accepted for many years. Growth reduction was 

shown to follow the increase in osmotic pressure of the root 
I 

environment by several investigators (Ayers, Wadleigh, and 

Magistad, 1943; Hayward and Long, 1943; Gauch and Wadleigh, 

1944; Wadleigh and Ayers, 1945; Wadleigh, Gauch, and 

Magistad, 1946; Richards and Wadleigh, 1952). These authors 

indicated that reduction in growth of guayule (Wadleigh et 

al., 1946) as well as bean yield (Wadleigh and Ayers, 1945) 

were proportional to decrease in average water potential, 

whether the decrease was caused by low soil water content 

(high T ), by high salt concentration (high rr ), or a 
s s 

combination of the two. 

According to Tulaikov, cited in Strogonov (1964), 

the effects of Na2SO^ and NaCl on growth and yield of wheat 
***** 

variety Beloturka are different at iso-osmotic concentra

tions. He found that on sulphate salinization all plants 

survived and gave some yield even when the osmotic pressure 

of the root enviornment was 30 atm, while on chloride 

salinization, at osmotic pressures of 20 atm in the soil 

solution, no yields were obtained and at 30 atm all the 

plants died. Prisco and O'Leary (1970a) have found similar 

results for germination and seedling development of red 

kidney beans. That is, the effects of NaCl on red kidney 

bean were primarily osmotic when seedlings were in solutions 

of water potentials of -8 bars or higher. However, when the 

water potential of the substrate was low (-12 bars) the 
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effects were both toxic and osmotic. Strogonov (1964) 

thinks that physiological drought in the sense described 

above is not responsible for growth inhibition. Instead he 

stresses the importance of the type of salinity at the same 

time that he emphasizes the "toxic" effect of ions. 

Walter (1955) thinks that no effect of soil osmotic 

pressure can exist. He suggests that the effects of salinity 

on plant growth must be due among other things to disturbed 

nutrient uptake. It has been suggested that salinity effects 

resemble potassium deficiency symptoms (Bernstein, 1963). 

This hypothesis was tested but no potassium deficiency in red 

kidney bean plants subjected to salinity was observed (Riley, 

1968). 

During the late 50's Philip (1958) and Bonner (1959) 

have suggested the development of a vapor gap between root 

and soil, as both shrink during the time while soil is 

drying. According to Bonner (1959) when the soil water 

content is high the hypothesis proposed by Walter (1955) 

would hold, and when the vapor gap developed the total soil 

water stress view would hold since the vapor zone would 

constitute an ideal differentially permeable membrane. 

However, this hypothesis was shown to be wrong since 

salinity effects are the same in culture solutions as well 

as in soils, and a vapor gap cannot be developed in the 

former (Bernstein, Gardner, and Richards, 1959). 



On the other hand it has been shown that both 

halophytes and glycophytes absorb ions under saline 

conditions (Harris et al., 1924; Eaton, 1942; Hayward and 

Wadleigh, 1949; Adriani, 1956; Black, 1960; Lundegardh, 

1966), and, as a consequence of this, the water potential 

gradient between plant and root environment is maintained 

(McCool and Millar, 1917; Slatyer, 1961; Bernstein, 1961, 

1963). This so called osmotic adjustment can be less than 

complete (Janes, 1966, 1968; Meiri, Mor, and Poljakoff-

Mayber, 1970), complete (Slatyer, 1961), or the osmotic 

pressure of the plant can even become higher than the one of 

the root environment (Boyer, 1965). It also was found that 

osmotic adjustment can occur in plants grown in solutions 

containing permeating solutes (Eaton, 1927, 1942), or non-

permeating solutes (Janes, 1966; Ruf, Eckert, and Gifford, 

1967). The plant osmotic pressure increases even when the 

soil moisture decreases (Padurariu et al., 1969). O'Leary 

(1971b) thinks that osmotic adjustment in plants is a 

response of decreased water potential in the root environ

ment and not simply a response to increased concentration 

of permeating solutes. Another interesting feature of the 

so called osmotic adjustment is its reversibility. When 

red kidney bean plants were subjected to gradual increases 

in NaCl concentrations in the root environment their osmotic 

pressure increased, and when they were transferred back to 
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regular nutrient solution their osmotic pressure came back 

to the control level (O'Leary, 1971b). 

Water Stress in Osmotically 
Adjusted Plants 

Despite the observation that plants osmotically 

adjust, the salinity symptoms resemble drought symptoms 

(Bernstein and Hayward, 1958; Bernstein, 1961). This could 

be due to the fact that the osmotic pressure determinations 

made with the expressed sap are taken as indicative of the 

vacuolar osmotic pressure when they should not because 

expressed leaf sap is a mixture of cell sap and solution 

from the protoplasts' surroundings, such as cell walls 

(Oertli, 1966). Oertli thinks that what might happen is 

that the solution reaching the leaves has a high salt 

content, and if the leaf cells are unable to accumulate 

enough salts within their vacuoles for true osmotic adjust

ment they then will be subjected to "physiological drought." 

However, this argument was proven to be wrong, because 

Bernstein (1971) has shown that solutes in cell walls of 

salt treated plants appear to be in dynamic equilibrium with 

intracellular solutes. 

A more realistic explanation was proposed by O'Leary 

(1971a, 1971b) based on studies of resistance to water move

ment through the plant (Kramer, 1950; Klepper, 1967; O'Leary, 

1969; O'Leary and Prisco, 1970). According to him water 

stress may develop in osmotically adjusted plants if they 



7 

are grown in an environment with high evaporative demand, 

and if root permeability is decreased. That is, a high 

potential transpiration and a decreased water absorption 

causes the development of water stress (Slatyer, 1967) even 

when the water potential gradient between plant and root 

environment is maintained. Therefore, if one can grow 

plants in an environment with low evaporative demand, for 

instance, high relative humidity, one should be able to 

overcome at least part of the salinity effects. 

Salinity and Metabolism 

In addition to the effects described above, salinity 

may also affect the metabolism of the plant. In fact, it 

has been proposed (Bernstein, 1961, 1963) that the inhibition 

of growth might be due to the effect of osmotic concentration 

on various enzyme systems. This possibility is very likely 

to occur because of the effect of the ions on the character 

of the hydration shell surrounding the protein molecules 

(Slatyer, 1967) and specific effects on enzyme activity may 

be caused by this (Laties, 1954; Hackett, 1961; Kessler et 

al., 1964). Addition of salts to the root medium has been 

reported to alter the carbohydrate metabolism (Porath and 

Poljakoff-Mayber, 1964, 1968; Livne and Levin, 1967; 

Poljakoff-Mayber and Hason-Porath, 1968; Hason-Porath and 

Poljakoff-Mayber, 1969, 1970, 1971; Weimberg, 1970), amino 

acids and protein metabolism (Nightingale and Farnham, 1936; 
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El-Shourbagy, 1964; Kahane and Poljakoff-Mayber, 1968a, 

1968b; Prisco and O'Leary, 1970b, 1971), and nucleic acid 

metabolism (Kessler et al., 1964; Rauser and Hanson, 1966). 

These alterations in the metabolism have been reported to be 

due to increase or decrease in activity of certain enzymes 

(Kessler et al., 1964; Porath and Poljakoff-Mayber, 1964; 

Slatyer, 1967) and to appearance of new enzymes (Hason-

Porath and Poljakoff-Mayber, 1969; Weimberg, 1970). There

fore, there is no doubt that salinity affects plant metab

olism. What is not so clear, however is how salinity affects 

it. Some authors (Kahane and Poljakoff-Mayber, 1968a, 1968b; 

Rauser and Hanson, 1966; Prisco and O'Leary, 1971) believe 

that salinity affects the cell metabolism through its effect 

on protein and nucleic acid metabolism, and it appears that 

the degree of cytoplasmic hydration is the primary cause of 

the effects of salinity on metabolism (Greenway and Leahy, 

1970; Flowers and Hanson, 1969). 

Salinity and Plant Senescence 

Several years ago Went (1943) postulated that 

factors synthesized in the roots—caulocalines—are involved 

in the growth and metabolism of shoots. More recently it 

has been shown that cytokinins (Kulaeva, 1962; Kende, 1964, 

1965; Seth and Wareing, 1965; Weiss and Vaadia, 1965) and 

gibberellins (Skene, 1967; Sitton, Richmond, and Vaadia, 

1967) are apparently synthesized in the roots, and that 
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these hormones are probably Went's caulocalines. Richmond 

and Lang (1957) have observed that detached leaves lose 

protein and chlorophyll with time and that kinetin prevents 

protein and chlorophyll loss. Leopold and Kawase (1964) 

have found that benzyl adenine not only delays senscence of 

bean leaves but also stimulates their growth, and retarda

tion of senescence by these growth regulators has also been 

shown to occur in intact plants (Fletcher, 1969; Adedipe and 

Fletcher, 1970; Fletcher, Hofstra, and Adedipe, 1970). 

Another interesting observation that was made in the past 

decade was that cytokinin concentration in root pressure 

exudate of sunflower plants increases during the exponential 

growth phase of the plants and drops by a factor of 10 when 

the plants have reached their final size (Sitton, Itai, and 

Kende, 1967). They concluded that the reduced cytokinin 

supply from the roots to the shoots is one of the factors 

responsible for shoot senescence. Flooding (Burrows and 

Carr, 1969), low pH (Adreenko, Potapor, and Kosulina, 1964), 

high temperature (Mothes and Engelbrecht, 1963; Cole, 1969), 

low temperature (Kuraishi et al., 1966), and water stress 

(Itai and Vaadia, 1965, 1971) have been shown to decrease 

cytokinin activity. It has also been found that salinity 

decreases cytokinin translocation from the roots (Itai, 

Richmond, and Vaadia, 1968; Richmond, 1968) at the same time 

that it inhibits protein synthesis in leaves (Ben-Zioni, 

Itai, and Vaadia, 1967). However these observations were 
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obtained from plants that had not been adjusted to salt and 

the only observation available for salt adjusted plants is 

an indirect one (O'Leary and Prisco, 1970). 

Objectives of the Present Study 

From the discussion above it is apparent that the 

conclusion that salinity enhances senescence was based on 

either indirect evidence showing differences in cytokinin 

activity of root pressure exudate collected from salt 

stressed and non-stressed plants (Itai and Vaadia, 1965; 

Itai et al., 1968) or on acceleration of chlorophyll decay 

of detached leaves from salt stressed plants compared with 

leaves from plants that had been grown in nutrient solution 

alone (O'Leary and Prisco, 1970). In addition to this, the 

plants used to collect root pressure exudate were subjected 

to salinity only for a very short period of time and, as a 

consequence, were not osmotically adjusted plants. One of 

the objectives of the present study was to investigate if 

enhancement of senescence is also observed in intact leaves 

of salt adjusted plants. 

Since it has been suggested that osmotically 

adjusted plants show water stress when grown in an environ

ment with high evaporative demand (O'Leary, 1971a, 1971b), 

it is valid to hypothesize that part of the salinity effects 

should be overcome by growing plants in an environment with 

low evaporative demand. Therefore, the second objective of 



this study was to determine if high humidity and/or 

cytokinins can overcome the salinity inhibition of growth, 

and to study the effects of these factors on the water 

relations of salt stressed red kidney bean plants. 



CHAPTER 2 

MATERIALS AND METHODS 

Plant Material and Treatment Selection 

Red Kidney bean (Phaseolus vulgaris L.) plants were 

selected for this study because of their short life cycle, 

low salt tolerance (Richards, 1954), and because they have 

been extensively studied with respect to physiology of salt 

tolerance (Gauch and Wadleigh, 1944; Bernstein, 1961, 1963; 

Lagerwerff and Eagle, 1961; Riley, 1968; O'Leary, 1969, 

1971b; O'Leary and Prisco, 1970; Stewart, 1970; Prisco and 

O'Leary, 1970a, 1970b). 

Sodium chloride (NaCl) salinity was chosen for this 

study because this salt is the most conspicuous in saline 

soils (Mulwani and Pollard, 1939). The osmotic pressure of 

the root medium used in all experiments was 4 bars of added 

salts because of previous experience (O'Leary and Prisco, 

1970). 

Characterization of Senescence 
in Intact Plants 

Red kidney bean (Phaseolus vulgaris L.) seeds (W. 

Atlee Burpee Company, Riverside, California, Lot 233) were 

placed on brown paper towels (Kimberly-Clark Corporation, 

Neenah, Wisconsin) soaked with nutrient solution, covered 

12 
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by a plastic wrap, rolled up and placed in 600ml plastic 

beakers (Prisco, 1969). The beakers were then placed in a 

Controlled Environments growth chamber, Model E7, programmed 

for a 12 hours light:12 hours dark cycle. The temperature 

of the light period was 25 + 2 C and in the dark period, it 

was 18 + 2 C. The light intensity measured with a Weston 

Illumination Meter, Model 756 (Daystrom, Incorporated, 

Weston Instruments Division, Newark, New Jersey) was 1300 

foot candles. Seven days after planting the seedlings were 

transferred to 6 liter Rubbermaid No. 2940 wastebaskets 

containing an aerated nutrient solution (Meyer, Anderson, 

and Swanson, 1955) supplied with Fe-EDTA in a concentration 

of 5 ppm (O'Leary, 1969). Plants were grown in an air-

inflated plastic greenhouse (Figure 1) in which the tempera

ture ranged from a low of 16 C at night to a high of 30 C 

during the day. Relative humidity was 35-50 per cent during 

the day and 75-100 per cent during the night. Light 

intensity at plant level ranged from 4000 to 8000 foot 

candles as measured with a Weston photocell. After the 

plants had been growing in nutrient solution for two days, 

the osmotic pressure of the nutrient solution was gradually 

increased by addition of NaCl at the rate of one bar (24 

meq/liter) every two days (Bernstein, 1961), up to 4 bars 

of added salt. Nutrient solution level was kept constant 

throughout the experimental period by adding distilled water 

to each pot. Changes of nutrient solution were made every 
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T 

Figure 1. Air-inflated Plastic Greenhouses of the University 
of Arizona's Environmental Research Laboratory. 



15 

ten days, and each time 4 bars of NaCl was restored to each 

pot in the salt treatment. 

Total Chlorophyll 

Forty-eight plants grown as described above were 

divided into two groups of 24 plants each. In one of the 

groups, flower buds were removed as they appeared, while in 

the other group of 24 plants the flower buds were left 

intact so all flowers developed normally. Sodium chloride 

was added in the nutrient solution for 12 of the 24 plants 

from each group as described above. The other plants were 

grown iri regular nutrient solution. Thus there were four 

treatments; plants with flowers grown in nutrient solution, 

plants with flowers grown in nutrient solution plus 4 bars 

of added NaCl, plants without flowers grown in nutrient 

solution, and plants without flowers grown in nutrient 

solution plus 4 bars of added NaCl. Each treatment had 12 

plants. After 15, 20, 25, and 30 days from transplant 

three plants from each of the four treatments were har

vested, and their first foliar leaves and the oldest tri

foliate leaf assayed for total chlorophyll. Chlorophyll 

analysis was performed by grinding one gram of leaf tissue 

in 80% acetone (Mallinckrodt, Lot VHG) for two minutes in a 

Waring blender. The extract was filtered through Whatman 

No. 1 filter paper, and the volume brought up to 100 ml with 

80% acetone. The absorbance of this extract at 652 
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nanometers (nm) was determined in a Beckman DB-G spectro

photometer, and total chlorophyll was calculated according 

to Arnon (1949) as modified by Bruinsma (1961). Chlorophyll 

content per leaf was expressed on a fresh weight basis. 

Total Protein 

Since the tendency for chlorophyll decay was 

approximately the same for both types of leaves and for 

plants with and without flowers in the "total chlorophyll" 

experiment, no flowers were taken off the plants in this 

experiment. The plants were grown as described in the total 

chlorophyll experiment except that this time only two treat

ments existed: plants grown in nutrient solution and plants 

grown in nutrient solution plus 4 bars of added NaCl. After 

15, 20, 25, and 30 days from transplant four plants from 

each treatment were harvested, and their first foliar 

leaves plus the oldest trifoliate leaf were frozen in liquid 

nitrogen, ground to a powder with a mortar and pestle and 

placed in precooled 100 ml beakers. The beakers were 

covered with cheese cloth, held by a rubber band, and placed 

in a lyophilizer for 48 hours. After removal from the 

lyophilizer the beakers containing the leaf material were 

covered with aluminum foil and stored in a freezer for 

further analysis. Protein was estimated colorimetrically 

according to Lowry et al. (1951). Samples of lyophilized 

tissue (100 mg) were ground in 5 ml of cold 0.5 M sucrose 



Sorensen's buffer, pH 7.2, and filtered through two layers 

of cheese cloth. A 1 ml sample of the homogenate was placed 

in a centrifuge tube and precipitated by adding 1 ml of cold 

10% (w/v) trichloroacetic acid. The precipitate was 

collected by centrifuging for 5 minutes at 500 x g in a 

Sorvall RC2-B refrigerated centrifuge. The pellet was then 

resuspended in 5 ml of 0.1 NaOH and a 0.1 ml aliquot of the 

NaOH suspension was mixed with 5 ml of 100:1:1 (v/v/v) of 

4% ^2^2 in 0.1 N NaOH, 4% sodium tartrate, and 2% 

CuSO^'S^O and incubated at 45 C for 15 minutes. A 0.5 ml 

of phenol reagent (Folin-Ciocalteau), diluted 1:1 (v/v) with 

distilled water, was added to the above mixture, mixed 

thoroughly, and allowed to incubate for 30 minutes at room 

temperature. Absorbance was then measured at 750 nm in a 

Gilford spectrophotometer equipped with a Beckman DU mono-

chromator and compared to a standard curve prepared with 

bovine serum albumin, fraction V (Sylvana, Millburn, N. J.). 

Total Ribonucleic Acid 

The plants for this experiment were grown under the 

same conditions as the ones described for total protein. 

After 15, 20, 25, and 30 days from transplant four plants 

from each treatment were harvested, and their first foliar 

leaves plus the oldest trifoliate leaf were frozen, ground, 

and lyophilized as in the previous experiment. Total 
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ribonucleic acid (RNA) was extracted using a modified 

Smillie-Krotkov method (Smillie and Krotkov, 1960). 

Samples of 100 mg of lyophilized tissue were ground 

in ice-cold mortar and pestle (with sterile sand) with 10 ml 

of cold methanol containing 0.05 M formic acid. The 

homogenate was transferred quantitatively to a cold 

centrifuge tube and centrifuged at 1000 x g for 5 minutes 

in a Sorvall RC2-B refrigerated centrifuge, and the super

natant discarded. The pellet was washed by resuspending 

and later centrifuging at 1000 x g for 5 minutes in 5 ml 

cold 0.2 N perchloric acid (twice) and 10 ml of cold 95% 

ethanol. Ten ml aliquots of the following solvents were 

used subsequently to further extract the pellet: 95% 

ethanol, ether, chloroform (2:2:1), and ethyl ether. In 

each case the pellet was stirred with the solvent, heated 

to 50 C for 1 min and centrifuged at 1000 x g for 5 minutes. 

The final pellet was dried at room temperature and 

then hydrolyzed with 10 ml of 0.3 N KOH overnight at 37 C. 

The mixture was centrifuged, and the supernatant fraction, 

containing RNA hydrolysis product and DNA, was transferred 

quantitatively to a clean ice-cold centrifuge tube, and made 

_ 3 
to 10 M MgC^ using 2 N percloric acid (HCIO^). An equal 

volume of cold 95% ethanol was next added, mixed briefly, 

and the mixture allowed to stand in the cold for 20 minutes 

before centrifugation at 1000 x g for 5 minutes. The 

supernatant containing RNA nucleotides was poured off into 
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another centrifuge tube, and the pellet containing DNA and 

protein was washed once with 2 ml of 0.2 N Cold HCIO2 to 

insure complete separation of RNA hydrolysis products from 

DNA, and the washing added to the original supernatant 

containing RNA nucleotides. 

The RNA nucleotides were separated by loading the 

supernatant containing RNA nucleotides onto a 3.0 cm x 1.0 

cm column of Dowex 1 resin (200 mesh, chloride form), pre-

washed with 10 ml of 0.01 M NaCl. The loaded column was 

then thoroughly washed with distilled water, and the RNA 

nucleotides were eluted with 20 ml of HCl-NaCl solution 

(20 ml concentrated HC1, 5.6g NaCl in 240 ml of water). The 

eluate containing RNA nucleotides was quantitatively 

analyzed using UV readings from a Gilford spectrophotometer 

and applying the following formula (Cherry, 1962): 

mg RNA/ml = (°D260 ~ OD290^ x 0#0^7 

Response of Salt Stressed Plants to 
High Humidity and Cytokinin 

In this experiment seeds from the same source as 

described for the previous experiments were germinated and 

transplanted as described above. The plants were grown in 

two different greenhouses: a high humidity greenhouse and 

a low humidity one. The schedule for salt additions as well 

as the salt level were the same as the ones described above. 
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High Humidity Greenhouse 

The high humidity environment was provided by a 

closed environment air-inflated greenhouse (Figure 1) 

covered with 12 mil polyethylene plastic (GER-PAK 601). This 

greenhouse had a packed column heat exchanger with a water 

spray. Fans forced air upward through the column providing 

continuous circulation of humid air. Air temperature was 

controlled by controlling the temperature of the water 

circulating through the column. The temperature ranged from 

a low of 17 C during the night to a high of 36.5 C during 

the day. Relative humidity ranged from 75% to saturation 

during the day and stayed at 100% all night. The CC>2 con

centration in the air was maintained approximately at 300 

ppm (ambient CC^ concentration) by means of a system similar 

to the one described by Swalls (1970). Light intensity at 

plant level ranged from 3500 to 7500 foot candles as 

measured with a Weston photocell. 

Low Humidity Greenhouse 

This greenhouse was an open environment air-inflated 

greenhouse (Figure 1) covered with 12 mil polyethylene 

plastic (GER-PAK 601), and its refrigeration system was 

based on the evaporative cooler principle. The temperature 

ranged from a low of 15 C during the night to a high of 33 C 

during the day. Relative humidity ranged from 25 to 70% 

during the day and from 75 to 100 during the night. The 
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CC>2 concentration in the air was the ambient concentration 

(approximately 300 ppm). Light intensity at plant level 

ranged from 3800 to 8000 foot candles as measured with a 

Weston photocell. 

Cytokinin Spraying 

The cytokinin used in this experiment was N6 benzyl 

adenine (Nutritional Biochemicals Corporation, Lot 6494). 

A 6000mg/1 (6000 ppm) solution of benzyl adenine (B.A.) 

in propylene glycol (Fisher Scientific Company, Lot 753845) 

was prepared as a stock. This solution was then diluted 

with distilled water to a final concentration of either 

30 mg/ 1 (30 ppm) or 60 mg/1 (60 ppm). No spreading or 

wetting agents were used, and the plants were sprayed until 

dripping wet. Plants were sprayed on the 4th, 8th, and 17th 

days from transplant. 

Growth Measurements 

At the twentieth day from transplant 4 plants from 

each treatment were harvested. Each plant was divided 

into leaf blades, stems and petioles, and roots. Fresh 

weights were obtained using a Mettler top loading: balance. 

An air flow planimeter (Jenkins, 1959) was used to measure 

leaf area. Leaf blades, stems and petioles, and roots were 

then placed in paper sacks and dried in an oven at 80 C 

overnight. Dry weights were obtained using a Mettler H15 

balance. 
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Plant-Water Relations Measurements 

Leaf resistance to water vapor loss was determined 

with a leaf resistance meter (Kanemasu, Thurtell, and 

Tanner, 1969) at 23 days from transplant. Three plants from 

each treatment were selected for the measurements. These 

measurements were made on the lower surface of each one of 

the leaflets of the oldest trifoliate leaf from each plant. 

The leaf and the sensor cup of the leaf resistance meter 

were shaded during the measurement to prevent temperature 

effects (Morrow and Slatyer, 1971). All the measurements 

were made between noon and 3:30 p.m. After the measurements 

were made, leaf impressions from each leaflet were taken 

using the method of Sampson (1961). They were obtained by 

coating part of the leaf surface with General Electric 

RTV-11 silicon rubber and Tenneco Nuodex-Nuocure 28 catalyst. 

The silicon rubber impressions obtained were coated with 

cellulose acetate (Cutex colorless fingernail polish), 

allowed to dry for approximately 20 minutes, separated from 

the silicon rubber, and placed on a microscope slide. The 

countings were made using a Bausch and Lomb monocular 

microscope. The microscope had a 10 x eyepiece and a 40 x 

objective lens. The area of the ocular grid was 0.0317 mm . 

All the stomates located in the ocular grid area and the 

ones touching its upper and left sides were counted. 

Those touching the other two sides were excluded. Ten 
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different fields in one leaflet impression were counted and 

2 
their mean density value expressed in stomates/mm . 

For the relative water content (R.W.C.) measurements 

three plants from each treatment were harvested at 25 days 

from transplant. The middle leaflet was used for R.W.C. 

measurement by the Stocker method (Hewlett and Kramer, 

1963). Three more plants from each treatment were harvested 

for osmotic pressure (tt) determinations. The oldest tri

foliate leaf was harvested, wrapped in aluminum foil, 

frozen, and stored in a freezer. The leaf sap was expressed 

in a Carver press. Electrical conductivity measurements of 

expressed leaf sap were used to calculate osmotic pressure. 

The regression equation relating conductivity values to 

osmotic pressure was determined empirically in previous 

studies (Riley, 1968). All determinations were made between 

noon and 1:00 p.m. 

Two days later (27 days from transplant) the root 

system of the plants used in the osmotic pressure deter

minations were used for root permeability measurements. 

Truncated root systems immersed in distilled water were 

enclosed in a pressure chamber (O'Leary, 1965) used to force 

water through the root system under constant pressure (2 

bars). Exudate was collected from the stumps of the root 

systems every 30 minutes, during a period of 2 hours. At 

the end of this period the root systems were taken out from 

the pressure chamber, allowed to drip dry for 1 or 2 minutes 
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and their fresh weight determined. The surface area of the 

entire root system was calculated based on a relationship 

between root fresh weight and surface area determined by 

O'Leary (1971c) for red kidney bean. The osmotic pressure 

of the exudate was determined using the regression equation 

relating conductivity values to osmotic pressure (Riley, 

1968). Root permeability expressed as hydraulic conduc

tivity of the root surface was calculated from the equation 

below: 

J = L (AY) 
w p 

3 —2 —1 where J = water flow across the root (cm •cm «sec~ ), 
w ' 

Lp = hydraulic conductivity of the root surface (cm. sec"\ 

bar""1"), and AY = the water potential gradient from the 

external solution to the interior of the root (bars). 

Experimental Design and Statistical 
Analysis 

The experimental design for total chlorophyll was a 

factorial experiment 2x2x4, for total protein, total ribo

nucleic acid, and the experiment involving response to high 

humidity and cytokinin a factorial 2x4 (Steel and Torrie, 

1960). Data were subjected to analysis of variance and 

least significant difference test (LSD). 



CHAPTER 3 

RESULTS 

Growth Characteristics of Plants Grown 
Under NaCl Salinity 

Red kidney bean growth was drastically inhibited when 

plants were grown in nutrient solution plus 4 bars of added 

NaCl (Table 1). This inhibition expressed in per cent 

reduction of leaf area, of fresh weight, or of dry weight, 

was always greater than 76.0%, and lower than 85.0%. 

Table 1. Characteristics of Red Kidney Bean Plants Grown in 
Nutrient Solution (0 bars) and in Nutrient Solu
tion Plus 4 bars of Added NaCla 

Characteristics 0 bars 4 bars % reduction 

Plant fresh weight (g) 71.7 16.3 77.3 

Root fresh weight (g) 36.9 8.8 76.3 

Shoot fresh weight (g) 34.8 7.4 78.7 

Plant dry weight (g) 5.8 1.0 82.8 

Root dry weight (g) 1.4 0.3 78.6 

Shoot dry weight (g) 4.4 0.7 84.1 

Plant leaf area (g) 777.8 118. 3 84.8 

The osmotic pressure of the nutrient solution was 
0.3 bars, but called zero here. The values represent the 
average of four plants. 

25 
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Characteristics of Leaf Senescence in 
Intact Plants 

Leaf senescence was characterized by the evaluation 

of chlorophyll, protein, and RNA contents at different times 

during the growth of the plants. 

Chlorophyll 

The analysis of variance for the data on chlorophyll 

content of first foliar leaves shows highly significant 

differences for different salt levels, for days from trans

plant, and for the interaction between salt levels and days 

from transplant. The effect due to the presence of flowers 

was statistically significant at a level of 5%, and the 

interaction between days from transplant and presence of 

flowers was also statistically significant at the same 

level. No significant difference for the interactions 

between salt levels and flowers and, for salt levels, days 

from transplant, and flowers was found (Table 2). 

Chlorophyll content in first foliar leaves of salt 

stressed plants was lower than in leaves of plants grown in 

nutrient solution (Table 3). This lower chlorophyll content 

was observed even at 15 days from transplant, and it was 

shown in both plants with flowers and without flowers. The 

presence of flowers affected chlorophyll content of first 

foliar leaves of control plants (0 bars), only at 30 days 

from transplant, when the control plants with flowers had 

less chlorophyll (0.66 mg/g fresh weight) than the ones 
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Table 2. Analysis of Variance for Chlorophyll Content in 
First Foliar Leaves of Red Kidney Bean Plants 
Grown with and without Flowers, in Nutrient Solu
tion, and in Nutrient Solution Plus 4 bars of 
Added NaCl. 

Source of Degree of 
Variation Freedom Mean Square F 

Salt levels 1 1.5373 183.01** 

Days from transplant 3 0.4912 58.47** 

Flowers 1 0.0541 6.44* 

Salt x Days 3 0.0486 5.78** 

Salt x Flowers 1 0.0002 0.02NS 

Days x Flowers 3 0.0269 3.20* 

Salt x Days x Flowers 3 0.0162 1.93NS 

Error 32 0.0084 

•Statistically significant at 5% level. 

••Statistically significant at 1% level. 
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Table 3. Chlorophyll Content of First Foliar Leaves of Red 
Kidney Bean Plants Grown in Nutrient Solution (0 
bars) and in Nutrient Solution Plus 4 bars of 
Added NaCl.a 

Days 
from 

Transplant 

Total Chlorophyll (mg/g fresh weight) 

Days 
from 

Transplant 

Plants with Flowers Plants without Flowers Days 
from 

Transplant 0 bars 4 bars 0 bars 4 bars 

15 1.19 0.82 1.06 0.88 

20 0.98** 0.71 1.02 0.75 

25 0.92** 0.62* 1.05 0.63** 

30 0.66** 0.17** 0.91* 0.31** 

The osmotic pressure of the nutrient solution was 
0.3 bars, but called zero here. 

LSD (0.05) = 0.15 for rows and columns. 

LSD (0.01) = 0.21 for rows and columns. 

*Statistically significant difference from initial 
value (15 days) at 5% level. 

**Statistically significant difference from initial 
value (15 days) at 1% level. 
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without flowers (0.91 mg/g fresh weight). No effect due to 

the presence of flowers was observed in the salt treated 

plants. 

Total chlorophyll content, expressed as percentage 

of the initial value, is illustrated graphically in Figures 

2 and 3. Examination of these figures illustrates that 

chlorophyll decay is accelerated in first foliar leaves of 

salt treated plants. The difference in chlorophyll decay 

was greater in plants without flowers than in plants whose 

flowers developed normally. 

The analysis of variance for the data on chlorophyll 

content of the oldest trifoliate leaf shows highly signifi

cant differences for different salt levels and for the 

interaction between salt levels and days from transplant. 

Days from transplant and the interaction between days from 

transplant and presence of flowers were statistically 

significant at a level of 5%. No significant difference for 

presence of flowers, interaction between salt levels and 

presence of flowers, as well as interaction between salt 

levels, days from transplant, and presence of flowers were 

found (Table 4). 

Chlorophyll content of the oldest trifoliate leaf 

of salt stressed plants with flowers was lower than in 

leaves of plants grown in nutrient solution without added 

NaCl at 30 days from transplant, while this difference was 

observed at 25 days from transplant when plants were grown 
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Table 4. Analysis of Variance for Chlorophyll Content in 
the Oldest Trifoliate Leaf of Red Kidney Bean 
Plants Grown with and without Flowers, in Nutrient 
Solution, and in Nutrient Solution Plus 4 bars of 
Added NaCl. 

Source of 
Variation 

Degree of 
Freedom Mean Square F 

Salt levels 1 1.0325 52.15** 

Days from transplant 3 0.0883 4.46* 

Flowers 1 0.0133 0.67NS 

Salt x Days 3 0.3736 18.87** 

Salt x Flowers 1 0.0421 2.13NS 

Days x Flowers 3 0.0827 4.17* 

Salt x Days x Flowers 3 0.0533 2.69NS 

Error 32 0.0198 

•Statistically significant at 5% level. 

••Statistically significant at 1% level. 
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without flowers (Table 5). No effect due to the presence of 

flowers alone was observed in either control (0 bars) or 

salt treated plants (Table 4). 

Total chlorophyll content, expressed as percentage 

of the initial value, is illustrated graphically in Figures 

4 and 5. When plants were grown with flowers their control 

leaves did not show statistically significant variation with 

time. That is, the chlorophyll content stayed the same from 

15 to 30 days from, transplant. This did not happen with 

leaves of salt stressed plants. The chlorophyll content in 

the oldest trifoliate leaf of these plants stayed more or 

less constant up to 25 days from transplant. At 30 days 

from transplant it decreased drastically and reached a value 

of 47.7% of the one at 15 days (Table 5 and Figure 4). In 

the case of plants grown without flowers the control leaves 

had increased chlorophyll content from the 20th to the 25th 

day from transplant, while the salt stressed ones showed a 

constant decrease in chlorophyll content up to the point 

where it reached 58.7% of the initial value at the 30th day 

from transplant (Table 5 and Figure 5). 

Protein 

The analysis of variance for the data on protein 

content of first foliar leaves plus the oldest trifoliate 

leaf shows highly significant difference for the different 

salt levels, and a statistically significant difference at 
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Table 5. Chlorophyll Content of Oldest Trifoliate Leaf of 
Red Kidney Bean Plants Grown in Nutrient Solution 
(0 bars) and in Nutrient Solution Plus 4 bars of 
Added NaCl.a 

Days 
from 

Transplant 

Total Chlorophyll (mg/g fresh weight) 

Days 
from 

Transplant 

Plants with Flowers Plants without Flowers Days 
from 

Transplant 0 bars 4 bars 0 bars 4 bars 

15 1.23 1.32 1.18 1.21 

20 1.40 1.20 1.07 1.05 

25 1.27 1.11 1.54** 0.92* 

30 1.31 0.63** 1.52** 0.71** 

The osmotic pressure of the nutrient solution was 
0.3 bars, but called zero here. 

LSD (0.05) = .0.24 for rows and columns. 

LSD (0.01) = 0.32 for rows and columns. 

*Statistically significant difference from initial 
value (15 days) at 5% level. 

••Statistically significant difference from initial 
value (15 days) at 1% level. 
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5% level for the interaction between different salt levels 

and days from transplant. No significant difference was 

found for days from transplant alone (Table 6). 

Table 6. Analysis of Variance for Protein Content in the 
First Foliar Leaves Plus the Oldest Trifoliate 
Leaf of Red Kidney Bean Plants Grown in Nutrient 
Solution and in Nutrient Solution Plus 4 bars of 
Added NaCl 

Source of 
Variation 

Degree of 
Freedom Mean Square F 

Salt levels 1 7.8507 12.69** 

Days from transplant 3 1.6378 2.69NS 

Salt x Days 3 1.9528 3.21* 

Error 24 0.6089 

*Statistically significant at 5% level. 

**Statistically significant at 1% level. 

Protein content of first foliar leaves plus the 

oldest trifoliate leaf was lower in the salt treated plants 

than in the control plants, except at 15 days from trans

plant when there was no significant difference between 

control (0 bars) and salt treated plants (Table 7). 

When comparisons between protein content variation 

of control versus salt treated plants through the experi

mental period were made, the control plants showed no 

statistically significant variation, while protein content 
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Table 7. Protein Content in First Foliar Leaves Plus the 
Oldest Trifoliate Leaf of Red Kidney Bean Plants 
Grown in Nutrient Solution (0 bars) and in 
Nutrient Solution Plus 4 bars of Added NaCl.a 

Total Protein (mg/g dry weight) 
Days from 
Transplant 0 bars 4 bars 

15 5.71 6.14 

20 5.91 5.63* 

25 6.15 4.93* 

30 5.79 3.91** 

aThe osmotic pressure of the nutrient solution was 
0.3 bars, but called zero here. 

LSD (0.05) = 1.14 for rows and columns. 

LSD (0.01) = 1.54 for rows and columns. 

•Statistically significant difference from initial 
value (15 days) at 5% level. 

**Statistically significant difference from initial 
value (15 days) at 1% level. 
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of salt treated plants decreased after 20 days from trans

plant (Table 7). The above observations are shown 

graphically in Figure 6. 

Ribonucleic Acid (RNA) 

The analysis of variance for the data on total 

ribonucleic acid (RNA) content of first foliar leaves plus 

the oldest trifoliate leaf shows highly significant differ

ences for different salt levels, and a statistically 

significant difference at 5% level for days from trans

plant. No significant difference was found for the inter

action between different salt levels and days from trans

plant (Table 8). 

Total RNA content in first foliar leaves plus the 

oldest trifoliate leaf of salt stressed plants was higher 

than the RNA content in the same leaves of control plants, 

except at 20 days from transplant when there was no signifi

cant difference (Table 9). Since the interaction between 

different salt levels and days from transplant was not 

significant (Table 8), the tendency for RNA content varia

tion in leaves during the experimental period was the same 

for both control and salt treated plants. 
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Table 8. Analysis of Variance for Ribonucleic Acid Content 
in the First Foliar Leaves Plus the Oldest Tri
foliate Leaf of Red Kidney Bean Plants Grown in 
Nutrient Solution and in Nutrient Solution Plus 
4 bars of Added NaCl. 

Source of 
Variation 

Degree of 
Freedom "Mean Square F 

Salt levels 1 12.8144 32.23** 

Days from transplant 3 1.4982 3.77* 

Salt x Days 3 0.3473 0.87NS 

Error 24 0.3976 

.•Statistically significant at 5% level. 

••Statistically significant at 1% level. 
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Table 9. Ribonucleic Acid Content in First Foliar Leaves 
Plus the Oldest Trifoliate Leaf of Red Kidney Bean 
Plants Grown in Nutrient Solution (0 bars) and in 
Nutrient Solution Plus 4 bars of Added NaCl.a 

Days from 
Transplant 

Total RNA (mg/g dry weight) 
Days from 
Transplant 0 bars 4 bars 

15 3.07 4.96 

20 4.51** 5.50 

25 3.80 4.87 

30 3.62 4.74 

The osmotic pressure of the nutrient solution was 
0.3 bars, but called zero here. 

LSD (0.05) = 0.92 for rows and columns. 

LSD (0.01) = 1.25 for rows and columns. 

••Statistically significant difference from initial 
value (15 days) at 1% level. 
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Effects of High Humidity and Cytokinin 
on Growth 

The effects of high humidity and cytokinin on growth 

of red kidney bean plants were evaluated on fresh weight, 

dry weight, and leaf area basis. 

The analysis of variance for the data on total fresh 

weight shows highly significant differences for humidity 

levels, and treatments. A statistically significant differ

ence at 5% level for the interaction between humidity levels 

and treatments was also shown (Table 10). 

Table 10. Analysis of Variance for Total Fresh Weight of 
Salt Stressed Red Kidney Bean Plants Grown Under 
Low and High Humidity and Sprayed with Benzyl 
Adenine 

Source of 
Variation 

Degree of 
Freedom Mean Square F 

Humidity 1 1,541.5130 9. 75* 

Treatment 3 7,061.0510 44. 68** 

Humidity x Treatment 3 515.4350 3. 26* 

Error 24 158.0260 

•Statistically significant at 5% level. 

••Statistically significant at 1% level. 
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Growth of salt treated plants, measured on a fresh 

weight basis, was inhibited in both low and high humidities. 

Benzyl adenine (B.A.) did not show any effect on fresh 

weight of salt treated plants grown under low humidity. 

However, this growth regulator decreased fresh weight of 

salt stressed plants when they were grown under high 

humidity (Table 11). 

When comparisons between plants of the same treat

ment grown under different humidities were made, the control 

(0 bars) and salt treated plants had highly significant 

differences in growth. That is, control and salt treated 

plants grown under high humidity had a higher fresh weight 

than the ones grown under low humidity. Salt treated plants 

sprayed with either 30 or 60 ppm of B.A. did not show any 

statistical difference in growth between the two humidities 

studied (Table 11). 

The analysis of variance for the data on root fresh 

weight shows highly significant difference for treatments. 

A statistically significant difference at 5% level for the 

interaction between humidity levels and treatments was also 

shown. No significant difference for humidity levels was 

shown (Table 12), but the F value calculated for this factor 

(4.24) was very close to the significance at 5% level (4.26). 

Root growth of salt treated plants, measured on a 

fresh weight basis, was inhibited in both low and high 

humidities. Benzyl adenine (B.A.) did not show any effect 



Table 11. Total Fresh Weight of Salt Stressed Red Kidney 
Bean Plants Grown Under Low and High Humidity and 
Sprayed with Benzyl Adenine (B.A.). 

Total Fresh Weight (g) 

Treatment3 Low Humidity High Humidity 

0 bars 71.7 99.3 

Salt treated 16.3** 44.2** 

Salt treated + 
30 ppm B.A. 23.5** 24.2** 

Salt treated + 
60 ppm B.A. 25.3** 24.6** 

*cl 
The osmotic pressure of the nutrient solution was 

0.3 bars, but called zero here. 

LSD (0.05) = 18.3 for rows and columns. 

LSD (0.01) = 24.9 for rows and columns. 

••Statistically significant difference from control 
value (0 bars) at 1% level. 
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Table 12. Analysis of Variance for Root Fresh Weight of 
Salt Stressed Red Kidney Bean Plants Grown Under 
Low and High Humidity and Sprayed with Benzyl 
Adenine. 

Source of 
Variation 

Degree of 
Freedom Mean Square F 

Humidity 1 150.5120 4.24NS 

Treatment 3 1,774.5110 50.02** 

Humidity x Treatment 3 129.2440 3.64* 

Error 24 35.4770 

•Statistically significant at 5% level. 

'••Statistically significant at 1% level. 
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on root fresh weight of salt treated plants grown under low 

humidity. However, this cytokinin inhibited root growth of 

the salt treated plants when compared with salt treated 

plants alone, grown under high humidity. Root growth of 

control and salt treated plants was greater under high than 

under low humidity. The environment under which the plants 

were grown did not have any effect on root fresh weight of 

salt treated plants sprayed with either 30 or 60 ppm of 

B.A. (Table 13). 

The analysis of variance for the data on shoot fresh 

weight shows highly significant differences for humidity 

levels, and treatments. A statistically significant dif

ference at 5% level for the interaction between humidity 

levels and treatments was also shown (Table 14). 

Shoot growth of salt treated plants, measured on a 

fresh weight basis, was inhibited in both low and high 

humidities. Benzyl adenine (B.A.) did not show any effect 

on shoot fresh weight of salt treated plants grown under 

either low or high humidity when compared with salt treated 

plants alone. Shoot growth of control and salt treated 

plants was greater under high than under low humidity. High 

humidity did not show any effect on shoot fresh weight of 

salt treated plants sprayed with either 30 or 60 ppm of 

B.A. (Table 15). 

The analysis of variance for the data on total dry 

weight shows highly significant differences for humidity 
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Table 13. Root Fresh Weight of Salt Stressed Red Kidney 
Bean Plants Grown Under Low and High Humidity and 
Sprayed with Benzyl Adenine (B.A.). 

Root Fresh Weight (g) 

Treatment3 Low Humidity High Humidity 

0 bars 36.9 45.7 

Salt treated 8.8** 22.2** 

Salt treated + 
30 ppm B.A. 11.0** 9. 5** 

Salt treated + 
60 ppm B.A. 11.8** 8.4** 

aThe osmotic pressure of the nutrient solution was 
0.3 bars, but called zero here. 

LSD (0.05) = 8.7 for rows and columns. 

LSD (0.01) = 11.8 for rows and columns. 

••Statistically significant difference from control 
value (0 bars) at 1% level. 

\ 
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Table 14. Analysis of Variance for Shoot Fresh Weight of 
Salt Stressed Red Kidney Bean Plants Grown Under 
Low and High Humidity and Sprayed with Benzyl 
Adenine. 

Source of 
Variation 

Degree of 
Freedom Mean Square F 

Humidity 1 728.6550 15.91** 

Treatment 3 1,778.2720 38.83** 

Humidity x Treatment 3 142.6650 3.12* 

Error 24 45.7930 

*Statistically significant at 5% level. 

**Statistically significant at 1% level. 
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Table 15. Shoot Fresh Weight of Salt Stressed Red Kidney 
Bean Plants Grown Under Low and High Humidity and 
Sprayed with Benzyl Adenine (B.A.). 

Shoot Fresh Weight (g) 

Treatment9 Low Humidity High Humidity 

0 bars 34.8 53.6 

Salt treated 7.4** 22.0** 

Salt treated + 
30 ppm B.A. 12.5** 14.6** 

Salt treated + 
60 ppm B.A. 13.5** 16.4** 

aThe osmotic pressure of the nutrient solution was 
0.3 bars, but called zero here. 

LSD (0.05) = 9.9 for rows and columns. 

LSD (0.01) = 13.4 for rows and columns. 

••Statistically significant difference from control 
value (0 bars) at 1% level. 
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levels, and treatments. No significant difference for the 

interaction between humidity levels and treatments was shown 

(Table 16). 

Table 16. Analysis of Variance for Total Dry Weight of Salt 
Stressed Red Kidney Bean Plants Grown Under Low 
and High Humidity and Sprayed with Benzyl 
Adenine 

Source of Degree of 
Variation Freedom Mean Square F 

Humidity 1 17.110 13.47** 

Treatment 3 52.160 41.07** 

Humidity x Treatment 3 3.280 2.58NS 

Error 24 1.270 

**Statistically significant at 1% level. 

Plant growth of salt treated plants, measured on a 

dry weight basis, was inhibited in both low and high 

humidities. Benzyl adenine (B.A.) did not show any effect 

on growth of salt treated plants grown under either low or 

high humidity when compared with salt treated plants alone. 

Growth of control and salt treated plants was greater under 

high humidity than under low humidity. High humidity did 

not have any effect on plant dry weight of salt treated 

plants sprayed with either 30 or 60 ppm of B.A. (Table 17). 

The analysis of variance for the data on root dry 

weight shows highly significant differences for humidity 
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Table 17. Total Dry Weight of Salt Stressed Red Kidney 
Bean Plants Grown Under Low and High Humidity and 
Sprayed with Benzyl Adenine (B.A.). 

Total Dry Weight (g) 

Treatment3 Low Humidity High Humidity 

0 bars 

CO •
 

in 

8.5 

Salt treated 1.0** 3.4** 

Salt treated + 
30 ppm B.A. 1.8** 2.1** 

Salt treated + 
60 ppm B.A. 1.8** 2.1** 

a 
The osmotic pressure of the nutrient solution was 

0.3 bars, but called zero here. 

LSD (0.05) = 1.6 for rows and columns. 

LSD (0.01) = 2.2 for rows and columns. 

••Statistically significant difference from control 
value (0 bars) at 1% level. 
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levels, treatments, and for the interaction between humidity 

levels and treatments (Table 18). 

Table 18. Analysis of Variance for Root Dry Weight of Salt 
Stressed Red Kidney Bean Plants Grown Under Low 
and High Humidity and Sprayed with Benzyl Adenine 

Source of 
Variation 

Degree of 
Freedom Mean Square F 

Humidity 1 0.980 11.81** 

Treatment 3 3.380 40.72** 

Humidity x Treatment 3 0.463 5.58** 

Error 24 0.083 

**Statistically significant at 1% level. 

Root growth of salt treated plants, measured on a 

dry weight basis, was inhibited in both low and high 

humidities. Benzyl adenine (B.A.) did not show any effect 

on root dry weight of salt treated plants grown under low 

humidity. However, this cytokinin inhibited root growth of 

the salt treated plants when compared with salt treated 

plants alone, grown under high humidity. Root growth of 

control and salt treated plants was greater under high than 

under low humidity. The environment under which the plants 

were grown did not have any effect on root dry weight of 

salt treated plants sprayed with either 30 or 60 ppm of 

B.A. (Table 19). 
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Table 19. Root Dry Weight of Salt Stressed Red Kidney Bean 
Plants Grown Under Low and High Humidity and 
Sprayed with Benzyl Adenine (B.A.). 

Root Dry Weight (g) 

Treatmenta Low Humidity High Humidity 

0 bars 1.4 

CM • 

CM 

Salt treated 0.3** 1.0** 

Salt treated + 
30 ppm B.A. 0.5** 0.5** 

Salt treated + 
60 ppm B.A. 0.5** 0.4** 

The osmotic pressure of the nutrient solution was 
0.3 bars, but called zero here. 

LSD (0.05) = 0.4 for rows and columns. 

LSD (0.01) =0.6 for rows and columns. 

••Statistically significant difference from control 
value (0 bars) at 1% level. 
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The analysis of variance for the data on shoot dry 

weight shows highly significant differences for humidity 

levels, and treatments. No statistically significant dif

ference for the interaction between humidity levels and 

treatments was shown (Table 20). 

Table 20. Analysis of Variance for Shoot Dry Weight of Salt 
Stressed Red Kidney Bean Plants Grown Under Low 
and High Humidity and Sprayed with Benzyl Adenine 

Source of 
Variation 

Degree of 
Freedom Mean Square F 

Humidity 1 9. 900 13. 56** 

Treatment 3 29. 140 39. 92** 

Humidity x Treatment 3 1. 290 1. 77NS 

Error 24 0. 730 

••Statistically significant at 1% level. 

Shoot growth of salt treated plants, measured on a 

dry weight basis, was inhibited in both low and high 

humidities. Benzyl adenine (B.A.) did not show any effect 

on shoot dry weight of salt treated plants grown under 

either low or high humidity when compared with salt treated 

plants alone. Shoot growth of control and salt treated 

plants was greater under high than under low humidity. 

The environment under which the plants were grown did not 
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have any effect on shoot dry weight of salt treated plants 

sprayed with either 30 or 60 ppm of B.A. (Table 21). 

The analysis of variance for the data on total leaf 

area shows highly significant differences for humidity 

levels, treatments, and for the interaction between humidity 

levels and treatments (Table 22). 

Leaf growth of salt treated plants, measured on a 

leaf area basis, was inhibited in both low and high humidi

ties. Benzyl adenine (B.A.) did not show any effect on leaf 

area of salt treated plants grown under low humidity. How

ever, this cytokinin inhibited leaf growth of salt treated 

plants, when compared with salt treated plants alone, grown 

under high humidity. Leaf growth of control and salt 

treated plants was greater under high than under low 

humidity. The environment under which the plants were grown 

did not have any effect on leaf area of salt treated plants 

sprayed with either 30 or 60 ppm of B.A. (Table 23). 

Effects of High Humidity and Cytokinin 
on Plant-Water Relations 

The relative water content (R.W.C.) of salt treated 

plants was lower than that of the control plants in both 

high and low humidities (Table 24). Benzyl adenine (B.A.) 

did not show any effect on R.W.C. of salt treated plants 

grown in low humidity. However, this growth regulator 

appears to have caused a decrease in R.W.C. of salt treated 

plants when they were grown under high humidity. This 
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Table 21. Shoot Dry Weight of Salt Stressed Red Kidney 
Bean Plants Grown Under Low and High Humidity and 
Sprayed with Benzyl Adenine (B.A.). 

Shoot Dry Weight (g) 

Treatment Low Humidity High Humidity 

0 bars 4.4 6.3 

Salt treated 0. 7** 2.4** 

Salt treated + 
30 ppm B.A. 1.3** 1.7** 

Salt treated + 
60 ppm B.A. 1.2** 1.7** 

a 

The osmotic pressure of the nutrient solution was 
0.3 bars, but called zero here. 

LSD (0.05) =1.2 for rows and columns. 

LSD (0.01) =1.7 for rows and columns. 

**Statistically significant difference from control 
value (0 bars) at 1% level. 
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Table 22. Analysis of Variance for Total Leaf Area of Salt 
Stressed Red Kidney Bean Plants Grown Under Low 
and High Humidity and Sprayed with Benzyl Adenine. 

Source of 
Variation 

Degree of 
Freedom Mean Square F 

Humidity 1 568,178.000 •
 

00 CM 

74**  

Treatment 3 1 ,599,546.080 •
 

o
 

CO 

90**  

Humidity x Treatment 3 187,809.750 9 .  50** 

Error 24 19 ,771.520 

**Statistically significant at 1% level. 
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Table 23. Total Leaf Area of Salt Stressed Red Kidney Bean 
Plants Grown Under Low and High Humidity and 
Sprayed with Benzyl Adenine (B.A.). 

Total Leaf 
2 Area (cm ) 

Treatment3 Low Humidity High Humidity 

0 bars 777.8 1449.0 

Salt treated 118.3** 455.0** 

Salt treated + 
30 ppm B.A. 171.3** 208.8** 

Salt treated + 
60 ppm B.A. 183.8** 204.3** 

The osmotic pressure of the nutrient solution was 
0.3 bars, but called zero here. 

LSD (0.05) = 205.2 for rows and columns. 

LSD (0.01) = 278.1 for rows and columns. 

**Statistically significant difference from control 
value (0 bars) at 1% level. 
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Table 24. Relative Water Content (R.W.C.) of Salt Stressed 
Red Kidney Bean Plants Grown Under Low and High 
Humidity and Sprayed with Benzyl Adenine (B.A.). 

R.W.C. (%)b 

a 

Treatment Low Humidity High Humidity 

0 bars 88 100 

Salt treated 77 89 

Salt treated + 
30 ppm B.A. 81 83 

Salt treated + 
60 ppm B.A. 79 77 

aThe osmotic pressure of the nutrient solution was 
0.3 bars, but called zero here. 

b
R w c = Fresh Weight - Dry Weight 100 

* * * Saturated Weight - Dry Weight 
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effect was more apparent when plants were sprayed with 60 

ppm of B.A. than when they were sprayed with 30 ppm of B.A. 

When comparisons between plants of the same treatment grown 

under different humidities were made, the control (0 bars) 

and salt treated plants grown under high humidity had higher 

R.W.C. values than the ones grown in low humidity. ' The salt 

treated plants grown in high humidity had even reached the 

value of the control plants grown in low humidity. The 

salt treated plants sprayed with either 30 or 60 ppm of 

B.A. did not show any difference in R.W.C. between the two 

humidities studied. 

The osmotic pressure (rr) of salt treated plants was 

higher than that of the control plants in both humidities. 

This increase in TT was also observed for salt treated plants 

sprayed with either 30 or 60 ppm of B.A. (Table 25). 

When the differences in osmotic pressure between 

plants grown in salinized and non-salinized solutions were 

calculated (Table 26) the values of ATT indicated osmotic 

adjustment of the salt treated plants sprayed or not with 

benzyl adenine (B.A.). Another phenomena commonly observed 

in salt adjusted plants was an increase in leaf succulence. 

This increase in leaf succulence was also observed for salt 

treated plants sprayed with benzyl adenine (B.A.) (Table 27). 

Root permeability expressed as hydraulic conductivity 

(Lp) of the root system decreased drastically with the salt 

treatment in both low and high humidities (Table 28). 
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Table 25. Osmotic Pressure (tt) of Salt Stressed Red Kidney 
Bean Plants Grown Under Low and High Humidity and 
Sprayed with Benzyl Adenine (B.A.). 

TT (bars) 

Treatment3 Low Humidity High Humidity 

0 bars 7.4 8.4 

Salt treated 11.1 .11.0 

Salt treated + 
30 ppm B.A. 11.6 11.4 

Salt treated + 
60 ppm B.A. 10.4 10.0 

N 
The osmotic pressure of the nutrient solution was 

0.3 bars, but called zero here. 

Table 26. Osmotic Adjustment of Salt Stressed Red Kidney 
Bean Plants Grown Under Low and High Humidity 
and Sprayed with Benzyl Adenine (B.A.). 

ATT (bars)*5 

Treatment3 Low Humidity High Humidity 

0 bars — — 

Salt treated 3.7 2.6 

Salt treated + 
30 ppm B.A. 4.2 3.0 

Salt treated + 
60 ppm B.A. 3.0 1.6 

aThe osmotic pressure of the nutrient solution was 
0.3 bars, but called zero here. 

An = difference in osmotic pressure between plants 
grown in salinized solution and plants grown in non-
salinized solution. 



63 

Table 27. Leaf Succulence of Salt Stressed Red Kidney Bean 
Plants Grown Under Low and High Humidity and 
Sprayed with Benzyl Adenine (B.A.). 

Leaf Succulence 
2 

(mg ^O/cm leaf area) 

Treatment3 Low Humidity High Humidity 

0 bars 26.5 20.8 

Salt treated 38.8 .27.5 

Salt treated + 
30 ppm B.A. 45.0 39.5 

Salt treated + 
60 ppm B.A. 49.3 45.3 

aThe osmotic pressure of the nutrient solution was 
0.3 bars, but called zero here. 

Table 28. Hydraulic Conductivity (Lp) of the Root System of 
Salt Stressed Red Kidney Bean Plants Grown Under 
Low and High Humidity and Sprayed with Benzyl 
Adenine (B.A.). 

—1 —1 —6 L (cm.sec" .bar" x 10" ) 
E 

Treatment3 Low Humidity High Humidity 

0 bars 0.43 0.55 

Salt trested 0.08 0.05 

Salt treated + 
30 ppm B.A. 0.06 0.06 

Salt treated + 
60 ppm B.A. 0.07 0.04 

The osmotic pressure of the nutrient solution was 
0.3 bars, but called zero here. 
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Hydraulic conductivity of salt treated plants sprayed or not 

with B.A. was decreased by a factor from five to seven in 

low humidity, and it decreased even more (from 9 to 14 times 

lower) in high humidity. 

Leaf resistance to water vapor loss (1^) was higher 

in salt treated than in control planes, in both low and high 

humidities (Table 29). Benzyl adenine (B.A.) decreased leaf 

resistance to water vapor loss of salt treated plants in 

both humidities studied. Comparisons between the effect of 

high humidity within each treatment could not be made, 

because the measurements for the plants grown in high 

humidity were not taken at the same time as the ones for the 

plants grown in low humidity. The stomate density on the 

abaxial surface of the oldest trifoliate leaf of the salt 

treated plants, sprayed or not with B.A., was higher than in 

the same leaves of control plants (Table 30). This differ

ence was observed for plants grown in either low or high 

humid ity. 
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Table 29. Leaf Resistance to Water Vapor Loss (Rl) of Salt 
Stressed Red Kidney Bean Plants Grown Under Low 
and High Humidity and Sprayed with Benzyl Adenine 
(B.A.).a 

rl 
(cm. sec""'') 

Treatment Low Humidity High Humidity 

0 bars 4.6 5.8 

Salt treated 7.6 16.5 . 

Salt treated + 
30 ppm B.A. 6.5 12.1 

Salt treated + 
60 ppm B.A. 5.6 13.4 

The Rl measurements for the plants in high humidity 
were taken from noon to 2:00 p.m., while the ones for the 
plants in low humidity were taken from 2:30 to 3:00 p.m. 

The osmotic pressure of the nutrient solution was 
0.3 bars, but called zero here. 

Table 30. Stomate Density on the Abaxial Surface of the 
Oldest Trifoliate Leaf of Salt Stressed Red 
Kidney Bean Plants Grown Under Low and High 
Humidity and Sprayed with Benzyl Adenine (B.A.). 

Stomate Density 
2 (Stomates/mm ) 

Treatment3 Low Humidity High Humidity 

0 bars 211 138 

Salt treated 373 172 

Salt treated + 
30 ppm B.A. 386 268 

Salt treated + 
60 ppm B.A. 362 289 

aThe osmotic pressure of the nutrient solution was 
0.3 bars, but called zero here. 



CHAPTER 4 

DISCUSSION AND CONCLUSIONS 

Sodium chloride inhibition of root, shoot, and leaf 

growth as shown in Table 1 also was observed by several 

others, and it is well documented in review articles and 

textbooks (Bernstein and Hayward, 1958; Strogonov, 1964; 

Slatyer, 1967; Kramer, 1969; O'Leary, 1971b). 

The chlorophyll and protein content of intact leaves 

from salinized and non-salinized plants (Tables 3, 5, 7, and 

Figures 2, 3, 4, 5, and 6) shows that NaCl salinity enhances 

the senescence of intact first foliar leaves and of the 

oldest trifoliate leaf. The enhancement of senescence 

(chlorophyll decay) of intact first foliar leaves of control 

plants (Table 3) due to the presence of flowers could be 

interpreted as being the result of the production by the 

reproductive organs of an "inhibitor substance" that is 

transported to the leaves, where it causes senescence 

(Leopold, Niedergang-Kamien, and Janick, 1959). The fact 

that the senescence of the oldest trifoliate leaf of control 

plants (Table 5) was not enhanced by the presence of 

flowers can be explained on the basis of the physiological 

age of the leaf. These leaves, being younger, might not 

have been ready to recognize the "inhibitor substance." 

66 
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Results similar to these were found by Osborne (1968). She 

found evidence that abscisic acid had relatively little 

effect upon the rate of senescence of young, or just mature 

leaves, but senescence was enhanced in leaves that were 

-already losing chlorophyll and protein. Both types of 

leaves have shown enhancement of senescence when plants were 

grown in nutrient solution with 4 bars of added NaCl, and 

this enhancement of senescence was observed in salt treated 

plants with and without flowers (Table 3, 5, and 7). These 

results are in agreement with previous observations with 

detached leaves (O'Leary and Prisco, 1970), and suggests 

that salinity enhancement of senescence might be due to 

disrupted hormone balance in the leaves. One possibility 

of how this could come about would be through less synthesis 

of cytokinins in the roots of salt stressed plants, and as a 

consequence less hormone would be delivered to the shoots. 

Since it was observed that NaCl salinity affects the activity 

of malic dehydrogenase in pea root tips (Borath and 

Poljakoff-Mayber, 1964), changing as a result the level of 

Krebs cycle intermediates, it is possible that purine 

synthesis and as a consequence cytokinin synthesis (Cole, 

1969) might also be affected. As a result of this, less 

cytokinins are translocated to the shoots causing enhance

ment of senescence. Another possibility would be that 

salinity could affect not the synthesis but the transloca

tion of root cytokinins to the tops (Itai et al., 1968) 
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lowering the level of these hormones in the leaves. If the 

cytokinin level is low, less protein synthesis in the leaves 

will occur (Ben-Zioni et al., 1967), and senescence will be 

enhanced. A third possibility could arise if in addition 

to low cytokinin level in the leaves, discussed above, an 

increase in abscisic acid was shown in the leaves. This is 

very likely to occur, because abscisic acid activity has 

been shown in increase in NaCl stressed plants (Mizrahi, 

Blumenfeld, and Richmond, 1970) and this inhibitor is known 

to accelerate leaf senescence (Sankhla and Sankhla, 1968; 

Srivastava, 1968; De Leo and Sacher, 1970; Back and 

Richmond, 1971). 

Total ribonuceic acid (RNA) in the leaves of salt 

treated plants was higher than in leaves of control plants 

(Table 9), while total protein Table 7 and Figure 6) was 

higher in the latter. These results could be interpreted 

as a discrepancy, since it is generally observed that 

protein breakdown is preceded by RNA breakdown (Leopold, 

1964). However, the tendency for RNA content variation in 

leaves during the experimental period was the same for both 

control and salt treated plants (Table 9). It is possible 

that the protein synthesizing machinery was affected 

without affecting total RNA content. This is very likely 

to occur because binding of ribosomes to m-RNA is very 

sensitive to ionic concentration (Lipmann, 1969) and 
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salinity is known to change ionic composition and concentra

tion in leaves (Riley, 1968). 

Growth of salt treated plants was inhibited in both 

low and high humidities. This inhibition was shown for root 

(Table 12), shoot (Table 15), and total fresh weight (Table 

23). The results for low humidity are in agreement with 

other authors (Bernstein and Hayward, 1958; Strogonov, 1964; 

Slatyer, 1967; Kramer, 1969; O'Leary, 1971b). Even though 

salinity inhibited growth of plants in high humidity when 

compared to control plants grown under the same conditions, 

the salt treated plants grew better under this environment 

than salt stressed plants grown under low humidity. This 

improvement in growth was the result of release of the water 

stress to which salt treated plants were subjected under the 

high evaporative demand situation (Table 24). This result 

also supports the idea that salt adjusted plants are sub

jected to water stress (O'Leary, 1971a, 1971b), but this 

effect is not the only one operating when plants are sub

jected to salinity (Strogonov, 1964; Prisco and O'Leary, 

1970a). If salinity was the result of water stress only, 

one should completely overcome the growth inhibition when 

growing plants under high humidity, because R.W.C. of salt 

treated plants in high humidity (89%) was the same as the 

R.W.C. for control plants grown under low relative humidity 

(88%). Nieman and Poulsen (1967) have found that high 

humidity relieved almost completely the suppressive effect 
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of salinity on cotton growth, without greatly altering the 

ion content of the tissues on a dry weight basis. However, 

they used 3 bars of NaCl in the root environment, and cotton 

is much more salt tolerant than bean (Richards, 1954). They 

also have found that salt treated bean plants grew better in 

high humidity (on a fresh weight basis) than salt treated 

plants grown in low humidity, but growth on a dry weight 

basis was the same. 

Salt treated bean plants grown in low humidity 

responded differently to B.A. sprays than the ones grown in 

high humidity. When plants were grown in low humidity B.A. 

did not have any effect on root (Tables 13 and 19), shoot 

(Tables 15 and 21), leaf (Table 23), and total plant growth 

(Tables 11 and 18). However, when plants were grown in high 

humidity B.A. either had no effect (Tables 15, 17, and 21) 

or inhibited the growth of the plants (Tables 11, 13, 19, 

and 23). These observations differ from the ones obtained 

previously (O'Leary and Prisco, 1970) but they could be the 

result of differences in B.A. concentrations used. The 

inhibition of growth in high humidity could be due to the 

fact that the plants were being subjected to inhibitory 

concentrations of cytokinin (above the optimum). If plants 

grown under high humidity had a high endogenous level of 

these hormones, perhaps exogenous applications of B.A. 

resulted in supraoptimal levels of cytokinins in these 

plants. Another possibility is that salinity in addition 
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to affecting cytokinin synthesis and/or translocation (Itai 

et al., 1968) might also affect other root hormones, such 

as gibberellins. This is not difficult to happen since root 

metabolism is altered by salinity (Porath and Poljakoff-

Mayber, 1964; Strogonov, 1964; Kahane and Poljakoff-Mayber, 

1968b) and gibberellins have been shown to be synthesized 

in the roots (Skene, 1967; Sitton et al., 1967). On the 

other hand, gibberellins have also been found to delay 

senescence of leaves (Beevers, 1968), and they have been 

reported to increase fresh weight of salt treated plants 

(O'Leary and Prisco, 1970). 

The inhibition of root growth by cytokinin (Table 

19) has also been found by others (Fox, 1969). This in

hibition of root growth was shown only in high humidity 

because under these conditions leakage of hormone into the 

nutrient solution might have occurred, due to the spraying 

technique used in this experiment, since translocation of 

this growth regulator from shoots to roots is unlikely to 

occur (Goldsmith, 1969). 

That salt treated plants sprayed or not with B.A. 

and grown under low humidity were subjected to water stress 

is evidenced by the R.W.C. shown in Table 24. Even though 

these plants were osmotically adjusted (Tables 25 and 26) 

water stress was developed because of the low root permea

bility of the plants grown in saline solutions (Table 28) 

and high transpiration rate under low humidity. These 
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results are in agreement with others (O'Leary, 1971a, 1971b). 

The decrease in R.W.C. for salt treated plants sprayed with 

60 ppm B.A. can be interpreted as being the result of low 

permeability (Table 28) of the root system of these plants 

added to the fact that their stomates were more open than 

the ones in the salt treated plants (Table 29). Due to 

these facts water absorption might have been lower than 

transpiration, even if the humidity of the air was high. 

This possibility is supported by the high values found for 

leaf temperature (35-38 C) under these conditions. 

The increase in rr of salt treated plants sprayed or 

not with B.A. (Table 25) is an indication that these plants 

were osmotically adjusted in both humidities studied. That 

this is true is shown by the differences in osmotic pressure 

between plants grown in salinized and non-salinized solu

tions (Table 26), and by the increase in leaf succulence 

(Table 27). 

The absolute values of leaf resistance to water 

vapor loss (R^) for control plants (Table 29) are in agree

ment with the literature, since Gates (1968) found that most 

agricultural plants have values usually on the order of 

5 sec. cm"1 or less. The variations in Rj^ shown for the 

different treatments were not due to variations in stomate 

density^ because salt treated plants had more stomates per 

2 
mm than the control plants (Table 30). Therefore, they 

represent different degrees of stomatal aperture. Benzyl 
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adenine (B.A.) decreased of salt treated plants in both 

low and high humidities. These results are in agreement 

with previous observations (O'Leary and Prisco, 1970), and 

this was the result of the promotive effect on stomatal 

aperture found for these growth regulators (Livne and Vaadia, 

1965; Tal, Imber, and Itai, 1970). They also could indicate 

that salt stressed plants have a low endogenous level of 

gibberellins and/or kinetin, and a high level of abscisic 

acid, since high gibberellins and cytokinins stimulates 

increased stomatal aperture (Livne and Vaadia, 1965) and 

high levels of abscisic acid stimulate stomatal closure 

(Tal et al., 1970; Mizrahi et al., 1970; Tal and Imber, 

1970). 

Despite the still meager knowledge of how salinity 

affects plant growth, the results obtained in this study are 

compatible with the idea that hormone unbalance plays an 

important role in this process. However, they do not 

support the idea that growth inhibition due to salinity is 

simply the result of impaired cytokinin metabolism and/or 

transport. Rather, the growth inhibition probably is due 

to the effect of salinity on the balance of hormones and 

could be acting at several different steps. 

If attempts to overcome salinity effects on growth 

and development are ever going to be fruitful one has to 

take in account the environment under which the plants are 
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going to be grown, the hormones that should be applied, as 

well as their concentrations and mode of application. 
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