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ABSTRACT 

Greenhouse and field-grown Cucumis melo, cantaloupe vines 

were grown under irrigated and water stressed conditions. 

In addition, the stressed plants were rewatered after stress 

had resulted in a reduction in leaf area, providing a water 

stressed/recovered condition. The upper surface of the 

leaves was examined with a scanning electron microscope to 

determine if the primary cause of reduced leaf area was a 

decrease in cell number or cell size. 

The reduction in leaf area induced by water stress was 

due to a decrease in mitotic activity of the epidermal 

cells, which caused a reduction in the total number of cells 

per leaf. Leaves that first appeared during water stressed 

conditions exhibited the most severe decrease in cell divi

sion. Leaves that first appeared under irrigated conditions 

but developed under stressed conditions exhibited relatively 

normal cell division as well as normal leaf size. This in

dicated that most cell division occurred during and 

immediately following leaf initiation. Cell size did not 

appear to be affected by water stress, but was affected by 

the age of the leaf. There was a recovery of leaf area 

after the stressed plants were rewatered that resulted from 

IV 



a corresponding recovery of cell division and a concomitant 

increase in the total number of cells per leaf. This find

ing contradicts the majority of the literature which 

suggests that cell turgor is most affected by water stress 

which, therefore, causes a decrease in cell expansion. 

Measurements of plant water status of the greenhouse-

grown plants revealed an increase in diffusive resistance 

during water stress and a decrease in relative water content 

during water stress with a recovery of both upon rewatering. 

It is concluded that, under the conditions used in this 

study, cell division was more sensitive to water stress than 

was cell enlargement. Further, cell differentiation, as 

judged by the relative number of upper leaf surface cells, 

was found to be increased in the guard cells but unaltered 

in the epidermal cells and trichomes. 
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CHAPTER I 

INTRODUCTION 

The depletion of the Ogallala Aquifer means that water is 

rapidly becoming a limiting factor in crop production on 

much of the Texas South Plains resulting in a greater number 

of acres in dryland cultivation. There is a very real need 

for finding drought-resistant or drought-tolerant crops, and 

therefore, many drought-tolerant species are being consid

ered as potential crops for this area. While not a 

potential crop, the plant used in this study, Cucumis melo 

(cantaloupe), is already an established crop in southern 

West Texas regions. Although C. melo is not likely a very 

drought tolerant crop, it exhibits some signs of tolerance 

to drought and is closely related to Cucurbita foetidissima 

(buffalo gourd), which is considered to be a potential crop. 

C. melo was chosen for this study because it is a vine, and 

the affects of stress and recovery would be readily observed 

by looking at a prostrate stem. 

It has been known for many years that plant growth and 

leaf area are reduced by water stress (Hsiao, 1973). 

Vegetative growth, especially leaf expansion, and 



reproductive growth are very sensitive even to relatively 

moderate water stress (Kramer, 1983). These reductions have 

been observed both in field-grown and laboratory or green

house-grown plants (Begg, 1980, Berlin et al., 1982, and 

McCree and Davis, 1974). There is considerable controversy 

over whether the reduction in leaf area is due to reduced 

cell division, reduced cell expansion, or a combination of 

both. 

Ashby (1948) reported that an inhibition of cell division 

was likely the sole cause of the reduction of leaf area. 

McCree and Davis (1974) suggested that reduced rates of cell 

division were at least as important in reducing leaf area in 

Sorghum bicolor as was reduced cell expansion. Cell multi

plication in sugar beet (Beta vulgaris) leaves was inhibited 

by water stress, while cell volume was affected very little 

(Terry et_ ̂ . , 1971). Studies of field-stressed cotton 

(Gossypium hirsutum) revealed a reduction in number of pali

sade cells with an increased volume of the same cells 

(Berlin et al.. , 1982). 

Numerous studies have noted that cell size was affected 

by water stress with virtually no affect on cell number, 

e.g., Bunce (1977) in soybean (Glycine max) and Clough and 

Milthorpe (1975) in tobacco (Nicotiana tabacum). Begg 



(1980) suggested that cell division was less sensitive to 

water stress than cell enlargement. Wilson and Ludlow 

(1983) found leaf expansion to be very sensitive to low wa

ter potential and stated that even when some positive turgor 

was maintained in stressed plants, the cell size appeared to 

be markedly reduced. They believed this might be due to an 

increase in the wall rigidity of stressed plants. Kramer 

(1980) stated that reduced cell turgor was the most impor

tant reason for reduced plant size. He later went on to 

acknowledge that both cell division and cell enlargement are 

reduced by water deficit, but maintained that cell and leaf 

expansion were clearly dependent on turgor pressure (Kramer, 

1983). Both cell division and cell expansion are inhibited 

by extensive water stress according to Hsiao (1973). He 

suggested that cell division was held in check by cell ex

pansion, since cells most likely must attain a minimal size 

before division can occur. A reduction in cell division, 

therefore, would be an indirect effect of water stress. 

Kramer (1983) said that at least some kinds of cells may 

need to attain a certain size before they can divide. 

The effect of water stress on a plant depends on several 

variables. For example, different species of plants react 

to stress differently, and some cell types are more 



sensitive than others (Kramer 1983). The degree and 

duration of the water stress were also important factors 

(McCree and Davis, 1974 and O'Toole and Moya, 1981) as well 

as the stage of development at the time of stress (Karamanos 

et^ aJ., 1982). Monocot and dicot leaves are diverse in 

their responses to stress (Kramer, 1983). It is clear that 

field-grown and greenhouse-grown plants are not necessarily 

affected by stress in the same ways. According to Turner 

and Jones (1980), the rate of development of stress is af

fected by soil volume occupied by the roots, stomatal 

conductance, leaf area, hydraulic conductivities of the soil 

and plant, and the atmospheric demand for water, all of 

which would most likely be different for greenhouse plants 

than field-grown plants. Field-grown plants usually reacted 

differently to stress than greenhouse-grown plants, because 

the field-grown plants were not affected as quickly by water 

stress as plants grown in pots (Berlin et̂  a^., 1982). Much 

research on water stress imposed on greenhouse plants grown 

in pots cannot be considered completely valid because stress 

was developed too rapidly under experimental conditions 

(Kramer, 1983). Maize grown in growth chambers experienced 

a rapid decline in leaf extension, whereas maize grown in 

the field and stressed much more severely, showed no decline 

in leaf extension (Turner and Jones 1980). This observation 



might be due to turgor potential of the leaf, which would be 

affected by changes in osmotic potential, which would be 

greater in the field than in laboratory grown plants (Begg 

1980). 

The leaf area of plants recovers from stress within a 

relatively short time after rewatering. Research on cassava 

(Manihot carthaqinensis) suggested that leaf expansion re

covered in excess of leaves produced by control plants after 

severe stress was imposed (Connor and Cock, 1981). Accord

ing to Rawson and Turner (1982b), sunflower (Helianthus 

annuus) had a remarkable ability to generate leaf area when 

stress was relieved, even though leaf area production during 

stress was very small. Alfalfa (Medicago sativa) showed lit

tle drought avoidance yet remained viable through extreme 

drought stress and resumed growth when plant water deficits 

were relieved (Carter and Sheaffer, 1983). Recovery from 

stress in soybean, both in leaf area and yield, was deter

mined by the length of the photoperiod (Cure ejt a_l., 1983). 

Short photoperiods produced no recovery, yet long photoper-

iods produced almost complete recovery. Recovery of leaf 

area was due to the recovery of the plant's water status and 

could be seen by measurement of the water potential of the 

leaves after the release from stress (Cure et al., 1983). 



The developmental stage of field-grown rice (Oryza 

sativa) determined the amount of recovery (Biswas and Choud-

huri, 1984). After stress had been imposed during the 

vegetative stage of growth in rice plants, there was a mark

ed improvement in water status upon rewatering with improved 

yield parameters. However, stress during any part of the 

reproductive stage could not be overcome. Rawson and Turner 

(1982a) also found development to be the most crucial factor 

in recovery from stress. 

Kim and Lee-Stadelmann (1984) observed that the recovery 

of water status in Phaseolus vulgaris during vegetative 

growth was relatively rapid. Relative water content and 

leaf water potential recovered to the control values within 

two hours and three hours, respectively. Leaf diffusive re

sistance reached control values six hours after rewatering, 

and leaf elongation resumed within six to 24 hours and re

covered to within 40% of the initial value at the end of the 

stress period within three days. The delay in leaf elonga

tion after rewatering was apparently associated with the 

severity of the previous stress (Kim and Lee-Stadelmann, 

1984). Similarly, water potential in sunflower recovered in 

five days after relief from stress (Rawson and Turner, 

1982b). 



Yield was affected in various ways by water stress. The 

seed yield in sunflower and leaf area at anthesis were posi

tively correlated (Rawson and Turner, 1982a). Withholding 

water at the vegetative stage of growth in sunflower was not 

detrimental to the yield because the plant was able to re

establish its leaf expansion when stress was relieved 

(Rawson and Turner, 1982a). Yield and yield component 

trends in upland rice crops were consistent with the hy

pothesis that a degree-duration measurement of plant water 

deficit explains relative yield differences (O'Toole and 

Moya, 1981). 

The ability of plants to adjust osmotically during stress 

is an adaptation by certain species to tolerate stress by 

maintaining a low tissue solute potential due to an accumu

lation of solutes (Matthews e^ al., 1984). The accumulation 

of solutes in these plants enables processes which are con

trolled by turgor to continue for longer periods of water 

stress. Stomata remain open during this process enabling 

the photosynthetic apparatus to operate at lower leaf water 

potentials (Kramer 1983). Osmotic adjustment and associated 

changes in water relations in stressed leaves of Cenchrus 

ciliaris (buffel grass) contributed more to the survival of 

the leaves than to maintenance of leaf growth (Wilson and 
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Ludlow, 1983). The beginning of stomatal opening after 

rewatering was delayed until a minimum solute potential was 

reached (Kim and Lee-Stadelmann, 1984). Gradual stomatal 

closure during stress was reversed by irrigation (Connor and 

Jones, 1985). 

For a plant to remain tolerant to drought conditions, it 

must have the ability to maintain cell turgor, because this 

internal push is necessary for expansive growth (Cutler et̂  

al., 1977). Leaf expansion, however, could be inhibited in 

some plants despite an apparently complete maintenance of 

turgor (Matthews et al̂ ., 1984). This implied that other 

factors besides turgor limit growth. Plants can become acc

limated (i.e., they can slowly adapt to lower soil water 

potentials), and therefore become more efficient water 

users. Leaves of sunflower that had become acclimated con

tinued to grow at much lower leaf water potentials than 

leaves of control plants (Matthews £t a^., 1984). More evi

dence of maintenance of turgor during stress was proposed by 

Wilson and Ludlow (1983). They noted that the relative wa

ter content in buffel grass (Urochloa mosambicensis) 

increased slightly during water stress, suggesting a high 

tolerance to low water potentials. Thus, several factors 

including acclimation, osmotic adjustment, and the ability 



to reopen stomata, are important to a plant's ability to 

withstand stress. 

A study of water stress on C. melo revealed that water 

stress slowed the development of the vine as measured by 

plastochron index, but the pattern of leaf development was 

not changed (Silk, 1980). The final leaf size of these 

plants was reduced by a diminished water supply as well. 

The objectives of this study were: (1) to determine if 

there was a reduction in leaf area of C. melo and if this 

reduction was due to an inhibition of cell division or a re

duction in cell size, (2) to determine the effect of 

rewatering on this plant's ability to recover from stress, 

(3) to compare morphological and cellular differences be

tween field-grown and greenhouse-grown C. melo, (4) to give 

insight to the extent of drought tolerance this crop might 

possess, and (5) to determine the densities and relation

ships between the epidermal cells, trichomes, and stomata of 

these plants during water stress and recovery. 



CHAPTER II 

MATERIALS AND METHODS 

Field Plant Material 

C. melo seeds were planted in the field 2 June 1985. 

Three rows were planted, each row being five meters long. 

Seeds were planted every one meter. Two rows were grown un

der water stressed conditions, and one row was irrigated. 

Rainfall was recorded in the following amounts: .77 cm 

on 16 May, 4.59 cm on 17 May, 1.02 cm on 20 May, 3.83 cm on 

21 May, 8.93 cm on 3 June, 2.81 cm on 4 June, 3.83 cm on 11 

June, .51 cm on 14 August, and 2.3 cm on 23 August. All 

plants were watered 6 July, 13 July, 20 August, and 26 Au

gust. In addition, the irrigated row was watered 19 July 

and 27 July. Stress was imposed on row one from 14 July to 

14 August and on row 3 from 20 July to 14 August. The field 

grown plants used in this study will be referred to as irri

gated and water stress/recovered. 

The plants contracted powdery mildew the first week of 

August, and it spread quickly and became rather severe. All 

plants were sprayed for powdery mildew 12 August with 

Benlate. 
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Field Leaf Measurements 

The leaf area and leaf length of every fifth leaf was 

measured every third day from 23 July through 31 August. 

The leaf length (cm) was measured using a 15 cm ruler. The 

leaf area was measured by tracing the leaf on 5 mm graph pa

per and counting the upper left points of each square that 

fell within the outline. The total number of points was 

multiplied by 25 to get the leaf area measurement in mm^ and 

then multiplied by .01 to convert the measurements to cm^. 

Field Plant Water Status 

The plant water status for the field-grown plants was de

termined only by the observation of the degree of wilting at 

midday. The period of stress could not be predetermined be

cause the plants were grown in an open field without the 

availability of a portable rain shelter. Therefore, the ex

periment depended on the dates which rainfall occurred. The 

experimental plants, however, did have a full four week 

stress period, during which time severe wilting was noted at 

midday. Measurable rainfall was recorded on 14 August which 

was when measurements of stress were to have begun using the 

steady-state porometer. Since the stress would have been 

partially relieved, porometer readings would have been 

meaningless and, thus, were not made. 
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Greenhouse Plant Material 

C. melo seeds were planted on 4 December 85 in 31 cm 

pots. Large pots were used so that stress would not be im

posed on the plants as rapidly as with smaller pots. A soil 

mixture of one part sand, one part clay, and one part peat 

moss was used. To this soil mixture, 50g vermiculite, and 

20g Osmocote 14:14:14 Time Release fertilizer was added per 

pot. After the seedlings sprouted, they were thinned to one 

plant per pot. Fifteen pots were planted. 

Following planting on 4 December, pots received two lit

ers of water. They each received one liter of water on 

every Tuesday and Thursday from 7 December through 6 March. 

Stress was imposed on six plants randomly selected at ap

proximately the 10 leaf stage, beginning 14 January to 28 

January. Plants were selected at this stage of growth be

cause the vines were to have an irrigated portion, followed 

by a water stressed portion, followed by a rewatered por

tion. The period of stress was two full weeks when 

rewatering occurred on 28 January. The greenhouse-grown 

plants used in this study will be referred to as irrigated 

and water stressed/recovered. 
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The plants were sprayed with Malathion, Nicotine sulfate, 

and dusting sulphur to control thrips and powdery mildew. 

All plants had some infestation of thrips during the majori

ty of their growth period. They developed powdery mildew 

after approximately three months and were destroyed shortly 

thereafter. 

Greenhouse Leaf Measurements 

The leaf area was measured for every third leaf of all 

plants on every third day after watering of water stressed/ 

recovered plants had ceased, beginning on 17 January through 

17 February. The leaf areas were measured in the same man

ner as described previously for the field plants. The leaf 

length of every leaf of the main vine was measured on every 

third day from 17 December through 17 February as described 

previously for the field plants. 

Greenhouse Plant Water Status 

Several different measurements were taken to determine 

the plant water status of the greenhouse-grown plants. They 

were stressed for a full two weeks and decisions to end 

stress were based on these measurements as well as the 

degree of wilting observed at midday. Measurements of the 
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relative water content (RWC) of the leaves were made using 

the technique of Barrs and Weatherly (1962) as cited in a 

modified form by Kramer (1983). A cork borer was used to 

take a one cm diameter disc from three leaves of each plant. 

The discs were weighed and placed on saturated gauze inside 

a moist chamber for four hours and then weighed again. The 

discs were then oven dried at 30°C for approximately 15 

hours. The weight was again recorded and the RWC was calcu

lated using the formula: 

field weight - oven dry weight 
RWC = x 100 

turgid weight - oven dry weight 

(Kramer, 1983 and Kim and Lee-Stadelmann, 1984). 

The LiCor LI-1600 steady-state porometer was used to take 

eight readings of the adaxial surface of every third leaf of 

both stressed and control plants. The measurements were 

taken for early stress (20 January), late stress (27 Janu

ary), and recovered (29 January). 

Water use efficiency (WUE) is the amount of water used 

per unit of plant material produced (Kramer 1983). WUE was 

used in this study to determine if water was used more 

efficiently by the water stressed/recovered greenhouse 

plants. To obtain WUE measurements, the soil in each pot 

was measured before planting and after the experiment was 
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completed. Fresh weights of the plants were obtained, and 

then the plants were dried for five days and weighed again. 

The amount of water given to each plant was recorded 

throughout the growth period. The WUE was determined by us

ing the formula proposed by Teare et̂  al̂ . (1973) as cited by 

Kramer (1983). 

Water used in evapotranspiration 
WUE = 

dry matter produced 

Microscopic Specimen Preparation 

Specimens collected from field-grown plants on 31 August 

85 and greenhouse-grown plants on 17 February 86 were pre

pared identically for scanning electron microscopic 

observation. Collections were taken between major veins to

ward the margin of every third leaf for the greenhouse-grown 

plants, and every fifth leaf for the field-grown plants, us

ing a #2 cork borer to obtain a .45 cm diameter disc. 

Immediately after collection, the specimens were fixed in 

6.25% gluteraldehyde in 0.1 M sodium phosphate buffer and 

kept at 4°C for at least one week according the procedure of 

Coleman (1975). The field plants were left in fixative 

longer than the greenhouse plants, because they were 

collected considerably earlier. 
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Specimens were dehydrated using a graded ethanol series 

ending with 100% ethanol (Hayat, 1974; Gabriel, 1982). At 

this point, the specimens were placed in a Critical Point 

Drying Apparatus (CPD), a pressure bomb used to preserve the 

biological tissues in a dry state for scanning electron mi

croscopy. This was done by substituting the 100% ethanol 

with liquid carbon dioxide, which changes to gaseous carbon 

dioxide at the critical temperature (31.3^*0 and pressure 

(1100 psi) (Gabriel, 1982; Coleman, 1975). Using double 

stick tape, the dried specimens were mounted on large alumi

num SEM stubs, which held approximately 18 specimens (Hayat 

1974). They were coated with gold using the Technics Hummer 

V Sputter Coater. The specimens were observed and photo

graphed using an Hitachi S-570 Scanning Electron Microscope 

(SEM). 

Microscopic Photography of Specimens 

Two randomly chosen upper leaf surface sections per spec

imen were photographed using a Nikon 35 mm camera mounted on 

the SEM. Each photograph was taken at lOKV, 15 mm working 

distance, and lOOOx (IK) magnification for epidermal cells 

and stomata. A 3.05 mm circular grid was photographed on 

each roll of film to calibrate the magnification. A 
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photograph of the grid, within 1.1% of IK (actual 

magnification was 989.12), was then used in the enlarger for 

calibration so identical magnification was obtained for each 

photograph. Trichomes were counted directly from the SEM 

screen at 220x magnification. Photographs were not taken at 

this magnification, because the numbers of trichomes were 

small enough to be easily counted. The film was developed 

and printed and the cells were counted for each photograph. 

To get an accurate count of the total cells, all cells were 

counted except those touching the top and left borders of 

the photograph. The cells were counted in this way because 

allowances must be made for the parts of cells at the edges 

of the photograph; therefore, two borders are omitted and 

two borders are counted. The number of stomata and epider

mal cells were each determined, and the means for the two 

photographs of each specimen was calculated. 

Epidermal cell and stomatal areas were computed by laying 

a grid over the photograph and counting each upper left 

point which touched the photograph. If the point touched an 

epidermal cell it was counted as an epidermal cell, and if 

the point touched a guard cell or stomatal opening it 

represented a stomate. The number of epidermal cells and 

stomata that were counted per photograph were then divided 



18 

into the number of points counted for each to give the area 

for those two cell types. The area or size of the cell is a 

measurement of the amount of cell expansion that occurred 

during water stress and recovery. 

Total numbers of the epidermal cells, trichomes and sto

mata (including guard cells and stomatal opening) of the 

upper leaf surface were calculated. Cell numbers are direct 

indication of the amount of cell division that occurred dur

ing water stress and recovery. To determine the number of 

each cell type per total leaf area of the upper epidermis, 

the percentage of leaf area per leaf for each type of cell 

was calculated by using the formula 

TLA 
-TLA * % vein 

TLAe+s+t * (100 - Vvt) = TLAv+t 

TLAv+t * Vve = LAe 

where TLA = Total Leaf Area, % vein = 25%, TLAe+s+t = Total 

Leaf Area made up of the epidermal cells, stomata, and tri

chomes, Vvt = volume fraction of trichomes, TLAv+t = Total 

Leaf Area of veins plus trichomes, Vve = volume fraction of 

epidermal cells, and LAe = Leaf Area of epidermal cells. 

Subtraction of the area of the epidermal cells, trichomes, 

and veins from 100% gave the leaf area of the stomata. 

Veins were isolated in this study, because the epidermal 
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cells were smaller and more elongated over the vein area, 

there were fewer stomata, and the area of the trichomes was 

increased with a decrease in trichome numbers. The percent 

of cells which make up the vein was determined by comparison 

to cotton leaves which were reported to consist of 20% vein 

by Berlin et_ al. (1982). Volume fraction is the number of 

points counted per cell type, divided by the total points 

counted for all three cell types. Trichome Vv was calculat

ed by counting all points for a random sample to obtain a 

mean. The number of each cell type (X) per total leaf area 

was calculated from a ratio of 

TLA PLA 

X N 

where TLA = Total Leaf Area, PLA = Partial Leaf Area, and N 

= number of a specific cell type. The numbers for each cell 

type from this formula were multiplied by their correspond

ing leaf area percentage to generate the real numbers of 

each cell type per leaf. Relative numbers of cell types 

give the amount of cell differentiation that occurred during 

water stress and recovery. 
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Statistical Analysis 

Data were subjected to computerized statistical analysis 

using SAS (Sas Institute, Inc., 1982) to determine means and 

standard errors for the leaf lengths of both greenhouse-

grown and field-grown plants. 

Plastochron indices were calculated for each plant grown 

in the greenhouse for each date measurements were made. A 

plastochron can be defined as the time between initiation of 

two successive leaves or the interval between corresponding 

stages of development of successive leaves at any stage of 

development which can be used as a reference (Maksymowych, 

1973). The plastochron index is the age of the plant ex

pressed in plastochrons. To determine the plastochron, 

index the following formula was used: 

log Ln - log 30 
PI = n + 

log Ln - log Ln+1 

where PI = plastochron index, n = serial number (counting 

from the base), of that leaf which was just longer than 30 

mm, log Ln = the logarithm of length (in mm) of leaf n, just 

longer than 30 mm, log Ln+1 = the logarithm of length of 

leaf n+1 just shorter than 30mm, and 30 mm was the reference 

point of development, where the leaves could be accurately 

measured and where they were growing exponentially 
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(Maksymowych, 1973 and Silk, 1980). Comparisons between 

development of a water stressed/recovered plant and an irri

gated plant from the greenhouse were made showing 

plastochron index of two different plants. 

Statistical analysis was also used to determine standard 

error for areas and numbers of epidermal cells, stomata and 

trichomes. All figures used in this study were generated 

using an Apple Mcintosh computer with the spread sheet Ex

cel. 



CHAPTER III 

RESULTS 

Field and Greenhouse Plant 
Characterizations and Comparisons 

The field-grown plants and greenhouse-grown plants were 

very similar morphologically. Their overall size was ap

proximately the same with the mean numbers of leaves on the 

main vine of the field-grown irrigated plants being 27.5 and 

30 for the water stressed/recovered field plants. For 

greenhouse-grown irrigated plants, the mean number of leaves 

on the main vine was 27.2, and for the water stressed/recov

ered greenhouse plants, the mean number of leaves on the 

main vine was 31.2. 

The field plants produced fruit with mean yields of six 

melons for the irrigated plants and four melons for the 

stressed and recovered plants. No melons were produced at 

the recovery site of either plant, but if they had been left 

in the field, the production of fruit would have been like

ly. The greenhouse plants had a large number of blooms, but 

only a single irrigated plant produced one melon. 
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The area of all three types of cells were larger in the 

greenhouse-grown plants when compared to the field-grown 

plants. Therefore, there was a larger number of all three 

cell types in the leaves of the field-grown plants. 

Plant Water Status 

Relative water content (RWC) was measured on the last day 

of watering (before stress occurred) in the greenhouse 

plants revealing a RWC of the water stressed/recovered 

plants very similar to the irrigated plants (Figure 1). Six 

days after imposing stress a drastic drop had occurred in 

the RWC of the water stressed/recovered plants and 13 days 

after stress had begun the RWC was slightly lower than at 

six days after (Figure 1). Rewatering on the 14th day after 

stress, raised the RWC back to within 6% of the irrigated 

plants within six days (Figure 1). 

Water use efficiency (WUE) was determined from the amount 

of water in grams used per kilogram of dry matter produced. 

Measurements showed the water stressed/recovered plants to 

be slightly higher in WUE than the irrigated plants with a 

mean of 0.491 g of water per kg of dry matter compared to 

0.547 g of water per kg of dry matter for the irrigated 

plants. 
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Fresh weights of the irrigated plants were slightly high

er than the stressed plants even though the stressed plants 

were slightly longer than the watered plants. The mean for 

irrigated plants was 819 g and for water stressed/recovered 

plants the mean was 785 g. 

Results of the calculations of plastochron indices did 

not correspond well, because of the differences in lengths 

of the plants. Therefore, two plants (one irrigated and one 

stressed and recovered with similar lengths) were chosen to 

demonstrate the use of the plastochron index (PI) in deter

mining the effects of stress and recovery on the development 

of the plant. Figure 2 illustrates the similar development 

of the two plants until the effects of stress become appar

ent at day 51. The stressed plant's growth leveled off 

until recovery occured at about day 58. The irrigated plant 

continued to increase its PI value relatively steadily 

throughout its growth. The recovery of this water stressed/ 

recovered plant never quite attained the PI value of the 

irrigated plant, although the pre-stressed leaf production 

rate was regained. 

Diffusive resistance is the water vapor concentration 

divided by transpiration. Water vapor pressure between the 

leaves and air constitutes the driving force causing 
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movement of water vapor out of a plant (Kramer 1983). As 

the stomata begin to close, the diffusive resistance in

creases proportionately. Therefore, during stress the 

diffusive resistance increased. The irrigated plants showed 

a relatively consistent diffusive resistance on the three 

days they were measured (Figure 3). The water stressed/re

covered plants showed a relatively high diffusive resistance 

during early stress, a very high diffusive resistance during 

late stress, and nearly complete recovery after rewatering 

(if the initial diffusive resistance of the stressed plants 

was the same as the irrigated plants) (Figure 4). 

Morphological Changes During Water 
Stress and Recovery 

Leaf Area. Measurements of leaf areas of C. melo in the 

field showed two components of leaf area reduction. One re

duction was due to water stress. The field leaf with the 

smallest area occurred at the 25th node and recovery of leaf 

area after irrigation was noted at node 30 (Table 1). A 

second type of leaf area reduction was found as the vine be

came older. The youngest fully expanded (25th) leaf had the 

smallest area in the two irrigated plants (Table 1). 
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TABLE 1 

LEAF AREAS (cm^) OF FIELD AND GREENHOUSE PLANTS 

Field^ 

Leaf Irrigated Water Stressed/Recovered 

^eans ± Standard Errors for 2 plants 

^Means ± Standard Errors for 5 plants 

5 
10 
15 
20 
25 
30 

3 
6 
9 
12 
15 
18 
21 
24 

104 
128 
103 
95 
85 

74 
87 
92 
95 
100 
91 
84 
91 

± 
± 
± 
± 
± 

± 
± 
± 
± 
± 
± 
± 
± 

8 
13 
4 
9 

- -

Greenhouse!̂  

5 
4 
3 
7 
9 
10 
4 
6 

95 ± 2 
79 ± 2 
83 ± 5 
78 ± 8 
66 ± 9 
81 ± 9 

83 ± 6 
100 ± 6 
89 ± 3 
89 ± 2 
90 ± 9 
76 ± 4 
73 ± 9 
88 ± 8 
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The results were similar for the greenhouse-grown plants 

(Table 1). The reduction in leaf area during stress was 

most severe at nodes 18 and 21 and leaf 24 demonstrated ap

parent recovery. The irrigated plants also showed a 

reduction in leaf area in the youngest leaves. Another type 

of reduction in leaf area was noted in the greenhouse-grown 

plants. The third leaf on these plants did not attain as 

great a leaf area as the younger leaves. The first three 

leaves died in most of the plants long before the other 

leaves began to die. It is not known if this occurred in the 

field grown plants, because the fifth leaf was the first to 

be measured. 

Leaf Length. The results of leaf length measurements 

were similar to the leaf area measurements described above. 

Leaf length plotted against time clearly showed the effects 

of water stress and rewatering on these plants compared to 

the irrigated plants. 

Leaves from field plants that were regularly irrigated, 

or rainfed, showed an increasing reduction in leaf length 

with age (Figure 5). {Leaf 30 was not fully expanded when 

the study was terminated.} Leaves which first appeared on 

the vine and developed during irrigation of the water 

stressed/recovered plants resulted in leaves with a normal 



36 



37 

LEAF 
LENGTH 

ctn 

I O T 

9 ' 
8 -
7-
6-
5 ' 
4-
3-
2" 
1 • 
0 •-

a—3-

. / 
^ 

zr' • ^ a - o - - - _ - A — A 

/ * 
/ 

^ ' 

t i l l 

51 57 63 69 75 81 
DAYS AFTER PLANTING 

87 



38 

leaf length (Figure 6). The leaf at node 20, which was 

first observed before stress occurred and developed under 

stressed conditions, was normal in its final leaf length, 

but its curve indicated slower development during water 

stress (Figure 6). However, the length of the leaf at node 

25, which was first observed on the vine and developed dur

ing water stress, showed a marked reduction. Node 30 

reveals an increase in leaf length because it appeared about 

the time rewatering occurred and developed during the recov

ery stage (Figure 6). 

Greenhouse plants also showed a reduced leaf length with 

age. However, the final measurements all fell within a 

range of approximately 2.5 cm (6.5 to 9 cm; Figure 7). 

Stressed plants showed a reduction in leaf length between 

node 15 and 21, and an increase in leaf length beginning at 

leaf 21 (Figure 8). Leaf 15, which first appeared during 

irrigation and developed during water stress, had a normal 

leaf length but a slower growth rate after stress was im

posed. Node 18 showed the most reduction in leaf length 

since it first appeared during water stress and developed 

under water stressed conditions. Leaf length at node 21 was 

normal because it first appeared at the end of water stress 

and developed under conditions of recovery after the plants 

had been rewatered (Figure 8). 
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Overall, the leaves showing the most stress in the water 

stress/recovered plants were 25 and 18 for the field and 

greenhouse plants, respectively. Although other leaves at 

nodes above and below these leaf nodes also might have been 

reduced, means of the plants showed these to be stressed the 

most severely. 

Cellular Changes During Water Stress 
and Recovery 

Cell Area. Scanning electron micrographs revealed a 

gradual increase in epidermal cell area, followed by a grad

ual decrease in area in the irrigated field plants (Table 

2). The water stress/recovered field plants with the great

est epidermal cell area occurred at node 15 and the smallest 

at node 25 (Table 2). The stomatal area of these plants 

continued to decrease from node five to node 25, with the 

exception of node 10, which showed an increase in the irri

gated plants and a sharp decrease in the water 

stressed/recovered plants (Table 2). 

The irrigated and water stressed/recovered 

greenhouse-grown plants showed a relatively steady decrease 

in epidermal cell area with the greatest area for the 

irrigated plants and the water stressed/recovered plants at 
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TABLE 2 

AREA (;im̂ ) OF DIFFERENT CELL TYPES 

Leaf 

5 
10 
15 
20 
25 
30 

5 
10 
15 
20 
25 
30 

3 
6 
9 
12 
15 
18 
21 
24 
27 

3 
6 
9 
12 
15 
18 
21 
24 
27 

Epidermal Cells 

843 
862 
910 
681 
668 
692 

± 
± 
± 
± 
± 
± 

Field 
28 
88 
98 
23 
5 

- -

Field Water 

716 
721 
906 
703 
698 
725 

1443 
1479 
1236 
1281 
1181 
882 
895 
824 
869 

± 
± 
± 
± 
± 
± 

± 
± 
± 
± 
± 
± 
± 
± 
± 

10 
20 
25 
22 
28 
48 

Stomata 

Irrigated^ 

101 ± 
118 ± 
91 ± 
54 ± 
55 ± 
67 ± 

14 
17 
7 
10 
2 

- -

Stressed/Recovered 

114 ± 
72 ± 
83 ± 
94 ± 
91 ± 
90 ± 

Greenhouse Irrigated 

86 
102 
129 
99 
121 
49 
44 
- -

- -

194 ± 
183 ± 
178 ± 
158 ± 
181 ± 
157 ± 
113 ± 
112 ± 
121 ± 

16 
10 
11 
7 
3 
3 

13 
11 
7 
6 
17 
13 
5 

- -

- — 

Greenhouse Water Stressed/Recovered 

1343 
1091 
977 
1032 
1126 
836 
911 
848 
650 

± 
± 
± 
± 
± 
± 
± 
± 
± 

89 
27 
64 
106 
127 
42 
77 
91 
2 

190 ± 
174 ± 
157 ± 
164 ± 
152 ± 
129 ± 
145 ± 
176 ± 
164 ± 

8 
10 
5 
8 
7 
18 
19 
18 
12 

^eans ± Standard Errors For 2 Plants 

^Means ± Standard Errors For 5 Plants 
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node 3 (Table 2). The smallest epidermal cell area was at 

node 24 for the irrigated plants and at node 27 for the wa

ter stresseed/recovered plants. Stomatal area did not show 

the same gradual decrease in the water stressed/recovered 

plants, but instead seemed to decrease until node 18 and 

then began to increase again (Table 2). In the irrigated 

plants, the stomatal area did show a gradual decrease, with 

exceptions at node 15 and 27, with the largest area at node 

3 and the smallest area at node 24 (Table 2). The slight 

increase in stomatal area at node 27 of the irrigated plants 

corresponds with the slight increase in epidermal area at 

node 27 (Table 2). 

There was no apparent evidence that the cell area of ei

ther epidermal cells or stomata was decreased in C. melo by 

water stress. For both field-grown and greenhouse-grown 

plants, the areas of the cells at the time of stress and re

covery appear to follow the same temporal pattern as the 

irrigated plants. 

Cell Numbers. Numbers of total cells per leaf for all 

four treatments showed a reduction during water stress and 

an increase in recovered leaves after rewatering occurred 

(Table 3). In the field irrigated plants (Table 3), the 

epidermal cell numbers appeared to be similar except for an 
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TABLE 3 

NUMBERS OF DIFFERENT CELL TYPES PER LEAF (10^) 

Leaf 

5 
10 
15 
20 
25 

5 
10 
15 
20 
25 
30 

3 
6 
9 
12 
15 
18 
21 
24 

3 
6 
9 
12 
15 
18 
21 
24 

Epidermal Cells 

6.9 
8.9 
6.6 
7.5 
5.4 

± 
± 
± 
± 
± 

Stomata 

Field Irrigated^ 

0.2 
0.9 
0.8 
0.7 
0.5 

Field Water 

7.1 
4.9 
5.4 
3.6 
3.5 
5.1 

1.6 
2.9 
4.1 
4.2 
5.1 
5.3 
4.4 
5.6 

± 
± 
± 
± 
± 
± 

± 
± 
± 
± 
± 
± 
± 
± 

0.7 
0.5 
0.5 
0.3 
0.4 
0.7 

0.32 ± 0.04 
0.23 ± 0.03 
0.32 ± 0.03 
0.43 ± 0.02 
0.66 ± 0.10 

Stressed/Recovered 

0.39 ± 0.03 
0.62 ± 0.07 
0.88 ± 0.03 
0.71 ± 0.11 
0.96 ± 0.11 
0.47 ± 0.07 

Greenhouse Irrigated 

0.2 
0.3 
0.3 
0.4 
0.6 
0.5 
0.4 
— 

Greenhouse Wat 

2.9 
5.1 
4.5 
4.6 
4.3 
3.9 
3.5 
5.2 

± 
± 
± 
± 
± 
± 
± 
± 

0.3 
0.5 
0.5 
0.6 
0.3 
0.4 
0.4 
0.6 

0.24 ± 0.01 
0.25 ± 0.02 
0.31 ± 0.04 
0.19 ± 0.02 
0.19 ± 0.03 
0.42 ± 0.05 
0.45 ± 0.05 
0.32 ± 

Trichomes 

0.01 
0.02 
0.01 
0.03 
0.02 

a 

0.01 
0.02 
0.02 
0.02 
0.01 
0.02 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.02 
0.02 

:er Stressed/Recovered 

0.28 ± 0.02 
0.25 ± 0.03 
0.38 ± 0.03 
0.35 ± 0.03 
0.31 ± 0.02 
0.38 ± 0.03 
0.47 ± 0.05 
0.41 ± 0.03 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

± 
± 
± 
± 
± 

± 
± 
± 
± 
± 
± 

± 
± 
± 
± 
± 
± 
± 
± 

± 
± 
± 
± 
± 
± 
± 
± 

0.001 
0.002 
0.000 
0.003 
0.002 

0.001 
0.002 
0.002 
0.003 
0.001 
0.001 

0.000 
0.001 
0.001 
0.002 
0.001 
0.001 
0.003 

- -

0.000 
0.001 
0.001 
0.001 
0.001 
0.000 
0.002 
0.001 

^eans ± Standard Error For 2 Plants 

^Means ± Standard Error For 5 Plants 
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increase at node 10 and a decrease at node 25, corresponding 

to an increase and decrease of those leaf areas (Table 1). 

Stomata steadily increased with the largest number at node 

25. The number of trichomes fluctuated without any pattern 

of consistency, with the largest number at node 20. The wa

ter stressed/recovered plants grown in the field (Table 3) 

showed a definite decrease in epidermal cells at nodes 20 

and 25, and a recovery in the number of epidermal cells at 

node 30. Stomata steadily increased in these plants, reach

ing the highest number at node 25, and then sharply 

decreasing in the recovered leaf at node 30. The trichome 

numbers per leaf varied some in the water stressed/recovered 

leaves, with nodes 5 and 25 having the least. 

Greenhouse-grown irrigated plants (Table 3) showed a 

steady increase in epidermal cell numbers from node 3 to 

node 24, the exception being node 21 which was slightly low

er. The stomata varied greatly without any consistent 

pattern. Trichomes did not vary to any considerable degree. 

Water stressed/recovered plants in the greenhouse (Table 3) 

showed leaves 3, 18 and 21 to have the lowest numbers of ep

idermal cells. Recovery of epidermal cell numbers occurred 

in leaf 24. Stomata were inconsistent but did show slightly 

higher numbers at nodes 18 and 21 and also at the recovered 

leaf (node 24). Trichomes did not show any differences. 
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Leaf Area Percentages. The amount of leaf area occupied 

by each type of cell was determined to calculate the numbers 

of each type of cell (Table 4). The percentage of leaf area 

occupied by trichomes was the same throughout. The leaf 

area percentage for epidermal cells was relatively consis

tent except for reductions in the stressed leaves and an 

increase in the recovered leaves. Percentage of leaf area 

for stomata was widely variable, because as epidermal leaf 

area decreased, stomatal leaf area increased, which means 

there was an increase of stomata in the stressed leaves. 

SEM micrographs of the plants revealed a reduction in 

cell size as plastochron age increased. This could be seen 

in the irrigated plants and the water stressed/recovered 

plants. However, no difference in cell size relating to wa

ter stress was observed (Figures 9 and 10). Figure 9 shows 

the field-grown water stressed/recovered plants at the mag

nifications at which they were observed: 220x for trichomes 

and lOOOx for epidermal cells and stomata. They were en

larged to 8 X 10 to make counting easier. Figure 10 shows 

the same for the greenhouse-grown water stressed/recovered 

plants. 
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TABLE 4 

PERCENT OF LEAF AREA OCCUPIED BY EACH CELL TYPE* 

Leaf 

5 
10 
15 
20 
25 

5 
10 
15 
20 
25 
30 

3 
6 
9 

12 
15 
18 
21 
24 

3 
6 
9 

12 
15 
18 
21 
24 

*It is 

Epidermal Cell 

Field 

62 
65 
61 
57 
51 

Field Water 

58 
48 
50 
46 
39 
50 

s Stomata 

Irrigated 

10 
7 

11 
15 
21 

Stressed/Recovered 

Greenhouse 

45 
52 
53 
57 
61 
54 
50 
55 

Greenhouse Wat 

50 
60 
53 
53 
54 
46 
45 
53 

assumed veins occupy 

14 
24 
22 
26 
33 
22 

Irrigated 

27 
20 
19 
15 
11 
18 
22 
17 

er Stressed/Recovered 

257o 

22 
12 
19 
19 
18 
26 
27 
19 

of the leaf 

Trichomes 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 

surface area. 
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CHAPTER IV 

DISCUSSION 

Results of plant water status measurements when correlat

ed with measurements of leaf length and leaf area, reveal 

that the C. melo vines in this study were stressed suffi

ciently to cause a reduction in leaf area and leaf length. 

Rewatering caused a corresponding increase in leaf area and 

length. The explanation of this reduction and ensuing in

crease of leaf area and length is based on cellular growth. 

The two components of cell growth are cell size and cell di

vision (Berlin et̂  a^., 1982). Thus, one or both of these 

components had an effect on the leaf area and length of 

these plants. A decrease in cell numbers of leaves from the 

stressed portion of the vine and an increase in cell numbers 

from the recovered portion of the vine, indicate that cell 

division was the most sensitive growth component of C. melo 

vinese Cell size, which is dependent on cell expansion, was 

not affected by water stress, but was affected as the vine 

got older (i.e., younger leaves had a smaller cell area). 

Cell differentiation, as determined by the difference in 

relative numbers of cell types, was affected by water stress 

and recovery in C. melo vines. There was a noticeable 

56 
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increase in numbers of stomata of the leaves from the water 

stressed portion of the vine and a decrease in the number of 

stomata of the leaves from the recovered portion of the 

vine. 

An interesting difference between the size of the water 

stressed/recovered and irrigated plants was noted since the 

water stressed/recovered plants were approximately three 

leaves longer than the irrigated plants. In both the field 

and greenhouse plants, the water stressed/recovered plants 

appeared to thrive after rewatering, much more so than the 

plants which were continuously watered. Kramer (1983) re

fers to this growth as compensatory growth because 

metabolites accxjmulate with a loss of turgor and are there

fore readily available when turgor is restored. Node 30 in 

the field water stressed/recovered plants (Figure 6) and 

node 24 of the greenhouse water stressed/recovered plants 

(Figure 8) readily exhibited this rapid compensatory growth, 

which would further indicate that most of the cell division 

occurred just after initiation and when water was reapplied. 

When comparisons between the greenhouse-grown and 

field-grown plants were made, some important differences 

were noted, i.e., fruit production, stomatal closure, and 

cell area. The higher production of fruit by 33% in the 
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field-grown irrigated plants over the stressed and recovered 

plants, does not seem important for a small number of plants 

but could cause a considerable loss if applied to a large 

crop. The lack of fruit production in the greenhouse was 

not surprising because these plants have imperfect flowers 

with separate staminate and pistillate flowers. Therefore, 

since there are very few pollinators in the greenhouse, pol

lination was unlikely and the blooms were not retained, 

retention or fruit retention if fruit developed. 

The stomata in the greenhouse plants did close to some 

extent according to the readings obtained by the steady-

state porometer (Figure 4). It is not known if the stomata 

in the leaves of the field-grown plants closed since no po

rometer readings were made. Therefore, it cannot be 

determined if this plant had the ability to osmotically ad

just in the field. Stomata might have remained open in 

field plants at a lower water potential than in the green

house plants. According to Jordan and Ritchie (1971) 

stomata of cotton grown in the field did not close even at 

water potentials of -27 bars, whereas a water potential of 

-16 bars caused closure of stomata in greenhouse cotton. 

The larger cell area of the greenhouse-grown plants 

compared to the field plants (Table 2) could have been due 
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to the possibility that the field plants did not receive 

enough water to maintain as much turgor as the greenhouse 

plants which were watered every three or four days. This 

would mean that cell size was affected somewhat by a contin

uous mild stress. Another explanation could be that the 

relative humidity in the greenhouse was higher which de

creased evapotranspiration. 

Plant water status measurements apply only to the green

house-grown plants. The field plants were stressed for 

twice as long a period as the greenhouse-grown plants and 

wilting was obvious. The greenhouse plants should have been 

stressed slightly longer, but because of the possibility of 

irreversible damage to the plants, stress was relieved. The 

water status measurements taken showed the plants to be sig

nificantly stressed, and also showed recovery after 

rewatering. Relative water content (RWC) measurements were 

much lower in the greenhouse stressed plants and showed re

covery within six days after rewatering. This is in 

agreement with studies of Phaseolus vulgaris except that re

covery was much more rapid in P. vulgaris (Kim and 

Lee-Stadelmann, 1984). Plastochron index calculations also 

showed a level period and an increase corresponding to water 

stress and recovery. Slower developmental growth of 
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cantaloupe vines during water stress was exhibited by the 

results of Silk (1980) as well, however, the plants in her 

study were not rewatered and do not show recovery of leaf 

development. Diffusive resistance measurements were much 

higher during water stress and lowered to within the range 

of the irrigated plants after rewatering, which concurs with 

the results of Kim and Lee-Stadelmann (1984). Water use ef

ficiency (WUE) did not suggest the water stressed/recovered 

plants are much more efficient in their water use than the 

irrigated plants. Aggarwal and Sinha (1983) found that 

stressed wheat plants having high WUE became poor in WUE 

when water was freely available to them. They quoted Rit

chie (1974) who stated that WUE would be better if plants 

experienced moderate water deficits causing root systems to 

absorb water from deeper layers in the soil. 

The leaf area and leaf length of C. melo were reduced 

during water stress in both field and greenhouse-grown 

plants. Leaf length during stress appeared to be affected 

most when the leaf first appeared on the vine during stress. 

Growth was decreased by stress until rewatering occured 

which caused rapid growth. Connor and Cock (1981) also 

noted a rapid increase in leaf expansion after rewatering of 

leaves already initiated. Figures 2 and 4 suggest that the 



61 

majority of mitotic activity responsible for leaf size must 

occur during and immediately following initiation since 

leaves that appeared before stress and developed during 

stress exhibited normal leaf lengths. The observation of 

normal growth in leaves that appeared at the end of stress 

or after stress and reduced growth in leaves that appeared 

during stress is consistent with this conclusion. Recovery 

of leaf area after rewatering in both environments examined 

in this study was evident. Therefore, the epidermal cells 

of the leaves of C. melo apparently retain the ability to 

divide after stress has been imposed since Table 3 shows an 

increase in number of epidermal cells after rewatering. 

The results revealed that both cell size and cell numbers 

were affected during the growth of these plants (Tables 2 

and 3). Water stress did not cause a decrease in cell size, 

but did cause a decrease in cell number. Since the areas of 

the epidermal cells increased and decreased at the same 

point in the field plants and gradually decreased in the 

greenhouse plants (Table 2), it would seem that reductions 

in cell size did not relate to water stress but rather to 

the age of the leaf. It has been noted previously that the 

young leaves of plants have smaller cell size, which might 

explain the greater resistance of young leaves to water 

stress (Cutler et al., 1977). 
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The stomatal area also seemed impervious to water stress. 

The data showed decreasing stomatal size with an increase in 

plastochron age. There was no increase in stomatal area af

ter rewatering (Table 2). 

Cell area results for the greenhouse-grown plants were 

much the same as for the field, suggesting that the cell 

area of both epidermal cells and stomata was not affected by 

water stress (Table 2). The increase of stomatal area be

ginning at node 18 of the water stressed/recovered plants 

might be explained by a compensation for decreasing transpi

ration due to closure of stomata. 

The reduced number of epidermal cells found in the 

stressed leaves is further evidence that inhibition of cell 

division, rather than a reduction in cell size, was primari

ly responsible for the observed reduction in leaf area. The 

number of epidermal cells in the recovered leaves of the wa

ter stressed/recovered plants was increased, suggesting 

recovery of cell division in these leaves (Table 3). Epi

dermal cells appear to be the most affected by a reduction 

in cell division; in fact in C. melo, reduction of cell 

division might be true only of the epidermal cells. Cell 

division in a dicotyledonous leaf ceases in this order: 

vascular tissue, epidermis, spongy mesophyll and finally 
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palisade (Clough and Milthorpe, 1975). Further studies 

using the transmission electron microscope would be neces

sary to discover the effects of water stress on cell size 

and cell division in other types of cells. 

In the leaves of the field water stressed/recovered 

plants, there was a definite increase in the number of sto

mata in the stressed leaf (node 25) and a decrease 

corresponding to recovery of leaf area at node 30 (Table 3). 

The field water stressed/recovered plants showed a definite 

increase in stomata at the stressed node and a reduction in 

stomata at the recovered node (Table 3). The greenhouse wa

ter stressed/recovered plants also showed this increase of 

stomata in the stressed leaves and decrease in stomata in 

the recovered leaves to some extent but not as clearly as 

the field plants (Table 3). This finding is in agreement 

with an observation made by McCree and Davis (1974) that the 

number of stomates per unit area should increase as leaf 

area decreases. This can only be explained by increased 

stomatal differentiation since stomatal cell size was not 

affected by stress. 

The number of trichomes remained approximately the same 

throughout all treatments (Table 3), which contradicts the 

finding that water stress caused an increase in the 
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production of leaf hairs in Encelia farinosa (Ehleringer, 

1980). This increase in trichomes in stressed leaves is 

probably true of some other other plants as well (Kramer, 

1983). 

The results of this study on C. melo suggest that cell 

division is more sensitive to water stress than cell expan

sion. There are several different hypotheses for reduction 

in cellular division during stress based on different areas 

of research. McCree and Davis (1974) state that the in

crease in diffusive resistance would reduce the 

photosynthetic rate which could cause a reduction in the 

rate of cell division due to a shortage of photosynthetical-

ly-produced substrate available for growth. Hsiao (1973) 

proposes the possibility of alterations in growth regulators 

during extended water stress which could affect cell divi

sion. Slatyer (1967) reports research by Gardner and Nieman 

in 1964 which showed a reduction in DNA content in radish 

Raphanus sativus during water stress which could be either a 

cause or effect of a decrease in the rate of cell division. 

The following conclusions were reached from this study of 

C. melo grown in the field and the greenhouse: 

1. Water stress was found to cause a reduction in the 

leaf area and leaf length of C. melo. 
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2. The reduction in leaf area during water stress was 

determined to be caused by a reduction in cell divi

sion. Cell expansion was reduced as well, but only 

in relation to the increasing plastochron age of the 

leaf. 

3. Rewatering caused an increase or recovery of leaf 

area and leaf length due to an increase in cell divi

sion. 

4e Greenhouse and field-grown plants were found to be 

similar in plant size, leaf area, and leaf length. 

Fruit production was much greater in the field plants 

than in the greenhouse plants. Cellular responses to 

water stress and recovery from stress were similar, 

although cell size was smaller in field-grown plants 

than in greenhouse-grown plants. 

5e C. melo does not appear to be extremely drought tol

erant but does experience compensatory growth after 

rewatering, which may even exceed the growth of regu

larly irrigated plants. 

6. The relationships between the three cell types ob

served with the scanning electron microscope were 

found to be similar between field and 

greenhouse-grown plants. Water stress caused a 

decrease in the number of epidermal cells, an 
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increase in the number of stomata, and no change in 

the number of trichomes. Rewatering caused an in

crease in the number of epidermal cells, a decrease 

in the number of stomata, and no change in the number 

of trichomes. 
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