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ABSTRACT
Dinitro-ortho-creso1 (500, 1000, and 2000 ppm) and dormant oil
(2.5, 5.0, and 10%) were applied to Thompson Seedless and Per1ette grapevines alone and in combination to enhance budbreak and fruitfulness.
Applications were made immediately after pruning.

Use of these materials

during the winter, immediately after pruning, had no effect on either
fruitfulness or budbreak in Per1ette or Thompson Seedless.
Thompson Seedless cuttings collected in August were exposed to
six temperatures (7, 13, 18, 24, 29 and 35 C) for five time periods (2,
4, 6, 8 and 12 weeks).

After temperature treatment the cuttings were

planted in the greenhouse at 24~ 1 C.

Cuttings exposed to 24, 29 and 35

C broke sooner than those exposed to 7, 13, 18 C at all time periods.
The percentage of the bud openings of cuttings at 29 C for a period of
2 and 4 weeks was 95% and 100% respectively.

The optimum temperature

for budburst was 29 C.
Gibberellic acid, Thiourea, dinitro-ortho-sec-butyl-pheno1
(DINOSEB), potassium nitrate and Endothal were used at two concentrations
alone and in combination, to break rest of Thompson Seedless buds. Thiourea at 2% and DINOSEB at 1000 ppm alone were the only treatments which
gave a higher percentage of bud opening after 20 forcing days at 25~ 1 C
temperature.

Similar results were obtained from cuttings taken in both

winter and summer.

viii

ix

Three times after harvest, Perlette and Thompson Seedless were
defoliated using the senesce enhancer Endothal.
8, and 12 weeks) after harvest were used.
regrowth was controlled with Endothal.

Defoliation times (4,

In half of the treatments,

Gibberellic acid (1000 ppm)

Thiourea (2%) and DINOSEB (2000 ppm) were applied at the time of defoliation. The four-and twelve-week defoliation periods with new vine
growth controlled for improving budbreak and fruitfulness were best.
Growth regulators did not improve the defoliation treatments.

The best

treatments hastened budbreak by 10 days, more than doubled vine fruitfulness, and increased sugar content in berries resulting in a lO-day
earlier harvest than in the control.

Results were similar in both

Thompson Seedless and Perlette.
Thompson Seedless and Cardinal vines grown under Arizona desert
conditions were defoliated 4 weeks after harvest with 2000 ppm Endothal.
Two weeks later they were pruned and treated with 1000 ppm Gibberellic
acid, 2% Thiourea, and 1000 ppm DINOSEB.

Cardinal and Thompson Seedless

vines produced a second commercial crop in December of the same year.
Thiourea (2%) and 1000 ppm DINOSEB did not have a significant effect;
however, 1000 ppm Gibberellic acid reduced the number of clusters per
vine.

CHAPTER ONE
INTRODUCTION
Since Roman times, viticulture has been a very important part of
human culture. Grapes have been used for eating and wine making. Grapes
are mentioned in the bible many times.

It has been very important since

ancient times to provide the consumer with fresh grapes for as long a
period as possible.
The United States has one of the best markets currently.

Grapes

are available "fresh" in the market place from June to October. There is
a gap from October to May that is not covered by American grape growers,
but is filled by produce coming from the southern hemisphere.

Chilean

grapes enter the American market in January and February when the supply
is low and demand is high, consequently prices are premium.
American grape growers have been trying to delay harvest and
store grapes long enough to compete with foreign deliveries; however, it
has been difficult due to climatic conditions and the freshness of the
imported product.
The early grape market in this country has been dominated by
growers located in the desert area (i.e., Coachella Valley and Arizona
deserts).

Viticulture in the desert areas is quite different from other

states. Most of the time, grapevines do not undergo normal defoliation,
and/or the rest period is very short because of late fall growth.

Grapes

grown under desert conditions tend to be less fruitful than those grown
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under colder climates (Lider, 1979, personal communication).

It has

been suggested that this lack of fruitfulness could result from the
longer growing season and shorter maturation period. Thus, the lack of
rest of the metabolism of carbohydrate reserves could be the cause of the
lower fruitfulness.

It has also been observed that budbreak in these

desert areas tends to be delayed when warm winters are present and suggests a need for rest or a chilling requirement.
The present work was undertaken to determine the effect of
natural and artificial vine defoliation and the use of growth regulators
on the carbohydrate reserves, rest, budbreak and fruitfulness of the
grapevine under Arizona desert conditions.

CHAPTER 2
LITERATURE REVIEW
Most decidious plants have a physiological rest period each year
which usually occurs during the winter months.

According to Vegis (1964)

dormancy is the result of a highly useful adaptation to the environmental
conditions which prevail where the species or variety originates. The
transition from the state of full growth activity to true dormancy occurs
gradually.

The first phase of the rest period is called "early rest" and

the state of the plant organs at this time is called "predormancy'"

A

characteristic of organs in this state is that they have not fully lost
their ability to grow.

True dormancy, or rest, is a state in which nor-

mal growth cannot be resumed regardless of how favorable the external
environmental conditions may be. The transition from predormancy or quiescence to true dormancy marks the entrance to the main or middle phase
of the rest period.

At this stage, the depression of the growth activity

is strongest.
Samish (1954), stated that rest is a condition where growth will
not proceed normally, even under favorable environmental conditions, and
is due to internal factors and most likely to the relative level of various hormones in the buds.
In grapevines, buds are formed in the axis of each leaf.

They

are compound buds and normally consist of three partially developed rudi·
mentary shoots enclosed inside common scales.
3

This group is often called
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an "eye." Generally, only the middle or primary growing point of the
three rudimentary shoots develops when the vine leafs out in the spring,
but occasionally two or all three of the growing points may develop into
shoots. The buds are either leaf buds or fruit buds.

A leaf bud is a

rudimentary sterile shoot that forms only leaves and tendrils and does
not bear fruit.

A fruit bud contains rudimentary leaves, flower clus-

ters and tendrils (Winkler, 1974 ; Pratt, 1974).
The rudiments or primordia of the grape flower are formed during
the growing season preceding the year in which the flowers bloom (Winkler, 1974).

For any given grape cu1tivar, the fruitfulness of the fruit

buds (i.e., the number of fruit clusters per bud) can vary considerably
from year to year. The seasonal variation in bud fruitfulness may be
due to climatic factors and/or cultural practices.
Jackson and Sweet (1972) found that flower initiation in temperate woody plants was affected by juvenility, vigor, mineral nutrition,
carbohydrate level, growth regulators, water stress, photoperiod, total
light energy and temperature.

The last four of these factors may be

designated as climatic.
The physiology of fruit-bud differentiation is not clearly understood and cannot explain all the differences in fruitfulness between
varieties.

Considerable work has been done on determining when fruit

bud initiation occurs in grape vine and how climatic and cultural factors affect differentiation and formation of fruit primordia in buds.
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Environmental Factors
During the growing season of most horticultural trees, the temperature ranges 10 to 30 C.

Low temperatures promoted floral induction

in one species and prevented it in another, and the same could also be
said for high temperatures.

Optimum temperature for floral induction

was 10 to 13 C, whereas high temperatures were inhibitory in the olive
and citrus (Badr and Hartman, 1971; Bosco and De Michele, 1960; Hackett
and Hartmann, 1963, 1964; Iwasaki, et al, 1959; Lenz, 1968, 1969; Moss,
1969).

It is reported that floral induction in peaches was inhibited at

high temperatures (Hiari, 1961); but subsequent to induction, high temperatures promoted the actual development of the flower (Iwasaki, et al,
1959). By contrast, floral induction for cacao (Alvim, 1966) and coffee
(Moss, 1956-57) was inhibited below 23 C which was the optimal temperature for coffee.

Floral induction in apples and apricots was enhanced

with increased temperature (Streitberg, 1968).
Rest and Chilling.
Chandler and Brown (1951) stated that rest period in a bud did
not have a fixed length. The time of its ending depended on variety,
length of shoot growth and amount of winter chilling. After exposure to
sufficient winter cold, the rest influence was ended and buds developed
normal'ly whenever suitable growing temperatures prevailed.
Weinberger (1950) proposed the "hours of chilling" or chilling
requirement concept.

Chilling (the breaking of bud dormancy by exposure

to low temperatures) is more effective if the temperature is near or
slightly above freezing than below freezing (Weinberger, 1950; Erez and
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Lavee, 1971). Temperatures of 7 C or lower for a definite period of
time were necessary before growth could begin under favorable conditions.
In determining the chilling requirements of peach cultivars, it was
necessary to recognize a minimum time interval for buds to complete
their physiological development before the rest period was broken and
growth could begin.

Intensive early-winter chilling hastened the rest-

breaking processes and shortened the rest period, but a greater number
of chilling hours was necessary.

February was considered the critical

date for the breaking of the rest (Weinberger, 1950).
Weinberger (1954) also found that high temperatures occuring
during the winter period delayed the breaking of rest.

Overcash and

Campbell (1955) found intermittent warm periods negated some of the low
temperature chilling effect as peach leaf, bud broke faster under continuous low temperatures than under intermitting warm and cold periods
even though the total number of IIhours of chillingll was the same.
The overriding importance of temperature as the climatic factor
affecting growth of grapevines was stressed by Winkler (1974).

The ef-

fect of temperature on time between bud burst and flowering paralleled
its effect on the rate of vegetative growth over a similar period (Buttrose, 1965). This indicated that temperature effects on flowering and
vegetative growth operates through similar mechanisms.
Winkler, et al, (1974) found many aspects of grapevines development were related to summation of heat above 10 C.
Chilling was generally considered necessary to break bud rest in
grapevines, though little is known about the amount of chilling required.
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Vitis vinifera, has a wide range in the amount of chilling required to
terminate bud rest (Weaver, et a1, 1963).
Weaver and Iwasaki (1977) found with storage temperatures of 0,
3, 9 and 10 C, eight weeks were sufficient to produce maximum budbreak,
although termination of rest was generally slower at 10 C.

At all tem-

peratures studied, three days of storage was sufficient to'fu1fi11 the
chilling requirement for some cultivars.

Dates of budburst and flower-

ing for a given cu1tivar differ between seasons and locations and are
attributed both to cultural practices and climatic conditions.

Chris-

tiansen, (1969) reported the time between budburst and flowering of
Thompson Seedless varied from 47 days in warm spring to 70 days in a cool
year; however, he noted that heat summation was the same in the two
seasons.
Delayed spring foliation may be due to insufficient chilling as
it is severe following warm winters.

It is a condition in which leaf and

flower buds are delayed in starting growth beyond the usual time, even
though favorable growing conditions prevail. According to many observations, 7 C or lower is the critical temperature which is sufficient to
break the rest period of most deciduous fruit trees (Weinberger, 1950).
Temperature and Fruitfulness
Fruitfulness in grapevines was promoted by high temperatures.
This was demonstrated in statistical studies by Baldwin (1964) and Smit
(1970). They reported enhanced fruitfulness (number of bunches per
shoot) with higher temperatures experienced during bud development.
temperature range they used was 18 to 36 C.

The

Buttrose (1969a) noted in
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the relatively fruitful cultivar Muscat Gordo Blanco, that the number of
fruiting primordia rose from zero at 20 C to a maximum at 35 C.
dia size was similarly affected.

Primor-

Controlled environment experiments

confirmed the conclusion from the statistical studies.
Different cultivars examined in growth cabinets (Buttrose 1970b)
had much the same temperature optimum for fruitfulness (30 to 35 C).
The cultivars differed in their performance at low temperatures.

Rhine

Riesling and Shiraz were reasonably fruitful after three months at 20 C
whereas Muscat Gordo Blanco and Thompson Seedless were barren.
Budbreak and Temperature.
Alley and Peterson (1977) reported that bud break of freshly made
cuttings held at 29.5 and 23.5 C, required 17 to 31 days in November,
December and January.

In February, only 15 to 14 days were required for

buds to push while in March, bud push occurred in 3 to 9 days.

Cuttings

under refrigerated conditions required also a longer time for callusing
and roots to appear.

Kliewer (1975) found budbreak and bloom occurred

3 to 8 days earlier when grapevines were exposed to 30 to 35 C rather
than 11 C. The number of buds that broke per vine increases at higher
temperatures and were two to three times greater at 30 to 35 C than at
11 to 15 C.
Buttrose and Hale (1971) pointed out the selective effects of
temperature on metabolic pathways. They found that the amount of starch
accumulated in grapevines chloroplasts fell, with increasing temperature,
from 23% at l8/l3C (day/night) to 1% at 35/30 C; whereas total lipids in
the leaf rose from 6 to 16% (dry weight) respectively.
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Light Intensity on Fruitfulness and Bud Initiation
The effects of light intensity in flower (bud) initiation was
studied in the field both by statistical methods, using hours of bright
sunshine, or by applying shading treatments.
tural fruit trees

Most studies on horticul-

have involved shading which invariably reduces the

number of buds initiated in apple (Streitberg 1968), blueberry (Hall and
Ludwing, 1961), coffee (Castillo and Lopez, 1966) and peach (Hiari, et
al, 1961).
In the vineyard, plant leaves shade each other and the effective
light intensity inside the canopy is lower than full daylight.

Shaulis

and May (1971) obtained an increase in fruitfulness of Thompson Seedless
buds by widening the trellis, so that shoots were less crowded.

Light

interception was more efficient for the whole canopy including canes.
The inference for these considerations is that quantity of light in addition to temperature, could modify fruitfulness of grapevines.
May and Antcliff (1963) found a specific four-week period during
bud development in late spring when shading had the greatest effect on
initiation of fruiting primordia.

In growth cabinet studies, an increase

in light intensity resulted in an increase in both the number and the
size of fruiting primordia (Buttrose, 1969a); however, the maximum light
intensity available in the particular cabinets used was approximately one
quarter that of full sunlight, suggesting that light may not be normally
limiting under field conditions as fruitfulness appeared a maximum at
this reduced intensity under 6-hour photoperiods.
In growth chamber studies, the number of bunch primordia recognizable after a three-month growing period was not photoperiodically
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correlated in that it was not affected by supplying low intensity supplemental light throughout the night, nor was it affected by the length of
an"interrupted night (Buttrose 1969b). The fruitfulness of these cabinet-grown plants was promoted by increasing the day length with high
intensity light (39,000 lux).

The response could not be entirely

explained on the basis of increased light for photosynthesis.

If the

light intensity was supplied for more than 12 hours per day, the induction of fruiting primordia appeared to depend on the hours of illumination rather than total energy.

In contrast, the accumulation of dry

matter in the whole plant was related to total light energy received and
not to the number of hours of illumination. The mechanism responsible
for the induction of fruit primordia, despite its requirement for high
energy light, is not the same as the mechanism leading to dry accumulation (Buttrose, 1969b).
The fruitfulness of Gordo grapevines was high when grown at 30 C
and 3,600 ft-c but decreases when light intensity was reduced to 900 ft-c
and even further lowered by reducing temperature to 20 C (Buttrose, 1969).
Buttrose, (1969b), studied the effects of temperature and light
with respect to plant dry weight, shoot length and node number, and
found that all varieties responded similarly to light intensity; however,
the dry weights were affected by changes in iight intensity.
vars grew well below 20 C.

No culti-

Most reached optimum growth at about 25 C

and all tolerated temperatures up to 35 C very well.

With respect to day

length, no differences were detected in the cultivars studied.
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Grapevines tend to be more fruitful when they develop under conditions of high temperature (Buttrose, 1970b) highlight intensity
(Kliewer and Cideral 1970), and long days (Buttrose, 1965, 1969a).
Growth Regulators
Attempting to break the rest period of dormant organs has been a
common practice since the beginning of this century (Wareing and Saunders,
1971). Of the many known rest-breaking agents, only a few have been
found suitable for commercial use in vineyards or deciduous fruit
orchards.
The mode of action of chilling in overcoming bud rest in plants
is obscure; however, recent evidence has indicated that chilling affects
the level of endogenous promoter and inhibitor hormones in buds of woody
pl ants (Warei ng, 1971).
Wareing and Saunders (1971) stated that dormancy was a state
caused by high levels of inhibitors together with low levels of promoters.

Bud burst occurred when the level of promoters was higher than the

level of inhibitors.

Exogenous application of growth regulators inhibi-

ted or promoted growth depending on the substance.
Growth Promotion.
Gibbere1lins broke rest and promoted flower development in some
species but not others, and their effectiveness was dependent on the time
of application (Weaver, 1972).

Gibberellin generally hastened budbreak

and flower development if applied after partial fulfillment of the chilling requirement, but delayed these processes if applied the previous
summer or fall.

12

Stembridge and LaRue (1969) noted that application of Gibberellic
acid (GA 3) after partial fulfillment of the chilling requirement accelerated flowering; the longer the period of chilling, the greater the acceleration.

Similar results were reported for almond (Hicks and Crane,

1968) and peaches (Walker and Donoho, 1959).

Mineral salts have been found to be active in relieving the rest
in dormant organs; nitrate and sulfate salts have generally provided the
best results (Erez, et al, 1971).
Winter sprays with mineral oil emulsion fortified by dinitroortho-cresol (DNOC) has been used in Israel and other warm climates to
overcome residual dormancy (Samish, 1945).
Erez, et al, (1971) reported the rest period of peach and grape
buds was broken by application of several compounds.

DNOC-mineral oil,

thiourea, aqueous DNOC, potassium nitrate (KN0 3), gibberellic acid (GA 3)
and kinetin were found to be active. Combination of active compounds
which were found to be most efficient were:

DNOC-Mineral oil

+

thiourea,

DNOC-mineral oil + gibberellic acid; and KN0 3 + thiourea. Potassium nitrate and kinetin mainly advance the rate of flower bud opening, while
thiourea had more pronounced effect on leaf opening rate.

They found

that the combination of DNOC-mineral oil, thiourea and KN0 3 was best for
commercial use.
Weinberger (1939) applied dinitrophenol and dinitro-o-cyclohexylphenol to dormant peach twigs and found that after a period of partial
chilling, the twigs could be stimulated into normal development.

If the

rest period had been fully fulfilled, application of the chemicals hastened the rate of bloom.
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Thiourea, one of the more effective breaking agents (Vegis, 1964)
was developed into a commercial spray for peach orchards (Blommaert,
1964) who claimed superior results in bud opening to those obtained by
winter mineral oil sprays.
Balasubrahmanyam, et al, (1975) reported that Thiourea applied to
buds as a 2% solution from the first week of January to the middle of
February on Thompson Seedless vines hastened termination of rest by 10 15 days.
Iwasaki and Weaver (1977) obtained grapevine cuttings in October
and sprayed them with 25% (W/V) calcium cyanamide.

Rest was broken in

these cuttings 14 days after being placed in water at 25 C and by 40 days
there was 90% budbreak (number of cuttings leafing out).

Control cut-

tings did not break rest during the 120 day period of the experiment.
Bud break was more rapid when bud scales were removed than among cuttings
with buds intact.
Weaver et al, (1974) found termination of rest in St. Emilion
was hastened by immersing cuttings in a 1000 ppm benzyl-adenine solution
for 30 minutes. With nonresting buds, succinic acid-2, 2-dimethyhydrazide (ALAR) hastened the time of bud break.

When resting cuttings were

subjected to temperatures ranging from 38 to 49 C for 6 - 24 hours, and
previously treated with benzyl-adenine solution and alar, termination of
rest was hastened.

Drying resting cuttings for five days at room tem-

perature (24 to 27 C) under low light intensity (10 foot candles) was
very effective in breaking rest, but after 20 days of drying, no cuttings grew.
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Growth Inhibition and Retardation.
The growth-inhibiting substances theory was first proposed by
Hemberg (1949) and gained support from the fact that a close correlation
existed between the levels of endogenous inhibitors and the seasonal
state of bud dormancy in several species (Steward and Caplin, 1952;
Hendershott and Bailey, 1955).
Weaver et al, (1961, 1968) found that bud break of grapevines was
usually delayed by gibberellin and naphthalene acetic acid and was hastened by benzyladenine, warm water, ethylne chlorohydrin, Thiourea and
rindite.
Ramsay and Martin (1970) reported a large increase in GA-like
activity near the end of rest in apricot buds; however, Luckwill and
Whyte (1968) found only small amounts of gibberellins in apple sap just
prior to budbreak and at other times of the year, suggesting that gibberellins as they measured them were not important in rest.
Erez and Celik (1981) studied the effects of GA 3 , (2-chloroethyl)
phosphonic acid (CEPA), (2-chloroethyl) trimethyl-ammonium chloride (Cee)
and succinic acid-2, 2-dimethyl-hydrazide on budburst and rooting of
Vitis vinifera L. cv.

Chausa cuttings taken during imposed dormancy (at

the end of February), and found that GA3 at 50 ppm, eEPA at 100 to 200
ppm and B-9 at 500 and 1000 ppm markedly delayed bud burst.

eec hastened

bud growth significantly; however, all growth regulators had no significant effect on percentage of budburst.
cee, ethephon, morphactin and benzothiazole-2-oxacetic acid (BOA)
markedly delayed budburst in Vitis vinifera varieties (Weaver and Pool,
1971; Weaver, et al, 1968, 1974).
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Retardants of plant growth can slow the shoot growth of many
plant species, but the type and magnitude of the effect depend on the
species and the chemical that is used (Cathey, 1964).
CCC and Alar, have been shown to inhibit shoot growth of grapevines (Coombe, 1967). Weaver and Pool (,1971) found that CCC and Alar at
high concentrations retarded elongation of young Tokay shoots, with CCC
being the more effective. Tukey and Fleming (1968) noted that Alar applied to Himrod just prior to anthesis retarded shoot growth and also
demons tra ted that Alar app 1i. ed preb loom to Concord slowed s hoot growth
in proportion to the concentration and earliness of application.

In New

York trials, Barret (1970) found that Alar applied 9 days before full
bloom had little effect on the length of newly formed internodes in N.Y.
21572 and N.Y. 21576, but that CCC at the same concentration caused
marked inhibition.
Lavee, et al, (1977) tried to control the vegetative growth of
grapevines using several growth regulators. Alar, morphactin, and ethephon were applied four to six weeks after flowering to the upper growing
parts of shoots on five grape cu1tivars (Alphonse Lavalle, Muscat of
Hamburg, Cardinal, Per1ette and Queen) to test their effectiveness in
arresting vegetative growth.

Ethephon was the most effective at 480 ppm

and efficiently inhibited the terminal growth of the canes and prevented
the opening of lateral buds on the shoots for about 8 to 10 weeks. This
treatment enhanced fruit maturation by 1.5 0 Brix and had no negative
effect on bud differentiation, bud opening and growth in the seasons following application. They concluded that ethephon could be used to
replace manual topping of grape shoots.
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Cultural Practices
Kriedemann, et al, (1970) reported that about 40 days after the
leaf unfolded it reached its peak photosynthetic activity and thereafter

.

photosynthesis declined.

The increase during leaf expansion was not due

to increased chlorophyll concentration, altered spectral characteristics,
or to any noticeable anatomical change; nevertheless, senescent leaves
were readily distinguished from younger leaves.

Sucrose was the main

product. The level of14C labelled ~igosaccharides increased with leaf
age.

The relationship between leaf area and the photosynthetic capacity

of grapevines, as reflected by fruit and vine growth and carbohydrate
content of fruits and vegetative tissues has been studied by varying the
leaf area/fruit ratios.

Several investigators (Buttrose, 1965; Kliewer

and Antcliff 1970) have shown that the removal of leaves during the initial period of berry growth (four-to-six-week-period immediately followint fruit-set) greatly reduced berry weight and sugar content of seedless grape varieties.
May, et al, (1969) used six defoliation levels about four weeks
after anthesis. They found that berry development (expressed as soluble
solids per berry) was reduced in the season of the treatment by 10% (for
the least severe defoliation) to 35% for the most severe defoliation).
It also reduced bud fertility (number of bunches per node) in the following season, the effect becoming greater with increasing levels of
defoliation.

This reduced yield by as much as 80% not only from fewer

bunches per node but also fewer berries per bunch the following season.
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Kliewer and Antcliff (1970) found that summer defoliation reduced berry weight and soluble concentration significantly.

Elimination

of apical leaves reduced both variables more than did elimination of
basal leaves.
The effect of leaf removal on accumulation of dry matter in
grapevine parts was evaluated in a pot experiment on nonfruiting rooted
cuttings of Thompson Seedless.
formed at three times:

Defoliation was 0, 25, 40 and 75%

per~

fruit-set, veraison, and fruit maturity over a

period of two years. The 25% defoliation treatment and the control vines
did not differ significantly in dry weights regardless of time of defoliation.

Dry weights of canes, trunk, and roots were significantly lower

in vines defoliated 50 and 75% at fruit set than in the control vines.
With defoliation at veraison, however, only the trunk and roots of the
50% and 75% defoliated vines had lower dry weight than control vines. At
harvest, only root dry weight from the 50 and 75% defoliated vines was
significantly less than in the control vines.

(Kliewer and Fuller,

1973). Chemical defoliants, desiccants, and mechanical aids were tested
by Weaver and Pool (1971) at different stages of grapevine development.
They found that flaming followed by removal of dried leaves with a stream
of water was very effective in defoliating grapevines.

Flaming left no

residue that could contaminate the berY'ies. Most chemical treatments
that were used were unsuccessful, primarily because of damage to the
clusters. They reported that the best chemical treatments were no better
than flaming.
Marangoni and 01mo (1980) defoliated Thompson and Per1ette vines
just prior to harvest.

Either by hand or by chemical means, using
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Endothal, they found that the total carbohydrate content on shoots of
both varieties did not change significantly and did not induce new shoot
growth.
Corzo (1980) reported high rates of ethephon sprayed on the foliage 10 days before pruning, caused a partial leaf-drop.

He pointed out

that yields and budbreak percentages were significantly higher for the
ethephon treatments than for manual defoliation and control treatments.
Corzo suggested that ethephon treatments could be used to obtain a higher
percentage of budbreak under tropical conditions where vines did not become dormant.
Soil water status during the period of flower bud initiation has
been correlated with fruitfulness the following year in a number of fruit
crops.

Water stress reduced floral initiation inolive (Hartman and Pan-

etsos, 1961), apple (Goode and Hyrycz, 1964), peach (Hiari, et al, 1961)
and apricot (Brown, 1952). Additional watering which presumably relieved
water stress, enhanced floral initiation in cacao (Alvim, 1966), olive
(Hartman and Hofmann, 1953) and apple (Oegman, et al, 1932).

In investi-

gation with olives, Harley and Hoffman, 1953) showed no effect of water
level on flower bud initiation.

Some trees become more fruitful with

water stress, the best example being citrus (Abbot, 1934; Taniguchi and
Noro, 1969) and Aldrich and Wurk (1935) reported that pears initiated
more flowers if they experienced water deficiency.
It is difficult to conduct studies on the effect of water supply
under field conditions as close control is impossible and dry conditions
can be confounded with high light and high temperature. Winkler (1974)
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stated that insufficient water during ripening prevented maximum berry
enlargement and hastened ripening, whereas a severe shortage of readily
available moisture actually delayed maturity and produced fruit with a
dull color and sunburn.
Much of the available information on grapevine response to irrigation is from studies based on the quantity and frequency of irrigation
and of soil moisture availability during the growing season (Hendrickson
and Veihmeyer, 1931; Smart, et al, 1974, Veihmeyer and Hendrickson, 1950).
The measured vine responses have included effects on vegetative growth,
bud fruitfulness, fruit development and composition.

(Smart, 1974; Smart

et al, 1974).
Unpublished reports by growers suggest that fruitfulness in some
grapevines may be enhanced as a result of low soil water.

One attempt

has been made to control water stress and assess effects on fruitfulness
of grapevines (Buttrose, 1974). Cabernet Sauvignon plants were grown in
undrained pots in glasshouse with different levels of water deficiency
allowed to develop. With increasing stress, there was a reduction in
both number and size of fruiting primordia differentiated. The water
stress was not severe enough to produce wilting, but was sufficient to
reduce vegetative growth and the accumulation of dry weight.

CHAPTER 3
MATERIALS AND METHODS
Dormant Sprays
This experiment was carried out in the field in a commercial
vineyard (White Wing Ranch), located in Yuma County, Arizona.
eties were used:

Thompson Seedless and Perlette, which were 16 and 12

years old respectively.
used.

Two vari-

Four single vine replicates per treatment were

The treatments used included dinitro-ortho-cresol (DNOC) at 500,

1000and 2000 ppm and dormant oil (2.5, 5.0 and 10%) which were applied
alone and in combination to each one of the varieties involved in this
trial (Table 1).

The application of chemicals was done immediately af-

ter pruning (January 10,1983).

The average number of buds per vine

left after pruning on both Thompson Seedless and Perlette was 80 and 23
respectively.

The application of chemicals (with a hand sprayer) was

directed to the spurs and cordons on Perlette; and to the canes and
heads on Thompson Seedless.

The parameters used to evaluate the effect

of DNOC and oil on budbreak and fruitfulness are shown on Table 2.

Per-

lette and Thompson Seedless were harvested on June 7,1982 and June 26,
1982 respectively.

Maturity was checked using a hand refractometer.

Samples were collected by taking 10 berries from each vine involved in
the trial.

The berries were placed in a plastic bag and taken to the

lab where they were crushed using a mortar and pestle and then filtered
20
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through a cheese cloth.

An aliquot was taken out of each sample to read

the sugar level with a hand refractometer. The statistical analysis of
the experiment was done as a randomized complete block design.

All cUl-

tural practices needed on both varieties were carried out by the grower
during the entire growing season.
Temperature Effects
This experiment was carried out in the laboratory, greenhouse,
and field facilities of the University of Arizona, Tucson, Arizona.
Grape wood bundles of 50 one-bud cuttings were gathered in
August from the field from l6-year-01d Thompson Seedless grapevines
grown at the Campbell Avenue Farm of the University of Arizona, Tucson,
Arizona. Cuttings were placed in six growth chambers at 7, 13, 18, 24,
29 and 35 C respectively.

Cuttings were kept in moist sawdust in each

growth chamber until the end of each time period, which were 2, 4, 6, 8
and 12 weeks.

At each time period, one bundle was taken out and planted

in the greenhouse using a combination of 50% vermiculate and 50% peat
moss as a soil media.

Greenhouse temperature was maintained at 27 C.

Budbreak time was recorded 1, 10 and 20 days after planting.

Each

treatment had 50 one-bud cuttings. A description of the treatments is
shown in Table 3.
Use of Growth Regulators
This experiment was carried out in the laboratory facilities of
the University of Arizona. Thompson Seedless one-year.o1d dormant wood
was collected on January 1982 from grapevines grown at the Campbell
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Table 1.

List of treatments applied in the dormant spray experiment,
White Wing Ranch, Horn, Arizona, 1982.

Treatment (Chemical and Concentration)
Oil %

- Control
2.5

DNOC (ppm)

-

2.5

500

2.5

1,000

2.5

2,000

5.0

-

5.0

500

5.0

1,000

5.0

2,000

10.0

-

10.0

500

10.0

1,000

10.0

2,000

-

500

-

1,000

-

2,000
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Table 2.

Parameters used to evaluate the effect of DNOe and oil on
budbreak and fruitfulness as dormant sprays, White Wing
Ranch, Horn, Arizona 1982.

Description of Parameter
1.

Date Taken

Total number of shoots/vine
(a)

Primary shoots*

(a)

Secondary shoots **

2.

Total number of clusters/vine

3.

°Brix

March 15, 1982

April 20, 1983

(a)

Perlette Seedless

June 8, 1982

(b)

Thompson Seedless

June 28, 1983

* Primary shoots:

Those coming from places other than

the trunk, cordons or head.
** Secondary shoots:
cordons or head.

Those shoots coming from trunk,
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Avenue Farm of the University of Arizona.
Several one-bud cuttings were made and handled in bundles of 50.
One bundle of 50 cuttings was used per treatment.
The treatment used included GA (1000 and 2000 ppm) potassium nitrate (2 and 4%), thiourea (2 and 4%), dinitro-ortho-sec-butyl-phenol
(1000 and 2000 ppm), and endothal (2000 and 4000 ppm) which were applied
alone and in combination with one another.

Table 4 shows a list of the

treatments and concentrations used in this experiment. Cuttings were
treated with the compounds soon after wood collection. The upper part,
including the bud of each cutting, was dipped in its respective solution
for three minutes, then they were placed with their basal ends in
beakers containing water.
The percentage of bud opening was recorded after 20 forcing days
under laboratory conditions at 25 C.
The same experiment was repeated during the summer of 1982 soon
after wood maturation.

The date of laboratory treatment for both winter

and summer experiments was February 8th and August 28th respectively.
Defoliation and Growth Regulators
This experiment was carried out in a commercial vineyard located
60 miles Southeast of Yuma, Arizona. The senescent agent used was a
chemical called Endothal. The concentration used was 1000 ppm.
Gibberellic acid (GA), Thiourea (TU) and dinitro-ortho-secondarybutyl-phenol (DINOSEB) were the three growth regulators used.

The ex-

periment was done on both Thompson Seedless and Perlette varieties. All
the treatments were the same for each variety.

The grapevines were 16
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Table 3. Temperature and time period of exposure used to evaluate temperature effects on budbreak of Thompson Seedless cuttings,
Tucson, Arizona 1982.
Treatment*
Temperature
Time of Exposure
(Weeks)
°c

Treatment*
Temperature
Time of Exposure
(Wf.!eks)
°c

7

2

24

2

7

4

24

4

7

6

24

6

7

8

24

8

7

12

24

12

13

2

29

2

13

4

29

4

13

6

29

6

13

8

29

8

13

12

29

12

18

2

35

2

18

4

35

4

18

6

35

6

18

8

35

8

18

12

35

12

* 50 Thompson Seedless cuttings were used per treatment
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years old. The spraying was done with a five-gallon back-pack sprayer.
All treatrrlents were replicated four times. The experiment was divided
into two parts.
Part 1 in which three different defoliation times were used but
comparing one Endothal application with several Endothal applications
depending on new vine growth present. A manual defoliation and a control treatment were included (Table 5).
Part 2 used also the same three defoliation times but included
the use of three growth regulators for each defoliation time.

Growth

regulators were also applied at 4, 8, and 12 weeks after harvest on nondefoliated vines.

Grapevines were defoliated 4, 8 and 12 weeks after

harvest with no growth regulators applied (Table 6).
All cultural practices needed on each variety were carried out
by the grape grower in a normal commercial way.
The treatments used included three defoliation times after harvest on Perlette and Thompson Seedless which were defoliated using
Endothal (1000 ppm).
vest were used.

Defoliation times (4, 8 and 12 weeks) after har-

In half of the treatments regrowth was controlled with

Endothal (1000 ppm).

GA 1000 ppm, Thiourea (2%) and DINOSEB (2000 ppm)

were applied at time of defoliation.

Table 5 and 6 show a list of

treatments, chemicals and concentrations used for part 1 and 2 of this
experiment respectively.
July 13th was considered to be the end of 1982 harvest on both
Thompson Seedless and Perlette varieties. The growth suppressant Endothal was applied 4, 8 and 12 weeks after this date.
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Table 4.

Growth Regulators, (concentrations and combinations) used on
Thompson Seedless cuttings to break bud rest, Tucson, Arizona
1982.

Treatment
Gibberellic Acid (GA)
Gibberellic Acid
Potassium Nitrate (KNO') )
Potassium Nitrate
Thioruea (TU)
Thiourea
Dinitro-ortho-sec-butyl-phenol (DINOSEB)
Dinitro-ortho-sec-butyl-phenol (DINOSEB)
Endothal
Endothal
GA + TU
GA + KNO,)
GA + DINOS EB
GA + Endothal
TU + KNO.,
TU + DINOSEB
TU + Endothal
KNO,) + DINOSEB
KNO., + Endothal
Dinitro + Endothal
Control
w

-

Concentration
2000
1000
4%
2%
4%
2%
2000
1000
4000
2000
2000
2000
2000
2000
4% +
4% +
4% +
4% +
4% +
2000

ppm
ppm

ppm
ppm
ppm
ppm
~@1

+ 4%

ppm + 4%
ppm + 2000 ppm
~@1 + 4000PPJ11
4%
2000 ppm
4000 ppm
2000 ppm
4000 ppm
ppm + 4000 ppm

-- ---
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Pruning weights were taken for each vine on January 1983.

In

part 1 of this experiment, a carbohydrate analysis was also performed
from using the pruning cuts of each vine. The carbohydrate analysis was
done using the Smith enzyme technique (Smith, 1981). Statistical analysis was done using a randomized complete block design.
Budbreak date was recorded for each treatment on February 1983.
Fruitfulness was measured by counting the number of clusters per vine
once they were 4" to 6" in length. The number of clusters per vine was
adjusted to 25 on all treatments.

Close to harvest time (May 30th), the

sugar content of all vines involved in the experiment was recorded.
Sugar content was checked using a hand refractometer. Samples consisted
of 10 berries per vine.
Double Cropping
This experiment was carried out at the Campbell Avenue Farm of
the University of Arizona in Tucson, Arizona.
Thompson Seedless and Cardinals were the two grape varieties
used.

These vines were 17 years old. Grapes were harvested out of each

vine and the average number of clusters was 32 and 35 respectively in
1982.

Soon after this in August, vines were treated with Endothal 2000

ppm. Two weeks later, they were pruned and treated with three growth
regulators:

GA3 1000 ppm, TU 2%, and DINOSEB 1000 ppm. A list of treat-

ments is shown in Table 7.

Irrigation and fertilization needed was pro-

vided to these vines all year around.

In December, the number of

clusters was counted, sugar content was checked using a hand refractometer, and harvest was done.

Results obtained are shown in Table 17.
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Table 5. Treatment description of defoliation of vines 4, 8, and 12
weeks after harvest with the control and non-control of v;negrowth with additional defoliations,

Defoliation*
Time (Weeks)

Yuma, Arizona 1982.

Control of **
New Vines Growth

4

No

4

Yes

8

No

8

Yes

12

No

12

Yes

4 (by

h~ild)

Yes

Control

* Defoliation was done with Endothal 1000 ppm.
** New vine growth was controlled by using Endotha1
1000 ppm when needed.
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Table 6. Treatment description of interaction of defoliation times and
growth regulators, Yuma, Arizona 1982.
Treatment
Defoliation*
Time (weeks)
4

None
4

None
4

None
8

None
8

None
8

None
12
None
12
None
12
None
4
8

12
Control

Growth
Regulator
DINOSEB
DINOSEB
TU 2~~
TU 2%
GA 1000
GA '1000
DINOSEB
DINOSEB
TU 2%
TU 2%
GA 1000
GA 1000
DINOSEB
DINOSEB
TU 2%
TU 2%
GA 1000
GA 1000
None
None
None
None

and

Application **
Time (weeks)

1000 ppm
1000 ppm

4
4
4
4
4
4
8

ppm
ppm
1000 Qgm
1000 ppm

8

8
8

ppm
ppm
1000 p~m
1000 ppm

ppm
ppm

8
8

12
12
12
12
12
12

-

-

-

* Defoliation was done with a senescent agent called Endothal.
Concentration used was 1000 ppm.
** New vine growth was controlled with Endothal 1000 ppm when
needed.
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In February 1983, all vines included in this experiment were
fertilized and pruned as it is done normally year after year.

Budbreak

date for Thompson Seedless and Cardinals was March 10th and March 12th
respectively.

In May, the number of clusters per vine was recorded.

The sugar content was checked in July using a hand refractometer.
18 shows the 1983 data.
gallon back-pack sprayer.

Table

All chemical applications were done with a five-
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Table 7. Treatments applied to both Thompson Seedless and Cardinal
varieties in a double cropping experiment, Campbell Avenue
Farm, University of Arizona, Tucson, Arizona 1982.

Treatment

Pruning

+

TU 2%

Pruning + DINOSEB 1000 ppm
Pruning + GA 1000 ppm
Pruning
No pruning + defoliation
(Control)

No pruning + no defoliation

CHAPTER 4
RESULTS AND DISCUSSION
Dormant Sprays
The number of primary and secondary shoots produced by vines
treated with oil and/or DNOC are shown in Table 8. The number of primary and secondary shoots obtained in the control were 45 and 6 on
Thompson Seedless and 44 and 8 on Perlette respectively.

The number of

primary and secondary shoots on vines treated with oil (2.5,.5.0, 10.0%)
and/or DNOC (500, 100, 200 ppm) alone or in combination were either
lower than or the same as the control vines on both varieties.
The influence of oil and/or DNOC on fruitfulness and maturity on
Thompson Seedless and Perlette varieties are presented in Table 9. The
number of clusters and °Brix of the control vines were 37 clusters and
15 °Brix on Per1ette respectively. The number of clusters and °Brix of
vines treated with oil and/or DNOC were either lower or the same as the
control vines on both varieties.
There was no statistical difference due to DNOC and/or oil treatments used on either the number of shoots (Table 8), or the number of
clusters and °Brix on the vines (Table 9). The data indicates that the
use of DNOC and/or oil as winter sprays have no effect on fruitfulness
or budbreak of Thompson Seedless and Perlette grapevines grown under
Arizona desert conditions.
33
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Results obtained in this experiment disagree with those reported
by some investigators who have found winter sprays with mineral oil
emulsion fortified by DNOC to be active in overcoming residual dormancy
in Israel and other warm climates (Samish, 1954). Also, Erez, et al,
(1971) reported the rest of peach and grape buds was broken by the combination of DNOC-mineral oil, Thiourea and KN0 3 . Arizona and Mexican
grape growers have used these products for several years without any
success.

(Rush, personal communication 1981; Weaver, et al, 1961) re-

ported no improvement on either budbreak or fruitfulness due to the use
of oil and/or DNOC as a dormant spray. There is no real commercial or
experimental evidence that these chem'icals work under Arizona-Mexican
climate.
Temperature Effects
The results of studies related to temperature effects are summarized in Table 10. Cuttings exposed to 29 C/2 weeks broke earlier
than those exposed to 7 C/2 weeks or those at 7 C/12 weeks. Cuttings
exposed to 35 C/2, 4, 6, 8 and 12 weeks had a lower percentage than
those exposed to 29 C for the same periods of exposure.

On the other

hand, cuttings exposed to 24 and 29 C/2, 4, 6, 8 and 12 weeks had higher
bud opening percentage than cuttings exposed to
8 and 12 weeks.

7~

13 and 18 C/2, 4,6,

Of all the treatments 1nvolved in this trial, the high-

er bud opening percentage was obtained at 29 C/2 weeks. All cuttings
exposed to 29 C broke at or soon after 2 weeks of exposure. The results
obtained indicate that once cuttings are exposed to lower temperatures,
it takes a longer time for buds to break than if they do not have any
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Table 8. Average number of shoots per treatment on vines treated with
DNOC and/or oil as a dormant spray, Yuma, Arizona, 1981.
Treatment
Oil % DNOC (ppm)
2.5

500

2.5

1000

2.5

2000

5.0

500

5.0

1000

5.0

2000

10.0

500

10.0

1000

10.0

2000

-

- (Control)

2.5

-

5.0

-

10.0

-

-

1000

-

2000

500

LSD (5%)
* Primary shoots
** Secondary shoots

Class of
Shoots
A*
B**
A
B
A
B
A
B
A
B
A
B
A
B
A
B

A

Number of Shoots/Vine
Thompson Seedless Per1ette Seedless
42
11

46
10
47
9
41
7
44
6
42
6
41
8
47
6
47

B

8

A
B
A

45
6
45
6
40

B

A
B
A
B

A
B

A
B
A
B

9

46
5
45
0
44

4
40

46
8
46
12
43
26
48
2
47
15
35
12
45
20
44
12
41
6
44
9
41
8
47
13
41

6
40
7
39
13
41

2

11

NS

NS
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Table 9.

Average number of clusters and °Brix per treatment on vines
treated with DNOC and/or oil as a dormant spray, Yuma,
Ari zona, 1981

Treatment
Oil

0/

10

DNOC(ppm)

Number of Clusters/Vine
Thompson
Seedless

Per1ette

°Brix
Thompson
Seedless

Per1ette

2.5

500

37

25

15.0

14.7

2.5

1000

33

23

14.5

14.5

2.5

2000

34

28

15.8

15.0

5.0

500

36

26

15.6

15.1

5.0

1000

34

27

14.3

15.3

5.0

2000

37

28

15.5

15.5

10.0

500

32

28

16.0

14.8

10.0

1000

38

30

15.0

14.0

10.0

2000

38

30

14.2

15.5

-

- (Control)

37

25

15.0

15.8

2.5

36

24

15.3

15.2

5.0

-

35

27

15.2

16.0

10.0

-

38

30

16.0

14.1

-

500

37

25

15.3

14.8

-

1000

39

26

15.6

15.2

2000

38

28

16.0

15.0

NS

NS

NS

NS

LSD (5%)

-
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chilling at all; however, cuttings exposed to 7 C/12 weeks broke earlier
or had the same bud opening percentage as those exposed to 18 C/8 and 12
weeks.

These tests suggest that if cuttings are exposed to low chilling

temperatures for a long period of time, bud rest can be terminated. Perhaps this data can explain why those vines grown in Northern California
have higher bud break than those grown in Arizona.

In Northern Califor-

nia, low chilling temperatures are present for a longer period of time.
On the other hand, in the desert areas, low chilling temperatures are
sometimes present for a short period of time, which brings buds into
rest even further.
Temperature effects on budbreak is a confusing subject.

Avail-

able literature shows that grape buds need some exposure to low temperatures in order to break (Winkler, et al, 1974; Weaver, et a1, 1963;
Weaver and Iwasaki, 1977).

Other research reports indicate that grapes

do not have any chilling requirements (Alley and Peterson, 1977, Kliewer,
1975).

It is difficult to make a conclusion from the existing evidence

because neither side is convincing.
In some tropical countries, like Venezuela, where there are no
chilling temperatures, they double crop their grapes (Corzo, 1980).

In

some desert areas like Coachella Valley, California, and Yuma County,
Arizona, grapes do not stop growing at all some years; however, they do
get a crop the following year, even though the grapevines were not exposed to low chilling temperatures for a long period of time.

Cuttings

exposed to 29 C/2 weeks had the highest bud opening percentage in the
present experiment (Table 10). Results in this experiment tend to support those reports that grapes do not have any chilling requirements.
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Table 10.

Percent bud opening in Thompson Seedless cuttings after one
to twenty days in the greenhouse following exposure to six
temperatures for five time periods, Tucson, Arizona, 1982.

1-

Treatment
Temp. Exposure
(Weeks)
c.

% Bud opening in
the greenhouse
Days
1
10
20

Trea tment
Temp. Exposure
c.
(Weeks)

% Bud opening in
the greenhouse
Days
1
10 20

2

0

0

0

24

2

24

58

68

7

4

0

0

0

24

4

48

60

85

7

6

0

0

0

24

6

58

80

98

7

8

0

8

12

24

8

54

92

96

7

12

0

18

30

24

12

48

84

98

13

2

0

0

2

29

2

95

100 100

13

4

0

0

2

29

4

95

100 100

13

6

0

0

8

29

6

100

100 100

13

8

0

0

8

29

8

100

100

13

12

0

8

14

29

12

100

100 100

18

2

0

0

0

35

2

36

74

80

18

4

0

0

0

35

4

48

78

98

18

6

0

4

8

35

6

60

80

92

18

8

0

4

12

35

8

58

76

96

18

12

0

6

16

35

12

50

78

94

7

100
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Use of Growth Regulators
Treatments used in this experiment are shown in Table 4 and the
results obtained are shown in Table 11.

Of all the growth regulator

compounds, the best results were obtained with TU (2%) and DINOSEB
(2000 ppm). Of all the treatments included in this trial, TU at 2% gave
the highest bud opening percentage on both winter (78%) and summer (94%)
experiments. The second best treatment was DINOSEB (2000 ppm) which
gave 24 and 80% bud opening during winter and summer experiments respectively; while TU (4%) and DINOSEB (1000 ppm) did not improve bud break.
They gave the same or lower bud opening percentage than the control
(winter 28% and summer 36% bud opening). The combination of TU (4%) and
DINOSEB (2000 ppm) inhibited bud opening during the duration of this experiment. The bud opening percentage of cuttings treated with Endotha1
(4000 or 2000 ppm) was much lower than that of the control. Grape buds
treated with TU (4%) in combination with GA (2000 ppm), KN0 3 (4%),
DINOSEB (2000 ppm) and with Endothal (4000 ppm) either did not open at
all or gave lower bud opening than the control.

It was also observed

that all the treatments where GA (1000 or 2000 ppm) and KN0 3 (2 or 4%)
were involved, bud break was delayed or did not occur at the end of the
forcing (20 days) period of this experiment (Table 11).
It was demonstrated in a previous section

(Temperature effect

experiment) of the present research project, that grapes do not need any
chilling in order to break. This lack of chilling requirement could be
an explanation for the higher budbreak percentage during the summer experiment than the winter experiment. Winter grape buds were exposed to
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Table 11.

Effect of growth regulators (under laboratory conditions
on percent of bud openings) for cuttings taken during
winter or summer, Tucson, Arizona, 1982

Treatment

Percent
Bud Opening*

Treatment

Percent
Bud Opening*
Hinter Summer

Winter Summer
GA 2000 ppm

0

0

GA 1000 ppm

0

6

GA 2000 + KN0 3 4%
GA 2000 + DINOSEB 2000

KN0 3 4%

0

8

KN0 3 2%

24

34

TU 4%

26

TU 2%

0

0

0

0

GA 2000 + Endothal 4000 0

0

0

0

56

TU 4% + KN0 3 + 4%
TU 4% + DINOSEB 2000

0

0

78

94

TU 4% + Endothal 4000

6

10

DINOSEB 2000 ppm

24

80

KN0 3 4% + DINOSEB 2000 4

4

DINOSEB 1000 ppm

18

44

KN0 3 4% + Endothal 4000 0

0

Endotha 1 4000 ppm

4

4

DINOSEB 2000 + Endothal 4000 0 0

Endothal 2000 ppm

2

4

Control

GA 2000 + TU 4%

0

0

28

36

* Percent of bud opening after 20 days under laboratory conditions.
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low temperatures only during a very short period, so they went into rest
even further; therefore, it took longer for them to break than those
grapebuds gathered during the summer with no chilling exposure at all.
Similar bud break results were obtained during both winter and
summer experiments (Table 11) and it was concluded that TU (2%) and
DINOSEB (2000 ppm) do increase the percentage of budbreak of Thompson
Seedless cuttings under laboratory conditions.

It mjst be pointed out

that the present work was conducted under laboratory conditions.

It

does not necessarily mean that it should work under field conditions.
Field experiments involve a complete vine where different physiological processes are continuing; also several environmental factors
are involved, and cultural practices have to be considered.
Results obtained in this experiment agree with those of other
workers.

DINOSEB has

crops (Samish, 1954).

been reported to terminate rest of several fruit
Erez, et al, (1971) reported the rest period of

peach and grape buds was broken by the application of ONOe-mineral oil
combination, Thiourea and KN0 3 . Similar results were reported earlier
by Weinberger (1939).
Thiourea has been said to be one of the most effective breaking
agents in commercial use (Vegis, 1964; B10mmaert, 1964).

Balasubrahman-

yan, et al (1975) applied Thiourea to buds as a 2% solution as a dormant
spray and observed that termination of rest was hastened on Thompson
Seedless by 10 to 15 days.

Iwasaki and Weaver (1971) obtained similar

results under laboratory conditions.
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GA3 did not improve budbreak in this investigation.

It has been

reported that GA3 delays budbreak (Weaver, et al, 1961, 1968).

Eris and

Celik (1981) studied the effects of GA 3 and found that GA3 at 50 ppm
markedly delayed budburst of Vitis vinifera cv. Chausa cuttings.
KN0 3 has been reported to help budbreak on some fruit crops
(Erez, et al, 1971; Blommaert, 1964; Wareing and Saunders, 1971).

KN0 3

did not improve budbreak of Thompson Seedless in this investigation.
These results agree with those obtained by other researchers who had
used KN0 3 on Perlette grapevines without positive results (Weaver, 1972;
Lider, 1982, personal communication).
A dinitro product (DNOC) was used as dormant spray in the first
part of this research project without any positive results.

Laboratory

results do not agree with field results; however, it should be pointed
out that DNOC chemical structure is different from that of dinitro.

It

has been observed and suggested that dinitro gives better results than
DNOC under field conditions (Kliewer, 1983 personal communication).
There are some reports in which fruit trees' response had depended upon
the dinitro product used (Weinberger, 1939).
Defoliation and Growth Regulators
Pruning weights and total carbohydrates are recorded in Table 12.
According to these results, the earlier the defoliation, the more total
carbohydrates were kept in the vine.

More carbohydrate reserves were

stored in those vines where no new growth was allowed. The one that
gave the highest carbohydrate content was the hand-defoliated treatment,
which indicates that the vine has a lot of carbohydrates stored at that
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time. Apparently if vines use this carbohydrate to support new growth,
these reserves are depleted. Total carbohydrates in the four-week defoliation treatment was high compared with the 8 and l2-week defoliation
treatments. The total carbohydrates in the l2-week defoliation treatment was higher than in the 8-week defoliation treatment because the
vine had more time to grow. An explanation could be that the 8-week
vines were defoliated before the new growth had any time to become photosynthetically active.

On the other hand, the l2-week defoliation treat-

ment was defoliated after a lot of new vine growth had become photosynthetically active and had a chance to put more photosynthates into the
plant reserves.
The control vines were not defoliated, but they did not keep as
much total carbohydrates as the 4-week defoliation treatment whose new
vine growth was controlled. The number of clusters per vine on the 4week defoliation treatment was higher than in the control vines (Table
12). So the difference on total carbohydrates between these two treatments seems to be responsible for the next year's crop.
The amount of total carbohydrates in the hand-defoliated treatment suggest that this practice can help to keep more reserves in the
vine, but a compromise has to be made.
Total defoliation in the middle of summer by hand or using defoliants like Paraquat can help to keep more reserves for next year's crop.
The new vine growth that will come out will be the next year's crop, so
it will greatly reduce the fruiting wood for the next year.
like Endothal presents a great potential in viticulture.

A chemical

It only affects

Table 12.

Effect of vine defoliation 4, 8, and 12 weeks after harvest with control and noncontrol of new vine growth on total carbohydrates ((CHO)(~g/200 mg) and fruitfulness, Yuma. Arizona, 1982.

Treatment
Defoliation Control of New
Time (Weeks) Vine Growth

Perlette

Thompson

Number of Clusters/Vine and CHO
Perlette
Thompson
Cl us ter
CRa
Cluster
CRa

4

No

4.2

4.7

33.3

17,696

28.6

12.1 59

4

Yes

3.6

3.8

49.6

21 ,014

46.6

29,263

8

No

8.3

5.4

6.0

8,777

14.6

10,416

8

Yes

6.6

4.8

34.0

8,822

29.6

10,875

12

No

7.1

5.3

23.3

8,689

30.0

11 ,716

12

Yes

6.2

4.8

62.0

19.820

44.3

32,807

Yes

2.3

2.8

15.3

34,043

17.6

33.785

-

7.0

5.5

21.6

11 .085

30'.0

13.254

11 .86

3.455

8.68

5.704

16.30

4,769

11 .95

7,854

4 (hand)
Contro 1

I

Pruning Weight (kg)

LSD (~%)
--LSD (1 %)

.t:>
.t:>
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the new vine growth, preserving the mature leaves that are photosynthetically active.
Number of clusters per vine indicate that the the 4 and the 12week defoliation times controlling the new vine growth produced the
greater number of clusters (Table 12). The data suggests that the number of clusters per vine is directly related to the total carbohydrates
in the vine.

Higher total carbohydrate amounts corresponded to higher

numbers of clusters per vine (Table 12), thus fruitfulness was increased
based on the number of clusters.
The 4 and 12-weeks defoliation times with no new vine growth
treatments had higher numbers of clusters per vine than the 8-week defoliation with no new vine growth treatment.

In this 8-week defoliation

treatment, the total carbohydrates content was less corresponding to
fewer clusters per vine.
The 4 and the l2-week defoliation times with controlled new vine
growth treatments had higher numbers of clusters per vine because there
were more carbohydrate reserves stored in the vines (Table 12).
Budbreak was hastened in the 4 and 12-week defoliation times
with no new vine growth treatments.

On these treatments, budbreak was

earlier than in the rest of treatments for about 10 to 15 days.

A pos-

sible explanation could be the higher reserves in the plant to support
and give a good start to the new season's growth.
Sugar content was used as a maturity indicator. °Brix were
higher in the 4 and l2-week defoliation times with no new vine growth
treatments (Table 13).
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It has been pointed out by many workers that carbohydrates, temperature, nitrogen and water are some of the most important factors ;n
fruit bud initiation and differentiation (Jackson and Sweet, 1972; Badr
and Hartman, 1971; Bosco and De Michele, 1960; Moss, 1969; Winkler, 1974;
Buttrose, 1970; Kliewer, 1975; Kliewer and Antc1iff, 1970; May, et a1,
1969; Weaver and Pool, 1971; Brown, 1952; Hartmann and Pantesos, 1961).
The results obtained in the present experiment tend to clarify
this point a bit more. They indicate that the 4 and 12-week defoliation
times with no new vine growth treatments increased fruitfulness, sugar
content in the clusters, and hastened budbreak because of higher carbohydrate reserves in the vine for next year's crop.
Part 2 of this experiment was basically the same. Three different defoliation times were used and three growth regu1ators--TU 2%, GA
1000 ppm, and DINOSEB 1000 ppm--were applied to each one. A defoliation
4, 8, and 12-weeks with no growth regulators were included. The growth
regulators were also applied to no defoliated vines 4, 8, and 12 weeks
after harvest. A no defoliation, no growth regulator treatment was also
included.
Data obtained in part 2 supported the results obtained in part 1
of this experiment. The 4 and the 12-week defoliation times with no new
vine growth treatments gave the best results.

Budbreak was earlier,

fruitfulness and sugar content were also higher in these treatments.
The results are shown in Table 14.
The interaction of growth regulators and defoliation time were
not significant.

The use of growth regulators 4, 8, and 12 weeks after

harvest did not improve any of the parameters measured.
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Table 13.

Effect of vine defoliation 4, 8, and 12 weeks after harvest
with control and non-control of new vine growth on °Brix,
Yuma, Arizona, May 30, 1983.
Treatment
Defoliation
Control of
Time (weeks)
New Vine Growth

°Brix
Per1ette

Thompson

4

No

15

16.5

4

Yes

16

17

8

No

15

15

8

Yes

16

16

12

No

15

14.5

12

Yes

16

16.6

Yes

16

17

-

13

13.0

4

(hand)

Control
LSD

(5%)

1.20

0.96

LSD

(1 %)

1.66

1. 32
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Thompson Seedless and Perlette seedless varieties responded similarly in both parts of this experiment. The best treatments were the
4 and 12-weeks defoliation times with no new vine growth allowed,
regardless of variety or growth regulator used (Table 12).
The 4-weeks defoliation treatments received three Endothal 1000
ppm applications. The l2-week defoliation treatments received two Endothal 1000 ppm applications. These applications were enough to stop or
hold the vine growth and kept sufficient reserves for next year's crop.
Fruitfulness and budbreak are more uniform and better in California than in desert areas like Yuma County in Arizona.

It is mainly

due to the earlier leaf fall in California (Winkler, et al, 1974). This
situation has been described in several research reports and viticulture
books (Kliewer and Fuller, 1973; Kliewer and Antcliff, 1970; Buttrose,
1975).
Winkler's book states that grapes produce less in the desert
areas than in Mediterranean climates because of vine growth late into
the fall in the desert (Winkler, et al, 1974).
The present experiment does support Winkler's statement.

Desert

grapes can produce twice the amount they are producing now by only controlling the new vine growth after harvest.

Carbohydrates seem to be

the key to more fruitfulness, earliness and earlier budbreak in the
desert areas.
The use of growth regulators can help budbreak under laboratory
conditions as it has been shown in a growth regulators experiment in
this investigation and also by other workers in this field (Wareing and
Saunders, 1971; Weaver. 1972; Erez. et al. 1971; Samish. 1945; Blommaert.
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Table 14.

Effect of the interaction of vine defoliation on time and
growth regulators on vine fruitfulness and °Brix, Yuma,
Ari zona, 1982.
Treatment

Defoliation
Time (weeks)

Growth Regulator

4
DINOSEB 1000
None
DINOSEB 1000
4
TU 2%
None
TU 2%
4
GA 1000 eem
None
GA 1000 eem
8
DINOSEB 1000
None
DINOSEB 1000
8
TU 2%
None
TU 2%
8
GA 1000 eem
GA 1000 ppm
None
DINOSEB 1000
12
DINOSEB 1000
None
12
TU 2%
None
TU 2%
GA 1000 ppm
12
GA 1000 ppm
None
4
8
'{ 2'
Control
LSD (5%) Defoliation
LSD (S%) Weeks

eem
eem

eem
eem

ppm
ppm

Per1ette
°Brix Clusters
17.0
15.8
16.5
15.5
16.0
16.0
15.0
14.0
16.0
16.0
15.0
15.0
16.5
15.0
16.0
15.2
15.0
15.0
16.0
15.3
16.0
14.1
1.27
1.27

47.3
25.0
44.0
28.6
44.6
14.3
33.6
12.6
33.0
17.6
34.0
21.6
54.3
27.6
43.3
23.0
44.6
29.0
49.0
34.0
62.0
21.6
4.57
6.77

Thomeson
°Brix Clusters
16.5
14.2
16.8
14.0
16.0
14.0
15.5
13.5
14.5
13.5
13.5
13.1
16.2
13.5
16.6
12.8
15.4
13.2
17.0
16.0
16.6
13.2
1.01
1.01

54.3
3l.0
45.6
30.6
48.6
26.6
37.6
32.3
38.6
24.0
37.0
34.0
44.6
30.0
43.0
28.3
44.6
32.0
47.6
38.0
44.3
30.0
11.73
6.05
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1964; Iwasaki and Weaver, 1977; Weaver, et al, 1974). Growth regulators
such as TU 2%, GA 1000 ppm and DINOSEB 1000 ppm, do not function under
field desert conditions according to results obtained in this research
project and also by other researchers (Hemberg, 1949; Weaver, et al,
1961, 1968; Eris and Celik, 1981; Lavee, et al, 1977).
Similar problems and results have been faced by other workers in
tropical areas such as Venezuela, Colombia, South Africa, Thailand, etc.
(Corzo, 1980; Olmo, 1982; personal communication).
Double Cropping
To try and establish whether or not grapevines have chilling requirements has been very confusing.

In a previous section of this pro-

ject, it was concluded that vines do not require any chilling requirements under laboratory conditions. The results obtained in this present
section support that fact.

Grapes were harvested from Thompson Seedless

and Perlette vines in July 1982. The same vines produced a second commercial crop.

In Table 15 the number of clusters obtained per vine in

December 1982 during the late harvest are recorded. These vines did
produce a second commercial harvest without any low chilling temperature
present. The number of clusters per vine was as a normal commercial
crop in all treatments that were pruned regardless of the use of growth
regulators.

Grapevines that were pruned produced the same number of

clusters as those pruned and treated with either TU (2%) or DINOSEB
(1000 ppm) on both varieties included in this trial.

The results again

support the results obtained in an earlier section (interaction of defoliation and growth regulators) of this research project.

It was
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observed that growth did not have any influence on either bud break or
fruitfulness of Thompson Seedless and Perlette grapevines grown under
Arizona desert conditions.

Vines defoliated but not pruned produced

fewer clusters than those that were pruned (Thompson Seedless 12 and
Cardinal 17 clusters per vine); perhaps due to the great number of buds
and low carbohydrate reserves to support bud break and fruitfulness of
all of them.

It is known that fruitfulness of the grapevines depends on

the vine's vigor and the crop load which is controlled by pruning.
Vines treated with GA 1000 ppm produced fewer clusters than vines
that were defoliated but not pruned (Table 15). Control vines did not
produce any clusters in December 1982 because they were not pruned, but
buds remained in a resting condition until Spring 1983. The literature
reports suggest that GA tends to reduce fruitfulness of grapevines
(Weaver, et al, 1974).
Budbreak date of the same Thompson Seedless and Cardinal grapevines was checked in 1983; which was on March 10th and 12th respectively.
There was a delay in budbreak of about 10 days compared with the control
vines on both varieties. That late vine growth during the fall can delay
budbreak for the next year is well established (Lavee, et al, 1977; May,
et al, 1969; Weaver and Pool, 1971).
It was expected that the number of clusters should be less in the
Spring of 1983 (Kliewer, Lider and Olmo, 1982, personal communication);
however, the number of clusters per vine and sugar content following the
second harvest was normal for a commercial vineyard (Table 16).
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Table 15. Average number of clusters per vine and sugar content per
treatment taken in December 1982 from both Thompson Seedless
and Cardinal varieties in a double cropping experiment,
Tucson, Arizona 1982.

Treatment

Number of Clusters/Vine
Thompson Cardinal

°Brix
Thompson
Cardi na 1

Pruning + TU 2%

29

41

16.0

15.0

Pruning + DINOSEB 1000 ppm

31

38

15.5

15.0

Pruning + GA 1000 ppm

16

21

14.0

13.2

Pruning

30

46

16.2

15.5

No Pruning + Defoliation

12

17

15.8

15.0

0

0

0

0

LSD ( 5%)

4.27

5.69

0.70

1.15

LSD (1%)

6.02

8.02

0.98

1.62

No Pruning + No Defoliation
(Control)
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Table 16. Average number' of clusters and sugar content per treatment
taken in July 1983 from Thompson and Cardinal varieties that
were in a double cropping experiment in 1982. Tucson, Arizona

Treatment

Number of ClustersLVine
Thompson Cardinal

°Brix
Thompson Cardinal

-

Pruning + TU 2%

32

46

15.5

14.5

Pruning + DINOSEB 1000 ppm

30

43

15.2

15.0

Pruning + GA 1000 ppm

29

39

15.2

14.5

Pruning

33

44

16.0

14.8

No Pruning + Defoliation

35

47

15.4

14.6

No Pruning + No Defoliation
(Control)
33

39

15.7

15.0

LSD (5%)

NS

NS

NS

NS
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The Arizona desert is an area almost free of frost hazards. Temperature during October,

Nov~.Iber

and December range between 18 and 24C.

It was possible to double crop these vines, even though they did not
have any exposure to low temperatures (Tables 15, 16). This fact ends
the argument that grapevines have chilling requirements.

In countries

like Venezuela, vines do produce two crops a year without any chilling
temperatures at all (Lider, 1980, personal communication).
It was thought that double cropping was going to overwork the
vines, resulting in a low crop or no crop at all in 1983.

(Kliewer,

personal communication); but the results obtained proved otherwise when
vines produced a normal commercial crop.
Double cropping grapevines is possible in the desert; however,
grape growers must decide what market they want.

Earliness or late har-

vest in December could be the name of the game.
Without question, under climatic conditions in the Arizona
desert, grapevines can be induced into a cycle to produce grapes at different times to go to the market when the price is very high. This finding disagrees with Olmo (1962, unpublished data) who tried to double
crop Perlette grapevines in Coachella without success.
The production of grapes in December can compete with foreign
grapes, like Chilean grapes, which are the only ones coming into the
United States market, and it also opens the possibility of producing high
quality wine grapes to make u high quality table wine. An experiment is
underway to delay the growing cycle of wine grapes until July in the Yuma
area of Arizona to evaluate the possibility of growing those grapes
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during the coolest part of the year.
In the present work, experimental results have proved that late
fall grape crops can be produced in the Arizona desert.

The possibility

that the same results can be obtained with wine grapes is open.

CHAPTER 5
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
Dormant Sprays
DNOC and/or oil were used at different concentrations on Thompson Seedless and Per1ette grapevines as a dormant spray to increase
fruitfulness and budbreak. The experiment was carried out in a commercial vineyard called White Wing Ranch located in Yuma County, Arizona.
Statistical analysis indicated that none of the treatments have any effect on either fruitfulness or budbreak.

Much experimental data was

accumulated at different stages of vine growth without finding any significant statistical differences due to treatments.

As pointed out

previously, these results disagree with those obtained by other research
workers.

It is possible that this difference in results is due to cli-

matic conditions or varieties. The final conclusion that can be made
from this research is that DNOC and/or oil applied after pruning have
no effect on budbreak or fruitfulness of Thompson Seedless or Per1ette
grown under Arizona desert conditions.
The recommendation is to repeat the present work and perhaps
include other varieties in order to be 'more conclusive. There could
possibly be a variety-chemical interaction, even though such an interaction was not detected in the present investigation.
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Temperature Effects
Thompson Seedless cuttings collected in August were exposed to
six temperatures during five different periods in growth chambers in
bundles of 50 cuttings per treatment.

Cu~tings

were then grown under

greenhouse conditions to record the budbreak date.

All this work was

done at the facilities of the University of Arizona, Tucson, Arizona.
The six temperatures used were 7, 13, 18, 24, 29 and 35 C. The
five time periods were 2, 4, 6, 8 and 12 weeks.

For example, a given

trearnlent consisted of a bundle of 50 cuttings with one bud per cutting
exposed to 24 C for a period of 2 weeks.

At the end of this period, the

cuttings were planted in the greenhouse to assess budbreak percentage at
given dates. The 29 Cj2 week exposure showed to be the best treatment.
Some of the conclusions that can be made from this greenhouse
experiment are:
1. Thompson Seedless grapevine buds do not require any exposure
to low temperatures in order to break.
2. The optimum temperature for budbreak of Thompson Seedless
cuttings is 29 C.
3.

Budbreak will be delayed on vines exposed to low chilling

temperature for a short period of time.
4.

Low chilling temperatures present for a period of 8 weeks or

more will cause buds to break as if they did not have any chilling exposure at all (29 Cj2 weeks).
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Use of Growth Regulators
High and low concentrations of GA, KN0 3, DINOSEB, Endotha1 and
Thiourea were used in a laboratory experiment conducted at the University
of Arizona, Tucson, Arizona.
Of all the compounds used, TU (2%) and DINOSEB (2000 ppm) gave
the best results. This experiment was conducted during the winter of
1982 and repeated during the summer of 1982.

Similar results were ob-

tained on both winter and summer experiments.
The main conclusion that can be made out of this investigation is
that TU and DINOSEB do increase the percentage of bud openings of Thompson Seedless cuttings under laboratory conditions; however, this does not
mean that these compounds should work under field conditions.
Defoliation and Growth Regulators
The present experiment was carried out at White Wing Ranch in
Yuma County, Arizona. A chemical to eliminate the new vine growth called
Endothal, at 1000 ppm concentration, was used.
were used:

Three defoliation times

4, 8, and l2-weeks after harvest.

Three growth regulators were used, GA 1000 ppm, DINOSEB 1000 ppm
and TU 2%, which were applied at 4, 8, and 12 weeks after harvest on
defoliated and non-defoliated vines.
Parameters, such as pruning weights, total carbohydrates, number
of clusters per vine, and sugar content, were taken to assess the effectiveness of the treatments used.
This defoliation and growth regulator experiment was done in a
commercial vineyard where the grower carried out all normal cultural
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practices needed on both Thompson Seedless and Perlette varieties.
The best treatments were the 4 and 12 weeks defoliation times
with no vine growth treatments after harvest.

These two treatments has-

tened bud break for about 10 days, more than doubled fruitfulness, and
hastened harvest time by about 10 days.
Some of the conclusions from this research are:
1.

Control of vine growth 4 or 12 weeks after harvest with no

new vine growth allowed can increase fruitfulness, hasten budbreak, and
also harvest time by about 10 days.
2.

The use of growth regulators, such as TU 2%, GA 1000 ppm, and

DINOSEB 1000 ppm do not have any effect on budbreak, fruitfulness or harvest time of Thompson Seedless and Per1ette varieties grown in Arizona's
desert conditions.
3.

Budbreak earliness, fruitfulness and maturation seem to

depend greatly upon carbohydrate level in grapevines in the Arizona
desert.
Double Cropping
A double cropping experiment was carried out at the Campbell
Avenue Farm of the University of Arizona in Tucson.

Grapevines of Thomp-

son Seedless and Cardinal were defoliated with Endotha1 (concentration
2000 ppm) a month after harvest. Two weeks after, the vines were pruned
and treated with these growth regulators:

GA 1000 ppm, TU 2%, and DINO-

SEB 1000 ppm.
The grape crop harvested in July 1982 was a normal commercial
crop for each one of the varieties involved in this experiment.
were harvested out of the same vines in December 1982. A normal

Grapes
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comnlercial crop was produced at this time too.
Budbreak date, number of clusters per vine, and sugar content
were some of the parameters used to assess the effectiveness of treatments.

Budbreak was delayed for 10 days on all vines involved in this

experiment but the control in 1983. A normal commercial crop was produced in July 1983. Table 16 shows the data obtained.
Some of the conclusions are:
1.

Grapevines such as Thompson Seedless and Cardinal do not

need any chilling temperatures to produce a normal commercial crop.
2.

Cardinal and Thompson Seedless grapevines under Arizona

desert conditions can be double cropped.
3.

The use of growth regulators such as TU at 2%, DINOSEB at

1000 ppm, do not have any effect on either budbreak or fruitfulness of
Thompson Seedless or Cardinal grapevines.
4.

GA at 1000 ppm does reduce fruitfulness of Thompson Seedless

and Cardinal grapevines.
5.

Double cropping grapevines does delay budbreak for the fol-

lowing year.
Recommendations
1. Double cropping delays budbreak; therefore, it is not recommended for growers of table grapes going to the early market.

Double

cropping can be an advantage for wine grape growers in producing high
quality wine grapes for a high quality table wine.
2. Table grape growers can schedule part of their grape acreage
to go to the market late during the fall (December, January) to give them
the advantage of a period of high demand and low supply of grapes.
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3.

More research should be oriented toward:
(a)

Schedule the grape production when there is a low
supply and high demand for this commodity;

(b)

Produce wine grapes late in the fall to improve the
quality of the wine.

The present experiment is only a preliminary attempt to take
advantage of the Arizona desert climate and more research is needed to
make final commercial conclusions.
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