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A TOAST
TO
ARIZONA
WINES!
by Gordon Dutt, John R. Kuykendall,

Eugene Mielke, and T. W. McCreary.*

By the standards of California winemakers, that portion
of Arizona capable of sustaining vineyards for the production
of wine is no better than the worst of California's regions,
areas whose grapes are commonly fit only for the making of
raisins or alcohol.

Surprising, then, to find that grapes grown 20 miles
north of Tucson should be capable of producing wines as
good as the best of the Napa Valley wineries, whose labels
command good prices throughout Arizona.

'Respectively, Professor of Soils, Water and Engineering, Professor of Horticulture (de-
ceased), Assistant Professor of Plant Science, and Research Technician.

This is not to suggest to the reader that he rush into the
production of popular California varietals, with an eye to slak-
ing Arizona's thirst and turning a neat profit at the same time.

No. But research over the past four years does
suggest that there may well be a future for the production of
certain wines, and that a number of varieties that were not
supposed to do at all well under Arizona's blazing sun do
quite nicely indeed. So nicely in fact that, using objective
testing procedures, Arizona's first vintage of wines has pro-
duced some that may be designated "wines of exceptional
merit."

Let us hasten to explain that ours is not the first work
done in Arizona with wine grapes. Near the turn of the cen-
tury horticulturists from the University of Arizona carried on
extensive trials with various fruits, and wine grapes were
included in plots near Phoenix and Tucson.

Several varieties of grapes were found suitable for
wine manufacture, wrote W. H. Lawrence in a 1915 Experi-
ment Station publication, but he noted, "Recent legislation
has apparently terminated the manufacture of wine within
the state."

Indeed, the temperance drive that had been pushed
vigorously by various of Arizona's leaders beginning in the
1890's found itself victorious in November of 1914, as a gen-
eral ballot proposition amending the Arizona Constitution to
prohibit the possession, distribution, sale or manufacture of
beer, wine, or hard liquor within Arizona.
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So sweeping was the law forbidding possession of al-
cohol in the Grand Canyon State that another ballot amend-
ment was needed shortly thereafter to permit scientists at
the University of Arizona to use alcohol for research pur-
poses.

Wine grape research was one of the casualties of
Arizona and nationwide prohibition, although vines of a
number of varieties were kept growing at Phoenix and Yuma,
with over 200 different types at the university vineyard near
Phoenix until the vineyard was plowed under in 1933.

Results of some of the experiments at the Valley Sta-
tion, along with those of a private grower, were finally re-
ported in 1939 in an experiment station bulletin in which the
author classified 265 grape varieties into four categories.

There were: A) those lacking vigor; B) those which
grew well but didn't produce well; C) those which grew and
produced well, but suffered from irregularities in berry size,
color or ripening; and D) those which grew well, and enjoyed
good productivity and uniformity, but were unsatisfactory be-
cause of small berries, seediness, lack of flavor or other
reasons.

Results were based on production of not more than
two vines of any type at each location, and the authors
suggested further testing with other soils, locations, and hor-
ticultural practices. Only in the case of table grapes were
sugar levels tested. None of the colored varieties displayed
deep and uniform color- except, significantly, those grown
between 3,000 and 4,500 feet above sea level.

Our current research began as part of a project dealing
with the use of water harvesting systems to provide sup-
plementary water for the growth of crops in arid climates.

A crop was wanted that required relatively little water,
could survive moderate drought, rooted deeply to take ad-
vantage of soil moisture and had high economic value. Our
choice was grapes.

We chose the Page Ranch, located at an elevation of
3,680 feet between Tucson and Oracle Junction as the site.
Rainfall there averages 11 to 16 inches per year and the soil
is whitehouse sandy loam.

The water harvesting system -including the catch-
ment where the grapes were grown- concentrated runoff
and provided for supplemental irrigation as needed from a
small reservoir below the catchment.

We picked 12 wines we liked, ensuring that we had
varieties that ripened early, mid, and late season, and
planted two vines of each randomly in each of three blocks.

The varieties included Barbera, Cabernet Sauvignon,
Chardonnay, Chenin Blanc, Gamay, Pinot Noir, Ruby
Cabernet, Sauvignon Blanc, White Riesling and Zinfandel
were planted May 26, 1972. French Columbard and Sylvaner
were planted a month later. The OKI Nursery in California
supplied the vines, propagated from virus -free stock grown
at the University of California at Davis.

LEFT: Ready for harvest, wine grapes hang in thick,
heavy clusters at the Page Ranch experimental vineyard.

In two rows 50 feet distant from one another, and sepa-
rated by the sodium -lined catchment, the individual vines
were planted 8 feet apart. After shoot growth was measured
for the summer of 1972, the vines were headed (topped off
by pruning) at 4 feet on January 11, 1973. During the winter
of 1974 the vines were spur pruned -a number of branches
were cut back to a length of 4 -5 inches -and netting was
provided for protection of the fruit from birds.

In 1974, the first year of production, the vines were
cluster thinned in May and harvested between July 24 and
August 16. We harvested and weighed separately the fruit
from each vine and then combined the fruit with other vines
of the same variety for crushing and analysis of the musts
(the juice of white wine and the juice and skins of red prior to
fermenting).

Sugar of the musts was analysed using a refractome-
ter, and the acid content determined using NaOH and poten-
tiometric titration to an end of 8.2. The wines were fer-
mented, stored, and aged in glass containers. The wine was
analysed for total, volatile, and tanic acids, and for its
acidity- alkalinity balance and alcohol content. And then
came the final measure, final judgment, by a tasting panel of
eight, including wine merchants, a foods editor, and a hor-
ticulturalist, using the 20 point Davis system. That was in
May of 1975.

Table 1. Shoot growth during the first season (1972).

Variety

Vine Growth (cm)

Average' High Low

Barbera 968.3 a 1,531 260
Cabernet Sauvignon 280.7 cd 649 34
Chardonnay 188.2 d 278 80
Chenin Blanc 570.2 be 692 480
French ColombardY 83.0 d 141 11

Gamey 380.2 bcd 868 242
Pinot Noir 276.2 cd 443 85
Ruby Cabernet 357.2 bcd 596 126
Sauvignon Blanc 694.0 ab 1,078 525
SylvanerY 161.2 d 252 63
White Reisling 333.0 bcd 481 110
Zinfandel 295.5 cd 537 191

'Means followed by the same letter are not significantly different at the
5% level (Tukey's Test).

Planted June 1972, others planted May 1972.

Table 2. Cluster thinning the first fruiting season (1974).

Number of Clusters Removed'

Variety Average High Low

Barbera 8.3 b 20 0
Cabernet Sauvignon 6.7b 14 0
Chardonnay 9.8 b 14 4
Chenin Blanc 14.3 ab 17 9
French Colombard 8.2 b 13 0
Gamey 12.5 b 20 1

Pinot Noir 9.8 b 16 0
Ruby Cabernet 26.5 a 34 15
Sauvignon Blanc 8.2 b 14 0
Sylvaner 10.Ob 12 0
White Reisling 13.7b 18 8
Zinfandel 12.5 b 18 9

'Means with a letter in common are not significantly different at the
5% level.
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RESULTS

Surprising. The growth was good, the color was good
and the taste was good -some as good as the best of the
wines from the best regions of California.

As can be seen in Table 1, all varieties, save the
French Columbard grew well, with Barbera doing the best
-although showing the greatest variation -and the Chenin
Blanc showing the most consistantly even growth.

Cluster thinning during the first fruiting season (1974)
showed Ruby Cabernet setting the most clusters and requir-
ing the greatest thinning (Table 2), however there was no
correlation between the number of clusters removed and the
maximum fruit production per vine.

The Arizona -grown grapes fell in the low end in per
cent of soluble solids (mostly sugars) reported for the
quality -wine producing California Region 1. Indeed, for com-
parable varieties they were also at the low end. Soluble sol-
ids for Arizona -grown grapes were lower consistently than
what is reported as the range for California Regions II-V.

The acidity- alkalinity (pH) balance of the musts was
similar to those of California grapes, with the Arizona values
falling in the middle to low end of the range given for Califor-

4

nia (Table 3). Total acid values (g /100 ml of juice) were
higher for the Arizona -grown grapes.

The maximum yield per plant ranged from a low of
1,400 grams per plant for Region 3 type grapes to a high of
1,923 grams per plant for Region 4 type grapes. Color in all
varieties was excellent and a full analysis of the wine crop
can be seen in Table 4. Alcohol content showed the Riesling
lowest at 9.4 per cent and Chenin Blanc the highest at 13.9
per cent.

When it came to taste, the panel gave its highest
scores to the White Riesling (16.8) and thé French Colum-
bard (16.7), using the Davis, 20 -point evaluation scale where
any scores above 16 mark a wine as one of exceptional
quality. Full results are shown in Table 4.

It should be noted that there was no wine produced
from the Chardonnay and Cabernet Sauvignon because of
the small amount of grapes harvested. Further, during Sep-
tember of the same year, two of the Chenin Blanc vines
defoliated prematurely and were found to be suffering from
Texas root rot. The harvest dates for the different varieties
and the growing degree days for each harvest are shown in
Table 5.

Table 3. Analysis of musts the first production season (1974)

Grape Balling pH Total Acid Maximum
Degrees g./100 ml Yield /Plant (g)

1. Barbera 23.0 3.15 1.21 2192
Calif. Reg. Ill & IV 22.8 -24.5 3.10 -3.23 0.98 -1.18

2. Cabernet Sauvignon 20.0 3.25 0.99 1190
Calif. Reg. I & II 21.5 -24.3 3.26 -3.34 0.61 -0.81

3. Chardonnay 21.3 3.25 1.14 1790
Calif. Reg. I & II 21.3 -24.3 3.22 -3.32 0.74 -0.88

4. Chenin Blanc 23.7 3.5 0.78 2141
Calif. Reg. I 23.6 -25.5 3.38 -3.43 0.44 -0.61

5. French Colombard 20.5 3.15 1.18 658
Calif. Reg. III & IV 21.2 -22.6 3.1 -3.35 0.87 -1.11

6. Gamey 22.4 3.2 1.00 2789

7. Pinot Noir 22.0 3.39 0.82 1185
Calif. Reg. I 22.6 -22.9 3.28 -3.30 0.70 -0.76

8. Ruby Cabernet 20.5 3.5 0.86 2920
Calif. Reg. IV 22.5 3.43 0.82

9. Sauvignon Blanc 21.4 3.2 0.85 1351
Calif. Reg. I, Il & Ill 23.0 -25.9 3.18 -3.43 0.63 -0.85

10. White Riesling 20.8 3.2 1.03 1540
Calif. Reg. I & II 19.4 -23.0 3.15 -3.4 0.69 -0.83

11. Zinfandel 22.0 3.3 1.04 3097
Calif. Reg. I 21.3 -23.2 3.16 -3.31 0.83 -0.94

Table 4. Analysis of wines the first production season (1974).

Grape
Total Acid
g. /100 ml

as Tartaric

Volatile Acid
g. /100 ml
as acetic

Tannic Acid
g. /100 ml

Color Alcohol
%

by volume
pH Panel*

Evaluation
abs.

420 nm
abs.

520 nm

Barbera 0.965 0.051 0.135 0.152 0.240 9.8 3.3 14.9
Chenin Blanc 0.700 0.065 0.048 0.105 13.9 3.5 14.2
French Colombard 0.865 0.064 0.048 0.100 12.4 3.2 16.7
Gamey 0.880 0.053 0.140 0.120 0.205 9.9 3.3 15.2
Pinot Noir 0.852 0.018 0.112 0.253 0.290 12.0 3.8
Ruby Cabernet 0.800 0.055 0.149 0.165 0.260 9.7 3.6 14.8
Sauvignon Blanc 0.686 0.050 0.035 0.105 11.2 3.2 13.9
White Riesling 0.861 0.072 0.061 0.130 - 9.4 3.2 16.8
Zinfandel 0.790 0.073 0.075 0.090 0.122 3.5 11.9



Table 5. Harvest date and degree -day until harvest
for grapes at Page Ranch

Variety Harvest Date Degree -days

Chardonnay
Pinot Noir
Sauvignon Blanc
Chenin Blanc
White Riesling
Barbera
Gamey
Cabernet Sauvignon
Ruby Cabernet
French Colombard

24 July
29 July

2 August
13 August
13 August
14 August
14 August
15 August
15 August
16 August

2,767
2,938
3,062
3,382
3,382
3,414
3,414
3,446
3,446
3,478

So we find that European wine grapes can produce
excellent vintage in at least one area of Arizona, and pre-
mium quality wines achieved. The analysis of the musts
shows that Arizona wines fall within the acceptable range for
all components considered important in California and Euro-
pean wines -wines for wine. The scores of the French Col -
umbard and the White Reisling leave no doubt as to the
palatability of Arizona -grown wines.

We must, of course, caution that the results here rep-
resent only one year and the initial year at that. It may be that
future harvests may not enjoy sugar and acid content as
desirable as those reported here. Variation from year to year
may also result in harvests where the quality is not always
good.

The excellent color development at the altitude of the
Page Ranch agrees with earlier reports of good color being
obtained at higher altitudes.

Research to date shows that California's system of
regions doesn't apply well to Arizona. That system is based
on the degree day (the degree day averages the maximum
and minimum temperatures and subtracts a base of 50.
Thus a day whose maximum was 70 degrees and whose low
was 40 would have an average of 55 minus 50 for a total of 5
degree days).

Calculating the degree days for the Page Ranch, we
find that between April 1 and October 31 (time of first frost)
there were 5,198 degree days -equivalent to California
Zone V, hot climated areas where varieties such as Pinot
Noir suffer from poor color development and low acidities.

Remember the Page Ranch grapes produced acid
levels higher than California grapes. The degree days to
harvest at Page Ranch ranged from 2,767 to 3,478 -fewer
than the 3,500 maximum for California's Region Ill -and the
measured characteristics of the wine grapes would be more
in line with what is expected in California's Zone Ill. For the
Page Ranch site a degree day measurement from April 1 to
harvest might give a better measure of the climate.

Quite unlike the conditions that were obtained in
California, there is rain in Arizona -including the Page
Ranch -in July and August, and this led to fears of bunch rot
especially in the tightly- bunched Pinot Noir, fears that proved
groundless.

Perhaps the summer moisture, combined with the reg-
ular winds and low humidity experienced at Page Ranch,
cools the bunches and promotes the development of
adequate color. Some of the red varieties that don't do well in

California because of lack of color or the length of the grow-
ing season may prosper in Arizona. Varieties of wine grapes,
most of them Mediterranean types not recommended for
California, will soon be producing grapes here for evaluation.
They include the medier grapes that go into Italian chianti,
and the Sangiovito and Nebbiolo that go into the finest Italian
wines. All told, nine different Mediterranean varieties have
been secured for testing.

We suspect that it is the Mediterranean premium
wines, not grown in California that hold the greatest
economic potential for commercial wine production in
Arizona. Such wines, if grown in California's San Juaquin
Valley would exhibit poor color and low acid, and if grown in
the much cooler Napa Valley would find the growing season
too short and wind up with high acid and low sugar.

The production of high -quality, Mediterranean -type wines
in Arizona would thus compliment both the California produc-
tion of European -type table wines and New York's produc-
tion of the sweeter, lake country domestic wines.

Dealing with Texas root rot which killed some of the
vines at Page Ranch can be difficult, but there are reports of
resistant root stocks in Texas, and cuttings of the reportedly
resistant varieties have been obtained and rooted. We plan
to further evaluate already- tested wine grape varieties after
grafting them onto these stocks. Further, Texas root rot has
not been reported above 4,500 feet, and a new vineyard has
been established at about 5,000 feet near Sonoita, Ariz.

Even more ambitiously, we are undertaking an evalua-
tion of the wine growing potential for Utah, New Mexico, Col-
orado, as well as Arizona, under $95,000 grant from the Four
Corners Regional Commission for the first year's work.

One day an American president may propose to his
honored guests a toast in chianti -Arizona chianti

PROOF of the palate: The judges sat, sniffed, sipped,
and pronounced a number of Arizona wines excellent.
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TEXAS

ROOT ROT:

IF YOU

CAN'T KILL

IT, PUT

IT UNDER

ARREST

by H. E. Bloss, J. F. Moore Jr.,
and H. E. Lembright*

*Associate Professor, Research Associate, Plant Pathology, and Development Specialist, Dow
Chemical Company.
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When settlers in the Southwest turned to farming the arid
land around them, they found there were animals that ate
their animals. They were ready for that.

What they were not ready for was this: There was a plant
that ate their plants.

And although the killing took place before their very eyes,
they couldn't see it because the evil plant did in its victims
underground. For that reason they thought that what hap-
pened to their cotton and alfalfa and fruit trees was due to
lousy soil, lousy drainage, lousy luck. One thing they could
vouch for though: They were faced with a converter more
powerful than any gospel circuit preacher. It could convert
entire fields from live things to dead ones.

A cotton field or peach orchard would be coming along
nicely, looking healthy, smelling good, and then top leaves
would begin to wilt for no earthly reason. Next couple of days
the bottom leaves would wilt too, and then by the third or
fourth day, the plants would be dead, turned a yellowy
bronze, dry leaves making a papery sound in the wind.

Then, in the late 1880's, a man from St. Louis came down
to Texas and told the farmers what they were facing.

It's a fungus, boys, he told the Texans and they naturally
named it "Texas root rot." It is also called Ozonium, and
Phymatotrichum root rot, and it is caused by a fungus whose
name is Phymatotrichum omnivorum. It is one of the things
you have to put up with if you farm in Southern Arizona,
Southern New Mexico, a narrow strip along the Colorado
River in California, almost all of Texas, and lots of northern
Mexico.

For all the millions that have been poured into research on
the fungus since 1906, you wouldn't think it could be doing
$100 million in damage to crops each year in the area de-
scribed.

It does. It is one of the most destructive plant diseases in
the United States, and easily the most damaging in the
Southwest.

Virtually all broad leafed type plants are susceptible to the
fungus, which is harbored in the roots of plants native to the
Southwest, including mesquite, palo verde and many types
of cacti. The natives, then, are the carriers, impervious to the
malignancy which waits to spread like the plague from their
roots to those of cash crops and to ornamental trees and
shrubs as well.

Particularly insidious is soil newly- converted from desert
to farming use. For the first five years following conversion,
cotton may be particularly hard hit by root rot. There is no
safety after five years, however. A 12- year -old fruit tree or-
chard can be wiped out in a twinkling- precisely the fate of a
Mexican farmer near Hermosillo, Son., who recently lost half
a 40 -acre peach orchard in the space of an autumn. The tree
roots, brought to the University of Arizona's Plant Disease
Clinic, were found covered with the strands of root rot fun-
gus.

Compounding the problem of Texas root rot is that you can
neither destroy nor reform this killer. Attempts to eradicate
completely similar soilborne fungi such as Armillaria and
others have been futile.



THIS AERIAL photo shows a large area of cultivated crops, primarily cotton, near Aguila, Arizona. A former arroyo,
from the pond, upper center, ran diagonally to the lower right area. Areas A, B, C, D and E show circular patterns of
cotton plants killed by Phymatotrichum omnivorum in the soil. Native plants, mesquite, creosote bush and cholla cacti,
originally harbored the fungus at F. The fungus may be spread through soil by growth of strands from cotton root to root,
through spread of sclerotia in runoff water, or through movement of sclerotia or strands in soil from field to field.
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But there is hope. There is better than that. There is evi-
dence to show that while we may be unable to kill off this
killer with commercially available fungicides and fumigants,
we may be able to put it under arrest, biologically.

This we can accomplish by encouraging population explo-
sions among soil bacteria and fungi that either compete with
the root rot fungus or which produce antagonistic or antibio-
tic reactions to that fungus.

As a matter of fact that is what apparently has been hap -
pening under the classical method of root rot treatment
which involves watering in successive layers of green man-
ure, ammonium sulfate, and soil sulfur around and through
the roots of affected trees. The populations of beneficial bac-
teria and fungi surge remarkably following this treatment.

200
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CHANGES IN populations of bacteria in soil after fumi-
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numbers 12 -24 weeks after fumigation are toxic to the
root rot fungus.
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THE PERCENTAGES of cotton plants killed by Phymato-
trichum root rot following various dosages of Telone soil
fumigant.

Nobody can yet say with certainty that the treatment doesn't
kill the fungus outright, or that the altering of the acidity /alka-
linity balance of the soil by the chemicals added doesn't have
an adverse impact on the rot. But research to date here
suggests that the population boom of other microflora is the
most important factor in inhibiting root rot.

This method works quite well in protecting or rescuing fruit
trees from root rot, but the expense and enormous time and
labor required for application rules out its use on field crops
such as cotton and alfalfa.

Now, however, something we don't understand has come
to the rescue. It is a byproduct of the production of synthetic
glycerine. It is a liquid soil fumigant, originally used against
nematodes, and it seems to work exactly the kind of
medicine against root rot that the classical method does.

In face we find that treatment with 1,3 dichloropropene -in
this case "Telone" by Dow Chemical Company- mimics
exactly the results of the older method, with dramatically
higher populations of non harmful bacteria and fungi appear-
ing within a few weeks of fumigation. And this occurs even
while the sclerotia -the seed, so to speak -of the root rot
germinate to the same degree as before treatment.

Aerial photographs showing treated and untreated plots
demonstrate that cotton survival is enhanced dramatically by
preplant fumigation.

Moreover, the typical, radial pattern of the disease's
spread is interrupted by Telone, in favor of a more scattered,
random pattern of plant loss.

The degree of plant survival, it seems, depends on the
amount of Telone applied. Tests run on Ralph Baskett's
ranch near Aguila, Arizona in 1974 found that with no treat-
ment, 78 per cent of the cotton plants died by Aug 13. Fumi-
gation with 25 gallons per acre saw the death of 42 per cent
of the plants, while applications of 50 and 75 gallons per acre
saw death percentage cut to 34 and 20 per cent respectively.

At the same time, the percentage of sclerotia able to ger-
minate did not vary significantly. The control plots showed 78
per cent viable and the plots treated at 75 gallons per acre
showed 79 per cent viable. Conclusion: Sublethal doses of
Telone apparently booms the populations of harmless bac-
teria and fungi, especially the populations of leaf mold
fungi -actinomycetes. These last in laboratory settings have
produced antibiotics that work against the root rot fungus.

The roots of cotton plants treated with Telone showed
several bacteria and fungi that had direct antibiotic effects on
root rot in the laboratory. Indeed, all the cotton plants treated
with Telone survived substantially longer than they did with-
out the fumigation, meaning a greater harvest of lint.

So then, it appears that it is well worth a grower's time and
cost to fumigate before he plants as follows:

1) For stone fruit trees, it is best to fumigate the hole in
which the tree will be planted with 1 liter of Telone. Not only
will damage done by root rot be mitigated by so doing, but for
any number of possible reasons, trees planted in Telone-
treated holes grow much larger and produce much more in
five years time.

2) For the cotton grower, the application of 15 -20 gallons



MORTALITY of cotton plants, numbers and viability of sclerotia of
Phymatotrichum omnivorum in soil treated with various quantities

of Telone. Aguila, Arizona, 1974.

Treatment
Telone

(GAL/A)

Mortality
Of Plants
(8/13/74)

Sclerotia /Kg
(16 Kg Soil

Screened Per
Treatment)

Viable
Sclerotia

o
25
50
75

Average

Treatments

I. 25 Gal /A Telone

2. 50 Gal /A Telone
3. 75 Gal /A Telone

4. Control

Edge of killed
Cotton Area
in 1973

Treatment

No. Sclerotia
Per Kg Soil

DISTRIBUTION of Phymatotrichum sclerotia in Telone
treated plots.

78 0.7 78
42 2.2 85
34 0.4 67
20 2.2 79
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INFRARED AERIAL photography graphically captures
the circules of damage done by root rot in cotton fields.

per acre of Telone during the first two years while the crop is
being established is a good investment even at a cost of $45
or slightly more per acre.

Finally, the results of Telone application are so good that
we have, at last, the promise of eradicating substantially the
damage done by root rot here, and in Mexico.

To this end the University of Arizona, in conjunction with
the University of Sonora in Hermosillo and the Technological
Institute of Monterrey in the Mexican state of Coahuila, plans
to consolidate efforts in a joint international research pro-
gram over the next 5 years to establish standard procedures
for preplant fumigation and in selecting resistant root stocks
for grapes.

Hopefully, with the cooperation of the universities and
commercial growers in Mexico, with the cooperation of the
National Science Foundation, with the cooperation of other
agricultural experiment stations and our own ag chemical
industry, the kind of attack can be mounted that will see the
end of phymatotrichum (Texas) root rot as the scourge of the
crops in this region

REFERENCES

1. Bloss, H. E. and J. E. Wheeler. 1974. Influence of Nutrients and Substrata on
Formation of Strands and Sclerotia by Phymatotrichum omnivorum. Mycologia
67:303 -310.

2. Chavez, H. B., H. E. Bloss, A. M. Boyle, and G. A. Gries. 1976. Effects of Crop
Residues in Soil on Phymatotrichum Root Rot of Cotton. Mycopathologia
58:1 -7.

3. Moore, James F., Jr. 1976. Ecologic Factors in Soil Influencing Parasitism of
Roots by Phymatotrichum omnivorum. Ph.D. Dissert. Univ. of Arizona. 112 p.

4. Ross, Norman W. 1972. No More Poor Orchards... Backhoeing and Fumigating
of Orchards. Down To Earth. Dow Chemical Company. Vol. 28:1 -4.

5. Streets, R. B. and H. E. Bloss. 1973. Phymatotrichum Root Rot. Monograph
#8. Amer. Phytopathol. Soc. 30 p.



Man has put in harness rivers, wind, the fossil remains
of plants to furnish him energy -they have been diligent
servants -and he has even put the sun in traces to do
his work.

So when the Arabs shut the valves on oil, and when El
Paso Natural Gas announced its commodity was in short
supply, and when utility firms raised and raised their rates,
the riverless farmers of Arizona naturally turned their eyes to
their bright, hot sun, with the thought of harnessing that limit-
less energy supply to run their irrigation pumps. How attrac-
tive that thought: no utility lines, no meter dials spinning -
just pure, free energy.

But the price of yoking the sun comes high, so
high that it does not presently appear that the
growers of Arizona can expect much relief from
solar energy in the near future, unless they are
willing to pay as much as $200,000 for a unit that
could run an irrigation pump of average size dur-
ing the hours of sunlight only. That figure is not an
unreal one for the cost of collection and pumping
alone. It does not take into account what added
expenses there would be in order to run an irriga-
tion pump 24 hours a day, as Southwestern far-
mers are accustomed to do.

This is one conclusion, among many, arrived at in a
study of the feasibility of using solar energy for irrigation
pumping currently being conducted by the University of
Arizona in conjunction with the University of Houston and
Texas Tech University. The research at Arizona is aimed at
determining how solar energy can be tied in with irrigation
systems farmers are now using. Houston is evaluating the
various methods of collecting solar energy and turning it to
heat, while at Texas Tech researchers are looking into vari-
ous ways of getting the heat to do work, to power machinery.

In the course of our investigation it become instantly
clear that while the use of solar energy is nothing new, inten-
sive research into making it a more efficient form of energy is
very new indeed.

About the turn of the century, one of the first
attempts to irrigate using solar energy was made
by the Solar Motor Co. of Boston, under the direc-
tion of A.G. Eneas. Near Tempe a conical collec-
tor 33 feet in diameter was erected, with a re-
flecting surface of 1700 small mirrors focused on
a central axis where a steam boiler was located.

The steam powered an engine that produced between
4 and 15 horsepower, and irrigation water was lifted. But the
unit lasted only a short period before being destroyed acci-
dentally by a mechanical failure. A second unit like it was
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GETTING WATEP
by Dennis L. Larson an

`Assistant Professor, and Research Assi;

constructed near Phoenix in 1904, moved to Willcox and
then to Cochise, a short distance west of Willcox, where it
too pumped irrigation water, and where it too came to a fairly
quick end -this time apparently in a storm.

By far the largest and most successful of solar irriga-
tion units was designed by C.V. Boys and Frank Shuman
and installed near Meadi, Egypt. It used trough -like,
parabolic collectors with a collection area of 13,000 square
feet, drove a steam engine that produced 50 -60 horsepower,
and did quite nicely for several years until WWI ended its
operation.



AROM THE SUN
iarles D. Sands 11*

.1ils Water and Engineering, respectively

But with gas, coal, oil, and hydroelectric sources becom-
ing more and more common, and cheaper and cheaper,
engineers and scientists knew even before World War I that,
on the basis of cost alone, solar energy couldn't compete.

John Ericsson, the American inventor who built
the ironclad, Monitor, several solar collectors,
and the hot -air cycle engine which bears his
name, calculated in the 19th century that to
generate power with solar energy would cost 10
times as much as it would to generate compara-
ble power with other energy sources.

And so, from shortly after the turn of the century until
the early 1970's -with a brief flurry of interest in the
1950's -solar energy was a subject much ignored. Ignored
to the point that in the 1960's the Association for Applied
Solar Energy Research moved its offices from Phoenix to
Australia.

Then came the "energy crisis" and sudden interest in
the single most powerful and continual source of energy -
the sun.

But even with the advances in technology achieved during
the space race of the '60's, capturing the sun in sufficient
and efficient quantities is a difficult business at best.

Because sunlight is diffuse, solar energy power units on
earth are probably limited to efficiencies of no more than

Solar energy powered units as discussed in
this article function by collecting and concen-
trating the sun's radiation. The resultant ther-
mal energy is then transferred to another point
for either direct use of the heat or for
conversion into mechanical energy that oper-
ates a pump or electrical generator. The "fluid"
used as the method of transmitting the heat
may be in the form of a gas or a liquid.

15 -20 per cent (compared to an internal combustion engine's
25 per cent), and generally much lower efficiencies are cur-
rently being obtained.

Furthermore, solar energy is a source of energy
that is variable. You can collect the stuff only
when the sun is shining during daylight hours,
and collections may be interrupted then by air-
borne dust, or clouds, and either the user must
find a way to store it at night or plan on using it
only during the day.

True the Southwest does enjoy 14 hours of sunlight per
day in the summer and 10 in the winter, and the sunlight
in this land of low humidity is intense, but you currently
need 130 square feet of collector for one kilowatt of usable
power. A collector of 325 square feet will provide two and
a half kilowatts- enough to meet the peak demand of the
average residential user in the Tucson area. The same
scale shows that it would take at least a half acre of col-
lector (actually it would cover more like an acre and a half
to avoid any of the collectors being shaded by the others)
to provide the 150 kilowatts needed to power a medium -

sized irrigation pump, and during the time of day when
the sun is giving maximum radiation.

Then comes the problem of operating such a pump 24
hours a day or providing for an equivalent amount of water.
To do this, one must (1) collect more energy than is needed
while the sun shines and then store it somehow for use later,
(2) provide for an alternate power source during time of
darkness and cloudiness or (3) pump enough water into

11
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SHORTLY AFTER the turn of the century, this solar power plant was pumping irrigation water near Phoenix. The
conical collector was 33 feet in diameter.

storage during sunlight hours to provide for irrigation during
the hours of dark.

If it is surplus power at a uniform rate that is needed to
run machinery, 24 hours a day, then three times as much
energy must be collected during the approximately 8 hours
of effective solar energy collection as we use during the
sunlight hours. This, because there is a 10 -25 per cent loss
involved in storing the energy and retrieving it. One advan-
tage that may occur in storing energy lies in being able to
select a solar power system that will meet average daily
power demand rather than peak use, thereby reducing the
needed size or power capability of the collector.
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The efficiency of a solar energy unit is most important
because the more efficient it is, the smaller the collector can
be, and the collector is the major investment.

The overall efficiency of a solar energy unit -whether it
is used to produce electricity or whether it is used directly
to power machinery -is expressed in terms of the percen-
tage of the incoming solar energy that can be used.

The two major components of overall efficiency are the
collection efficiency (the increase in fluid thermal energy di-
vided by the solar energy falling on the collector) and the
conversion efficiency (the usable energy produced by the
motor divided by the increase in the thermal energy of the



fluid). Overall energy efficiency then is equal to collection
efficiency multiplied by conversion efficiency.

Take the 130 -square -foot collector discussed earlier,
giving 1 kilowatt at 10 per cent overall efficiency. Raise effi-
ciency to 15 per cent and an area of less than 90 square feet
is needed to produce the same amount of power. This
means in the case of our solar energy pumping unit that the
one -and -a -half acres of collector could be reduced to one
acre by increasing the efficiency by five per cent.

Such comparatively high efficiencies, however, lie some-
where in the future. Current, on -line units generally are
flat plate collectors, operating at five per cent (or less) effi-
ciency.

In Mexico, for example, where the French firm of Sof-
retes has installed 10 solar energy units under contract with
the Mexican government, flat plate units are estimated to be
operating at efficiencies of no more than 2 -3 per cent. Nine
of the units are small installations used to pump water for
either irrigation or drinking. The tenth, located at San Luis de
la Paz, 200 miles northwest of Mexico City powers a 30
kilowatt electricity plant. The plant is served by 1500 square
meters of collectors which drive an organic fluid (Freon II)

turbine to produce the electricity. This unit, too, is used for
pumping water.

The installation pictured is located on the south -facing,
sloped roof of a school house west of the town of Caborca,
south of the border, near the Gulf of California. The heat
collected runs a thermal engine, pumping water for the
school and some neighboring houses.

The problem with flat plate collectors is that they do not
multiply the energy density of the sun, and can only
maximize its absorption by being coated with special mate-
rials which increase absorption of sunlight and discouraged
re- radiation and attendant heat loss. They are generally
glass covered and backed by insulation to prevent heat loss.
Fluid is circulated across the surface in tubes, tubes that are

linked to a rotary or piston engine where the thermal energy
is converted to mechanical energy by expansion. Typical
fluid temperatures range from 140 -200 degrees farenheit.

To improve the operating efficiency of a solar energy
unit, you must raise the temperature of the fluid. This can be
achieved by using lenses or reflectors to increase energy
density and certain, sophisticated coatings to prevent the
escape of heat. Parabolic reflectors can commonly attain
temperatures of 400 -600 degrees farenheit or higher.

One of the most advanced and promising sys-
tems now being investigated is what might be
called the "power tower" concept. It involves a
series of ground- mounted mirrors concentrating
the power of many suns on a heat absorber unit at
the top of a very tall tower. Here, rather than fluid
being circulated through great lengths of tubing
and /or across many collector units, heat energy
is focused on one spot -an absorber -through
which fluid is circulated. The fluid, whose tem-
perature is expected to range from 600 to 1000
degrees, is then directed to a turbine for produc-
tion of mechanical power and an estimated over-
all operating efficiency of 10 per cent. The first
such system is being set up at the Sandia
Laboratories outside Albuquerque, although it
may not actually produce power.

Even this system may not be entirely novel. Legend
has it that in 1212 B.C. Archimedes caused the sails of an
enemy fleet to burst into flame by focusing the sun on
them -a mirror trick, with shields most likely used as reflec-
tors.

Returning to the problem of integrating solar
energy use with existing irrigation systems and
practices of farmers in the southwest, our inves-
tigations centered on finding how best to provide
24- hour -a -day pumping (or its equivalent in wa-
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THE FIGURE above shows solar data recorded for the greatest and least amounts of solar radiation that may be
expected in Southern Arizona. The dates represent the summer and winter solstices, and the white areas within the
shaded areas represent the time during which a solar energy system could function efficiently.
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A FLAT PLATE collector mounted on the roof of this school near the Mexican town of Caborca provides energy for
pumping water for the school and for nearby residences.

ter) such as farmers generally do in spring and
summer months in order to get the most out of
their very costly investment in wells ($60,000
would not be an unusual sum for a central Arizona
cotton grower to invest in a conventional well).

The simplest method of using solar energy for irrigation
purposes appears to be integrating solar energy units with
existing electric power pumps, and two -thirds of the pumps
are electric -not natural gas -powered.

This would involve using the solar energy unit to power an
electric generator, which would, in turn, drive the pump
motor. By using the solar energy unit to pump during the
hours of effective daylight, and switching to conventionally
supplied electricity during nighttime, growers might actually
prompt utilities to give them a break on their nighttime rates.
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This is so because the greatest demand on Arizona utilities
comes from 1 p.m. to 7 p.m. in the summer. This peak de-
mand is the most expensive to meet, involving as it does the
production of an extra five per cent or so of power. It requires
the start up of small, expensive to operate generating units
which mean greater use of manpower. If the utilities would
trade cheaper nighttime rates to farmers for solar energy
pumping in the day, it would make investment in such
equipment far more attractive.

It would also be possible to use a solar unit itself to pump
the water directly, switching to another fuel during nighttime
or cloudy days. But this is not as attractive as the solar -
electric method, since use of alternate fuels would require
the handling of the fuels burned and the cleanup of residues.

The second method of dealing with the demands of all -day



pumping would free the farmer from the utility pole, but in-
volves the difficulty of storing either enough of the electricity
or heat generated by a solar unit to provide for all -night
pumping. It is possible to deposit electricity in storage bat-
teries, but with the amount of electricity that would have to be
stored and the price of batteries, the cost of doing so is
currently prohibitive.

It is also possible to store the heat from a solar unit in inert
material such as oil and rocks. Other means of energy stor-
age might involve the use of a huge flywheel, or the practice
of hydrostorage where water is pumped up to a reservoir
during off- demand hours, and released downhill through a
generator when electric power is needed. Hydrostorage is
relatively efficient -65 -75 per cent -but the costs of a re-

servoir large enough, and the need to locate it well above the
source of the water present additional geographic and
economic problems.

Although reversible chemical reactions or
phase changes (e.g. from a liquid to a gas), and
other methods of storage are under development,
the storage of solar energy currently appears to
be a very costly method of supplying power.

Yet another method of permitting the use of solar power
alone -this time without need of energy storage -is to
pump all the water needed for crops during sunlight hours
and store the water in a reservoir for off -hour usage. This
would probably require more wells, a larger solar collector
for a more powerful unit, but the backup system would be

THIS CONCEPTION of a solar tower collector shows the reflectors surrounding the tower concentrating the sun's rays
on the top of the tower. Such a tower is to be built for experimentation at the Sandia Laboratories in New Mexico.
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simple and no great change in existing irrigation systems
would be required.

So much for the various methods. Here are a few specific
problems and points to consider:

-Many items of electrical equipment need a fairly con-
stant level of power. Sizing the solar collector to provide for a
constant power demand could result in the energy above this
level going unused unless there is some provision for energy
storage.

-Presently, irrigation pumps (submersible tur-
bines) operate at specific speeds, yielding con-
stant amounts of water. Energy from storage or
from conventional sources would be needed to
supply the constant energy these units require,
during periods when power from solar energy is
not available.

-While variable -speed turbine pumps are now available,
variable -speed electric motors are expensive, suggesting
that the best coupling here would involve hitching the vari-
able speed pump directly to the solar energy collector. Vari-
able speed -pumps could then yield a pumping rate with a
curve similar to that of solar energy availability. Here again, a
reservoir would most probably be needed to provide storage
of surplus water to meet peak water demands when the
variable speed unit was putting out less than its capacity.

We are presently looking into the tradeoffs between the
cost of reservoirs, the cost of the solar energy plant and the
costs of supplemental energy use.

The Southwest will see solar energy power
pumps either when that energy form becomes
competitive, or when alternate sources of power
become unavailable. Hopefully, the cost at that
time will not be so high as to drive farming from
the Southwest. But the cost now runs between
$5 to $30 per square foot of collector, putting
solar, thermal power plant costs above $1,000
per kilowatt -about the same fiscal ballpark as
nuclear generating stations. Solar power pump-
ing costs based on this estimate would see water
priced at $50 -$100 per acre foot, or about two to
four times as much as it presently costs in
Southern Arizona.

Solar collection and conversion are still new and experi-
mental arts, and the cost predictions are uncertain. It seems,
really, that solar energy is in about the same position it was
at the turn of the century -it doesn't pay yet, but the promise
is great
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gy on a ranch near Gila Bend next year, with hopes
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THE WALLEYE AS

A WALLFLOWER

by Jerry C. Tash and Stephen H. Holanov*

The walleye are doing just fine - reaching upwards of
8 pounds. The fishermen are doing just fine -catching bass
and trout and channel catfish.

But Arizona fisherman are not catching walleye, and if
they don't start bringing back more in their creels, and then

Arizona fishermen have learned to catch just about
every manner of fish that the Arizona Department of Game
and Fish has introduced to the state's lakes and streams.

Large and small mouth bass were brought in, the
fishermen found them, caught them, ate them and went
back for more. Result: More bass were stocked by Game
and Fish -it paid to.

The bluegill was brought in and the story was the
same, as it was with various types of non -native trout: The
fishermen fished, caught, came back for more, and the fish
managers knew they had a good thing going.

In the mid- 1960's, somebody decided that it might be
a nice idea to bring in another eastern fish, one that fought
well, tasted great, and might do very nicely in the deep
man -made lakes along the Salt River.

In came the walleye, so named for the opaque eye of
the species, a close relative of the yellow perch, and a
game fish known to hit 22 pounds in Canadian waters.

Within a few years it was found that the walleyes sur-
vived in the deep lakes like Saguaro, Canyon, and Apache,
growing to 10 inches during their first year, going to 2
pounds by their second year, and feeding happily on the
threadfin shad that were brought in to provide them forage.

True, the walleye (native to North America west of the
Appalachians from Canada to the Gulf Coast) did not re-
produce well, but survival of the stocked fish from year to
year was far better than it is for trout.

So, after 10 years of occupying the same waters as
the wiley Arizona fishermen, how are things going?
*Respectively, Unit Leader and Research Associate, Cooperative Fishery Unit.
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heading back for still more of the fish, walleye in Arizona
may be on the way out.

They will disappear simply because it doesn't pay
Game and Fish to stock fish that are not caught.

It isn't a matter of the walleye being too elusive for
Arizonans. Rather, Arizona fishermen seem to spend most
of their time fishing for trout, and they simply don't know
how to fish for walleye. They are used to warm -water fish
like crappie, bluegill, and bass -daytime feeders that lurk
in shallow waters. Fishing, based on the feeding habits and
lairs of these fish, won't hook a walleye, and because of this
it is likely that many Arizona fishermen don't even know the
walleye are down there. Emphasize down!

Fishermen in the east have always thought the wall-
eye adapted to feeding either in dim light or deep waters.
Research has borne out their hunch. The eyes of the wall-
eye work very nicely in very faint light and do badly where
the light is bright. During the day- unless either the sky or
the water is cloudy -adult walleye run for deep water.

Since the walleye prefer deep, dark water, and feed at
night, the best bet for catching them is at dawn, dusk, and
at night. Casting from the shore is best after dark or on
cloudy days.

During the day especially, it takes deep bait and lures
to snare the walleye. In the canyon lakes of the Salt River,
120 feet of line is probably a good bet.

Another thing: A nibble is not enough to hook a wall-
eye. They are slow eaters, preferring minnows (and other
small live fish) as bait, and they should be allowed to swal-
low the bait before the line is reeled in.

Considering that walleye are deemed the best eating
fish caught in northern waters, it is a pity that more Arizona
fishermen aren't bringing them to the dinner table



RESEARCH NOTES
This listing of research projects underway completes the listing begun in
the summer edition of Progressive Agriculture.

Title

PLANT SCIENCES

Mutant Selection and Parasexual
Genetics of Cotton by Cultured
Protoplasts

Genetics and Cytology of
Cotton -II

Genetics and Cytology of
Cotton -II

Canopy Architecture as Related
to Production and Water
Requirements in Alfalfa

Improvement and Management
of the Species Sorghum for
Grain and Forage

Introduction and Breeding
Landscape Materials for
Arid Regions

Assessment of Genetic
Potential of Seed for Plant Estab-
lishment and Growth Under
Stress Environments

Conservation of Irrigation Water
by Forage and Feed Crops

The Control of Weeds on
Irrigated Lands

Efficiency of Irrigated Cotton
by Management, Growth
Regulators & Harvest -Aid
Chemicals

Mitochondria) Complementa-
tion for Predicting Hybrid
Yields and Underlying
Metabolic Interactions

Development and Improvement David D. Rubis
of New Crops in Arizona Revised

Leader Start Date Close Date

Frank R. Katterman 01 -07 -68
Revised 01 -07 -74 30 -09 -77

Frank R. Katterman

John E. Endrizzi

Albert K. Dobrenz
Revised

Robert L. Voigt

01 -07 -70 30 -06 -75
Extended 31 -12 -75

01 -07 -70 30 -06 -75
Extended 31 -12 -75

01 -07 -71 30 -06 -75
11 -12 -75 30 -09 -78

01 -07 -71 30 -09 -76

Warren D. Jones 01 -07 -73 30 -09 -78

L. Neal Wright 01 -10 -72 30 -09 -77

Albert K. Dobrenz 03 -10 -72 30 -09 -77

Keith C. Hamilton
Revised

Robert E. Briggs
Revised
Revised

Robert G. McDaniel
Revised

01 -07 -62
01 -10 -72 30 -09 -77

06 -06 -55
01 -10 -69 01 -10 -74
07 -07 -75 30 -09 -78

01 -07 -70 30 -06 -75
01 -07 -75 30 -09 -78

01 -07 -65
01 -07 -74 30 -09 -77

Improvement of Alfalfa by Melvin H. Schonhorst 09 -12 -58
Breeding for Resistance to Revised 30 -07 -73 30 -09 -78
Destructive Insects and Diseases

Genetics and Improvement of David D. Rubis
Safflower Revised

01 -07 -65
01 -07 -74 30 -09 -77

Environmental Improvement Ernest B. Jackson 01 -07 -74 30 -09 -79
Through Biological Control and
Pest Management (Ent)

Development of Predictors and Dwayne R. Buxton 01 -07 -75 30 -09 -78

Determination of Factors
Associated with Quality Planting
Cotton Seed

Ultrastructure of the xylem in Arthur C. Gibson 01 -07 -75 30 -09 -78

lettuce, strawberry, and
barrel cactus

Cucurbit Breeding for Arid Robert E. Foster, II 03 -07 -57

Climatic Conditions Revised 01 -07 -73 30 -09 -77

Title

Development of a Quality Cotton
Possessing Greater Tolerance
to Environmental Stress

Breeding Long Staple
(Barbadense) Cotton for
Conventional and High Plant
Population Culture

Influence of Microclimatic
Conditions on Citrus
Production and Physiology

Improving Cotton Plants
Through Selection Based Upon
Physiological and Anatomical
Characteristics

Physiological Criteria for
Forage, Range, and Pasture
Plant Breeding

Utilization of Cytoplasmic Male
Sterility of Gossypium in a
Hybrid Seed Production System

Factors Associated with
Efficient Distribution of
Carbohydrate into Seed and
Lint of Cotton

Stand Establishment as Related
to Mechanized Production
of Vegetables

The Action of Lipid -Soluble
Herbicides and Surfactants on
Single Plant Cells and Whole
Plants

Salinity Management in the
Colorado River Basin
(SWE -RNR)

Application of Information on
Water -Soil -Plant Relations to
Use and Conservation of Water

Herbicidal Modification of the
Plant Environment and its
Prediction

Domestication and Utilization of
the Buffalo Gourd, Cucurbita
Foetidissima HBK (NFS)

Application of Information on
Water -Soil -Plant Relations to
Use and Conservation of Water

Physiology of Growth and
Fruiting of Pecan Trees (SWE)

Quality Maintenance,
Measurement and Control in
the Marketing of Vegetables
Including Potatoes

Leader

Warner D. Fisher

Start Date Close Date

12 -05 -66
Revised 01 -07 -73 30 -09 -78

Walker E. Bryan 01 -07 -65
Revised 01 -07 -73 30 -09 -78

J. Allen Dunlap, Ill 03 -05 -50
Revised 01 -07 -73 30 -09 -76

Hiroshi Muramoto 22 -09 -65
Revised 01 -07 -73 30 -09 -78

Robert G. McDaniel 01 -07 -72 30 -09 -77

Lee S. Stith 01 -07 -74 30 -09 -77

Dwayne R. Buxton 01 -07 -74 30 -09 -77

George C. Sharpies 01 -07 -73 30 -09 -78

Paul G. Bartels 01 -07 -74 30 -09 -77

Ernest B. Jackson 01 -07 -74 30 -09 -77

Albert K. Dobrenz 01 -01 -75 30 -09 -79

Paul G. Bartels 01 -07 -74 30 -09 -79

William P. Bemis 01 -07 -75 30 -09 -78

Kaoru Matsuda 21 -05 -64
Revised 01 -07 -69
Revised 01 -07 -74 30 -09 -79

Eugene A. Mielke 21 -05 -56
Revised 01 -01 -73 30 -09 -77

Paul M. Bessey 01 -07 -71 30 -06 -75
Extended 30 -09 -76
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Title

Lettuce Breeding for
Mechanized Production and
Handling

Genetic and Cytogenetic
Studies of Horticultural Crops

Physiological and Environ-
mental Aspects of Vegetable
Production in Arid Regions

Melon Quality as Influenced by
Mechanical Handling in
Marketing Channels

Chemical, Physical and
Microbial Status of Harvested
Salad Vegetables in Arizona

Adaptation and Culture of Plant
Materials Native to Arid Regions

Physiology of Rootstock -Scion
Relationships in Citrus

Citrus Irrigation and Cultural
Practices Under Southwestern
Conditions (SWE)

Use of Municipal Wastewater
and Dried Sewage Sludge for
Crop Plants

Plants for Pollution and Erosion Arden D. Day
Control, Beautification and
Browse

Genotype- Environment Arden D. Day
Interactions Related to
End -Product Uses in Small
Grains (An Sci)

Studies on the Inheritance of Robert G. McDaniel 18 -07 -75 30 -09 -78

Mitochondrial Deoxyribonucleic
Acid

Changes in Quality During
Extended Harvest Periods Which
Affect Market Acceptance of
Desert Citrus (Ag Econ)

Selection, Propagation and Field Le Moyne Hogan 01 -03 -76 30 -09 -78

Establishment of Jojoba,
Simmondsia chinensis (Link)
Schneider

Turfgrass Management

Leader Start Date Close Date

Robert E. Foster, II 01 -07 -73 30 -09 -77

William P. Bemis 01 -07 -73 30 -09 -77

Weymouth D. Pew 01 -07 -73 30 -09 -78

Robert E. Foster, II 25 -07 -72 30 -09 -77

Norman F. Oebker 01 -07 -73 30 -09 -77

Le Moyne Hogan 01 -07 -73 30 -09 -78

D. Ross Rodney 01 -07 -73 30 -09 -78

01 -04 -71 30 -09 -81D. Ross Rodney

Arden D. Day
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01 -07 -74 30 -09 -77

01 -07 -74 30 -09 -77

01 -07 -74 30 -09 -77

Gale L. Fuller 24 -12 -75 10 -09 -78

William R. Kneebone
Revised

Bermudagrass Improvement William R. Kneebone
Revised

Cytogenetics of Barley Applied Robert T. Ramage
to Hybrid Seed Production Revised

01-05-63
01-.07-74

22-03-62
01-10-72

17-01-64
01-07-74

Field Crops Research at Higher Melvin H. Schonhorst 22 -03 -60
Elevations in Arizona Revised 01 -07 -74

Cropping Sequences for
Efficient Land Use in
Southwestern Arizona

Administration Project

Sugarbeet Management Under
Irrigated Conditions

University of Arizona Herbarium

Chemical Regulation of
Horticultural Crops

Propagation of Native Desert
Plants for Landscaping

Stand Establishment for
Narrow -row Short- season
Cotton Production (CSRS
Special Grant 216- 15 -81)

Ernest B. Jackson 22 -03 -60
Revised 01 -07 -74

John M. Nelson 01 -07 -69

Revised 01 -07 -74

Charles T. Mason, Jr.

John M. Nelson 30 -06 -60
Revised

Steve Fazio
Revised

B. Brooks Taylor

01 -07 -73

01 -07 -50
01 -07 -73

21 -04 -72
Extended

30 -06 -77

30 -06 -77

30 -06 -77

30 -06 -77

30 -06 -77

01 -01 -99

30 -06 -77

01 -01 -99

30 -06 -76

30 -06 -78

20 -04 -75
20 -04 -77

Title Leader

Effect of Moisture Stress in
Alfalfa on Bee Attractiveness,
Nectar Secretion and Seed Set

Culture and Improvement of
Irrigated Wheat (SWE)

Gerald M. Loper

Rex K. Thompson

RENEWABLE NATURAL RESOURCES

A Water Quality Analysis of
Recreation Waters of
Sabino Canyon

Influence of Native Soil Fertility Phil R. Ogden

on Range Condition and
Production (SWE)

Stanley Keith Brickler

SOILS, WATER & ENGINEERING

Micropedological
Characterization of Arid
Soil Genesis

Soil Water and Its Management
in the Field

Chemical and Physical Studies
of the More Important Soil
Types of Arizona

Dissipation and Degradation of
Herbicides and Related
Compounds in Soil and
Water Systems

Nutrient Requirements of
Agronomic Plants by Plant
Tissue and Soil Analyses

Functional Design and
Evaluation of Machines and
Equipment for Arizona
Agriculture

Ground Water Resources
Management

Soil, Water and Plant Analysis
as a Means of Improving
Crop Production

Utilization of Water in Arizona

Modified Micro -Climate for
Alleviation of Heat Stress in
Dairy Cattle

Development of Mechanical
Systems of High Plant
Population Lettuce Culture

Turfgrass Management

Administration Project-
Soils, Water & Engineering

Citrus Irrigation and Cultural
Practices Under Southwestern
Conditions

Development of Improved
Vegetable Production Systems

Surface Irrigation Flow Analysis
Through Model Studies

Water and Fertilizer
Management for Production of
Short- Season, High -Density
Cotton (Coop with Agronomy)
CSRS Grant 116 -15 -19

David M. Hendricks
Revised

Arthur W. Warrick

Revised

David M. Hendricks
Donald F. Post
Revised

Gordon R.
Revised
Revised

Dutt

Thomas C. Tucker
Revised

John A. Miles
Revised

William G.
Revised

Stanley Snitzer, Jr.
Revised

Matlock

Delmar D. Fangmeier
Revised

Frank Wiersma
Revised
Revised

Joe P. Gentry
Revised
Revised

Gerald R. Johnson
Revised

Kenneth K. Barnes

Bryant R. Gardner

Start Date Close Date

01 -07 -73 30 -06 -77

01 -07 -74 30 -06 -77

01 -07 -75 30 -06 -77

01 -07 -75 30 -09 -78

27 -11 -61

01 -01 -73 30 -06 -77

01 -07 -64

01 -07 -69 30 -06 -74

01 -07 -74 30 -06 -79

03 -07 -57
01 -01 -73 30 -06 -77

18 -12 -64
01 -07 -69 30 -06 -74

01 -07 -74 30 -06 -79

01 -07 -62
01 -07 -73 30 -06 -78

21 -04 -61 30 -06 -65

01 -07 -74 30 -06 -77

14 -02 -57
01 -07 -72 30 -06 -77

01 -04 -58
01 -07 -72 30 -06 -77

01 -07 -66
01 -07 -69 30 -06 -76

01 -07 -64
01 -07 -67
17 -04 -73 30 -06 -77

04 -12 -61

01 -07 -67
01 -01 -73 30 -06 -77

01 -05 -63 30 -06 -66
01 -07 -74 30 -06 -77

01 -01 -99

01 -04 -71 30 -06 -81

Delmar D. Fangmeier 01 -07 -71 30 -06 -76

Delmar D. Fangmeier

Delmar D. Fangmeier

01 -07 -71 30 -06 -76

12 -05 -71 30 -06 -74
Extended 11 -05 -76



Title Leader Start Date Close Date Title Leader Start Date Close Date

Stand Establishment for Moody D. Cannon 21 -04 -72 20 -04 -75 Soil Interpretations and William O. 01 -07 -73 30 -06 -77

Narrow -row, Short- Season Extended 20 -04 -77 Socio- Economic Criteria for Rasmussen

Cotton Production (Coop with Land Use Planning
Agronomy) CSRS Special Grant Salinity Management in the Gordon S. Lehman 20 -05 -74 30 -06 -78
216 -15 -81 Colorado River Basin (SWE)
Soil as a Waste Treatment Wallace H. Fuller 01 -07 -72 30 -06 -77 Effects of Logging on Apache Boyd E. Kynard, Jr. 01 -07 -74 30 -06 -77
System Trout and Aquatic Insects in the
Wine Grape Production on a Gordon R. Dutt 01 -08 -72 30 -06 -77 White Mountains of Arizona
NaCI- Treated Water Harvesting
Catchment

Hydrology of Lands Disturbed
by Surface Mining of Coal in the

John L. Thames 01 -07 -74 30 -06 -77

Melon Quality as Influenced by Joe P. Gentry 25 -07 -72 30 -06 -77 Pinyon- Juniper Cover Type
Mechanical Handling in Plants for Pollution and Erosion Gilbert L. Jordan 01 -07 -74 30 -06 -77
Marketing Channels Control, Beautification and
Nutrient Requirements of Bryant R. Gardner 01 -07 -73 30 -06 -78 Browse (SWE -APG)

Horticultural Plants by Plant Determinants of Choice in David A. King 01 -07 -74 30 -06 -77
Tissue and Soil Analysis Outdoor Recreation (Ag Econ)
Soil Interpretations and David M. Hendricks 01 -07 -73 30 -06 -77 Introduction, Multiplication, Gilbert L. Jordan 31 -08 -55
Socio- Economic Criteria for Maintenance Evaluation and Revised 01 -07 -69 30 -06 -74
Land Use Planning Cataloguing of Plant Germ Plasm Extended 30 -06 -79

Trickle Irrigation to Improve Arthur W. Warrick 01 -07 -73 30 -06 -78 Assessment of Arizona Peter F. Ffolliott 01 -03 -76 01 -10 -79
Crop Production and Ponderosa Pine Tree Quality
Water Management Features
Salinity Management in the Gordon R. Dutt 01 -07 -73 30 -06 -78 Forest Recreation Demand David A. King 20 -06 -66
Colorado River Basin William G. Matlock Analysis Revised 08 -05 -73 30 -06 -76

Limiting Stress of Food Frank Wiersma 01 -07 -74 30 -06 -79 Infiltration Capacities on Malcolm J. Zwolinski 21 -04 -67
Producing Animals to Increase Managed Watersheds Revised 03 -05 -73 30 -06 -76
Efficiency (An Sci, DFS)

Snow Water Yield From Conifer David B. Thorud 24 -03 -67 30 -06 -71
Use of Municipal Wastewater
and Dried Sewage Sludge for
Crop Plants (APG and PI. Path)

Thomas C. Tucker 01 -07 -74 30 -06 -77 Forest

Range Utilization -Its
Measurement effects and

Ervin M. Schmutz
Revised

30 -01 -68
01 -07 -74

30 -06 -72
30 -06 -77

Plants for Pollution and Erosion Thomas C. Tucker 01 -07 -74 30 -06 -77 Management
Control, Beautification and
Browse (APG and WM) Poisonous Plants of Arizona Ervin M. Schmutz

Revised
26 -03 -62
01 -07 -72 30 -06 -77

Sorption of Malodorant Gases
by Soils

Hinrich L. Bohn 01 -07 -75 30 -09 -78
The Management of Second
Growth Ponderosa Pine

Philip N. Knorr
Revised

01 -07 -60
01 -07 -72 30 -06 -82

Sorption of Trace Metals in Soils
as Affected by Soil pH

Hinrich L. Bohn 01 -07 -75 30 -09 -78 (Objective B)

The Effect of Fire on Tree Robert F. Wagle 01 -07 -60 30 -06 -65
Modeling of Cotton and Alfalfa Dennis L. Larson 01 -07 -75 30 -09 -78 Mortality and Growth in a Revised 01 -07 -74 30 -06 -77
Growth Under Irrigation in an
Arid Environment

Ponderosa Pine Type

Nitrogen and Carbon Balances James O.
Reduced Energy Usage Through Dennis L. Larson 01 -07 -75 30 -09 -78 in Forest and Range Ecosystems Klemmedson 01 -07 -67 30 -06 -72
Improved Cultural Practices in Arizona Revised 08 -05 -73 30 -06 -77

Energy in Western Agriculture - Dennis L. Larson 01 -07 -75 30 -09 -78 Administration Project David B. Thorud 01 -01 -99
Requirements, Adjustments,
and Alternatives

Influence of Native Soil Fertility
on Range Condition and
Production

Jack L. Stroehlein 01 -07 -75 30 -09 -78

Application of Remote Sensing
for Natural Resource Analysis

Tree Species for Christmas
Trees in the Southwest

Edwin L. Smith, Jr.
Revised

Robert F. Wagle

01 -03 -71

01 -07 -75

01 -04 -71

30 -06 -75
30 -09 -78

30 -06 -76

Fate of Fertilizer Nitrogen in Robert L. Westerman 01 -07 -75 30 -09 -78

Soil -Plant Environments

Long Term Agricultural Effects
on Nitrogen in the Soil

Robert L. Westerman 01 -07 -75 30 -09 -78

VETERINARY SCIENCE
Environment

Chili Pepper Mechanization John A. Miles 01 -07 -75 30 -09 -78
Gastrointestinal Parasites of
Cattle in Intensive Management

Ted H. Noon
Revised

18 -10 -61

01 -07 -74
18 -10 -66

30 -06 -77

Continuous Cropping Systems Moody D. Cannon 09 -07 -75 30 -09 -78 Systems

for More Efficient Use of Energy
and Capital

Diagnostic Laboratories and
Animal Health Control of

Raymond E. Reed 01 -07 -70 30 -06 -75

Precision Metering of Moody D. Cannon 01 -07 -75 30 -09 -78 University Herds

Agricultural Chemicals Administration Project Raymond E. Reed 01 -02 -69 01 -01 -99

Reproductive Performance in Edward J. Bicknell 01 -07 -70 30 -06 -75
Beef Cattle (Animal Science) Revised 01 -07 -75 30 -09 -80

WATERSHED MANAGEMENT, Effects of Disease and Producer Edward J. Bicknell 01 -07 -75 30 -09 -78

Evaluation of Alternative Land Peter F. Ffolliott 01 -07 -71 30 -06 -76 Management Practices on

Uses on Forest, Range and Extended 30 -09 -76 Marketability of Arizona Pork

Other Wildlands (Ag Econ)

21



COOPERATIVE EXTENSION SERVICE

U.S. DEPARTMENT OF AGRICULTURE
THE UNIVERSITY OF ARIZONA

TUCSON, ARIZONA 85721

OFFICIAL BUSINESS

AN EQUAL OPPORTUNITY EMPLOYER
The University of Arizona College of Agriculture is an equal
opportunity employer authorized to provide research, edu-
cational information and other services only to individuals
and institutions that function without regard to race, color,
sex or national origin.




