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ABSTRACT OF THESIS

DROUGHT HARDINESS IN TOMATOES 

BY

ANWAR TARIQ CHAUDHRY

Drought hardiness is the ability of plants to 

resist water shortage during growing periods and is a 

complex phenomenon.

Tomato seeds were given five different treat

ments » four of which could be regarded as physiological 

conditioning, or drought hardening treatments» and one 

controlo The hardening treatments were solutions of boric 

acid, calcium chloride, zinc sulphate and distilled water. 

The seeds were soaked in these solutions and later dried 

to their original weight at 22° Centigrade and then were 

sown in pots. A single plant was selected for future 

observations as soon as all plants were well established. 

Two different irrigation rates were used throughout the 

growing period.
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The conclusions reached from data analyses were 

as follows $

1„ The total transpiration of hardened plants 

was significantly low under the two irriga

tion levels.
2. Hardened plants had a higher diffusion 

pressure deficit under the stress of drought 

and thus made the plants more able to with

stand drought.

3. The amount of transpiration to produce a 

unit weight of fruit was less under the 

high irrigation level than under the low 

irrigation level,

4. Plants grown from seeds given the different 

hardening treatments, under either of the 

irrigation levels, did not show significant 

differences in growth rate, total fruit pro

duction, or total plant weight.



INTRODUCTION

Water is a limiting factor determining the 

nature of vegetation over many areas of the world, 

especially in the arid and semi-arid regions e Lack of 

moisture during critical periods in the life cycle of 

plants has a characteristic effect upon the morphology, 

physiology and composition of the individual plants.

One characteristic held in common by most species in 

such regions is the characteristic of drought hardiness 

which Meyer and Anderson (1963) define as the capacity 

of surviving periods of drought with little or no in

jury to the plant.

The plants of arid regions have thus developed 

certain morphological and physiological adaptations which 

enable them to live through periods of drought. Maximov 

(1929) found that the capacity to endure high water loss 

without physiological injury is one of the most important 

properties of drought resistant plants. Petinov and 

Molotkovsky (1962) found that small amounts of cells, low 

amounts of tissue water and small individual cell volumes

1



were important characteristics of drought resistant plant 

Smith (1913) recognized that drought injury might be due
t

to an upset in the metabolic processes of plants.

Henckel (1962) defined "drought resistance" as 

a property resulting from the plant’s adaptation to de

hydration and overheating during phylogenesis. He 

further elaborated that drought resistant plants were 

those which were able, during the process of onto

genesis, to adapt themselves to drought and to achieve 

normal growth, development and reproduction by means of 

certain morphological and physiological properties.

These properties have arisen in the course of evolution 

as the result of the selective influence of the 

environment.
A possible solution for solving some dry 

environment plant growth problems may lie in identifying 

morphological and physiological adaptations responsible 

for drought hardiness and then inducing these drought 

hardiness adaptations either into the seeds or in the 

plants by hardening treatments. Another solution is to 

genetically select for drought resistance. The relating 

of morphological and physiological characteristics to
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drought resistance could also be a very real aid for 

identifying the environmental factors responsible for 

specific adaptations» This paper will deal only with the 

induction of drought resistance through presowing seed 

treatments using tomato plant seeds (Early Pak) as the 

experimental seed source.

The objective of this study was to determine if 

drought resistance could be induced with tomato plants by 

means of seed treatments with specific inorganic salts.

If successful, it may be possible to significantly in

crease the yield or production of tomatoes or other crops 

under scarce moisture or dry famine conditions.



LITERATURE REVIEW

In spite of the fact that a great many research 

workers have done an appreciable amount of work in the 

field of drought resistance, there are many problems still 

remaining to be solved.

Some workers found that drought resistance 

appeared to be related to the food reserves in the seed 

endosperm or cotyledons. Heyne and Lude (1940) noticed 

that corn seedlings have more pronounced drought re

sistance when the young plants have more nutritional re

serves in the endosperm of the seed. This was interpreted 

as enabling the seedlings to. maintain a high cell sap 

concentration, thus resulting in more drought resistance 

of plants. Julander (1945) found that grass seedlings 

grown from seeds having a large amount of food reserve 

within the seeds were more tolerant to heat than grass 

seedlings grown from seeds found to be low in food re- 

serves, This low food reserve criterion, according to
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Julander, can be used for screening drought resistant 

varieties of grasses.

Osmotic relationships were found to be associa

ted with drought resistance by some workers. The osmotic 

pressure of the cell, according to Walter (1961) is an 

indicator of plant hydrature. Moreover, high osmotic 

pressure indirectly serves as a means of increasing 

moisture absorption from soil and/or from the atmosphere, 

especially in desert plants. Osmotic pressure has been 

found to be highly correlated with drought resistance of 

plants by Migahid (1945), Migahid and Abdel Rehman (1953), 

Tadros (1936), Hammouda (1954), Fitting (1911), Evenari 

and Richter (1957), and Zohary and Orshansky (1949).

Henckel (1962), found that when bound water in 

the cells is in equilibrium, a loss in cell water may 

lead to shrinkage of the protoplasm and increase the im- 

bibitional pressure of the cell sap. He further explains 

that osmotic pressure can be measured by the rate at which 

cell plasmolysis takes place in a sucrose solution with a 

constant difference of concentration of cell contents. 

Thus, the time of plasmolysis is regarded as a measure of 

the viscosity of protoplasm. The timing and kinds of



changes in the viscosity of the protoplasm induced by de

hydration consist of two opposed phases $ (a) destruction

of the protoplasm owing to the water deficiency, which may 

be called the reaction phase; and (b) reparation of damage, 

which may be called the restitution phase. Rosa (1921), 

in studies made on vegetable plants, showed that in 

drought hardened plants, relatively greater water was 

bound colloidally which also might prevent freezing at 

low temperatures. Petinov and Molotkovsky (1962) found 

that plants raised under optimum soil conditions had 

greater colloidally bound water and hence a higher degree 

of hydration of colloids than plants raised under dry 

conditions. Bolsunov (1927) found that plants having 

higher osmotic pressures were drought and cold resistant, 

and that it was possible, to use this characteristic to 

classify strains as to their desirability for planting in 

certain areas. Bayles, et al (1937) also found that high 

osmotic pressures are a good indicator of drought re

sistance, particularly in the case of germinating seed-^ 

lings, and that this could serve as a good basis for the 

screening of drought resistant varieties.
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The nature of the root system in regard to 

development of root primordia, shoot root ratio, depth of 

roots and root environment seems to have a particularly 

important bearing on a plant's ability to survive drought. 

Milthrope (1950), by using a method of germinating wheat 

seeds on a wire screen and then subjecting them to des- 

sication, observed that root primordia persistence during 

early growth was an important factor in the drought re

sistance of graminous seedlings. He further concluded 

that phases of differential drought resistance appeared 

to be related to the proportion of meristematic to elonga

ted cells, the former being completely resistant. Simi

larly, Misra (1956) found that crops with deeper root 

systems: could withstand a higher degree of drought than 

shallow rooted crops. Harris (1914) noted that wheat 

plants cultivated in a moist soil with the water content 

at 30% of field capacity had shoot-root weights of 1:1, 

whereas in a soil at 15% of field capacity the ratio was 

3:1. Miller (1916) indicated that the more fibrous 

roots in grain species were the most advantageous for 

drought resistance.
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Birand (1962) concluded that the minute structure 

of leaves in the desert plants was designed to secure maxi

mum expenditure of assimilated products. Vassilieve and 

Vassilieve (1936) found that hardening of wheat plants 

was due to a decrease in the quantity of hemicellulose 

and an increase in sugars, especially sucrose, in the 

vegetative parts of the plant.

Migahid (1962) and Worzella (1932), while study

ing hardy and non-hardy wheat varieties, observed that 

under dry conditions the roots of the hardy variety grew 

deeper and penetrated obliquely and straight down into 

the soil.

It has been suggested by various workers that 

when seeds of plants are subjected to different chemical 

treatments or certain temperature conditions they ac

quire the ability to grow well and still withstand very 

high or low temperatures and low available moisture. It 

is thought that such hardening treatments change the vis

cosity of protoplasm and in turn make the plants more 

temperature and drought resistant.
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Pareja and Pillay (1965) studied malting and 

drying treatments of rice seeds before sowing and inferred 
that this presowing treatment increased the survival of 

rice plants when subjected to wilting. They indicated 

this response was physiological and not genetic.

Henckel (1962) concluded that plants hardened by 

treating seeds differed from non-hardened plants in a 

number of protoplasmic properties. The viscosity 

measured both by the time of plasmolysis and centri

fuging was increased. The same was true of protoplasmic 

elasticity. Henckel regarded these phenomena caused by 

hardening of the seeds as a means of avoiding structural 

rupture in the protoplasm. In his centrifuging measure

ments, he gave the cells a pretreatment with a weak hyper

tonic solution of sucrose which relieved protoplasmic 

adhesion to the cell wall. The length of time in the 

centrifuge during which protoplasm resisted deformation 

was taken as a measure of its elasticity. He described 

the third characteristic of hardy plants as the ability of 

cells to imbibe (increase the hydration of protoplasm).

His results also indicated that during hardening phases
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the cell protoplasmic structure became strengthened and 

stabilized through increased hydration.

Mart, et, al (1962) stated that hardening of 

tomato seeds by the Henckel Method resulted in drought re

sistant plants„ Polimbetova and Gladysheva (1962) found 

that different presowing treatments produced drought re

sistance in wheat plants. They differed from the control 

plants in the higher water contents of their organs? the 

higher water retaining capacity of their leaves ? their 

greater transpiration rate during morning hours ? their 

higher concentration of cellular sap, a greater heat re

sistance? and a greater ability to withstand dehydration. 

Plants which had been made resistant to drought by seed 

hardening treatments had: higher chlorophyll contents in

their leaves, greater numbers of stem nodes, more pro

ductive photosynthetic activity, and a lower degree of in

hibition of growth processes under the influence of drought. 

Misra (1962) noted that a higher degree of drought 

resistance was shown by plants grown under the field 

capacity of soil moisture when compared to plants grown 

under soil moisture conditioning of I two-thirds and one- 

third of field capacity.



EXPERIMENTAL PROCEDURES 

Treatments

Seeds of the Early Pak Variety of tomatoes were 

used and were given the following presowing hardening 

treatments:

Control

The seeds were not given any kind of chemical or 

mechanical treatment.

Presowing in Water
oThe seeds were soaked in distilled water at 22 C 

for thirty hours with a seed to water ratio of 2:1. The 

water was added in two equal doses within two hours. After 

thirty hours of soaking# the seeds were spread out in thin 

layers for drying at the same temperature to approximately 

their original weight.

Presowing in Boric Acid

The seeds were soaked in 0.05% boric acid solution 

for twenty-four hours at 22°C. Afterwards the seeds were

11
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spread out and dried as indicated above at the same 

temperature„

Presowing in Calcium Chloride

The tomato seeds were soaked for twenty-four hours

in 0.25% calcium chloride solution with a seed to water

ratio of 2:1. The soaked seeds were spread out and dried

as outlined earlier. The temperature was maintained at 
o22 C throughout the treatment period.

Presowing in Zinc Sulphate

The seeds were soaked in a 0.5% zinc sulphate 

solution for twenty-four hours and were dried to their 

original weight as described earlier.

Soil

Soil Origin <

A fairly good sandy loam soil was selected for 

the experiment, which was obtained from a farm located ten 

miles south of Tucson, Arizona, on the Tucson to Nogales, 

Arizona, Highway.
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Determination of Water Holding Capacity of the Soil

The water holding capacity of soil was determined 

at different atmospheric pressures with the help of the 

pressure plate extractor and the pressure membrane 

extractor (Figure 1).

Sowing Procedure 

Four thousand grams of dried soil were added to 

each pot. The chemically hardened and non-hardened seeds 

were sown in pots on May 25, 1965, in six replications 

(Figure 2). A single seedling was selected in each pot 

three weeks after germination and establishment. The soil 

of each pot was covered with cellophane to avoid the loss 

of water through evaporation.

Irrigation

To evaluate the hardening treatments, plants were 

grown under two water regimes. At first, half of the 

plants were allowed to transpire until the soil moisture 

reached seven atmospheres pressure, as measured by the 

pressure membrane technique (Figure 1) and then the soil 

was brought to field capacity. This was to be the low 

irrigation level. For high irrigation, the second half of 

the plants were allowed to transpire until 7/10 atmospheric
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pressure was reached. However, this method of irrigation 

could not be maintained for long because as the plants 

grew larger and the growing temperatures became higher, 

the low humidities prevailing in the greenhouse increased 

the transpiration rates and water requirements beyond the 

initial rated irrigation. Thus, the plants to be given 

the low rate of irrigation required more frequent irriga

tions and were maintained at 5»000 gms of total pot weight. 

The plants given the high irrigation rate were maintained 

at 5,100 grams per pot (the pot and soil weight was 4,000 

grams and the additional weight was in plant and irrigation 

water.) .

I A hygrothermograph was ii.sed to record the tempera

ture and relative humidity in the greenhouse throughout the 

growing season. The temperature and relative humidity 

ranged from 70-95°F and from 20-40%, respectively. Due to 

failure of the cooling system in the greenhouse during the 

third and fourth week of June, 1965, the temperature went 

to 105°F and the humidity had gone very low. As a 

result, plants treated with boric acid; calcium chloride 

in replication 1 under low irrigation; in replication 3 

under both irrigation levels; control under both
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irrigations in replication 1 (Figure 2) died and could not 

be replaced because the others were already fourteen to 

twenty days old.

Testing for Drought Hardiness

The irrigation for replications five, four and 

two was withheld from October 1-3, 1965, then the plants

were again irrigated to note their ability to recover

under such treatment.

Measurements

Transpiration Rate
% As transpiration is important for the synthesis 

of food, growth and transportation of food material and 

cooling, the transpiration rates were recorded to find out 

the effect of various drought hardening treatments under

two levels of irrigation.

The pots were weighed daily on a sensitive 

electric balance and transpiration was determined by calcu

lating the losses in the weight of each pot, which occur

red after each irrigation. These losses were calculated 

daily until the experiment was terminated in the month of 

October, 1965. To facilitate the data analysis, the



transpiration data were grouped by dates in the following 

order;

August 5 - August 13, 1965

August 13 - August 21, 1965 

August 21 - August 29, 1965 

August 29 - September 6, 1965 

Sept. 6 - September 22, 1965

Sept. 22 - September 30, 1965

Growth Rate

The periodic growth in height in millimeters of 

each plant was recorded until the time the plants started 

branching. These measurements were taken from the upper 

edge of the pot to the top of the plant.

Fruit Maturation

Fruit maturation was recorded in order to evaluate 

the effect of the seed hardening treatments on fruit 

ripening. The fruit was considered to be matured when it 

was ripe enough to be picked.

Total Fruit Production

This includes the total weight of mature fruit 

collected throughout the growing season plus the immature 

fruit obtained at the termination of the experiment.



Total Herbage Production

The plants were harvested and weighed at the com

pletion of the experiment in the month of October, 1965. 

Only the aerial vegetation parts were weighed and con

sidered as herbage.

Measurement of Diffusion Pressure Deficit by ther 
Schardakow Method

Schardakow (1953) developed a method of de

termining the diffusion pressure deficit (DPD) of plant 

material by detecting changes in the concentration of 

solutions in the protoplasm of the plaint cell making up the 

plant tissues. In this method, two parallel series of su

crose solutions covering a range of osmotic pressures were 

prepared. One series was designated as the test series. 

Each control solution was lightly colored with a small 

amount of powdered methylene blue. Samples of the leaf 

tissue to be tested were then immersed in each solution.

Those solutions with higher osmotic pressures with respect
. 1 ■ , '

to the DPD of the leaf tissue were diluted by the water 

moving from the leaves, whereas the solutions with the 

lower osmotic pressures with respect to the DPD of the 

leaf tissue were further concentrated as the result of 

water taken up by the leaves. The sucrose solution
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whose osmotic pressure was equal to the diffusion 

pressure deficit of the immersed leaf tissue did not 
change„

After removal of the leaf tissues from the test
.

solution, changes in concentrations of the test solutions 

were detected by carefully introducing drops from the 

colored controlled solutions into the corresponding un

colored test solutions. Because of the difference in 

specific gravity between the test solutions and the con

trol solution brought out by the introduced leaves, the 

control solution dropped into the test solution moved up

ward or downward, depending on whether the test solutions 

were diluted or concentrated. The osmotic pressures of 

solutions in which the colored drops neither rose to the 

surface nor sank to the bottom but rather diffused out

wardly in all directions were interpreted as being equal to 

the diffusion pressure deficit of the leaf tissue. Some

times it was difficult to get the exact sucrose concentra

tions and the DPD was interpreted as being a point between 

two concentrations where the rise and fall of the control 

drops were first noted. Thus, in the later cases,;



diffusion pressure deficits were presumed to be a value 

between the osmotic pressure of the solution in which the 

drops rose and the one in which it sank.

The samples were taken twice for determination of 

diffusion pressure deficits; once immediately after the 

plants wilted due to the withholding of irrigation and 

second when the plants regained normal turgidity after 

irrigation.



RESULTS AND DISCUSSION

Transpiration Rate 

The analysis of variance for periodic transpira

tion rate was not significant among hardening treatments 

nor between the two irrigation levels except for the 

period from September 14 through September 22 when irriga

tion showed significance at the 10% level. Although many 

of the results were not significant, careful study of the 

data reveals a typical trend of transpiration in certain 

cases. There was a very sharp increase in the transpira

tion rate from the middle of August to the end of August, 

1965, in almost all of the treatments, including the con

trol, under both irrigation levels. With the beginning of 

September, 1965, there was a rapid decrease in the trans

piration rate among all the treatments.

High Irrigation Level

The hardening treatment of seeds with zinc sul

phate under high irrigation level resulted in plants with 

very characteristic low transpiration rates through most of 

test period (Figure 3 and Table 1). They started with the
22
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TABLE 1

Total Transpiration Rate of Tomato Plants Under High Irrigation Level

Treatment

Transpiration :Intervals
Aug. 5 

to 
Aug. 13

Aug. 13 
to 

Aug. 21

Aug. 21 
to 

Aug. 29

Aug. 29 
to 

Sept. 6

Sept. 6 
to

Sept. 16

Sept. 16 
to

Sept. 22

Sept.
to

Sept.

22

30

Control 4172* 4951 5304 4369 4143 3558 3166
Water 4008 4010 5339 4545 4329 4158 3569
Boric Acid 3981 4952 5356 4495 4420 4036 3483
Calcium Chloride 4010 5161 5403 4174 3913 3614 3181
Zinc Sulphate 4074 5135 5385 4386 4186 3548 2929

^Average grams of water transpired per six plants„

tv
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lowest transpiration rate and maintained the same low 

position throughout most of the growing season. Plants 

from seeds given sowing treatment with calcium chloride 

started with a high transpiration rate which lasted until 

the end of August when it dropped very rapidly and re- v 

mained fairly low for the rest of the growing season. The 

control plants started with a high rate of transpiration 

and maintained it throughout the growing period.

The plants from the seeds given the presowing 

treatment with water decreased in transpiration except at 

the close of the growing season when there was an increase 

in rate, whereas the hardening treatment with boric acid 

decreased transpiration in the beginning but at the end of 

the growing season it increased transpiration rate.

Low Irrigation Level

Under a low irrigation level (Figure 4, Table 2) 

the plants whose seeds were treated with calcium chloride 

had a low rate of transpiration in the beginning, but by 

the time the maximum growth period was reached they attain 

ed a high transpiration rate until the end of the growing 

period. Those from seeds given the zinc sulphate pre

sowing treatment had the least transpiration rate
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TABLE 2

Total Transpiration Rate of Tomato Plants Under Low Irrigation Level

Treatment

Transpiration :Intervals
Aug. 5 

to 
Aug. 13

Aug. 13 
to 

Aug. 21

Aug. 21 
to 

Aug. 29

Aug. 29 
to 

Sept. 6

Sept. 6 
to

Sept. 16

Sept. 16 
to

Sept. 22

Sept. 22 
to

Sept. 30

Control 3501* 4656 4937 4105 3907 3431 2978
Water 3492 4780 5226 4360 4272 3689 3443
Boric Acid 3343 4452 5172 4185 4033 3618 3228
Calcium Chloride 3432 4622 5128 4212 4170 3821 3162
Zinc Sulphate 3320 4321 4847 4140 4044 3689 3266

^Average grams of water transpired per six plants.

to-j
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throughout„ Plants developed from seeds given the pre

sowing treatments such as boric acid, calcium chloride, as 

well as the control, were very similar.

Total Transpiration 

The analysis of variance showed that total trans

piration was significantly different between irrigation 

levels and seed treatments, and the interaction of treat

ments between irrigation levels and replications were 

also significantly different.

Under both high and low irrigation levels the 

plants from seeds given the presowing treatment of zinc 

sulphate transpired the least. Under the high irrigation 

level, plants from seed given the boric acid treatment 

transpired the maximum amount of water. Under the low 

irrigation, plants from seeds given the water presowing 

treatment had transpired the maximum quantity of water.

On the other hand, plants from seeds given the calcium 

chloride and control treatments transpired about the same 

amount in the area between the extremes. The decrease in 

transpiration of hardened plants, under either of the 

irrigation levels, suggests that hardening of seeds had 

created an ability in plants to retain more water and to
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transpire less under normal conditions„ In this way,
I

hardening treatments may bring about some saving in an 

ever-increasing demand for water by the increasing popu

lation of the world, which requires further investigation 

on a large scale. ;

Growth Rate

Periodically growth was measured to evaluate the 

effect of different presowing seed treatments on the 

growth rate of plants. The measurements were made at one- 

week intervals from June 4 to July 16, when the plants 

started branching.

The data of June 29 and July 11, 1965, was signi

ficant at the 25% level for both irrigation regimes 

(Figures 5, 6, 7, 8, Tables 3, 4). Although the analysis 

did not show highly significant results, the plants did 

show Certain growth patterns.

The control under both irrigation levels showed 

a higher growth rate during the observation period than 

all presowing treatments. Treatments given water had the 

lowest growth rate under high irrigation levels and other 

treatments were almost similar. Under low irrigation 

levels, when plants given zinc sulphate treatment decreased



Figure 5. Height of Tomato Plants on July 9, 
1965 Under High Irrigation.

The presowing treatments from left to right 
were: zinc sulphate, water, calcium chloride,

boric acid, and control.
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Figure 6. Height of Tomato Plants on July 9, 
1965 Under Low Irrigation.

The presowing treatments from left to right 
were: boric acid, zinc sulphate, water,

calcium chloride, and control.



3-

C O N T R O L  
WATER  
BORIC ACID 
CA L C I U M C H L O R I D E  
ZI NC S U L P H A T E

DATE

Figure 7 ,  GROWTH RATE OF TOMATO PLANTS UNDER
HIGH IRRIGATION



33

50

v> 40
z<
CL

X  

<S)
Li_

K  O

i s><

30

20

 CONTROL
  WATER
- - B O R I C  ACID

 CALCI UM C H L O R I D E
—  ZI NC S U L P H A T E

CD
OJ if)
LU >Z 3
3 3-> D z>-3

to
>

Figure 8 , GROWTH

DATE

RATE OF 
LOW

TOMATO PLANTS UNDER 
RRIGATION



TABLE 3

Growth Rate (mm) of Tomato Plants 
Under High Irrigation Level

Treatments
Dates of Measurement

June 29 July 5 July 11 July 16

Control 16.5* 25.6 34.5 50.2

Water 17.3 22.5 29.1 45.3

Boric Acid 19.8 22.9 31.1 49.8

Calcium Chloride 17.0 24.0 34.2 51.0

Zinc Sulphate 18.5 23.3 33.5 49.8

*Average growth in mm per six plants.
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TABLE 4

Growth Rate (mm) of Tomato Plants 
Under Low Irrigation Level

Treatments
Dates of Measurement

June 29 July 5 July 11 July 16

Control 17,2* 21.0 28.9 41.0

Water 17,2 19.1 23.7 37.1

Boric Acid 16.2 19.4 25.8 41.5

Calcium Chloride 15.8 20.2 24.8 36.4

Zinc Sulphate 16.7 20.6 25.9 35.0

^Average growth in mm per six plants.



their growth rate, other presowing treatments like boric 

acid and water were of the same magnitude. It was found 
that even at the time of fruiting, there was not such a 

difference in growth and size of plants (Figures 9 and 10).
rI Total Plant Weight

... . i. _ .  . . ;

The green plants were weighed at the termination 

of the experiment. The analysis of variance showed no 

significant differences in plant herbage production, not 

only between irrigation levels, but also between plants 

from seeds given the five presowing treatments. Careful 

study showed that low irrigation produced more vegetative 

parts than high irrigation. Boric acid treatment produced 

the most herbage under both irrigation levels. Plants 

from seeds given the zinc sulphate treatment under high 

irrigation and plants from seeds given the water treatment 

under low irrigation level produced the least vegetative 

matter, whereas other treatments were about the same.

Total Fruit Production 

The analysis of variance for total fruit pro

duction showed that the results were hot significant, not 

only between irrigations but also between hardening
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Figure 9. Size and Growth Habit of Tomato Plants
at Fruiting Stage Under High Irrigation.

The presowing treatments from left to right were: 
zinc sulphate, water, boric acid, calcium chloride,

and control.
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Figure 10. Size and Growth Habit of Tomato Plants 
at Fruiting Stage Under Low Irrigation.

The presowing treatments from left to right were: 
boric acid, water, zinc sulphate, calcium chloride,

and control.
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treatments. However, some differences were noted that are 
given as trends

High Irrigation

Under high irrigation level the zinc sulphate 

treated plants were stimulated to produce the maximum 

amount of fruit (176.23 grams» Table 5). The control pro

duced the least quantity of fruit (101.71 grams). The 

seed presowing treatments with calcium chloride, water, 

and boric acid were second, third and fourth, respectively.

Low Irrigation

On the other hand, under low irrigation hardening 

treatments, the plant fruit production was just the re

verse of performance under high irrigation level. Plants 

from the seeds given the boric acid treatment produced the 

maximum quantity of fruit (107.55 grams), and the harden

ing treatment with zinc sulphate produced the minimum 

amount of fruit. Plants from seeds given the other pre

sowing treatments of water, control, and calcium chloride 

were second, third and fourth, respectively (Table 6). 

Plants from seeds given the water and boric acid presowing



TABLE 5
Total Fruit Production of Tomato Plants 

Under High Irrigation

Replications
Treatments Ri R2 R3 R4 R5 R6 Total Mean

Control 5,inCO(Tt 146.61 101.88 126.02 39.38 94.68 508.57 101.71

Presowing in 
Water 191,63 39.69 110.96 119.79 125.86 112.01 699.96 116.65

Presowing in 
Boric Acid 110.55 175.25 42.02 176.77 49.62 115.60 554.60 110.84

Presowing in
Calcium 1 
Chloride 130.45 205.27 125.50 92.59 82.01 104.88 484.75 121.18

Presowing in 
Zinc
Sulphate 271.86 296.39 233.68 58.34 41.01 156.11 1057.39 176.23

*Grams of fruit produced per pot (one plant)„ o



TABLE 6
Total Fruit Production of Tomato Plants 

Under Low Irrigation

Replications
Treatments R i R2 R3 R4 R5 R6 Total Mean

Control 90.05* 102.88 112.27 73.13 87.55 45.77 421.60 84.32

Presowing in 
Water 189.59 68.66 12.00 35.32 144.48 87.94 537.99 89.66

Presowing in 
Boric Acid 133.45 61.40 234.59 69.95 W . 7 3 107.02 647.14 107.55

Presowing in
Calcium
Chloride 133.05 41.00 85.01 105.75 60.57 78.26 418.63 83.72

Presowing in 
Zinc
Sulphate 76.88 54.81 15.52 151.01 76.05 19.62 393.68 65.4

^Grants of fruit produced per pot (one plant) .
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treatments achieved maturity of fruit by at least fifteen 

days earlier than those from seeds given the other treat

ments (Figure 11).

Transpiration Ratio 

Careful study of Figure 12 shows that plants have 

transpired much more under the low irrigation treatment to 

produce a unit weight of fruit than under the high irriga

tion level. Plants under the latter treatment seemed to 

be more efficient in using the least quantity of water to 

produce one gram of fruit. Under the high irrigation• 

level, plants from seeds given the zinc sulphate treatment 

transpired the least amount of water to produce one gram 

of fruit, whereas plants from the same presowing treatment 

transpired more than double the amount of water under low 

level of irrigation.

Under the high irrigation level, plants from seeds 

given the calcium chloride, water, and boric acid presowing 

treatments were second, third and fourth. The control 

plants transpired the most water among the treatments 

given a high level of irrigation. On the other hand, un

der low irrigation, the plants With the boric acid treat- ■ 

ment transpired the least amount of water for the.
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Figure 11. Maturation of Fruit Under Both
Irrigation Levels.

The presowing treatments from left to right were: 
First four plants with presowing treatment of water, 
next two treated with boric acid, and the last one 

with zinc sulphate.
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production of one gram of fruit. Plants from seeds given 

the zinc sulphate treatment produced the least amount of 

fruit with maximum transpiration rate. Plants from seeds 

given the presowing treatments with water, control, and 

calcium chloride were very close to each other, being 

second, third and fourth in their use of water.

Under the high irrigation level, tomato plants 

given the presowing hardening treatments had a lower trans

piration ratio than the same treatments under low irriga

tion. This was presumably due to a better interaction of 

hardening treatments with the high irrigation level.

Effect of Water Stress on Diffusion 
Pressure Deficit of Leaves

The irrigation was withheld on October 1, 1965, 

and leaf samples were taken on October 2, 1965, to test the 

response of plants from seeds given the different harden

ing treatments to diffusion pressure deficit.

High Irrigation

. The control plants under high irrigation level had 

the lowest diffusion pressure deficit of 13.5 atmospheres 

(Table 7). Plants from seeds given the treatment with zinc 

sulphate had the highest diffusion pressure deficit of
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TABLE 7 ,

Diffusion Pressure Deficit in Tomato Leaves 
Under High Irrigation with Two Different 

Soil Moisture Conditions

Treatments DPD During Soil Drought 
(Atmospheres)
Oct. 2, 1965

DPD After Soil Drought 
(Atmospheres)
Oct. 3, 1965

Control 13.50* 10.34*

Water 16.88 10.34

Boric Acid 24.49 9.35

Calcium
Chloride 22.46 7.41

Zinc
Sulphate 28.65 8.85

*Pressure in atmospheres (average of three samples).
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28„65 atmospheres. Plants from seeds given the treatment 

with boric acid and calcium chloride were close with 24.49 

and 22.46. The DPD for plants from seeds given the pre

sowing treatment with water of 16.88 atmospheres was barely 

higher than that of the control.

Low Irrigation

The results of low irrigation level were slightly 

different than those of high irrigation (Table 8). Plants 
from seeds given the treatments with zinc sulphate had the 

highest DPD where plants from seeds given the treatments 

with calcium chloride had the lowest DPD.

Plants from seeds given the boric acid and water 

presowing treatments had the same diffusion pressure defi

cit and the control plants had the lowest DPD.

The diffusion pressure deficit showed a different 

trend after resumption of irrigation on October 3, 1965.

Under high irrigation control and water treatment 

had the higher DPD of 10.34, closely followed by treat

ments with boric acid, zinc sulphate and calcium chloride.

Likewise, under low irrigation levels zinc sul

phate and presowing in water had maximum DPD of 8.85 

atmospheres, and calcium chloride treatment had the lowest
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TABLE 8

Diffusion Pressure Deficit in Tomato Leaves 
Under Low Irrigation with Two Different 

Soil Moisture Conditions

Treatments DPD During Soil Drought 
(Atmospheres)
Oct. 2, 1965]

DPD After Soil Drought 
(Atmospheres)
Oct. 3, 1965

Control 28.65* 7.41*

Water 30.90 8.85

Boric Acid 30.90 7.41

Calcium
Chloride 26.57 5.99

Zinc
Sulphate 35.90 8.85

^Pressure in atmospheres (average of three samples).
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DPD. Treatment with boric acid and control had about the 

same DPD and fell halfway between the high and low range.

Higher diffusion pressure deficits in plant cells 

increased resistance to drought, which confirms the con

clusions drawn by the following researchers. Bolsunov 

(1927) found that plants having the higher osmotic pressure 

were drought and cold resistant, and it was possible to 

use this characteristic to classify strains as to desira

bility for growth in certain areas. Also, Bayles, et al 

(1937) concluded that higher osmotic pressure is a good 

indicator of drought resistance, particularly in the case 

of germinating seedlings, and this could serve as a good 

basis for screening of drought resistant varieties.

The observed increase in DPD of hardened plants 

is completely in accord with the results of investigation 

by Evenari and Richter (1957), Fitting (1911), Hammouda 

(1954), Migahid and Rehman (1953), Polimbetova and 

Gladysheva (1962), and Tadros (1936).

The higher rates of DPD during drought period and 

lower rate after resumption of irrigation suggests that 

hardened plants can withstand greater soil drought, and 

had acquired the ability to absorb more water when
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irrigated. Thus, this characteristic enabled the plants 

to withstand adverse soil conditions. The higher DPD in. 

hardened plants also suggests a low transpiration rate as 

to control.

Effects of Water Stress on Plant Survival
1

Soil drought conditions are often associated with 

atmospheric high temperature, low humidity, and often 

relatively high wind velocities, which favors high trans

piration rates and, hence, increased dessication of plants. 

Therefore, to test these theories, the plants were sub

jected to soil drought on October 1st, 2nd, and 3rd. 

Photographs could not be taken to show differences in re

sponse of each treatment to drought due to the improper 

loading of the film in the film pack holder (as mentioned 

in experiemental procedure). After irrigation, the plants 

revived, but showed varying degrees of foliage damage.

The following differences could be recognized easily:

Under both irrigation levels, soil drought caused 

maximum damage of foliage drying in the control, whereas 

zinc sulphate had the least damage under high, as well as 

low, irrigation.
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Presowing treatments with boric acid, water, and 

calcium chloride showed somewhat less damage than control 

under low irrigation. Plants under high irrigation de

viated very little from those under low irrigation. Pre

sowing treatments with water, calcium chloride, and boric 

acid followed control in amount of damage incurred on 

leaves through soil and atmosphere drought. Zinc sulphate 

again showed the least damage.

As mentioned in the Section on experimental pro-
!
cedures, due to the failure of a cooling system in the 

greenhouse during the third and fourth weeks of June, 

several plants died because of high transpiration, high 

temperatures, and low humidity.

In observing the effects of both the given soil 

water stress and failure of the cooling system in the 

greenhouse on the plant survival, it was quite clear that 

plants from zinc sulphate treated seeds definitely 

acquired much more drought hardiness, as compared to con

trol plants from other seeditreatments. Other treatments, 

like boric acid, calcium chloride, and water, too, showed 

a trend towards hardiness in plants.



SUMMARY

The studies on drought hardiness of tomatoes were 

initiated in May, 1965. Hardened tomato seeds were sown 

in six replications under two irrigation levels. The 

atmospheric factors, like humidity and temperature, were 

recorded throughout the growing season with the help of 

hygrothermographs.

The data were analyzed for variance, and the 

results were as follows s '  ,

1. The total fruit yield from plants under 

both irrigation levels in all the treatments, 

including control, was not significantly 

different.

2. Periodic plant growth did not differ signi

ficantly between treatments or between 

irrigation levels.

3. Periodic transpiration rates were not 

significant between treatments or between 

irrigation levels.



53

4. Total transpiration was lower in hardened 

plants than in control plants. Under both 

irrigation levels, plants from seeds given 

the zinc sulphate treatments transpired 

the least*

5. Seed hardening treatments, especially with 

zinc sulphate, resulted in plants which 

transpired the least amount of water to 

produce one gram of fruit under high irriga

tion, whereas under low irrigation, control 

plants transpired the least amount of water 

per unit of fruit produced.

6. Plants from hardened seeds had a comparatively 

higher diffusion pressure deficit as compared 

to control plants when subjected to drought.

7. The presowing treatment with zinc sulphate 

undoubtedly had more pronounced hardening 

effect on tomato plants against drought.
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