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ABSTRACT 

Seasonal and daily studies were conducted to establish variation 

among and within four buffalo gourd (Cucurbita foetidissima HBK) culti-

vars. Four physiological parameters, photosynthesis, transpiration, 

diffusive resistance, and temperature differential were used to study 

the effect of leaf age, environmental factors, and determine the rela

tionship between photosynthetic rate and other physiological parameters. 

Among cultivar variation was not found to be significant from 

either study, due in part to the high levels of variation found within 

cultivars. The four parameters did vary with time over the season but 

significant variation over the day was found only for photosynthesis. 

The effect of leaf age on the four parameters was not significant when 

observed over the day. 

In seasonal studies, correlation coefficients revealed that trans

piration, diffusive resistance, and temperature differential all corre

lated with each other but did not correlate with photosynthesis. 

x  



CHAPTER 1 

INTRODUCTION 

Buffalo gourd (Cucurbita foetidissima HBK) is a feral xerophytic 

cucurbit that evolved in the semi-arid region of western North America. 

It can be found growing from central Mexico to the southern border of 

South Dakota at elevations ranging from 300 to 2100 m (Scheerens et al., 

1978). 

This perennial species has a large fleshy storage root known to 

reach fresh weights of over 40 kg in three or four seasons' growth 

(Bemis, Berry, and Weber, 1979). The species is drought resistant due 

to an impermeable suberized periderm (Dittmer and Talley, 1964; Dittmer 

and Roser, 1963) that surrounds the vascular system. 

The prodigious vine growth of £. foetidissima was best described 

by Dittmer and Talley (1964). An individual was found to possess 60 

short, perennial stems that produced 360 annual shoots. The average 

length of each shoot was 6.09 m , and many gave rise to secondary 

branches. It was estimated that this individual produced a total of 

15,720 leaves. Buffalo gourd leaves are gray-green, pubescent, entire, 

ovate to sagitate in shape, with a base width of 10 to 13 cm and a mid

rib length of 20 to 25 cm. 

The buffalo gourd is primarily asexual in reproduction. Large 

homogeneous colonies of plants have been produced by the development of 

adventitious roots that originate at the vine nodes, where large. 
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unisexual flowers are borne singly. The predominant sex expression of 

this plant is monoecious; however, a dominant mutant has been reported 

which aborts male flower buds (Dossey et al., 1981). 

The use of this species as a potential oilseed crop was first 

suggested by Curtis (1946). The baseball-sized fruits were found to 

contain seed rich in protein and vegetable oil. Berry et al. (1976) 

isolated starch from buffalo gourd roots in potentially commercial quan

tities. Subsequent to these initial reports, the physical, chemical, and 

nutritional aspects of buffalo gourd raw products, as well as the gene

tic and agronomic characteristics of this species, have been studied. 

These investigations have, in part, determined the species potential as 

a domesticate. 

The high level of variability found in buffalo gourd germplasm 

should insure improved yield of both oilseed and starch through plant 

breeding. However, breeding programs are hampered by generation time, 

large space requirements, and both expensive and time-consuming evalua

tion of genetic material. 

Apparent photosynthetic rate (APS), transpiration rate (TR), 

diffusive resistance (DR), and temperature differential (TD) were phy

siological measurements used as tools in a breeding program for adapting 

sorghum hybrids to severe moisture stress (Hofmann, 1982). A rapid test 

for identifying high-yielding genotypes for alfalfa was devised by 

Leavitt, Dobrenz, and Stone (1979). In a physiological evaluation of 

different sized leaflets, the authors determined that the large leaflet 

alfalfa genotypes had significantly higher yield and lower specific leaf 
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weight (SLW) than the small leaflet genotypes. The large leaflet geno

types also had considerably higher rates of total photosynthesis per 

plant. Pearce et al. (1969) and Carlson et al. (1970) observed positive 

correlations between SLW and net photosynthesis. Differences in plant 

populations revealed that SLW was heritable and that net photosynthesis 

could increase in plants selected for high SLW. Thus, there is increas

ing interest in the physiological approach to breeding, since selecting 

and combining desirable physiological characteristics could increase the 

efficiency of breeding programs. 

The purpose of this study is to identify varietal variation in 

photosynthetic rates among and within varieties; study the effects of 

leaf age on photosynthetic rate, and the environmental effects on photo-

synthetic rate; and determine the relationship between photosynthetic 

rate and the physiological parameters of transpiration, diffusive resis

tance, and temperature differential. 



CHAPTER TWO 

LITERATURE REVIEW 

History 

Buffalo gourd was considered a weed until the second world war. 

At that time a disruption of vegetable oil supplies occurred, which 

created interest in developing oil supplies at home from plants that 

were readily available. Soybeans, which originated in China, grew well 

in the United States and were incorporated into American agriculture. 

Wild plants which produced oil were under consideration at the time and 

buffalo gourd was in this category. 

Curtis (1946), was the first researcher to look at the buffalo 

gourd as a potential agronomic crop. He made four points in its favor 

as a potential crop: (a) the plants are perennial; (b) they grow on 

wastelands in regions of low rainfall; (c) they can produce an abundant 

crop of fruit which contain seed rich in oil and protein; and (d) the 

fruit lends itself to mechanical harvesting. Many reports (Bolley, 

McCormick, and Curtis, 1950; Shanani et al., 1951, and Paur, 1952) on 

the use and composition of the seed and on the agronomic properties of 

the plant were published at this time. The properties of the root starch 

in buffalo gourd were not considered until much later (Berry et al., 

1975). 
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The primary goals of research on buffalo gourd were to increase 

yield and domesticate the plant. The first effort to improve germplasm 

of £. foetidissima and to domesticate the plant was in Lebanon under the 

direction of Dr. Lawrence Curtis (Curtis and Rebeiz, 1974). Curtis re

ceived germplasm from a single collection site in Texas, but still dis

covered substantial variation in a number of traits including fruit 

yield. Only 230 out of 730 seedlings produced fruit the first year. 

Fruit bearing plants yielded from 1 to 283 pepos per individual plant. 

The yield of progeny from a single open-pollinated parent ranged from 1 

to 160 gourds per plant. Vine habit and sex expression were highly vari

able. Crude fat ranged from 25.6% to 42.8% and protein ranged from 25.9% 

to 35.0% in the seed on a dry weight basis. 

In 1974, an interdisciplinary approach to buffalo gourd domesti-

cation was organized at the University of Arizona which emphasized three 

major disciplines: (1) genetics and plant breeding; (2) biochemistry; 

and (3) nutrition and toxicology (Bemis et al., 1979). An initial 

objective of the program was to survey variation inherent within the 

species through collection and evaluation of diverse germplasm. To 

establish a germplasm nursery, 145 accessions were obtained from 10 U.S. 

states and Mexico over a three-year period. 

Prior to establishment of germplasm nurseries, a preliminary 

investigation of fruit and seed characteristics of 85 accessions was 

undertaken (Scheerens et al, 1978). Sufficient variation was found in 

the traits of seed weight per fruit (C.V. = 36.9%), seed number per 

fruit (C.V. = 28.3%) and seed weight per 100 seeds (C.V. = 20.0%) to sug

gest the feasibility of yield improvement through breeding. Possible 
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improvements through selection for the traits of percent embryo in the 

seed and percent crude fat of whole seeds were also indicated. Higher 

percent crude fat values were associated with a higher percent embryo in 

the seed (r = 0.74). 

Three germplasm nurseries were planted successively in 1976, 

1977, and 1978. The full extent of inherent genetic diversity was not 

expressed by growing the germplasm nursery in a single location. (Bemis, 

personal communication). 

The progeny of superior accessions were identified and seed was 

obtained for crude protein and fat analysis. Open-pollinated seed was 

collected from high yielding plants which descended from accessions 142, 

158, and 300 whereas agronomically suited plants from accessions 140, 

162, 185, and 250 were sib-crossed prior to seed collection. Seed was 

also obtained from a cross between superior progeny of accessions 140 

and 156. All seed parents were gynoecious except for 300. These seed 

sources were employed to create population hybrids for use in yield 

trials. 

Hybrid production plots were established in 1977 and 1978 which 

yielded the following seven population hybrids: 158 x 142, 142 x 158, 

140 x 142, 162 x 142, 185 x 142, 250 x 300, (140 x 156) x 300. Con

trolled pollination was accomplished by roguing monoecious plants from 

seed parent lines segregating for sex-expression. 

A replicated yield trail was initiated in 1979 at the Marana 

Agricultural Center, Marana, Arizona, to evaluate the aforementioned 
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hybrids and their pollinators 142, 158 and 300. Each replicate (four 

per hybrid or pollinator) contained approximately 120 plants. Data 

from the first season yield did not reflect the ultimate potential of 

buffalo gourd yields because many of the wild collections failed to 

flower and therefore produced little or no fruit in the first season's 

growth. Bemis (personal communication) noted that the seven experimen

tal hybrids were superior in the first season for seed yield compared 

with the selected open-pollinated parental lines 142, 158 and 300, 

indicating the possible effects of heterosis. 

Data for first and second year seed and root yield are summa

rized in Table 1. Variability among plots within lines was high due in 

part to inherent variability of individual plants. More importantly, a 

residual herbicide present in the sub-surface layer of some plots severe

ly reduced seed yield. The effects of the herbicide were most dramatic 

in the third season of growth, rendering plot yields highly variable and 

for the most part meaningless .(Bemis, personal communication). 

Seed harvested from hybrid plants of the yield trial were bulked 

and designated as SYN-1 (Synthetic Number 1). SYN-1 and hybrid seed 

stocks were utilized in cultural experiments to determine consumptive 

water use, root yields of close-spaced annual plantings for starch pro

duction (Nelson et al., 1983) and similar agronomic parameters. 

Concurrent with genetic and cultural experimentation, the utili

zation of buffalo gourd raw and processed products has been extensively 

studied (Bemis et al., 1967; Bemis et al., 1979; Berry et al., 1975; 

Berry et al., 1976; Berry, Scheerens, and Bemis, 1978; Cossack et al., 
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Table 1. Average plot yields of buffalo gourd hybrid and pollinator 

lines. 

>T Seed X Root 

Yield (kq/HA) Yield (kq/HA) 

Line 1979 1980 1979 1980 

158 x 142 350.4 385.7 7,077 12,730 

142 x 158 283.2 176.2 9,215 14,772 

140 x 142 400.8 560.7 8,835 14,202 

162 x 142 908.4 1088.1 8,270 12,825 

185 x 142 319.2 564.3 10,117 14,107 

250 x 300 512.4 488.1 10,402 17,147 

(140 x 156) x 300 580.8 726.2 10,459 17,622 

142 140.4 238.1 9,357 16,387 

158 20.4 150.0 8,265 14,962 

300 229.2 244.0 11,162 14,915 

1/ Bemis, personal communication. 

& 



9  

1979; Dreher et al., 1983; Thompson et al., 1978; Vasconcellos, Berry, 

and Weber, 1980; Vasconcellos et al., 1981). 

Investigations of buffalo gourd continue. A major emphasis will 

be placed on improving yield and quality of buffalo gourd products 

through plant breeding. According to Gathman and Bemis (in press) 

"future breeding work on the buffalo gourd should center on mass 
selection to produce superior inbred lines and hybrids, and on 
determination of modes of inheritance of the important product 
quality parameters. It should be determined if maximum starch 
products precludes maximum oil yield, and if so, specialized 
lines for each of these purposes should be developed. Field 
observations suggest that inbreeding depression, although rare 
in Cucurbita, may occur in £. foetidissima. This should also 
be studied further." 

Physiology Background 

The goal of plant breeding traditionally has been the production 

of higher yielding and more standardized crops. But the cost of breed

ing in terms of fuel, machinery and lack of variability within the spe

cies has been high. Good and Bell (1980) state, 

"It is here that studies of the controls and limitations of photo
synthesis can make their greatest contributions. Breeding for the 
end result of interactions of a multiplicity of unknown gene-
controlled processes is inevitably a matter of unsystematic and 
very time consuming trial and error." 

Good and Bell go on to say that identifying components of yield in terms 

of specific physiological processes should take much of the randomness 

out of breeding, and might ultimately lead to the identification of the 

genes involved. Good and Bell conclude their statement with, "... 

only to the extent that we can describe productivity in terms of the 



1 0  

mechanisms that control photosynthesis and growth can we bring produc

tivity improvement out of the dark ages of pure empiricism." 

Carlson et al. (1970) concur that breeders have taken little 

interest in the selection of plants which show a greater efficiency of 

conversion of light and nutrients into yield. Carlson et al. (1970) 

state, 

" . . .  t h a t  p h y s i o l o t i c a l  t r a i t s ,  a s  w e l l  a s  m o r p h o l o g i c a l  
traits which can be closely associated with physiological 
traits, may be used as selection criterion for yield and 
quality increase. However, heritable differences in these 
traits must exist within a crop. The physiological or mor
phological trait must be easily measured and these traits 
must be closely related to yield." 

Barrs (1968), found a correspondence between photosynthesis and 

transpiration in leaves of cotton, pepper, and sunflower. It is true 

that carbon dioxide and water vapor compete for the same physical path-

way through the stomata. This correlation could be useful for those 

wishing to estimate the photosynthetic capability of crops indirectly 

from measurement of transpiration or from the diffusive resistance of 

the stomata. In another study of barley lines (Miskin, Rasmusson and 

Moss, 1972) stomata! diffusive resistance and transpiration rates dif

fered statistically whereas photosynthetic rates did not. Lines with 

low stomatal frequency had higher stomata! resistances, and transpired 

less than lines with more stomata. Stomatal frequency didn't influence 

the rate of photosynthesis. The possibility exists of altering trans

piration rates without altering photosynthetic levels by selecting 

variety with fewer stomata (Miskin et al., 1972). 
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Donald (1962) claims that yield is the direct outcome of the 

extent and duration of photosynthesis. Therefore plant breeders should 

be concerned with the effectiveness of this process as it relates to 

yield. Conversely, Kueneman et al. (1979) found no correlation of pho

tosynthesis with seed yield in field-grown dry beans. They concluded 

that measurements of photosynthetic rates at one period of crop growth, 

on a small portion of the total canopy would not be a useful selection 

criterion in a breeding program. Ojima (1972) found rates of photosyn

thesis per unit leaf area to be quantitatively inherited when studying 

soybean. He obtained his highest yielding lines from parental lines 

with high photosynthetic rates. Conversely, Heichel and Musgrave (1969) 

reported that improvement in maize through breeding was not associated 

with marked improvement in net photosynthetic rates. Evans and Dunstone 

(1970) reported that certain ancestral lines of wheat (Triticum, sp), 

had average rates for Cg plants, and only modern single cross hybrids 

ranked consistently high. In the evolution of wheat, photosynthetic 

rates decreased as leaf size and grain yield increased. No evidence for 

inheritance of photosynthetic rates has been adduced for sugarcane 

(Saccharum officinarum (L.)) cultivars, although some of the older 

cultivars have lower rates than modern interspecific hybrids forming the 

bulk of the world's sugarcane crop (Irvine, 1975). Commercial hybrid 

cultivars of sugarcane have higher photosynthetic rates than the culti

vated forms, but the rates of both are less than those of the wild, 

ancestral clones. 
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Thorne (1966) believes that selection for high photosynthetic 

rates per se has not been a productive approach to increasing yields. 

However, Thorne states, "... when stress is involved, ability of the 

plants to continue a relatively high rate of photosynthetic activity may 

very well contribute to yield." 

Photosynthesis may be defined as the absorption of light energy 

and its conversion into stable chemical potential by the synthesis of 

organic chemicals (Bidwell, 1979). Therefore, plant productivity is 

really a measure of the total photosynthesis of the plant less any 

photorespiration or dark respiration that occurs during growth (Good 

and Bell, 1980). Nevertheless, supporting evidence for photosynthesis 

as a major yield limiting factor is inconclusive. There are reports of 

genotypic differences in single leaf photosynthesis, but little correla

tion between leaf-apparent photosynthesis and seed yield has been 

evidenced (Bhagsari et al., 1977; Curtis, Ogren, and Hageman, 1969; 

Dornhoff and Shibles, 1970; Dreger, Brum, and Cooper, 1969). Other 

reports found no correlation between photosynthetic rates and grain 

yield or dry matter accumulation (Heichel and Musgrave, 1969, Nelson, 

Asay, and Horst, 1975; and Irvine, 1975). Generally, no correlation 

has been found with respect to photosynthesis per unit leaf area and 

yield in alfalfa or cassava under non-stressed conditions (Mahon, Lowe, 

and Huni, 1975; Delaney and Dobrenz, 1974). 
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It was noted, however, that during periods of stress, e.g., 

close spacing of plants during podfilling, there was a significant cor

relation in field grown dry beans, between photosynthesis per unit leaf 

area, and seed and biological yield (Kueneman et al., 1979). A study 

by Sullivan and Ross (1979) showed that when water stress was involved, 

the plants' ability to continue relatively high rates of photosynthesis 

may well contribute to yield. The response of photosynthesis to water 

stress has been reviewed (Dastur, 1925; Slavik, 1963, 1965; El Sharkawy 

and Hesketh, 1964; Jones, 1973; Turner et al., 1978; Berry and Bjorkman, 

1980; Boyer, 1970, 1976). These studies confirm that photosynthesis is 

sensitive to lowered leaf water potential. The buffalo gourd has long 

been known to survive well under water stress conditions (Bemis et al., 

1979; Curtis and Rebeiz, 1974; Bemis, personal communication) but no 

studies have been done to determine its photosynthetic capacities and 

the possible correlation with drought tolerance. 

Tatum (1954) reported on breeding for drought and heat tolerance 

in corn (Zea mays L.). He surmized that the major effect of heat was 

in increasing evaporation from the surface of the leaf and subsequent 

transpiration rather than its direct effect on the plant. Consequently 

Alexandrov (1964) concluded that the photosynthetic process is most 

sensitive to high ambient temperatures. There are many reports that 

detail the effects of water deficits and high temperatures on the acti

vity of isolated chloroplasts (Plaut, 1971; Huffaker et al., 1970; San-

tarius and Heber, 1967; Santarius and Earnst, 1967; Santarius, 1967; 

Boyer and Bowen, 1970; Fry, 1970; Sullivan, Norica and Eastin, 1977). 
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During periods of water stress, closure or partial closure of 

the stomata retards transpiration losses. A subsequent decrease in tem

perature differential usually occurs. 

Basically, the stomata! response acts to impede vapor diffusion 
from the leaf, but many also alter substantially the temperature 
of the leaf as a result of latent heat exchange. Absorbed solar 
irradiance can cause leaf temperatures to rise many degrees 
above air temperature and, thus, may also have a substantial 
effect on the water vapor gradient. Therefore, the interactive 
affects of all of these parameters may either increase or de
crease leaf transpiration, depending upon individual leaf proper- . 
ties and environmental conditions. (Smith and Geller, 1980). 

Cucurbits have been evaluated in relation to their response to 

COg levels and light, as measured through specific weight (SLW) and ap

parent photosynthesis (APS). Frydrych (1976), in his study of Cucumis 

sativus (cucumber), noted that the highest rate of photosynthesis (18.96 

9 1 
mg CC>2 dm hr ) was found in conjunction with the highest atmospheric 

CC>2 levels and highest irradiation. However, APS was inversely ralated 

to SLW if low COg levels were present. Turgeon (1973) measured rates of 

9 1 
11 mg C02 dm hr with Cucurbita pepo (pumpkin) under growth chamber 

conditions with a mean surface area of the leaf of 1.30 dm at 70% expan

sion. According to Sisson (1981), the APS highest rate for pumpkin 

2 1 (22.5 mg C02 dm hr ) was achieved on the fourth day after emergence 

? 
with a total leaf area of .23 dm . After that, the APS per unit leaf 

area declined slowly although the leaf was still expanding. 

Photosynthetic rates of Cucurbita fall into the same range as do 

many crop species. Dreger (1967) tested nine varieties of soybeans and 

reported mean varietal net photosynthetic rates ranging from 18.7 to 
O I 

23.0 mg C02dm hr . Curtis et al., (1969) tested 36 varieties of 



O 1 
soybean and reported varietal rates varying from 12 to 24 mg C02dm hr 

Bhagsari et al. (1977), analyzing three separate sets of measurements 

of apparent photosynthetic rates in soybeans, found that they ranged 

-2 -1 
from 23 to 37 mg COgdm hr Differences among cultivars were observed 

in all three studies. Kueneman et al., (1979) measured field-grown dry 

beans (Phaseolus vulgaris) and found photosynthetic rates ranging from 

18.66 to 30.80 mg COgdnT^hr"^. In cotton (Gossypium hirsutum L.), El-

Sharkawy and Hesketh (1964) found ranges of 35 to 45 mg (^dnT^hr"^. The 

effects of COg concentration, light, temperature and transpiration are 

all interrelated with photosynthesis and are dependent on a number of 

physiological and anatomical characteristics of the plant. 

Under field conditions, temperature does not greatly influence 

the rates of photosynthesis over the range of 16 to 29 C unless the 

light intensity is so high that the dark reactions are limiting, (Bid-

well, 1979). When temperatures continually exceeded 30 C over the sum

mer months, apparent photosynthesis and dark respiration were reduced 

by 38% and 19% respectively which resulted in forage yield reduction in 

alfalfa (Delaney, Dobrenz and Poole, 1974). Differences between leaf 

temperature and ambient temperature were reported for leaves of native 

plants of Mauretania and Costa Brava when fully exposed to sunlight 

(Lange, 1959; Lange and Lange, 1963). Temperatures of the leaves were 

measured under conditions of high radiation, low wind speed and low dif

fusive resistance (< 2 cm"^). At air temperatures of 48 C the leaves 

displayed a corresponding temperature of 38 C (temperature difference = 

10 C). 
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Gates et al. (1964) reported observations of Minulus wherein 

leaf temperatures were distinctly below air temperatures in intense sun

light and nearly still air conditions. When the air temperature was 18 

to 20 C, the temperature of sunlit Minulus leaves were 25 to 30 C. When 

the air temperature was 37 C, the sunlit leaves were from. 30 to 35 C. 

Li nacre (1964) reported that leaf temperatures were equal to air tempera

tures at about 33 C for many plant species. Leaf temperatures equalled 

air temperatures at 30 C under low humidity (20%). Below this tempera

ture, leaves are warmer than the air. When leaf temperatures increase, 

there is a tendency for stomatal resistance to drop, therefore at high 

air temperatures, lower leaf temperatures would result. 

Schulze et al. (1974) conducted experiments under constant evap

orative conditions and varying temperature and showed that stomata opened 

with an increase in leaf temperature if water stress was low. The coun

ter-balancing effect of leaf temperature is of importance for the regu

lation of the heat balance of the leaf which in turn also determines the 

magnitude of the water vapor concentration between the leaf and the air. 

"As the leaf temperature is raised, the metabolic activity within the 

guard cells and the leaf as a whole will increase, reach an optimum, and 

then decrease as more and more cell damage occurs. The effect of the 

increased metabolic activity within guard cells initially will be to 

stimulate stomatal opening." CWillmer, 1983). There are also indirect 

effects of temperature on stomatal behavior. It is possible that the 

temperature increases will affect internal CO2 concentrations which, in 

turn, will affect stomatal movements. If respiration outpaces 
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possible that the temperature increases will affect internal C02 concen

trations, which, in turn, will affect stomatal movements. If respiration 

outpaces photosynthesis as the temperature increases, C02 levels will 

increase within the leaf, which will eventually cause stomate closure 

(Willmer, 1983). 

Gases must enter and leave a leaf via diffusion through stomata, 

lenticels, or cuticle. "The forces motivating the outward diffusion of 

H20 vapor are higher than those moving CO,, into the leaf. Yet plants 

absorb C02 at a maximum rate, while at the same time the rate of H20 loss 

is reduced to a minimum." (Bidwell, 1979). Plants achieve this by 

creating a diffusion shell of C02 on the surface of the leaf and the num

ber, distance, and circumference of the stomata play a key role in its 

effectiveness. 

The ability of sorghum stomata to stay open under stressed condi

tions of lower leaf H20 potential may help explain its superiority to 

other less drought-tolerant cultivars (Shimshi and Ephrat, 1975). Con

versely, when studying relationships obtained between leaf area index and 

water use in the field, Johns and Lazenby (1973) concluded that stomatal 

closure had been ineffective in reducing the water use per unit leaf area 

of four temperate herbage species under dry hot conditions. Such a con

clusion is contrary to the commonly accepted viewpoint that stomatal 

closure is the main cause for transpiration decrease as water stress 

insues (Hsiao, 1973; Milthorpe and Moorby, 1974). 



"Transpiration is essentially the evaporation of water from cell 

surface and its loss through the anatomical structures of the plant." 

(Bidwell, 1979). The process of transpiration cools the leaf and mobil

izes minerals from the soil. Temperature reduction from transpiration is 

normally about 2 to 3 C. 

Statistically significant variation has been found among indeter-

minant soybean cultivars for transpiration. Bhagsari et al. (1977) 

evaluated 16 cultivars and found a significant deviation among them with 

- 2  - l  
rates ranging from 7.2 to 11.88 yg H20 cm s . Significant differences 

in transpiration rates were also found among lines pretreated to assure 

open stomata within five populations of barley (Hordeum vulgare L.) 

(Miskin et al., 1972). Transpiration rates among barley lines varied 

- 2  - 1  
between 7.90 and 12.31 yg HgO cm s . Transpiration rates of sorghum, 

- 2  - 1  
grown with adequate moisture, ranged from 10.6 to 45.0 yg HgO cm s 

_p _i 
and under stressed moisture conditions, from 1.1 to 32.2 yg HgO cm s 

(Dobrenz, personal communication). 

Variation also has been noted for stomatal resistance. Blum 

(1974) was able to find several different response patterns in sorghum 

with respect to drought tolerance. The range of stomatal resistance of 

14 genotypes tested were 3.1 to 20.2 s cm~^. There has been a wide range 

of data recorded on over 200 sorghum germplasm sources that were grown 

on an irrigation gradient system at Yuma, Arizona (Dobrenz, personal com

munication). In addition to yield and growth differences, leaf diffusive 

resistances with adequate soil moisture went from 0.7 to 4.2 s cnf^ and 
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showed a range of 2.3 to 44.4 s cm~^ in the stressed plants. 

Shimshi and Ephrat (1975) tested several wheat cultivars and 

found diffusive resistance rates ranging from 2.6 to 4.2 s cm~\ 

Brun, Kanemasu and Mason (1978) reported that over a growing season, 

diffusive resistance in sorghum ranged from 1.25 to 5.60 s cm~^. 

Teare and Kanemasu (1972) found a range for sorghum leaf diffusive 

resistance to be between 1.0 and 7.0 s cm"^. Hofmann, (1982) working 

with the same species, reported a similar range of 1.6 to 4.81 s cm . 

Stomatal movements are directly affected by light quantity and 
quality, water availability (plant-soil water status), water 
vapor pressure deficit (atmospheric humidity, C02 concentration 
and temperature). Some of these factors, combined with wind 
movement, may also effect stomata in an indirect manner. All 
of these environmental factors tend to interact, making studies 
of the effects of one factor on stomatal movements difficult, 
e.g., increasing leaf irradiance will tend to increase the leaf 
temperature which, in turn will lower the leaf water potential, 
the increased temperature may also change intercellular C02 con
centrations by changing rates of photosynthesis, respiration, 
and photorespiration. Thus, all factors may be in play at one 
time so that stomatal aperture is a resultant of all these 
factors. (Smith and Geller, 1980). 

Various anatomical features of a leaf help prevent leaf senes-

cense during periods of stress and thus help improve yield. Transpira

tion can be decreased by concurrent reductions of leaf size and stomata 

density, sunken stomates, a reduction of surface area per unit mass, 

stomatal size reduction, and presence of epidermal hairs (trichomes). 

Sunken stomata and trichomes are effective when the plant is subjected 

to high winds, since they prevent disturbance of the boundary layer and 

consequent shortening of the water vapor diffusion path. 
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Investigations involving desert plants have evaluated the impor

tance of leaf morphology in the temperature, water and photosynthetic 

relations of the plants. The work of Parkhurst and Loucks (1970) pre

dicted that the size of a leaf could be increased, if the leaf had a low 

absorption to solar irradiance while exposed to high air temperatures and 

low relative humidity. Under these conditions, increasing leaf size 

would lead to increases in the plant's ability to conserve water. Gates 

and Papian (1971) produced a comprehensive evaluation of the influence 

of air temperature, humidity, wind speed, leaf size, stomatal resistance, 

and absorption of solar radiation on transpiration. According to their 

results, for higher air temperatures, leaves with highly reflective sur

faces, leaves in the shade, or leaves oriented away from direct sunlight, 

would have a high critical stomatal resistance to water vapor diffusion, 

i.e., the maximum stomatal resistance at which transpiration would ini

tially decrease with increasing leaf size would be relatively high. 

Thus, transpiration for a highly pubescent, sunlit leaf, under hot 

desert conditions, would decrease significantly with increasing leaf 

size for stomatal resistance lower than about 2 to 5 s cm"\ 

(Smith, 1978). Smith also found that for several desert broadleafed 

plants, leaf temperature was up to 17C below air temperature, due to 

rapid transpirational fluxes, a large leaf size (6 to 8 cm in length, 

and low solar radiation due to more pubescense. 



CHAPTER 3 

MATERIALS AND METHODS 

Field research concerning physiological responses of the buffalo 

gourd hybrids and their parents was conducted during the 1981 growing 

season. The experiments were conducted on a Brazito loam at the Uni

versity of Arizona Campus Agricultural Center. 

Seed was obtained through Dr. W. P. Bemis at the University of 

Arizona. Two hybrids (140 x 156) x 300, and 250 x 300, and two open-

pollinated, 300 and Synthetic #1, varieties were chosen as germplasm 

sources for this experiment. 

For field experiments, beds were shaped 101.6 cm apart and pre-

irrigated. Treatment of nitrogen fertilizer (type and rate unknown) 

Bensulide, 0,0-diisopropyl phosphorodithioate S-ester with N;-(2-mercap-

toethyl) benzenesulfonamide (5.63 kg ha"^), a pre-emergent herbicide, 

were incorporated into the soil with the first irrigation. The seed was 

planted 5 to 10 seeds per hill and hills were planted 9 to 10 m apart 

within the row. Four rows were planted with a fallow row between each 

row planted. Ten hills were planted per row. 

The seeds were planted by hand on 20 May 1981, using a randomized 

complete block design. The plot plan consisted of ten blocks, four 

hills per block. Each hill within a block was planted at random with 

one of the four varieties. The plants were thinned to one plant per 

hill after emergence. 


