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Chilling requirements of 43 apple and 38 pear cultivars 

were estimated over a 2 year period by cutting shoots in the 

field at weekly intervals and forcing them in a warm 

greenhouse for 4 weeks. For apples, the mean values ranged 

from 490 Chill Units (CU) +- 1 for 'Dorsett Golden' to 

1320.5 CU +- 8 for 'Cortland', 'Marshall Mclntosh' and 

'Starking Delicious'. For pears, the mean values ranged from 

749 CU +- 9 for 'Batjarka' to 1320.5 CU +- 8 for 'Poirier 

Fleurissant Tard'. Interval of sampling, coastal effect and 

involvment of other factors than CU accumulation in 

releasing plants from dormancy could be among the possible 

explanations for the variations in the year-to-year 

estimation of the chilling requirement.   '~ 

Budbreak and phytotoxicity (expressed as percent dead 

buds) induced by hydrogen cyanamide in apple cultivars 



depend on hydrogen cyanamide concentration, time of 

application and chilling requirements of the cultivars. 

'Arlet' (811.5 CU), having the lowest chilling requirement, 

showed a different endodormancy pattern than 'Braeburn' 

(1141 CU), 'Golden Delicious' (1277 CU) and 'Starking 

Delicious' (1320.5 CU), resulting in a different response to 

the chemical. During early to deep dormancy, 'Braeburn', 

'Golden Delicious' and 'Starking Delicious' exhibited a 

greater tolerance to hydrogen cyanamide, with an increase in 

budbreak and a reduction in phytotoxicity. In 'Arlet' 

however, the level of tolerance did not increase 

significantly during this period. Towards the end of 

endodormancy, the sensitivity to the chemical increased in 

all cultivars, but at a higher rate in 'Braeburn', 'Golden 

Delicious' and 'Starking Delicious' than in 'Arlet'. The 

sensitivity to hydrogen cyanamide was also dependent on bud 

and internode position in the shoot, with an increasing 

tolerance from the top to the base. This gradient 

disappeared after satisfaction of the chilling requirement 

of the buds, while it remained for the internodes, 

suggesting that other factors, unrelated to the dormant 

period, may be involved in determining the differential 

sensitivity of the stem along the shoot. 
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Chilling Requirement Affects Plant Response to Hydrogen 

Cyanamide in Apple Cultivars 

INTRODUCTION 

It is critical to determine the chilling requirements 

of temperate zone fruit varieties. In fact, estimating the 

chilling requirement will help: 

-Select the varieties that are compatible with the climate, 

i.e having their chilling requirement regularly fulfilled by 

the given chill supply. 

-Determine the optimal time of rest-breaking applications in 

warm regions where the chill supply is often insufficient to 

satisfy the chilling requirement of the varieties to be 

planted. 

-Select late flowering cultivars for regions with frequent 

spring frosts. 

The objective of the first study was to evaluate the 

chilling requirements in a broad range of apple and pear 

cultivars grown under field conditions in Corvallis, Oregon. 

In warm winter regions, rest-breaking chemicals are 

commonly used to compensate for the lack of chilling. 

Several chemicals are used commercially to break rest 

(Erez, 1987). Among them, hydrogen cyanamide has been found 

particularly valuable in overcoming the dormancy of several 

deciduous fruit species (Erez, 1987; Snir, 1983). The plant 

response to hydrogen cyanamide depends on several factors: 

concentration of the chemical, time of application. 
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physiological stage of the dormant bud, post-application 

temperatures and nutritional status of the tree (Fuchigami 

and Nee, 1987; Siller-Cepeda, 1991; Terblanche and Strydom, 

1973). The objective of the second study is to determine if 

the response of the plant to hydrogen cyanamide is also 

dependent on its chilling requirement and bud and stem 

position in the shoot. 
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LITERATURE REVIEW 

Introduction 

In temperate zones, climatic conditions are generally very 

severe in winter, causing serious damage to plants. 

Therefore, most of the temperate zone plants, including 

deciduous fruit trees, develop some physiological and 

morphological mechanisms, genetically controlled, permitting 

them to suspend their growth and become hardy, ensuring 

their survival during unfavorable winter conditions. This 

period of inactivity, called dormancy, has been defined as 

the temporary suspension of visible growth of any plant 

structure containing a meristem (Lang, 1987). However, it is 

not a uniform state, since important differentiation 

processes generally occur in dormant organs, allowing a slow 

but steady increase in bud weight (Chandler and Tufts, 1934; 

Young et al., 1974). 

The dormant period is comprised of 3 distinct phases (Lang, 

1987): 

-Paradonnancy: Growth of the dormant organ is prevented 

by physiological factors inside the plant but outside the 

affected structure (Exp.: Apical dominance, photoperiodic 

response). Removing the source of inhibition will prompt the 

organ to grow again. 

-Ecodormancy: Growth of the dormant organ is prevented 

by adverse environmental factors (Temperature extremes, 

nutrient deficiency, water stress). The dormant organ will 
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resume growth whenever favorable conditions prevail. 

-Endodormancy: Growth of the dormant organ is prevented 

by an inhibitive system inside the affected structure. The 

dormant organ requires the accumulation of a certain amount 

of cold, chilling temperatures that is genetically 

controlled in every specie or cultivar, before resuming 

normal growth. This physiological condition is what has been 

termed as the "Chilling Requirement". 

Chilling Requirement 

The chilling requirement is an adaptive feature of the 

plant and depends on the plant's native area of origin 

(Westwood, 1978). Generally, plants native to low latitudes, 

mild climate areas, as well as plants native to high 

latitude areas with long cold periods have relatively low 

chilling requirements, while plants native to moderate 

climate areas with fluctuating warm and cold periods, have 

higher chilling requirement which allow them to keep their 

hardiness during the cold period. 

The chilling requirement varies greatly among species 

and even among cultivars within the same specie. Ruck (1975) 

gave extensive information about the chilling requirement 

of different species and cultivars. In apples and pears for 

example, the chilling requirement varies between 200 and 

1400 chilling hours, depending on cultivar. Even within the 

same tree, there are marked differences regarding the 

chilling requirement, depending on the type of buds. 
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position of the bud on the shoot, position of the shoot in 

the tree, vigor of the shoot, etc. Terminal vegetative buds 

have generally lower chilling requirement than lateral ones 

(Samish and Lavee, 1962; Scalabrelli and Couvillon, 1985), 

flower buds have a lower chilling requirement than 

vegetative buds (Samish and Lavee, 1962), and apple spurs 

require less chilling to break dormancy than terminal 

vegetative buds (Latimer and Robitaille, 1981). Working with 

hazelnut cultivars, Mehlenbacher (1990) found different 

chilling requirement among catkins, female inflorescences 

and vegetative buds, with leaf buds having the highest and 

catkins having the lowest chilling requirement. 

Chilling is considered satisfied once the plant, under 

favorable conditions, rapidly resumes growth. The visual 

indices used to indicate the satisfaction of the chilling 

requirement, (the termination of dormancy), vary with 

different authors: Buds show a green coloration within a 2 

week period of forcing at 24C (Couvillon and Hendershott, 

1974); 50% of the buds reach green tip stage after 14 days 

of forcing at 21C (Mielke and Dennis, 1982); 4 buds on a 

plant had broken at 21-24C (Norvell and Moore, 1982). Plants 

that did not receive enough chilling however show symptoms 

of prolonged dormancy, the severity of these symptoms 

depending on the amount of chilling that is lacking. Signs 

of chilling deficiency are generally delayed foliation, poor 

and uneven budbreak, sparse bloom with development of 
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abnormal flowers, poor fruit set and early growth cessation 

due to secondary dormancy. 

Temperature is the major environmental factor involved 

in releasing plants from dormancy. Generally, low, above 

freezing temperatures are the most effective in breaking 

rest (Erez and Lavee, 1971; Erez and Couvillon, 1982). The 

range of effective temperatures, as well as the optimum 

rest-breaking temperatures vary with different plants. 

Gilreath and Buchanan (1981) found this range to vary from 

OC up to 14C for peach cultivars, with 8C the most effective 

temperature. Shaltout and Unrath (1983) reported a range 

of -0.6 to 16.5C temperatures to be effective in releasing 

apple plants from dormancy, and identified 7.2C as having 

the maximum rest-breaking efficiency. 

Warm, moderate temperatures (generally between 10-11C 

up to 19-2OC) are usually less effective in overcoming 

dormancy than low temperatures. Erez and Lavee (1971) found 

that exposing peach buds to a temperature regime of 12-18C 

did not break rest while a continuous exposure at 6C 

resulted in a uniform budbreak. In apple, Thompson et al. 

(1975) reported that 6C was more effective in overcoming 

rest than IOC. In peach and walnut, Rageau and Mauget (1982) 

showed that, even though temperatures of 15C and higher 

could lead to a reduction of dormancy, the overall percent 

budbreak remained below that observed in buds held at lower 

temperatures. 
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High temperatures are not only inefficient in breaking 

rest, but can also counteract the effect of low 

temperatures, this negative effect being dependent on 

temperature level. Weinberger (1953) observed that, under 

orchard conditions, brief periods of high temperatures 

during winter delayed the breaking of rest of peach flower 

buds, delayed blossoming and foliation and reduced fruit 

set. Erez and Lavee (1971), working with peach buds, found 

that a high temperature of 21C, when cycled daily with low 

temperature, nullified the chilling effect of low 

temperature. Bennet (1949) obtained 29% budbreak when 

submitting pear buds to 22.7C whereas 50% budbreak was 

reached when they were submitted to 17.7C. Weinberger (1954) 

noticed a 33% reduction of peach bud opening after exposure 

to 18C and a 83% reduction after exposure to 22.2C. 

Length of exposure to high temperatures, as well as the 

amount of chilling previously accumulated play a vital role 

in determining the effect of high temperature. Erez et al. 

(1979b) stated: 

" Occasional high temperature influxes would have little 

effect on bud rest, but frequent influxes following short 

periods of chilling would undoubtedly result in prolonged 

dormancy ••. This statement supported the findings of Erez 

and Lavee (1971) who reported no chilling negation when 

peach plants were exposed to long periods of chilling 

followed by high temperature. However, a complete chilling 
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negation occured when plants were exposed to a daily cycle 

of 16 hours of chilling followed by 8 hours of exposure at 

21C or greater. They explained that by a sort of chilling 

fixation process which took place during the chilling period 

and prevented the reversal of chilling already accumulated. 

Gilreath and Buchanan (1981) sustained that the chilling 

fixation process would take place only after a certain 

amount of chilling had already been accumulated; If the high 

temperature interruption period occured when existing 

chilling is below the quantity of chilling required to allow 

the theorized fixation to occur, this existing amount is 

still subject to negation. This might explain the results of 

Couvillon and Erez (1985) who, after applying a treatment of 

12 days exposure at 23.3C for peach buds chilled with one- 

fourth and three-fourth of the chilling requirement, found 

that negation occured with the one-fourth chilled buds 

while there was no effect on the three-fourth chilled buds. 

In general, temperatures of 20C and above counteract the 

effects of chilling provided exposure time is greater then 4 

hours/day (Erez et al.,1979a ,1979b ; Couvillon and Erez 

1985). 

High temperature effect is also related to the stage of 

rest development. Brown (1958) reported that temperatures 

needed to induce the decay of flower buds were higher in 

December than in late September to early October. Kobayashi 

et al. (1982) found a biochemical and physiological shift in 



9 

the effect of high temperatures between the deepening and 

the decreasing phase of dormancy. Vegis (1964) observed that 

the ability of high temperature to induce secondary dormancy 

decreases during the late dormancy period. Saure (1985) 

explained that by a dual mode of temperature reactions, one 

promoting and one inhibiting dormancy release; during deep 

dormancy, there is a strong inhibition potential while, 

towards the end of dormancy, the balance shifts to a 

promotion of dormancy release, causing a diminution in 

inhibition potential. 

Moderate temperatures, ineffective alone in overcoming 

dormancy, appear to enhance the chilling efficiency of low 

temperatures in breaking the rest of buds when alternated in 

daily cycle with chilling temperatures ( Erez et al., 1979; 

Erez and Couvillon, 1987), with optimum efficiency attained 

when the daily cycle was applied during the final third of 

the chilling period (Dennis, 1987). A possible explanation 

of the promotive effect of moderate temperatures was offered 

by Erez and Couvillon (1987) who proposed a two-step scheme; 

the first step is a reversible process of formation (by 

chilling temperatures) and destruction (by high 

temperatures) of a thermally labile intermediate, and the 

second step is the conversion, by moderate temperatures, of 

this substance to a stable material which, once it reached a 

critical level, will result in rest completion. 

Extreme temperatures (very high and freezing 
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temperatures) have been shown to release plants from 

dormancy. Exposure of black currant plants to -15C for 5-60 

minutes (Tinklin and Shawbbe, 1970) and pecan plants to 

subfreezing temperatures down to -13C for one night (Sparks 

et al., 1976) induced budbreak. Doorenboos (1953) stated 

that maintaining excised branches in warm water for 12 hours 

was a good means to force woody ornementals. Chandler (1960) 

obtained budbreak by exposing apple trees to 44-45C for 6 

hours. In all cases, the duration of exposure to extreme 

temperatures was short and the resulting budbreak occured in 

a short period of time, a characteristic response to 

sublethal conditions rather than any kind of chilling 

accumulation. 

The role of light in releasing the plants from dormancy 

is controversial. It seems that light interacts with 

temperature to break rest. As Erez et al. (1966) pointed to 

it "The two processes are not entirely independent, as light 

could partly compensate for insufficient chilling while a 

complete fulfillment of the chilling reguirement would be 

likely to increase the number of buds affected by light". 

Long photoperiods can often replace chilling (Campbell and 

Sugano, 1975; Cannel and Smith, 1983). In contrast, Vegis 

(1964) stated that only chilling and not light can overcome 

deep dormancy, but suggested that increasing the photoperiod 

length during the first and last stage of dormancy may widen 

the range of effective temperatures. Erez et al. (1966) 
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suggested that a light stimulus is required besides the 

chilling requirement in order to get budbreak and stated the 

hypothesis that "rest is overcome by cold and bud opening is 

governed by light". Freeman and Martin (1981), working with 

plants chilled at the same temperature but exposed to 

different light regimes, found that low light intensity 

promoted budbreak. In contrast, Coville (1920) noted that 

light was not related to the stimulation of growth since 

chilled plants start growing whether chilled in full, 

partial light or complete darkness. 

Calculation of the Chilling Requirement 

Deciduous fruit trees are originally from high 

latitude, temperate zone areas, but are grown more and more 

in low latitude, warm winter regions where the chilling 

requirement is often insufficient for normal, uniform 

budbreak. Cultivars with low chilling requirements have been 

selected and used in such regions, but, since most of the 

cultivars that best meet the exigences of both market and 

growers have a rather high chilling requirement, cultural 

practices have been developed to compensate for the lack of 

chilling and ensure good production. Timing of these 

cultural practices is critical since the optimal time of 

application may last only a few days. Hence, there is a need 

for accurate methods to predict the end of rest and estimate 

the chilling requirement. This provides important 

information about the suitability of cultivars and 
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determines the optimum time for the rest breaking practices 

to be used. 

Studies involving the chilling requirement of deciduous 

fruit trees started in the thirties (Hutchins, 1932; 

Chandler and Tufts, 1933; Weldon, 1934). Weinberger (1950) 

was the first to quantify the chilling requirement of peach 

cultivars as the amount of hours at temperatures 7.2C and 

below required to break rest, which he designated as chill 

hours. Several methods, based on the same concept, have been 

developed since (Crossa-Raynaud 1955; Da Mota 1957; Bidabe 

1967). These models, however, appear to be innacurate in two 

ways: They don't consider temperatures above 7.2C to be 

effective in breaking rest, although several studies have 

shown the efficiency of these temperatures to fulfill the 

chilling requirement (Richardson et al., 1974; Gilreath and 

Buchanan 1981). The model gave temperatures below 7.2C equal 

weight in overcoming dormancy, which is not accurate 

(Norvell and Moore 1982; Erez and Couvillon 1982). Erez and 

Lavee (1971) advocated the use of weighted chilling hours as 

a chilling measurement criterion, where 3 and 8C are as 

effective and IOC half as effective. 

Taking into consideration the relative effectiveness of 

a specific temperature in breaking rest, Richardson et al. 

(1974) developed the so-called "Utah chill unit model" for 

peach cultivars where each temperature was given a certain 

value called chill unit, depending on its efficiency to 
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overcome dormancy. Temperatures were evaluated as less 

effective when they diverged from 6C, the optimum 

temperature, and were given fractionnal values. Temperatures 

with positive chill units have a chilling effect, with 

negative chill units counteract the chilling accumulation, 

and with null values have no effect in both directions. The 

chilling requirement would be the total accumulated after 

algebric summation of hourly values, from the onset until 

the end of rest. Several other models evolved from the Utah 

model for different species; apples (Shaltout and Unrath 

1983), blueberries (Norvell and Moore 1982), sour cherries 

(Felker and Robitaille 1985). The chill unit models have 

been criticized for being not accurate when used in mild 

winter conditions (Del Real Laborde 1987). Saure (1985) 

noted that they were developed based only on temperature, 

ignored the influence of other environmental factors known 

to modify the chilling requirement and, consequently, could 

not predict dormancy release under all conditions. Kobayashi 

et al. (1982) challenged the assumption on which are based 

the chill models and which stipulate that the efficiency of 

each temperature in stimulating dormancy release is constant 

during the whole period of true dormancy. This criticism was 

supported by studies on interruption of chilling in seeds 

which showed that temperature efficiency varied with time 

during chill accumulation (Del Real Laborde, 1986). This led 

Del Real Laborde (1987) to establish the concept of variable 
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chill unit (VCU) where each temperature was assigned 

different values at different intervals during rest, 

assuming that it is not only important to know how many 

chill units have been accumulated, but also when and how 

they were received. 

A conceptual numerical model, the Degree Growth Stage 

(GS) model has been developed and used (Fuchigami et al., 

1982) to identify and mathematically quantify the different 

physiological stages of dormancy in red-osier dogwood 

vegetative buds. The advantage of this model is that, 

contrary to the previous models based only on temperatures, 

it takes into account the physiological stage of the plant 

during the dormant period. However, its validity when 

applied to fruit tree species is yet to be reported. 

Modification of the Chilling Requirement 

The production of temperate zone fruit trees in warm 

climate regions has increased steadily during the past 

decades. As for apple production in Brazil for example, 

production areas increased from 2,717 ha in 1974 up to 

27,168 ha in 1984 (Ebert et al., 1987). New techniques and 

cultural practices have been developped to compensate for 

the abscence of chilling in the tropical regions and the 

lack of chilling in the subtropical regions. These 

techniques, aiming at achieving the same objective, i.e, 

inducing new and uniform budbreak and growth, differ, 

whether applied in the tropics or subtropics. 
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Modification of the Chilling in the Tropics 

In the tropics, plants do not need to go dormant 

to survive adverse environmental conditions. The main 

objective to successfully grow deciduous fruit trees in 

these regions is to induce successive growth cycles by 

preventing the plants from going dormant and avoiding the 

chilling requirement (Edwards, 1987). This is achieved by 

using the rest avoidance technique. Rest avoidance has been 

used for a long time to grow deciduous fruit trees in the 

tropics. It consists of preventing true dormancy by 

defoliating the trees, generally within 4 weeks after 

harvest (Javaraya, 1943). Defoliation must be done after 

flower bud initiation but before the onset of rest (Saure, 

1985).Timing of defoliation is then critical, as early 

defoliation prevents flower bud initiation and results in 

forced bloom and abnormal flower bud development, while 

delayed defoliation reduced budbreak (Edwards, 1987; Erez, 

1990). Defoliation can be done either manually or 

chemically, the last being preferable especially if the 

chemical defoliant has a rest breaking effect. The action of 

defoliation can be further improved by pruning the roots or 

exposing them to the air (Javaraya, 1943), topping or 

bending the branches (Saure, 1985) or withholding irrigation 

water (Erez, 1986). Erez and Lavi (1985) found that a 

combination of dessication, defoliation and rest breaking 

chemical sprays was superior to any single treatment. 



16 

From his extensive studies of different cultivars from 

different temperate zone species grown in the tropics, 

Edwards (1987) stated that the high chill cultivars are 

potentially as well suited as low chill cultivars. He 

concluded that the chilling requirement of cultivars has 

little relevance in the tropics and is not important in the 

choice of cultivars to be grown under tropical conditions. 

Modification of the Chilling in the Subtropics 

In the subtropics, the amount of chilling that 

accumulates is usually insufficient to satisfy the chilling 

requirement, resulting in delayed foliation and prolonged 

bloom periods. To tackle this problem, there are basically 2 

methods that are often used in combination: 

Breeding: The local, low chill varieties that are 

adapted to subtropical conditions have generally fruits of 

poor commercial quality (color, size, flavor, firmness) 

compared to fruits from high chill varieties. The objective 

of the breeding programs is then the combination of low 

chilling requirement and earliness with an improvement of 

fruit quality. Breeding programs have evolved for different 

temperate crops and have provided new cultivars selected for 

their short chilling requirement and tolerance to high 

temperature. "Anna" apple, the most successful low chill 

apple cultivar, was developed by A. Stein in Israel and is 

now widely planted in limited chilling areas. Brazil 

supports an active fruit breeding program (Denardi and 
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Hough, 1987). In Florida, a breeding program started in 

1953, whose objectives were the selection of low chilling 

(for local adaptation), early ripening (for the conquest of 

early markets) peach and nectarine cultivars with fruit 

qualities similar to temperate zone cultivars. Since then, 

numerous cultivars have been released and are now grown 

extensively in the tropics and subtropics. 

Manipulation of the rest period: Bud dormancy can 

be overcome by some cultural practices that induce new 

growth although the chilling requirement has not been 

totally satisfied. 

Use of rootstock: There is some evidence that 

rootstock can influence the chilling requirement of the 

scion (Tabuenca and Garcia, 1973). Westwood and Chestnut 

(1964) found this influence to be stronger if the chilling 

of the rootstock has been satisfied while the chilling of 

the scion has not. Couvillon et al. (1984) observed that, in 

•Rome Beauty' apple cultivar grown in rootstocks with 

different chilling requirements, the symptoms of prolonged 

dormancy were less evident in trees on low chill rootstocks. 

They concluded that low chill rootstock could lower the 

chilling requirement of the scion provided this was not 

satisfied. Ruck (1975) assuming that any factor increasing 

vigour increased the chilling requirement, stated that 

dwarfing rootstocks may have a tendency to lower the 

chilling requirement. 
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Growing orchards in containers: The 

production of small, compact deciduous fruit trees made it 

possible to grow such trees in small, mobile containers, 

hence relieving the grower from constraints of both soil and 

climate (Erez et al., 1988). This technique would facilitate 

the satisfaction of the chilling since the relative 

•mobility* of the trees would enable them to be moved into 

refrigerated units where their chilling requirement could be 

met (Erez, 1990). Liaw et al. (1990) saw it as a promising 

option to grow pear trees under tropical conditions, 

especially for cultivars with good rooting capabilities. 

Grafting: Grafting a chilled scion with 

floral buds from a high chill pear cultivar onto a low chill 

pear cultivar in Taiwan allowed 2 productions(from both 

cultivars) per year (Lin et al., 1987). Liaw et al. (1990) 

found 2 main constraints concerning this technique; it was 

very labor intensive, since the grafting has to be done 

every year, and the availability of the scion wood that was 

not always assured. 

Use of rest breaking chemicals: Spraying 

chemicals that have a rest breaking effect is the most 

currently used and the most efficient method to break rest. 

Numerous chemicals have been found effective in overcoming 

dormancy (Doorenboos, 1953). Most of these chemicals were 

effective at sublethal dosages (Black, 1952). This 

effectiveness depends on several factors; concentration and 
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time of application (Fuchigami and Nee, 1987), physiological 

development of the dormant bud (Siller-Cepeda, 1991), 

interactions with climatic conditions at and after the 

treatment (Erez, 1987), previous management practices (Erez, 

1987) and the nutritionnal status of the plant (Terblanche 

and Strydom, 1973). Saure (1985) noted that early 

application during late dormancy had a 'forcing action' 

resulting in earlier foliation and blossoming, without 

improving the percent budbreak while late application had a 

'normalizing action', resulting in a more uniform budbreak. 

The efficiency of the chemical is often coupled with 

phytotoxicity, usually expressed as the death of the buds 

and stem dieback. Generally, the higher the dosage used and 

the later the treatment applied, the higher the risk of 

phytotoxicity (Erez and Lavee, 1974). The phytotoxicity is 

also specie dependent as stone fruit species, with simple 

flower buds, are usually more sensitive than pome fruit 

species that have protected flower buds. 

Since many of the chemicals tested so far were toxic to 

human beings, this reduced the option of effective chemicals 

considerably. The rest breaking chemicals that are currently 

used are: mineral oils, dinitro compounds (DNOC and DNSBP), 

Potassium Nitrate (KN03), thiourea (TU), cyanamides and a 

mixture of N-(phenylmethyl)-lH-purin-6-amine(BA) and GA4+7 

(Promalin) (Erez, 1987). Among them, cyanamide is the most 

effective single rest-breaking chemical. Erez (1987) noted 
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that, while other chemicals needed to be combined in order 

to have a full effect, a single application of cyanamide 

alone was usually sufficient to induce budbreak. Snir (1983) 

reported that cynamide was effective in breaking dormancy at 

a time when DNOC, KN03 and TU were not, and concluded that 

cyanamide may influence the rest breaking process earlier 

than the other chemicals. 

Calcium cyanamide has been used as a fertilizer 

(Pereira, 1978), herbicide (Lavee et al., 1984) and 

defoliant (Erez, 1985). It was also known to have a rest- 

breaking effect (Kuori, 1963). However, its paste-like form 

when wetted made it inconvenient for commercial use. Not 

until hydrogen cyanamide (H2CN2), a product of calcium 

cyanamide degradation, was found soluble and an active agent 

in breaking rest, was this chemical used commercially. 

The effectiveness of H2CN2, as well as the 

phytotoxicity of the chemical depends on concentration, time 

of application, genotype and physiological stage of the 

dormant bud. Phytotoxicity increased with increased 

concentration (Siller-Cepeda, 1991). Bracho et al. (1984) 

obtained better results after spraying 'Cabernet Sauvignon" 

on May 28th than on March 3rd. Jensen and Bettiga (1984) 

observed a delay and a reduction in budbreak when the 

chemical was applied one week before natural budbreak. The 

variable results obtained following H2CN2 application might 

be explained by the fact that the physiological stage of the 
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bud has not been taken into account when applying the 

chemical. Fuchigami and Nee (1987) applied H2CN2 to red- 

osier dogwood at different growth stages, mathematically 

quantified using the Degree Growth Stage model. They found 

that, as the dormancy deepens, a higher concentration was 

needed to break dormancy. However, during quiescence, a high 

concentration reduced budbreak and increased stem dieback. 

These results were supported by Siller-Cepeda (1991) who, 

treating peach plants with H2CN2 at different growth stages, 

reported a decrease in phytotoxicity from the onset towards 

deep dormancy, and an increase in percent dead buds from 

deep dormancy towards the end of the dormant period. 

The response of the plants to H2CN2 depends also on 

temperature. Damage may be enhanced under cool conditions 

(Erez, 1987) Siller-Cepeda (1991) found that plants treated 

with H2CN2 produced higher budbreak with increasing 

temperature while cool temperatures increased the toxicity 

to the buds. Dozier et al. (1990) reported no damage to 

peach trees sprayed with cyananmide and attributed that to 

the high temperature (above 20C) during the time of spray. 

Finally, bud phytotoxicity may be related to the 

position of the bud on the shoot, as high concentration 

stimulated only the breaking of basal buds (Siller-Cepeda, 

1991). These bud differences regarding tolerance to H2CN2 

could be due to differences in physiological stage, with 

basal buds generally in deeper rest than apical buds (Paiva 
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and Robitaille, 1978). 
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CHILLING REQUIREMENTS OF APPLE AND PEAR CULTIVARS 

Abstract 

The chilling requirements in a broad range of apple and 

pear cultivars were evaluated over a two year period (1990- 

91; 1991-92), by weekly sampling and forcing of field grown 

shoots. The results were expressed in terms of chill units. 

In apples, the mean values varied between 490 CU +- 1 for 

•Dorsett Golden' and 1320.5 CU +- 8 for 'Cortland', 

•Marshall Mclntosh' and 'Starking Delicious1. In pears, the 

mean values varied between 749 CU +- 9 for 'Batjarka* and 

1320.5 CU +- 8 for 'Poirier Fleurissant Tard1. The 

variations observed in the year-to-year estimations of the 

chilling requirement coulb be due to either the interval of 

sampling, coastal effect or the involvment of other factors 

other than CU in releasing plants from dormancy. 
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introduction 

Deciduous fruit trees, of temperate zone origin, have a 

rest requirement in which growth is prevented. In order to 

have their rest requirement satisfied and be able to resume 

normal growth, they must be exposed to chilling 

temperatures, the amount of which has been termed as the 

chilling requirement. The chilling requirement is then a 

limiting factor for commercial production of temperate zone 

fruit trees. Improper cultivar selection has led to the 

establishment of orchards that were later discontinued due 

to inadequate chilling (Anderson and Richardson, 1987). 

Cultivars having their chilling requirement fulfilled 

regularly in a given location, must be selected in order to 

ensure succesful production. This requires the determination 

of the chilling requirements of the cultivars to be planted, 

as well as the chill supply of the region where the 

cultivars are to be cultivated (Saure, 1985). 

In warm regions, chilling accumulation is often 

insufficient to meet the chilling requirement of deciduous 

trees, resulting in uneven blossoming and reduced yield 

(Chandler and Brown, 1957; Ticho, 1970; Weinberger, 1950); 

Rest-breaking practices are usually needed to ensure uniform 

budbreak and growth. Predicting the termination of dormancy 

(estimating the chilling requirement) is of utmost 

importance in these regions for determining the optimal time 

for the application of rest breaking chemicals, which can 
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last only a few days (Del Real Laborde, 1987). 

Quantitative measurements of the chilling requirement 

have been reported for many species and cultivars. The 'Utah 

Chill Unit' model (Richardson et al.# 1974) was developed 

based on the varying efficiency of different temperatures in 

breaking dormancy of peach cultivars. Temperature effect was 

weighted and given a value expressed in terms of chill 

units. One chill unit (CU) was defined as one hour exposure 

to 6C, the optimum temperature. Temperatures that diverge 

from 6C were given fractional values. This model has been 

found useful in temperate, continental type climate zones 

(Shaltout and Unrath, 1983). 

To visualize the termination of dormancy, several 

indices have been used, the most currently used being 50% of 

the buds have broken following 21-30 days of forcing 

(Weinberger, 1950; Mielke and Dennis, 1975). 

The objective of the study was to evaluate the chilling 

requirements of apple and pear cultivars grown under field 

conditions in Corvallis, Oregon*. 
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Materials and Methods 

The experiment was conducted during a two year period 

(1990-91, 1991-92) at the USDA clonal repository collection 

and the OSU horticulture research farm in CorvalliSjOR (45° 

latitude), which has a mild climate. Forty three apple and 

thirty eight pear cultivars were chosen for screening of 

their chilling requirements. 

Three shoots (20-25 cm long each) were collected weekly 

from each cultivar, starting October 16th through January 

18th (17 sampling times). At each sampling time, the shoots 

were placed under forcing conditions (23.9C day/18.9C night) 

with their cut ends into distilled water, for four weeks. 

Every week, water was changed and shoot ends were cut to 

prevent fungus contamination. Rest was considered completed 

when 50% of the buds reach at least the green tip stage in 2 

out of the 3 shoots at the end of the four week period. The 

amount of chilling accumulated was calculated based on the 

Utah Chill Unit model (Richardson et al., 1974). A computer 

program was used to convert the 24 hour daily temperature 

data to the equivalent chill unit. The results were double 

checked using the Omnidata Biophenometer (TA45-P) 

(Richardson et al., 1986). 

Since samples were collected weekly, the chilling was 

considered satisfied between the cutting date where the rest 

was completed and the cutting date one week prior to rest 

completion. The chilling requirement was then calculated as 
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follow: 

CR= [CU (rest completion) + CU (one week before rest 

completion)]/2 

where: 

-CR: chilling requirement of the cultivar. 
-CU (rest completion): Amount of chill units that 

accumulated at rest completion. 
-CU (one week before rest completion): Amount of chill 

units that accumulated one week prior to rest completion. 

Results were presented as the date (week) of rest 

completion, the chilling requirement for the 1990-91 and 

1991-92 seasons, and the chilling requirement mean for the 2 

year period +- SD. 
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Results and Discussion 

Chilling accumulation: Chilling started accumulating 

earlier in the fall of 1990 (October 2nd) than in the fall 

of 1991 (October 16th) . However, the overall amount of 

chilling that accumulated was higher for the 1991-92 than 

for the 1990-91 season (Fig 1.1), due to freezing 

temperatures that occured mid December to the beginning of 

January and prevented any chilling accumulation. The amount 

of chilling that accumulated in each of the two year 

experiment was sufficient to satisfy the chilling 

requirement of all the cultivars tested, as no symptoms 

associated with the lack of chilling (delayed foliation, 

uneven blossoming, etc) were observed the following spring. 

Chilling requirement of apple cultivars; The mean 

values of chill units required to break dormancy of the 

different cultivars tested were listed in (Table 1.1). They 

varied between 490 CU +- 1 for 'Dorsett Golden' and 1320.5 

CU +- 8 for 'Cortland', 'Marshall Mclntosh' and 'Starking 

Delicious'. The major apple cultivars ('Golden Delicious' , 

•Mclntosh','Belle de Boskoop','Granny 

Smith','Gravenstein',etc), as well as the new and 

potentially important cultivars ('Gala',Fuj i','Elstar',ect) 

have a rather high chilling requirement (>1000 CU). Their 

adaptation to mild winter conditions, however, differ, with 

cultivars such as 'Gala','Granny Smith','Fuji' having a 

better adaptation than 'Golden Delicious', 'Mclntosh' and 



29 

others (Ruck, 1975; Miller and Baker, 1982; Petropoulo, 

1985). 

Our results support the findings of others. 'Delicious' 

required 1275 CU and 'Mclntosh' 1300 CU to break rest 

(Swartz and Powell, 1981). Shaltout and Unrath (1983) found 

that 'Delicious' and its subclones had a chilling 

requirement of approximatly 1200 CU. 'Dorsett Golden' is 

known to behave normally with 400-450 hours of chilling 

(Miller and Baker, 1982). Hauggae and Cummins (1991) 

reported that low chilling cultivars, under cooler 

conditions (Geneva, New-York) had a higher chilling 

requirement. In contrast, the only low chilling cultivar 

(•Dorsett Golden') we tested did not show that trend and the 

results were consistent for the two year experiment. 

It is interesting to notice that 'Arlet', a cross 

between 'Idared' and 'Golden Delicious', had a chilling 

requirement that was closer to the lower chilling 

requirement parent ('Idared'). Lesley (1957) reported that 

winter chilling requirement in the Fl was, as a rule, 

distinctly nearer to the short chilling parent. Oppenheimer 

and Slor (1968) assumed that earliness in budbreak might be 

dominant. 

The chilling requirement could be used to select late 

flowering cultivars for regions with frequent spring frosts. 

Several studies (Spiegel-Roy and Altson, 1979; Swartz and 

Powell, 1981) have shown that late blooming cultivars had 
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longer chilling and heat requirement than early blooming 

cultivars. Once detected, these cultivars could be used 

either for commercial purpose or as a part of a breeding 

program for avoidance of late spring frost. Way et al. 

(1989) reported that 'Rome Beauty', a high chilling 

requirement, late blooming cultivar, has not missed a crop 

due to frost in 100 years in Western Oregon. 

Chilling requirement of pear cultivars: The chilling 

requirements of the cultivars tested varied between 749 CU 

+-9 for 'Batjarka' and 1321 CU +- 8 for 'Poirier Fleurissant 

Tard'(Table 1.2). Few data are available on the chilling 

requirement of the pear (Ruck, 1976) . Overcash (1960) found 

that the number of chilling hours below 7.2C required to 

break rest in pear cultivars varied between 1100 and 1600 

chilling hours. Spiegel-Roy and Altson (1979) studied the 

relationship between chilling requirement, heat requirement 

and flowering date in Pvrus Communis cultivars. They found 

•Poirier Fleurissant Tard' to have the highest chilling 

requirement and to bloom the latest. Our results also showed 

that 'Poirier Fleurissant Tard' was a high chilling 

requirement cultivar. 

We noticed variations in the year-to-year estimations 

of the chilling requirement of apple and pear cultivars. 

Among the possible explanations for these variations: 

-Interval of sampling. We believe that, by shortening the 

interval between 2 sampling times, more accurate results 
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would be obtained and the variation would be reduced. 

-The accumulation of CU is not the only factor involved in 

releasing plants from dormancy. Hauggae and Cummins (1991) 

reported that there are important interactions among 

cultivars and environmental factors other than CU 

accumulation alone that are responsible for terminating bud 

dormancy. 

-Coastal effect: The 'Utah' model, which assummes a daily 

gaussian temperature distribution, shows some discrepencies 

when used in maritime climates where coastal land-sea 

breezes result in a daily change in airmass (Richardson et 

al., 1975). It could be that the climatic conditions in 

Corvallis (50 miles from the coast) are under the influence 

of the Pacific Ocean, making the results obtained from the 

•Utah* model less accurate. 
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Table 1.1. Chilling requirements and dates of rest 
completion of apple cultivars grown under field 
conditions at Corvallis, OR. (1990/91 and 1991/92). 

1990/91 
season 

1991/92 
season 

Cultivar 
(Country of 
origin) 

Date of 
rest 
comple- 
tion 

Chill 
Units 

Date of 
rest 
comple- 
tion 

Chill 
Units 

Mean 
+- 8D 

Dorsett 
Golden 
(Bahamas) 

11/04- 
11/11 

490.5 11/18- 
11/25 

489 490 
+-1 

Arlet 
(Switzer- 
land) 

11/18- 
11/25 

742 12/09- 
12/16 

880.5 811.5 
+-98 

Idared 
(USA, 
Idaho) 

11/18- 
11/25 

742 12/09- 
12/16 

880.5 811.5 
+-98 

Mutsu 
(Japan) 

12/02- 
12/09 

983.5 12/09- 
12/16 

880.5 932 
+-73 

Red Gold 
(USA, 
Washington) 

12/02- 
12/09 

983.5 12/16- 
12/23 

1005.5 994.5 
+-16 

NJ 109 
(USA, New 
Jersey) 

12/02- 
12/09 

983.5 12/16- 
12/23 

1005.5 994.5 
+-16 

Coromandel 
Red 
(New 
Zealand) 

12/02- 
12/09 

983.5 12/16- 
12/23 

1005.5 994.5 
+-16 

Criterion 
(USA, 
Washington) 

12/23- 
12/30 

1147 12/09- 
12/16 

880.5 1014 
+-188 

Jerseymac 
(USA, New 
Jersey) 

12/30- 
1/6 

1165.5 12/09- 
12/16 

880.5 1023 
+-202 

Earligold 
(USA, 
Washington) 

12/09- 
12/16 

1075 12/16- 
12/23 

1005.5 1040.5 
+-49 
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Table 1.1. (Continued) Chilling requirements and dates 
of rest completion of apple cultivars grown under field 
conditions at Corvallis, OR. (1990/91 and 1991/92). 

1990/91 
season 

1991/92 
season 

Cultivar 
(Country of 
origin) 

Date of 
rest 
comple- 
tion 

Chill 
Units 

Date of 
rest 
comple- 
tion 

Chill 
Units 

Mean 
+- 8D 

Green 
Gravenstein 
(Germany) 

12/09- 
12/16 

1075 12/16- 
12/23 

1005.5 1040.5 
+-49 

NJ 56 
(USA, New 
Jersey) 

12/09- 
12/16 

1075 12/16- 
12/23 

1005.5 1040.5 
+-49 

Fuji 
(Japan) 

12/09- 
12/16 

1075 12/16- 
12/23 

1005.5 1040.5 
+-49 

Stayman 1 
(USA) 

12/09- 
12/16 

1075 12/16- 
12/23 

1005.5 1040.5 
+-49 

Granny 
smith 
(Australia) 

12/09- 
12/16 

1075 12/16- 
12/23 

1005.5 1040.5 
+-49 

Shamrock 
(Canada, 
British 
Columbia) 

12/09- 
12/16 

1075 12/16- 
12/23 

1005.5 1040.5 
+-49 

Red 
Jonagold 
(USA, New- 
York) 

12/16- 
12/23 

1127 12/16- 
12/23 

1005.5 1066 
+-86 

Red Fuji 
(Japan) 

12/16- 
12/23 

1126.5 12/16- 
12/23 

1005.5 1066 
+-86 

Golden 
Supreme 
(USA, 
Idaho) 

12/02- 
12/09 

983.5 12/23- 
12/30 

1155 1069.5 
+-121 
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Table 1.1. (Continued) Chilling requirements and dates 
of rest completion of apple cultivars grown under field 
conditions at Corvallis, OR. (1990/91 and 1991/92). 

1990/91 
season 

1991/92 
season 

Cultivar 
(Country of 
origin) 

Date of 
rest 
comple- 
tion 

Chill 
units 

Date of 
rest 
comple- 
tion 

Chill 
Units 

Mean 
+- 6D 

Nicobel 
Jonagold 
(USA, New 
Jersey) 

12/30- 
1/6 

1165.5 12/16- 
12/23 

1005.5 1085.5 
+-113 

Summered 
(Canada, 
British 
Columbia) 

12/30- 
1/6 

1165.5 12/16- 
12/23 

1005.5 1085.5 
+-113 

Gala 
(New 
Zealand) 

12/09- 
12/16 

1075 12/23- 
12/30 

1155 1115 
+-57 

Bell de 
Boskoop 
(Holland) 

12/09- 
12/16 

1075 12/23- 
12/30 

1155 1115 
+-57 

Holstein 
(United 
Kingdom) 

12/09- 
12/16 

1075 12/23- 
12/30 

1155 1115 
+-57 

Braeburn 
(New 
Zealand) 

12/16- 
12/23 

1126.5 12/23- 
12/30 

1155 1141 
+-20 

Rioton Jon 
(USA) 

12/16- 
12/23 

1126.5 12/23- 
12/30 

1155 1141 
+-20 

Melrouge 
(USA, Ohio) 

12/16- 
12/23 

1126.5 12/23- 
12/30 

1155 1141 
+-20 

Stark 
Summer 
Treat 
(USA, New 
Jersey) 

12/23- 
12/30 

1147 12/23- 
12/30 

1155 1151 
+-6 
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Table 1.1. (Continued) Chilling requirements and dates 
of rest completion of apple cultivars grown under field 
conditions at Corvallis, OR. (1990/91 and 1991/92). 

1990/91 
season 

1991/92 
season 

Cultivar 
(Country of 
origin) 

Date of 
rest 
comple- 
tion 

Chill 
Units 

Date of 
rest 
comple- 
tion 

Chill 
Units 

Mean 
+- SD 

Royal Gala 
(New 
Zealand) 

12/23- 
12/30 

1147 12/23- 
12/30 

1155 1151 
+-6 

Stark Gala 
(New 
Zealand) 

12/30- 
1/6 

1165.5 12/23- 
12/30 

1155 1161 
+-8 

Chieftan 
(USA, 
Wasington) 

12/30- 
1/6 

1165.5 12/23- 
12/30 

1155 1161 
+-8 

Discovery 
(United 
Kingdom) 

12/30- 
1/6 

1165.5 12/23- 
12/30 

1155 1161 
+-8 

State Fair 
(USA, 
Minnesota) 

12/30- 
1/6 

1165.5 12/23- 
12/30 

1155 1161 
+-8 

Brock 
(USA, 
Maine) 

1/6-1/13 1239.5 12/23- 
12/30 

1155 1197 
+-60 

Elstar 
(Holland) 

1/6-1/13 1239.5 12/23- 
12/30 

1155 1197 
+-60 

Spartan 
(Canada, 
British 
Columbia) 

1/6-1/13 1239.5 12/23- 
12/30 

1155 1197 
+-60 

Empire 
(USA, New- 
York) 

1/13- 
1/18 

1326.5 12/23- 
12/30 

1155 1241 
+-122 

Cox's 
(United 
Kingdom) 

1/6-1/13 1239.5 12/30- 
1/6 

1314.5 1277 
+-53 
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Table l.l. (Continued) Chilling requirements and dates 
of rest completion of apple cultivars grown under field 
conditions at Corvallis, OR. (1990/91 and 1991/92). 

Cultivar 
(Country of 
origin) 

Jonamac 
(USA, New- 
York) 

Golden 
Delicious 
(USA, 
Virginia) 

Cortland 
(USA, New- 
York) 

Marsha11/Mc 
Intosh 
(USA, New- 
York) 

Starking 
Delicious 
(USA, Iowa) 

1990/91 
season 

Date of  Chill 
rest     Units 
comple- 
tion 

1/6-1/13  1239.5 

1/6-1/13  1239.5 

1/13- 
1/18 

1/13- 
1/18 

1/13- 
1/18 

1326.5 

1326.5 

1326.5 

1991/92 
season 

Date of Chill 
rest    Units 
comple- 
tion 

Mean 
+- 8D 

12/30- 1314.5  1277 
1/6 +-53 

12/30- 1314.5  1277 
1/6 +-53 

12/30- 1314.5  1320.5 
1/6 +-8 

12/30- 1314.5  1320.5 
1/6 +-8 

12/30-   1314.5  1320.5 
1/6 +-8 
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Table 1.2. Chilling requirements and dates of rest 
completion of pear cultivars grown under field 
conditions at Corvallis, OR. (1990/91 and 1991/92). 

1990/91 
season 

1991/92 
season 

Cultivar 
(Country of 
origin) 

Date of 
rest 
comple- 
tion 

Chill 
Units 

Date of 
rest 
comple- 
tion 

Chill 
Units 

Mean 
+- SD 

Batjarka 
(Yugosla- 
via) 

11/18- 
11/25 

742 12/02- 
12/09 

755.5 749 
+-9 

Karamanlika 
(Yugosla- 
via) 

11/25- 
12/02 

871.5 12/09- 
12/16 

880.5 876 
+-7 

Farmingdale 
(USA, 
Illinois) 

11/18- 
12/02 

871.5 12/09- 
12/16 

880.5 876 
+-7 

Messire 
Jean 
(France) 

12/02- 
12/09 

983.5 12/09- 
12/16 

880.5 932 
+-73 

Luscious 
(USA, South 
Dakota) 

11/25- 
12/02 

871.5 12/16- 
12/23 

1005.5 938.5 
+-95 

Anjou- 
Russet 
(USA, 
Oregon) 

11/25- 
12/02 

871.5 12/16- 
12/23 

1005.5 938.5 
+-95 

H.E.S 25021 
(Canada, 
Ontario) 

12/02- 
12/09 

983.5 12/16- 
12/23 

1005.5 994.5 
+-16 

Lukavanski 
(Czechoslo- 
vakia) 

12/02- 
12/09 

983.5 12/16- 
12/23 

1005.5 994.5 
+-16 

Hofrath•s 
Birne 
(Germany) 

12/02- 
12/09 

983.5 12/16- 
12/23 

1005.5 994.5 
+-16 

Warren 
(USA, 
Mississipi) 

12/09- 
12/16 

1075 12/09- 
12/16 

880.5 978 
+-137 
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Table 1.2. (Continued) Chilling requirements and dates 
of rest completion of pear cultivars grown under field 
conditions at Corvallis, OR. (1990/91 and 1991/92). 

1990/91 
season 

1991/92 
season 

Cultivar 
(Country of 
origin) 

Date of 
rest 
comple- 
tion 

Chill 
Units 

Date of 
rest 
comple- 
tion 

Chill 
Units 

Mean 
+- 8D 

Chien-Pa-Li 
(China) 

12/09- 
12/16 

1075 12/09- 
12/16 

880.5 978 
+-137 

Urechelnite 
(Romania) 

12/09- 
12/16 

1075 12/16- 
12/23 

1005.5 1040.5 
+-49 

Bergamote 
Tardive de 
Ganzel 
(U.K, 
England) 

12/09- 
12/16 

1075 12/16- 
12/23 

1005.5 1040.5 
+-49 

Kair 
Aarmund 
(Czechoslo- 
vakia) 

12/09- 
12/16 

1075 12/16- 
12/23 

1005.5 1040.5 
+-49 

Dawn 
(USA, 
Maryland) 

12/09- 
12/16 

1075 12/16- 
12/23 

1005.5 1040.5 
+-49 

Lubenicarka 
(Yugosla- 
via) 

12/09- 
12/16 

1075 12/16- 
12/23 

1005.5 1040.5 
+-49 

Marks 
(USA, New- 
York) 

12/09- 
12/16 

1075 12/23- 
12/30 

1155 1115 
+-57 

Krolewka 
(Poland) 

12/09- 
12/16 

1075 12/23- 
12/30 

1155 1115 
+-57 

Merricourt 
(USA, 
Tennessee) 

12/09- 
12/16 

1075 12/23- 
12/30 

1155 1115 
+-57 
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Table 1.2. (Continued) Chilling requirements and dates 
of rest completion of pear cultivars grown under field 
conditions at Corvallis, OR. (1990/91 and 1991/92). 

1990/91 1991/92 
season season 

Cultivar 
(Country of 
origin) 

Date of 
rest 
comple- 
tion 

Chill 
Units 

Date of 
rest 
comple- 
tion 

Chill 
Units 

Mean 
+- 8D 

Cincinis 
(France) 

12/09- 
12/16 

1075 12/23- 
12/30 

1155 1115 
+-57 

Suzette de 
Bavay 
(Belgium) 

12/09- 
12/16 

1075 12/23- 
12/30 

1155 1115 
+-57 

Burkett 
(USA, 
Illinois) 

12/09- 
12/16 

1075 12/23- 
12/30 

1155 1115 
+-57 

Hourdequin 
(France) 

12/09- 
12/16 

1075 12/23- 
12/30 

1155 1115 
+-57 

Iwate 
Mukaku 
(Japan) 

12/09- 
12/16 

1075 12/23- 
12/30 

1155 1115 
+-57 

Bera 
Wysmienita 
(Poland) 

12/16- 
12/23 

1126.5 12/23- 
12/30 

1155 1141 
+-20 

Marqueza 
(Portugal) 

12/16- 
12/23 

1126.5 12/23- 
12/30 

1155 1141 
+-20 

Southworth 
(USA, 
Minnesota) 

12/16- 
12/23 

1126.5 12/23- 
12/30 

1155 1141 
+-20 

Hendre 
Huffcap 
(U.K, 
England) 

12/16- 
12/23 

1126.5 12/23- 
12/30 

1155 1141 
+-20 
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Table 1.2. (Continued) Chilling requirements and dates 
of rest completion of pear cultivars grown under field 
conditions at Corvallis, OR. (1990/91 and 1991/92). 

1990/91 
season 

1991/92 
season 

Cultivar 
(Country of 
origin) 

Date of 
rest 
comple- 
tion 

Chill 
Units 

Date of 
rest 
comple- 
tion 

Chill 
units 

Mean 
+- 8D 

Kansu Pear 
(China) 

12/16- 
12/23 

1126.5 12/23- 
12/30 

1155 1141 
+-57 

Vineland 
29018 
(Canada, 
Ontario) 

12/23- 
12/30 

1147 12/23- 
12/30 

1155 1151 
+-6 

Rosii 
Untoase 
(Romania) 

12/30- 
01/06 

1165.5 12/23- 
12/30 

1155 1161 
+-8 

Prague No.2 
(Czechoslo- 
vakia) 

12/30- 
01/06 

1165.5 12/23- 
12/30 

1155 1161 
+-8 

Windorska 
(Czechoslo- 
vakia) 

12/30- 
01/06 

1165.5 12/23- 
12/30 

1155 1161 
+-8 

Lesnaia 
Krasavitza 
(USSR) 

12/16 
12/23 

1126.5 12/30- 
01/06 

1314.5 1220.5 
+-13 3 

Tonkowietka 
(USSR) 

12/23- 
12/30 

1147 12/30- 
01/06 

1314.5 1231 
+-118 

Rotkottig 
Frau 
Ostergot- 
land) 

12/23- 
12/30 

1147 12/30- 
01/06 

1314.5 1231 
+-118 
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Table 1.2. (Continued) Chilling requirements and dates 
of rest completion of pear cultivars grown under field 
conditions at Corvallis, OR. (1990/91 and 1991/92). 

1990/91 
season 

1991/92 
season 

Cultivar 
(Country of 
origin) 

Date of 
rest 
comple- 
tion 

Chill 
Units 

Date of 
rest 
comple- 
tion 

Chill 
Units 

Mean 
+- SD 

Duchesse de 
Brissac 
(France) 

12/30- 
01/06 

1165.5 12/30- 
01/06 

1314.5 1240 
+-105 

Poirier 
Fleurissant 
Tard 
(France) 

01/13- 
01/18 

1326.5 12/30- 
01/06 

1314.5 1320.5 
+-8 



43 

References 

Anderson, J.L. and E.A. Richardson. 1987. the Utah 
Chill/Flower bud phenology models for deciduous 
fruit trees and their implication for production 
in subtropical areas. Acta Hort. 199:45-49. 

Chandler, W.H. and D.S. Brown. 1957. Deciduous orchards 
in California winters. California Agr. Ext. Serv. 
Circ. 179. 

Del Real Laborde, J.I. 1987. Estimating chill units at 
low latitudes. HortScience (22):1227-1231. 

Hauggae, R. and J.N. Cummins. 1991. Phenotypic 
variation of length of bud dormancy in apple 
cultivars and related Malus species. J. Amer. Soc. 
Hort. Sci. 116:100-106. 

Lesley, J.W. 1957. A genetic study of inbreeding and of 
crossing inbred lines of peaches. Proc. Amer. Soc. 
Hort. Sci. 44:243-250. 

Mielke, E.A. and F.G. Dennis. 1975. Hormonal control of 
flower bud dormancy in sour cherry. III. Effects 
of leaves, defoliation and temperature on levels 
of abscisic acid in flower primordia. J. Amer. 
Soc. Hort. Sci. 100:287-290. 

Miller, E.P. and L.H. Bker. 1982. An evaluation of 
apple cultivars for Central and North Florida. 
Proc. Fla. State Hort. Soc. 95:88-90. 

Oppenheimer, C. and E. Slor. 1968. Analysis of two F2 
and nine back cross populations. Theor. Appl. 
Genet. 38:97-102. 

Overcash, J.P. 1965. Heat required for pear varieties 
in bloom. Proceedings of the Asoociation of 
Southern Agricultural workers 1962 Convention, 
Texas. 175-176. 

Petropoulo, S.P. 1985. Temperature related factors as 
selection criteria in apple breeding. Phd Diss., 
Univ of London. 

Richardson, E.A., S.D. Seeley and D.R. Walker. 1974. A 
model for estimating the completion of rest for 
•Redhaven1 and 'Elberta' peach trees. HortScience 
9:331-332. 



44 

Richardson, E.A., S.D. Seeley and D.R. Walker. 1975. 
Comments on a model for estimating the completion 
of rest for 'Redhaven' and 'Elberta1 peach trees. 
HortScience. 10:561-562. 

Richardson, E.A., J.L. Anderson and R.H. Campbell. 
1986. The omnidata biophenometer (TA45-P). A chill 
unit and degree hour accumulator. Acta. Hort. 
184:95-99. 

Ruck, H.C. 1975. Deciduous fruit tree cultivars for 
tropical and subtropical regions. Hort. Rev. 3. 
Commenwealth Bur. Hort. and Plantation Crops, East 
Mailing. 

Saure, M.C. 1985. Dormancy release in deciduous fruit 
trees, p. 239-300. In: J. Janick (ed). Hort Rev. 
7, AVI, Wsetport, Conn. 

Shaltout , A.D. and C.R. Unrath. 1983. Rest completion 
prediction model for 'Starkrimson Delicious' 
apples. J. Amer. Soc. Hort. Sci. 108:957-961. 

Spiegel-Roy, P. and F.H. Altson. 1979. Chilling and 
post dormant heat requirement as selection 
criteria for late flowering pears. J. hort. Sci. 
54:115-120. 

Swartz, H.J. and L.E. Powell, Jr. 1981. The effect of 
long chilling requirement on time of budbreak in 
apple. Acta Hort. 120:173-178. 

Ticho, 1970. Low chilling temperate zone fruits in 
Israel. Proc. Fla. State Hort. Soc. p. 332-336. 

Way, R.D., H.S. Aldwinckle, R.C. Lamb, S. Sansavini, T. 
Shen, R. Watkins, M.N. Westwood and Y. Yoshida. 
Genetic resources of temperate fruit and nut 
crops. International Society for Horticultural 
Science. 1:3-62. 

Weinberger, J.H. 1950. Chilling requirements of peach 
varieties. Proc. Amer. Soc. Hort. Sci. 56:122-128. 



45 

BUDBREAK AND PHYTOTOXICITY INDUCED BY HYDROGEN CYANAMIDE AS 
RELATED TO THE CHILLING REQUIREMENTS OF APPLE CULTIVARS AND 
POSITION IN THE SHOOT. 

Abstract 

Budbreak and phytotoxicity induced by hydrogen 

cyanamide in 'Arlet' (811.5 CU), 'Braeburn1 (1141 CU), 

•Golden Delicious' (1277 CU) and 'Starking Delicious' 

(1320.5 CU) apple cultivars (Malus*doinestica Borkh.) were 

studied. 'Arlet', having the lowest chilling requirement, 

had a different endodormancy pattern and showed a different 

response to hydrogen cyanamide than 'Braeburn', 'Golden 

Delicious' and 'Starking Delicious'.'Arlet' was more 

sensitive to the chemical than the other cultivars during 

early to deep endodormancy, while it exhibited a relatively 

greater tolerance late in the dormant period. 

Phytotoxicity was also dependent on hydrogen cyanamide 

concentration, time of application and bud and internode 

position in the shoot. It increased with increasing 

concentration and towards the end of endodormancy. During 

endodormancy, sensitivity of buds and internodes increased 

in an acropetal direction in all the treatments. No 

difference in bud response could be detected along the shoot 

after the release from dormancy, whereas the gradient of 

tolerance remained for the internodes, suggesting that other 

factors, unrelated to the dormant period were involved in 

determining the differential sensitivity of stem tissue to 

hydrogen cyanamide. 
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Introduction 

Commercial production of deciduous fruit trees has 

spread rapidly in the tropics and subtropics (Sauco et Al., 

1981; Sherman et Al., 1971; 1977). Successful cultivation of 

these trees in regions where their chilling reguirement was 

not fulfilled naturally was made possible through 

manipulation of the rest period. In the tropics, where 

chilling is absent, inducing successive growth cycles by 

preventing plants from entering true dormancy is generally 

used to assure successful culture of deciduous trees 

(Edwards, 1987). This is done mainly through defoliation 

(Janick, 1974; Edwards, 1987), along with irrigation 

withdrawal (Erez, 1990). In the subtropics, where the amount 

of chilling that usually accumulates does not fulfill the 

chilling reguirement of the trees, application of rest- 

breaking chemicals is the most currently used method to 

compensate for the lack of chilling (Erez, 1987a). 

Numerous chemicals have been found to break rest 

(Doorenbos, 1953). These chemicals were usually effective at 

sublethal concentrations (Black, 1952; Fuchigami and Nee, 

1987). Only a few chemicals, however, have proven useful for 

field treatment and were used commercially: mineral oils, 

dinitro compounds, potassium nitrate, thiourea, cyanamides, 

gibberellins and cytokinins (Diaz et Al., 1987; Erez, 1987). 

Among them, hydrogen cyanamide was particularly effective in 

overcoming the dormancy of several deciduous fruit trees 
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(Shulman et Al., 1986). 

Hydrogen cyanamide is the single most effective rest- 

breaking chemical (Erez, 1987a). While a single application 

of hydrogen cyanamide is satisfactory, the other chemicals 

require a combination of treatments in order to achieve the 

same effect (Erez, 1987b). It is active in earlier stages of 

endodormancy (Snir, 1983). In most trees, the stongest 

effect of hydrogen cyanamide was obtained several weeks 

before budbreak. In contrast, the same effect, using other 

chemicals, was obtained only at the bud swelling stage (Erez 

et Al., 1971; Lavee, 1974). 

Several factors affect plant response to hydrogen 

cyanamide: nutritional status of the plant (Terblanche and 

Strydom 1973), physiological stage of the bud during 

endodormancy (Fuchigami and Nee 1987), genotype (Bracho et 

Al. 1984), time and date of application (Erez 1987), and 

post-application temperatures (Siller-Cepeda 1991). However, 

no studies reported plant response to hydrogen cyanamide in 

relation to its chilling requirement. 

The objectives of this study were to: 

a- Compare the response (budbreak and phytotoxicity) of 

apple cultivars with different chilling requirements to 

hydrogen cyanamide applied at different concentrations and 

different times during the rest period. 

b- Evaluate budbreak and phytotoxicity induced by 

hydrogen cyanamide at different positions on the shoot. 
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Materials and Methods 

Effect of the chilling recmirement of apple cultivar on the 

cultivar response to hydrogen cvanamide; Four apple 

cultivars, with different chilling requirements, grown at 

the OSU horticultural research farm in Corvallis, Oregon, 

were selected for the experiment: 'Arlet' (811.5 CU) , 

•Braeburn' (1141 CU), 'Golden Delicious1 (1277 CU) and 

•Starking Delicious* (1320.5 CU). The chilling requirements 

of these cultivars were determined previously (Ghariani, 

1993). At each sampling time, and for each cultivar, 40 

shoots were randomly selected, divided into 4 groups, and 

painted with either 0, 0.5, 1 or 2M hydrogen cyanamide. 

Hydrogen cyanamide was applied after accumulation of 11, 

419, 645.5, 925, 1258 and 1407.5 CU. The shoots were then 

placed in a greenhouse, with their cut ends in distilled 

water, at 18.9C night/23.9C day, under continuous light 

(Miller high pressure sodium lamps; 52.85 

microEinstein/m2*s) . Water was changed and shoot ends were 

cut weekly to prevent fungus contamination. Chilling 

accumulation was calculated at each sampling time using the 

Utah Chill Unit model (Richardson et Al., 1974), and the 

value obtained was converted to percent of the chilling 

requirement [(CU accumulated/CU required to break 

endodormancy)*100], for each cultivar. Percent budbreak and 

dead buds were recorded after 4 weeks of forcing. Regression 

analysis was performed to determine the response (budbreak 
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and phytotoxicity) of the different cultivars during the 

dormant period to the different hydrogen cyanamide 

concentrations used. A polynomial regression model (Y= a + 

60X + B^
2; Y is the percent budbreak or percent dead buds 

response variable, and X and X2 are respectively the linear 

and quadratic components of percent chilling requirement) 

was fitted in order to evaluate the differential response of 

the four cultivars, in relation to the percent of the 

chilling requirement that had accumulated. The polynomial 

regression model was determined using Procedure Regression 

(SAS Inc. 1987). 

Effect of bud position on plant response to hydrogen 

cyanamide: 'Starking Delicious' apple trees were used for 

the experiment. At each sampling time, fifty shoots, 

containing 21 buds each were randomly selected, divided into 

five groups and painted with either 0, 0.25, 0.5, 1 or 2M 

hydrogen cyanamide. Hydrogen cyanamide was applied after 

accumulation of 59.5, 384.5, 1001 and 1560.5 CU. The shoots 

were placed in a 18.9C night/ 23.9C/day greenhouse with 

their cut ends in distilled water, under continuous light, 

for four weeks of forcing. Each shoot was divided into three 

sections and, at the end of the four week period, percent 

budbreak and dead buds were recorded from the seven apical, 

seven middle and seven basal buds respectively. The 

experiment was conducted as a completely randomized design, 

with factorial arrangement for hydrogen cyanamide 
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concentration, time of application and bud position. 

Analysis of variance was computed using the general linear 

models (GLM) of SAS (SAS Inc, 1987). 

Effect of internode position on stem tissue sensitivity to 

hydrogen cyanamide: Hydrogen cyanamide was applied to 

•Starking Delicious' apple shoots after accumulation of 

59.5, 384.5, 1001 and 1560.5 CU. At each sampling time, 25 

shoots were randomly selected, divided into five groups and 

painted with either 0, 0.25, 0.5, 1 or 2M of hydrogen 

cyanamide. The shoots were placed in a 18.9C night/23.9C day 

greenhouse, under continuous light. Twenty four hours later, 

the 3rd, 6th, 9th, 12th and 15th internode (From top to 

distal direction) were cut into 2cm sections, placed in a 

vial with 15ml distilled water, shaken for twenty four hours 

(rotary shaker, 40 revolutions/min) and the initial 

electrical conductivity (I.C) was determined using a Markson 

pH conductivity meter. The samples were then killed by heat 

treatment at 80C for two hours, shaken again for twenty four 

hours, and the final electrical conductivity (F.C) measured. 

The results were presented as the percent leakage: E.C 

(percent leakage)= (I.C/F.C)*100. The experiment was 

conducted as a completely randomized design, with factorial 

arrangement for hydrogen cyanamide concentration, time of 

application and internode position. Analysis of variance was 

computed using the general linear models (GLM) of SAS (SAS 

Inc, 1987). 
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Results and Discussion 

Effect of the chilling requirement of apple cultivar on the 

cultivar response to hydrogen cvanamide; The cultivars 

tested exhibited different endodormancy patterns (Fig 2.1a). 

In 'Arlet', percent budbreak increased continuously and 

almost linearly with chilling accumulation. Percent budbreak 

of the other cultivars first decreased gradually during 

early chilling accumulation, then increased rapidly after 

50% of the chilling requirement was satisfied. Hauggae and 

Cummins (1991) grouped apple cultivars into three groups 

according to their dormancy intensity (expressed as days to 

50% budbreak) and chilling requirement: a) Shallow dormancy- 

low chilling requirement, b) medium dormancy-medium chilling 

requirement, and c) deep dormancy-high chilling requirement 

cultivars. Apple cultivars belonging to the first and second 

group showed either none or only a slight intensification of 

dormancy intensity, whereas apple cultivars of the 3rd group 

were characterized by abrupt changes in dormancy intensity 

with a peak at a certain stage, and exhibited an intense 

response to chilling accumulation at the onset and the 

emergence from dormancy. They found 'Delicious' type 

cultivars to belong to the 3rd group. We suspect 'Braeburn' 

to be part of the same group, as it showed the same bud 

endodormancy pattern as 'Golden Delicious1 and 'Starking 

Delicious'. 'Arlet' could be part of the 2nd group, since, 

as reflected by the continuous increase of budbreak with 
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chilling accumulation, it did not develop deep endodormancy. 

All of hydrogen cyanamide concentrations were effective 

in overcoming endodormancy of 'Braeburn', 'Golden Delicious* 

and 'Starking Delicious' cultivars at all stages of 

endodormancy (Fig 2.1). This supports Snir's work (1983) 

that hydrogen cyanamide may be active in breaking rest at an 

earlier stage of endodormancy than the other rest breaking 

agents, that were active only at the bud swelling stage 

(Erez et Al., 1971; Lavee, 1974). 

The response (budbreak and phytotoxicity) to hydrogen 

cyanamide application throughout the dormant period was 

similar for the 3 cultivars. During early chilling 

accumulation, as endodormancy deepened, the plants became 

more tolerant of the chemical, as shown by the decrease in 

phytotoxicity (percent dead buds) (Fig 2.2) and the increase 

in percent budbreak (Fig 2.1). Fuchigami and Nee (1987) also 

noted that plant tolerance of hydrogen cyanamide was 

dependent on the stage of endodormancy. Erez (1987) observed 

a decrease in the level of injury as peach plants developed 

deep endodormancy. We found that, although high 

concentrations of hydrogen cyanamide (>_1M) induced 

budbreak, they also caused a high level of damage, 

reflecting the narrow range between effective and toxic 

concentrations. During late endodormancy, as plants 

approached the end of chilling satisfaction, they became 

increasingly sensitive to hydrogen cyanamide, with an 
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increase in the number of dead buds (Fig 2.2) and a 

consequent reduction in budbreak (Fig 2.1). 

Compared to the other cultivars, 'Arlet' exhibited a 

different response to hydrogen cyanamide, particularly when 

the concentrations were >_1M. From early to deep 

endodormancy, no significant decrease in the level of damage 

was observed in 'Arlet* during this period (Fig 2.2). At the 

emergence from rest, the degree of injury increased in all 

cultivars, but at a lower rate in 'Arlet' than in either of 

the other cultivars tested. 

The differences in cultivar response to hydrogen 

cyanamide could be attributed to differences in endodormancy 

patterns. During early chilling accumulation, endodormancy 

in 'Braeburn', 'Golden Delicious' and 'Starking Delicious' 

cultivars intensified, allowing a greater tolerance to the 

chemical. In 'Arlet', however, dormancy intensity was 

shallower and did not change significantly through much of 

the dormant period, as indicated by the continuous increase 

of budbreak. This could explain the higher level of damage 

encountered in 'Arlet' compared to the other cultivars, and 

why there was no significant reduction in the degree of 

injury during this period. 

As reported by others (Nee, 1986; Shulman et Al., 1983; 

Siller-Cepeda, 1991), hydrogen cyanamide-induced 

phytotoxicity increased at later stages of endodormancy and 

during ecodormancy (Fig 2.2). The degree of injury was 
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greater in 'Braeburn', 'Golden Delicious' and 'Starking 

Delicious' than in 'Arlet'. A possible explanation is that, 

since budbreak rate was greater in these cultivars than in 

•Arlet' during this phase of endodormancy, more buds were 

being released from dormancy, and these non dormant buds 

were usually more susceptible to hydrogen cyanamide. Hauggae 

and Cummins (1991) suggested that high chilling requirement 

cultivars, such as 'Golden Delicious', showed an intense 

response to chill unit accumulation towards the completion 

of endodormancy, which could explain the greater number of 

buds that broke rest simultaneously. 

Our results indicate that the response of apple 

cultivars to hydrogen cyanamide depends on concentration, 

time of application and the chilling requirement of the 

cultivar. These factors must be considered if maximum 

endodormancy breaking efficiency is to be achieved when 

using this chemical. 

Effect of bud position on plant response to hydrogen 

cyanamide; The interactions between hydrogen cyanamide 

concentration, timing and bud position on budbreak and 

phytotoxicity in 'Starking Delicious' apple buds (Table 2.1) 

indicate that the effect of hydrogen cyanamide depend on 

these three factors. The sensitivity of the bud along the 

shoot was dependent on position and stage of endodormancy. 

Generally, the sensitivity to hydrogen cyanamide increased 

in an acropetal direction at all stages of endodormancy 
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(Fig. 2.4). These differences in bud response to hydrogen 

cyanamide could be attributed to differences in endodormancy 

intensity along the shoot. In 'Golden Delicious' apples, 

Paiva and Robitaille (1978) reported a gradient of 

increasingly deep endodormancy from the shoot apex to the 

base. In long shoots of apple, Chandler (1960) observed that 

the rest influence was stronger in the basal than in the 

apical part of the shoot. These findings could explain the 

results obtained in our experiments. That basal buds require 

higher concentrations of hydrogen cyanamide to stimulate 

budbreak and cause injury was probably related to their 

deeper endodormancy. Nee (1986) reported that, as dormancy 

intensity increased, higher concentrations of hydrogen 

cyanamide were required to break rest. Siller-Cepeda (1991) 

noticed that concentrations >_ 1M in peaches induced 

budbreak in the basal buds only. He attributed that to the 

greater tolerance of these buds to high concentrations of 

hydrogen cyanamide, due to their deeper stage of rest. 

Bracho et Al. (1984) found that budbreak on the apical 

section of 'Cabernet Sauvignon' grapes was significantly 

higher only for the lowest concentration. Higher 

concentrations increased percent budbreak in the base of the 

canes over the upper sections. The explanation given above 

may also be valid for these findings. 

After the chilling requirement was satisfied, no 

differences in bud response could be detected along the 
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shoot (Fig 2.3d, Fig 2.4d), as most of the buds were 

physiologically active, thus offering the same 

susceptibility to the chemical. 

Effect of internode position on stem tissue sensitivity to 

hydrogen cyanamide; The degree of stem tissue injury caused 

by hydrogen cyanamide, expressed as the percent of 

electrolyte leakage, depends on hydrogen cyanamide 

concentration, time of application and internode position 

(Table 2.2). It increased with increasing hydrogen cyanamide 

concentrations. Nee (1986) reported a high correlation 

between the extent of damage caused by hydrogen cyanamide 

and electrolyte leakage. He noted an increase in percent 

leakage in tissues exposed to sublethal dosages of hydrogen 

cyanamide that broke endodormancy, and suggested that this 

may be due to an alteration of the cell membranes. 

During endodormancy, the stem tissues were more 

tolerant to hydrogen cyanamide, since high concentrations 

(>_ 1M) only were susceptible to induce damage (Fig 

2.5a,b,c). This could be related to the physiological stage 

of the stem during endodormancy. Several studies (Digby and 

Wareing, 1966; Little and Wareing, 1981) have shown that not 

only the buds are dormant, but the cambial meristem as well. 

After satisfaction of the chilling requirement, percent 

leakage increased at all concentrations of hydrogen 

cyanamide (Fig 2.5d). Doorenbos (1953) noted that membrane 

permeability increased at the end of the dormant period, and 
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suggested that this was one of the factors involved in 

breaking rest. We believe that, with increasing membrane 

permeability, the cells become more active, thus more 

susceptible to hydrogen cyanamide, which could explain the 

higher percent of electrolyte leakage. 

We noticed a decrease in electrolyte leakage in a 

distal direction during the endodormant period (Fig 2.5). 

This gradient remained even after the release from dormancy 

(Fig 2.5d), suggesting that other factors, unrelated to 

endodormancy, may be involved in determining the 

differential response of stem tissue to hydrogen cyanamide. 
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61 

100 
a. 59.5 CU b. 384.5 CU 

100 

d. 1560.5 CU 
-f T f 1 100 

Apical Middle   Basal Apical    Middle    Basal 

SHOOT SECTION 

•   0.25M 
>   1M 

r  0.5M 
A  2M 

Fig 2.4. Percent dead buds at the apical, middle and basal 
section of Storking Delicious shoots after application 
of H2CN2 at different chilling accumulations. 



62 

a. 59.5 CU b. 384.5 CU 

INTERNODE POSITION IN THE SHOOT 

o   OM o  0.25M 
A  0.5M 

■   2M 
v   1M 

Fig 2.5. Electroconductivity measurements at the 3rd, 6th. 9th, 12th 
and 15th internode (from top to distal direction) in Starking Delicious 
shoots after H2CN2 application at different chilling accumu- 
lations. 
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Table 2.1. Analysis of variance of the effect of hydrogen 
cyanamide concentration, time of application 
and bud position on budbreak and phytotoxicity 
of 'Starking Delicious' apple buds. 

Budbreak Dead buds 

Source df MS F MS F 

Model 59 0.593 22.06" 1.5 82.15" 

Hydrogen 
cyanamide 
concentra- 
tion (C) 

4 2.59 96.48" 16.37 896.22" 

Time of 
application 
(T) 

3 0.307 11.43" 3.45 188.85" 

Bud position 
(P) 

2 0.139 5.17" 1.05 57.59" 

T*P 6 0.081 3.01" 0.092 5.09" 

T*C 12 1.414 52.55" 0.522 28.58" 

P*C 8 0.452 16.83" 0.31 17.02" 

T*P*C 24 0.098 3.66" 0.053 2.94" 

** Significant at 0.01 level 
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Table 2.2. Analysis of variance of the effect of 
hydrogen cyanamide concentration, time 
of application and internode position 
on stem tissue sensitivity of 
'Starking Delicious' apple shoots. 

df 

Electroconductivity 

Source MS F 

Model 99 0.271 40.55" 

Hydrogen 4 2.742 409.30" 
cyanamide 
concentra- 
tion (C) 

Time of 3 3.454 515.52" 
application 
(T) 

Internode 4 0.295 44.03" 
position 
(P) 

T*P 12 0.024 3.64" 

T*C 12 0.277 41.36" 

P*C 16 0.022 3.42" 

T*P*C 48 0.008 1.25NS 

** Significant at 0.01 level 
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