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ABSTRACT 

The purpose of this study was to detect variability among 

ecotypes of the native grapevines in Arizona. Cuttings from two 

plants from each of six different locations in southeastern Arizona 

were collected and grown in the greenhouse. Apparent photosynthetic 

rate measurements, using a portable chamber, were taken in the green

house in three different experiments. The results were statistically 

analyzed and no significant differences among the apparent photo-

synthetic rate means of the different locations could be detected at 

the 5% level of significance for any of the experiments. 

Leaf area measurements were taken on all leaves tested in the 

photosynthetic rate experiments. No significant differences were 

detected at the 5% level among the leaf area means of the different 

locations. 

Some notable variations in plant morphology and growth habits 

were observed among the different ecotypes. 

xi 



INTRODUCTION 

World production of grapes exceeds that of any other fruit 

(Baker 1978). It is the world's most important fruit and figures 

largely in the economy of several countries. The area of vineyards 

harvested is in excess of ten million hectares. While the major por

tion is consumed as wine and spirits, grapes are also used in quantity 

as fresh fruit and dried as raisins (Coombe 1978). 

In the United States, grapes are grown in every state except 

Alaska (Winkler et al. 1974). In recent years there has been a marked 

increase in the area of vineyards harvested (Coombe 1978). 

Although California has always been the major producer in the 

United States, other states are now showing more interest in viti

culture. Recently, in the Four Corners Region of Arizona, Colorado, 

New Mexico, and Utah, research has been conducted to find better 

means of utilizing the area's natural agricultural resources. Grapes 

were indicated as a crop which would utilize less water, provide 

greater employment, and provide a higher economic return. Adaptable 

varieties were found for most locations of this region, and these 

varieties were found to produce wines of commercial quality (Mielke 

et al. 1980). 

In Arizona, table grapes are currently a major crop in the 

central and western parts of the state. However, modern research into 

4 1 



2 

wine grape production has been underway for only eleven years 

(Mielke et al. 1980). Primary attention needs to be given to the 

determination of what cultivar, or cultivars, will do well in a given 

area. Adaptability to a given region means not only adapting to 

the temperatures and rainfall of an area, but any pathogens or 

adverse soil factors, as well. Cultivar adaptability in Arizona has 

taken three, interrelated directions (microclimate, root rot, and 

soil and water salinity) (Mielke and Dutt 1982). 

To improve viticulture in Arizona, the native grapes of Arizona 

should be examined. It has often been found that the wild vine is a 

crucial source of natural resistant genes (Coombe 1978). Although a 

very small portion of world production is made up of grapes not purely 

Vitis vinifera L., it is in this area that the most active breeding 

programs have been and are being pursued. The non-vinifera sources of 

germplasm have provided opportunity to incorporate resistance to 

insects, diseases, and environmental extremes into V. vinifera. This 

resistance may be incorporated in hybrid direct producers or in root-

stocks (Janik and Moore 1975). 

Before the best use can be made of a wild species, it must be 

collected and evaluated. Knowledge of the taxonomy, phylogeny, geo

graphical distribution and desirable characteristics should be obtained 

(Hawkes 1977). 

For this project, ecotypes of wild grapevines from six different 

locations in southeastern Arizona were evaluated. This is the geo

graphical area where much of the interest in viticulture is currently 
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focused. The objective of this study was to collect information about 

these plants which may be useful in future breeding programs. 

As breeding objectives become more complex and more demanding, 

a broad genetic base becomes more essential (Hawkes 1981). To gain 

some knowledge of the existing variability in these grapevine ecotypes, 

comparisons of net photosynthetic rates, leaf area, plant morphology, 

and growth habits were made. 



LITERATURE REVIEW 

Photosynthesis 

All crop production ultimately depends on photosynthesis, and 

it is without question the most important physiological process of 

plants (Wilson 1981). This process converts electromagnetic energy 

present in the visible portion of sunlight into the chemical energy 

needed by green leaves to reduce COg and synthesize food materials. 

About ninety percent of the dry weight of higher plants is derived 

from COg assimilated by photosynthesis (Zelitch 1982). The capture 

and use of solar energy by crop communities takes place at several 

different organizational levels which may all be subject to genetic 

variation (Wilson 1981). 

Photosynthetic Rate Differences Between and Within Species Other 
Than Grapes 

Differences in leaf net photosynthesis among genotypes have 

been well documented. As early as 1963 (Hesketch), tenfold differences 

among species were being reported. Elmore, Hesketh, and Muramoto 

(1967) found differences within the species Gossypium hirsutum L. 

(cotton) for the first time. They compared several races representing 

primitive types of G. hirsutum with the cultivated types. Significant 

differences in photosynthetic rates at the 5% level were found among 

the different plants. An interspecific hybrid and its parents, 
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G. hirsutum and G. barbadense, were tested in the same study. The 

hybrid had the highest photosynthetic rate value and it was signifi

cantly different from its parents. 

Elmore et al. (1967) also reported that, according to personal 

communications with several other researchers, differences were also 

being found among varieties of rice (Oryza sativa L.), sugarcane 

( S a c c h a r u m  o f f i c i n a r u m  L . ) ,  a n d  c o r n  ( Z e a  m a y s  L . ) .  

Heichel and Musgrave (1969) investigated the net photosynthesis 

of corn varieties which encompassed a broad genetic base. They used 

several varieties grown in the field in temperate and tropical 

climates. They concluded that the two-to-three fold range in rates 

they obtained demonstrated varietal differences in net photosynthesis 

in Zea mays L. Photosynthetic heterosis in single crosses derived from 

inbreds of divergent ancestry was also apparent in this study. 

Soybeans (Glycine max L.) were found to be among some of the 

less efficient species in terms of photosynthesis. Since leaf photo

synthesis is the primary process ultimately delimiting crop yield, 

it was thought that differences in leaf net photosynthesis found within 

the species would be of obvious significance to crop improvement (Dorn-

hoff and Shibles 1970). 

The rate of photosynthesis for seedlings of 3b varieties of 

soybean, Glycine max L., was found to have a two-fold range when 

tested at saturating light intensity in a growth chamber. The range 

-2  -1  was 12 to 24 mgCC^dm hr (Curtis, Ogren, and Hageman 1969). 
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Dreger, Brun, and Cooper (1969) also worked with soybeans and 

found significant differences in net photosynthetic rates among ten 

- 2  - l  varieties. The range of means was 18.7 to 23.0 mgCOgdm hr . 

When Dornhoff and Shibles (1970) tested the leaf net photo

synthesis of soybean varieties at different concentrations of COg, 

they also found significant differences. The mean rate for all 20 

-2  -1  
varieties at 300 ppm CO2 was 35.2 mgCOgdm hr . This was higher than 

e i t h e r  C u r t i s  e t  a l .  ( 1 9 6 9 ) ,  w h o  u s e d  s e e d l i n g s ,  o r  D r e g e r  e t  a l .  

(1969), who used growth chamber plants, had reported. The possible 

explanation given for this was the difference in plant materials used. 

Studies to correlate variation in photosynthetic rates within 

different species with other crop factors were then made. Bhagsari 

(1981) and Bhagsari and Harmon (1982) found significant differences in 

net photosynthetic rates among genotypes of sweet potato, Impomoca 

batatas L., but failed to show any significant correlation of these 

differences to differences in yield. 

Ford, Shibles, and Green (1983) took boybean lines selected 

for divergent leaf photosynthetic ability and measured the differ

ences in seed yield and canopy growth. Nine each of the most rapid 

and slowest total photosynthesis lines were selected. Although 

the rapid group's mean total photosynthesis was 13% greater than the 

mean of the slow group, the groups did not vary with respect to seed 

yield or canopy growth. This was in agreement with the results obtained 

by Crosbie and Pearce (1982) when they measured the effects of recurrent 
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phenotypic selection for high and low photosynthesis on yield in two 

maize populations. 

Zelitch (1982) did a survey study on the relationship between 

net photosynthesis and crop yield. Although most of the research done 

between 1970 and 1980 indicated there was no relationship, Zelitch 

maintained otherwise. He concluded that crop yield was closely related 

to the net photosynthetic assimilation of COg throughout an entire 

season, but instantaneous measurements of photosynthesis may be mis

leading. Increasing the rates of net photosynthesis and translocation 

and enlarging the storage capacity by selection and breeding may bring 

about large increases in yield, especially in Cg species. 

More recently, Dwelle, Hurley, and Pavek (1983) concurred with 

t his opinion after examining three potato (Solanum tuberosum L.) clones 

which had higher rates of photosynthesis, maintained the higher rates 

throughout the duration of a day and a season, and often produced 

higher yields. They concluded that the lack of correlation between 

short-term measurements of photosynthesis and economic crop yields was 

not surprising because many physiological functions contribute to and 

often limit yields. However, higher rates of photosynthesis are still 

an essential step toward higher yields. Plant breeders must identify 

parental lines with high photosynthetic rates as well as with efficient 

nutrient uptake, increased disease resistance, etc., and then breed to 

combine these attributes (Dwelle et al. 1983). 
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Photosynthetic Rate Differences Between, and Within Grape Species 

As in other plant species, there are inherent differences in 

photosynthetic capacities between Vitis species and among varieties 

within a species (Winkler et al. 1974), however, very few studies 

demonstrating such variation have been published. 

Most recently, Almanfi (1981) did a two year study with culti

vars of Vitis vinifera. In 1979, the apparent photosynthetic rate of 

six cultivars was measured on sixteen different days, between May 15 

and July 4. Measurements were taken between 6 a.m. and 10 a.m. All 

cultivars showed a wide variation from day to day. The range was from 

- 2  - 1  1.2 to 17.1 mgC02dm hr . Comparisons among the overall means of each 

cultivar showed no significant differences at the 5% level. 

In 1980, the apparent photosynthetic rate of eight cultivars 

was measured by Almanfi (1981) on six consecutive days from July 9 

to July 14. Measurements were taken between 8 a.m. and 10 a.m. The 

-2 -1 range of values was from 2.6 to 14.6 mgCOgdm hr . The analysis of 

variance showed significant differences existed at the 5% level: 

Vi ti s arizonica Engelm. 

The binomial Vitis arizonica began in 1869 with Engelman in 

American Naturalist as a nomen nudum. In 1870, the grape was pro

visionally named Vitis arizonensis by Dr. Engelman. The first tenable 

publication using the name Vitis arizonica was in 1875 (Bailey 1934). 
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In 1896 (Husmann) V. arizonica was described as an intermediate 

between riparia and californica, with upright growth and shiny 

leaves. It never seemed to flourish well and had not yet been fully 

tried. 

Munson (1909) described this type as having gray cottony hairs 

upon the leaves giving the entire plant a dull ashy appearance. Speci

mens of this type were collected from western Texas along the Rio 

Grande; Chloride, New Mexico; in the mountains thirty miles north of 

Phoenix, Arizona; and in the Bradshaw Mountains near Prescott, Arizona. 

At that time no wild or artificial hybrids were known and it was 

thought there was not much value in the species. It was known to 

endure cold and drought well, but excessive moisture caused mildew and 

rot injury. It grew easily from cuttings and did better in sandy than 

heavy soils. The common name listed was Hairy-leaved Gulch Grape. 

Munson (1909) also described a Smooth-leaved Gulch Grape which 

he named V. Treleasei Munson. His first specimens came from the 

Bradshaw Mountains, Arizona. It was later found to occur throughout 

New Mexico and Arizona, while V. arizonica was found only in the 

southern parts of this region. He described both the abaxial and 

adaxial leaf surfaces as smooth and shining, and said the vine was of 

little or no viticultural interest. It was very sensitive to downy 

mildew (Plasmopara viticola) and black rot (Guignardia bidwellii). 

Bailey (1934) gave the common name Canyon Grape to V. arizonica. 

He reported its occurrence in canyons and along river banks in western 

Texas, New Mexico, Arizona, and Mexico. It was also reported in 



10 

southeastern California and Nevada, but he said these could have been 

V. California or V. girdiana. Bailey's description of V. arizonica 

follows: 

Grayish vine, mostly small or weak, much branched, not 
high-climbing in native locations: young growths ashy-gray 
from the tomentum of the shoots (which may be slightly 
tinted at first) and cobwebby covering of leaves...leaves 
broadly cordate-ovate with triangular apex, small in native 
regions being 5-10 cm. long above petiole and as much or 
more in breadth, commonly obscurely lobed or shouldered but 
outline sometimes continuous, basal sinus from narrowly 
inverted U-shaped to broad and open...margins with rather 
small or mucronate uneven teeth (that are 2-4 mm. high), 
both surfaces more or less permanently covered with gray 
cottony hairs or upper surface becoming only indifferently 
floccose, petiole floccose... 

Bailey (1934) also listed and described two varieties which 

Munson (1909) had apparently named even though he did not include 

them in his 1909 publication. V. arizonica var. glabra is described 

as essentially glabrous: leaves mostly larger and more or less glossy: 

seeds often larger. Reported with the species and in southern Utah; 

imperfectly understood. This variety appears to be very similar to the 

V. Treleasei which Munson also named. The second variety, Galvini, 

was found in Chihuahua, Mexico. It was described as having larger, 

more cut, and bright green leaves and larger clusters and berries. 

Bailey said that it was commonly accepted that V. arizonica is an 

inharmonious species and in need of definite field study. 

More recent descriptions speak of a typical V. arizonica, with 

permanently more or less pubescent leaves with a glabrous variety 

glabra, occurring throughout the range of the species in Arizona 

(Kearney and Peebles 1960, McDougall 1973). The berries were of good 
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quality for jelly and grape juice and were much eaten by birds. They 

were also eaten, both fresh and dried, by the Indians (Kearney and 

Peebles 1960). Several specimens with unusual leaf shapes were 

recorded (Kearney and Peebles 1960), and a recent study done in Flag

staff found some discrepancy in species description and actual collec

tions of the wild berries (Johnson and Kingsolvar 1975). 

The purpose of this project was to detect variability in net 

photosynthetic rates, leaf area, plant morphology, and growth habits 

among ecotypes of V^_ arizonica. 



MATERIALS AND METHODS 

Sample Collection and Growth 

In November 1982, cuttings from dormant vines were collected 

from two different plants from the following six locations in south

eastern Arizona: Pima Canyon, Molino Basin, and Bear Canyon in the 

Santa Catalina Mountains just north of Tucson; Turkey Creek and 

Rucker Canyon in the Chirichahua Mountains southeast of Tucson; and 

Stronghold Canyon East in the Dragoon Mountains southeast of Tucson. 

Six 2 to 3 node cuttings approximately 6 to 12 mm in diameter, 

from each of the twelve plants were rooted in a peat moss and vermicu-

lite mixture in the greenhouse in December 1982. A nutrient solution 

was applied in early and late April 1983. In May 1983,the plants were 

transplanted into equal parts of soil and peat moss in one gallon 

metal cans with drainage holes in the bottom. The plants were allowed 

to dry down in September 1983 and were then cut back to 2 to 3 buds. 

When the plants had approximately five leaves they became infested 

with Varigated Leafhoppers (Erythroneura variabilis). Raid Tomatoe 
n 

and Vegetable Fogger (active ingredient 0.2% pyrethrins, inert 

ingredients 99.8%) was applied to all plants. The insects were then 

under control but powdery mildew (Uncinula necator) soon appeared. 

Because of all the insect and disease damage the plants were once 

12 
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again allowed to dry down and then cut back to 2 to 3 buds in January 

1984. A nutrient solution was applied twice in March, three weeks 

apart. 

Observations of .growth habits and phenotypic differences were 

made throughout the study and the first photosynthetic rate measure

ments were taken on April 6, 1984. 

Photosynthesis and Leaf Area 

Methods and Equipment 

Apparent photosynthetic rates were measured in the greenhouse 

using the methods of Clegg and Sullivan (1975). A portable, handheld, 

plexiglass chamber, with a volume of 2.346 liters and external dimensions 

of 15.2 centimeters by 15.2 centimeters by 13.3 centimeters was used. 

It was used on a single, attached leaf for each measurement. The 

chamber is hinged, with a latch, and foam rubber seals around the edges. 

A battery operated fan, 5.7 centimeters in diameter, was in the bottom 
D 

of the chamber to provide air turbulence. Two Monoject (6cc) plastic 

syringes were inserted through rubber septa in the side of the chamber 

prior to closing the chamber around a leaf. One syringe was pulled 

immediately after the chamber was closed and latched, the other was 

pulled one minute later. The two air sample syringes were then removed 

from the side of the chamber and inserted into a rubber stopper to 

prevent leakage and then placed in a cooler. 

After all samples were collected they were taken to the 

laboratory to determine the change in COg concentration between each 
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pair of syringes. This was done with a model 865 Beckman infrared 

analyzer and a Fluke multimeter 8024A. At the end of each experiment, 

the leaves tested were run through a LI-COR area meter, model LI-3100, 

to determine the leaf area. 

At least once during each sampling period, the temperature (°C), 

relative humidity (%), and photosynthetically active radiation 

-2 -1 (^EM sec ) were measured using a LI-COR steady state porometer, 

model LI-16-0. 

The photosynthetic rate was calculated using the methods of 

Muramoto, Hesketh and Elmore (1967) as follows: Net P = AC02(K)/A. 

-2  -1  Net P is the photosynthetic rate (mgCOgdm hr ). 

ACOg is the difference in COg concentration in parts per 

million COg by air volume in the air samples of each pair of syringes. 

Air samples of known COg concentrations were used each time to cali

brate the IRGA. 

K is the constant for conversion of volume of COg to milligrams 

of COg where 22.4 liters of COg at 0°C and one atmosphere pressure is 

equal to 44,000 milligrams of COg. [(44,000 mgCOg/22.4 JlfCOg) 

(273 Kelvin/296 Kelvin) (692 mmHg/760 mmHg)] is an approximate empiri

cal conversion factor from liters of COg to milligrams of COg for the 

location (Tucson, Arizona) (Muramoto et al. 1967). K also includes 

the volume of the chamber (2.346 H), the time conversion factor 

(60 min/1 hr), and the parts per million conversion factor (1/10®). 

Therefore, K = (60 min/1 hr) (2.346 () (692 mmHg/760 mmHg) (273 Kelvin/ 

ambient temperature Kelvin) (44,000 mg/22.4 J?) (1/10®). 
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A is the leaf area in square decimeters. 

Trial Runs 

On April 6, 9, and 11 photosynthetic rate measurements were 

taken, but have not been included as experiments for several reasons. 

The data is available in Appendix A. On April 6, 1984, the plants 

were in a very poorly lighted greenhouse and on April 9, 1984, the 

measurements were taken outside on a windy day. Following these 

measurements, all plants were moved to a different greenhouse where 

they were exposed to much more sunlight. On April 11, 1984, only 

ten clones from two locations were tested for an appropriate sampling 

time interval and new environmental conditions. It was concluded from 

these results that all further measurements be taken at that location 

with a sampling time of one minute. 

Experiment I 

Experiment I was done on April 24, 1984, between 8:45 a.m. and 

9:50 a.m., using three clones of each of the two plants from five loca

tions. None of the clones of the first plant from Bear Canyon sur

vived, therefore, only five locations are included in all the experi

ments. The three clones' photosynthetic rates were averaged together 

to obtain a value for each of the two plants from the different 

locations, with the exception of the second plant from the Dragoon 

Mountains. Only one clone survived from this plant, so its measurement 

was taken directly without averaging. 
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The plants were watered the night before the experiment. The 

leaves tested were the 6th, 7th, or 8th from the meristem. If the 7th 

leaf was diseased or damaged, the 6th or 8th leaf was chosen, depending 

on the uniformity of condition and size with the 7th leaf of other 

plants. 

Experiment II 

Experiment II was done on May 3, 1984. The same leaf on two 

different clones from each of the two plants from five locations was 

tested at four different times during the day; between 8:13 a.m. and 

9:03 a.m., between 11:03 a.m. and 11:45 a.m., between 2:10 p.m. and 

2:43 p.m., and between 4:06 p.m. and 4:51 p.m. The rates for the two 

clones were averaged together to obtain the value for each plant, once 

again with the exception of the second plant from the Dragoon Mountains, 

from which the value of the one surviving clone was taken directly. 

The data were analyzed for the four different times of the day. 

The plants were watered the night before the experiment. The 

leaves tested were the 6th, 7th, or 8th from the meristem. 

Experiment III 

Experiment III was done on May 25, 1984 through May 28, 1984. 

Measurements were taken once daily between 8:40 a.m. and 9:35 a.m. 

The 7th leaf from the meristem on two different clones from each of 

the two plants from five locations were tested. The value of each 

plant was obtained by averaging the photosynthetic rates of the two 
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clones. For the single surviving clone from the Dragoon Mountains, two 

leaves, each on separate shoots, were tested and the values were 

averaged to obtain the value for the second plant from this location. 

The data were analyzed on a single day basis. 

The plants were watered two nights before the experiment and 

again on the third day of the experiment after the measurements were 

taken for that day. 

Grapevine Descriptions 

Vine descriptions were made according to the methods of Galet 

(1979). Galet bases his descriptions on the growing tips and leaves 

of vines, rather than on the grape cluster. Special attention is given 

to the indument and leaf structure. He developed a system for measur

ing and codifying leaf structure. Leaf shape is coded by measuring 

the length and angles of the veins, the ratio of length to width, 

and the depth of the lateral sinuses. The measured veins, angles, 

and sinuses are labeled on the outline of a leaf shown in Figure 1. 

The basic ampelometric formula of the leaf has three sections: 

ABC-r-S'S. The first part refers to the ratios of the length of the 

veins. A=L2/L1, B=L3/L1, and C=L4/L1. The quotients obtained are 

converted into code numbers from 0 to 9 which are shown in Table 1. 

The fourth digit in the basic leaf formula is r. r=total 

length/total width. The quotients and code numbers for r are shown 

in Table 2. 
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Table 1. Quotients and corresponding code numbers for the first 
three digits (A, B, C) of the basic ampelometric formula. 

Code Quotients Code Quotients 

0 0.91-1 5 0.41-0.50 

1 0.81-0.90 6 0.31-0.40 

2 0.71-0.80 7 0.21-0.30 

3 0.61-0.70 8 0.11-0.20 

4 0.51-0.60 9 0.0 -0.10 

Table 2. Quotients and corresponding code numbers for the fourth 
digit (r) of the basic ampelometric formula. 

r Code 

0.80 0 

0.81-0.90 1 

0.91-1.0 2 

1.01-1.10 3 

1.11-1.20 4 

1.21-1.30 5 

1.31-1.40 6 



LI 

Figure 1. Outline of a vine leaf. (Adapted from A Practical 
Ampelography by Pierre Galet.) 
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The fifth and sixth digits of the basic ampelometric fonnula 

are S' and S, respectively. S' and S are the sums of angles between 

principal veins (Figure 1). S' is the angle between LI and L3 

and S is the angle between LI and L4. As with the preceding measure

ments, the value of angles S* and S have been codified. These numbers 

are shown in Table 3. 

Table 3. Angle measurements and corresponding code numbers for the 
fifth and sixth digits (S'S) of the basic ampelometric 
formula. 

Angle Angle 
Angle S* between LI and L3 Angle S between LI and L4 

code 0 70° code 0 100 

code 1 71° - 80° code 1 101° - 110 

code 2 81° - 90° code 2 111° - 120 

code 3 91° -100° code 3 121° - 130 

code 4 101° -110° code 4 131° - 140 

code 5 1110 -120° code 5 141° - 150 

code 6 121° -130° code 6 151° - 160 

code 7 131° -140° code 7 161° - 170 

code 8 141° -150° code 8 171° - 180 

code 9 151° code 9 181 
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To this basic leaf formula may be added the two digit code for 

the depths of the superior and inferior sinuses. According to Galet, 

knowing the depth of the lateral sinuses enables one to classify 

varieties according to their lobing. Combined with the secondary 

characteristics of the leaf, they permit one to distinguish between 

varieties and similar clones. The depth of a sinus is determined by 

the ratio of the distance from the base of the sinus to the petiolar 

junction and the length of the corresponding lateral vein. Superior 

sinus = distance from petiolar junction to base of sinus/L2. Inferior 

sinus = distance from petiolar junction to base of sinus/L3. The code 

numbers used are given in Table 1. A code of 00 to 21 means that the 

leaf is entire, nearly entire, or faintly lobed. The lobing is average 

for a code of 31 to 42. The leaves are deeply to very deeply lobed for 

codes of 54 to 64. 

For this study, ten leaves from each location were measured. 

A representative leaf was then chosen and photocopied. Code numbers 

are given in the vine descriptions, ih addition to the descriptive 

terms assigned to them by Galet (1979). 



RESULTS AND DISCUSSION 

Photosynthesis and Leaf Area 

Table 4 is a summary of the dates, times, light intensity, 

relative humidity, and temperature for the three photosynthetic rate 

experiments. The overall range of testing times was from 8:13 a.m. to 

4:51 p.m. The overall range of light intensity, pnotosynthetically 

-2 -1 PI 
active radiation (PAR), was from919^Em s to 1700^Em" s~ . The 

overall range of relative humidity was from 18% to 25%. The overall 

range of temperature was from 29°C to 35°C. 

Experiment I 

The net photosynthetic rates of five grapevine ecotypes 

obtained in Experiment I was shown in Table 5. The means range from 

-2  -1  -2  -1  5.6 mgCC^dm hr for the Dragoon Mountains to 14.5 mgCOgdm hr for 

Molino Basin. These mean values are somewhat high, but comparable to 

those obtained by Almanfi (1981) for six cultivars of Vitis vinifera 

- 2  - 1  in 1979. The range of means he obtained was 6.6 mgCC^dm hr to 

- 2  - 1  - 2  - 1  
8.9 mgCOgdm hr . In 1980 he obtained a range of 4.8 mgCX^dm hr 

-2  -1  to 10.9 mgCOgCm hr for the apparent photosynthetic rates of eight 

cultivars. 

The leaf area measurements of five grapevine ecotypes obtained 

2 in Experiment I are shown in Table 6. The means range from 0.213 dm 

2 for Rucker Canyon to 0.264 dm for Turkey Creek. 

22 
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Table 4. Summary of the dates, times, light intensity, relative 
humidity, and temperature for the three experiments. 
Relative humidity and temperature measurements were taken 
at the end of each testing period. 

Experiment Date Time 
Light 

Intensity 

OqEm"^s"^) 

R.H. 

(%) 

Temp. 
(°C) 

I 4/24/84 8:45 a.m.-9:50 a.m. 1100-1700 21 35 

II 5/3/84 8:13 a.m.-9:03 a.m. 1060 25 29 

11:03 a.m.-l1:45a.m. 1150 20 34 

2:10 p.m.-2:43 p.m. 1680-1470 20 34 

4:06 p.m.-4:51 p.m. 919 22 31 

III 5/25/84 8:40 a.m.-9:35 a.m. 1160-1360 18 35 

5/26/84 8:40 a.m.-9:30 a.m. 980-1350 22 29 

5/27/84 8:40 a.m.-9:35 a.m. 1170-1230 19 30 

5/28/,84 8:40 a.m.-9:25 a.m. 1100-1260 19 33 

The analyses of variance for the net photosynthetic rates 

and leaf areas obtained in Experiment I are shown in Table 7. These 

analyses of variance indicate that no significant differences among 

the net photosynthetic rates or leaf areas of the five ecotypes can 

be detected at the 5% level of significance. The analysis of variance 
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Table 5. Net photosynthetic rates of five grapevine ecotypes. Means 
are the average of two plants. Each plant value is the 
average of three clones. Measurements were taken between 
8:45 a.m. and 9:50 a.m. on April 24, 1984. 

Ecotype Location 
Plants 

1 2 
-2 -1 mgCC^dm hr 

Mean 

Turkey Creek 8.8 9.3 9.1 

Rucker Canyon 10.2 '9.9 10.1 

Dragoon Mountains 4.8 8.1* 5.6 

Molino Basin 17.6 11.4 14.5 

Pima Canyon 5.5 8.4 7.0 

•Value of one clone only. 

Table 6. Leaf area of five grapevine ecotypes. Means are the average 
of leaf area measurements from two plants. Each plant value 
is the average of leaf area measurements from three clones. 
Leaf area measurements were made on each leaf tested for net 
photosynthetic rate on April 24, 1984. 

Ecotype Location 
Plants 

1 2 

dm^ 

Mean 

Turkey Creek 0.285 0.243 0.264 

Rucker Canyon 0.234 0.193 0.213 

Dragoon Mountains 0.232 0.236 0.233 

Molino Basin 0.262 0.224 0.243 

Pima Canyon 0.281 0.219 0.250 
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for the net photosynthetic rates indicates that significant differences 

among the ecotypes can be detected at the 8% level of significance. 

Table 7. ANOVA of net photosynthetic rates (NPR) and leaf area (LA) 
of five grapevine ecotypes on April 24, 1984. 

Univariate F-tests with (4,5) D.F. 
Treatment Error Treatment Error Sig. 

Variable SS SS MS MS F of F1 

NPR 252.626 79.896 63.157 15.979 3.952 0.082 

LA 0.009 0.013 0.002 0.003 0.822 0.563 

Experiment II 

Measurements for Experiment II were taken at four different 

times on May 3, 1984. The results of these four testing periods have 

been analyzed separately. 

The net photosynthetic rates of five grapevine ecotypes 

obtained between 8:13 a.m. and 9:03 a.m. are shown in Table 8. The 

-2 -1 means range from 4.5 mgCC^dm hr for the Dragoon Mountains to 13.2 

-2 -1 mgCC^dm hr for Molino Basin. 

The leaf area measurements obtained in Experiment II are shown 

2 in Table 9. The means range from 0.173 dm for the Dragoon Mountains 

to 0.227 dm^ for Pima Canyon. 

The analyses of variance for the net photosynthetic rates 

obtained between 8:13 a.m. and 9:03 a.m. and the leaf areas obtained 
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Table 8. Net photosynthetic rates of five grapevine ecotypes. Means 
are the average of two plants. Each plant value is the 
average of two clones. Measurements were taken between 
8:13 a.m. and 9:03 a.m. on May 3, 1984. 

Ecotype Location 
Plants 

1 1 
-2 -1 

mgCOgdm hr 

Mean 

Turkey Creek 5.4 11.4 8.4 

Rucker Canyon 8.1 10.3 9.2 

Dragoon Mountains -2.1 17.6* 4.5 

Molino Basin 12.1 14.3 13.2 

Pima Canyon 13.7 12.2 13.0 

*Value of one clone only. 

Table 9. Leaf area of five grapevine ecotypes. Means are the average 
of leaf area measurements from two plants. Each plant value 
is the average of leaf area measurements from two clones. 
Leaf area measurements were made on each leaf tested for 
net photosynthetic rate on May 3, 1984. 

Plants 
Ecotype Location 1 2 Mean 

dm2 

Turkey Creek 0.191 0.179 0.185 

Rucker Canyon 0.239 0.210 0.225 

Dragoon Mountains 0.179 0.161 0.173 

Molino Basin 0.212 0.219 0.216 

Pima Canyon 0.269 0.185 0.227 
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on May 3, 1984 are shown in Table 10. These analyses of variance 

indicate that no significant differences among the net photosynthetic 

rates or leaf areas of the five ecotypes can be detected at the 5% 

level of significance. 

Table 10. ANOVA of net photosynthetic rates (NPR) and leaf area (LA) 
of five grapevine ecotypes on May 3, 1984 between 8:13 a.m. 
and 9:03 a.m. 

Univariate F-tests with (4,5) D.F. 

Variable 
Treatment 

SS 
Error 

SS 
Treatment 

MS 
Error 

MS F 
Sig. 
of F 

NPR 181.129 310.153 45.282 62.031 0.730 0.609 

LA 0.009 0.008 0.002 0.002 1.272 0.391 

The net photosynthetic rates of five grapevine ecotypes 

obtained between 11:03 a.m. and 11:45 a.m. on May 3, 1984 are shown 

- 2  - 1  in Table 11. The means range from 3.3 mgC^dm hr for Rucker 

-2  -1  Canyon to 17.1 mg^dm hr for Pima Canyon. 

The analysis of variance indicates that no significant differ

ences among the net photosynthetic rates of the five ecotypes can be 

detected at the 5% level of significance (Table 12). 

The net photosynthetic rates of the five grapevine ecotypes 

obtained between 2:10 p.m. and 2:43 p.m. on May 3, 1984 are shown in 

- 2  - 1  Table 13. The means range from 0.2 mgC^dm hr for Rucker Canyon 

-2  -1  
to 27.0 mgCOgdm hr for Turkey Creek. 
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Table 11. Net photosynthetic rates of five grapevine ecotypes. Means 
are the average of two plants. Each plant value is the 
average of two clones. Measurements were taken between 
11:03 a.m. and 11:45 a.m. on May 3, 1984. 

Ecotype Location 
Plants 

1 2 
-2 -1 

mgCOgdm hr 

Mean 

Turkey Creek - 1.2 14.0 6.4 

Rucker Canyon 0.7 5.9 3.3 

Dragoon Mountains 11.9 8.2* 10.7 

Molino Basin 6.0 11.7 8.9 

Pima Canyon 10.1 24.0 17.1 

•Value of one clone only. 

Table 12. ANOVA of net photosynthetic rates (NPR) of five grapevine 
ecotypes between 11:03 a.m. and 11:45 a.m. on May 3, 1984. 

Univariate F-test with (4,5) D. F. 

Variable 
Treatment 

SS 
Error Treatment 

SS MS 
Error 

MS F 
Sig. 
of F 

NPR 427.113 492.260 106.778 98.452 1.085 0.453 

The analysis of variance (Table 14) indicates that no signifi

cant differences among the five ecotypes can be detected at the 5% 

level of significance. 
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Table 13. Net photosynthetic rates of five grapevine ecotypes. Means 
are the average of two plants. Each plant value is the 
average of two clones. Measurements were taken between 
2:10 p.m. and 2:43 p.m. on May 3, 1984. 

Ecotype Location 
Plants 

1 2 
-2 -1 mgQ^dm hr 

Mean 

Turkey Creek 8.1 45.8 27.0 

Rucker Canyon 1.4 -0.9 0.2 

Dragoon Mountains 0.0 14.0* 4.6 

Molino Basin 9.2 18.1 13.7 

Pima Canyon 19.0 20.8 19.9 

*Value of one clone only. 

Table 14. ANOVA of net photosynthetic rates (NPR) of five grapevine 
ecotypes between 2:10 p.m. and 2:43 p.m. on May 3, 1984. 

Univariate F-test with (4.5) O.F. 
Treatment Error Treatment Error Sig. 

Variable SS SS MS MS F of F 

NPR 1827.499 1636.990 456.875 327.398 1.395 0.356 
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The net photosynthetic rates of the five grapevine ecotypes 

obtained between 4:06 p.m. and 4:51 p.m. on May 3, 1984 are shown in 

-2  -1  Table 15. The means range from -1.5 mgCOgdm hr for Pima Canyon to 

-2 -1 7.3 mgCOgdm hr for the Dragoon Mountains. 

The analysis of variance (Table 16) indicates that no signifi

cant differences among the net photosynthetic rates of the five 

ecotypes can be detected at the 5% level of significance. 

Table 15. Net photosynthetic rates of five grapevine ecotypes. Means 
are the average of two plants. Each plant value is the 
average of two clones. Measurements were taken between 
4:06 p.m. and 4:51 p.m. on May 3, 1984. 

Ecotype Location 
Plants 

1 
>2 

mgCOgdm 

2 

hr"1 

Mean 

Turkey Creek 9.9 2.8 6.3 

Rucker Canyon 8.7 -1.0 3.9 

Dragoon Mountains 6.4 9.1* 7.3 

Molino Basin 4.1 4.6 4.4 

Pima Canyon -2.8 -0.3 -1.5 

*Va1ue of one clone only. 
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Table 16. ANOVA of net photosynthetic rates (NPR) of five grapevine 
ecotypes between 4:06 p.m. and 4:51 p.m. on May 3, 1984. 

Univariate F-test with (4,5) D.F. 

Variable 
Treatment 

SS 
Error Treatment Error Sig. 

SS MS MS F of F 

NPR 177.270 155.243 44.317 31.049 1.427 0.347 

Experiment III 

Measurements were taken between 8:40 a.m. and 9:35 a.m. on 

four consecutive days, May 25 through May 28, 1984, for Experiment III. 

Each of the days has been analyzed separately. 

The net photosynthesis rates of the five grapevine ecotypes 

obtained on May 25, 1984 are shown in Table 17. The means range 

- 2  - 1  - 2  - 1  from 3.7 mgCOgdm hr for Rucker Canyon to 18.8 mgCOgdm hr for 

Pima Canyon. 

The leaf area measurements of five grapevine ecotypes obtained 

on the first day of Experiment III are shown in Table 18. The means 

2 2 range from 0.119 dm for Turkey Creek to 0.162 dm for Rucker Canyon. 

The analyses of variance for the net photosynthetic rates 

and leaf areas obtained on the first day of Experiment III indicate 

that no significant differences among the five ecotypes can be 

detected at the 5% level of significance (Table 19). 
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Table 17. Net photosynthetic rates of five grapevine ecotypes. Means 
are the average of two plants. Each plant value is the 
average of two clones. Measurements were taken between 
8:40 a.m. and 9:35 a.m. on May 25, 1984. 

Ecotype Location 
Plants 

1 i 
-2 -1 

mgCOgdm hr 

Mean 

Turkey Creek 17.4 17.8 17.6 

Rucker Canyon -7.4 14.9 3.7 

Dragoon Mountains 9.8 21.9* 15.9 

Molino Basin 20.6 5.1 12.8 

Pima Canyon 25.1 12.6 18.8 

•Value is average of two different leaves on separate shoots of a 
single clone. 

Table 18. Leaf area of five grapevine ecotypes. Means are the average 
of leaf area measurements from two plants. Each plant value 
is the average of measurements from two clones. Measure
ments were made on each leaf tested for net photosynthesis 
on May 25, 1984. 

Plants 
Ecotype Location 1 2 Mean 

2 dm 

Turkey Creek 0.119 0.119 0.119 

Rucker Canyon 0.193 0.131 0.162 

Dragoon Mountains 0.175 0.122 0.149 

Molino Basin 0.131 0.130 0.130 

Pima Canyon 0.119 0.149 0.134 
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Table 19. ANOVA of net photosynthetic rates (NPR) and leaf area (LA) 
of five grapevine ecotypes on May 25, 1984. 

Univariate F-tests with (4,5) D.F. 

Variable 
Treatment 

SS 
Error 

SS 
Treatment 

MS 
Error 

MS F 
Sig. 
of F 

NPR 584.540 1045.434 146.135 209.087 0.699 0.625 

LA 0.004 0.008 0.001 0.002 0.733 0.607 

The net photosynthetic rates of five grapevine ecotypes 

obtained on May 26, 1984 are shown in Table 20. The means range from 

- 2  - 1  - 2  - 1  8.7 mgCOgdm hr for Rucker Canyon to 18.4 mgCOgdm hr for Turkey 

Creek. 

Table 20. Net photosynthetic rates of five grapevine ecotypes. Means 
are the average of two plants. Each plant value is the 
average of two clones. Measurements were taken between 
8:40 a.m. and 9:30 a.m. on May 26, 1984. 

Ecotype Location 
Plants 

1 2 
-2 -1 

mgCOgdm hr 

Mean 

Turkey Creek 23.4 13.4 18.4 

Rucker Canyon 9.6 7.9 8.7 

Dragoon Mountains 12.0 19.7* 15.9 

Molino Basin 10.8 16.2 13.5 

Pima Canyon 5.4 22.6 14.0 

•Value is average of two different leaves on separate shoots of a 
single clone. 
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The leaf area measurements obtained on the second day of 

2 Experiment III are shown in Table 21. The means range from 0.122 dm 

2 for Turkey Creek to 0.165 dm for Rucker Canyon. 

Table 21. Leaf area of five grapevine ecotypes. Means are the average 
of leaf area measurements from two plants. Each plant value 
is the average of measurements from two clones. Measure
ments were made on each leaf tested for net photosynthesis 
on May 26, 1984. 

Ecotype Location 
PI ants 

1 2 

d,2 

Mean 

Turkey Creek 0.122 0.123 0.122 

Rucker Canyon 0.197 0.134 0.165 

Dragoon Mountains 0.178 0.125 0.152 

Molino Basin 0.134 0.135 0.134 

Pima Canyon 0.122 0.152 0.137 

The analyses of variance for the net photosynthetic rates and 

leaf areas obtained on the second day of Experiment III indicate that 

no significant differences among the five ecotypes can be detected at 

the 5% level of significance (Table 22). 

The net photosynthetic rates of five grapevine ecotypes 

obtained on May 27, 1984 are shown in Table 23. The means range from 

-2  -1  -2  -1  
-18.0 mg^dm hr for Molino Basin to 13.1 mgCOgdm hr for the 

Dragoon Mountains. 
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The leaf area measurements obtained on the third day of 

2 Experiment III are shown in Table 24. The means range from 0.126 dm 

2 for Turkey Creek to 0.169 dm for Rucker Canyon. 

Table 22. ANOVA of net photosynthetic rates (NPR) and leaf area (LA) 
of five grapevine ecotypes on May 26, 1984. 

Univariate F-tests with (4,5) D.F. 
Treatment Error Treatment Error Sig. 

Variable SS SS MS MS F of F 

NPR 203.355 489.192 50.839 97.838 0.520 0.727 

LA 0.004 0.008 0.001 0.002 0.724 0.612 

Table 23. Net photosynthetic rates of five grapevine ecotypes. Means 
are the average of two plants. Each plant value is the 
average of two clones. Measurements were taken between 
8:40 a.m. and 9:35 a.m. on May 27, 1984. 

Ecotype Location 
Plants 

1 2 
- 2  -1 

mgCOgdm hr 

Mean 

Turkey Creek -7.8 12.5 2.4 

Rucker Canyon -2.9 3.1 0.1 

Dragoon Mountains 21.1 5.0* 13.1 

Molino Basin -5.5 -30.4 -18.0 

Pima Canyon 8.4 -1.6 3.4 

•Value is average of two different leaves on separate shoots of a 
single clone. 
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Table 24. Leaf area of five grapevine ecotypes. Means are the average 
of leaf area measurements from two plants. Each plant value 
is the average of measurements from two clones. Measure
ments were made on each leaf tested for net photosynthesis 
on May 27, 1984. 

Ecotype Location 
Plants 

1 2 

dm2 

Mean 

Turkey Creek 0.125 0.126 0.126 

Rucker Canyon 0.200 0.137 0.169 

Dragoon Mountains 0.182 0.129 0.155 

Molino Basin 0.137 0.138 0.138 

Pima Canyon 0.126 0.155 0.141 

The analyses of variance for the net photosynthetic rates and 

leaf areas obtained on the third day of Experiment III indicate that 

no significant differences among the five ecotypes can be detected 

at the 5% level of significance (Table 25). 

Table 25. ANOVA of net photosynthetic rates (NPR) and leaf area (LA) 
of five grapevine ecotypes on May 27, 1984. 

Univariate F-tests with (4,5) D.F. 
Treatment Error Treatment Error Sig. 

Variable SS SS MS MS F of F 

NPR 2041.312 1423.183 510.328 284.637 1.793 0.267 

LA 0.004 0.008 0.001 0.002 0.724 0.612 
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The net photosynthetic rates of five grapevine ecotypes 

obtained on May 28, 1984 are shown in Table 26. The means range from 

- 2  - 1  - 2  - 1  6.7 mgCOgdm hr for the Dragoon Mountains to 17.9 mgCOgdm hr for 

Turkey Creek. 

Table 26. Net photosynthetic rates of five grapevine ecotypes. Means 
are the average of two plants. Each plant value is the 
average of two clones. Measurements were taken between 
8:40 a.m. and 9:25 a.m. on May 28, 1984. 

Ecotype Location 
Plants 

1 2 
-2 -1 

mgCOgdm hr 

Mean 

Turkey Creek 18.0 17.7 17.9 

Rucker Canyon 15.1 5.8 10.4 

Dragoon Mountains 8.0 5.4* 6.7 

Molino Basin 12.7 5.8 9.3 

Pima Canyon 14.9 8.2 11.6 

•Value is average of two different leaves on separate shoots of a 
single clone. 

The leaf area measurements obtained on the fourth day of 

2 Experiment III are shown in Table 27. The means range from 0.129 dm 

2 for Turkey Creek to 0.169 dm for Rucker Canyon. 

The analyses of variance for the net photosynthetic rates and 

leaf areas obtained on the fourth day of Experiment III indicate that 

no significant differences among the five ecotypes can be detected 

at the 5% level of significance (Table 28). 
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Table 27. Leaf area of five grapevine ecotypes. Means are the average 
of leaf area measurements from two plants. Each plant value 
is the average of measurements from two clones. Measure
ments were made on each leaf tested for net photosynthesis 
on May 28, 1984. 

Ecotype Location 
Plants 

1 2 

dm2 

Mean 

Turkey Creek 0.129 0.129 0.129 

Rucker Canyon 0.203 0.136 0.169 

Dragoon Mountains 0.185 0.132 0.159 

Molino Basin 0.141 0.140 0.140 

Pima Canyon 0.129 0.159 0.144 

Table 28. ANOVA of net photosynthetic rates (NPR) and leaf area (LA) 
of five grapevine ecotypes on May 28, 1984. 

Univariate F-tests with (4,5) D.F. 
Treatment Error Treatment Error Sig. 

Variable SS SS MS MS F of F 

NPR 276.978 185.246 69.244 37.049 1.869 0.254 

LA 0.004 0.008 0.001 0.002 0.607 0.675 
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Discussion 

No significant differences among photosynthetic rate means 

could be detected at the 5% level of significance in Experiments I, II, 

or III. This could mean that no real differences in net photosynthetic 

rates exist among these five ecotypes of Vitis arizonica. However, 

these results could also be somewhat misleading, due to the small 

sample size taken from each location. 

An analysis of variance judges all differences in sample means 

as statistically significant or not significant by comparing them with 

a measure of the random variation within the population data (Mendenhall 

and Ott 1980). In this case, the random variation within the popula

tion is judged by only two or three clones from two plants. In these 

experiments, the results often showed the variation within the popula

tion data, i.e. between the two plants, was as large, or larger, than 

the variation among the sample means. The finding of no significant 

differences is, therefore, not surprising. If this study was repeated 

using more plants from each location the results might be different. 

The location of Turkey Creek in particular, appears to maintain a 

higher rate than the other locations. 

An explanation for the low net photosynthetic rates obtained 

on the third day of Experiment III, as shown in Table 12, should be 

made. The plants were under obvious water stress on that day. They 

had not been watered since two days before the experiment began and 

about half of them were showing signs of water stress. The surprise 
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here was the high rate maintained by the first plant from the Dragoon 

Mountains. Both clones of this plant also showed signs of stress but 

continued to maintain a high rate of photosynthesis with an average 

-2  -1  between them of 21.1 mgCOgdm hr (Table 12). They were watered 

after these measurements were taken.. The next day these two clones 

- 2  - 1  showed a decrease, giving a value of 8.0 mgCOgdm hr for the first 

plant from the Dragoon Mountains (Table 14). The Dragoon Mountains 

location was the only one out of the five locations to show a decrease 

on that day; all others showed an increase after being watered. 

As expected from other reports (Liu et al. 1978 and Winkler 

1974), the two locations from which the plants showed the most severe 

water stress, also showed as increase in photosynthetic rate after 

watering, but did not increase to the level they held before the stress. 

These two locations were Rucker Canyon and Pima Canyon shown in Table 8 

prior to stress, Table 12 under stress, and Table 14 after recovery. 

Although the plants from Molino Basin showed no visible signs 

of water stress on the third day of Experiment III, photosynthesis had 

- 2  - 1  stopped. The value obtained was -18.0 mgCOgdm hr , as shown in 

Table 12. On the fourth day of Experiment III this location's mean 

- 2  - 1  rate increased to 9.3 mg^dm hr (Table 14), but not to its pre-

stress level of 12.8 mgC02dm~2hr-1 (Table 8). 

Overall, none of the clones appeared to be consistently high 

or low. They all varied from one testing period to the next. Often, 

the clones tested from a single plant would have very close rates of 

photosynthesis. This was expected because they were all the same 

genotype tested under the same environmental conditions. 
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No significant differences were detectable at the 5% level of 

significance for leaf area means of the five ecotypes. The plants from 

Bear Canyon were the only ones to appear to have larger leaves than 

plants from the .other locations. Unfortunately, this ecotype was not 

tested with the others for differences in net photosynthetic rates 

and leaf area. These plants were always the last to break open again 

after drying down and being cut back, therefore, they were not large 

enough to test at the same time as the other ecotypes. 

Plant Morphology and Growth Habits 

The grapevine descriptions for the Pima Canyon and Rucker Canyon 

ecotypes are presented in Table 29, Molino Basin and Bear Canyon eco

types are described in Table 30, and the Dragoon Mountains and Turkey 

Creek ecotypes are described in Table 31. 

Photocopies of a representative leaf from each of the six 

ecotypes are shown in Figures 2 through 7. 
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Grapevine Descriptions 

Table 29. Grapevine descriptions of Pima Canyon and Rucker Canyon 
ecotypes. 

Pima Canyon Rucker Canyon 

Growing 
Tip 

Young 
Leaves 

Leaf 

Slightly globular, light 
green, downy. 

Light green, flat, very 
downy adaxial and abaxial 
surfaces, petioles some
what pink. 

Small, cordiform 
357-4-24; lateral sinuses 
11, nearly entire; petiolar 
sinus very open U shape; 
teeth pointed, narrow, 
"sawtooth" (Figure 2); very 
downy adaxial and abaxial 
surfaces. 

Open, light green with red 
margins, slightly downy. 

Light green with red margins, 
petiole pink and downy, 
downy to cobwebby adaxial 
surface, abaxial surface 
more pubescent than downy. 

Small, cuneiform 247-4-13; 
lateral sinuses 10, nearly 
entire; petiolar sinus 
wide U shape; teeth pointed, 
average (Figure 3); adaxial 
surface slightly downy, 
abaxial surface pubescent 
only; petiole not as red as 
shoot. 

Light green, more pink 
Shoot on sun side; downy, more 

pubescent as it matures. 

Red and downy, more 
pubescent as it matures. 
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Figure 2. Outline of a grape leaf representative of the Pima Canyon 
ecotype of Vitis arizonica. 

Figure 3. Outline of a grape leaf representative of the Rucker Canyon 
ecotype of Vitis arizonica. 
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Table 30. Grapevine descriptions of MoTino Basin and Bear Canyon 
ecotypes. 

Molino Basin Bear Canyon 

Growing 
Tip 

Young 
Leaves 

Leaf 

Open, light 
red margins, 

green with 
downy. 

Light green with thick red 
margins, flat; upper and 
lower surfaces downy, lower 
pubescent also; petioles 
red and downy. 

Small, cuneiform-reniform 
135-2-35; lateral sinuses 
21, faintly lobed; petiolar 
sinus wide U shaped; teeth 
pointed, average (Figure 3) 
upper surface downy, lower 
especially pubescent along 
veins and somewhat downy in 
between; leaves especially 
dark green; petiole red. 

Slightly globular, white, 
downy. 

Light green with red margins; 
flat; downy; petiole red and 
downy. 

Small, cuneiform-truncate 
247-3-35; lateral sinuses 
00, entire; petiolar sinus 
narrow U shape; teeth pointed, 
wide (Figure 4); pubescent 
upper and lower surfaces, 
especially the veins in the 
lower; major veins in petiolar 
sinus region red. 

Shoot Red and downy. Red and downy. 



Figure 4. Outline of a grape leaf representative of the Molino Basin 
ecotype of Vitis arizonica. 

Figure 5. Outline of a grape leaf representative of the Bear Canyon 
ecotype of Vitis arizonica. 
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Table 31. Grapevine descriptions of Dragoon Mountains and Turkey Creek 
ecotypes. 

Dragoon Mountains Turkey Creek 

Growing 
Tip 

Young 
Leaves 

Open, light green, downy. 

Light green, flat, downy, 
petioles pink. 

Small, cordiform 346-5-57; 
lateral sinuses 11, nearly 
entire; petiolar sinus 

Leaf narrow lyre-shape; teeth 
pointed, average (Figure 
5); downy upper .and lower 
surfaces, lower not as 
dense; petiole pink. 

Open, 
downy. 

white with red margins, 

Slightly copper rose with 
red margins, flat, downy 
upper and lower surfaces, 
especially along veins on 
lower. 

Small, cuneiform-truncate 
146-5-48; lateral sinuses 
10, nearly entire; petiolar 
sinus narrow V shape; teeth 
pointed, wide (Figure 6); 
upper surface slightly 
downy and pubescent, lower 
surface pubescent; petiole 
red. 

Pink on sun side and 
Shoot light green on the other; 

downy, more pubescent as 
it matures. 

Very red on sun side and 
light green on the other; 
downy. 
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Figure 6. Outline of a grape leaf representative of the Dragoon 
Mountains ecotype of Vitis arizonica. 

Figure 7. Outline of a grape leaf representative of the Turkey Creek 
ecotype of Vitis arizonica. 
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Discussion 

When comparing all of the locations it is obvious that a fair 

amount of variation in morphology and growth habits exists among these 

ecotypes. Because all of the plants were grown under the same environ

mental conditions for this study, these observed differences are 

probably due to genetic differences in the six ecotypes. These differ

ences would be expected because the six locations from which the 

samples were drawn were isolated from one another. 

Overall, the plants from Molino Basin were the most different 

morphologically. The leaves were a darker green color and had larger 

teeth and somewhat more lobing. More notable was the growth habit of 

being the most vigorous and having the least amount of lateral branch

ing. The shoots were a darker red than the others. These plants also 

had the highest survival rate overall and were often among the first 

to break open again after drying down and being cut back. 

Bear Canyon vines achieved the largest size of mature leaves, 

but overall were not very vigorous. 

The leaves and shoots of the Pima Canyon vines were very downy 

and pubescent. Those from Turkey Creek had somewhat less, but still 

more than the others. 

The vines from Rucker Canyon displayed the most lateral 

branching and tended to be more bushy. 

In terms of disease and pest resistance, the plants from Molino 

Basin appeared to be the most resistant and those from Rucker Canyon 
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the least resistance. The other ecotypes appeared to be intermediate 

to these two extremes. However, because no controlled experiment was 

done to test this it is difficult to say if this is really correct. 



SUMMARY AND CONCLUSIONS 

The purpose of this study was to detect variability among 

ecotypes of the native grapevines of Arizona. Samples from six differ

ent locations in southeastern Arizona were grown in the greenhouse to 

compare. The apparent photosynthetic rate of the plants from each 

location was measured using a portable chamber and compared in three 

different experiments. 

In Experiment I, the apparent photosynthetic rate of plants 

from five of the locations was measured once between 8:45 a.m. and 

9:50 a.m. The analysis of variance indicated that no significant 

differences among the rates could be detected at the 5% level of 

significance. 

In Experiment II, the apparent photosynthetic rate of plants 

from five of the locations was measured four times on one day. The 

values obtained for the four measurements were analyzed separately. 

The analysis of variance indicated that no significant differences 

among the rates could be detected at the 5% level of significance 

for all four testing periods. 

In Experiment III, the apparent photosynthetic rate of plants 

from five of the locations was measured once each day for four con

secutive days. Experiment III was analyzed for each of the four days 

separately. No significant differences at the 5% level among rates 

were found for any of these days. 



51 

The finding of no significant differences for the photosynthetic 

rate Experiments I, II, and III would indicate that no real differ

ences exist among the apparent photosynthetic rates of grapevines from 

the five locations tested. However, due to the small sample size taken 

from each location, this conclusion may not be justifiable. The varia

tion among the two or three clones from the.two plants from each loca

tion was often as large, or larger, than the variation among the means 

from the different locations. To obtain more confidence in a conclu

sion of no differences among these means, these locations should be 

tested again by drawing a larger number of plants from each one. 

Leaf area measurements were made on all leaves tested for 

apparent photosynthetic rate. No significant differences were detect

able at the 5% level of significance among the leaf area means of the 

five ecotypes tested. The Bear Canyon ecotype appeared to have much 

larger leaves than the others, but unfortunately it was not included 

in the experiments. 

Observations of the morphology and growth habits of these 

native vines were also made. Individual descriptions of each ecotype 

were given. The most notably different were those vines from Molino 

Basin, which were more vigorous, less branched, had darker green 

leaves with larger teeth, and had darker red shoots. Those vines from 

Bear Canyon had leaves which were notably larger. The shoots and 

leaves of the plants from Pima Canyon and Turkey Creek were notably 

more pubescent than the others. The vines from Rucker Canyon showed 

the most lateral branching. 



APPENDIX A: 

APPARENT PHOTOSYNTHETIC RATES OF 
INDIVIDUAL CLONES FROM SIX GRAPEVINE ECOTYPES FOR THE 

TRIAL RUNS MADE ON APRIL 6, APRIL 9, AND APRIL 11, 1984 

Apparent Photosynthetic 
mgCOpdm'^hr"' 

Rates Apparent Photosynthetic Rates 
mgC0?dm-2hr~' 

No. 4/6 4/9 4/11 No. 4/6 4/9 4/11 

T1 A* 6.35 2.41 D1A 6.94 -3.22 

TIB 3.34 4.62 DIB -3.40 0.0 

TIC 7.87 -16.84 DIE 6.13 -4.24 

TIE -10.85 2.96 D2A 12.78 -10.97 

T2A -2.51 4.31 MIA -3.22 -4.56 7.35 

T2B 7.61 MID 22.96 -4.83 44.85 

T2C 19.27 M2B 5.54 

T2D 8.83 M2D -12.80 

T2E 7.96 M2E -8.40 -5.73 

T2F 5.00 P1A 9.11 -6.06 

R1A -4.40 4.08 PIC 11.41 -10.44 

RIB -30.42 -5.68 P2A -18.86 -5.18 

R1C -11.78 -2.44 P2D 0.0 8.04 

R1F 0.0 -1.43 P2E 23.33 -6.04 

R2A 19.32 -8.07 B2B -5.14 -4.91 

R2B -4.01 B2C -6.93 3.32 

R2C 9.43 -3.46 

R2D 10.31 -9.49 

R2F 0.0 0.0 

*T = 
R = 
D = 
M -

Turkey Creek 
Rucker Canyon 
Dragoon Mountains 
Molino Basin A 

1, 
,B,C,D ,E, 

P = Pima Canyon 
B = Bear Canyon 
2 = Plant number 
F = Clone number 
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