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The effect of hydrogen cyanamide (H2CN2) on budbreak and fruit 

maturity of 2-year old 'Flame Seedless' table grapes was investigated 

in a low desert climate in central Arizona. 

Dormant sprays of H2CN2 applied at 2.5 and 5.0% (v/v) 

concentrations hastened budbreak by at least 16 days with subsequent 

advancement of fruit maturity by 5 to 10 days. 

A 5.0% (v/v) dormant application of H2CN2 to whole vine, buds 

only or pruning cuts only advanced budbreak by at least 16 days and 

advanced fruit maturity by 1 to 5 days, regardless of application site. 

A more uniform budbreak was observed on H2CN2 treated vines, 

regardless of concentration or site of application when compared to 

control vines. 



CHAPTER 1 

9 

INTRODUCTION 

Anthropological studies have dated grape culture as far back as 

the bronze age. Grapes are a part of the human diet in the form of fresh 

fruit, juice, dried fruit and wine (Winkler et al.1974). 

Grapes are in the botanical genus Vitis, which includes two sub

genera Euvitis- true grapes, and Muscadania. Of the fewer than 60 known 

Vitis species, V. labrusca. L. and V. vinifera, L. are the most important 

to the U.S. grape industry. Vitis labrusca. a North American species, 

is cultivated mainly in the colder climatical regions of the U.S. includ

ing the Pacific Northwest. The cultivar 'Concord' accounts for eighty 

percent of these plantings (Winkler et al. 1974). 

Vitis vinifera, the principal Old World species also known as 

the European grape represents 90 percent of the world's total grape 

production. Vitis vinifera is native to the region south of the Caucasus 

Mountains and Caspian Sea and into Asia Minor; this region being known 

as the first home to viticulture. The conquistadores brought the vinifera 

grape to the western shores of the Americas. Vitis vinifera cultivars 

are grown mostly in California. Additional acreages are found in Arizona, 

Washington and Oregon. Arizona, with 6800 acres, ranks second in U.S. 

table grape production with an annual value of approximately 25 million 

dollars. Of this, 'Thompson Seedless' accounts for 2891 acres, 'Flame 

Seedless' 2274 acres and 'Perlette' 1477 acres. 'Exotics' and 'Cardinal' 

are at 84 and 51 acres respectively (Arizona Fruit and Vegetable Standard

ization Service 1987). 
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The table grape industry, as we know it today, began with the 

introduction of adapted varieties in the 1850's. R.B. Blowers and 

G.C. Briggs are said to be the first to plant table grapes in the Woodland 

and Davis regions of California. Blowers continued to introduce new 

cultivars, including 'Emperor' and was the pioneer in the commercial 

movement of California table grapes to the Eastern markets. 

There are four major and one minor commercial classes of grapes. 

These are: table grapes, raisin grapes, wine grapes, sweet juice grapes 

and the minor group, canning grapes. Of the 8,000 named cultivars, 

fewer than a dozen are grown extensively as table grapes. Presently, 

the three major varieties are 'Thompson Seedless,' 'Perlette' and 'Flame 

Seedless.' 

Table grapes are intended for use as fresh fruit, either for 

food or decorative purposes. This use demands that the grape be attrac

tive in appearance, highly palatable and have good shipping and keeping 

qualities. In addition, they must be produced and sold at a reasonable 

cost. 

Appearance is the number one factor affecting the marketability 

of table grapes. Appearance is influenced by berry size and shape; 

size, shape and compactness of the cluster; intensity and brilliance 

of berry color; and overall physical condition. The major defect affect

ing appearance is the lack of uniformity in berry size and color within 

a cluster. 

In the warm desert climates of Arizona and California, table grapes 

often have an erratic budbreak leading to a lack of uniformity in maturity 

of clusters. The current thought is that erratic budbreak is due in 
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part to lack of winter chilling. Chilling requirements have not been 

firmly established for the V. vinifera cultivars. 

Uniform budbreak and subsequent uniform fruit maturation would 

increase the efficiency and therefore reduce the costs of many on-farm 

operations like thinning, gibberellic application and harvesting. 

Table grape growers and researchers throughout the world 

have been attempting to stimulate uniform budbreak with procedures such 

as chemical treatments and cultural modifications in the field. In 

addition, at the molecular level, researchers are studying the action 

and interaction of endogenous and exogenously applied plant hormones to 

further their understanding of hormonal control of bud dormancy and 

subsequent growth. One chemical that has proven effective in the warm 

deserts of Israel, Australia, Mexico and the Coachella Valley in 

California is hydrogen cyanamide (H2CN2).The table grape growers in 

Arizona expressed a desire and willingness to cooperate with University 

of Arizona Extension personnel in a research program to evaluate the 

effectiveness of H2CN2 under their specific conditions in Central and 

Western Arizona. Preliminary trials were initiatedin 1985 in Yuma, 

Queencreek, and Waddell, Arizona. The results of these demonstrations 

and trials in Arizona were encouraging, and further studies were warranted 

(Butler and Kilby 1985; Butler et al. 1986; Kilby and Mayles 1985 

unpublished data). 

This project was undertaken to determine the effectiveness of 

H2CN2 on budbreak and fruit maturation on V. vinifera 'Flame Seedless' 

table grapes. Specifically, the objectives of this study were: 1) to 

determine the most effective concentration of chemical for desired 
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results, and 2) to determine the most effective application method and 

point of application on the vine. 
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•LITERATURE REVIEW 

The phenomenon of dormancy in buds of woody plants has been 

reviewed by Samish (1954), Vegis (1964) and others (Erez and Lavee 1974). 

Rest, or true dormancy is the condition where growth will not occur 

even if favorable environmental conditions exist (Samish 1964; Vegis 

1964). Vegis (1964) states that dormancy is the result of adaptation 

to the environmental conditions which prevail where the species or 

cultivar originates. 

The first phase of rest, or true dormancy, is defined as "early 

rest." At this stage, plant organs are said to be in be in the 

"predormancy" state. The dormant bud will no longer grow in response to 

favorable conditions, but can be "forced" easily by subjection to 

chemicals, cold, heat, wounding. "Mid rest" is the stage when the 

depression of growth activity is the strongest and a time when only the 

most drastic treatments are able to stimulate growth. "After rest" is 

usually the final phase of dormancy. The internal conditions of organs 

in "after rest" are the same as in "early rest" (Samish, 1964). 

Lang et al. (1987) propose an international descriptive 

classification system to describe types of dormancy. The new dormancy 

nomenclature includes three terms for the delineation of various dormancy 

phenomena: 1) ecodormancy, which describes dormancy regulated by 

environmental factors; 2) paradormancy, which is dormancy that is 

regulated by physiological factors outside the affected structure and 
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3) endodormancy, which is when regulation of dormancy is regulated by 

physiological factors inside the affected structure. 

The transition from the state of full growth activity to true 

dormancy occurs gradually (Antcliff and May 1961 ; Vegis 1964). 

Pouget (1972) divided the annual vegetation cycle of grape buds 

into five phases: predormancy, dormancy development, dormancy, dormancy 

releasing and post dormancy. The two main physiological processes that 

occur during this cycle are: adaptation to low temperatures and 

photoperiod during fall and the breaking of dormancy in the spring 

(Antcliffe and May, 1961). Controlling bud dormancy in grapevines has 

been the subject of many investigations. Investigators are attempting 

to find a means of managing the plant under field conditions. One aspect 

of this management is to regulate entry into dormancy, the length of 

dormancy and the time of dormancy release, or regrowth. Two of the 

advantages that might be gained through plant growth control are induced 

early bud break and subsequent advancement of berry maturity. 

The current year's compound buds ("eye") of V. vinifera are formed 

at each node of the previous year's shoot growth. Each compound bud 

consists of three partially developed shoots; a primary shoot (in the 

middle), a secondary and tertiary. The secondary or tertiary bud will 

develop if: 1) the primary shoot is injured; 2) pruning is severe; or 

3) a boron deficiency develops (Martin 1983; Winkler 1974). 

Cultural practices and their effects on budbreak have been 

investigated for years. Winkler et al.(1974) stresses the three major 

cultural factors directly responsible for inducing and releasing bud 

dormancy of V. vinifera as: 1) nutrient availability (Kuroi 1974); 2) 
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water availability (Perry 1971); and pruning method (Hatch 1974; Lavee 

1977; Lider et al. 1975; Mudhava et al. 1972). 

The compound bud ("eye") of V. vinifera and the investigations 

into the environmental factors, endogenous plant growth hormones and 

exogenously applied plant growth regulators involved in the control of 

bud dormancy is the subject of this review. 

Environmental Factors 

Chilling, exposure to low temperatures, is recognized as the 

chief means of breaking the rest period of deciduous plants (Coville 

1920; Overcash and Campbell 1955; Samish 1964; Winkler 1974). Other 

environmental factors that affect rest completion are light intensity 

(Erez and Lavee 1974), photoperiod (Buttrose 1969 and McEachern and 

Storey 1974), ambient temperatures (Duarte 1983; Couvillon and Erez; 

Kliewer 1975; Scalabrelli and Couvillon 1986) and root temperature 

(Kliewer 1975; Woodham and Alexander 1966; Zelleke and Kliewer 1979). 

Rest and Chilling 

Chandler and Brown (1951) stated that the rest period in a bud 

did not have a fixed length. The rest period length is dependent on 

variety, length of shoot growth and amount of winter chilling. The 

chilling requirement concept was proposed by Weinberger in 1950. Bonja 

(1975) defines two types of chilling requirements, qualitative and 

quantitative. Qualitative chilling is when a bud requires chilling to 

release it from the state of dormancy and quantitative chilling is when 

chilling is not absolutely required, or if it has been satisfied, 

additional chilling reduces the length of time to budbreak. 
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It was found that chilling was most effective with temperatures 

between 0°C and 7°C (Erez and Lavee 1971; Wienberger 1950). Temperatures 

of 7°C or lower for a definite period of time were necessary before 

growth could begin under favorable conditions. Winkler et al. (1974) 

stated that many investigations show that various aspects of growth 

including budbreak were related to summation of heat above 10°C. 

Wienberger (1954) found that high temperatures occurring during the 

winter period delayed the breaking of rest. 

Overcash and Campbell (1955) found that continuous chilling was 

more effective in breaking rest than exposure to intermittent cold. 

Their work with peach leaf buds led them to conclude that high 

temperatures interspersed with periods of low temperatures counteracted 

some of the cumulative chilling influence of low temperatures. 

Young and Werner (1984) investigated the effect of chilling the 

rootstock and scion on growth initiation in apple and peach. The results 

of this work indicated that for maximum budbreak and new shoot and root 

growth in apple, the rootstock must be chilled. With peach however, 

only the scion required chilling. Chilling the peach rootstock delayed 

budbreak and reduced shoot growth. 

Vitis yinvfera, as do most deciduous fruit crops, have a dormant 

period which is induced by short days and low temperatures. Chilling 

is obligatory to terminate rest if dormancy has been induced (Lavee et 

al. 1984). In tropical regions, grapes are grown continuously without 

a dormant period. 

In general, it is thought that grapevines have a low chilling 

requirement however, at present, the requirement has not been established. 
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Studies that have been conducted indicate that there is a wide range in 

the time required for grape buds to terminate rest and resume normal 

growth (Weaver et al. 1968). Some investigators report that V. vinifera 

requires approximately 200 hours of winter chilling (Martin 1984). 

McEachern and Storey (1984) reported that cuttings of the cultivar 

'Champanel' reached maximum bud emergence when subjected to chilling 

for approximately 800 hours. 

Weaver et al. (1961) found that cuttings of 'Tokay' and 'Delaware' 

stored at 0°C for 2, 4 or 6 weeks did not break bud earlier than those 

receiving 0 weeks of cold treatment. However, the cold treatments did 

enhance total percent budbreak. 

Weaver and Iwaski (1977) found that the rapidity and total budbreak 

of 'ZinfindeV cuttings was enhanced with a 0°C cold treatment for 4, 8 

or 12 weeks. Iwaski and Weaver's (1977) investigation found that 

grapevine cuttings receiving no 0°C cold treatment did not break rest 

at the end of 100 days when placed in temperatures conducive for growth. 

Similar results were found for cuttings stored at 0°C for 3 days or one 

week. 

With potted 'Thompson Seedless,' a linear relationship was defined 

between the length of the chilling period at 1.6°C and the percent total 

bud break. Seven weeks of chilling resulted in maximum percent bud 

break and maximum uniformity in bud break. Number of days to bud break 

was reduced from 34 and 41 to 14 and 21 by subjection to 63 days chilling 

treatment. Additional chilling time did not cause further reductions 

in the rest period (Kliewar and Soleimani 1972). 
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Weaver and Iwaski (1977) found that 8 weeks at 0, 3, 9 or 10°C was 

sufficient to achieve maximum bud break. Bud break was slower at 10°C, 

but maximum bud break was achieved. For some cultivars, only 3 days of 

storage in the above temperatures are needed to produce maximum bud 

break. This lead investigators to believe that chilling requirements 

for V. vinifera are cultivar dependent. 

Plant Growth Regulators 

Plant growth regulators can be divided into two types, natural and 

synthetic. Natural plant growth hormones, phytohormones, are those 

produced by the plant to influence a specific physiological process. 

The hormone either acts at the site of synthesis or is produced in one 

location and is transferred to another organ or location in the plant 

(Bruinsma 1985). 

Endogenous Hormones 
and Bud Dormancy 

Darwin, Bayliss and Starling, and Went were the pioneers in the 

discovery and investigations of the phytohormones (Bruinsma 1985). 

The five groups of known plant hormones are: auxins, ethylene, cytokinins, 

gibberellins and abscisins (Wareing and Saunders 1971). However, not all 

developmental processes can be explained by these five groups alone 

(Bruinsma 1985). Endogenous plant hormones play a major role in many 

aspects of plant growth and development and investigations have shown 

that bud dormancy is not an exception (Wareing and Saunders 1971). 

Gibberellins, cytokinins, inhibitors such as ABA, and possibly 

ethylene may each be implicated in dormancy of various species and organs. 
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Many studies have been conducted to correlate the relationship between 

levels of phytohormones and bud dormancy (Kawase 1965, Spiers 1972, and 

Weaver 1972), however this phenomenon is still not clear. For years it 

has been postulated that bud dormancy is controlled by a balance between 

endogenous inhibitors and growth promoting hormones (Nitsch 1957). 

The growth-inhibitory substances theory was first proposed by 

Hemberg (1949) and gained support from the finding of a close correlation 

between the levels of endogenous inhibitors and the seasonal state of 

bud dormancy in several species (Hendershott and Bailey 1955). Many 

changes which are correlated with rest development are reported in the 

literature. Growth promoters and inhibitors are reported to decrease 

and increase respectively during rest development (Lavee 1974). In 

their review, Wareing and Saunders (1971) point out that the most 

convincing work in this area of study has been done with buds and seeds 

which require chilling. 

Kawase (1965) found that the termination of bud dormancy occurred 

along with the disappearance of the inhibitor(s). Abscisic Acid (ABA) 

is a considerably stronger inhibitor than phenolic compounds and was often 

detected on chromatograms with phenols in the Beta. Abscisic Acid is 

presumed to be a major factor in controlling winter rest (Wareing and 

Saunders 1971). Spiers (1972) reports that the results from his 

investigations show that the level of free ABA in bud scales of Tung 

was high. With the addition of ABA at 1000 ppm on non-resting grape 

buds, Weaver et al. (1974) reported delayed bud break. 

Based on their review of the literature, Wareing and Saunders 

(1971) postulate that an inhibitor is produced by leaves and is 
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accumulated in bud scales. The inhibitor may then interact with internal 

gibberellic acid levels. The inhibitor here is thought to be abscissic 

acid. Villier's (1968) work with autoradiography with embryos of Fraxinus 

excelsior lead to the conclusion that ABA maintains dormancy by inhibiting 

the synthesis of specific types of proteins and enzymes thus RNA 

transcription and mRNA translation. It is postulated that ABA promotes 

the repression of DNA during the induction of dormancy and that 

gibberellins reverse this effect in breaking dormancy, however no solid 

evidence of this action has been found at the molecular level. 

Leaf primordia in the dormant buds of some species are not 

themselves innately dormant, but are inhibited by some effect of the 

bud scales (Abbott 1970; Schneider 1958).It was concluded that bud scale 

removal effectiveness is not due to interference with gaseous exchange, 

since scales continued to inhibit leaf growth even if they are allowed 

to open, allowing for free access of air to leaf primordia (Wareing and 

Saunders 1971). Several investigators have reported that gibberellin 

levels increased towards the end of the rest period. It is postulated 

that the general effect of low temperature is to remove a block to 

gibberellin biosynthesis and that the observed increase in GA3 activity 

is the result rather than the cause of dormancy removal. 

Exogenously Applied Plant Growth 
Regulators and Bud Dormancy 

Plant growth regulators are used extensively in agricultural 

production today. While a few have been developed for use in the 

production of major field crops, most of the uses are for high value, 

low acreage, specialty crops. Most are growth inhibitors rather than 
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growth promoters and are used to modify plant development rather than 

to induce changes in basic productivity (Morgan 1980). Since the 

beginning of the century, investigators have attempted to control the 

rest period of dormant plant organs. Much of this work has been conducted 

with plant growth regulators, synthetic and natural, and other chemicals 

(Wareing and Saunders 1971). 

Work with V. vinifera has been extensive. Many chemicals and 

plant growth regulators have been examined for their potential to 

terminate rest. 

Gibberellic acid (GA3) and other gibberellins are well known to 

be effective in overcoming bud dormancy (Vegis 1964). However, in V. 

vinifera. GA3 has been shown to prolong dormancy rather than overcome 

it (Weaver 1959, 1968 Weaver et al. 1961). Weaver et al. (1961) studied 

the effects of GA3, ethylene chlorohydrin, rindite, thiourea, warm water, 

alpha-naphthaleneacetic acid (NAA), and 3-indoleacitic acid (IAA) on 

rest of grape buds. Warm water, ethylene chlorohydrin, thiourea, and 

rindite treatments hastened breaking of bud rest in 'Thompson Seedless' 

grape vines. GA3 markedly delayed bud break, and NAA and IAA treatments 

resulted in some delay. Kliewer et al. (1972) found that GA3~treated 

'Thompson Seedless' and 'Carignane' grapevines required significantly 

more time to break bud than the controls. Application was made after 0-

7 days of cold treatment. In the same experiment, cuttings of 'Tokay' 

and 'Delaware' were stored at 0 C for 0, 2, 4, or 6 weeks; total percent 

budbreak increased linearly with storage duration. A combination of GA3 

and cold treatment was evaluated and found to prolong rest over that 

caused by low temperature only. With localized GA3 treatments, 
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application to the buds or basal ends of 'Thompson Seedless' cuttings 

resulted in delayed budbreak. 

Although most researchers agree that gibberellins delay budbreak 

of V. vinifera. there are conflicting data as to the effects of 

"antigibberellins" (chemicals known to prevent gibberellin synthesis). 

Erez and Celik (1981) studied the effects of (2-chloroethyl) 

phosphonic acid (CEPHA), (2-chlorethyl) dimethyl-ammonium chloride (CCC) 

and succinic acid-2, 2-dimethyl-hydrazide (daminozide) on bud break and 

rooting. Applied to V. vinifera 'Chausa' cuttings during imposed 

dormancy, the investigators found that CEPHA at 100 to 200 ppm and 

daminozide at 500-1000 ppm markedly delayed bud break. CCC hastened 

budbreak significantly; however, none of the treatments had a significant 

effect on percentage of final budbreak. 

CCC, ethephon, morphactin and benzothiazode-2-oxacetic acid (BOA) 

delayed bud break in several V. vinifera cultivars (Hopping 1977; Weaver 

et al. 1968, 1974). Ahmedullah et al. (1986) reported that application 

of paclobutrazol to 'Concord' grape vines at 5000-20,000 ppm resulted 

in a delayed budbreak of 3-5 days when compared to controls. 

Cytokinins (notably kinetin and the synthetic cytokinin 

benzyl adenine [BA]) are effective in overcoming bud dormancy (Vegis 

1964; Wareing 1969). Weaver (1963) reported that cytokinin effectiveness 

is weak in the induction of budbreak of V. vinifera when compared to 

other compounds, but that it does hasten bud break in late winter and 

early spring. Erez et al. (1971) reported similar results. 

Winter oils have been shown to delay and reduce budbreak of V. 

vinifera (Corzo 1978; Lavee 1974; Shulman et al. 1983). Duarte (1983) 
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found no treatment effects with application of dormant oil alone or in 

combination with dinitro-ortho-cresol (DNOC) to 'Thompson Seedless' and 

'Perlette' vines during winter. Erez et al. (1971), Hopping (1977) and 

Shulman et al. (1983) reported DNOC to be an effective rest breaking 

agent when applied to Vitis vinifera alone or in combination with mineral 

oil. 

Various chemicals usually considered to be plant fertlizers have 

stimulated budbreak. Balasubrahmanyam et al. (1975) found that dormant 

application of 2 and 4% thiourea via biweekly sprays or soaked cotton pads 

hastened termination of rest by 10-15 days in both 'Thompson Seedless' 

and 'Madeleine Angevine' cultivars. The treatments also increased total 

bud burst by 12-16 %. It was found that 2% concentration was as effective 

as the 4% solution. It was observed that greater total bud break on 

the treated vines was due to increased sprouting at the nodes on proximal 

ends of the canes. The response of earlier sprouting of individual 

buds treated with thiourea confirms the statement by Samish (1954) that 

the individual bud is the seat of rest and that the response to stimuli 

is localized in the bud. This study supports the findings of Erez et 

al. (1971), McEachern and Storey (1974), Hopping (1977) and Duarte (1983) 

where thiourea was reported to stimulate and enhance bud break of grapes. 

Lime nitrogen (Kuroi 1963) penta chlorophenol (Lavee 1964), KN03 (Erez 

and Lavee 1974; Hopping 1977) and dinitro-ortho-sec-butyl-phenol (DINOSEB) 

(Duarte 1983) have been shown to be effective in terminating rest in 

Vitis vinifera. 

Two compounds which have been found to be very effective in 

breaking bud dormancy of Vitis vinifera are calcium cyanamide (CaCNg) 
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and hydrogen cyanamide (H2CN2). The bud breaking abilities of the 

fertilizer calcium cyanamide (CaCN2) have been realized for many years. 

The compound has been investigated for its effect on grapevine buds by 

many groups (Iwaski and Weaver 1977; Kuroi 1963, 1985; Pereira and 

Oliveria 1978; Shulman et al. 1983). All groups found that bud break 

was advanced and enhanced with CaCN2 applications. 

Shulman et al. (1983) reported that CaCN2 and H2CN2 applications 

to dormant intact vines resulted in rapid budbreak. Hydrogen cyanamide 

was found to be more effective than CaCN2- Application of 0.25 M 

solutions of H2CN2 and CaCN2 to 'Perlette' vines resulted in 72% and 

27% budbreak respectively.CaCN2 is not water soluble and is difficult 

to use in commercial production. Shulman et al. (1982) investigated 

the effects of some CaCN2 derivations and by-products on breaking bud 

dormancy. The supernatant of an aqueous suspension of CaCN2 was effective 

in breaking dormancy. Further studies (Shulman et al. 1982) showed that 

H2CN2 was the active agent in breaking bud dormancy. Products of 

cyanamide polymerization or degradation were not active in breaking bud 

dormancy. Pure cyanamide is unstable, however commercial products are 

phosphate stabilized and are 50% active ingredient solutions. Hydrogen 

cyanamide is more readily soluble in water and therefore more suitable 

for use in commercial operations. 

Hydrogen cyanamide is the first breakdown product of the nitrogen 

fertilizer CaCN2- In laboratory demonstrations carried out by Amberger 

(1984) it was concluded that during hydrolysis of CaCN2 in moist soil, 

H2CN2 is released and further broken down into urea, ammonium and nitrate. 

Depending on moisture status, a secondary reaction can occur in which the 
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process would include a dicyandiamide --> guanylurea --> guanidine 

breakdown chain post H2CN2 release and prior to production of urea. 

With soil analysis, the investigator concluded that plants which are 

fertilized with CaCN2 or H2CN2 absorb nitrogen as ammonium or as a 

nitrate. To determine if plants absorb H2CN2 directly, studies with 

potatoes on absorbtion rates of above ground parts were conducted. 

Results showed that H2CN2 penetrates into the plant tissue quickly after 

application when brushed on different plant parts. Hydrogen cyanamide 

was absorbed by all above ground parts of the plants and transported 

within the vascular system in both directions. The absorbed H2CN2 is 

metabolized in the plant; the nitrogen is utilized in the synthesis of 

amino acids, especially arginine. 

Cyanide and cyanamide are known to inhibit catalase and promote 

mitochondrial respiration (Nir 1984; Shulman et al. 1982; Taylorson and 

Hendricks 1977). It is postulated that the decrease of catalase activity 

in grapevine buds - due to chemicals or low temperatures causes an 

increased level of hydrogen-peroxide (H2O2) in the bud tissue. This 

increase might cause activation of the pentose-phosphate pathway leading 

to the termination of bud dormancy and the beginning of bud burst and 

rapid growth (Simmonds 1972; Taylorson and Hendricks 1977). 

Nfr et al. (1984) conducted field and in vitro system experiments 

using V. vinifera 'Perlette' and 'Dan ben Hanna.' Hydrogen cyanamide, 

thiourea and artificial chilling caused a significant decrease in the 

activity of catalase; DNOC treatments did not cause a decrease and 

enhanced bud opening only slighty. They concluded the intensity of 

dormancy seems to be directly related to the activity of catalase.Amberger 
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(1984) states that the literature on this subject allows for a more or 

less speculative explanation of the manifested catalase inhibition and 

dormancy breaking effect of cyanamide. 

Because of it's commercial benefits, H2CN2 is now being 

investigated in field and controlled environment studies throughout the 

warm grape producing regions of the world. At present, the two commercial 

products "SKW83010" and "AERO CYANAMIDE- 50" are being used on limited 

acreage in Israel and Australia. Registered as a fertilizer, grape 

producers in the Coachella Valley of California did use it as a growth 

regulator until it was banned in 1984. 

Shulman et al. 1892, 1983 reported that H2CN2 was useful as s 

herbicide under field conditions. It was also found that it was active 

in terminating rest of grapes, peach, almonds, prunes, cherries, kiwi 

fruit and others. 

'Cabernet Sauvignon' grapevines grown in Davis, California produced 

a slightly higher budbreak than those grown further north in Oakville, 

California when treated with a 1.25% solution of H2CN2. On the average 

Davis receives more chilling than Oakville. In Davis, budbreak was 

delayed with a 6% H2CN2 solution. In Oakville, budbreak was significantly 

enhanced, i.e. a greater percentage of budbreak at a given time, with 

2.0 and 3.0% H2CN2 treatments. With 3.0% H2CN2 treatments, shoot length 

was over two times that of untreated vines. The authors speculate that 

the increase in cluster number for the basal and middle cane sections 

was associated with increased budbreak. 

Budbreak on cane pruned cultivars is often erractic and even in 

cooler climates where vines receive sufficient winter chilling. To 
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determine if H2CN2 would be effective in stimulating uniform budbreak 

in these climates, Jensen and Bettiga (1984) and Foott (1987) conducted 

small scale field trials. Jensen and Bettiga reported that application 

of a 2.5% H2CN2 solution to 'Thompson Seedless', 'French Colombard' and 

'Emperor' vines immediately after pruning had no effect on the final 

percent budbreak. Date of budbreak was accelerated with 'Thompson 

Seedless' and 'Emperor.' They also report that budbreak was delayed and 

reduced when chemical application was made one week after pruning. The 

investigators suggest that the results might be in part due to the 

exceptionally good budbreak experienced the previous spring. Normal 

budbreak occurred one week earlier than usual in this particular year, 

leading, perhaps, to lessened bud receptivity to the compound. Foott 

(1987) found that applications of 2.5% H2CN2 to dormant 'Chardonnay,' 

'Cabernet Sauvignon' and 'Zinfindel' cultivars resulted in earlier 

budbreak with all but the 'Zinfindel.' Final budbreak was found to be 

greater with 'Chardonnay.' Though not statistically significant, berry 

maturity of 'Cabernet Sauvignon' and 'Chardonnay' was enhanced by H2CN2. 

All cultivars had significantly greater yields with H2CN2 application. 

In Australia, 'Sultana H4 ' and 'Cardinal' cultivars responded 

to H2CN2 treatments applied at 12, 8 and 4 weeks prior to expected normal 

budbreak. Budbreak occurred 2 to 4 weeks after application, and was 

significantly earlier than untreated vines. Fruit ripening was enhanced 

by 4, 3 and 2 weeks in 'Sultana H4' and 2.5 and 3.5 weeks in 

'Cardinals'(McColl 1986). 

A 3% H2CN2 solution applied to greenhouse grown intact 'Kyoho' 

vines in December, January and February advanced budbreak by 15, 7 and 
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4, days respectively. Application of a 1% solution to single bud cuttings 

advanced budbreak by 2 to 4 days over untreated vines, but a 2% solution 

was found to be phytotoxic (Kuroi 1985). Shulman et al. (1982) and Kuroi 

(1985) report that effective concentrations of H2CN2 for cuttings is 

approximately 1/3 to 1/6 of that for intact vines. 

Lin and Wang (1985) reported that soaking the basal ends of 

vegetative 'Kyoho' single bud cuttings with 1 and 5% H2CN2 induced bud 

sprouting. Budbreak occurred 10 days after application of the 1% 

treatment. In two independent studies with treated cuttings of different 

ages, the percent budbreak was 58 and 27% for 1 year and 10 year old 

vine material, respectively while with untreated controls the percent 

budbreak was 3.3 and 0%, respectively. 

Extensive research with hydrogen cyanamide has been conducted by 

Lavee et al. (1984). In summary, this group reports that H2CN2 

application to dormant Vitis vinifera vines results in uniform maximum 

budbreak in warm and cool regions; early budbreak and enhanced berry 

maturation of late ripening cultivars in warm regions; full budbreak on 

cane pruned cultivars; renewal of latent buds on old vines, and prevention 

of apical dominance in areas where uneven growth is a problem. 

Erez (1985) defoliated 'Cabernet Sauvignon' grapevines with 1.5 

and 3.0% H2CN2 solutions. The treatments resulted in 99 and 100% 

defoliation respectively. A more complete and earlier budbreak was 

achieved with one application. 

Application of 1.5 and 2.5% H2CN2 solutions to 'Perlette' and 

'Flame Seedless' dormant vines resulted in earlier budbreak in relation 

to untreated vines. The 2.5% rate induced faster and more uniform 
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budbreak than the 1.5% rate. Harvest data showed that the treated vines 

had advanced berry maturation compared to untreated vines. At a given 

time, 70 - 80% of clusters from treated vines of both cultivars were 

harvestable while only 30% of the 'Perlettes' and 10-15% of the 'Flame 

Seedless' clusters from untreated vines met maturity index standards. 

On the average, °brix was 3 units higher for berries from treated vines. 

With 'Thompson Seedless,' budbreak occurred earlier and final budbreak 

was 1.8 times higher with application of 2.5% H2CN2. The H2CN2 

application resulted in increased budbreak at all node positions except 

the terminal one. At harvest the measured brix was the identical for 

treated and untreated vines however the °brix-to-acid ratio was 21:1 

and 18:1 for treated and untreated, respectively. At this time 70-80% 

of the clusters from treated vines were harvestable while only 10-20% 

of the clusters from untreated vines were (Wicks et al. 1984). 

Williams and Smith (1984) reported that a 2.5% H2CN2 application 

in January advanced budbreak by 3 days when compared to untreated 

controls, but that applications made in March delayed budbreak by 6 

days. Significant treatment effects were found with berry maturation 

parameters; all H2CN2 treatments resulted in increased berry weight and 

soluble solids, regardless of application date. 

Butler and Kilby (1985) reported that H2CN2 applications to dormant 

vines in southwestern Arizona resulted in earlier and more uniform 

budbreak. H2CN2 applications to 'Perlette' and 'Flame Seedless' on 

December 28 and Jan 4 resulted in a comparatively earlier budbreak, 

which extended over a longer period of time. Later applications on Jan 

9 and 11 caused a more dramatic and uniform budbreak on 'Perlette,' 
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'Flame Seedless' and 'Thompson Seedless' cultivars. In all cases, °Brix 

was significantly higher in berries from treated vines relative to 

untreated vines. Treatment effects from a 5% H2CN2 solution application 

were not significantly different from those found with a 2.5% solution. 

A greater yet nonsignificant difference was found between the 5.0 and 

2.5% treatments. It was concluded that the 5.0% rate resulted in optimum 

effects under nearly all conditions. 

The following year, Butler et.al (1986) found that 5.0% H2CN2 

applications made on January 13 to vines pruned 2 weeks, one week and 

within 24 hours prior to application resulted in earlier and more uniform 

budbreak in relation to untreated vines. Vines pruned 2 weeks before 

application broke bud the same day (11 days after treatment) as those 

pruned closer to application date, however total budbreak was slightly 

lower. Applications made on December 30 to 'Perlette' and 'Flame 

Seedless' resulted in earlier budbreak however near maximum budbreak 

was achieved by untreated vines slightly earlier than treated vines. 

Treatment within 24 hours of pruning resulted in earlier budbreak on 

'Flame Seedless' in relation to those pruned 1 and 2 weeks prior to 

application. With 'Thompson Seedless,' all H2CN2 treatments, regardless 

of pruning time, induced advanced budbreak relative to untreated vines. 

On 'Thompson Seedless,' maximum budbreak was achieved earlier with 

application of 5,0% H2CN2 solutions when compared to untreated vines. 
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MATERIALS AND METHODS 

This study consisted of two separate experiments in the evaluation 

of H2CN2 applied to dormant grapevines: (I) rates of application and 

(II) vine site and method of application. 

Experiments were conducted in a commercial vineyard on 2 year 

old 'Flame Seedless' vines grown on a Gilman Loam in Waddell, AZ (Cactus 

Lane Ranch). The vines were pruned to an average of 16, 2 bud spurs on 

a bilateral cordon system. The vines were irrigated by means of above 

ground drip irrigation, and all cultural practices were performed by 

the farm crew. All trials were initiated in the winter of 1985-86 and 

data were collected during the 1986 growing season. 

In each experiment, the following growth and fruit maturity 

parameters were measured to determine treatment effects: date of 

budbreak, berry weight, soluble solids, pH, titratable acidity and 

anthocyanin development. 

Budbreak data were collected on 4 dates: February 11, 20, 27 

and March 6, 1986. Berry samples for lab analysis were collected and 

analyzed on May 24, 29 and June 3, 8, 1986. 

Treatment in Field 

Experiment I - Rate 
of Application 

In a randomized complete block design, the following concentrations 

of H2CN2 were applied to dormant vines 24 hours after pruning: 0, 2.5 

and 5.0 % (v/v) solutions. Applications were made on January 16, 1986. 
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Each experimental block consisted of 5 vines per treatment and each 

block was replicated 3 times. Vines were sprayed to the drip point 

using a backpack sprayer. 

Experiment II - Vine Site 
and Method of Application 

The experiment was organized into a randomized complete block 

design with 5 vines per treatment; blocks were replicated 4 times. A 

5.0% H2CN2 (v/v) solution was applied to 3 vine sites: whole vine (cordons 

and spurs), buds only, or pruning cuts (cordon and spur ends) only. A 

control (0%) was included, bringing the total number of treatments to 

four. 

The whole vine application was made using a backpack sprayer. 

Chemical application to the- buds and pruning cuts only was made by 

applying the solution directly to the site with a cellulose paint brush. 

All treatments were applied on January 15, 1985, 24 hours after pruning. 

Budbreak Data Collection and Calculation 

Budbreak data were collected on February 11, 20, 27 and March 6, 

1986. The total number of fruiting spur buds that had visible green 

tissue were counted as open; this number divided by the total number of 

spur buds on the cordons resulted in the calculation of percent budbreak. 

Fruit Collection 

Berry samples jwere collected on May 24, 29 and June 3, 8, 1986. 

The center 3 vines of each 5 vine treatment replicate were utilized for 

berry sampling. Two clusters per vine were sampled. Composite samples 



33 

consisting of 3 berries (shoulder, middle and top) per cluster were 

collected, resulting in a total of 18 berries per sample, per treatment 

replicate. Sampling was done between 7 and 9 a.m. each date to correspond 

with the commercial practices used for maturity indexing. Samples were 

transported in plastic bags on ice to the laboratory facilities in Tucson, 

and analysis was completed within 24 hours of picking. 

Juice Extraction 

Berries were weighed at the onset of laboratory analysis. Once 

weighed, discs for color development measurements were collected and 

stored according to the method described later in this chapter. The 

composite samples were then blended in a Waring blender and filtered 

through a plastic sieve into 250 ml Pyrex beakers. From this, aliquant 

samples of juice were taken for further analysis. 

Analysis for Soluble Solids (°Brix) 

Total soluble solids were obtained using the Atago ATC-1 hand held 

refractometer. Readings were recorded directly as °Brix and are used 

for the soluble solids: acid ratio calculation in that unit. 

Analysis for dH and Titratable Acidity 

For pH and titratable acidity determination, a 10 ml aliquant 

sample of juice and 30 mis of distilled water was placed in an erlenmeyer 

flask. The juice pH was determined with a Sensorex combination electrode 

attached to a Corning model 10 pH meter. Using a .0960 N sodium hydroxide 

solution, titratable acidity was measured by a potentiometric titration 
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to a pH of 8.2 (Amerine 1979). The measurement is converted to and 

expressed as grams tartaric acid/100 ml. 

Analysis for Anthocvanin Development 

Anthocyanin development was measured on all samples by the method 

of Chaplin et al. (1970). A 4.76 mm diameter disc of tissue was removed 

with a stainless steel cork borer. One disc of tissue was taken from 

each side of the berry. One gram of tissue was placed in 25 ml of 0.5% 

oxalic acid for pigment extraction. Samples were stored in a darkened 

35 degree F. cooler for 7 days. The solution was then filtered through 

Whatman #1 filter paper; and adjusted to 50 ml with 0.5% oxalic acid. 

Absorbance readings were taken at 515 nm with a Bausch and Lomb 340 

spectrophotometer. 

Statistical Analysis 

The data were analyzed using the analysis of variance procedure 

in the SAS statistical package. Significant F values and Least 

Significant Means (LSD's) were calculated at alpha = 0.05%. Budbreak 

percentages were subjected to arc sine transformation prior to analysis 

in order to equalize experimental variance. Data is presented in the 

transformed scale. 
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RESULTS AND DISCUSSION 

Experiment I Results 

Percent Budbreak 

The hydrogen cyanamide (H2CN2) rate of application experiment 

resulted in significant treatment effects in percent budbreak for each 

date of data collection (Table 1, Fiq. 1). 

Although exact date of budbreak is not known, the data show that 

treated vines broke bud at least 16 days earlier than untreated vines 

(Table 1, Fiq. 1). The first date of detectable budbreak on the control 

vines was Feb. 27, at which time percent budbreak was 76 and 89% for 

the 2.5 and 5.0% H2CN2 treated vines respectively. On March 6, the last 

bud count date, the control vines had 11% budbreak while near maximum 

percent budbreaks of 85 and 91% for the 2.5 and 5.0% rates had been 

achieved (Table 1, Fiq.l). 

When comparing H2CN2 treatments, the 5.0% rate resulted in 

significantly greater percent budbreak on Feb 11 , 20 and 27. Although 

still greater than the 2.5% rate on March 6, the difference was not 

found to be significant. 

Berry Maturity 

Significant treatment responses carried over from the treatment 

effect of advanced budbreak, depending on date of sampling and fruit 

quality parameter measured (Table 2). 

All parameters measured indicated that fruit development, 

regardless of treatment followed the patterns of normal fleshy fruit 
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Table 1. The effect of H2CN2 concentrations on budbreak of cv. 'Flame 
Seedless' grapevines following dormant application on January 
16, 1986. 

Bud 
Count 
Dates Treatments Budbreak (%)z 

Feb. 11 
Control 
2% 
5% 

0 \ 38 b 

58 c 

Feb. 20 
Control 

2% 
5% 

0 "h 64 b 

81 c 

Feb. 27 
Control 

2% 
5% 

0 3h 75 b 

88 c 

March 6 
Control 
2% 
5% 

10 a
L 

84 b 

90 c 

z Means separated within each harvest date by LSD, a = 0.05. 
Means based on 3 replicates. 



2/11 2/20 2/27 
Bud Count Dates 

a—a Control 
•—g 2.5 % H2CN2 
o—© 5.0 % H2CN2 

Fig. 1. Budbreak response of 'Flame Seedless' grapevines following dormant sprays of 
H2CN2 applied on January 16, 1986. w 



Table 2. The effect of H2CN2 on fruit quality factors of 'Flame Seedless' berries 
following dormant application on Jananuary 16, 1986. 

Tartaric Soluble Soluble Solids 
Sample 
Date Treatment 

Berry 
Wt(g)z pHz 

Acid • 
(g/100 ml)z 

Solids 
(°Brix)z 

Tartaric Acid 
Ratio2 

Absorbance 
(515 nm)z 

May 24 
Control 
2.5% 
5.0% 

2.04a 
2.40a 
2.25a 

3.2a 
3.5 b 
3.4 b 

2.28a 
0.84 b 
0.80 b 

8.8a 
13.4 b 
13.2 b 

6.9:la 
15.9:1 b 
16.5:1 b 

0.02a 
0.07 b 
0.08 b 

May 29 
Control 
2.5% 
5.0% 

2.44a 
2.67a 
2.61a 

3.3a 
3.4 b 
3.4 b 

0.96a 
0.66 b 
0.71 b 

11.0® 
14.1 b 
13.4ab 

11.4:la 
21.5:1 b 
18.9:1 b 

0.07a 
0.11a 
0.10a 

June 3 
Control 
2.5% 
5.0% 

3.33a 
3.09a 
3.32a 

3.3a 
3.4 b 
3.4 b 

0.78a 
0.70 b 
0.69 b 

12.3a 
13.8 b 
13.8 b 

15.8:la 
19.7:1 b 
20.0:1 b 

0.10a 
0.15a 
0.16a 

June 8 
Control 
2.5% 
5.0% 

3.33a 
3.05a 
3.18a 

3.4a 
3.4a 
3.5a 

0.71a 
0.67a 
0.72a 

14.8a 
15.5a 
15.4a 

20.9:la 
23.2:la 
21.3:la 

0.16a 
0.19a 
0.18a 

z Means separated within each harvest date by LSD, a= 0.05. Means based on 3 replicates. 
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development. During the fruit development period, berry weight increased; 

pH levels increased slightly; soluble solids increased; soluble solids 

to tartaric acid ratio increased; and color development occurred in 

relation to the increase in soluble solids content (Table 2, Fig. 2A-C 

and Fiq. 3A-C). 

There were no significant treatment effects on berry weight, 

regardless of harvest date (Table 2). 

The pH of extracted berry juice from treated vines, regardless of 

concentration, was significantly higher than that from vines on May 24 

and June 3 (Table 2). There was no significant difference between the 

H2CN2 treatment rates on any sample date. On May 29, the 5.0% 

concentration did not result in a significantly higher pH than the 

untreated control whereas the 2.5% did. On the last sample date, no 

significant differences were found among treatments. 

Tartaric acid (TA) concentration of the berry juice was consistent 

over time for fruit from H2CN2 treated vines, whereas TA steadily declined 

in berries from control (Table 2, Fig. 3C). On May 24, May 29 and June 

3, both the 2.5 and 5.0% rates of H2CN2 resulted in significantly lower 

TA concentrations than that of berries from control vines. Whereas by 

June 8, this treatment effect lessened and TA concentration was similar 

for all berries. 

Soluble solids (°Brix) values expressed a response similar to that 

observed for TA concentrations in relation to treatments and dates of 

sampling (Table 2, Fig. 3A); °Brix was not significantly different 

between the two rates of H2CN2 on any sample date. The concentration of 

soluble solids was consistent over the first 3 harvests for berries 
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2. Effect of H2CN2 on (A) weight, (B) soluble solids:acid ratio 
and (C) absorbance of 'Flame Seedless' berries following dormant 
sprays applied on applied on January 16, 1986. 
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Fig. 3. Effect of H2CN? on (A) soluble solids, (B) pH and (C) tartaric 
acid concentration of 'Flame Seedless' berries following dormant 
sprays applied on January 16, 1986. 
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from H2CN2-treated vines, whereas the °Brix of berries from the controls 

increased steadily during the same time span. The °Brix increased between 

harvests 3 and 4 for all samples, regardless of treatment. Although 

H2CN2-treated vines generally produced berries with a higher °Brix than 

controls, this treatment effect was no longer evident by harvest 4, and 

all berries had a similar concentration of soluble solids. 

Hydrogen cynanamide treatments significantly increased the soluble 

solids to tartaric acid ratio (°B/TA) on the first 3 dates compared to 

the control. However, °B/TA steadily increased over time in control 

berries and on the last sample date, treatment effects were found to be 

nonsignificant and no significant difference in values were found on 

any date between the two H2CN2 rates (Table 2). 

With the exception of the first sample date, no significant 

treatment effects were found in anthocyanin development, as measured by 

absorbance (Table 2). A minimum absorbance reading of 0.15 was visually 

correlated with acceptable berry color and cluster brilliance.. Berries 

from H2CN2-treated vines met this absorbance threshold by harvest 3 

whereas berries from control vines did not display sufficient absorbance 

until harvest 4. 

Experiment I Discussion 

The results of this study support the findings of many 

investigations relating specifically to the .'Flame Seedless' culti.var. 

Butler and Kilby (1985), Luvisi (1984), Williams and Smith (1984) and 

Wicks et al. (1984) reported that application of a 2.5% H2CN2 solution 

to dormant intact 'Flame Seedless' grapevines resulted in advanced 
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budbreak and more rapid berry maturation. Under various climatical 

conditions, budbreak has been advanced by 3 to 28 days, and advancement 

of berry maturity by 3 days to as much as 14 days. 

A minimum of 16 days of bud rest was replaced by H2CN2 application, 

regardless of concentration. Not knowing the date of budbreak for treated 

vines prevents assumptions on which H2CN2 rate induced earlier budbreak, 

however the data from the first date of bud count indicates that the 5.0% 

application rate either resulted in earlier budbreak or more uniform 

budbreak. On this first date, percent budbreak on vines treated with 

the 5.0% rate had achieved 21% more budbreak than vines treated with 

the 2.5% rate. 

Because the data were not analyzed between dates and only one 7 

day period of data is available for controls, it is not possible to 

discuss levels in the uniformity of budbreak in this experiment. Between 

the two H2CN2 treatments, the difference between the percent of buds to 

break from (the first) Feb. 11 to (the last harvest) March 6 was 45 and 

33% with the 2.5 and 5.0% applications, respectively. 

Commercially, the major fruit quality factor for harvest 

commencement is the °B/TA ratio. USDA standards require at least an 

18:1 ratio at harvest for 'Flame Seedless' in the State of Arizona (Ag. 

Marketing Service 1984). Berry color development in 'Flame Seedless' 

also is very important in deciding when harvest can commence. Uniformity 

of color and brilliance are the main factors comprising color development 

in grapes. 

Taking only the °B/TA ratio into account, the data presented in 

Table 2 clearly indicate that the fruit on ^C^-treated vines was 
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acceptable for harvest at least 5-10 days earlier than the fruit of the 

control. However, visual observations of color development in relation 

to absorbance readings indicated that color was not fully developed 

when the readings were 0.11 and 0.10 on May 29, the °B/TA ratios on May 

29 were 21.5:1 and 18.9:1 for the 2.5 and 5.0% treatments, respectively. 

On the following sample date, June 3, the absorbance readings had 

increased to 0.15 and 0.16 (2.5 and 5.0% H2CN2, respectively), and visual 

observations found color to be uniform and cluster brilliance acceptable 

for fruit from HgCNj-treated vines. With °B/TA ratios of 19.8:1 for the 

2.5% treatment and 20.0:1 for the 5.0% treatment, it was concluded that 

harvest could take place for H2CN2"treated vines on this date, June 3. 

Although not as uniform as in the ^C^-treated vine samples, color 

development was found to be at an acceptable stage on June 8 for the 

controls. At this time, the °B/TA ratio was 20.9:1, indicating that the 

fruit was acceptable for harvest. 

The significant treatment responses found in most of the maturity 

measurements on May 24, May 29 and June 3, were not found on June 8. 

None of the parameters measured on June 8 were found to exhibit 

significant treatment effects. Fruit matured quite rapidly on control 

vines up to the last sample date, with a steady increase in the °B/TA 

ratio of approximately one unit per day. With H2CN2-treated vines, the 

last large increase in °B/TA was observed to be between May 24 and May 

29. 

Between the two H2CN2 treatments, no significant differences 

were found in total percent budbreak and subsequently, no differences 

were found for soluble solids, °B/TA and color development. However, 
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maximums for these fruit quality parameters were reached earlier with 

H2CN2 treatments than for control fruit. 

Experiment II Results 

Percent Budbreak 

Localized applications of 5% H2CN2 solutions to 3 vine sites 

resulted in significant differences in percent budbreak, when compared 

to controls (Table 3, Fig. 4). Regardless of plant part treated, H2CN2 

applications advanced budbreak by at least 16 days. Initial budbreak on 

control vines occurred on Feb. 27, at which time 87, 87 and 41% of the 

buds had broken on the whole vine, buds only and pruning cuts only treated 

vines, respectively. On March 6, the final data collection date, 53 to 

89% of the buds had broken on the H2CN2-treated vines compared to only 

11% on the control vines. 

Both the whole vine or buds only treatment resulted in a 

significantly greater percentage of budbreak compared to the pruning 

cuts only treatment and controls, regardless of data collection dates. 

The whole vine and buds only treatments resulted in similar responses 

throughout the experiment period with no significant differences found 

between the two treatments on any sample date. 

The pruning cuts only treatment resulted in a significantly greater 

percent budbreak than control on all dates except Feb. 11 and a 

significantly lower percent budbreak compared to the results of the 

whole vine and buds only treatments on all dates. 
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Table 3. The effect of H2CN2 applied to three vine sites on budbreak 
of cv. 'Flame Seedless.' 

Bud 
Count 
Dates Treatments Budbreak (%)z 

Control 0a 
Feb. 11 Whole Vine 54 b 

Buds only 48 b 
Pruning Cuts only 13a 

Control 0a 
Feb. 20 Whole Vine 84 b 

Buds only 80 b 
Pruning Cuts only 26 c 

Control la 
Feb. 27 Whole Vine 87 b 

Buds only 87 b 
Pruning Cuts only 41 c 

Control lla 
March 6 Whole Vine 89 b 

Buds & Spurs 88 b 
Pruning Cuts only 52 c 

2 Means separated within each harvest data by LSD, a = 0.05. 
Means based on 4 replicates. 
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Bud Count Dates 
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B-e Pruning Cuts Only 
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4. Budbreak response of 'Flame Seedless' grapevines to January 15, 1986 dormant 
applications of 5% H2CN2 to 3 vine sites. 
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Berry Maturity 

Measurements of berry maturity parameters indicate that when H2CN2 

induces early budbreak, an advancement in berry maturity occurs. All 

parameters exhibited a treatment response depending on sample date (Table 

4, Figs. 5A-C and 6A-C). As in experiment I, all treatments resulted 

in normal berry development as described by Winkler et al. (1974). 

Berries sampled from H2CN2~treated vines weighed significantly 

more than those of controls on May 29 (Table 4). On all other dates, 

weights among treatments were not significantly different, however, 

berry weight was greater on H2CN2~treated vines than on control vines 

for all dates. 

Application of a 5% H2CN2 solution to whole vines or buds only 

resulted in a significantly higher berry juice pH relative to the 

untreated control on the first sample date and the last sample date 

(Table 4). On May 24, May 29 and June 3, application of H2CN2 to pruning 

cuts only did not result in a significantly lower or higher pH than the 

whole vine, buds only treatments or controls. On June 8 the pruning 

cuts only treatment resulted in a significantly lower pH than berries 

from the whole vine or buds only treated vines. 

Tartaric acid (TA) concentration of berries responded to treatments 

similar to the pH response on May 24 and June 3. On May 29, berries 

from the buds only treatment had a significantly lower TA concentration 

than the pruning cuts only treatment and the control; while the TA 

concentration in fruit from whole vine application plants did not differ 

from the other treatments (Table 4). On June 8, the whole vine and buds 

only applications resulted in a significantly lower TA concentration 



Table 4. The effect of H7CN2 applied to three vine sites on fruit quality factors of 
'Flame Seedless'" berries following dormant application on January 15, 1986. 

Sample 
Date Treatment 

Berry 
Wt(g)z pHz 

Tartaric 
Acid 

(g/100 ml)z 

Soluble 
Solids 

(°Brix)z 

Soluble Solids 
Tartaric Acid 

Ratio2 
Absorbance 
(515 nm)z 

May 24 
Control 
Whole vine 
Buds only 
Pruning Cuts 

2.01a 
2.33a 
2.17a 
2.26a 

2.9a 
3.3 b 
3.2 b 
3.2ab 

1.32a. 
0.83 P 
0.76 b 
1.12ab 

7.3 b 
11.4a 
11.2a 
10.2a 

6.4:la 
13.7:1 bc 
14.6:1 Lc 
9.4:lab 

0.02® 
0.06 p 
0.06 b 
0.04ab 

May 29 
Control 
Whole vine 
Buds only 
Pruning Cuts 

2.03® 
2.61 b 
2.74 b 
2.81 b 

3. la 
3.3a 
3.3a 
3.3a 

0.91a 
0.82ab 
0.76 b 
0.89a 

9.7 b 
12.6a 
13.0a 
11.8a 

10.8:1a 
15.4:1 bc 
16.9:1 Lc 
13.2:lab 

0.08® 
0.12® 
0.11® 
0.14a 

June 3 
Control 
Whole vine 
Buds only 
Pruning Cuts 

3.07a 
3.14a 
3.21a 
3.45a 

3.2a 
3.3a 
3.3a 
3.4a 

0.77a 
0.76a 
0.71a 
0.71a 

12.0 b 
14.2a 
14.5a 
13.7a 

15.4:la 
18.5:1 b 
20.1:1 P 
19.1:1 b 

0.13a 
0.19 b 
0.21 P 
0.18 b 

June 8 
Control 
Whole Vine 
Buds only 
Pruning Cuts 

3.16a 
3.33a 
3.30a 
3.54a 

3.3a 
3.5 b 
3.5 b 
3.4a 

0.73a 
0.65 b 
0.66 P 
0.69ab 

14.8 b 
15.0ab 
16.la 
15.0a 

20.1:1® 
22.8:lab 
24.1:1® 
21.4:lab 

0.17a 
0.21®b 
0.26 b 
0.20®b 

z Means separated within each harvest date by LSD, = 0.05. Means based on 4 replicates. 
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Fig. 5.  Effect of localized 5% H2CN0 application on (A) weight, (B) 
soluble solids:acid ratio and (C) absorbance of 'Flame Seedless 
berries following application on January 15, 1986. 
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compared to the controls. On this date, the pruning cuts only treatment 

did not cause a significantly higher or lower TA concentration relative 

to the other 3 treatments. 

On all dates except June 8, the application of a 5% H2CN2 solution, 

regardless of application site, resulted in significantly higher berry 

soluble solids (°Brix) relative to the control. On June 8, the buds only 

application was the only treatment in which the °Brix remained 

significantly higher than the control. 

The calculated °B/TA ratio for the whole vine treatment resulted 

in higher, yet nonsignificant values on all dates except June 3, when 

compared to the pruning cuts only treatment (Table 4). On this date, 

pruning cuts only application resulted in a significantly higher ratio 

than the control. The pruning cuts only treatment resulted in a 

significantly higher ratio relative to the control on only one date, 

June 3. Application to the buds only resulted in a significantly higher 

ratio than the pruning cuts only treatment on each date except June 3 

and the control on all dates. There were no significantly different 

treatment responses between the whole vine and buds only on any date in 

regard to the °B/TA ratio. 

Absorbance readings taken on each sample date show that color 

development was treatment dependent on all dates except May 29. Whole 

vine treatment caused a significantly higher absorbance reading than the 

untreated control on May 24 and June 3, whereas the buds only treatment 

resulted in a significantly higher absorbance on all dates except May 

29, when compared to berries from vines. In relation to the berries 
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from the control vines, the pruning cuts only treatment resulted in a 

significantly higher absorbance reading on June 3. 

Experiment II Discussion 

The results of this study clearly indicate that application of a 

5% H2CN2 solution to either the whole vine, buds only or pruning cuts only 

hasten budbreak in relation to control vines. 

Termination of rest occurred at least 16 days earlier with H2CN2 

treatments. Throughout the bud count period, the whole vine and buds only 

treatments responded similarly, and both treatments proved to be more 

effective than the application to the pruning cuts only. Based on the 

first bud counts, it is impossible to determine if there was significance 

between the whole vine and buds only treatments as far as date of 

budbreak. However it is clear that budbreak occurred earlier with these 

treatments than with the pruning cuts only application. Amberger (1984) 

reported that H2CN2 was absorbed by all above ground parts in potato, 

at varying absorbtion rates. This study shows that in V. vinifera 

absorption occurs when H2CN2 is applied to the buds only, pruning cuts 

only or to the entire vine. 

Uniformity or lack of it can only be discussed as trends; data 

analysis did not examine between-date differences. The data collected 

on the first date indicate that both the whole vine and buds only 

applications stimulated about 50% budbreak. In the following 4 weeks, 

percent budbreak increased by 36 and 32% with the whole vine and buds 

only treatments,respectively. The pruning cuts only vines increased 

budbreak by 41% in the same time period. 
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Method of application might in itself be reflected in the results, 

as whole vine sprays do not always result in complete coverage, and 

treatment to the spur pruning cuts may result in the chemical dripping 

onto the buds. 

Regardless of the vine site treated, advanced budbreak was 

correlated with advanced berry maturation. When only the °B/TA ratio is 

taken into account, the harvest date for all H2CN2-treated vines would 

be on June 3, when the ratios were 18.5:1, 20.2:1 and 19.2:1 for the 

whole vine, buds only and pruning cuts only treatments. Color development 

was also acceptable on this date for H2CN2 treatments. The control vines 

yielded mature berries the following week, indicating that berry maturity 

was advanced by 1-5 days. On June 8 results were relatively consistent 

across treatments -for all parameters measured. It should be emphasized 

that on the last sample date, the buds only application was the only 

treatment that continued to result in a significantly higher °B/TA ratio. 

Plants treated with a whole vine spray or buds only application 

responded identically. Both appear equally effective in enhancing 

budbreak and hastening berry maturation. The pruning cuts only treatment 

resulted in variable responses depending on parameter measured and date 

of sampling. 
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CHAPTER 5 

GENERAL DISCUSSION AND CONCLUSIONS 

The winter of 1985-86 was warmer than normal and provided the ideal 

situation for the investigation of H2CN2 as a bud breaking agent on V. 

vinifera cv. 'Flame Seedless.' November was cooler than normal, but 

December, January and February were warmer than normal. January,1986 

was the warmest January on record with an average monthly temperature 

of 16.3°C which was 5.0°C higher than normal (Appendix A). 

There is debate in the literature as to if V. vinifera requires 

chilling and if so, how many hours are required. Review of the literature 

leads the author to conclude that if dormancy is induced with cold 

temperatures, then a set number of hours at or below 7°C is required to 

terminate rest and resume growth. In these studies, dormancy was induced 

by the cold temperatures in November, therefore a period of chilling 

was necessary for dormancy release. The results from both experiments 

show that regardless of chemical concentration or plant part treated, 

budbreak of control vines occurred at least 16 days after that of H2CN2-

treated vines. These results indicate that the last portion of the 

chilling requirement for treated vines was replaced by H2CN2 applications 

or that H2CN2 applications lowered the threshold temperature required 

for budbreak commencement and subsequent growth. 

Berry maturity was also hastened by 5-10 days with 2.5 and 5.0% 

H2CN2 applications to the whole vine. Berry maturity was advanced by 1-

5 days on vines treated with 5.0% H2CN2 applications made to the buds 

only and pruning cuts only. 
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In Experiment I, budbreak percentages were significantly different 

between the two H2CN2 treatments on the first 3 bud count dates, but the 

vines treated with the 2.5% solution "caught up" in the end to result 

in a nonsignificant total budbreak when compared to the 5.0% treatment. 

This response carried over to fruit quality factors where both treatments 

were harvestable on the same date, thus it is suggested that a 2.5% 

rate is as effective as a 5.0% rate, when earlier budbreak and earlier 

fruit maturity are the main objectives. 

In Experiment II, the pruning cuts only treatment resulted in a 

significantly lower percent budbreak on the sample dates in than the whole 

vine or buds only treatments, but fruit maturity parameter measurements 

did not show this treatment effect. Harvest dates based on the °B/TA 

ratio and color development were the same for all 3 H2CN2 treatments. 

With these results, it is difficult to rule out the effectiveness of 

application to the pruning cuts only. Close examination of the data 

presented in Table 4 allows for a possible explanation for these results. 

Between the dates of May 29 and June 3, berries sampled from the pruning 

cuts only treatments exhibited a relatively large drop in TA and a 

relatively large increase in °Brix thus resulting in the increased 

°B/TA ratio on the latter date. This pattern in berry development was 

also evident with the other treatments, however it appears to be less 

intense with these treatments in relation to the pruning cuts only 

treatment. Perhaps at this specific time, the fruit was at the critical 

developmental stage in which the berries were highly receptive to growth 

conducive environmental conditions and/or cultural practices. 
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The response in berry weight to H2CN2 treatments might have been 

masked due to the timing of the gibberellic acid sprays. GA sprays were 

scheduled relative to the stage of development (or size) of the control 

berries and was not adjusted for the various berry sizes in the 

experimental blocks. 

In conclusion, it appears that H2CN2 is an effective agent for 

terminating dormancy in V. vinifera cv. 'Flame Seedless.' The results 

from both experiments show that regardless of concentration or method 

and vine site of application, H2CN2 induces early budbreak and subsequent 

early fruit maturity. Specifically, the 2.5% rate was as effective as 

the 5.0% rate, and localized treatments to the whole vine, buds only or 

pruning cuts only were equally effective. 
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SUMMARY 

Warm winters in grape producing regions often result in erratic 

and delayed budfareak of V. vinifera grapevines. 

Experiments were conducted on 'Flame Seedless' grapevines grown 

in central Arizona to evaluate two concentration levels (2.5 and 5.0%) 

and application to 3 vine sites (whole vine, buds only and pruning cuts 

only) on budbreak and fruit maturity. The following parameters were 

measured: percent budbreak and fruit berry weight, pH, tartaric acid 

concentration, soluble solids, and anthocyanin development. 

The following results were observed: 

1. The 2.5 and 5.0% H2CN2 applications resulted in at least a 16 

day advancement in budbreak and a 5 - 10 day advancement in 

berry maturity; 

2. The 2.5% H2CN2 rate proved to be as effective as the 5.0% 

rate in terms of total percent budbreak and date of berry 

maturity; 

3. A 5.0% dormant application made to either the whole 

vine or buds only or pruning cuts only advanced budbreak by 

at least 16 days and advanced berry maturity by 1-5 days. 
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Appendix A. Mean minimum and maximum temperatures (°C) 
taken at Phoenix Sky Harbor Airport for the 
period of November 15,1985 to March 15,1986. 

Minimum Maximum 

Nov. 15-30 

Dec. 1-31 

Jan. 1-30 

Feb. 1-28 

March 1-15 

10.5 

6 . 8  

9.2 

9.9 

13.4 

22.3 

19.8 

23.4 

22.3 

25.5 

Source: Thirty-first Annual Report of the Frost Warning 
Service, National Weather Service 1985-1986 Winter 
Season. 
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