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ABSTRACT

Nitrogen (ammonium- 1 ̂<I) absorption studies were made on cotton 
(Gossypium hirsutum L. var. Deltapine 61) grown in complete Hoagland 
nutrient solution in pots with various concentrations of NaCl (0, 4,
8, and 12 bars osmotic pressure). Two different stages of growth,
vegetative and reproductive, were investigated. Plants were grown
in a controlled environment growth chamber.

Low and medium levels of salinity (4 and 8 bars osmotic pressure
of the nutrient solution) did not exhibit a significant effect on 15N
absorption rate by cotton plants. ' The high level of salinity (12 bars 
osmotic pressure of the culture solution) resulted in substantial reduc
tion in 15N absorption rate. The concentration of 15N in plant shoots 
was higher under salinity stress than it was in the control.

The absorption rate of water substantially decreased by increas
ing salinity levels. This reduction was proportional to plant growth 
and total dry matter production. Water uptake rate and plant growth and 
development were affected to a greater extent than 15N absorption rate.

The effect of salinity was more pronounced for a longer uptake 
time and the vegetative stage than for a shorter uptake time and the 
reproductive stage of growth.



CHAPTER 1.

INTRODUCTION

The high temperatures in arid and semiarid regions cause high
rates of water evaporation, often leaving salts at the soil surface„
Newly-established irrigation projects, with improper planning and 
management practices, add more salts to the soil.

Millions of hectares of land throughout the world are too 
saline to produce economic crop yields, and each year more land becomes 
nonproductive due to salt accumulation„

Soil salinity problems are present in nearly every irrigated 
area of the world and also occur on noh-irrigated crop and range lands 
where rainfall is not sufficient to leach salts from the plant root zone. 
Such areas comprise 25% of the earth’s surface, such as the high plains 
of Mexico, the Pacific slopes of South America, Middle East, western 
Canada, the western United States, Asia, and small ares of salt-affected 
soils in Europe. In general, salinity problems are found in all coun
tries having areas where arid or semiarid climates exist.

The saline soils are interspersed among non- saline areas;
therefore farmers must plant and cultivate saline areas along with non
saline ones. Consequently, they may actually harvest only a portion 
(about 75%) of the land they farm. Similar problems confront farmers 
throughout the world, adding to their operational costs and making farm
ing less practical.
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For nations to survive and progress, these problems must be 
corrected and new ways to utilize saline soils and water resources must 
be discovered. The need for reclamation, or at least minimizing the 
effect of salinity of the soil, is desperately important if not urgently 
needed. Thus, a greater awareness of the problems and more research are 
both essential.

Saline environments are usually characterized by a high NaCl 
content, which exerts both osmotic and specific ion effects on germina
tion and emergence, as well as on plant growth and development. Plants 
can be affected by high contents of Na+ and Cl" in their root zone 
through the reduction of cell water potential, by direct toxic effects 
of accumulated salts within the plant on the protoplasm, and by inhibi
tion or simulation of absorption of other ions by plants (Epstein, 1962 
and 1972; Greenway, 1973).

Among agricultural crops, cotton is considered a high salt toler 
ant plant and is grown as a major crop in both salt affected and non
saline soils. There is a substantial difference in cotton's yield and 
productivity under these different conditions. This may be due to the 
detrimental effects of salinity through the inhibition of water and 
nutrient uptake by the plants. Even under normal (non-saline) conditions 
the most common nutrient deficiency in the production of cotton is nitro 
gen. Under saline conditions this problem may be more pronounced.

The mechanisms by which salinity adversely affects plant growth 
and development are still being challenged where nutrient (particularly 
nitrogen) uptake and metabolism are concerned. Nitrogen's metabolism 
and its low uptake fate by bean plants induced by excess salt or by



water deficit resulted in Frota and Tucker (1972, 1978a, and 1978b) and 
Saad (1979) studies, may be one of the most important factors responsi
ble for abnormal plant metabolism and reduction in the rate of growth 
and yields. The complete explanation for the reduced growth rate and 
productivity of plants must, however, await further investigations. 
Thus, the objectives of this investigation are as follows:

1. to study the absorption rate of N, ammonium (NHi?) by the cotton 
plant under salt stress and comparing it to the cotton plant 
under normal (non-saline) conditions,

2. to investigate the effect of salinity on the nutrient (N) 
content of different plant parts and evaluate the relative 
changes within them with respect to the conditions imposed 
upon the plant,

3. to gain additional knowledge and understanding regarding the 
adverse effects of salinity on plant growth and development 
by evaluating uptake rate of water and dry. matter, production 
under different salt (Nad) stress conditions.



CHAPTER 2 

LITERATURE REVIEW

General Effects of Salt Stress on Plants 
The study of salinity and water stress in plants is by no means 

simple, nor have all the problems relating to it been solved. Many 
hypotheses have been presented in attempts to explain the adverse 
effects of salinity and water stress on plant growth.

Reduction in plant growth under saline conditions has been 
reported by many investigators since the early 19001 s. The toxic effects 
of certain ions on seed germination was studied by Harris a#d Pittman 
(1918) . Under an extensive study, they found that the most toxic salts 
were chlorides, with sulfates less toxic, and carbonates the least toxic. 
Earlier, Harris (1915) reported that seed germination percentage, plant 
height, number of leaves per plant, and dry matter production were all 
affected by alkali (Na) salts. He observed that the germination period 
extended with the presence of large quantities of salts in the soil and 
the germination percentage reduced with increased soil salt concentra
tions. Additionally, he found that the chloride ion (Cl ) proved the 
most toxic of the acid anions and the sodium ion (Na+) proved the most 
toxic of the base cations.

Later, Wiggons and Gardner (1959) more extensively investigated 
the effects of different levels qf NaCl solutions on the seed germina
tion and seedling growth of radish and sorghum plants. They noted that

4



under 5 bars NaCl salinity stress condition, both germination and 
radicle growth of these plants were almost completely inhibited. Impos
ing 10 bars or more of NaCl stress completely inhibited germination. 
Chloride toxicity was demonstrated by Strogonov (1964) through recovery 
experiments. He found that seeds transferred from a solution of low 
NaCl concentration to tap water exhibited a greater recovery than those 
transferred from high NaCl concentration solutions.

Translation is markedly reduced under drought and salinity 
conditions (Plaut and Reinhold, 1965), but there is not substantial 
evidence that changes in translocation form a primary factor in salt- 
induced reduction of growth. O'Toole, Ozbun, and Wallace (1977) studied 
the effects of water stress on photosynthesis. They generalized that 
the net photosynthesis was decreased under stress conditions due to 
closure of the stomata. It should be noted that the idea of photo
synthesis inhibition of plants subjected to stress due to water deficit 
or salinity has been suggested since the early 1900's and that several 
principles seem to have been established relative to this view. Boyer 
(1977) summarized these suggestions:

1. Photosynthesis by crops is severely inhibited and may cease 
altogether as water deficits become severe.

2. Part of the photosynthetic limitation may be caused by reduc
tion in the leaf growth or by senescence of the leaves, and 
part may he caused by inhibition of the photosynthetic 
activity of existing leaves.
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3; Drought-induced reductions in photosynthesis not only decrease 

the total dry matter production of plants, but- also appear to
be a limiting factor for grain production.
O'Toole et al. (1977) have a similar idea to Boyer in respect 

to Boyer's second suggestion that the inhibition of photosynthetic 
activity results from stomatal closure or more directly from changes in 
chloroplast activity. Boyer concludes in his report that there is 
abundant evidence that photosynthesis is inhibited during water shortages 
and under salinity conditions that are normally tolerated by higher 
plants under natural conditions. Obviously, inhibition of photosyn
thesis causes a reduction in plant yield. The degree of plant yield 
reduction by salinity stress, and water deficit depend on degree, dura
tion, and timing of the deficit and the stress.

The opinion that the growth reduction is due to the salinity
influence on water availability suggested by Richards and Wadleigh (1952) 
has been challenged by Itai, Richmond, and Vaadia (1968) who reported 
that the force impelling water uptake remains constant under saline 
conditions and that water availability to the plant is not reduced. 
Earlier, Bernstein (1963) stated that reduction in growth due to salinity 
is probably caused by the process of adjustment that plants encounter 
when: grown in salt solution. Unfortunately, the effect of the enhanced 
osmotic values on the activity of various organell and enzyme systems in 
the cell requires further investigation. According to Rausner and 
Hanson (1965), high concentrations of univalent cations (i.e., Na+) 
in the growth media exchange with structural calcium (Ca++) and magne
sium (Mg++) and this is responsible for plant growth reduction. Jones



and Turner (1978) found that sorghum responded to water deficits by 
osmotic adjustment in its leaves. Recently, Maas, Ogata, and Finkel 
(1979) investigated phosphate transport and release of membrane protein 
from barley roots which were inhibited by salt effects. The results 
of their study on excised barley roots are consistent with the hypo
thesis that osmotically released proteins are functionally involved in 
phosphate transport. Plant physiologists now generally agree that the 
initial reduction in photosynthesis due to increased plant or soil 
moisture stress arises from changes in the conductance of C02 through 
the stomata (Radmer and Kok, 1977) .

Effects of Salt Stress on Absorption 
of Water and Nutrients

Studies of plant response to an environmental factor such as 
water and salinity stress in spite of all its complexity raise the 
basic question of whether environmental stresses directly affect some 
cellular processes or whether their influence (at least partially) is 
indirect. Carson (1974); Dalton, Raats, and Gardner (1975); and Kibreab 
and Danielson (1977) postulated that root factors are involved in the 
regulation of growth and metabolism of the shoot. Permeability of roots 
to water and mineral nutrients is undoubtedly the most important factor 
in this regulation. The total mineral nutrient uptake is usually limited 
under water deficit and salt stress conditions. This fact and a reduc
tion in root permeability with the consequence of decreased water and 
nutrient uptake by plants under stress conditions have been observed 
by many investigators (O'Leary, 1969 and 1974; Jordan and Ritchie, 1971; 
Frota and Tucker, 1978a; Storey and Jones, 1979).



Luken (1962) postulated that the decrease in plant yield 
response with salinity is due to a reduction in the availability of 
plant nutrients.

The movement of essential nutrients from the soil system into 
the plant (i.e., release of nutrients from the soil phase into soil 
solution), the movement of nutrients in the soil solution to root inter
face, the removal of the nutrients by the plant, and the subsequent 
utilization of nutrients in the plant are required for plant growth 
and development. Soil salinity exerts its detrimental effect on one 
or more of these four steps (Khalil, Fathi, and Elgabaly, 1967).

Strogonov (1964) stated that in order to better understand the 
mode of action of salts on plants, particularly if salts are toxic to 
the plants, the antagonism of ions must be taken into account. This 
idea probably did not originate with Strogonov, but with Osterhout (1912) 
who is believed to have first studied the. antagonism of ions in plants.

As far as nutritional effects are concerned, the increase of one 
or more constituents creates an unbalanced situation where plant growth 
is adversely affected (Bernstein and Hayward, 1958; Black, 1968) .

Palfi (1965) reported that the high sodium salt content of 
Hungarian Salings impairs the nutrient uptake of rice.

O'Leary (1969 and 1974) measured water flow through truncated 
root systems and found that, even in distilled water, the water flow 
through root systems of osmotically adjusted plants was considerably 
less than in plants which had not been subjected to salinity.

The observations provided the basis for a hypothesis that 
stresses such as drought, salinity, and osmotica in the root media



modify root conductivity of the stressed plants. At least one aspect 
of this modification involves a reduction in the amount of water and 
nutrients which should be taken up by roots and transported to other 
parts of the plant for maintenance of plant growth and development.

Influence of Salt and/or Water Stress 
on N Uptake and Metabolism

In recent years the subject of salt and water stress effects 
on nutrients) particularly N, uptake by plants has received more atten
tion than usual. Plants can suffer a nutrient (i.e., N) deficiency in 
their above-ground parts when subjected to salt or water stress even 
if their roots are surrounded by ample amounts of nutrients. The magni 
tude of this deficit is dependent on the transpiration rate and the 
resistance to nutrient and water flow within the plant (Newman, 1976; 
Weatherly, 1975).

Khalil et al. (1967) studied the effect of different levels of 
N and P at various soil salinity levels on the yield of corn and cotton 
in the greenhouse. These investigators concluded that dry matter yield 
decreased with salinity, but increased with the addition of N at each 
salinity level. The additions of N at low salt concentration cases 
resulted in the highest yields on both plants. A decrease in N uptake 
by tomato and wheat plants subjected to stress was observed in the Meye 
and Gingrich (1966) experimentation. In a salinity-fertility study on 
bean plants conducted by Lunin, Gallatin, and Batchelder (1964), it was 
demonstrated that the yields of both vines and pods had a negative 
correlation with salinity, but within a specific salinity level the 
yields were positively correlated with increasing N, P, and K levels.



10
Brown, Place, and Pettiet (I960) found significant increases in the 
uptake of N, P, K, and Ca by cotton and soybean plants by increasing 
the soil moisture from the wilting percentage to saturation.

The results of salinity-fertility studies suggest that salinity 
and/or fertility affects plant nutrient uptake and composition. Fathi, 
Elgabaly, and Baiba (1964) reported that the uptake of N fertilizer in 
cotton was much higher for non-saline than salt affected soils. Khalil 
et al. (1967) in salinity-fertility interaction studies on corn and 
cotton plants found that plants continued to accumulate N under saline 
conditions in spite of the reduction in yield and dry matter. In their 
studies, the total amount of N absorbed by plants proved to be inversely 
proportional to salinity. This study and the study by Abdel-Rahman, 
Shalaby, and El-Monajeri (1971) indicated that stress affects plant 
growth more than nutrient uptake and as a result the relative content 
of nutrients may be higher for stressed plants. Excess salt in soil 
and nutrient solution caused a reduction in N content of plants in a 
study carried out by Udovenko, Sinelnikova, and Khazova (1971). In a 
solution culture study conducted by Palfi (1965), it was found that NaCl 
and Na2S04 in the nutrient solution inhibited the N and P absorption.
He observed that the presence of large amounts of Na in solution culture 
•impaired NH4 uptake by rice plants. Lontai, Cseh, and Bozsormenzi (1967) 
found that Cl~ in the nutrient solution inhibited the absorption of N03. 
Lunin and Gallatin (1965) obtained a complicated result of nitrogen- 
salinity interactions by bean plants. They found a positive correlation 
between N content of stems and salinity levels, but a negative correlation
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in the leaves. These relationships were true for low fertility levels, 
and relatively unaffected with high levels.

Dregne (1964) conducted a greenhouse experiment with barley, 
cotton, and pinto beans to determine the interaction of salinity and 
fertilizer. He observed that in soils with low to moderate salinity, 
crop yields were increased more at high levels of N and P applications 
than at low levels. He further noted that low levels of salts in the 
presence of N, P, and K stimulated growth and increased yield of barley 
and cotton. Fathi et al. (1964) in a salinity-fertility interaction 
study found that under saline conditions cotton responded to N applica
tion, but the response to P and K application was not significant. The 
latter can be explained as having probably adequate levels of P and K 
available. The effect of different types of irrigation water on uptake 
of N, P, K, and Ca by wheat was examined in a field experiment by Lai 
and Singh (1973). They found that the uptake of these nutrient elements 
had a negative correlation with the electrical conductivity (EC) and 
the sodium absorption ratio (SAR) of irrigation waters.

Frota (1972) and Frota and Tucker (1978a) observed a significant 
reduction in the absorption rate of ammonium and nitrate by red kidney 
beans (Phaseolus vulgaris L.) under salt and water stress conditions. 
Hamadi and McLean (1979) found that yield, N, and P content of rice 
plants tended to be enhanced by low salt concentration but to be 
depressed at higher concentrations. Hernando, Jimeno, and Cadahia (1967) 
reported nitrate (NO3) absorption by plants was not influenced by the 
presence of NaCl in root medium. Langdale and Thomas (1971) also
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studied the uptake of N under salt stress conditions and stated that 
soil salinity did not inhibit N absorption by plants.

It is well known that high levels of salinity in the root envi
ronment may affect plant metabolism. Bernstein (1963) explained this 
fact by suggesting that plant enzymes might be affected as the result 
of salt stress. One can observe changes in plant nutrition and metabo
lism under saline conditions since certain enzymes are more sensitive 
to salts than others. Hassan et al. (1970) suggested that moderate soil 
salinity levels may interact with plant nutrition and enhance metabolism 
for high dry matter production. Relatively high levels of soil salinity 
do not inhibit N absorption, but appear to block metabolism pathways for 
protein synthesis (Langdale and Thomas, 1971) . Frisco and O'Leary (1970) 
suggested that salinity inhibits germination through its effect on the 
protein synthesizing capacity of the embryo-axis. Frisco and O'Leary 
(1971) suggested that cell metabolism is affected by salinity due to its 
effect on protein and nucleic acid metabolism. Weinberg (1967) stated 
that the activity of malic dehydrogenase enzymes were stimulated by add
ing NaCl up to a concentration of 0.02M, but above this concentration 
NaCl demonstrated an inhibitory effect. Frota (1972) found that both 
salt and water stresses cause a significant reduction in protein content 
of bean plants and promote the accumulation of ammonium, nitrate, and 
free a-amino acids. Hsiao et al. (1976) reported that stress reduces 
levels of nitrate reductase and phenylalanine ammonia-lyase. This 
hypothesis was originally suggested by Bardzik, March, and Harris 
(1971). They have indicated that reduced enzyme levels can be caused 
by suppressed synthesis under water stress while degradation continues.



Rhodes and Matsuda (1976) reported that polyribosome levels and protein 
synthesis are reduced in higher plants due to stress. Udovenko et al. 
(1971) found that the non-protein N fraction in barley, wheat, peas, 
and beans increased under salt-stress conditions whereas there was an 
irregular change in the protein-N fraction. From their investigation 
it was concluded that the quality of changes in N metabolism in plants 
with different salt tolerance is identical; however, the quanity of 
change is dependent on the level of salt tolerance of crops. This 
simply means lower levels of plant salt tolerance are associated with 
more pronounced metabolic changes of N in the plant. The effect of 
different alkali salts according to Austenfeld (1974) depends on the 
concentration of the salt rather than on its nature; NaCl, KC1, and KN03 
affected the nitrate reducatase in a similar way, but small or medium 
additions of NaCl would stimulate the enzyme while larger amounts would 
inhibit its activity. Plaut (1974) working with wheat seedlings found 
that nitrate reductase activity was inhibited by both water and salt 
stress. Shaner and Boyer (1976) noted that decreased nitrate reductase 
activity under stress conditions is due to alteration in the transloca
tion of N0~ from roots to leaves and it is not controlled by the direct 
effect of osmotic pressure (water potential) on protein synthesis or the 
alterations in the leaf endogenous nitrate content. Frota (1972) and 
Frota and Tucker (1978b) investigated the influences of salt and water 
stresses on N metabolism in red kidney beans. They concluded that N 
metabolism was affected under stress conditions. Nitrate, ammonium, 
and free a-amino acids were accumulated in stressed plants. It was also



14
noted that the incorporation of 15N into protein was inhibited by 
stresses regardless of the N sources.

Recently, Saad (1979) studied the effects of C02 levels on N 
uptake and metabolism in red kidney beans under salt stress with two 
N sources. The results of this study indicated that salt stress 
inhibited the uptake of both ammonium (NĤ ) and nitrate (N03) by bean 
plants. Aerial C02 enrichment imposed an increase in the absorption 
of both ammonium and nitrate on both N sources. Salt stress induced 
ammonium and nitrate accumulation in bean shoots, while high aerial 
C02 concentrations reduced the accumulation of NH4 and NO3 in both 
control and salt-stressed plants. Protein synthesis was inhibited by 
an excess of salt in the nutrient solution.

Although the investigations about the effect of salt stress on 
N uptake and metabolism mostly indicated a reduction in the absorption 
rate and metabolism of this nutrient element, a few controversial 
results which have been reported make it difficult to provide a general
ized response to the problem. Controversy and the inconsistency of some 
of the results which implied and demonstrated an increase or no effect 
on N uptake can probably be explained as being due to a dilution effect. 
This was suggested by Frota and Tucker (1978a) and Saad (1979). The 
plant growth h^ye was impaired more severely by salt than by the N up
take. Any experimental error during different stages of experimentation 
could have been another reason for this controversy.



CHAPTER 3

MATERIALS AND METHODS

The experiments were conducted in a walk-in growth chamber 
(Percival Model NC 2552A, Boone, Iowa). Figure 3.1 shows a view of 
the growth chamber and the nutrient solution storage tanks.

Cotton (Gossypium hirsutum L.)'plants, variety Deltapine 61, 
lot number 8606, were used in water culture solution to study the uptake 
rate of N under salinity stress. Cotton was selected for this study 
primarily because it is relatively salt tolerant and generally grown 
as a major agricultural crop throughout the world, in both saline and 
non-saline soils. Secondly, it has been studied by many investigators 
to determine adequate N fertilizer rates and the effects of salinity 
on its growth and yield (Rauschkolb, 1968; Khalil et al,, 1967; Gardner 
and Tucker, 1967a and 1967b).

Solution culture was chosen because it enables the investigator 
to control precisely the composition of the solution surrounding the 
roots. As pointed out by Epstein (1972), soils are not amenable to 
close experimental control because they are such complex and hetero
geneous media. Consequently, the solution culture is by far the most 
important experimental device for investigations in plant nutrition.

Environmental Conditions
Light in the growth chamber was provided by a Combination of 

twelve incandescent 100-watt tungsten bulbs and 28 cool white 229-cm
15 "
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Fig. 3.1. A View of Growth Chamber and Nutrient Solution Storage Tanks.

■
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long fluorescent bulbs. The light intensity at the upper plant leaf was 
approximately 20,000 lux as measured with a Lunapo lightmeter. The 
illumination at the same level when measured with a Weston meter ranged 
from 200 to 250 watts per square meter.

The growth chamber light system was arranged in an order cycle of 
14 hours light and 10 hours dark. The air temperature was recorded con
tinuously on a Tempscribe thermometer and maintained at 23°C during the 
light period and at 20°C during the dark period. There was a time lag 
of about 30 minutes between the lights coming on and about an hour delay 
in reaching the dark period temperature. The relative humidity of the 
air was about 50% during the Tight period and about 60% during the dark 
period. This was regularly checked with a Mason-Taylor hygrometer.

The air inside the chamber was mixed arid circulated at all times 
through five fans mounted on the walls of the growth chamber. The aera
tion system for the culture solution was provided by a small rubber tube 
from an air line extending into the solution. The flow of air from the 
main rubber tubing was regulated by hypodermic needles inserted into the 
main air tube and connected at short sections of glass tubing immersed 
in the nutrient solution;

Experimental Procedure 
Nitrogen absorption rate by cotton plants was studied at four 

different levels (control = 0, 4, 8, and 12 bars) of salinity stress 
(sodium chloride salt) at two different stages of growth (vegetative 
and reproductive) in two different experiments. Nitrogen was provided 
to plants by the addition of ammonium nitrate (15NHtfN03) to the culture
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solution. In each experiment the treatments were 4 salinity levels x'
1 nitrogen source x 3 harvest times. Two replications of each of the 
12 treatments were used.

The water culture used in the experiments was a Hoagland 
Solution 1_ with the addition of solution a and b_, given in Table 3.1 
(Hoagland and Amon, 1950) .

Table 3.1. Contents of Culture Solution.

Solution 1
Substances ml/liter of nutrient solution
M KH2P04 1
M KN03 5
M Ca(N03)2 2
M MgS04 2

Solution a
Substances grams/liter of water
H 3BO3 2.86
MnClz^HzO 1.81
ZnSOif ° 7H2O 0.22
CuSOi,. -5H20 0 .08
H2M0O4 6H20 ' 0.02
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One ml of solution <1 was added to each liter of nutrient solu

tion. For solution the source of iron was a chelate solution (Hamp- 
Iron 845, 5% iron)„ This solution was diluted 50 times. One ml of the 
diluted solution was added to each liter of the nutrient solution in 
order to provide 1 ppm iron in culture solution.

The salinity levels were achieved by the addition of NaCl to 
the nutrient solution. This salt was chosen for this work because it 
contains the most common ions, Na+ and Cl , found in saline soils (Harris, 
1915; Harris and Pitman, 1918; Mulwani and Pollard, 1939). Salt treat
ments were added immediately after transferring the plants into nutrient 
solutions. For the salt treated plants, the water potential of the 
nutrient solutions was decreased by the addition of 24 meq NaCl/liter of 
nutrient solution for each bar of stress (O’Leary, 1969; Prisco, 1971; 
Bernstein, 1963; Riley, 1968; Frota and Tucker, 1978a). Nitrogen treat
ments were achieved with the addition of an ammonium labelled 15N- 
enriched (^5NH4N03) source to the culture solution. Since ammonium is one 
of the main available forms of N for plants and for chemical and analyti
cal convenience, the ammonium labelled form of N rather than the nitrate 
was used as an N source in these experiments. The atom %15N was 96.1.

An inverse isotope dilution technique (Frota and Tucker, 1972 and 
1978a) was used to measure the absorption rate of N by plants. Total N 
(Kj'eldahl-N) and 15N content of plants were determined at three different 
time intervals; 6, 12, and 24 hours after 15N treatment was started..

Two plants were used for each experimental unit (nutrient solu
tion container) and each experimental unit was repeated twice. The 
experimental units were placed on the growth chamber bench in randomized
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complete block design for both experiments. All the factors (light, 
temperature, humidity, and C02) that influence either photosynthetic 
rate or the absorption rate of nutrients were kept constant throughout 
the entire investigation.

Preparation of Plants for Experiments
About 200 cotton seeds with 80% stated germination were used for 

each experiment (Fig. 3.2). The seeds, which were chosen from a 15- 
pound seed content bag, were grown in California and labelled by Western 
Division Delta and Pine Land Company in Brawly, California. The seeds 
in each experiment were selected after the elimination of small, cracked 
or imperfect ones. Then for each towel, ten seeds were arranged in a 
row, 2.5 cm apart between folded, sterilized brown paper towels after 
treatment by Manzate, Maneb fungicide (approximately 1 mg fungicide used 
for each seed). Each towel was then moistened with about 50 ml distilled 
water, covered by a plastic wrap, rolled up, and placed upright into 500 
ml beaker containing 250 ml water. The beakers were covered and kept 
in darkness for appropriate relative humidity condition at 25 ±2 C 
temperature in a small growth chamber (Environator Corporation, West 
Napa, California 94558) (Fig. 3.2) . The beakers and wraps were checked 
every day for replacement of water lost by evaporation. Five days after 
planting, the beakers were uncovered since the seeds were germinated and 
the seedlings required light for further growth and development (Fig. 
3.3). Poorly germinated seeds in each observation were eliminated.

When the seedlings reached the first true leaf stage of growth 
(Fig. 3.4), the towels were unwrapped and unfolded for the removal of
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Fig. 3.2. A View of Small Growth Chamber with Germinating Cotton Seeds.
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Fig. 3.3. Seedlings Exposed to Light for Growth and Development

Fig. 3.4. Seedlings Ready for Transfer into Nutrient Solution.
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plants to be transplanted. The seedlings, then, were selected by- 
similar size, height, and leaf area. Two seedlings were transferred 
to each brown polyethylene container with 2 liters of complete Hoagland 
and Arnon (1950) nutrient solution 1_which also contained 1 ml/liter 
solution £i (Fig. 3.5). The polyethylene containers were covered to 
prevent evaporation. The cover contained two holes fitted with hollow 
polyethylene stoppers and plastic foam to hold the plants.

The pH of the original Hoagland solution was approximately 5.0. 
The pH of all solutions were adjusted to 6.0 by addition of a few drops 
of 0.5 N NaOH solution, since it is generally agreed that most plants 
reach their optimum growth in the pH range of 6 to 7 (Paden and Carman, 
1947; Shaw et al., 1975). Also, according to Naftel (1931), the great
est amount of total N absorbed usually occurred at pH 6.0. A constant 
level of nutrient solution was maintained in the containers throughout 
the experimental period through the addition of distilled water.

Treatments
Four levels of salinity (control = 0, 4, 8, and 12 bars) were 

chosen for these experiments.1 Since cotton is a salt tolerant plant,
4 bars of osmotic pressure was applied immediately after transferring 
the plants into culture solution to all pots (except controls) by adding 
NaCl (96 meq/liter NaCl for 4 bars of osmotic pressure).2

^Preliminary experiments and personal communications with Prof. 
T. C. Tucker, Soils, Water and Engineering and Prof. J. W. O'Leary,
Dept, of Cellular and Developmental Biology, The University of Arizona 
(1980) .

2Preliminary experiments and personal communications with Prof. 
T. C. Tucker, Soils, Water and Engineering, The University of Arizona 
(1980) .
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Fig. 3.5. Seedlings in Complete Hoagland Nutrient Solution.
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On the third day, 4 bars.of additional pressure (96 meq/liter 

NaCl) was applied to the pots labelled 8 and 12 bars. On day five,
96 meq/liter NaCl was added to pots labelled 12 bars (Fig. 3.6).

After the plants had been growing in salt treated nutrient 
solutions for seven days (Fig. 3.7), they were then slightly N-stressed 
for three days in a 1/10 strength Hoagland solution lacking N, given in 
Table 3.2. The containers holding 2 liters of 1/10 strength Hoagland 
solution (control), and 1/10 strength nutrient solution plus 96, 192 and 
288 meq/liter NaCl for 4, 8, and 12 bars osmotic pressure, respectively, 
were also prepared. A nitrogen solution containing 5 mg 15M/ml as 
NH4N03, ammonium labelled :15N was added to each pot for a specific N 
treatment. Table 3.3 shows the amount of 15N added to each container 
to obtain the desired N concentration levels.

Initial 2-ml solution samples were taken from each container, 
added to vials containing 0.500 mg of 14N (unlabelled N) in a 3-ml 
solution from NH4N03 and mixed. Two plants were transferred to each 
container at 9:00 a.m. Six hours later (3:00 p.m.) the first set of 
plants (6-hour 15N treated) were harvested. At 9:00 p.m. the second 
set of plants (12-hour 15N treated) were harvested. The final harvest 
was 24 hours after the initial time of 15N treatment (9:00 a.m. the next 
day). At each 2-hr interval, 2-ml of solution was taken from each con
tainer and added to the vials containing 0.500 mg of unlabelled N.
These and the initial solution samples were used to determine the total 
'L5N lost from the nutrient solution, i.e., total absorption. The volume 
of the solution in each container was determined through the addition 
of distilled water. This was done by bringing the water level up to the
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Fig. 3.6. One Day after Completion of Salt Treatment (Plants Left to 
Right; Control, 4, 8, and 12 Bars Salt Osmotic Pressure).

Fig. 3.7. Seven Days after Completion of Salt Treatment (Plants Left
to Right; Control, 4, 8, and 12 Bars Salt Osmotic Pressure).



Table 3.2. Content of N-free Nutrient Solution.
27

Substances ml/liter of nutrient solution

0.5 M K2SO4 5
M MgSOit 2

0.05 M CaCHaPOOa'HaO (12.6085 g/1) 10
0.01 M CaS0v2H20 (1.7218 g/1) 200

Table 3.3. Nitrogen Treatments per Pot 
Solution).

(mg 15N/2 liters Nutrient

Treatment Control 
N-Source Period (hr) (0) 4 bars 8 bars 12 bars

6 5 5 5 5
15NHitN03 12 10 10 10 10

24 20 20 20 20
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designated point after each solution sample was taken. The measured vol
ume was recorded. After each harvest, plants were immediately separated 
into roots and shoots from about 2 cm below the cotyledenary node. The 
plant parts were carefully weighed after rinsing the roots in distilled 
water for about one minute. Then the materials were freeze dried for 
three days at 0.05 mm Hg pressure, weighed again, ground to pass through 
a 40-mesh screen in a Wiley mill and stored in a refrigerator until 
analyzed for total-N and 1SN content (uptake) .

The operations for the. first stage of growth are summarized in_ ' ' ‘

Table 3.4.
Scheduling for the second growth stage experiment procedures was 

similar to the first growth stage experiment, but the transfer of plants 
into lacking N Hoagland solution and 15N treatment was started at the 
beginning of the reproductive stage of growth, approximately 60 days 
after germination.

Chemical Analyses
The atom percent 15N in the samples was calculated from the 

28 to 29 mass ratio determined by a spectrometer (Consolidated Electro
dynamics Corporation model 21-621) following the methods described by 
Bremner (1965) and the procedures exercised by Frota and Tucker (1972 
and 1978a).
' . /

Analyses of Solution Samples
Solution samples containing ammonium labelled 15N were directly 

analyzed for 15N according to the procedures cited above. The main 
steps of these procedures can be summarized as follows:



Table 3.4. Scheduling for First Growth Stage Experiment.
29

Day Operations

1 Seed germination started by planting the seeds in brown
paper towels and then covered.

5 The towels are uncovered in order to expose young seedlings
, to light.

10 Seedlings were transplanted into 2 liter polyethylene con
tainers with full strength nutrient solution and first 
4 bars salt treatment was started by the addition of 96 
meq/1 NaCl.

12 The osmotic pressure of the 8 and 12 bars labelled con
tainers increased to 8 bars by the addition of 4 more bars 
(96 meq/1 NaCl) salinity stress.

14 The osmotic pressure of the 12 bars labelled containers
increased by the addition of the last 4 bars (96 meq/1 
NaCl) salinity stress.

19 The plants were transferred into 1/10 strength Hoagland
solution lacking N, but containing the specified salt levels,

22 The plants were transferred (at 9:00 a.m.) into 1/10
strength nutrient solution containing 15N and required 
salt treatment. Six hours later (3:00 p.m.) the first 
set of plants harvested (6 hours of 15N treatment).
Twelve hours from the initial time (9:00 p.m.) the second 
set of plants harvested (12 hours of 15N treatment).

23 At 9:00 a.m. the third set of plants harvested (24 hours 
of 15N treatment).
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1. About 2 ml of solution sample was brought to complete dryness.
2. The completely dried sample (salt) was cooled and the air 

replaced with argon gas.
3. About 0.3 ml of argon saturated deionized water was added to 

each sample which, was held in ice and connected to argon gas 
system. The water was immediately frozen and formed a layer 
over the sample to keep it free of air.

4. After the water was completely frozen, a similar amount of 
argon saturated sodium hypobromite was imparted into each 
sample and allowed to freeze. Then the samples were ready 
for analysis by the mass spectrometer.

5. The sample tubes were attached to the system followed by 
rough and diffusion pumping, insuring that the samples be 
air free. Samples were thawed to permit sodium hypobromite 
to react with ammonium and convert it into N gas. The reac
tion involved is generally represented as follows (Bremner,
1965) :

2NH3 + 3NaOBr 3NaBr + 3H20 + N2 .

6 . Finally, analysis of the N gas (N2) and recording the mass 
28 and 29. peak height from which the atom percent of 1SN was 
later calculated.

Total N and 15N Determination in Plants
The total N in shoots and roots was analyzed by micro-Kjeldahl 

procedure. Samples of 100 mg of dry plant materials were placed in 
micro-Kjeldahl flasks and digested using 4 ml of concentrated H2S04 and
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about 1,5 g of the mixture 1QQ.:10:1 (K2SO4, CuSO^, Se) until a clear 
yellowish-green color appeared. After the flask cooled, about 15 ml 
of deionized water was added to dilute the H2SO4. The sample was steam 
distilled with approximately 20 ml 50% NaOH. The ammonia liberated was 
collected in a 5 ml boric acid indicator (40 gm boric acid in 950 ml 
of C02’-free deionized water plus 50 ml of 0.1% Na+-bromocresol green 
and 0.1% Na+-methyl red in a 5:1, ratio). After titration with 0.02 N 
KH(103)2 the samples were saved for atom percent 15N determination.

Calculations for ^5N Uptake 
From the atom percent 15N in solution samples, N absorption at 

different time intervals was calculated (Frota and Tucker, 1978a; Saad,
1979). The total 1SN absorbed at a given time. At., is equal to the ini-

■
tial 15N in solution, Zt^, less the amount remaining at a given time, 
Zt., as the following equation:

Ati * zV zti •
The total :15N in solution was calculated by the following equation:

„ V x rosy x A% Ex. 15N______
S x A% 15N enrichment in source ’ v

where' Z = total 15N in solution (mg),
o n n  ml a  -i'0V - volume of nutrient solution, 200 ml at tn,

mg

measured volume at t^,
•14N- = 0.500 mg N as NH4NO3,

A% Ex. •15N = atom percent excess 15N in solution samples 
(A% ^5N-natural abundance A% 15N) 5

S.v = solution samples volume (2 ml)
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Calculations for *5-N Content of Plant 

Material Absorbed from Culture Solution
Considering the atom percent 1SN and total N present in shoots

and roots, the 15N can be calculated by the following equation (Saad,
1979) :

T.
Sn
q— x Pw x A% Ex. 15N _ bw w______ _________

N A% 15N enrichment in source

where = total 15N recovered from plant due to
absorption (mg),

S = N in plant sample by titration (mg),
= N KH(103)2 x (titration volume-blank volume) x 14,

Sw = plant sample dry weight for analysis (mg),
?w = total plant part dry weight,
A% Ex. -1 SN = atom percent excess 15N.

The percent recovery of 1SN in plant due to absorption from 
solution, R, was calculated as follows:

R = T(-̂ +r' x 100 ,
s

where T(t+r) = total mg 15N uptaken in plant top and root,
T = total mg 15N depleted from solution culture 

due to absorption and loss.

Statistical Analysis 
Analyses of variance of the data between treatment means and 

regression analysis were performed by statistical procedures described 
by Steel and Torrie (1960) . The means were compared by the least sig
nificant difference test. The 5% level of significance was used in all 
comparisons, unless otherwise noted.



CHAPTER 4

RESULTS AND DISCUSSION

This investigation was designed to evaluate the effect of dif
ferent NaCl salinity levels on 15N uptake rate by cotton plants. For 
this purpose, total dry matter production, total 15N absorbed by cotton 
platns, and total Kjeldahl-N were studied in two different stages of 
growth.. Since nutrient uptake has frequently been reported in a direct 
relation with water absorption in plants, water uptake was also examined 
in this study.

Dry Matter Production 
Table 4.1 shows the influence of NaCl salinity on the dry matter 

production of cotton plants for vegetative and reproductive stages of 
growth. In both stages of growth, salt stress, particularly at medium 
and higher NaCl levels, drastically reduced the amount of dry matter 
production. Dry matter production of the salt-stressed plants was nega
tively correlated with increasing levels of salinity for both stages of 
growth (Table 4.2). Under saline conditions, plant growth is retarded 
through the operation of an osmotic as well as a nutritional component. 
Ruf, Eckert, and Gifford (1963) suggested that under saline conditions, 
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 as reported by

33
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Table 4.1. Influence of NaCl Salinity on Dry Matter Production of 

Cotton Plants during Vegetative and Reproductive Stages 
of Growth.
All values for each growth stage within a column, followed 
by the same letter, are not significantly different at the 
5% probability level.

Growth Plant parts dry weight/pot (2 plants)*
Stage Treatment Shoots Roots Total

g -
Vegetative Control 5 .42a 0.93a 6.35a

4 bars 3.79b 0.97a 4.76b
8 bars 2.71bc 0.77a 3.48b
12 bars 1.71c 0.39b 2.10c

sx 0.379 0.063 0.429

Reproductive Control 20.13a 3.90a 24.03a
4 bars 16.72b 3.98a 20.70a
8 bars 12.11c 3.52a 15.63b
12 bars 7.60d 2.42b 10.02c

sx 0.979 0.205 1.145

*Values of plants dry weight are the means for 2 reps and 3 harvest 
times under different salt treatments.
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Table 4.2. Correlation Coefficient, r, for Dry Matter Production (g)
(Shoots, Roots, and Total) versus Salinity for Two Different 
Stages of Growth.

Plant Parts
Correlation coefficient, r, for plant dry 
weight at two different stages of growth

...... Vegetative Reproductive

Shoots Dry 
Weight (g) -Q.976** -0.974**

Roots Dry 
Weight (g) -0.854** -0.790*

Total Dry 
Weight (g) -0.985** -0 .963**

*Significant at the 5% probability level.
**Significant at the 1% probability level.
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Bernstein (1963); therefore, a shortage of the plant building material 
is associated with-reduction' in photosynthesis (Khalil et al., 1967). 
Nutritional imbalance in plants as well as specific ion toxicities is 
also due to high salt concentrations surrounding the root systems which 
causes abnormal plant growth and development resulting in a lower dry 
matter production.

Nitrogen (/̂ N) Uptake Studies 
Nitrogen C15N) uptake rate was evaluated on the basis of both 

15N solution loss and plant tissue analyses. . .
I

The Apparent Uptake Concerning 
15N Solution Loss

Nitrogen (15N) absorption rate was studied by analysis of sample 
solutions taken periodically from the culture solutions. These values 
are illustrated in Figs. 4.1 and 4.2 for the vegetative and the repro
ductive stages of growth experiments, respectively. The values for 6,
12, and 24 hours uptake (harvest times) in these figures are presented 
in Table A.1 (Appendix A) for the vegetative and reproductive stages of 
growth..

Plant Tissue Content of -15N
In addition to the analysis of the solutions for 15N uptake, its 

absorption rate was also evaluated by the analysis of the plant materials.
The mean values for ammonium--15N uptake by cotton plants during 

the vegetative stage of growth from normal Hoagland solution (control) 
and Hoagland solution for 4, 8, and 12 bars osmotic pressure (salt stress) 
are presented in Table 4.3. Table 4.4 indicates the ammonium-15N
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Table 4.3. Distribution of -1 ?N Absorbed as Ammonium in Cotton Shoots 

and Roots under Different Nad Salinity Levels during 
Vegetative Stage of Growth.
All values for each uptake time within a column followed by 
the same letter are not significantly different at the 5% 
probability level.

Uptake
Time

Nitrogen ()5N) Content 
of Plant Parts*

Percent
Recovery

Treatment (hr) Shoots Roots Total of 15N

- mg - - - - - - -
Control . 6 0.982a 0.726b 1.708a 97.0

12 1.609a 1.293a 2.902a 93.6
24 4.966a 3.224b 8.190ab 94.9

4 bars 6 0.819ab 1.386a 2.205a 97.7
12 1.709a 1.840a 3.549a 93.0
24 4.780ab 4.197a 8.977a 91.2

8 bars 6 1.020a 0.669b 1.689a 96.3
12 1.634a 1.269a 2.903a 96.3
24 4.362b 3.234b 7.596b 94.0

12 bars 6 0.361b 0.344b . 0.705b 94.6

12 0.880b 0.567b 1.447b 95.4
24 1.807c 1.235c 3.042c 97.7

SX 0.1687 0.2005 0.2866

*Mea.n values for each, uptake time are recorded.
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Table 4.4. Distribution of iSN Absorbed as Aigmomium in Cotton Shoots 

and Roots under Different NaCl Salinity Levels at the 
Beginning of Reproductive Stage of Growth.
All values for each uptake time within a column followed by 
the same letter are not significantly different at the 5% 
probability level.

Treatment
Uptake
Time
(hr)

Nitrogen (1SN) Content 
of Plant Parts*

. Shoots Roots Total

Percent 
Recovery 
of 15N

Control 6 1.767a
- mg - - - 
1.322a 3.089a 98.9

12 4.098a 2.439ab 6.537a 98.7
24 8.497a 5 .491a 13.988a 95.6

4 bars 6 1.906a 1.622a 3.528a 97.6
12 3.775a 3.066a 6.841a 98.1 .
24 8.638a 5 .682a 14.320a 95 .6

8 bars 6 1.489a 1.578a 3.067a 94.8
12 3.546a 2.845a 6.391a 97.0
24 8.451a 5.652a 14.103a 97.0

12 bars 6 1.149a 1.010a 2.159b 97.3
12 2.180b 1.809b 3.989b 95.3
24 ' 4.672b 3.393b 8.065b 97.4

sx 0.2535 0.2600 0.2566

*Mean values for each uptake time are recorded.
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absorption under the same conditions for plants at the beginning of the 
reproductive stage of growth. The values for total :l5N uptake by plants 
shown in Tables 4.3 and 4.4 are illustrated in Figs. 4.3 and 4.4,respec
tively. These results indicate that osmotic pressures up to 8 bars did 
not reduce the N absorption rate by cotton plants significantly at either 
stage of growth. This is supported by the general agreement that cotton 
is considered a salt tolerant plant in agriculture. Das and Mehrotra 
(1971) found that cotton showed a good tolerance to the salt concentra
tion of 4,000 ppm. Two levels of salinity (2,000 and 4,000) in their 
experiment showed some growth acceleration effects and the crops exhib
ited better stand in those two treatments when compared to their control; 
however, there was a marked drop in plant response at higher salt con
centrations. Similar results were also observed by. Cooper, Panden, and 
Phillpe (1953) and Mehta and Desai (1959) in cotton plants. Khalil et 
al. (1967) reported that the electrical conductivity of the root media 
up to 9 mmhos/cm did not have a significant effect on the N content of 
com and cotton plants.

A low level of NaCl salinity (4 bars osmotic pressure of nutri
ent solution) in this study appeared to slightly enhance nitrogen (;15N) 
absorption; however, the high level of salinity (12 bars osmotic pres
sure of the root media) caused a substantial reduction in N uptake.
Hamadi and McLean's (1979) recent investigation is in full agreement 
with these findings. They reported that N and P contents of rice plants 
tended to be enhanced by a low salt concentration but to be depressed by 
higher concentrations. Palfi's (1965) finding showed that the N content 
of rice plants grown with, a high-sodium medium was always less than that
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4.3. Total 15N Absorbed from Nutrient Solution by Cotton Plants at
Different Harvest Times for Various NaCl Salinity Conditions
during Vegetative Stage of Growth.
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of the controls also agrees with these results. He stated that in high 
salt concentration conditions, sodium ions which are highly active in ion 
antagonism, may slow down the uptake rate of ammonium ions. Enhancement 
of N uptake by cotton under low levels of salinity leads us to an inter
esting subject of the possible enhancement of protein formation under 
these conditions. A closer look at Tables 4.3 and 4.4 and Figs. 4.3 and
4.4 indicates that the effect of salinity is more pronounced at the 
vegetative stage than the reproductive stage of growth in cotton plants.

The uptake rate of N (ammonium-15N) for both stages of growth 
experiments was significantly reduced when cotton plants were subjected 
to high NaCl stress (12 bars osmotic pressure) conditions.

The significant decrease in the absorption of N by cotton plants 
under high. Na.Cl concentrations is in agreement with studies in beans, a 
salt sensitive plant, under lower salt levels of the culture solution, 
conducted by Kretschmer, Toth, and Bear (1953), Lunin and Gallatin 
(1965), Frota and. Tucker (1972 and 1978a), and Saad (1979), and further
more, in studies with com by Mattas and Pauli (1965), and work on wheat 
by Lai and Singh (1973).

At the end of each, harvest time, the pH values of the nutrient 
solutions were measured. A decrease was usually noticed in the pH of 
all solutions which were not treated with NaCl. Slight enhancement of 
the ammonium absorption in the low salt (4 bars osmotic pressure) treated 
plants comparing to controls could be explained as partially due to the 
higher pH value of these solutions than those for the controls.
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Ammonium-'15N uptake b,y cotton plants (total 15N content of 

plants) and time with all treatments were highly correlated in both 
experimentations (Table 4.5).

To facilitate, estimating the response and the rate of change in 
response of cotton plants to. 15N uptake under different NaCl salinity 
levels with respect to uptake time, the following functions were obtained 
and tabulated.

Table 4.6 represents prediction equations for total 15N absorp
tion versus time for different NaCl salinity levels during vegetative 
and reproductive stages of growth, respectively. The ratios of the 
slopes of the salinized treatments to the slopes of the non-salinized 
treatment in each stage of growth experiment are estimates of the change 
in the rate of -^N absorption. Since the slopes for low and moderate 
levels of salinity are approximately equal to that of the control, the 
ratio of the slopes would be close to unity; consequently, the response 
of plants for 15N uptake at low and moderate levels of salinity is 
expected to be close to the control (non-saline condition) during vege
tative and reproductive stages of growth. The low values of the slopes 
of the highly salinized treatments (12 bars osmotic pressure) results in 
a lower value than unity for this ratio; accordingly, a substantial 
reduction in the uptake of 15N under high NaCl concentrations would be 
expected. The magnitude of this ratio is significantly lower for the 
vegetative stage than for the reproductive stage of the growth experi
ment for 12 bars osmotic pressure stressed plants. This can be another 
indication for more pronounced adverse effects of salinity during vege
tative stage than the reproductive stage of growth in cotton plants.
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Table 4.5. Correlation Coefficient, r, for 15N Uptake by Cotton Plants 

versus Time (hours) for Different Salinity Conditions at 
Two Different Stages of Growth.

Treatment
Correlation Coefficient, r, for  ̂5N Uptake versus 

Time, at Two Different Stages of Growth
Vegetative Reproductive

Control 0.970** 0.995**
4 bars 0.980** 0.995**
8 b(ars 0.990** 0.995**
12 bars 0.995** 0.980**

*Significant at the 1% probability level.

Table 4.6. Prediction Equations for 15N Absorption (mg 15N/pot, 2 plants) 
versus Time (hours) by Cotton Plants under Different NaCl 
Salinity Conditions during Vegetative and Reproductive Stages 
of Growth.

Growth Stage
Correlation 

Treatment Coefficient (r) Prediction Equation

Vegetative Control 0.970** y = 0-.37x--0.94
4 bars 0.980** y - 0.39x - 0.51
8 bars 0.990** y - 0,34x - 0.66
12 bars 0.995** ■ y = 0.13x - 0.09

Reproductive Control 0.995** y = 0.61x - 0.64
4 bars 0.995** y = 0.61x - 0.21
8 bars 0.995** . y = 0.62x - 0.79
12 bars 0.980** y = 0.33x + 0.12

**Significant at the 1% probability level.
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Distribution of N Absorbed as Ammonium-'1 SN 

in Cotton Shoots arid Roots
In addition to total 15N uptake by plants, Table 4.3 shows the 

influence of NaCl salinity on the distribution of ammonium-15N in cotton 
shoots and roots for the vegetative stage of growth. Likewise, the 
distribution of ammonium--15N for the reproductive stage of growth exper
iment is presented in Table 4.4. The percent of 15N depleted from the
nutrient solutions recovered in plants is reported as the percent
recovery of 15N in these tables as well.

The values for ammonium-15N content of shoots in Tables 4.3 and
4.4 are plotted in Figs. 4.5 and 4.6, respectively. Figures 4.7 and
4.8 are illustrations of the root 15N contents in these tables, respec
tively.

Total 15N content of shoots did not show a significant differ
ence for low and moderate levels of salinity (4 and 8 bars osmotic 
pressure of the nutrient solution) for both stages of growth experiments. 
However, the shoots of the higher level of salinity (12 bars osmotic 
pressure) stressed plants had significantly lower total 1SN content.

In the roots the result was different; total 15N content of the
roots under low salinity condition was significantly higher than in the
. control and other salinity levels for the vegetative stage of growth.
In the reproductive stage of growth experiment, the total 1SN content of 
roots of the controls was even lower than that for the moderately sali- 
nized plants. Nevertheless, this difference was not statistically sig
nificant. In both stages of growth, 15N content of the. roots and shoots
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Fig. 4.5. Nitrogen (15N) Content of Cotton Shoots at Different Harvest
Times for Various NaCl Salinity Conditions during Vegetative
Stage of Growth.



SH
OO
TS
' 

N 
CO
NT
EN
T,
 
mg 

/ 
PO

T
49

6-.

4 "

2 t,

6 12 1b 24

TIME(HOURS)
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Fig. 4.7. Nitrogen (15N) Content of Cotton Roots at Different Harvest
Times for Various NaCl Salinity Conditions during Vegetative
Stage of Growth.
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of highly salt treated plants was significantly lower than that of any 
other salinity level.

The concentration of 15N in the roots of the plants was higher 
than that in the shoots for all treatments (Tables 4.7 and 4.8 for the 
vegetative and reproductive stages of the growth experiments, respec
tively) . The adsorption of ammonium ions onto the root surfaces or 
infusion of ions into the root’s apparent free spaces could be some 
possible reasons for the higher concentration of 15N in the roots.

In both stages of growth, the 1SN concentration of the shoots 
was significantly higher for salinized plants compared to the controls. 
This can be explained as being due to a drastic reduction in plant 
growth and development, particularly in the plant's upper part, under 
stress conditions. In the roots, especially for the moderate level of 
salinity, the concentration of •I5N was higher than that for the control. 
In both experiments, however, these differences were not statistically 
significant. These slight differences could be due to the depression 
of the plant growth and development under saline conditions; a direct 
reduction in sink size may have caused a depression in N translocation 
from roots to shoots. Also, the critical point for reduced transloca
tion of N from roots to shoots seems to be at a certain point of accumu
lation of salt and ions (i.e., Na+ and Cl ) in the roots. The osmotic 
pressure of the roots increased, which caused a reduction in conductiv
ity within the plant. Thus, the reduction in conductivity or increase 
in resistance inhibited plants from transferring sufficient N from roots 
to the upper parts.
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Table 4.7. Nitrogen (15N) Concentration of the Cotton Plant Parts,

Shoots and Roots, as Influenced by NaCl Salinity during
Vegetative Stage of Growth.
All values for each plant part within a column followed by 
the same letter are not significantly different at the 5% 
probability level.

Plant
Parts Treatment

Uptake Time (hours)
12

Ug 15N/g dry weight
24

Shoots

Roots

Control 
4 bars 
8 bars 
12 bars

Control 
4 bars 
8 bars 
12 bars 
Sxr

175.0a
213.0a
389.0a
230.0a
80.8

745.8a
1472.3a
911.5a
841.3a
321.4

301.0a 
431.0a 
555,0a 
513.0a 
80.8

1372.9a
1913.4a
1512.9a
1574.6a
321.4

918.2c 
1262.6b 
1609.7a 
1059.6bc 
80.8

3450.lab 
4402.9a 
4284.9a 
3176.1b 
321.4
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Table 4.8. Nitrogen (15N) Concentration of the Cotton Plant Parts,

Shoots and Roots, as Influenced by NaCl Salinity at the
Beginning of the Reproductive Stage of Growth.
All values for each plant part within a column followed 
by the same letter are not significantly different at the 
5% probability level.

Plant
Parts Treatment

Uptake Time (hours)
12

Ug 15N/g dry weight
24

Shoots Control 
4 bars 
8 bars 
12 bars 
Stt

99.2a
120.4a
151.8a
164.2a
22.6

219.1c 
234 ..6b c 
310.6a 
295.Sab 
22.6

422.Od 
519,0c 
700.5 a 
615.0b 
22.6

Roots Control 
4 bars 
8 bars 
12 bars

SX

379.5a
490.1a
575.0a
482.3a
93.7

655.6a
867.2a
937.5a
802.3a
93.7

1406.6a 
1466.9a 
1607.0a 
1397.9a 
93.7



Nitrogen (1SN) concentration in plants was also examined in 
terms of the ratio of plants' total 15N content to total dry matter 
produced by plants (pg 15N/g dry matter). The results are recorded 
in Table 4.9. These values are illustrated in Figs. 4.9 and 4.10 for 
the vegetative and the reproductive stages of growth experiments, res
pectively. After a short period of uptake time, the ratio tended to 
increase significantly by the increasing salinity level; however, during 
the vegetative stage of growth for the low and especially for the medium 
salinity levels and for the reproductive stage of growth only for medium 
salinity level, these values were higher than expected. This can be 
explained by reduced plant growth due to high osmotic pressure and 
specific ion (Na+ and Cl ) toxicity more than N uptake. Also, as it 
has been suggested by many investigations, this may have been due to a 
dilution factor (Frota and Tucker, 1972 and 1978a; Saad, 1979) .

The higher concentration of 15N in plants subjected to NaCl 
salinity than the controls as found in this study was also observed 
in com and cotton (salinity-fertility interaction studies) by Khalil 
et al. (1967); in red kidney beans by Frota and Tucker (1972 and 1978a) 
and recently by Saad (1979); and in wheat by Jadav et al. (1976).

This phenomenon indicates that plants continue to accumulate 
N under saline conditions in spite of the reduction in dry matter 
production.

To predict the absorption rate of 15N per unit weight of cotton 
dry matter production (ug 15N/g dry matter) versus time for various 
salinity levels. Table 4.10 is provided for the vegetative and the 
reproductive stages, of growth experiments. The functions in this table
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Table 4.9. Nitrogen C;15N) Concentration in Plants'Mixed (Shoots and

Roots) Dry Matter as Influenced by NaCl Salinity during
Vegetative and Reproductive Stages of Growth.
All values for each stage of growth within a column followed 
by the same letter are not significantly different at the 
5% probability level.

Growth
Stage Treatment

Uptake Time (hours)
6 12 24
ug 15N/g plant mixed dry matter

Vegetative Control 260.0a 463.3b 1287.8b
4 bars 472.2a 723.2ab 1893.4a
8 bars 498.0a 765. 2a. 2185.1a
12 bars 355.1a 697.2ab 1450.4b

h 94.90 94.90 94.90

Reproductive Control 145.0b 291.2c 582.3d
4 bars 183.7ab 347.4bc 699.9c
8 bars 243.6a 441.5a ' 904.6a
12 bars . 237.3a 414.lab 803.5b

SX 26 . 84 26.84 26.84
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ent Solution, per Gram Plant Dry Matter at Different Harvest 
Times for Various NaCl Salinity Conditions during Vegetative 
Stage of Growth.



58

1 0 0 0 '

600-

o
_  400-

m

co

2418126
TIME(HOURS)

Fig. 4.10. Nitrogen (15N) Content of Cotton Plants, Absorbed from Nutri
ent Solution, per Gram Plant Dry Matter at Different Harvest 
Times for Various NaCl Salinity Conditions at the Beginning 
of the Reproductive Stage of Growth.
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Table 4.10. Prediction Equations for..15N Absorption .(pg) per Pot 
(2 plants)/Gram Plant Mixed Dry Matter (pg 15N/g dry matter) 
versus Time (hours) by Cotton Plants under Different NaCl 
Salinity Conditions for Vegetative and Reproductive Stages 
of Growth.

Growth Stage Treatment
Correlation 

Coefficient (r) Prediction Equation

Vegetative Control 
4 bars 
8 bars 
12 bars

0.980**
0.969**
0.979**
0.974**

7
y

y

y

58.77x
81.68x
97.25x
61.12x

152.77
112.83
212.10

21.45

Reproductive Control 
4 bars 
8 bars 
12 bars

0.996**
0.974**
0.989**
0.994**

y = 24.29x - 0.48 
y = 28.78x + 7.48 
y = 36.99x + 12.08 
y = 31.60x + 42.63

**Significant at the 1% probability level.
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enable us to estimate the amount of 15N absorbed per unit weight of 
plant dry matter. A comparison of the rates of change under different 
conditions is possible if the ratio of the slopes of the salinized 
treatments to that of the control is taken into consideration. The 
ratio for all salinized treatments is higher than unity, indicating 
that the concentration of 15N in plants under NaCl stress conditions 
is higher than non-salinized treatments.

Total Kjeldahl-N Content of Plants
Total Kjeldahl-N content of plants and the fractions in the 

shoots and roots for vegetative and reproductive stages c>f growth of 
cotton plants are given in Table 4.11.

A significant difference was detected in the total Kjeldahl-N 
content of plants with respect to NaCl concentration of the nutrient 
solutions. The total Kjeldahl-N contents of the plants decreased as 
the culture media became more saline. Analysis of the overall effect 
of salinity stress indicated that the control plants had a significantly 
higher Kjeldahl-N content than the plants grown under salinity condi- 
tions. The difference was not significant for the low salt treated 
plants (4 bars osmotic pressure) at the reproductive stage of growth 
experiment. Total Kjeldahl-N content of plants for moderate level of 
salinity (8 bars osmotic pressure) during vegetative stage of growth 
was about 50% of that for controls while this value was about 70% 
during reproductive stage of growth. In addition, this value for the 
highest level of salinity (12 bars osmotic pressure) during vegetative 
stage of growth was only 25%, but it was slightly less than 50% for the
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Table 4.11. Influence of NaCl Salinity on Total Kjeldahl-N Content of

Cotton Plants during Vegetative and Reproductive Stages
of Growth.
All values for each stage of growth within a column fol
lowed by the same letter are not significantly different 
at the 5% probability level.

Total Kjeldahl-N Content of Plant Parts*
Growth Stage Treatment Shoots Roots Total

Vegetative Control 185.1a
- mg - - 
20.5a 205.6a

4 bars 114.8b 23.0a 137.8b
8 bars 89.8b 17.8a 107.6c
12 bars 43.1c 7.2b 50.3d

SX 9.13 2.02 8.61

Reproductive Control 371.2a 63.6a 434.8a
4 bars 333.8a 66.7a 400.6a
8 bars 245.9b 62.0a 307 . 9b
12 bars 156 .5c 41.6b 198.1c

sx 22.38 3.99 24.00

*Mean values for the last harvest plants (24 hours uptake).



reproductive stage of growth experiment. Thus, the ability of the older
plants to adjust to salinity appears somewhat greater and the effect of
salinity on N uptake is more pronounced in younger plants.

Total Water Uptake by Plants 
Short term water uptake (ml total water absorbed during 15N 

treatment period) at different harvest times and with various levels of 
NaCl salinity is presented in Table 4.12 for two different stages of 
growth experiments. Figures 4.11 and 4.12 illustrate the values 
recorded in this table for the vegetative and the reproductive stages 
of growth, respectively.

Table 4.13 presents long term water uptake (ml total water 
absorbed during the entire experimental period) under different NaCl 
salinity conditions.

The values recorded in all these tables are considered to be 
the water loss through transpiration by the cotton plants for the speci
fied experimental period. The results indicate that in all cases, 
except for 4 bars osmotic pressure during the reproductive stage of 
growth, the salt stressed plants absorbed significantly less water than 
the controls. Although 4 bars stress did not exhibit a statistically 
significant difference for water uptake during the reproductive stage 
of growth experiment compared to control plants, the value for this 
treatment was somewhat lower than that"for control.

To explain the effect of salinity on water absorption (tran
spiration), it has been suggested that increasing salinity increases 
the total water suction in the substrate, resulting in a decrease in
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Table 4.12. Influence of NaCl Salinity on Water Absorption by Cotton

Plants during Vegetative and Reproductive Stages of Growth.
All values for each stage of growth within a column fol
lowed by the same letter are not significantly different 
at the 5% probability level.

Uptake Time (hours)
Growth Stage Treatment 6 12 24

ml water uptake*/pot (2 plants)

Vegetative Control 125.0a 160.0a 202.5a
4 bars 87.5b 122.5b 172.5b
8 bars 57.5c 102.5b 135.0c .
12 bars 40.0c 70.0c 87.5d

s x 7.87 7.87 7.87

Reproductive Control 165.0a 275.0a 490.0a
4 bars 147.5a 245.0a 430.0a
8 bars 130.0a 167.Sab 215.0a
12 bars 75.0a 107.5b 145.0b

s x 38.16 38.16 38.16

*ml water uptake during 1SN treatment period.
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Growth.
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Table 4.13. Influence of NaCl Salinity on Total Water Absorption of
Cotton Plants at Two Different Stages of. Growth.
All values within a column followed by the same letter 
are not significantly different at the 5% probability 
level.

Treatment
Total Water Uptake* 
Different Stages of

Vegetative

for Two 
Growth
Reproductive

Control 2375a 8500a
4 bars 1700b 6025b
8 bars 1200c 3950c
12 bars 825c 2900c

Sx 154 397

*ml water uptake during entire experimental period.
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transpiration. The degree of this reduction varies for different crops 
(Lunin et al., 1963).

The marked drop in water absorption by cotton plants due to 
salinity stress as shown in this study is supported by many investigators 
whose studies involved red kidney bean plants (Lagerwerff and Eagle,
1962; Riley, 1968; O'Leary, 1969 and 1974; Frota and Tucker, 1972 and 
1978a; Saad, 1979) . These investigators generally agreed that root per
meability of plants, expressed as hydraulic conductivity of the root 
system, was decreased significantly under salt stress. This is another 
explanation for the reduction in water absorption rate and may contri
bute to a similar reduction in nutrient uptake under salinity conditions.

There was a significant negative correlation between total water 
uptake during the i5N treatment period and salinity with all uptake 
times. Table 4.14 presents the value of the correlation coefficient, r, 
for two different stages of growth experiments. The absolute value of 
these correlations, r, were higher for the longer uptake time period and 
the vegetative stage of growth experiment. This also indicates that 
salinity stress can be more detrimental to younger plants and to the 
plants exposed for a longer period of time to stress conditions.

Since a substantial amount of research work indicated that there 
is a close relationship between nutrient absorption and water uptake . 
rate by plants, an attempt for estimating water absorption rate was also 
made. The prediction functions for short term water absorption under 
experimental conditions are shown in Table 4.15 for the vegetative and 
the reproductive stages of growth experiments.
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Table 4.14. Correlation Coefficient, r, for Water Uptake during 15N
Treatment Period by Cotton Plants versus Nad Salinity for 
Different Uptake Times at Two Different Stages of Growth.

Uptake
Time

Correlation Coefficient, r, for Water Uptake versus 
Salinity at Two Different Stages of Growth

(hr) Vegetative Reproductive

6 -0.921** -0.818*
12 -0.948** -0.802*
24 -0.974** -0.870*

*Significant
**Significant

at the 5% probability level, 
at the 1% probability level.

Table 4.15. Prediction Equations for Water Absorption during i5N Treat
ment Period (ml/pot, 2 plants) versus Time (hours) by Cotton 
Plants under NaCl Salinity Conditions for Vegetative and 
Reproductive Stages of Growth.

Growth Stage
Correlation

Treatment Coefficient (r) Prediction Equation

Vegetative Control 0.87* y = 4.20x + 103.75
4 bars 0.95** y = 4.64x +62.50
8 bars 0.93** y = 4 .08x + 4.1.25
12 bars 0.94** y = 2.47x + 31.25

Reproductive Control 0.93** y = 18.04x + 57.50
4 bars 0.82* y = 15.65x + 55.00
8 bars 0.76® y = 4.61x + 106.25

12 bars 0.95** y .= 3.78x + 56.25
*Significant at the 5% probability level.
**Significant at the 1% probability level. 
^Significant at the 10% probability level
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The functions, in each, table show that, in both cases, the esti

mated water used by plants in terms of transpiration would decrease 
sharply by increasing the osmotic pressure of the culture solution, 
especially for moderate (8 bars) and high (12 bars) osmotic pressures.

The functions in Table 4.16 were obtained for the first and 
second stages of growth experiments when the values were expressed in 
terms of ml water used per gram dry matter produced. Considering the 
functions in Table 4.16 for vegetative stage of growth experiment, the 
ratio of slopes of the salinized treatments to the slope of the non- 
salinized treatment (control) increased by increasing NaCl salinity 
levels. This actually indicates that the efficiency of the water used 
per unit dry matter produced decreased by increasing salinity. However, 
this does not seem to be the case for the reproductive stage of growth 
experiment if only the slopes of the functions are considered. By con
sidering the intercept values, a result similar to that of the vegeta
tive stage of growth experiment would be obtained. This again indicates 
that the water using efficiency of plants is adversely affected more in 
the vegetative stage than in the reproductive stage of growth.
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Table 4.16, Prediction Equations for Water Absorption during 15N Treat

ment Period (ml water uptake per g dry matter) versus 
Time (hours) "by Cotton Plants under Different NaCl Salinity 
Conditions during Vegetative and Reproductive Stages of 
Growth.

Growth Stage Treatment
Correlation 

Coefficient (r) Prediction Equation

Vegetative Control 
4 bars 
8 bars 
12 bars

0.97**
0.95**
0.96**
0.91**

y = 0.72x + 15.21 
y = 0.99x + 12.74 
y = 1.19x + 10.79 
y = 1.llx + 16.25

Reproductive Control 
4 bars 
8 bars 
12 bars

0.91**
0.91**
0.80*
0.87*

y = 0.70x + 3.66 
y = 0.71x + 3.36 
y = 0.20x + 8.91 
y = 0.34x + 6.64

*Signifleant at the 5% probability level.
**Significant at the 1% probability level.



CHAPTER 5

SUMMARY AND CONCLUSIONS

The effect of low, medium, and high (4, 8, and 12 bars osmotic 
pressure of the nutrient solution) NaCl salinity levels on 15N absorp
tion by the cotton plant (Gossypium hirsutum L. Cultivar Deltapine 61) 
on two different stages of growth (vegetative and reproductive) was 
evaluated in this study. This evaluation was determined through con
sideration of the total dry matter production, 15N uptake in terms of 
its loss from nutrient solution, total 1SN absorbed by cotton plants, 
distribution of 15N in plant parts (shoots and roots), and total 
Kjeldahl-N content of plants. Due to the importance of the direct 
relationship between nutrient uptake and water absorption in plants, 
water uptake was also examined in this study.

Plant growth, and development were evaluated in terms of dry 
matter produced for shoots, roots, and total plant. Through an inverse 
isdtopic dilution technique, an analysis of solution samples and plant 
tissues were used to evaluate the 1SN absorption rate under control and 
salinized conditions. Total Kjeldahl-N was also considered for shoots, 
roots, and total content of the plants. Water uptake was studied for 
both the short term (total uptake during 15N treatment period) and the 
long term (total uptake during the entire experimental period).
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Statistical analyses of the results were made on all variables 

separately. Analysis of variances, the correlation coefficient factors, 
and the predicted response functions not only demonstrated the effect, 
but also facilitated an estimation of the rate o^ change.

The results showed that dry matter produced was significantly 
reduced by raising the osmotic pressure of the nutrient solution. Also, 
the data indicated that the low and medium levels of salinity did not 
exhibit a significant effect on the 15N absorption rate, but a high 
level of salinity caused a substantial reduction in the N uptake rate.

The 15N uptake was highly correlated with time for all levels 
of salinity in both.stages of the growth experiments.

Chemical analysis of both shoots and roots demonstrated that 
there were some dissimilarities in the trends between those two tissues. 
The N concentration of the roots was higher than that of the shoots, 
particularly under stress conditions.

The N percentage in plants increased with increasing salinity 
level. The concentration of 15N in plants was evaluated in terms of 
the ratio of the plants' total 1SN content to dry matter produced by 
the plants (jag 15N/g dry matter) . This ratio was significantly higher 
for the stressed plants than for the controls. This indicated that 
plants continued to accumulate N under salt stress conditions in spite 
of the reduction in dry matter production.

Total Water absorbed by plants decreased linearly by increasing 
the salinity level of the culture solution. This reduction was even 
more pronounced than the reduction in the nitrogen absorption rate.
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In other words, water uptake and plant growth and development were
affected to a: greater extent than N uptake.

In both stages of growth, response curves for water uptake 
for different levels of salinity were of an almost paralleled nature.
As the levels of salinity increased, the response curves occupied a 
lower position.

Finally, the effect of salinity was more pronounced during the 
vegetative stage than the reproductive stage of growth.. Thus, the ' 
ability of the older plants to adjust to salinity appears somewhat 
greater than younger ones.

Therefore, it can be concluded that since cotton is a Salt toler
ant crop, low and moderate levels of salinity may not inhibit N and
possibly other nutrient uptake either; however, high levels of salinity 
definitely depress the N uptake rate in cotton. Even low and moderate 
levels of salinity can be detrimental to cotton and probably other 
plants' growth and development and result in a substantial reduction in 
dry matter production and possibly crop yields.



APPENDIX A

NITROGEN (15N) SOLUTION LOSS (i.e., UPTAKE)
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Table A.I. Nitrogen C15N) Solution Loss, i.e.. Uptake by Cotton Plants

as Influenced by NaCl Salinity during Vegetative and Repro
ductive Stages of Growth.
All values for each stage of growth within a column followed 
by the same letter are not significantly different at the 5%
probability level.

Uptake Time (hours)________
Growth Stage Treatment 6   12   24

mg 15N solution loss (i.e., uptake)

Vegetative Control 1.760a 3.097a 8.621b
4 bars 2.256a , 3.823a 9.839a
8 bars . 1.754a 3.016a 8.074b

12 bars 0.746b 1.514b 3.112c
Sj ' 0.280 0.280 0.280

Reproductive Control , 3.124a 6,622a 14.634a
4 bars 3.614a 6.973a 14.981a
8 bars 3.236a 6.592a 14.542a
12 bars 2.218b 4.184b 8.276b
Srr 0.234 0.234 0.234
A
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