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ABSTRACT 
Shahrokh Khanizadeh 

Horticu Iture 

EFFECTS OF CROP lOAD ON SEASONAL VARIATION IN 
PROTEIN. AMINO ACID. AND CARBOHYDRATE COMPOSITION, 
AND SPRING FROST HARDINESS OF APPLE FLOWER BUDS 
(Malus pumiJa Mill. cv. Mclntosh/M7). 

Deblossoming caused initiation of more flowers and heavier buds. During the 

following season buds contained more carbohydrates on non-cropped th an on cropped 

trees and sorbitol was the predominant carbohydrate. Starch content increased in the 

autumn and decreased in the late winter and early spring in both non-cropped 

(deblossomed) and cropped trees. Nitrogen, P, and K content increased throughout the 

bud development period and were lower on cropped trees. Three different methods 

(Kjeldahl; sulfuric acid-hydrogen peroxide; and summation of amino aCld content) for 

determining and calculating the protein content of flower buds, were compared A n'1W 

nitrogen:protein conversion factor (5.51) was calculated based on total amino acid 

analysis. Ninhydrin reaction of amino acids appeared to be the most sensitive method for 

the quantification of total protein. A new approach is reported for determining total 4-

hydroxyproline-rich glycoproteins found in the extracellular matrices of apple flower 

buds. Total protein and amino acids increased in concentration du ring bud development 

and were higher on non-cropped trees. From "dormant" stage until "first pink" flower 

buds on non-cropped trees had significantly higher levels of hydrophilic, and aCldic 

amino acids. The absence of fruit in the previous year increased the ability of buds la 

withstand low temperatures probably because of increased availability of assimilates. 

Two procedures, differential thermal analysis (OTA) and a conductivity test, were usod 

to assess the spring frost tolerance of flower buds. Bath procedures give similar results. 

OTA showed that buds on trees carrying no crop were more cold tolerant at ail stages of 

development. Conductivity tests showed non-cropped trees had a lower median lethal 

tempe rature (MLT). The flower buds retained the capacity to deep supercool until the 

"first pink" stage, when the low temperature exotherm (L TE) disappeared. 
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RESUME 

Shahrokh Khanizadeh 

Phytologie Horticulture 
EFFETS DE LA FRUCTIFICATION SUR LA VARIATION 
SAISONNIERE DE LA COMPOSITION EN PROTEINES, ACIDES 
AMINES ET HYDRATES DE CARBONE, ET SUR LA RESISTANCE 
AU GEL PRINTANIER DES BOUTONS FLORAUX DU POMMIER 

(Malus pumila Mill. cv. Mclntosh/M7). 

L'enlèvement des fleurs a augmenté la quantité de primordia floraux pour saison suivante 

de même que la grosseur et le poids des boutons floraux. Les lambourdes de pommiers non

fructifères contenaient plus d'hydrates de carbone, où prédominait le sorbitol, que les fructifères 

Le contenu en amidon a augmenté pendant l'automne et diminué à la fin de l'hiver et au début du 

printemps dans les deux types de pommiers (fructtfères ou non). La teneur en azote, phosphore et 

potassium des bourses à frUits a augmenté pendant la période de développement de ces dernières et 

ont été Inférieures chez les arbres fructifères. Nous avons comparé trois différentes méthodes de 

détermination et de calcul du contenu protéique (K)eldahl; aCide sulfurique-peroxyde d'hydrogène, 

et sommation des teneurs en aCides aminés) des boutons floraux du pommie-r. Un nouveau facteur de 

conversion azote'protélne (5.51) a été calculé d'après l'analyse des aCides aminés totaux. La 

méthode la plus sensible pour la quantification du contenu total en protéines a semblé être la 

réaction des acides aminés à la mnhydnne Ce travail a aussi fait état d'une nouvelle approche 

pour déterminer les glycoprotéines totales riches en 4-hydroxy-proline trouvées dans les matrices 

extra-cellulaires des bourgeons floraux_ La concentration en protéines et acides aminés totaux a 

augmenté pendant le développement des bourses à fruits et a été supérieure dans les arbres non

fructifères Du stade "dormant" au stade du "bouton rose primaire", les boutons floraux de 

pommiers non-fructifères ont eu des niveaux d'aCides aminés hydrophiles et d'acides aminés aCides 

Significativement supérieurs L'absence de fruits pendant l'année précédente a augmenté la rusticité 

des bourgeons floraux, probablement à cause de la disponibilité accrue des composés d'assimilation. 

Deux procédés, Analyse Thermale Différentielle [DT Al et un test de conductivité, ont servi à 

établir la réSistance au gel printanier des lambourdes Les deux méthodes ont donné des résultats 

Similaires. La DT A a démontré que les bourgeons d'arbres non-fructifères étaient plus tolérants au 

frOid à tous les stades de leur développement. Les tests de conductiVité ont révélé que la 

température médiane léthale (MLT) était Inférieure chez les arbres non-fructifères. Les lambourdes 

ont conservé la capacité d'entrer en surfusion jusqu'au stade du "bouton rose primaire" lorsque 

l'exolherme de basse température (L TE) a disparu. 

Hn 
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1. GENERAL INTRODUCTION 

Crop load and flower bud induction and differentiation 
Flower bud formation and flower initiation have been extensively 

reviewed (Buban and Faust 1982, Evans 1971, Luckwill 1974, Fulford 

1965. 1966a, 1966b, 1966c). Flower bud formation normally takes place 3 to 

6 weeks after full bloom in apple, while developing fruits are present (Buban 

and Faust 1982); regular flower initiation is essential for successful fruit 

production. Buban and Faust (1982) advised that some buds be examined during 

the winter to determine the severity of pruning needed for an optimum crop load. 

Trees carrying a heavy crop produce fewer flower buds for the next year. This 

effect of crop load is considered to be hormonally mediated (Buban and Faust 

1982, Luckwill and Silva 1979, Looney m..at. 1978, Fulford 1966c). 

Buban and Faust (1982) examined the development of apple flower buds 

and divided the process of flower development into three phases: induction, 

differentiation of meristems, and differentiation of flower primordia. They 

reported that "Flower bud development is attained through transformation of the 

vegetative apex to a reproductive structure. This transformation takes place only 

when the structure of the vegetative bud is complete. This requires that a certain 

number of vegetative organ promidia must already be developed on the axis of the 

bud. Flower initiation occurs only after 9 bud scales and 3 primordia of 

transition leaves have appeared and 6 true leatlets and 3 bracts have 

differentiated. Consequently, flower induction occurs only when a critical 

number of internodes already have developed on the axis of the bud." 

Although Marro and Ricci (1962) found no ditference between the 

structures of buds on spurs of non-cropped and cropped trees in the first part of 

the growing season, Buban and Simon (1978) and Buban and Hesemann (1979) 

found buds on non·cropped apple trees cv. Jonathan had a higher DNA and RNA 

content compared ta those on cropped trees at the time of flower differentiation. 

For many years inhibition of flower bud formation was correlated with 

depletion of nutrients in trees carrying a heavy crop (Childers 1961, Sachs 

1977). Fulford (1970a, 1970b, 1973). however reported that the inhibition 

of flower formation is hormonal and nutrient content has no effect on flower 

initiation. Luckwill (1974) and Chan and Cain (1967) concluded that both 

"auxin" and "gibberellin" are involved in flower induction, and failure of flower 

bud formation in trees carrying a heavy crop is not because of lack of nutrients 



(carbohydrates and nitrogenous compounds). 

Buban and Faust (1982), having reviewed 142 papers on the subject of 

the effect of crop load on flower bud formation, commented that " The 

development of (a) reproductive apex is the process most sensitive to hormonal, 

nutritional, and physiologieal effeets.". They concluded that the primary factor 

whlch inhibits flower bud induction is hormones (gibberellins) produced by the 

developing seeds in fruit. 

Low temperature in jury 
One of the major problems for apple growers in Ouebec is damage to trees 

caused by low temperatures du ring the winter and spring. Low winter 

temperatures and rapid changes in late spring temperatures cause different types 

of injuries. Ali of these injuries are associated with freezing of water in plant 

tissue (Krueger 1965, Burke eLal. 1976, Kubler 1983). Winter in jury of 

apple trees is a severe problem in most regions of Canada (Fisher 1978, 

Estabrooks ~. 1980, Blackburn 1984). Recentlv Brown and Blackburn 

(1987) studied the impact of freezing temperfitures on crop production in 

Eastern Canada. They reported that severe 'Ninter in jury in 1980/81 killed 

56,128 trees in Eastern Ontario, 362,702 trees in Ouebec, 22,274 Irees in 

New Brunswick and 25,419 trees in Nova Scolia. Granger (1982) reporled that 

37% of the apple trees in Quebec died as a result of Ihat winter. Spring frosls 

come about du ring the period of apple bloom and frequently damage the buds or 

flowers and consequently reduce yield (Krueger 1965, Granger 1982, Gross 

1983, Brown and Blackburn 1987). 

Many different strategies have been investigated to avoid the problems of 

low temperature in jury. Several researchers have evaluated cold resistance of a 

range of apple cultivars and rootstocks (Coleman 1985, Warner 1987, Granger 

and Vincent 1988). Granger and Vincent (1988) detected no differences in cold 

hardiness between "lobo" , "Melba", "Cortland", and "Mclntosh" during bloom and 

early stages of fruit developmen!. Coleman (1985) however reported apple 

cultivars varied considerably in theïr relative hardiness trom year to year. He 

ranked "Imperial Red Mac/Antonovka" as the hardiest and "Roger's Red 

Mac/MM111" as the most susceptible of the cultivars and rootstocks observed 

during two years lesting. 
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Many tests have been conducted on the effect of rootstocks on scion 

hardlness (Rollins il1..aJ.. 1962 , Chaplin and Scheider 1974, Sako 1985, 

Warmund and Slater 1988). Sako (1985) tested the effect of clonai rootstocks 

on hardiness of apple trees. He ranked YP (Yltoinen Piikio) rootstock as very 

hardy, M7 less hardy and M9 as susceptible ta frost in jury. Layne and Ward 

(1978) reported that flower buds of "Redhaven" peach (Prunus persica L.) had 

higher levels of total carbohydrates, reducing sugars, and other carbohydrates 

and were more cold hardy wh en propagated on "Siberian C" rootstocks than on 

"Harrow Slood". 

Various cryoprotectants or/and plant growth regulators have baen used ta 

increase the winter hardiness of apple trees or ta pralong spring frost hardiness. 

It has been shawn that Alar (Ii-dimethylamino succinamic acid / Daminozide) 

and surfactant WK (dodecyl ether of polyethylene glycol / OEPEG) increased the 

cold hardiness of apple trees. However, their effects were not consistent from 

year to year (Coleman and Estabrooks 1985). Holubowicz (1985) reported tha. 

application of 1000 and 2000 ppm of OEPEG at full bloom increased the cold 

resistance of flowers and fruitlets, but application of paclobutrazol [(2RS. 

3 RS)-1- (4-ch 10 rophenyl) -4 ,4-di methyl- 2- (1 H-1 ,2,4-tr iazol-1 - y 1) 

pentan-3-01 1 PP333] (1000 ppm) reduced the hardiness of flowers and 

fruit/ets of apple, peach and cherry. Durner and Gianfagna (1988) reported tha. 

fall application of ethephon (2-chlororethyl phosphonic acid 1 Ethrel) increased 

peach (Prunus persica L. Batsch.) f10wer bud resistance ta low temperature 

in jury and delayed the bloom period. 

Biochemical changes during cold acclimation 

Protein 
Accumulation of sugar, inorganic nutrients and protein are processes 

involved in the cold hardening of many species (Brown 1978, Levitt 1978, Sakai 

and Larcher 1987). Protein metabolism has been investigated extensively in 

connection with development of hardiness and cold resistance (Parker 1963, 

Ghazaleh and Handershott 1967, Pomeroy .e.t.al 1970, Gusta and Weiser 1972, 

Levitt 1980, Trunova 1982, Chen and Li 1982, Li 1987). Heber (1959) 

hypothesized that some low molecular weight protein fractions are important in 

maintaining the vital structure of the protoplasm under adverse conditions of low 

temperatures. He postulated that water of hydration is held by hydrogen bonds of 



prote in with low molecular weight and CO- and NH- groups of the proteins with 

high molecular weight. He concluded that proteins of low molecular weight can 

protect the frost-sensitive proteins of high molecular weight by hydrogen 

bonding. Kaplya (1961) suggested protein accumulation in the root system of 

fruit trees during the growing season was a prerequisite for hardening. 

Many early workers attempted ta relate nitrogen in various forms to cold 

hardiness. Early works on determination of nitrogenous compounds were based on 

cru de methods, and results were often inconsistent and most investigations were 

of little value. LeviU (1956) suggested that more refined techniques were 

necessary, such as analyses of individual nitrogenous substances, rather than 

mixed groups. 

Determination of particular nitrogenous substances in relation to cold 

hardiness had already begun in 1949 (Siminovitch and Briggs 1949, Briggs and 

Siminovitch, 1949). They reported that the concentration of water-soluble 

protein increased in the bark of black locust (Robinia pseudo-acacia L.) in the 

fall along with development of hardiness and declined in the spring with 

disappearance of frost hardiness. Alden and Hermann (1971) reported that in the 

flower buds of cold-resistant species, ail forms of nitrogen increased during cold 

acclimation. They observed that nitrogen, including protein nitrogen, in the bark 

of cold resistant trees increased upon hardening more than in non-cold-resistant 

species. Many workers have reported a positive relationship between water

soluble protein and co Id hardiness (pomeroy m...aJ.. 1970, Brown and Bixby 

1973, 1975, Trunova and Zvereva 1977, Chen and Li 1980, Sakai and Larcher 

1987). On the other hand sorne reports indicate that there is no relationship 

between soluble protein and cold hardening (Ghazaleh and Handershott 1967, 

Young 1969, Pieninzek and Holubowicz 1973). 

Henze (1959) found a greater increase in non water-soluble protein than 

in water-soluble protein in the bark of fruit trees as cold hardiness developed_ 

Paulson (1968) found that in wheat plants under a constant long photoperiod and 

decreasing temperatures, more water-soluble protein was synthesized th an 

under a decreasing photoperiod and a constant temperature. He concluded that 

water-soluble proteins alone are not responsible for hardiness. Water soluble 

proteis may indicate an indirect response to hardening by being synthesized at an 

increased rate. 

Drozdov and Sycheva (1965) reported that the increase in water-soluble 

protein that parallels development of frost hardiness results from breakdown of 
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more complex proteins and not trom synthesis of new amino acids ~. Alden 

and Hermann (1971) reported that high content of water-soluble protein 

associated with increased trost hardiness resulted from the action of enzymes 

which hydrolyze the proteins at the peptide bond. Water-soluble protein 

apparently increases for two reasons: tirst, because water content decreases as 

hardening occurs leading to concentration of the cytoplasm and secondly, because 

of an increase in synthesis and/or decrease in degradation of protein (li 1987). 

Amino acids 
Studies on free amino acid content during development of frost resistance 

were slarled by Simonovitch and Briggs (1953). They found amino acid content, 

at least in bark cells of black locust (Robinia pseudo-acacia L.), difficult to 

monitor because the amino acids were rapidly converted into proteins. 

Amino acids have been examined in relation to cold hardiness in different 

plant organs of many species (Sakai and Larcher 1987). Sagisaka and Araki 

(1983) examined 31 species and grouped them inlo Ihree categories: i) a group 

which accumulated arginine alone, ii) a group which accumulated proline alone 

and iii) a group which accumulated arginine and proline and required chilling 

tempe ratures tor regrowth. The seasonal cycle of soluble amino acids in relation 

to cold tolerance in deciduous trees and other plant species has been weil 

documented (Pomeroy m..al. 1970, Steponkus 1984, Guy ~. 1985, Tseng and 

li 1987, Yelenoski ~. 1987), and in general indicates an autumnal increase 

in amino acids (li 1987, Sakai and Larcher 1978). 

Li~. (1965) classified amino acids in Red-Osier Dogwood (Cornus 

stolonifera Michx.) into three groups. Group 1 decreased during cold acclimation 

and included aspartate, glutamate, alanine, valine and glycine. Group Il amino 

acids increased in concentration during cold acclimation and included glutamine, 

phenylalanine, leucine, and isoleucine. Group III fluctuated in concentration 

during cold acclimation, and included serine, threonine, asparagine and cystine. 

Kandarova (1964) detected large quantities of proline which appeared before 

development of deep dormancy in resistant trees. He observed that free amino 

acid content of the buds and bark of cold-hardy deciduous trees increased sharply 

in March but, in non cold-hardy deciduous trees, it remained the same or 

declined. 

Free amino acids of cherry flower buds were examined in an attempt to 

study spring frost hardiness. The content of phenylalanine, proline, threonine, 

arginine, histidine and glutathione in pollen of cherry was positively correlated 
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with flower cold resistance (Kan'shina 1964). Isoleucine, valine, alanine, and 

asparagine content of pollen showed no relation with the cold resistance of the 

flower buds (Kan'shina 1964). Pauli and Zech (1964) reported that alanine, 

arginine, aspartic aCid, glutamic acid, and histidine content of water-soluble 

proteins extracted from crowns of winter wheat reached a maximum during the 

period of greatest hardening and decreased during dehardening. They concluded 

that with the exception of alanine, these amino acids provided soluble proteins 

with reactive side chains, which could increase the rate of contact between the 

protein and other substances within the cytoplasm. 

Amino acids with polar side chains have been associated wilh hardiness by 

many authors (Parker 1962, Van Huystee 1965, Smith 1968, Sagisaka 1974, 

Sagisaka and Araki 1983). Proteins with a high proportion of polar amino acids 

were increased in hardy twig sections of Red Osier Dogwood (Cornus stolonifera 

Michx.) compared with non hardy material. Van Huystee (1965) suggested that 

proteins rich in polar amino acids increase the hydrophilic capacity of protein 

colloids, preserve water, and prevent denaturation of protein when the 

protoplasm is dehydrated by extracellular ice formation. 

While many studies have reported changes of amino acids and soluble 

protein in shoots, bark or leaves, little is known of variation in total protein, 

insoluble protein and amino acids in the flower buds themselves. Insoluble 

proteins may be important in cold hardiness. Clarke m..al. (1979) reported that 

arabinogalactan-proteins (AGP) have a water-holding capacity, and may be 

involved in trost and drought resistance. AGP have been found in many plant 

species and consist of a small proportion of protein rich in 4-hydroxyproline 

and a large proportion of carbohydrates. The extreme insolubility of AGP makes 

them difficult to isolate without a degradative procedure (Hag and Adams 1961, 

Lamport and Miller 1971). 

Carbohydrates 
Sorne investigators have studied the seasonal and daily distribution of 

carbohydrates and reported sucrase, fructose, glucose and sorbitol are the major 

water soluble carbohydrates in apple trees (Sakai 1966, Chang 1971, Chong and 

Taper 1971). Many studies have related seasonal changes of carbohydrate content 

to cold hardiness in plants (Levitt 1956, Sakai 1966, Smith 1968, Heber .aLal. 
1979, Raese e.Lal. 1977, 1978, Siminovitch 1981, Ichiki and Yamaha 1982, 

Krause m..al. 1982, Santarius 1982, Reich 1985). 



( Donoho and Walker (1960a, 1960b) reported electrical conductance was 

weil correlated both with survival of peach trees subjected to cold temperatures 

and with total reducing sugars. Layne and Ward (1978) found that increases in 

total sugars, sucrose, and reducing sugars in "Redhaven" peach flower buds was 

associated with increases in their ability to withstand low temperatures. 

However, they reported that hardiness of flower buds was not correlated with 

total carbohydrates or starch. Cold hardiness was found to be related to high 

levels of total sugars (fructose, glucose, sucrose and sorbitol) in combined apple 

bark and wood samples (Raese ilLal. 1978). Raese.eLal. (1977) reported that 

temperature had a marked influence on the carbohydrate content of excised 2-

year-old apple shoots; increases in carbohydrates were greatest at the early 

stage of hardening in each of the three years studied. They observed starch levels 

were inversely related to fructose, glucose, and sucrose and levels of soluble 

sugars in the wood were higher at below -o. SoC th an at warmer temperatures. 

Taylor and Ferree (1986) observed no differences between cropped and 

non-cropped apple trees in terms of water-soluble reducing sugars in March or 

June. However Reich (1985) reported that deblossoming apple trees increased 

fructose levels, but had no effect on sorbitol and glucose. Pruning had an inverse 

effect on starch content but had no effect on sorbitol or glucose. 

ln 1987 Brown and Blackburn reported that "there was a suggestion that 

a heavy fruit load in the 1980 crop year in Eastern Ontario reduced carbohydrate 

reserves, th us reducing the hardiness of sorne trees particularly Northern Spy". 

Minerais 

Studies of seasonal minerai and carbohydrate content began many years 

ago (Murneek and Logan 1932). Nitrogen content in deciduous fruit trees changes 

substantially du ring autumnal leaf senescence prior to cold acclimation (Oland 

1963, Spencer and Titus 1972, D'Kennedy m...al. 1975, Kang and Titus 1980). 

The availability of minerais essential for plant growth is an important factor for 

development of maximum cold resistance. It has been shown that application of 

minerais improves the cold resistance of fruit trees and encourages recovery of 

winter injured trees (Jones 1971). 

Cultural practices such as pruning and fruit thinning affect the nitrogen 

and minerai composition of apple trees. Taylor and Ferree (1986) reported that 

while cropping did not affect P, Fe, Cu, Zn, or Na content in spur leaves. Leaves 
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on non-eropped trees had lower N, Ca, Mg, Mn, and AI compared to those on 

eropped trees. 

ln 1971 Alden and Hermann reported that while frost resistance eould be 

correlated with minerai content the mechanisms were not understood. Since that 

time other workers have identified specifie roles of individual elements in 

protecting plants from freezing in jury. Contem of ions such as potassium and 

phosphate are higher within plant cells than they are in the extracellular 

environment. High internai concentrations of these ions maintain turgor 

pressure, which apparently protect the cell against freezing (Graham and 

Patterson 1982). Il has been reported that frost resistance of tulip poplar 

foliage and alfalfa roots increased with application of potassium (White and Finn 

1964, Calder and Macload 1966). Li à:àl. (1966) speculated that an increase of 

inorganie phosphorus causes an increase of organic phosphorus (lipid, protein. 

nucleic acid, and earbohydrate) whieh consequently increases in frost hardiness. 

They observed that dehardening \ .. as accompanied by an increase in inorganic 

phosphorus and a decrease in total organic phosphorus. 

Determination of frost resistance 

Transformation of liquid-water to ice-crystals and dehydration of cells 

are the major changes occuring during freezing which lead to in jury (Li 1987. 

Sakai and Larcher 1987). Various methods have been introduced for measuring 

cold hardiness and studying plant-tissue-water in relation to freezing in jury. 

The most commonly used procedures are as follows: 

1) Nuclear Magnetic Resonance (NMR) 

NMR signal intensity is proportion al ta the amount of water in the 

sample. However, in partially frozen samples, both liquid-water and ice

crystals contribute to the NMR signal. NMA is a type of spectroscopy which 

employs radio frequency radiation. The area under the NMR curve is 

proportional to amount of liquid water. Narrow lines appear above the 

freezing point and become broader as freezing progresses. The spectrum for 

pure water is a single absorption line (Burke ill...al. 1976, Gadian 1982). 

2) Calo r i met r y 
Exothermic and endothermic events are measured by relative 

temperature changes in plant tissue with or without a comparable size 



1 dry-sample to monitor the reference temperature. There are three 

different types of "calorimetry" methods which measure the exothermic 

and/or endOlhermic events (Quamme .e1..a1. 1972a, George~. 1974a, 

Burke fâ.il. 1976). 

a) Thermal analysls. This technique measures tempe rature of plant 

tissue using a thermocouple while the sam pie is frozen (Quamme 

1974, Quamme ~. 1975, Quamme 1978, Ashworth .e1.aI.. 
1981). In this melhod, sample temperature is plotted against time 

to detect the exothermic peaks. 

b) Differentiai thermal analysis (OTA). This procedure is a 

modified "thermal analysis". One or more dried samples are used 

along with the tissue samples. The temperature differential 

between the dry-reference and sample are plotted against a 

reference temperature 10 deteel the exothermic peaks ( Stushnoff 

and Junttila 1978, Biermann ~. 1979, Nus~. 1981, 

Andrews and Proebsling 1983, Andrews m...a!. 1983, Kelchie and 

Kammereck 1987). 

c) Differentiai scanning calorimetry (OSe). This method 

measures the amount of water that freezes or thaws between IWO 

experimenlal temperatures. Liberated heat during cooling or 

absorbed heat du ring warming are used to calculate the amount of 

water (Otien 1974). 

3) Viability tests. 
There are several techniques for determination of cold in jury 

using viability tests. 

a) Electrolyte leakage (Electrolyte conductivity). In this 

method the electrolytic conductivity of tissue diffusates is 

measured and percent electrolyte leakage is used for determination 

of hardiness (Ketchie ~ 1972, Raese 1983, Ketchie and 

Kammereck 1987). Different techniques are used to calcul~ted the 

median lethal temperature based on percent leakage. By far the 

most reliable method appears to be fitting a logistic function as 
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formation at -20 C to -30 C. However after the completion of cold acclimation 

flower buds and bark tissues become capable of supercooling to sorne degree and 

water freezes only extracellularly until the limit of cold tolerance is reached 

(Burke m...al. 1976). Further ice formation between the bud seales and the outer 

cortex at supercool temperatures apparently causes no damage (Wiegand, 1906, 

Sakai, 1965). 

Whilst there have been sorne studies of frost in jury and possible frost 

survival mechanisms in apple, no work has been reported up to now on the effect 

of crop load on the spring frost hardiness of apple flower buds. 

The objectives of this research were: i) to obtain precise information on 

quantitative fluctuations of total protein and amino acids, carbohydrates and N, P, 

and K in flower buds of cropped and non-cropped trees, and to elucidate the 

annual cycling of amino acids, carbohydrates and inorganic nutrients in flower 

buds; ii) to clarify the relative importance of total protein, individual amino 

aCids, sugars, starch and N, P, K during flower induction and development; iii) to 

determine whether crop load influenced any of the above mentioned constituents 

of buds; and iv) to determine the effect of crop load on spring frost tolerance of 

apple flower buds using the techniques of electrolytic conductivity and 

diUerential thermal analysis (OTA). 

This thesis is submitted in the form of original papers suitable for 

journal publications. The thesis format has been approved by the Faculty of 

Graduate Studles and Research, McGiII University, and follows the 

conditions outlined in the "Guidelines concerning thesis preparation, 

section 7 Ma'iuscripts and Authorship" which are as follows: 

"The cdndidate has the option, subject to the approval of the Department, of 

Includlng as part of the thesis the text, or duphcated published text (see below), of an 

original paper, or papers. In thls case the thesls must still conform to ail other 

reqUirements explalned ln Guldellnes Concernlng Thesls Preparation. Additianal 

më:'terlal (procedural and deSign data as weil as descriptions of eqUipment) must be 

provlded ln sufflclent detall (e g ln appendices) to allow a clear and precise judgment to 

be made of the Importance and orlginality of the research reported The thesis should be 

more th an a mere collection of manuscrlpts published or to be published. It must 

Include a general abstract, a full Introduction and Ilterature revl.w and 

a final overall conclusion. Connec!lng texts whlch provide lagical bridges between 

dlfferent manuscripts are usually desirable in the Interests of cohesion. 

1] 1] 



It is acceptable for the thesis to include as chapters authentic copies of papers already 

published, provided these are duplicated clearly on fegulation thesis stationery and 

bound as an integral part of the thesis. Photographs or other materials which do not 

duplicate weil must be included ln their original pubhshable form. In lueh Inl'Ine •• , 

conneetlng texte .re mend.'ory and supplementary explanatory material is 

almost always necessary. 

The inclusion of manuscripts co-authored by the candidate and others is 

acceptable but, the candidate IS requlred to make an explicit statement on who 

contributed to such work and to what extent, and supervisors must attest to the 

accuracy of the claims before the oral committee Slnce the task of the Examiners is 

made more difficult in these cases, it is in the Candidate's interest to make the 

responsibilities of authors perfectly clear. Candidates following this option must inform 

The text of the above should be clted ln full in the introductory section of any thesis to 

which it applies." 

Although ail the work reported here is the responsibility of the candidate, 

the project was supervised by Dr. Deborah Buszard, Department of Plant 

Science, Macdonald College of McGiII University. Analysis of tissue samples for 

amino acids and sugars was done by the candidate in the Muscle Biochemistry 

Laboratory, Food Research Centre, Saint Hyacinthe, Agriculture Canada Research 

Branch, under the supervision of Dr. Constantlnos G. Zarkadas. 

For the tirst, second, and third manuscripts, Dr. D. Buszard and Dr. 

C. G. Zarkadas are the co-authors. For the fourth manuscript Dr. D. 

Buszard, Dr. C. G. Zarkadas, and Dr. M. A. Fanous, a statistician, are the 

co-authors. The First manuscript has been submitted to the HortScience. The 

second manuscript is in press in the Journal of Agricultural and Food Chemistry. 

The third manuscript has been submitted to Hortscience. The fourth manuscript 

is in press in the Canadian Journal of Plant Science. 
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Il. QUANTITATIVE DETERMINATION OF TOTAL PROTEIN AND 
GL YCOPROTEIN CONTENT IN DEVELOPING APPLE FLOWER 

BUDS (Malus pumila Mill. cv. Mclntosh/M7). 

Introduct ion 

Quantitative measurements of the protein content of apple flower bud tissues 

present many difficulties, partly because of the presence of large quantities of other 

complex plant constituents (McNeil et al. 1984), but primarily due to the relatively 

small amounts of protein present in buds. In addition, the extracellular matrices of 

the primary cell walls of angiosperms are known to be composed of approximately 

90% polysaccharide and 10% protein (Stuart and Varner 1980). These proteins 

are apparently ail glycoproteins in which a number of proline residues are post

translationally modified to 4-trans-hydroxyproline (Lamport 1980). These 4-

hydroxyproline-rich glycoproteins, viz. extensins, arabinogalactan proteins, etc., 

which are major structural components of the primary cell walls of ail 

dicotyledonous plants (Lamport and Epstein 1983, McNeil m..al. 1984, Cooper m...al. 
1987), are essentially insoluble and difficult to extract with any of the conventional 

protein solvents. 

The most commonly used procedures for total protein determination include 

the Folin phenol method (Lowry et aL, 1951), the biuret method (Gornall and 

Bardawill 1949), the 280/260 nm ultraviolet (UV) absorption method (Warburg 

and Christian 1941, 1942) or the improved 224-236 nm isoabsorbance method 

(Groves et aL, 1968), the 280/205 nm absorption procedure of Scopes (1974). 

the relatively new Coomassie Blue dye binding method of Bradford (1976), and the 

classical Kjeldahl nitrogen procedure (AOAC 1984). The Folin phenol, the Bradford 

(1976) and the UV absorption methods are not weil suited for measuring total 

proteins in intact plant tissue since complele protein extraction and solubilization is 

required and the sensitivity of these methods is affected by the presence of numerous 

interfering compounds, especially phenolics and tannins (Stock .IÜ.-.âI.. 1968, 

Robinson 1979, Peterson 1983, Marks .et.a1. 1985). The Kjeldahl nitrogen mothod 

(AOAC 1984) is the procedure most frequently used by investigators to measure 

protein, owing to its simplicity and precision. However, because a substantial 

quantity of the Kjeldahl nitrogen in plant tissues is derived from non-protein 

nilrogenous compounds, Le., amides, nitrogenous glucosides, nucleic acids, 

porphyrins, fats, alkaloids, ammonium salis, and hormones (Maynard and Loosli 

1969, Westwood 1978), a considerable analytical error can be introduced if the 
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conventional Kjeldahl nitrogen conversion factor of 6.25 is used to calculate the 

actual protein content (Jones 1931). While the Kjeldahl method for determination 

of total protein has been valuable in meeting the most general as weil as specialized 

applications, Heidelbaugh ~. (1975) found that the best estimate of the protein 

content of a biologieal sample is the summation of the amino acid nitrogen content and 

recommended that whenever accu rate data on the protein content of individual tissues 

is required, conversion factors based on the actual amino aeid nitrogen content should 

be used. 

Absolute protein concentration in biologieal materials can be determined if 

the total number of amino acids and the average molecular weight of the amino acid 

residues in the protein composition of the mixture are known. The ami no acid 

method of protein quantitation, parlicularly as presented by Horstmann (1979) and 

Peterson (1983), is based upon knowledge of the amine aeid composition of a protein 

or protein mixture. Horstmann (1979) used an amino acid analyzer, bypassing 

normal column separation, and assumed that the ninhydrin reaction with ail amino 

aeids was essentially equivalent. This method has been subjected to extensive 

evaluation recently (Nguyen .eLaf.. 1986, Zarkadas m..al. 1988a, 1988b) and found 

to be the least variable with respect to a variety of pro teins and plant and animal 

tissues, and yields aceurate estimates of the amount of protein present. 

The present study extends the work reported earlier (Zarkadas m...aJ.. 1988a) 

on oil seeds, cereal grains and other plant tissues and includes the quantitative 

determination of total protein content in developing apple flower buds. The purpose 

of the present study was to compare three different methods for determining the 

protein content of typical apple flower bud tissues: 1) multiplication of Kjeldahl 

nitrogen by 6.25 and the new conversion factor; 2) multiplication of the nitrogen 

content of apple flower buds measured by the sulfurie acid-hydrogen peroxide ashing 

procedure of Thomas et al. (1967) by 6 25 and the new conversion factor; and 3) 

determination of total protein by summation of the amino aCld content of apple ilower 

buds as described by Horstmann (1979). In this study, an attempt was also made to 

determine the total amount of 4-hydroxyproline-rich glycoproteins present in the 

extracellular matrices of apple flower buds from the quantity of 4-hydroxyproline 

present in their acid hydrolysates. 
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Materials and methods 

Plant material and sam pie preparation 
Flower buds were collected from six 30-year-old apple trees (Malus 

pumila Mill. cv. Mclntosh/M7) grown at Macdonald College of McGiII 

University, Ste. Anne de Bellevue, Quebec. Fort Y buds were harvested from each 

tree at bud break (March 29, 1985), and each bud weighed immediately alter 

harvest. Ali the buds from each tree replicate (about 2.68 g) were combined, 

frozen in liquid nitrogen (-1700 C), treeze dried, pulverized in a standard 

electrically-driven Thomas-Wiley mill equipped with a 64 mm stainless steel 

hopper and stationary blades (Arthur H. Thomas Company, Philadelphia, PA.) and 

then stored at -200C in air-tight containers until needed. 

Materials 
Type W-3 cation-exchange spherical resin, sized to 9.0±.O.5 mm 

(Beek man Instruments Inc., Palo Alto, CA.), type DC-6A 11.0±.1.0 mm 

spherical resin (Dionex Corp., Sunnyvale, CA.), L-Tryptophan, D

glucosamine.HCI, D-galactosamine.HCI, and 4-hydroxyproline (Calbiochem

Behring Corp., La Jolla, CA.) and 3-Nitro-L-tyrosine (Aldrich Chemical Co., 

Milwaukee, WI.), purified as described previously (Zarkadas U. 1987) were 

used. The standard amine acid calibration mixture (type H) and norleucine were 

purchased from Pierce Chemical Co., Rockford, IL. In the case of single column 

methodology for determining tryptophan, 4-hydroxyproline and standard amine 

acids, the chemicals and reagents used were as follows: sodium citrate.2H20 

(crystals) (Allied Fisher Scientific. Fair!awn, NJ.) sodium acetate butter, pH 

5.51 (4M), Piersolve (ethylene glycol monomethyl ether), ninhydrin, and 

stannous chloride.2H20 (Pierce Chemical Co., Rockford, IL.). Kjeltabs (Tecator, 

Hoganas, Sweden) containing 3.5 9 potassium sulfate and 3.5 mg selenium used as 

catalysts du ring Kjeldahl digestion were obtained from Allied Fisher Scientific, 

Fairlawn, NJ. Ali other chemicals and reagents were used without further 

purification. 



Total nitrogen determination 

Kjeldahl n itrogen 
The total nitrogen content of the freeze dried samples of apple flower buds 

was determined by the Kjeldahl method (Section 2.058, AOAC 1984). The 

digestion of 0.5 9 of sample was carried out using the Kjeltec digestion system 

(Model 20, Tecator AB, Hoganas, Sweden) with Selenium as the catalyst. Total N 

was determined by distilling the ammonia from the Kjeldahl digests Into 4% 

borie acid and titrating with standard acid using the Kjeltec distilling and 

titration unit (Model 1002). 

Automated analysis 
The sulfuric acid-hydrogen peroxide wet ashing procedure of Thomas ~ 

â1.. (1967) was used and the total nitrogen in these digests was determined as 

ammonia by the indophenol blue method of Ferrari (1960) using the automated 

Technicon AAII analyzer (Technicon Instruments Co., Tarrytown, NY). 

Procedure for amino acid analyses 
Amino acid analyses were carried out using a conventional semi

automated amino acid analyzer (Beckman Spinco Model 120C) modified for 

accelerated chromatography to accommodate both the 0.6 cm and 0.9 cm diameter 

columns with adjustable column fittings as described previously (Zarkadas eLal. 

1986). These minor modifications increased the sensitivity of the semi

automated amino acid analyzer so that amino acid analyses could be carried out at 

the nanomole level using single column methodology as follows: 

Hydro.ysls of apple flower bud ti ssue. Powdered apple flower bud 

samples (50 mg) were hydrolyzed in Pyrex test tubes (18 x 150 mm) under 

vacuum (below 20 mm of mercury) with 5.0 ml of triple-glass distilled 

constant boiling Hel (S.OM) at 1100C in duplicate for each of four times (24, 

48, 72 and 96 h) with the usual precautions described by Hunt (1983). 

Standard amine acid analyses were carried out on a 40 x 0.6 cm column of 

Beckman type W-3 cation exchange resin using the elution buffers recommended 

by Fauconnet and Rochmont (1978) for ninhydrin analysis. The data reported 

for serine, threonine and tyrosine represent the average of values extrapolated to 

zero lime of hydrolysis. Addition of phenol (10-15 uL) to the hydrolysates 
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prevented chlorination of tyrosine. The values for valine, Isoleucine, leucine and 

phenylalanine are averages of data from 48, 72 and 96 h of hydrolysls. Ali 

others are reported as the average values from 24, 48, 72 and 96 h of 

hydrolysis. 

4- Hydroxyproline was determined separately from a coneentrated 

hydrolysate (equivalent to 0.1 mg of protein/analysis) by the procedure of 

Zarkadas m..al. (1986). In thls system, 4-hydroxyproline and aspartic acid 

were completely separated and emerged from the the column at 28.5 and 32.7 

min, respectively. Recoveries of 4-hydroxyproline were ealeulated relative to 

alanine, which elutes at 68.5 min. 

Methionine and cyst(e)ine were determined separately by the performie 

acid procedure of Moore (1963). Norleucine was added to the hydrolysate as an 

internai standard, and the recovery of cyst(e)ine as cystele aeid and methionine 

as methionine·S,S-dioxide were calculated in proportion to the yields obtained 

by the performic acid treatment of standard solutions of the se amino acids and 

relative to the amount of alanine and leucine present in the samples. 

Tryptophan in 10Q-mg apple flower bud samples was also determined 

separately after alkaline hydrolysis (Hugli and Moore, 1972) by a rapid method 

(Zarkadas U. 1986) using 3·nitrotyrosine as the internai standard. Elution 

times for 3·nitrotyrosine and tryptophan were 28.5 and 56.2 min, 

resp~ctively . 

Determination of total protein 
Data processing and quantification of protein in the hydrolysates were 

carried out by the method described by Horstmann (1979). According to this 

method, a mean residue weight (WE in J..lg/nmol) is cafculated for the amino acids 

constituting the proteins in the apple flower bud tissue by the following equation: 

19 

(1) WE =~(ai. bl) 

i= 1 

where ai is the mole fraction of a specifie amino acid i found in the analyzed 

aliquot and bi is the molecular weight of amino acid residue i. A conversion 

factor, F, which is the apparent averAge residue molecular weight (in mg/nmol) 

of the apple flower bud proteln mixture, increased in proportion to the missing 



tryptophan and cyst(e)lne resldues from acid hydrolysates. was used for 

determlning the protein mass in each hydrolysate sam pie analyzed as follows: 

WE 

(2) F .. 

where aI.l:Jl and ac.n. are the mole fractions of the specifie amino acids 

tryptophan and cyst(e)ine per mole of total amino acid composition. Similarly, 

the F' factor is also calculated from eqn (2) but in the absence of tryptophan, 

cyst(e)ine, proline and 4-hydroxyproline. Both F and F' calculated values are 

constants characteristic of apple flower buds and can be used in ail subsequent 

quantitations of this tissue following standard procedures as described by 

Horstmann (1979) and Peterson (1983). 

The protein concentration (P) of each hydrolysate was then calculated trom the 

tollowing expression: 

1 7 

(3) p= F ~ Xi 

l= 1 

where Xl are the namomoles of amine acid i found in the analyzed aliquot. 

Determination of the extracellular matrix cell wall 4-

hydroxyproline-rich glycoproteins 
ln this study, an attempt was made to relate the amounts of the protein

bound 4-hydroxyproline, a unique amine acid which occurs e)(clusively in the 4-

hydroxyproline glycoproteins of the primary cell walls of ail dicotyledonous 

plants, Le., extensins, arabinogalactan proteins, and salt-extractable glyco

proteins (McNei! m....aJ.. 1984, Cooper ~. 1987), to the major components of 

these extracellular matrix proteins in apple flower buds. This quantitation is 

based on three major findings: tirst, that the 86 KOa carroI extensin monomer 

consists of 35% protein and 65% carbohydrate; secondly, that the 30 KDa 

protein moiety contains 306 amino acids in its primary sequence (Chen and 

Varner 1985a, 1985b, Smith .e.Lal. 1986) and has a mean residue weight: WE = 

0.1095 ng/nmol; and third, that 4-hydro)(yproline makes up 45.5% of the 

polypeptide backbone, corresponding to 455 4-hydroxyproline residues per 



1 

l 

thousand amlno acld residues. The anhydrous of 4-hydroxyproline Mri is 

113.12. 

A general method to calculate the amount of a specifie protein i present in 

apple flower buds from the quantitative determination of a given unique amino 

acid i which is known to occur exclusively in that specifie protein (j) is as 

follows: 

[ 1000) WEpi 

(4) 
n'· 1 

where Pi is the concentration of a specifie primary cell wall glycoprotein i 

expressed in 9 per kg total protein, Cj is the me an concentration of a unique 

protein-bound amine acid 1. Le., 4-hydroxyproline (in g/kg of total apple flower 

bud protein), WEpi is the weight equivalent of a specifie protein i determined 

trom its amine acid composition using eqn (1) according to Horstmann (1979), 

and n'i is the number of residues of a unique amine acid residue i per 1000 

amino acid residues. 

The amine acid composition of the 86 KDa carrot extensin monomer, 

which has been the most characterized of the 4-hydroxyproline-rich 

glycoproteins (Stuart and Varner 1980, Van Hoist and Varner 1984, Stafstrom 

and Staehelin 1986, Cooper ~. 1987) has been used as a standard for 

comparison in this study. Substituting the computed parameters for extensin 

from the data reported by Van Holst and Varner (1984) [i.e., extensin: n'i = 

455; WEpi = 0.1095; Mri = 0.1131] in eqn (4), the total 4-hydroxyproline

rich glycoproteins ln g/kg total protein in apple flower buds can be calculated as 

shown below: 

(4a) amount of extensin [Pext-1] = amt of Pro[4-0H] x 2.128 
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Results and discussion 

One complication encountered in determination of protein by the analysis of 

nitrogen in apple flower buds by the Kjeldahl procedure was that a substantial 

quantity of Kjeldahl nitrogen is derived from non-protein nitrogenous constituents 

of this tissue (Benedict 1987). The commonly used protein conversion factor of 

6.25 calculates a higher than actual protein value in apple flower buds (Table 1). 

It was found that the total nitregen of replicate sampi es determined either 

by the Kjeldahl or the Thomas .m..al. (1967) method was significantly higher than 

the total protein nitrogen determined by the summation of amino acids nitrogen 

(Table 1). The three methods used gave nitrogen levels which differed by as much 

as 42.87%. Similar differences between methods have been reported previously by 

Heidelbaugh .m..al. (1975) and Benedict (1987). 

To correct for this variance, a new factor (5.51) for the conversion of 

Kjeldahl nitrogen to protein content was devised, which was based on the 

summation of the amino acid nitrogen content of this plant tissue (Table 2). While 

these results are in accord with the factors reported for almonds (5.18), peanuts 

and Brazil nuts (5.46), tree nuts and coconuts (5.30), etc. (Benedict 1987), the 

data of Table 1 show that even with the use of the new factor, a higher protein 

content was calculated in apple flower buds analyzed by the Kjeldahl procedure 

than that calculated from amino acid analyses as described by Heidelbaugh m..al. 

(1975) and Horstmann (1979). 

These authors found that the best estimate of the true prote in content of a 

biological sample is the summation of the amino acids released after total acid 

hydrolysis in 6M Hel, and because it takes into consideration their different 

contributions to the total protein weight. Analysis of acid hydrolysates of apple 

flower buds is presented in Table 2. The values in Table 2 show deviations of less 

than ±,3.0% from the average values obtained between three replicates within the 

same treatment. The least variability in amino acid content was found when the 

results were expressed as g of amino acids per Kg of anhydrous, fat and ash-free 

tissue protein, because the influence of ail non-protein constituents of this tissue 

was eliminated. 



Table l, Companson of three methods for delerminlllg lolal mlrogen and prolelll conlenl of apple flower buds harvested al bud break (9 per 100 9 dry malter) 

Methods lor determmmg total ndrogen and protem mtrogen 

A B C 
% dillerences between methods 

Sullunc aCld.hydrogen Kleldahl, Sum 01 ammo aCld 
peroxlde ashmg nltrogen 

(Thr.lmas il...iL. 1967) (AOAC 1984) (Heldelbaugh ~ 1975) 

Component 

Nitrogen 

Methods lor calculatmg 
total protem 

Sum 01 amlno aads 

N x 625 

N x5S1§ 

meBl'l;tSEMt 

1.917.:t.0 10~ 

11 979.:t.0 104a 

10 555.:t.0 12ga 

cv ~ei CV mean.:t.SEMY 

1 51 1 654.:t.0 04Sb 475 1.09S.:t.0 01Sc 

6 029.:t.0 058 

1 51 10 337.;t.0 284b 4 75 6 800.:t.0 032c 

1 51 09 1 08±0 2501> 4 75 6 031±0 084c 

t Mean values and standard error 01 the means (SEM) lor 6 rephcates and 30 determlnatlons, CV, coelhaent 01 vanallon 

\' Mean values and standard error 01 the means (SEM) lor 3 rephcates and 24 determmallons 

CV 

237 

237 

237 

237 

a,b,c Means, W1thm a row wdh dlfferent supercrlpts are Slgmflcantly dlfflerent at the 1% level by Duncan's new muillple range test 

§ The new factor for convertlng KJE!ldahl mtrogen Into protem content was calculated by the followlng ana/ytlcal convention 

100 g total nIIrogen 

AandB 

(A-B) 
__ x 100 

A 

13.71 

Proleln conversIon faClor = --------------- where N%=18 16 caJculated Irom the ammo aad data 01 Table 2 
percent ammo acld nIIrogen ("IoN) 

'rl ... • ;-"If 

AandC BandC 

(A-C) (B-C) 
__ x 100 __ x 100 

A B 

4287 33.79 

~ 



Table 2 The amlno acid composllion and proleln conlenl of apple lIower bud tissues harvesled al bud broak • (March 29. 19B5) 

Amlno aCld (M) g of AA par Kg of Mean mole Mean reslduo 
lolal proteln fracllon. % welght .lIg 

... I~ CV (81lY (al bl)Y 
_____ ~_M 

Aspartlc acld 108.76±.1.07 242 1036 0011919 

Threontne 43 13±.0 77 436 468 0004727 

Serine 41 31%,1.51 896 520 0004526 

Glutamlc aCld 12462±.1 40 275 1059 0013659 

Praline 4635±.064 340 558 0005413 

Glycine 5235.t.0 50 235 1006 0005731 

Alanine S009.t.046 225 773 0005487 

Cysl(e)ine 11 04.t.0 25 556 117 0001210 

Valine 57 41,t.0 84 358 635 0006290 

Melhiontne 2732.t.067 602 228 0002992 

Isoleucme 5183.t.059 277 502 0005674 

LeUCine 80 89.t.O 90 274 784 0008857 

Tyrosme S084.t.124 598 342 0005570 

Phenylalantne 51 69.t.0 43 202 385 0005662 

Histidine 7591,t.1 38 445 649 0008314 

ArglOlne 6592.t.098 365 463 0007129 

Tryplophan 5 35.t.0 13 582 032 0000585 

4-Hydroxyproltlle 2395±.037 382 232 0003043 

Total AA recovered 994 84.t.0 41 011 10000 

Ammonta 2742.t.06O 515 

Total AA mtrogen 

(g/k9 lotal proleln)§ 181 6O.t.0 80 1 15 

Mean resldue wt (WE). I1g 

(dellned by eqn 1)~ o 109685.±.0 00007 

Conversion factors. 119 

(dellned by eqn 2)~. F o 111343.±.0 00006 

p o 121056.±.0 00016 

Tolai prolem (g/kg dry welght 

calculaled Irom eqn 3)~ 60 29.t.0 59 237 

Exlracellular matrlx glyco-

prote," (dehned by eqn 4)11 

9 kg lolal proleln 50 95i4 43 20 43 

glkg dry maller 309i025 2043 

TOOlo 2 conllnuùd 
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Table: 2 (contmuc:d) 

t Mean values and standard error 01 the means (SEM) lor 3 repflcates and 24 determinallons. Cv. coelllcient 01 variation. 

V ails the mole Iradlon 01 a specHlc a'll.no ac.d 1 lound .n the analyzed sample. b •• 5 the molecular we.ght 01 amine aCld residue 1; 

19 

and 2,(a
l 

b
l
) .s the mean we.ght eqUivalent (WE) 01 AA ln that prote," mixture 

.=1 

§ Calculatod accordlOg to He.delbaugh itl..JII. (1975) 

• The total proteln • WE. F and F' constant were calculated aeeordlng to Horstman (1979) 

1/ Data lor 4-hydroxyproline-r.ch glycoprotmns were calculated Irom the amounts 01 4-hydroxyproline found in the acid 
hydrolysates 01 apple 1I0wer buds accordlOg to eqns (4) and (4a), and represent Ihe mean values 01 12 determinahons from 
Ihree ropllcales 



, 

The protein concentration of individual hydrolysate samples was 

determined by the procedure described by Horstmann (1979). The average 

weight equivalent (WE, J1g/nmol) and conversion factors, F and F' (~g/nmol) 

obtained are listed in Table 2 and can be used in ail subsequent quantitations of 

protein in this tissue following standard procedures (Horstmann, 1979). 

Because tryptophan is destroyed during acid hydrolysis of proteins in 6M Hel, 

cystine is converted to cysteine, and asparagine and glutamine are converted 

respectively to aspartic and glutamic acids, these considerations were taken into 

account in calculating the conversion factor F, which is the apparent average 

residue molecular weight of this protein mixture increased in proportion to the 

missing tryptophan and cyst(e)ine residues [eqn (2)]. Similarly, the F' factor is 

also calculated trom eqn (2) but in the absence of tryptophan, cyst(e)ine. 

proline and 4-hydroxyproline. Apple flower buds harvested at bud break 

contained 6.03% total protein on a dry weight basis (Table 2). The moisture 

content of this plant tissue averaged 47.3 %. 

To determine whether 4-hydroxyproline could be used as an index for 

determining the 4-hydroxyproline-rich glycoproteins of the primary cell wall 

of plant tissues, 4-hydroxyproline content of apple flower buds (cv. 

Mclntosh/M7) was determined at the nanomole range by the single-column 

chromatographie method described previously (Zarkadas m...aJ.. 1986). Typical 

chromatographie separations obtained for 4-hydroxyproline and other amino 

acids by this system are iIIustrated in Fig. lA. As may be seen in Fig. 1 B, 4-

hydroxyproline from a 24 h apple flower bud acid hydrolysate sam pie separated 

completely from aspartic acid and they eluted from the column at 32.2 and 36.7 

min, respectively. Recoveries of 4-hydroxyproline can be ealeulated relative to 

alanine, which e/utes at 74.5 min. Fig. 1 B also shows the complete separation of 

three major and two minor, as yet unidentified ninhydrin-positive peaks with a 

characteristie higher absorbanee at 440 nm eompared to 570 nm. Eaeh of the 

live unknown peaks was assigned an Arabie number to indieate its relative order 

of elution from the column, followed by its retention lime in minutes as follows: 

peak 1, 12.7; 2, 17.5; 3, 23.0; 4, 27.2 and 5, 32.2 min. The identity of these 

compounds has not yet been established and further detailed studies are required 

to ascertain their nature. 
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1 The presence of considerable amounts of 4-hydroxyproline in the acid 

hydrolysates of apple flower buds is highly significant. The values obtained for 

protein-bound 4-hydroxyproline show low coefficients of variation, and w!thin 

the precision of the presRnt methodology (±.3.0%), recoveries were found to be 

quantitative (Table 2). Based on the known distribution of 4-hydroxyproline in 

the primary sequence of the glycoprotein moiety of carrot extensin (Cooper m..al. 

1987), which has been used as a standard for comparison in this study, the content 

of 4-hydroxyproline-rich glycoproteins in the primary cell walls of apple flower 

buds was calculated by multiplying the amounts of 4-hydroxyproline found in 

their acid hydrolysates (Table 2) by the conversion factor 2.128 [eqn (4a)]. The 

results summarized in Table 2 show that the amounts of 4-hydroxyproline-rich 

glycoproteins in the primary cell walls of apple flower buds average 5.09% of 

total protein corresponding to 0.31 % of the dry weight or 0.16% of the fresh 

weight of this plant tissue. Using this sensitive method, further studies are now 

being carried out to quantitatively establish the levels and variation of these 

important primary cell wall glycoproteins in flower buds du ring the seasonal cycle 

of this deciduous tree. 
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Connecting text 

Comparison of three different methods for determination and calculation 

of protein, and arnino acid content of apple flower buds at bud break (Malus 

pumila. Mill. cv. Mclntosh/M7) showed great variabilty in the amounts 

calculated depending on the method of calculation. This difference is because of 

incorporation of nitrogen from other sources (nucleic acids, amide, etc.) when 

using the Kjeldahl or hydrogen peroxide sulfuric acid procedures (Benedict 

1987). By far the most precise method for the quantitation of protein in plant 

tissues appears to be the ninhydrin reaction of amino acids. This method is based 

on the summation of amino acid content, as determined by chemical analysis. 

Using this method, the next experiment was carried out to determine if the levels 

of protein and amino acids changed during the development of apple flower buds 

trom inception to flowering, including the period of cold acclimation and 

dormancy. 

Benedict, R. C. 1987. Determination of nitrogen and protein content of meat and meat 

products. J. Assoc. Off. Anal. Chem. 70:69-73. 



'. III. SEASONAL VARIATION OF PROTEINS AND AMINO 
ACIDS IN APPLE FLOWER SUDS (Malus pumi/a Mill., 

cv. Mclntosh/M7) 

Introduction 

The level of nitrogenous compounds in deciduous fruit trees changes 

substantially during autumnal leaf senescence when much of the leaf nitragen is 

translocated into spurs and smaller twigs and thence into older shoot bark 

(Murneek and Logan, 1932; Oland, 1963; Spencer and Titus, 1972; O'Kennedy 

et al., 1975; Kang and Titus, 1980). Amino acids stored in the woody tissue of 

fruit trees are of particular importance in the early stages of spring growth 

since at this time environmental conditions for absorption and translocation of 

nutrients are not always optimal (Batjer and Rogers, 1952; Boynton, 1954). 

This reserve nitrogen is utilized early in the spring for the developrnent of 

flowers and leaves (Tromp and Ovaa, 1971, 1979; O'Kennedy and Titus, 1979). 

Most studies on nitrogen metabolism in apple trees report chang~s of amine acids 

and soluble protein in shoots, bark or leaves, but liUle is known of the variation 

in the levels of these cellular constituents in the buds themselves, 

The molecular mechanisms that contro! higher plant grow·h and 

development, dormancy, and remarkable adapt;!tion to low temperatures are not 

weil understood (Goldberg, 1987; Tseng and Li, 1987). Il is not known, for 

example, how meristems originate and give rise to the morphological pattern 

specifie for vegetative organ systems (Ieaf, stem, lOot) and floral organ systems 

(petai, stamen, pistil), nor is it known how the underlying molecular processes 

can regulate differential gene expressions that determine fiower patterns in 

higher plants (Kamalay and Goldberg, 1980; Singer and McDantel, 1986). 

There is sorne evidence that oligosaccharide fragments trom plants' cell walls 

may play a role in flowering (Tran Thanh Van et aL, t 985); however, thls 

result awaits confirmation. 

The seasonal cycle of soluble cellular constituents in relation to cold 

tolerance in deciduous trees and other plant species, has been weil documented 

(Levitt and Siminovitch, 1940; Siminovitch and Briggs, 1949; Siminovitch, 

1963; pomeroy et aL, 1970; Steponkus, 1984; Guy et aL, 1985; Tseng and Li, 

1987; Yelenoski et aL, 1987), and in general indicates an autumn increase in 

soluble proteins, sugars, and nucleic acids. While these studles t'lave emphasized 



that the development of cold tolerance in shoots, bark or leaves Is closely 

associated with a general augmentation of total soluble proteins in the 

protoplasm, including augmentation of cell organelles and other membranous 

components of the cell (Pomeroy et al., 1970; Singh et aL, 1977a, 1977b; 

Johnson-Flanagan et aL, 1986; Johnson-Flanagan and Singh, 1987), there is 

litlle information on the insoluble cell wall or membranous proteins of higher 

plants, and very IiUle has been done toward studying the problem from the 

biochemical point of view. The work of Lamport (1980) demonstrated that the 

extracellular matrices of the primary cell walls of angiosperms are comprised of 

glycoproteins in which a number of proline residues are post-translationally 

modified to 4-trans-hydroxyproline. The 4-hydroxyproline-rich 

glycoproleins, Le., extensins, arabinogalactan proteins, and salt-extractable 

glycoproteins and agglutinins, which are major structural components of the 

primary cell walls of ail dicotyledonous plants (Lamport and Epstein, 1983; 

Fincher et aL, 1983; MeNeil et aL, 1984; Cooper et aL, 1987; Averyart

Fullard et al.. 1988), are difficult to extract with conventional protein solvents. 

Jian et al. (1987) have recently found increased levels of glycoproteins at the 

cell surface of different hardy wheat varieties suggesting that one of their 

functions is to increase treezing tolerance in plants. 

The present study attempts to establish the levels and variation of total 

protein as weil as the individual amino acids in apple spur buds (Malus pumila 

Mill. cv. Mclnlosh/M7) from bud inception (July) 10 the first pink stage 

(April). The aims were 1) to oblain information on quantitative fluctuations of 

these cellular constituents in this species; 2) to clarjfy the importance of each 

amino acid during flower induction and accumulation of storage proteins in 

overwintering apple buds; and, 3) to ascertain whether or not similar seasonal 

changes occur in the total amount of 4-hydroxyproline-rich glycoproteins found 

in the extracellular matrices of the primary cell wall of apple flower buds. 



Materials and methods 
Materials 

Type W-3 cation-exchange spherical resin, sized to 9.0 ±. 0.5 um was 

obtained from Beckman Instruments Inc., Palo Alto, CA, while type DC-6A 11.0 

.±. 1.0 um spherical resin was purchased from Dionex Corporation, Sunnyvale, 

CA. L-Tryptophan, D-glycosamine.HCI, D-galactosamine.HCI, and 4-

hydroxyproline were obtained from Calbiochem-Behring Corp., LaJolla, CA. 3-

Nitro-L-tyrosine was purchased trom Aldrich Chemical Co., Milwaukee, WI, and 

was purified as described previously (Zarkadas et al., 1987). The standard 

amino acid calibration mixture, Piercesolve Cethylene glycol monomethyl 
ether), ninhydrin, and stan nous chloride.H20 were purchased trom Pierce 

Chemical Co., Rockford, IL. Sodium citrate, dihydrate (crystals) was obtained 

from Allied Fisher Scientific, Fairlawn, NJ. Ali other chemicals and reagents 

were of the highest purity commercially available and were used without further 

purification. 

Experimental Procedure. 

Collection of Plant Material and Sample Preparation. 
Buds were collected from six 30-year-old apple trees, Malus pumila 

Mill. cv. Mclntosh/M7, at the Macdonald College of McGiII University orchard, 

Ste. Anne de Bellevue, Quebec. Fort y buds tram spurs on two- ta three-year-old 

wood, assumed to be flower buds (90%), from each tree were combined, and 

quickly frozen at -1700C. Ali tissues were Iyophilized for 24 h, ground in a 

standard electrically driven Thomas-Wiley Intermediate Model mill equipped 

wlth a 64 mm stainless steel happer and stationary blades (A.H. Thomas 

Company, Philadelphia, PA), and stored in small plastic bottles at -200 C for 

subsequent analysis. 

Extraction Procedure for Apple Flower Sud Tissues. 
To remove ail traces of soluble amino aClds and other compounds from 

apple flower bud tis~ues, samples (2-3 g) of the pulverized tissues were 

extracted with a mixture of 0.1 M HCI in 75% ethyl alcohol (Rangeley and 

Lowrie, 1976). The samples were suspended in 200 ml of extraction solvent, 

homogenized for 3 min in a VirTis Model 45 (VirTis, Gardiner, NY) homogenizer 

(speed set at 30/100), and the homogenates were centrifuged at 50,000 x 9 



(88-34 Sorvan rotor) for 30 min at 20C. The supernatants were removed and 

drled under vacuum (Buchi, Rotavapor, Switzerland) at 4SoC. The pellet was 

suspended in the sa me extraction solvent and the extraction procedure was 

repeated twice. The final pellets were suspended in 20 volumes acetone, and the 

suspension was again centrifuged as before. The pellets from the final 

centrifugation were dried at 500e overnight, and then placed under vacuum to 

remove the last remnants of solvent. The dried pellets were finally ground to 

pass through a 40 mm sereen and stored at -200C until needed. 

Procedures for Amino Acid Analyses. 
Amino acid analyses were carried out on a semiautomated amino acid 

analyzer (Beckman 8pinco Madel 120C) using single-column methodology as 

described previously (Zarkadas et al. 1986). 

Seasonal changes in amino aeids and proteins of apple flower buds were 

determined on 50-mg samples of Iyophilized powders. Samples were hydrolyzed 

in Pyrex test tubes (18 x 150 mm) under vacuum (below 10 J.lm of mercury) 

with 15.0 ml of triple-glass distilled constant boiling HCI (6_0 M) at 1100C in 

duplicate for each of four times, 24, 48, 72 and 96 h, respectively, with the 

usual precautions described by Hunt (1985) and Zarkadas et al. (1988). 

The data reported for serine, threonine, and tyrosine represent the 

average of values extrapolated to zero time of hydrolysis. Addition of phenol 

(10-15 J.lL) to the hydrolysates usually prevented chlorination of tyrosine. The 

values for valine, isoleucine, leucine and phenylalanine are averages of data from 

48, 72 and 96 h of hydrolysis. Ali others are reported as the average values 

from 24, 48, 72, and 96 h of hydrolysis as described previously (Zarkadas et 

aL, 1988). 

The 4-hydroxyproline was determined separately trom concentrated 

hydrolysate (equivalent to 0.1 mg of protein/analysis) by the procedure of 

Zarkadas et al. (1986). Recoveries of 4-hydroxyproline were calculated 

relative to alanine. Methionine and cyst(e)ine were delermined separately (50-

mg) by the performic acid procedure of Moore (1963). The recovery of cystine 

plus cysteine as cysleic acid and of methionine as the methionine S,S-dioxide was 

calculated relative 10 the yields oblained by the performic acid trealment of 

standard solutions of these amino acids and relative ta alanine and leucine present 

in the samples. 



Tryptophan in apple flower bud samples (50 mg) was also determined 

separately after alkaline hydrolysis (Hugli and Moore, 1972) by a rapid method 

(Zarkadas et al., 1986), using 3-nitrotyrosine as the internai standard. 

Data processing and regression analysis of the amino acid data were 

carried by the General Linear Model (Gl~) procedure of the Statistieal Analysis 

System (SAS, 1985). 

Predicting Properties of Proteins From Amino Acid 
Compositions. 

Sinee amino acid compositions represent a large body of easily accessible 

data that is not clearly related in any simple way to useful structural properties 

of proteins, it would be useful if there were unequivocal ways of grouping the 

amino acids into classes with distinct properties in the hope that sueh classes 

correlate to sorne extent with the rather general properties of the proteins in 

mixtures. One feature of protein structures that is fairly reliable is the tendency 

of the side chain of charged or very polar amino acid residues to be external, 

interaet strongly with water, and have high solubility in waler. At the opposite 

end of the polarity scale are the apolar or hydrophobie side chains which tend to 

have low solubility in water and therefore will be internai (Bigelow, 1967; 

Nozaki and Tanford, 1971). 

One feature of protein structures that should be attainable from amino 

acid composition is predicting whether a protein or prote in mixture is associated 

with membranes, and thus should have a larger number of nonpolar residues and 

fewer charged residues, or whether a protein mixture is located in the cytosol in 

which case it should resemble a typical soluble nonmembrane protein(s). 

Barrantes (1973, 1975) has grouped the amino acids into four classes: total 

charged; hydrophylic; hydrophobie; and apolar, and simply eompared the ratio 

(R) of the frequencies of occurrence (X) of whatever parlicular sida chains of 

proteins one wishes to stress, e.g., 

rkXk 
R=---- (1 ) 

ri Xi 

where k can be hydrophilic and i hydrophobic side chains, or Is. polar and 

i nonpolar as defined by Barrantes (1973) below: 



Basle: histidine + lysine + arginine; 

Acldlc: aspartic + glutamie + asparagine + glutamine; 

Total charged: basic + aeidie; 

Hydrophlllc: total eharged + threonine + serine; 

Hydrophobie: valine + methionine + isoleueine + leucine + 

tyrosine + phenylalanine + tryptophan; 

Apolar: hydrophobie - tyrosine; 

Ratio 1 (R1): hydrophilic/hydrophobic; 

Ratio 2 (R2): hydrophilic/apolar; 

Ratio 3 (R3): total charged/hydrophobic; and 

Ratio 4 (R4): total charged/apolar. 

Although the partieular choiee of rl3sidues used to construct these ratios is 

somewhat arbitrary (Barrantes, 1973, 1975) one particular ratio scale that 

reliably weights the tendency of charged or very polar re&idues to be external is 

R3. This ratio (R3) is convenient because it spreads out diaerent proteins over 

a wide scale range, tram 0.36 to 2.03, and gives a measure with more 

information about the system. 

Determination of 4-hydroxyproline Glycoproteins. 

Total protein in each apple flower bud acid hydrolysate was determined by 

the procedure of Horstmann (1979) as described previously (Nguyen et aL, 

1986, Zarkadas et aL, 1987). In this study, an attempt was also made to relate 

the amounts of protein-bound 4-hydroxyproline, which oceurs exclusively in 

the 4-hydroxyproline-rich glycoproteins of the primary cell walls of the 

Angiosperms, i.e., extensin, arabinogalactan protein, and salt-extraetable 

glyeoproteins (Lamport, 1980; McNeil et aL, 1984; Cooper et aL, 1987), to the 

contents of these extracellular matrix proteins in apple flower buds. 

Previous studies (Zarkadas et aL, 1988) have shown that a general method to 

calculate the amount of a specifie protein i present in apple flower buds from the 

quantitative determinatlon of a given unique amino acid l which is known to occur 

exclusively in that specifie protein m is as follows: 

[1000) WEpj 

(2) 
n" l 



.. 

where Pi is the concentration of a specifie primary cell wall glycoprotein j, i.e., 

extensin, expressed in 9 per kg total protein, Ci is the mean concentration 01 a 

unique protein·bound amino acid 1. Le., 4-hydroxyproline, in 9 per kg of total 

protein, WEpl is the weight equivalent of a specifie protein i determined trom its 

known amino acid composition according to Horstmann (1979), and n'i is the 

number of residues of a unique amino acid residue l per 1000 amino acid 

Since the 86KDa carrot extensin monomer has been the best characterized 

(Cooper et al., 1987), its amino acid composition reported by Stuart and Varner 

(1980) and Van Holst and Varner (1984) has been used as a standard for 

quantitating the 4-hydroxyproline-rich glycoprotein content in apple flower 

buds in this study. This quantitation is based on three major lindings: lirst, that 

the 86KDa carrot extensin monomer (ext-1) consists of 35% protein and 65% 

carbohydrate; second, that the 30KOa prote in moiety contains 306 amino acids ln 

its primary sequence (Chen and Varner, 1985a, 1985b; Smith et al., 1986) and 

has a calculated mean residue weight: WE = 0.1095 ng/nmol (Horstmann, 

1979); and third, that 4-hydroxyproline makes up 45.5% of the polypeptide 

backbone, corresponding ta 455 4-hydroxyproline residues per thousand amino 

acid residues. The anhydrous Mri of 4-hydroxyproline is 113.12. Substituling 

the eomputed parameters for extensin in eqn (2), the total 4-hydroxyproline

rich glycoproteins in g/kg total protein in apple flower buds can be ealculated by 

the following analytical convention: 

amount of exlensin (Pext-1) = ami of Pro(4-0H) x 2.128 (2 a) 

Results and discussion 

Flower buds ot 30-year·old apple trees (cv. Mclntosh/M7) were chosen 

as an example of a potentially hardy tree tissue because it would be expected that 

the amplitude of protein change in the cells of the vegetative shoot meristem will 

be greatest and easiest to deteet in this fast-growing tissue, even in autumn or 

winter, when tree buds are exposed 10 the greatesl extremes of low 

temperatures, 100C to -sooe or lower. Accurate determination of total protein 

and amino acids in apple spur buds, at various stages of growth and development, 

was carried out at the nanomole range by use of analytieal chromatographie 

methods described previously (Zarkadas et aL, 1986), and the results obtained 



1 are summarized in Table 3. The analytical capability of the present methodology 

and its application to complex tissue hydrolysates, Le., apple fJower buds, have 

been presented previously (Khanizadeh et aL, 1987; 1988). 

Seasonal cycle of amino acids. 
The saasonal changes of amino acids in the buds and levels of statistical 

significance obtained trom analysis of variance as presented in Table 3 represent 

the average values of six replicates and duplicate determinations obtained trom 

duplicate 24, 48, 72 and 96 h acid hydrolysates. These values show deviations of 

less than ±3.0% from the average values obtained between replicates within the 

same sampling period. The least variability occurred whan the amino acid data 

were expressed as 9 of amino acids per 100 9 of anhydrous fat- and ash-free 

protein. The main advantage of this unit of expressing the composition of a 

complex protein mixture is that comparison can be made on a protein basis, and 

that the percentage recovery by weight can be found by simple summation 

(Tristram and Smith, 1963; Zarkadas et aL, 1987). The mean protein 

concentration of each sample was determined by the procedure described by 

Horstmann (1979). The mean residue weight (WE, mg/nmol) and conversion 

factors F and F' (Jlg/nmol) obtained are listed in Table 3, and can be used in ail 

subsequent quantitations of the same tissue following standard procedures as 

described by Horstmann (1979), Peterson (1983) and Zarkadas et al. (1987). 

The results show that although the amino acid profiles of apple flower 

buds at various stages of development appeared to be similar and highly 

characteristic of this plant tissue, there was a preferential accumulation of 

individual amlno acids in buds throughout the season (Table 3). The seasonal 

variation of amino acids in apple bud tissues was found to be highly significant 

(P<O.01) for each amino acid analyzed, except for aspartic acid. 

It wou!d therefore be useful if the constituent amino acids of apple flower 

buds could be grouped into classes with distinct properties so that such classes 

correlate to sorne extent wlth the general properties of the proteins in this plant 

tissue. As mentloned earller, Barrantes (1973, 1975) has grouped the amino 

acids into four classes: totally charged; hydrophylic; hydrophobie; and apolar, 

and simply compared the ratio (R) of the frequencies of occurrence of whatever 

particular side chains of proteins one wishes to stress, especially in terms of the 

proportion of total charged and hydrophobie residues (ratio R3). 
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The seasonal cycle of proteins 
The results presented in Table 3 show that the protein content of buds 

started to increase just before cold acclimation and after the fruit had been 

harvested. Unlike bark storage nilrogen, which increases before tree dormancy 

and decreases in early spring (Siminovitch, 1963; Titus and Kang, 1982), bud 

storage proteins increased constantly throughout the season. As may be seen in 

the composite FigUf l;: 2F, the increases in protein content (g/100 9 dry weight 

basis) occurred principally from August 24 ta October 24, and continued du ring 

the wlnter into early spring (March 29), while the major change in net protein 

synthesis occurs in the period trom March 29 to April 28. It is not known what 

triggers these synthetic processes but the net effect is a graduai increase in 

protein content within the existing ceUs which may change their physical 

properties so that it enables them ta withstand or adapt to adverse low 

temperatures of -200 C to -sooe or lower, prevalent in the north temperate zone. 

The results are in accord with those reported by other investigators (Kacperska

Palasz et al., 1977; Brown and Bixby, 1975; Trunova and Zvevera. 1977: Chen 

and Li, 1980). 

To ascertain whether or not other than the soluble proteins and 

protoplasmic proleins of the apple flower buds nre increased during dormancy and 

adaptation to low temperatures, as suggested by Siminovitch (1963) and pomeroy 

et al. (1970), thp, ratio R3 was calculafed (Figure 2C). The results of Table 3 

show that trom July 26 to August 24 there is a change in the R3 ratio and 

hydrophobicity of the proteins in the apple 'Iower buds. This suggesls that sorne 

of the newly synthesized proteins in August must have higher levels of 

hydrophobie amino aeids in !heir primary sequence but lower solubility and 

fewer charged amine acids. Il should also be noted that the R3 ratio of the same 

protein mixtures in October and March are markedly lower in comparison with 

the high R3 values obtained in laIe April (Figure 2C), which coïncides with the 

period of increased prote in synthesis in the apple flower buds (Figure 2F) at that 

lime. The identity and biologieal signifieance of these newly synthesized proteins 

during dormancy has not yel been established, nor is il known how the underlying 

molecular processes can regulate differential gene expressions that datermine 

protein transformation patterns in the buds (Singer and McDaniel, 1986). 

, 
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Further detailed studies to ascertain their nature, h!nction and location in the 

plant cells, includlng cell organelles and other membranolls prote in components of 

the cell, may prove a very fruitful area for future research. 

The presence of considerable amounts (If the predominant amine acid 4-

hydroxyproline in the acid hydrolysates of apple flowar buds. ranging from 1.79 

9 to 2.27 9/100 9 of tolal protein throughout the saason (Table 3), is high1y 

significant. The values oblained for protein-bound 4-hydroxyproline per unit of 

protein show low coefficients of variation between replicates, and wilhin the 

precision of the present methodology tl3.0%). recoveries were round to be 

quantitalive (Table 3), indicating that the analytical errors were also small 

relative to the biological variability (P<O.01) observed between bud tissue 

harvested at different intervals du ring the season. From the known distribution of 

4-hydroxyproline in the primary sequence of the glvcoprotein moiety of carrot 

axtensin {Stuart and Varner, 1980; Van Holst and Varner, 1984; Chen and 

Varner, 1985a; 1985b), which has been used as a standard for comparison in the 

present study, the content of 4-hydroxyproline-rich glycoproteins of apple 

flower buds was calculated by multiplying the amounts of 4-hydroxyproline found 

in their acid hydrolysates by 2.128 [p.quation (2a)J, as describcd previo'Jsly 

(Khanizadeh et al., 1988). 

The data on protein composition, as presented in Table 3 on a dry weight 

basis (DWB), show that the 4-hydroxyproline-rich glycoprotein content of apple 

flower buds vary significantly (P<O.01) throughout the season, ranging from a 

low of 0.21% (DWB) during the summer to a high of 0.39% (DWB) in the 

following spring. As may be seen in composite Figure 2E, the increase in 4· 

hydroxyproline-rich glycoproleins occurs principally in the period from July 

26 to August 24, after which it gradually increased which was maintained 

throughout the winter, while the major change in glycoprotein content appears to 

occur in the period from April 11 10 April 28. From a comparison of the seasonal 

cycles of glycoproteins and the lotal protein ln apple tlower buds (Figures 2E and 

2F), it appeared that a relatively close relallonship existed between the seasonal 

variation in 4-hydroxyproline-rich glycoprotein content and the seasonal cycle 

of total proteins, when the results were expressed on the basis of unit dry welght 

of tissue. However, when Ihe 4-hydroxyprohne-rich glycoprotem content of 

buds was expressed on a total protein basis. it was evident that the seasonal 

increase in primary cell wall glycoproteins IS not a graduai one, but conSlsts of 

two peaks (Figure 20), one which coïncides with the time of Increase in 
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hydrophobie amino acids in the buds (Figure 2A) and the other a smaller peak 

which slightly precedes the period of most intense synthesis of hydrophilic amino 

acids and protein trom April 11 ta April 28 (Figures 28 and 2F). The results 

obtained on the seasonal cycle of pro teins in apple buds are compatible with those 

reported by Siminovitch (1963) on black locust bark and Li et al. (1965) on 

dogwood. These authors have consistently demonstrated, for example, that a close 

correlation exists between seasonal variation in protein content and winter 

hardiness in these two deciduous tree species. Similar studie~ on apple trees have 

not been reported previously. Nevertheless, the striking and consistent 

biochemical changes observed in the flower buds of apple trees during the early 

autumn and spring test periods, pointing ta an increase in many macromolecular 

components, suggest that augmentation of total protein, including the 4-

hydroxyproline-rich glycoproteins of the primary cell wall, in sorne way 

increase the adaptation of the bud cells ta withstand the stress of the winter 

temperatures of the north temperate zone. The biochemical mechanism by which 

this increase in freezing tolerance is achieved remains to be elucidated . 
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... Connecting text 

Total protein and amino acid-nitrogen of spur buds of apple trees (Malus 

pumila Mill. cv. Mclntosh/M7) increased in concentration (mg/100g protein) 

from bud inception to bud break. Grouping amino acids based on their distinct 

chemical properties and comparing their ratios indicated that, at least in apple 

flower buds there is a high proportion of polar amino acids and their levels 

increased du ring bud development. 

Other workers have suggested a relationship between protein content, 

particular amino acids (hydrophobic and charged) and cold hardiness (Sagisaka 

and Araki 1983, Sagisaka 1974) and high content of hydrophllic amino aClds has 

been reported to increase the ablhty of trees, includmg apples, to withstand low 

temperatures (Li 1987, Sakai and Larcher 1987). 

The next experiment was conducted to determme the effect of crop load on 

seasonal variation of protein, amino acids and spring frost tolerance of apple 

flower buds. Il has been speculated that an excessiveiy heavy crop load Increases 

the susceptibility of apple trees to low temptHature inJury perhaps because of 

nutrient depletion (Granger 1982, Brown and Blackburn 1987). 

Brown, D. M. and Blackburn, W. J. 1987. Impacts of freezing temperatures on 

crop production in Canada. Cano J. Plant Sci. 67:1167-1180. 

Granger, R. L. 1982. Cultural practices which facilitated survlval of apple trees 
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adaptation of freezing stress. Spnnger- Verlag, New York, 303 pp. 

Li, P. H. 1987. Plant cold hardiness Alan R. Llss , New York 381 pp. 



IV. EFFECT OF CROP LOAD ON PROTEIN, AMINO ACIDS 
AND SPRING FROST RESISTANCE OF APPLE FLOWER 

BUOS. 

Introduction 
One of the major problems affecting apple trees in Quebec is low 

tcmperature in jury occurring during the winter and spring. Deacclimation of 

temperate zone deciduous fruit trees makes the developing flowers increasingly 

vulnerable to spring frost damage. 

Sorne researchers have suggested protein synthesis is involved in cold 

hardmess in a wide range of species (Brown 1978, Levitt 1978, Sakai and 

Larcher 1987). The seasonal cycle of metabolism of soluble proteins and amino 

aClds, ln relation to frost resistance ln deciduous trees and other plant species, 

has been weil reviewed (Sakai and Larcher 1987, Li 1987). In general, these 

mdlcate an autumnal Increase in soluble protelns, sugars, and nucleic acids. 

These studies have emphasized that the development of frost resistance in shoots, 

bark or leaves 15 closely assoclated with a general augmentation of total soluble 

pro teins in the protoplasm, includlng augmentation of cell organelles and other 

membranous components of the cell (Singh ill.....a.J.. 1977). However, other 

workers have reported thal soluble preteln content is not changed du ring cold 

hardenlng or that increases ln soluble protein are not associated with increased 

cold hardlness (pleninzek and Holubowicz 1973). Increased soluble protein 

content during cold accllmallon could be due to increases in synthesis and/or 

decreased degradation (Li 1987). 

Many investlgators have studied the amino acid content and composition of 

plants in an attempt ta flnd correlations with frost hardiness. In some cases, the 

amlno aCld content may Increase with hardiness, in other it may not show any 

relatlonshlp. Where a relatlonshlp exists, it seems to reflect a general 

accumulation of organlc nllregen dunng fall (Sakai and Larcher 1987). Free 

amlno aClds present dunng dormancy and the beginning of growth were analyzed 

ln 31 species by Sagisaka and Araki (1983). They separated the 31 species into 

three distinct groups: a group which only accumulated arginine; a group which 

only accumulated prollne and a group which accumulated arginine and proline and 

reqUired chllllng temperatures for regrowth. Further investigation showed that 

arginlne and proline play a role not only in the storage of nitrogen, but also, in 

combination with sugars, ln protection from freezing in jury (Sagisaka and Araki 



1983, Sagisaka 1987, Sakai and Larcher 1987). While there is much 

information on free and soluble amino acids, there is litlle information available 

on the amino acid composition of soluble and insoluble proteins. 

Supercooling is a phenomenon which is characteristic of many dormant 

deciduous fruit species (Burke and Stushnoff 1979). Il has been known for a long 

time that a typical OTA profile of supercooling buds consists tirst of a large 

exotherm (high temperature exotherm HTE), corresponding to freezing of water 

in the bud scales and stem axis, followed by a smaller exotherm (Iow 

temperature exotherm LTE) representing freezing of shoot primodla or deep 

supercooled cells (Sakai and Larcher 1987, Graham 1971, Graham and Mullin 

1976). 

Many researchers have studied cold resistance in Malus woody tissue 

(Brown 1978, Li 1987, Sakai and Larcher 1987) but no work on cold 

resistance of apple flower buds has so far been ~eported in relation to crop load; 

although if has been shown that trees with no crop accumulate 11I0re nutrients and 

initiate more flowers for the next year (Luckwlli 1974, Buban and Faust 

1982). Trees in Eastern Ontario which had carried a heavy crop of apples in 

1980 were more severely injured du ring the winter of 1980/1981, apparently 

due to nutrient depletion (Arown and Blackburn 1987). If higher protein and 

amino acid content increases the potentlal degree of cold hardenlng, and if the 

absence of a crop increases the accumulation of nutrients (e.g. protein, amino 

acids, etc.), then the question that arises IS' "Are the flower buds of cropped

trees more susceptible to spring trost injury th an those on non-cropped trees?" 

Materials and methods 
Type W-3 cation-exchange spherical resin, sized to 9.0±..0.5 um 

(Beckman Instruments Inc., Palto Alto, Ca), type DC-6A 11.0±.1.0 um spherical 

resin (Dionex Corporation, Sunnyvale, CA.), L-tryptophan. HCI, and 4-

hydroxyproline (Calbiochem-Behring Corp., LaJolla, CA.), 3-Nitro-L-tyrosine 

(Aldrich Chemical Co., Milwaukee, WI), were used in the procedure. The 

standard amino acid calibration mixture, Piercesolve (ethylene glycol 

monomethyl ether), ninhydrin, stannous chloride.H20 (Pierce Chemical Co., 

Rockford, IL.), sodium citrate, dihydrate (crystals), (Alhed Fisher Scientiflc, 

Fairlawn, NJ.) were used and ail other chemlcals and reagenls were of the 

highest purity commercially available and were used wilhout further 

purification. 



Sample preparation for amino acids analysis 

Six thirty-year-old apple trees (Malus pumila Mill. cv. Mclntosh/M7), 

uniform in size and development, were selected. at Macdonald College of McGiII 

University, Quebec, Canada. The selected trees were divided into two groups. One 

group of 3 trees was kept as a control while the second group was deflowered in 

1984. Deflowering involved pinching off the blossom at the late pink stage of 

development. Fort y t10wer buds on each tree were collected trom non-fruiting 

spurs on 3-4 year-old wood from July in the year of deblossoming until April 

28 in the next year. A parallel sample of buds from each tree type was checked 

visually from August until the end of the sampling period to confirm the presence 

of flowers. Visual recognition of flower buds as such proved to be effective 95-

100% in each sample. The buds were separated from the spur at the base of the 

bud scales with a minimum amount of woody tissue. Fort y buds per tree were 

combined, and quickly frozen to -1700C. Ali tissues were Iyophilized for 24 h, 

and ground in a standard electrica"y driven Thomas-Wiley Mill (A. H. Thomas 

Company, Philadelphia, PA). Composite samples were stored in small plastic 

bottles at -200C for subsequent analysis. Extraction procedure, amino acid 

analyses, and prediction of properties of proteins from amino acid composition 

were according to previously described methods (Zarkadas ~. 1987, 

Khanizadeh, a.aJ.. 1989). The protein content of individual samples was 

determined from the amino acid data according to Horstmann (1979). A new 

conversion faclor (CF) for converting Kjeldahl nitrogen 10 protein content was 

devised, based on the summation of total êlllino acid nitrogen (Table 4). 

Evaluation of spring frost tolerance of apple flower 
buds by differential thermal analysis (OTA) 

Fourteen buds were selected randomly for each test (7 trom deblossomed 

and 7 trom cropped Irees) Freezing tests were repeated six times for each stage 

of growth. dormant bud, silver tip, green tip, hait-inch green, tight cluster, 

flrst pink and full pink. A FTS Muiti-Cooi mechanically retrigerated bath with a 

contro"er (FTS System Model TC-44) and freezing chamber (FTS System, Inc., 

Stone Ridge, NY.) was used to determlne freezing tolerance of buds collected from 

non-cropped and cropped trees. A program for an AT -PC (Micro AL, Nepean, 

Ontario) IBM compatible equipped with a MetraByte MBC-488 interface ca rd for 

the IEEE-488 (FTS System, Inc., 158, Stone Ridge, NY), was developed to 

de crea se and control the temperature of the treezing chamber (Appendix 1). 

Exothermlc differenlial temperatures were observed as tissue samples were 



1 cooled from OOC to -3SoC. Buds were collected and prepared for OTA dlrectly in 

the field to prevent the buds from warming and tested immediately. Flower buds 

were excised from the tree along with a small portion of spur tissue 

approximately 1-2 mm in length. Sixteen thermocouples (36 gauge copper 

constantan) were used. The thermocouple was placed next to the bud or among 

several buds (Fig. 3) to facilitate optimal thermal contact between sensor and 

specimen and wrapped with a moisture barrier (Parafilm). Two dried samples of 

comparable size along with a T-type thermocouple were used to monitor the 

reference temperature. Prepared Samples (7 non-cropped, 7 cropped and two 

dried references) were placed in cold test tubes, sealed and secured in a test tube 

rack inside the freezing chamber (Fig. 4). Specimens and sensors were cooled at 

a constant rate of O.SoC/h. The temperatures of the specimens were monitored 

until both exotherms were observed for each sample. The signais derived from 

sensors were passed through an ADC-1 Data Acquisition System (Remote 

Measurement Systems, Inc. Seattle. WA) and recorded with a Tandy 100 portable 

computer. Data were then transformed from millivolts to degrees Celsius 

according to the manufacturers procedure. Differences in temperature between 

the sample and the reference were recorded as a function of temperature (OC). 
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Resu Its 
Amino acid and protein composition 

Total protein and amino aeids increased throughout the sampling period in 

buds on non-eropped and cropped trees. Protein content was always higher in 

buds on non-cropped trees (Table 4). Aspartie acid, glutamic aeid, valine, 

leucine, lysine, and arginine were the major amine aeids in buds on both sets of 

trees until bud break. Buds on none cropped trees contained more aspartic acid, 

glutamie acid, proline, valine, and arginine throughout the sampling period until 

bud break (April 28) when this relationship was reversed, probably because 

these trees had more flower buds than previously cropped trees (average flower 

number of cropped vs non-cropped trees: 17483 vs 25108), resulting in more 

competition between the buds for protein and amine acids stored in the other 

parts of the tree. 

When the amine aClds were grouped into four categories based on their 

physical chemleal charaeteristies: totally charged, hydrophilic, hydrophobie, 

ane.: apolar (mg/100g protern); and therr ratios (R 1-R4) eompared using the 

technrques developed by Barranles (1973) some major differences between the 

four types were detected (Table 5). 

The groups and rallOs were defrned as follows: 

total charged basIc + aCldic; 

Basir. histidine + Iysme + arginrne; 

Acidlc: aspartlc + glutamic + asparagine + glutamine; 

hydrophilic: total charged + threonine + serine; 

hydrophobic' valine + methionine + isoleucine + leucine + 

tyrosine + phenylalanine + tryptophan; 

Apolar: hydrophobie - tyrosine. 

Ratio 1 (R1): hydrophlilc/hydrophobic 

Ratio 2 (R2). hydrophlilc/apolar 

Ratio 3 (R3) total charÇJed/hydrophobic; and 

Ratio 4 (R4). total charged/apolar. 

Buds on non-cropped trees contained proportionally more aeidic and 

hydrophllic amlno aClds than those on cropped trees trom October to April (Table 

5), proportions of hydrophoblc and apolar amino aeids were correspondingly 

lower. 



Table 4 Prete,n and a"T1lne aClos centert cf aOD,e f,owe' DUCS CV. Mclntosh on SIX samp!ing dates. (g oer Kg O'Y we,clt1t\ 

·9B..! '985 

Jt..ly 26 August 24 Oc:coer 24 March 29 Aon, ~ 1 Aorll 28 

amlno aClds 
Non

cropped 
Cropped Non

cropped 

Cropoed Non

cropped 
Cropped Non

croooed 
Croopea Non

croppea 
Cropoed Non

CrOpped 
Cropped 

A;Part~-;;d-597~----507~----581-----577-----728~----64~-----83P-----65~-----85~-----il~-----~-9~----1~-6~--

Threonlne 2 26 1 90 2 41 2 32 2 58 2 41 3 06 a 260° 3 32 3 14 4 78 5 48 
Senne 225 219 231 221 268 a 2430 296a 249C 293 283 385 431 
GlutamlC aCld 

Prollne 

Glycine 
Alanine 
Cysteme 
Valine 
MethiOnine 
Isoleucme 
LeUCine 
TyrOSine 
Phenylalanine 
Hlstldme 
LySine 

Argmme 
Tryptophan 
Hydroxy-

praline 

4 98 
224a 

2 30 
2 51 
o 55 
269a 

1 43a 

246 
334 a 

1 59 

248 
1 24 
2 75 

377a 

031 

098 

4 86 
1 96" 

2 27 
2 40 
047 
255° 

1 13b 

225 
281" 
1 5 1 
2 39 
1 23 
2 88 

3.03b 

028 

1 04 

5013 
222 a 

2 15 
2 53 
o 67 
289a 

1 60 
2 37 
390 a 

2 27 
235 
1 24 
3.29a 

362a 

033 

1.04 

444" 
2 07" 

2 24 
2 43 
o 46 

256° 
1 33 
2 27 
362° 
1 52 
2 25 
1 24 
262° 

300b 

0.31 

1 05 

7 17a 

286a 

30P 
281 a 

o 65 a 

328a 

1 69 
3 10 
4 44 

2 66 
3 02 
1 48b 

44P 

3 72 
o 31 

1 19 

6 76~ 7 41 7 51 8 82 a 7 40~ 11 95" 15 27" 
2510 297 a 289 0 316 a 310" 359b 459 a 

2 88° 2 98° 3 15a 2 98° 3 25 3 4 14° 5 66 a 

2 53° 3 12a 3 02° 3 06 3 05 6 63a 4 66b 

o 56" 0 71 0 67 0 85 0 79 1 lOb 1 35a 

3 000 3 45 3 46 4 20a 3 94" 5 59b 7 35 a 

1 58 1 72 1 65 1 79 1 70 266b 340a 

3 1 1 3 15 3 12 3 2S a 3 10" 4 080 5 49"' 
4.77 482 488 554a 4760 6900 922 a 

2 65 3 13 3 06 350a 3 23 0 3 70 3 63 

3 07 2 99 3 12 2 89 2 96 4 17° 547 a 

1 54a 1 49 1 58 1 64 1 67 2 66 3 11 
3 78" 4 61 4 58 5 07 4 76 7.30b 938a 

3 88 414a 3.98b 508a 481° 6.29b 765 a 

o 31 0 33 0 32 0 33 a 32 a 30 0 30 

1 03 1 29 1 44 1 28 1 43 1 79 1 86 

---------------------------------------------------------------------------------------------------------
Total proteln y 46.18a 

0/0 amlno aClds 

nltrogen 
CFx 
Ammonla 

19.27 
5 19 
1.69 

42.42b 

18.93 
528 
1 43 

48.24a 

17,98 
5.56 
1 12 

4392° 

18.62 
537 
1.39 

5846a 

18 27 
5 47 
1 75 

55 71 b 

18 09 
5 53 
1 45 

6292a 

17.50 
5.71 
1 28 

60 2gb 

18 16 
5 51 
1 65 

68.55a 

17.98 
5.56 
1 70 

6375b 

Î 7 74 
5 64 
1 24 

90.71° 

18.49 
5 41 
265 

115.258 

18.90 
5 29 
3 97 

-------------------------------------------------------------~-------------------------------------------
a,b Means in the row at each sampling date are significantly different at 5% level using the F ratio. 
Z Each value is the average of 3 rephcates and 24 determmations. 
y Calculated according to Horstman (1979). 1 00 9 total protem 

le A new factor for converting nitrogen lOto protem content was calculated by followmg analytlcal convention: CF= _________ _ 
% amine aClds nltrogen 

• 



Table 5. Amlno aCld content of aee'e flower budsi cv. Mclntosh for six samE2hng dates. (9 of ammo aCld ~r 1009 of total eroteml 

1984 1985 

July 26 August 24 Oetober 24 Mareh 29 April 11 April 28 

------- -------- -------- ------- --------
Non- Cropped Non- Cropped Non- Cropped Non- Cropped Non- Cropped Non- Cropped 

amlnD aelds eropped cropped cropped cropped cropped cropped 

Charged 64.25z 63 66 61.82 62 04 6589 6408 6624a 6349b 6800a 63.39b 6827 69.38 

BasIc 16.84 16.83 1694a 15.60b 16 45 16 52 1627 16 81 17.20b 17.63a 17 92 17.45 
ACldlc 4742 46.84 4488 4647 4943a 4756b 4997a 4668b 5080a 4576b 5035 51.92 

Hydrophoblc 30.95 30.45 3257 31 56 31 62b 3317a 31.13b 32.53a 31 37 31.41 30.16 3031 

Hydrophlilc 74.00 73.29 71.59 72.37 74.89a 72 76b 75.81 a 71.93b 7712a 7277b 77.81 77 89 

Apoplar 27 51 2689 27 90 28 11 270ab 28.42a 2616b 2745a 26.27 26.35 26.12b 27.90a 

a,b Means in the row at each samphng date are slgnlflcantly d.Herent at 5% level usmg the F ratio. 

Z Each value is the average of 3 replicates and 24 determinations . 

.... ... ~ 



Differentiai thermal analysis (OTA) 

Buds on non-cropped trees had a lower HTE and LTE at ail stages of 

development (Table 6). OTA curves for freezing of excised apple spurs for two 

selected stages "silver tip" and "tirst pink" are presented in Fig. 5. A typical OTA 

profile with two exotherms was observed at "dormant", "silver tip", "green tip", 

"half-inch green", and "tight cluster" stages of bud development (Fig. SA). 

However, the LTE was not observed at the "first pink" and "full pink" stage (Fig. 

SB) indicating a loss of hardiness. 

Discussion 
It is generally accepted that accumulation of water-blndlng substances 

inside the cell, particularly water·soluble carbohydrates, depresses the freezing 

point ot the cell sap and thus the freezlng temperature of living cells (Sakai and 

Larcher 1987). Il has been reported that accumulation ot prote ms dunng the 

hardening period increased the frost hardlness of some plant specles, and there is 

a correlation between total proteln content and development of cold hardiness (LI 

1987). In our experiment, non-cropped trees wlth a hlgher protOIn content 

could withstand lower temperatures than cropped trees, suggestlng a relatlonshlp 

between protein content and cold resistance. Polar amino acids may depress the 

freezing point of appJe flower buds in a way Slmllar 10 carbohydrates Protein ln 

buds collected trom non·cropped Irees had slgnlflcantly hlgher levels of 

hydrophilic and acidlc amino acids from October untll mld April whon the "tirst 

pink" stage was reached (Table 5). Hydrophoblc and apolar amlno aClds 

comprised a sm aller proportion of tolal proteln in non-cropped trees than 

cropped trees in the sa me period. It appears that crop Joad changes the 

proportions of amino acids m protein. The ratios (R1-R4), whlch compare 

hydrophilic and charged amino acids wlth hydrophobie and apolar amlno aClds, 

were higher in buds trom non-cropped than cropped trees from October to April 

(Fig. 6). It is possible that total prote ln per se IS not responslble for the greater 

tolerance of buds to cold InJury. Rather, an increase ln hydrophiliclty of the 

protein may increase the cold tolerance of apple tlower buds 



... 

... 

Table 6 High and low temperature exotherms (OC) of apple flower bud on 
cropped and non-cropped trees at dlflerent stages of 
develo~ment 

High temperature exotherm Low temperature exotherm 

----------------
Non- Cropped F ratio Non- Cropped F ratio 

Stage of growth cropped cropped 

--------------------------------------------------------
dormant bud -S.9 -4.8z 8.3· -28.8 -26.6 42.0·' 

silver tlp -S.1 -4.6 4.4 -23.6 -21 .1 6. S*· 

green tlp -S .1 -4.7 6.6" " -22.6 -20.7 1 O. S*· 

hait-inch green -S.1 -4.7 6.6" -21.2 -18.2 22.6* • 

tlght cluster -S.O -4.5 7.9" -21.2 -18.0 25.6* * 

flrst pink -S 1 -4 7 6.6· 

fu" pink -S 1 -4.7 6.6· 

z Each value IS the average of 3 replicates and 18 determinations . 
. .. F values from analysls of vanance using General linear model 

procedure, significant at 5% and 1 % levais respectively. 
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Sud hardiness depends on growth stage and previous crop load. Threshold 

temperatures (LTE) below which tissue damage occured, are presented in Table 

6. HTE and L TE of non-cropped trees were significantly lower at ail stages of 

development. Depression of the freezmg pOint (L TE) of the buds on non-cror'1ed 

trees might result tram the greater quantlties of hydrophlhc and aCldlc groups of 

amine acids present in the buds The solublhty of these two groups of amlno acids 

means they may act as frast protectants m the same way as water-soluble 

carbohydrates whlch depress the freezmg pomt of the cells (Sakai and Larcher 

1987). Il is possible that these IWO groups of amlno aClds may mcrease the 

hydrophllic capaclty of protein collolds, preserve water, and prevont 

denaturation of protelns, when the protoplasm IS dehydrated by extracellular ICO 

formation. Our observations are slmllar ta the flndlngs of Alden and Hermann 

(1971) who hypothesied that water-soluble protem fractions and polar amlno 

acids have a stablllzlng effect on frost-sensitive protelns of hlgh molecular 

welght, by JncreasJng thelr amount of bound water. 

Whllst the apparent contribution ta protem ot hydrophoblc and apolar 

ammo aClds m non-cropped trees decllned dunng the samplmg penod, thls 

decllne was only a reflecllon of the greater quantltles of hydrophlhc and aCldlC 

amino aClds accumulated dunng that tlme (Appendix Il) 

It has been reported thal prollne whlch IS ln tact an ImlnO ralhcr Ihan 

amlnO acid acts as a cryoprotectanl (Wlthers and King 1979) ln vl/ro thylakold 

membranes may be protected from treezlng by addition of praline and arglnltle 

(Sakai and Larcher 1987) Il seems thal, hke argmlne, prollne plJys a role not 

only ln storage of nilrogen bul also, ln comblnallon Wllh sugars, ln provldmg 

protection from treezlng InJury (Sakai and Larcher 1987) Non-cropped troes 

had higher levels of praline thoughoul Ihe sampllng penod unlll Apnl 28, 

Arginme was also present ln greater quanti Iles excepl for two samphng dates 

(October 24 and April 28) 

While Ihe Kjeldahl method IS recognlzed as accu rate and precise method 

for nitrogen determlnation, Its application for proleln assay ln pianI matenals 

has been queslloned because of the CF used (Havory and FaZIO 1983, Benedict 

1987). Proteln quantltation by the Kejeldahl melhod makes the assumptlon thal 

ail plant proleins have a mean nitrogen contenl of 16% We tound nltrogen 

content vaned trom 17.50 to 19.27% ln apple flower buds Tho nltrogfJrl CF 

calculated ln thls study, based on amlnO aCld analysls, ranged trom 5 19 to 564 



for the six samplmg dates (Table 4), these data are m accord with the conversion 

factors reported for almonds (5.18), peanuts and brazil nuts (5.46), and 

coconuts (5.3), (Benedict 1987). This new CF could be substituted for 6.25 for 

estimating total protein content of apple flower buds; however using this CF will 

still glve an erroneously high protein content estlmale wh en used with Kjeldhal 

tolal nitrogen analysis, since plant tissue contains many non-protein nitrogenous 

compounds, Le .• amides, nltrogenous glucosides. nucleic acids, porphyrins. tats, 

alkalOlds, ammonium salis and hormones. 

Conclusions 

From October to April flower buds on non-cropped apple trees had higher 

levels of protein. hydrophllic and acidic amlnO aClds and were more cold resistant 

than those on cropped trees from the "dormant" to "first pink" tlower stages. It is 

speculated that hlgh levels of polar amlno aClds in buds on non-cropped trees 

mcrease the" cold-hardlness 

CalculaI Ion of protem using the 6 25 Kjeldhal converSion factor results 

m an erroneously hlgh estimaI Ion of tolal prolein in apple flower buds. The new 

converSion faclor calculated is 5 19 ta 564 dependlng on the sampling date. 

For accurate protel" determinatlon, in this or any other tissue. 

delermmatlon of total amino aClds should be made in tandem wlth Kjeldhal 

analysls ta allow an estimation of non-prote ln nitrogen in the tissue before using 

the new CF. 

71 ® 
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Connecting text 

Cold hardiness of flower buds decreased during spring development and 

the absence of fruit in the previous year inereased the buds ability to withstand 

low tempe ratures at ail stages. From Oetober to April flower buds on non

cropped trees contained higher levels of acidic and hydrophilic amino acids than 

those on non-cropped trees. These two groups of amino acids apparently increase 

the ability of the plant to withstand low temperature in jury because of their 

affinity with water (Sakai and Larcher 1987). 

Many other compounds especially carbohydrates (glucose, fructose, 

sorbitol and starch), and total nitrogen have been reported to Increase cold 

hardiness (Graham and Patterson 1982, li ll...aJ.. 1965, Raese ~. 1978). The 

next experiment was conducted h) determine the effect of crop load on 

carbohydrates, N, P, and K content and cold hardmess of spur buds of apple Irees. 
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v. EFFECT OF CROP LOAD ON SEASONAl VARIATION IN 
CHEMICAL COMPOSITION, AND FROST HARDINESS OF 

APPLE FLOWER BUCS. 

Introduction 

The major carbohydrates in apple trees are sorbitol, sucrose, glucose, 

fructose, and starch and relative levels of these vary seasonally (Sakai 1966b, 

Chong 1971; Chan m...al 1972). Stored carbohydrates are important in the an nuai 

growth cycle of the apple tree (Hansen 1967) especially in early spring when 

bud growth occurs before the onset of photosynthesis. 

ln hsrbaceous and woody plants, an increase in soluble carbohydrate occurs with 

dehardening in the spring (Levitt 1980; Siminovitch 1981). Recent evidence 

suggests that changes in sugar and polyhydric alcohols may influence osmotic 

potential changes which accompany the seasonal course of freezing tolerance 

(Sakai and Larcher 1987, Li, 1987). The determination of total carbohydrates 

in hardy plants and their relationship to crop load is important in explaining 

thei, role at low temperatures and to understand the mechanism of their 

protective effect (Sakai and Larcher 1987, Li, 1987). Granger (personal 

communication) noted that apple trees which had carried a heavy crop in 1980 

were more severely damaged in the win ter of 1980-1981 in Quebec. Numerous 

sludies have examined the carbohydrate content of leaves, shoots and stems of this 

herbaceous woody specles (Racse .eLa1. 1978), but few experiments have focused 

on the flower buds per se. 

The objectives of this study were to determine the effect of crop load on 

seasonal variation in glucose, fructose, sorbitol, starch, and nitrogen (N), 

phosphorus (P), and potassium (K) in apple flower buds, and to determine 

whether crop load in the previous season influences the spring trost tolerance of 

these buds. 



" 
Materials and Methods 

plant material 

Trees used in this experiment were 30-year-old Melntosh/M7 apple 

trees (Malus pumila Mill.) at Macdonald College of MeGiII University, Ste-Anne

de-Bellevue, Quebec. A completely randomized design was used with three 

replicates per treatment. In each of two conSf cutive years (1984/85 and 

1985/86), six trees were selected randomly. Three trees were deblossomed 

(non-bearing trees) by pinching the flower elusters at tirst bloom stage (10 

May 1984; 15 May 1985); three other trees were allowed to carry a crop to 

maturity (bearing trees). Samples of fort y flower buds (each sample ca 2.7 9 

fresh weight) per tree were eollected from non-fruiting spurs on 3- to 4-year

old wood at intervals of 2-4 weeks between mid-sumrner (11 July 1984: 12 

July 1985) and early winter (24 October 1984; 1 November 1985) and 

between late winter (8 March 1985; 20 March 1986) and bud break in the 

spring (28 April 1985; 8 May 1986). Visual inspection of a second set 01 flowcr 

buds collected on each date between August and bud break in eaeh year conlirmed a 

95-100% presence ot flower buds in each sample taken. The buds were 

separated trom the spur at the base of the bud seales_ Each sample was lrozen in 

liquid nitragen, freeze dried, pulverized in an electrically driven mill, and 

stored at -200 C in an air-tight container until assayed. Data were analysed using 

the General Linear Model Procedure (GLM) of Statistlcal Analysis System (SAS 

1988). 

Percent Fruit Set 

ln both 1985 and 1986 percent fruit set was determined 1 year after 

deblossoming by sub-sampling 4 branches randomly selected trom each non

cropped and cropped tree (approximately 200 flowers/braneh). Total flower 

nlJmber per tree was estimated based on total fruit harvest per tree, and the 

percent fruit set of the selected branches. 

Chemieal Analysis 

Glucose, fructose and sorbitol analysis. A 10 mg subsample of powdered 

flower bud was added to 10 ml of double distilled de-ionlzed water and vortexed 

for 30 minutes. This suspension was centrifuged for 5 mm al 5000 rpm, then 

25 ml of supernatant was collected and assayed enzymatlcally for glucose, 

fructose and sorbitol (Bergmeyer 1984). In thls and subsequent ehemical 

analyses, 6 determinations were made of each subsample. 



S'.rch .n,'y.' •. A 10 mg suo~ample of powdered flower bud was added ta 2 ml 

dlmethylsulfoxide and 0.5 ml HCI (8 mol/L) in a test tube. The test tube was 

sealed with parafilm anci incubaled for 30 min in a sooe water-bath ta 

hydrolyse stareh to D-glucose. The sample was quiekly cooled to room 

temperature, diluted with 6.5 ml of double distilled de-ionized water and 

vortexed for 30 minutes to obtain a suspension. The pH was adjusted ta 4.5 wlth 

NaOH (5 mol/L), the mixture centrituged as above and 25 ml of supernatant 

enzymatically assayed for starch (Bergmeyer 1984). Ali chemicals and enzymes 

were purchased from Boehringer Mannheim GmBH Biochemlca Company, Ouebec. 

Nltrogen, phosphorou. and potassium analysls. An Automated Technicon 

AAII analyzer (Industrial Method, No. 157-71, 1983; Teehnicon Instruments 

Co., Tarrytown, N.Y.) was used ta determine N, P, K by wet digestion with 

H2S04-H202 following the procedures of Thomas .eut. (1967). 

Frlez'ng Toieranci 

Between March and May 1986, the freezing tolerance of buds from non-cropped 

and eropped trees was determined at the following stages of growth: dormant bud 

(Mareh 15), silver tip (April 12), green tip (April 20), hait-inch green 

(April 24), tight cluster (April 27), tirst pink (May 2) and full pink (May 8). 

On eaeh date 300 buds were selected randomly (150 each from non-cropped and 

cropped trees). A FTS Muiti-Cooi mechanically refrigerated bath with a 

controller (FTS System Madel TC-44) and freezing chamber (FTS System, Inc., 

158, Stone Ridge, NY.) was used to determine treezing tolerance. Temperature of 

the freezing chamber was controlled by a computer program wrilten in Basic for 

an IBM-PC AT compatible (Micro AIL, Nepean, Ontario) equipped with a 

MetraByte MBC-488 interface card for the IEEE-488 (FTS System, Inc., 158, 

Stone Ridge, NY.). The source file is available upon request to the aulhors. 

For each test (each stage), the temperature was set at oOe and decreased 

10 -300C at a rate of 0.50C /hour. Following each 10 e drop in temperature, 10 

buds (5 each trom non-cropped and cropped trees) were removed and allowed ta 

reach ambient temperature. After addition of 10 ml double distilled de-ionized 

water the eleclrieal conductivity (EC) of the solutions was measured. Following 

this the samples were boiled and then frozen to -800 e which totally broke down 

the cells, then a second measurement of conductivity was made to determine 

maximum leakage (Ketchie.eLa!. 1972). 

Percent leakage was calculated according to Eq. 1. 
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1 

~mohs before boiling and freezing x 100 

(1) % Leakage (Y) = --------------------

Ilmohs after boiling and freezing (-800e) 

where Ilmohs represent the eleclrolytic conductance. 

Since temperature and leakage have a nonlinear relationship (Finney 

1978), a nonlinear function to represent the relationship between temperature 

(T) and the leakage (Y) was developed [Eq. 2). 

e(a + b x T) 

[2) Y 
1 + e (a + b x T) 

This relationship, the logistic response function, was used to determine the 

median lethal temperature (ML T) (Finnev 1978). However, since the percent 

leakage was used for regression analysis Eq. 2 was changed to: 

e(a + b x T) 

[3) % Leakage (Y) = 
100 + e (a + b x T) 

where e is the base of the natural logarithms, T is the independent variable 

(temperature), Y is the dependent variable (% leakage), 100 is the maximum 

leakage and 'a' and 'b' are regression parameters. The regression parameters 

were estimated by the GLM Procedure of Statistical Analysis System (SAS, 

1988). Since the response function (Iogistic) to be fitted was nonlinear, the 

following transformation was used (Finney 1978) 

Y 

(4) Y' = Ln (-------) 

100 - Y 
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• 
10 reduce Eq. 3 10 

[5] Y' = a + b (T) 

before analysis. The value of T (temperature) at Y = 50% is of considerable 

practical Importance. It is called the ML T. The value of Y = 50% corresponds to a 

value of Y'=O as can be seen from Eq. 4. Hence, 

-a 

[6] T = 

b 

Where T is inflexion point temperature or ML T. The response Y ean then be 

plotted against T as a symetrieal sigmoid eurve. 

Resu Its and Discussion 

Influence of Crop Load (Deblossomingl 

ln eaeh year, significantly more flowers were produced on non-cropped 

(deblossomed) trees in the year following deblossoming (Table 7). Buds on these 

trees were generally larger and heavier (Table 8). In 1986 only, the percent 

fruit sel was also greater on non-cropped trees. Concomitantly, buds on non

cropped Irees contained more glucose, sorbitol, starch, N, P, and K throughout 

most of the sampling period except the last sampling date in eaeh spring where 

Ihis difference was reversed (Table 9); probably because these trees had more 

flower buds th an cropped trees (Table 7) resulting in more competition between 

the buds for carbohydrates and nutrients stored in other parts of the tree (Levit! 

1980; Siminovitch 1981). Deblossoming did not influence fructose content 

(Table 9). Relative proportions of glucose:fructose:sorbitol:starch averaged over 

ail dates were 11 :5:18:68 in buds on deblossomed trees, and 11 :5:18:65 inbuds 

on cropped trees. It appears deblossoming increased the relative proportion of 

starch to glucose, fructose and sorbitol. 
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Settonal Variation ln Carbohydrate. and Nulr!ent. 

As reported by Rease m....a1. (1977), sorbitol was the predominant water soluble 

carbohydrate in flower buds of both non-cropped and cropped trees durfng the 

sampling period, accounting for 18-19% of total soluble carbohydrates (Table 

9). In both year the sorbitol content rose from the begining of sampling (11 July 

1985 and 12 July 1986) until budbreak in the spring. Changes in glucose content 

paralleled those of sorbitol; levels of fructose were lower than glucose and 

sorbitol (Table 9). 

The pattern of variation in water-soluble reducing sugar is not the same 

for apple buds as for apple shoots. For example Raese iU...al. (1978) reported that 

in two year old apple shoots sorbitol and sucrose concentrations increased before 

hardening and decreased before growth began in spring. Such a trend was not 

observed in the apple flower bud where water-soluble reducing sugar content 

increased throughout the sampling period. This suggests that the flower bud may 

act as a storage organ for carbohydrates, and also receives nutrients trom other 

storage organs at bud break. The decrease in starch and increase in glucose and 

sorbitol content in early spring reffects hydrolysis of accumulated starch and 

mobilization of sugars from woody tissues into the buds (Sakai 1966a). This 

process is vital to tree growth and development since photosynthesis is not 

occurring at this time. Nitrogen, P, and K increased in ail buds throughoui the 

sampling period, in contrast N levels have been reported 10 decline in bark and 

shoots as spring growth oceurs (Tromp 1970). This again may indicate 

mobilization of nutrients trom other parts of the tree to buds in the spring, 

similar to the pattern observed for water-soluble reducing sugars. 

Bud Hardiness 

Buds from trees which had been deblossomed in the previous year were 

able to survive lower temperatures at ail stages of development du ring spring 

(from "dormant" 15 March to "full pink" 8 May 1986) (Table 10). White it is 

known that hardiness decreases as tlower buds develop in the spring it seems that 

deblossoming can influence bud hardiness and the rate at which it is lost. This 

result confirms previous reports that hardy trees have high nutrient 

concentrations (Sakai and Larcher 1987; li 1987). Inereases in the content of 

glucose, sorbitol and starch in flower buds of deblossomed trees may aceounl for 

their increased cold hardiness. 



". Table 7. Flower number, percent fruit set, and yield (fruit number) of three 

1 

non-cropped and three cropped apple trees (Mclntosh/M7) in 1985 

and 1986 following deblossoming. 

Treatments t 

Non·cropped 

Cropped 

1985 1986 

Flower %Fruit 

number set 

25108a 6.69a 

17483b 6.23a 

Yield Flower %Fruit Yield 

number set 

1089b 18590b 6.23b 

tDeblossoming was done in spring of 1984 and 1985 for data taken in 1985 and 
1986, respectively. 

a,bMeans within columns followed by the different superscripts are significantly 
different at 5% level using the F ratio. 
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Table 8. Oiameter and dry weight of apple lIower buds from non-cropped and cropped trees. 

Diameter (mrl) Dry wt (g) 

---------------
Sampling Non- Non-

date cropped Cropped cropped Cropped 

11 Jul84 3.11 t 3.27 0.027 0.019 

29 Jul84 3.70 3.31 0.025 0.020 

24 Aug 84 3.70 3.43 0.031 0.026 

24 Sep 84 4.33 4.07 0.037 0.031 

240cl84 4.74 411 0.044 0.034 

08 Mar 85 4.85 4.32 0.047 0.039 

29 Mar 85 5.16 4.45 0.051 0.045 

11 Apr 85 5.70 4.75 0.062 0.047 

28 Apr 85 6.44 5.94 0.076 0.063 

"1 " 
4.63a 4.18b 0.044a 0.036b Overa" rnean 

12 Jul 85 3.00 2.53 0.013 0.012 

26 Jula5 3.65 3.03 0.016 0.015 

01 Aug 85 3.85 3.38 0.022 0.017 

16 Sep 85 3.90 3.35 0.032 0.024 

01 Nov 85 4.44 3.85 0.036 0.031 

20 Mar 86 4.85 4.42 0.043 0.038 

12 Apr 86 5.79 5.13 0.050 0.046 

27 Apr 86 6.32 5.87 0.058 0.051 

08 May 86 6.91 6.10 0.072 0.055 

Overa" mean 4.74 a 4.18b 0.038a O.032b 

tE;ch-;~u~-~th;;~;g;~f18d~~;~~~~~;-----------------------------

'1 a,bMean with differenl superscript within the row for each variable are significantly 
differenl at 5% level using the F ratio. 



Table 9 Content of carbohydrate and nUlnent constituants (mg/g_(j~""!Lln~ flower_~udsJrom non-croppeo and aopped trees 

Glucose Fruc!Ose Sort)4!01 S·arc.~ Tota, § N p K 

-------- - ----
Non- No"- Nor- Nor No"- Nor- No"- Nor-Sampilng 

date aopped Cropped croppt!(l_ CrOODe<l _CtOPDed Croooed CtOODee Croooec crOODee Croooee cropped Croppeo _____ Crop~~~ aopped_ Croooeo 

11 Jul 84 

29 Jul 84 

24 Aug 84 

24 Sep 84 

24 Oct 84 

08 Mar 85 

29 Mar 85 

11 Apr 85 

28 Apr 85 

Overall mean 

12 Jul 85 

26 Jul 85 

01 Aug as 
16 Sep 85 

01 Nov 85 

20 Mar 86 

12 Apr 86 

27 Apr 86 

08 May 86 

Overall mean 

82+ 81 

79 77 

82 80 

95 85 

114 106 

142 121 

143 129 

146 130 

164 21 4 

11 63a 11 36b 

81 80 

82 80 

94 88 

117 101 

" 5 10 3 

142 121 

146 130 

148 130 

164 214 

12 1 a 11 6b 

42 

44 

40 

42 

52 

60 

62 

63 

67 

53 

40 

41 

51 

53 

53 

61 

62 

66 

70 

5 5 

ISum of ail analyzed carbohydrate consntuents 

tEach values 15 the average of 18 determlnanons 

42 
4 , 

40 

43 

52 

61 

62 

64 

84 

54 

40 

40 

44 

51 

51 

61 

61 

61 

81 

54 

161 

166 

159 

163 

192 

194 

222 

256 

260 

197a 

161 

162 

162 

192 

195 

192 

222 

252 

264 

200a 

'54 

~6 0 

155 

154 

174 

175 

184 

233 

264 

184b 

158 

155 

154 

154 

174 

174 

185 

246 

267 

185b 

525 

532 

587 

701 

1245 

1326 

873 

64 7 

351 

754a 

525 

587 

695 

844 

1245 

1328 

882 

646 

350 

789a 

~o 

549 

602 

688 

904 

100 5 

664 

573 

8' ~ 

821 

868 

1010 

160 2 

1724 

130 a 
1112 

81 7 

626 

877 

970 

1235 

1363 

1039 

100' 

132 

145 

156 

173 

186 

197 

221 

232 

34 6 64 1 90 9 27 3 

6520 1121 a 10040 195a 

534 808 812 106 

593 871 869 113 

701 1002 988 144 

803 1206 111 0 140 

904 1606 1232 152 

101 6 1722 137 1 164 

6671313 104 2 205 

574 1112 101 1 240 

34 6 848 908 260 

6820 116 Sa 1038° 169a 

a,bMeans wlth dlflerent superscnpt wlttun the row for each van able are slgnlficantly dlflerent at 5% level uSlng the F ratio 

~ , 

'12 

116 

'47 

167 

173 

175 

192 

218 

293 

177b 

96 

103 

118 

134 

14 a 

143 

193 

220 

237 

153b 

28 

30 

3 1 

33 

37 

42 

4 1 

42 

56 

38a 

28 

31 

31 

35 

37 

38 

3 9 

44 

53 

37a 

17 

27 

26 

32 

34 

34 

3 4 

4 1 

66 

35° 

20 

24 

29 

2 9 

30 

30 

36 

40 

50 

32b 

46 

59 

62 

63 

64 

71 

65 

75 

98 

67a 

50 

52 

52 

53 

56 

55 

52 

61 

90 

s6a 

36 

43 

4 7 

53 

55 

54 

51 

67 

103 

57b 

31 

36 

38 

43 

46 

44 

48 

47 

80 

47° 

..... 



Williams and Billingsley (1973) and Williams and Raese (1974) noted that 

sorbitol content of buds increased when tempe rature deereased. These observations 

lend credence to the theory proposed by Sakai (1966b), Raese §.Lal. (1977) and 

Ichiki and Yamaya (1982) that sorbitol may play an important role in cold 

hardiness. Substances like sucrose are known to retard growth of iee cristals 

(Parker 1963), such action may protect the proteins of membranes and enzymes 

from sudden loss of water dunng freezlng. Sucrose and sorbitol may proteet proteins 

directly by replacing some of the water of hydration, or they may serve to hold the 

water of hydration more firmly through hydrogen bonding in structures sensitive to 

dehydration (Doebbler and Rinfred 1962). 

Conclusions 
Since overcroppmg causes nutrient depletion and can result in reduced 

Iree hardiness (Brown and Blackburn 1987), the probability of spring frost 

damage may be reduced by reducing crop load to an optimum level by flower or 

fruit thinning. Our results confirm this hypothesis. Deblossoming of apple trees 

resulted in greater accumulation of carbohydrate and nutrient constituents in 

apple flower buds and inereased Ihe co Id toleranee of these buds. Similar 

observations have been made ln other plants (Li 1987; Sakai and Larcher 

1987). Further studles are required to de termine optimum crop load conditions 

10 reduce the risk of spring lrost in jury to apple flower buds in Quebec. 
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Table 10. Regression coefficients and medlan lethal tempe ratures (MLT) at various stage of bud growth and 

development between March and May 1986. 

Regression coefficients 

Inflexion pOint OC 
Intercept t Siopet (MlT)§ 

--------- ------------ -- - --

Date Stage of bud Non- Non- Non-

1986 growth cropped Cropped cropped Cropped cropped Croppod 

March 15 dormant bud 2.20.±.0.09 252±.O.32 0.095.±.0 005 o 132±.0 017 -232 -19 1 

Apnl 12 silver tip 2.51±.028 2 56±.0 29 o 152±.0 016 0.160±.0 017 -165 -160 

April 20 green tlp 2.41 ±.0.24 2 45±.0 23 o 147±.0 013 o 1711.0013 -164 -143 

April 24 hait-inch green 2.9o±.0 31 2 95±.0 22 o 195±.O 018 o 216±.0 014 -15 1 -137 

April 27 tlght cluster 291±.031 2 77±.0 23 a 199±.O 017 o 209±.0 013 -146 -133 

May 2 first pmk o 84±.023 a 57±.0 23 o 217±0 022 02211.0 022 -39 -26 

May 8 full pink 1.02±.018 0.29±.0 26 a 263±.0 017 o 197±.0 025 -3.9 -1 5 

tlntercept and slope ±. standard error were calculated by General Llnear Model Procedure (GLM) of SAS 
(1988), usrng 30 observations 

§Median lethal temperature, calculated accordmg to Eq 5 and 6 usmg regresslon coeffiCients 
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VI. GENERAL DISCUSSION AND CONCLUSION 

Cold tolerance of many plant species has been extensively reviewed and 

studied (Chen and li 1980, Gusta U. 1982, Li 1987, Sakai and Larcher, 

1987). Short days and low tempe ratures are the main factors which induce cold 

hardiness and subsequently cause biochemical changes in the plant (Chen and li 

1980). Generally il has been accepted that development of cold hardiness is 

associated with metabolic changes during cold acclimation (Levitt 1980). 

One of the obvious metabolic changes before cold acclimation is the 

dehydration of plant tissues. Waler content of flower buds on cropped and non

cropped trees declined at the end of the summer and remained low until the "first 

pink" stage in the following year (Table 11). 

An increase in N, P, soluble sugars, total protein, and polar amino acids 

especially hydrophilic and acidic amino acids was observed during cold acclimation. 

It is clear from our data that high levels of salts, amino acids and carbohydrates 

are associated with increased hardiness of flower buds. These results are in accord 

with many olhers reported by Li (1987), Sakai and Larcher (1987) and LeviU 

(1956, 1980). However it IS interesting 10 note that Ihe level of these components 

was found to be highest in April when the buds were tender and damaged by 

temperatures of -2 to -SoC. At this particular time the percent of water in the 

tissue was 5-15% more than in August, September and Oclober (Table 11). 

Recently Tyler and Stushnoff (1988a, 1988b) studied the effects of prefreezing 

and controlled dehydration on cryopreservation of dormant vegetative apple buds. 

They reported that flower buds which had low survival regardless of prefreezing 

treatment, could withstand low temperatures (Iiquid nitrogen) if the y were 

dehydrated prior to prefreezing. Further they concluded that the magnitude of 

dehydration affected the survival of flower buds in liquid nitrogen. Based on these 

observations it may be concluded that high levais of nutrients alone are not 

responsible for cold hardiness and that dehydration is a prerequisite for frost 

tolerance. Reducing tissue water content increases the water potential of the 

cvtoplasm which decreases the availability of non-bound water for freezing (LeviU 

t980\. 
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Table 11. Fresh and dry weights of apple flower buds at different stages of 

develpments. 

Non-cropped Cropped 

sampling Fresh Dry Diff. % Fresh Dry Diff. % 

dates Wt. Wt. H20 Wt. Wt H20 

26 July 84 0.050 0.020 0.030 60a 0.044 0.020 0024 55b 

24 Aug 84 0.053 0.028 0.025 47c 0.048 0.026 0022 46d 

24 Sep 84 0.062 0.034 0.028 45c 0.054 0031 0.023 43d 

24 Oct 84 0.081 0.044 0.037 46c 0062 0.034 0.028 45d 

11 Apr 85 0.126 0.062 0.064 51b 0095 0.047 0.048 51c 

28 Aer 85 0.206 0.076 0.130 63a 0.182 0.064 0.118 65a 

a,b,c,d Mean values for three replicates and 30 determlnations. wlthin columns 

followed by the same letter are not slgniflcantly dlfferent at 0.05 level using 

Duncan's new multiple range test. 

Changes observed in quantities of total protein, amino acids, 

carbohydrates and minerais in apple flower buds during the period of cold 

acclimation are similar to those observed in shoots and bark of many plant 

species including apple and in general show an accumulation of cell components 

(Ichiki, Yamaha, 1982, li 1987, Sakai and Larcher 1987). However during 

spring growth the levels of nutrients (total protein, carbohydrates, and N, P, K) 

increase in apple flower buds while in bark and shoots levels have been reported 

to decline (Siminovitch ~al. 1968 , Raese JiUlj. 1978,). This confirms that 

the apple flower bud acts as a "sink" and receives nutrients from other storage 

organs at bud break, a time of rapid growth. 

ln this study two methods of determination of trost resistance were used; 

differential thermal analysis (OTA), and a viability test (conductivity). 

Differentiai thermal analysis of apple flower buds throughout the sampling 

period gave results similar to those obtained by Quamme m..al (1972) working 

with apple stem tissue. The high temperature exotherm (HTE) remained 



relatively constant at ail stages of development and ranged from -4.5 to -4.SoC 

for buds from cropped trees and -5.1 to -5.90 C for buds trom non-cropped 

trees. The low temperature exotherm (L TE) occured al progressively higher 

temperatures as the buds developed until it disappeared at the "first pink" stage. 

Flower buds on non-cropped trees had significantly lower HTE and L TE at ail 

stages of development. 

ln the second experiment on cold tolerance of flower buds conductivity 

tests were used and gave generally similar results ta OTA. The inflection point 

declined in bath types of buds from early to late sampling and buds on non

cropped trees were hardier than buds on cropped trees. However there were 

differences in results of up to ]OC between the two methods. Results were most 

similar at the latest stages of development, when buds were lea~t hardy. OTA gave 

consistant'v lower killing temperature than the conductivity test (Table 12). 

Table 12. Companson of differentlal thermal analysls and conductivity tests at various 

stages of bud growth (oC). 

ConductivityZ LTEY 

Stage of Cropped non- Cropped non-
growth Cropped Cropped 

dormant bud -19.1 -23.2 -26.6 -28.8 

silver tip -16.0 -16.5 -21.1 -23.6 

green tip -14.3 -16.4 -20.7 -22.6 

112" green -13.7 -15.1 -19.2 -21.2 

tlgh cluster -13.3 -14.6 -18.0 -21.2 

flrst pink -2.6 -3.9 -4.7 -5.1 

full pink -1.5 -3.9 -4.7 -5.1 

Z Each value is the results of 72 determinations. 

y Each value is the results of 54 determinations. 

This difference might be because of the treezing behavior of water in 

small pores (Homshaw 1980). In 1984 Ashworth and Abeles (1984) observed 
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that tissues whlch exiblt supercooling have tightly packed cells wlth common cell 

walls. Further they reported large intercellular spaees are absent in these 

tissues and the extraeellular water would be in cell wall microcapillaries. They 

observed that treezing of water within microcapillaries oecurs at lower 

temperatures. They eoncluded that microcapillaries in cell walls depress the 

treezing point of the water, impede the spread of Ice throughout the tissue and 

facilitate supercooling. 

ln our experiment the conduetivity test gave a more realistic reading of 

cold hardiness compared to OTA. 

The primary objective of the work reported here was ta elucidate the 

relationship between erop load, and spring frost hardiness of apple flower buds. 

This information should be usefull in orchard management in Quebec where low 

temperatures during the winter and spring frosts frequently cause crop lasses. 

Although lrost survival capaeity depends primarily on the specifie hardiness of a 

plant, various mechanism are involved which help the plant to avoid excessive 

low temperature stress. Resistance ta freezing stress results from the ability of 

cells to tolerate the various strains exerted by ice formation in the tissues. 

Hardiness is increased by accumulation of proteins, amino acids, carbohydrates 

and minerais, and this accumulation Is affected by crop load. More studies are 

needed to find the optimum crop Joad to increase the flower buds resistance to 

spring frost damage. 
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Summary of findings 

Three methods for determining and calculating the prote in content of apple flower 

buds were compared: Kjeldahl, sulfuric acid-hydrogen peroxide, and summation of 

amino acid content . A new nitrogen:protein convorsion factor (5.1-5.6) was 

calculated basad on total amino acid analysis. This new conversion factor should be 

substifuted for 6.25 for estimating total protein content of this tissue using the 

Kjeldahl method. Ninhydrin reaction of amine acids was the most sensitive method 

for the quantitation of total protein. 

The cold tolerance of flower buds of apple Malus pumila Mill. 

(Mclntosh/M7) declined during spring growth. The absence of fruit in the 

previous year increased the ability of the buds to withstand low temperatures. Ali 

buds retained the capacity to deep supercool until first pink stage, but buds on 

trees carrying no crop were more co Id tolerant at ail stages of development. The 

HTE (high tempe rature exotherm) of the flower buds remained relatively constant 

throughout the sampling period and was -4.7oC on cropped trees and -5.1 oC on 

non-cropped trees. Non-cropped trees contained higher levels of hydrophilic and 

acidic amino acids from October until April , probably associated with their 

greater cold tolerance. 

Spring frast hardiness and fluctuations in nitragen (N), phosphorous (P), 

potassium (K), glucose, fructose, sorbitol and starch were compared in spur buds 

of bearing and non-cropped mature Mclntosh/M7 trees (Malus pumila Mill.). 

Deblossoming caused more flowers to be initiated for the next season and flower 

buds were larger and heavier. Sorbitol was the predominant soluble carbohydrate 

in both years and was higher in the buds of non-cropped trees during most of the 

year. Buds of deblossomed trees also had higher contents of glucose and starch. In 

both non-cropped and cropped trees total starch increased during co Id acclimation 

and decreased du ring late winter and early spring . Fructose content was not 

effected by crop load. Bud content of N, P, and Kwas lower on cropped trees 

throughout the sampling period . 

1l@@ 
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VII. CLAIM OF ORIGINALITV 

The following are original contributions to knowledge: 

1) It Is proven that a heavy crop load Increases the susceptlbility of 

apple 'Iower buds to spring frost damage. 

2) A new proteln nltrogen conversion factor (5.19-5.64 dependlng 

on the sampllng date) for apple flower buds (Malus pumlla Mill. 

cv. Mclnosh/M9) is reported. This factor is more accurate and 

replaces the factor of 6.25 currently used. 

3) It is reported for the first time that 4-hydroxyprollne-rlch-, 
glycoprotein content of the primary cell walls of apple flower 

buds can be estimated from the amount of 4-hydroxyprollne ln the 

acid hydrolysates. 

4) Amino acids of apple flower buds were grouped Into four classes 

according to their physical and chernical properties . 
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VIII. SUGGESTIONS FOR FUTURE EXPERIMENTS 

1. Study the effeet of crop load (Le. no-crop, 20%, 40%, 60%, 80% and full 

erop) on nutrient composition and spring cold tolerance of apple flower buds. 

2. Study the effect of crop load on prote in content and identify the specifie 

protein(s) responsible for cold tolerance of apple f10wer buds. 

3. Study the effects of crop load and summer pruning on spring cold tolerance of 

apple f10wer buds. 

4. Develop a model based on crop load, nutrient composition, environmental 

factors, tree age, cultivar and rootstock, etc. to prediet the spring frost 

toleranee of apple flower buds. The model could be started with a few main 

parameters to avoid complexity, and over the years more parameters added. 

e.g. % in jury = tree age + level of sugar + erop + etc. 

5. Study the effect of plant growth regulators used for thinning apples on flower 

buds and spring frost tolerance. 
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x. APPENDIX 1 

1 '===================================================== 
2 ' A program to read/control the tamperature of FTS MUL TI.COOL 

3 ' SYSTEM (R) mechanica/ly rafrigeratad bath through the FTS SYSTEM 

t ' TC·40 CONTROLLER (R). 

5 ' The three given source filas are a part of TEMPERATURE 

6' CONTROLLER, Version 1.0 (c) Copyright 1988, Shahrokh Khanizadeh 

7' Regi'lration numbar 367247, File number 280116 

8' Consumer and Corporate Affai,. Canada, Copyright Office. 

9' Ali rights reserved. 

10'====================================================== 
11' This Program rnay not be used without the above Copyright Notice. 

12' Before running this program 8 MBC·488 board must be Instal/ed. 

13'====================================================== 
60 'FILE NAME:LOGO.BAS 

70 ,---------------------------------------------------------

80 CLS:KEY OFF:SCREEN 2 

90 ,------------------------ logo routine -------------------

100 LlNE (0,0) - (639, 199)" B 

110 LlNE (4,2)-(635,197),,8 

120 LOCATE 10,30:PRINT "TEMPERATURE CONTROLLER 

130 LOCATE 12,21:PRINT "A program to receive or transmit data to 

140 LOCATE 15,33:PRINT "TC-40 Controller 

150 LOCATE 14,50:PRINT "r" 

160 CIRCLE (394,108),10 

170 LOCATE 20,3:PRINT "Please wait .... ":LINE (4,160)-(635,160) 

180 ' 

190 ' 

200 LOCATE 22,15: PRINT "Version 1.00, Copyright (Cl 1988, 

210 LOCATE 23,20:PRINT "Registration No. 367247, File No. 280116 

220 LOCATE 22,49:PRINT "Shahrokh Khanizadeh 

230 ' 

240 ' 

250 FOR 1=1 TO 40000' :NEXT 



260 FOR I=1 TO 8000 :NEXT 

270 CLS:LOCATE 8, 32:PRINT "M AIN MENU 

280 LOCATE 10,22:PRINT "A) Read data from TC-40 controller 

290 LOCATE 12,22:PRINT "B) Send data to TC-40 controller 

300 LOCATE 14,22:PRINT tIC) Send and read data simultaneously 

310 LOCATE 16,22:PRINT "D) 

320 LOCATE 18,22:PRINT "E) 

330 LINE (100,50)-(515,1~9)"S 

340 K$=INKEY$ 

new option 

EXIT to system 

350 LOCATE 23,3:PRINT "Select your choice A/B/C 

360 LOCATE 23,31: PRINT " " 
370 IF' K~="a" OR K$="A" THEN GOTO 440 'read 

380 IF K$="b" OR K$="S" TH EN GOTO 450 'write 

390 IF K$="c" OR K$="C" THEN GOTO 460 'read & 

400 IF K$="d" OR K$="O" THEN GOTO 470 'new 

410 IF K$="e tl OR K$="E" T!iEN GOTO 480 'exit 

420 IF K$="" THEN C'..OTO 340 

" 

write 

430 IF r<$<>"a" OR K$<>"b" OR K$<>"c" OR K$<>"d" OR K$<>"e" THEN GOTO 340 

440 CLS:CHAIN "read 

450 CLS:CHAIN "write 

460 CLS:PRINT "option not available 

470 CLS:PRINT "option not available 

":GOTO 260 

":GOTO 260 

480 LOCATE 1,1 :CLS:PRINT "Temperature Controller, Version 1. 00, Copyright 

(C) 1988, Shahrokh Khanizadeh" 

490 LOCATE 2,1 :PRINT "Registration No. 367247, File No. 280116 

500 LOCATE 5, 1: PRINT ,,------ ENO RUN ______ tI 

700 END 

'li @ ® 
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1 'FILE NAME: READ. BAS 

2 'READ TEMPERATURE FROM FTS system TC-40 Controller -R-

3 ' ----------------------------------------------------

10 CLS:KEY OFF:SCREEN 2 

20 COUNT=O :J=O 

30 LINE (2,100)-(630,185),1,B 

40 LOCATE 14,3: PRINT "NOTE: filenarne is consist of 8 char. 1ength wilh or 

without extension, ego 

50 LOCATE 16,3:PRINT " C:TEMP.DAT, B:TEMPDATA, B:\SUBDIR\TEMP.OAT, 

A: \ TEMPERATU, etc. 

60 LOCATE 18,3: PRINT " A sequential output file will be created on 

the default or specified 

61 LOCATE 20,3:PRINT " device, and Temp. reading from the controllcl-

will be dump into it. 

62 LOCATE 22,3:PRINT " IF THE FILE ALREADY EXIST THE OLO READING WILL 

BE REPLACED. 

70 LOCATE 2,3:INPUT "Please enter the output file narne: ",AAA$ 

71 IF AAA$="" GOTO 70 

80 CLS: 

90 LINE (2,100)-(630,185),1,B 

100 LOCATE 14,3:PRINT "NOTE: Interval time of reading should he enl.ered in 

110 LOCATE 16,3:PRINT " M1nunum accepted value for tl.me interval i', 

120 LOCATE 2,3:PRINT "Please enter number of m.lnutes bctween each redding: 

":LOCATE 2,57:LINE INPUT A$:MN=INT(VAL(A$» 

130 IF MN<l THEN CLS:PRINT" NOTE: your time interval must he 1 or more 

":FOR 1=1 'l'O 6000 :NEXT l :GOTO 120 

140 CLS: 

150 LOCATE 4,4:PRINT " 

written into " 

Display of FTS system, model TC-40 will r~j 

160 LOCATE 6,4:PRINT " file: ";AAA$;" for every ";t1N;"mlnutw; 

170 LOCATE 16,9:INPUT "Is this correct (yin) ",ANS$ 

180 AN$=LEFT$(ANS$,l) :IF AN$="n" OR AN$="N" THEN GOTO 10 

190 LINE (2,100)-(630,185),1,8 

200 LOCATE 16,9:PRINT "Release the REt10TE buttan, and set the tr:!mp"~rature 

210 LOCATE 18,9:PRINT "by pressing DISPLAY and turning the SF,'rpOINT lo 

desire Temp. 

, ~Ij 1/ 



( 220 LOCATE 20,9:PRINT "Hit any key when you are done. 

230 A$=INKEY$: IF A$="" THEN 230 

240 OPEN "0", Il, AAA$ : CLOSE Il 

250 CLS:LINE (1,1)-(630,185),1,B:LlNE (430,70)-(530,130),1,B:LINE (1,148)

(630,148) , 1 

260 ,---------------------- timer to read data -------------------

270 SM=VAL(MID$(TIME$,4,2» 

280 NR=SM+MN 

290 MM=VAL(MID$(T1ME$,4,2» 

300 IF (NR-MM»59 THEN NR=NR-60 

310 IF INKEY$"""E" THEN GOTO 410 

next reading will he in nr (next 

320 LOCATE 14,40:PRINT "Current time: ";TlME$ 

330 LOCATE 16,40:PRINT "Current Date: ";OATE$ 

340 LOCATE 12, 14:PRINT "No. of data line(s) i3 written to file: ";COUNT 

350 LOCATE 21,3:PR1NT " Press' E . to interrupt the routine and save 

351 LOCATE 18,4:PR1NT "Free memory availabJe";FRE(O) 

35~ DATE=FRE(DATE$) : T1ME-FRE(TIME$) : TEMP=FRE(TEMP$) 

360 LOCA'J'E 20,3:PRINT "NOTE: DO NOT Press the 01SPLAY button since the 

view is being recorded 

370 ,---------------------- check for time delay --------------

380 IF NR=MM THEN C~TO 390 ELSE 290 

390 SM~~1 : COUNT~COUNT+1:J=J+1: IF J<2 THEN GOSUB 1000 ELSE GOSUB 1340 

400 IF INKEY$="E" 'rHEN GOTO 410 ELSE 270 

410 CLS:LOCATF. 10,4:PRINT "WA1T ... file ";AAA$;" is being closed": 

420 LOCATE 1~,4:PRINT "and data are being saved.":FOR 1=1 TO 

430 CHAIN "logo 

440 ' 

450 ' 

460 ' 

1000 ,--------------- routine start reading -------------

1010 LINE (1,1)-(630,185),1,8 

1020 LINE (430,70)-(530,130),1,8 :LlNE (1,148)-(630,148),1 

1030 LOCA'J'E 2,3:PRINT "NOTE: Data are being written to file ";AAA.$ 

1040 LOCATE 4,3: PRINT " Nwnber of minutes between each reading is 

1050 ' IF AN$="n" OR AN$"""N" THEN GOTO 320 



1060 LOCATE 23, 9: PRINT " TEMPERATURE CONTROLLER, COPYRIGHT (C), 1988, 

Shahrokh Khanizadeh" 

1070 DEF SEG = &H2800 

1080 ' 

1100 ' 

1110 ,------ Initialize MBC-488 board using "SYSCON" conunand -- ------

1120 CMD$ = "SYSCON MAD=3, CIC=1, NOB=1, BAO=&H300" 

1130 A% = 0 : FLAG% = 0 : BRD% = 0 

1140 CALL IE488 (CMD$, A%, FLAG%, BRD%) , ~nitialize 

1150 IF FLAG%<>O THEN PRINT"Error f";HEX$(FLAG%);" in initialization":STOP 

1160 ' 

1170 ,------ Set FTS into REMOTE --------------------------------------

1180 CMD$ = "REMOTE 4" 

1190 CALL IE488 (CMD$, A%, FLAG%, BRD%) 

1200 IF FLAG%<>O TH EN PRINT"Error f";HEX$(FLAG'l,);" in selecting 

1210 ' 

1220 A% =35 : CMD$="TIMEOUT" 

1230 CALL IE488 (CMD$, A%, FLAG%, BRD%) , init~alize 

1240 IF FLAG%<>O THEN PRINT"Errur *";HEX$(FLAG%);" in selecting 

1250 ' 

1260 ,--------------- SET MODE TO TRIGGER ON TALK -------- -------- - - --

1270 ' 

1280 MODE$ = "T1X":CMD$="EOI 4[$)" 

1290 CALL IE488 (CMD$, MODE$, FLAG%, BRD%) 

1300 IF FLAG%<>O THEN PRINT"Error f"; HEX$ (FLAG~» ;" in EOI MODE 

1310 ,------------------- Read data from FTS -------------------------

1320 CMD$ = "enter 4 ($) Il 

1330 LOCATE 10,70:TEMP$ = SPACE$(8) 'create blank string to reCClve dala 

1340 CALL IE488 (CMD$, TEMP$, FLAG%, BRD%) 

1350 IF FLAG%<>O THEN PRINT"Error fil ;HEX$ (FLAG%) ; Il in ENTER conunand" :S'J'()P 

1360 LOCATE 10,14 :PRINT" Last Multi Cool bath Temperature was: " ;TEMP$ 

1370 LOCATE 14, 40:PRINT "Current time: ";TlME$ 

1380 LOCATE 16,40:PRINT "Current Date: ";DATE$ 

1390 LOCATE 12, 14:PRINT "No. of data line(s) lS written ta file: ";COUtl'I' 

1400 LOCATE 21,3:PRINT " Press' E . to interrupt the routinr~ and 

save the file "; AAA$ 



1 1410 LOCATE 20,3:PRINT "NOTE: DO NOT Press the DISPLAY button sinee the 

view is being recorded 

1411 OPEN AAA$ FOR APPEND AS 2 

1420 BEEP :WRITE .2,DATE$;TIME$;COUNT;TEMP$:CLOSE .2 
1430 DATE=FRE(DATE$) : TlME~FRE(TlME$) : TEMP=FRE(TEMP$) 

1440 RETURN 

'îl 'îl @ 



l'FILE NAME: WRITE.BAS 

2 'SEND TEMPERATURE TO FTS system TC-40 Controller -R-

3 ' ----------------------------------------------------

10 CLS:SCREEN 2 : KEY OFF 

20 

30 

40 COUNT=O:K=O:I=O 

DEFINT 1,J,K 

DIM T$ (500) 

50 ,--------------------- DEFlNE ---------------------------

60 DEF SEG = &H2800 

70 LOCATE 23,3:PR1NT "Please wait initializing the MBC-488 board. 

80 FOR 1=1 TO 9000:NEXT:FOR 1=1 TO 18:PRINT :NEXT 

90 LTIŒ (2,100)-(630,185),I,B 

100 LOCATE 14,3:PRINT "NOTE: Before setting up the initial tempo on 'rC-40 

controllrer be sure 

110 LOCATE 16,3 :PRINT " the REFRIGERATION and MAGNETIC STIRRER are 

on, and the REMOTE but ton 

120 LOCATE 18,3:PRINT " is pushed in. 

130 LOCATE 21,3 :PRINT " Press any key when you are ready ... 

140 AS$=INKEY$: IF AS$="" THEN 140 

"!. r,0 CLS: LOCATE 4,3: PRINT " NOTE: Temp. of the contraller i5 set to ZERO 

160 FOR 1=1 TO 10000:NEXT 

180 ' 

200 IE488 0 

210 ,------ Initialize MBC-488 board using "SYSCON" command -- -----

220 CMD$ = "SYSCON MAD=3, CIC=1, NOB=I, BAO=&H300" 

230 A% = 0 : FLAG% = 0 : BRD% = 0 

240 CALL IE488 (CMD$, A%, FLAG%, BRD%) 'initialize 

250 IF FLAG%<>O THEI'l PRINT"Error fil; HEX$ (FLAG%);" in initialization": STOP 

260 ,------ Set FTS into REMOTE -------------------------------------

270 CMD$ = "REMOTE 4" 

280 CALL IE488 (CMD$, A%, FLAG%, BRD%) 

290 IF FLAG%<>O THEN PRINT"Error i";HEX$(FLAG%);" in selecting 

300 ' 

310 A% =35 : CMD$="TlMEOUT" 

320 CALL IE488 (CMD$, A%, FLAG%, BPD%) , initialize 

330 IF FLAG%<>O TH EN PRINT"Error i"; HEX$ (FLAG%) ;" in selecting 



340 ,--------------- SET MODE TO TRIGGER ON TALK ---------------------

350 MODE$ = "T1X":CMD$="EOI 4 [$J" 

360 CALL IE488 (CMD$, MODE$, FLAG%, BRD%) 

370 IF FLAG%<>O THEN PRINT"Errar f"; HEX$ (FLAG%) ;" in Eor MODE 

380 • ------------------- write data ta FTS -------------------------

390 CMD$ = "output 4 [$J" 

400 TEMP$ = SPACE$ (25) : 

410 CALL IE488 (CMD$, TEMP$, FLAG%, BRD%) 

420 IF FLAG%<>O THEN PRINT"Error f"iHEX$ (FLAG%);" in output command" : STOP 

430 IF COUNT=O THEN GOSUB 560 ELSE GOSUB 920 

440 TEMP$=SPACE$ (25) 

450 TEMP$=T$ (K) 

460 LOCATE2,3:PRINT "NOTE: data arebeingreaà fromflle ";BB8$ 

470 LOCATE 4, 3: PRINT " Total number of data points (temp.) i5 "iNO 

480 LOCATE 10,3:PRINT "Previaus Temp. send to controller at "iTlME$i" was: 

";TEMP$;" C 

481 LOCATE 23, 9:PRINT "TEMPERATURE CONTROLLER, COPYRIGHT (C), 1988 

Shahrokh Khanizadeh 

490 LOCATE 6,3: PRINT " 

500 COUNT=COUNT+ 1 : BEEP 

number of minutes between each sending is 

510 CALL IE488 (CMD$, TEMP$, FLAG%, BRD%) 

520 IF FLAG%<>O THEN PRINT"Error #"; HEX$ (FLAG%) ;" in output corranand": STOP 

530 GOSUB 920 

540 GOTO 440 

550 ,--------------------- entering ternp~rature ----------------

560 CLS: 

570 LINE (2,100) - (630,185),1, B 

580 LOCATE 14,3 :PRINT "NOTE: This subroutine will create a file on default 

or specified drive, 

590 LOCATE 16,3: PRINT "and record the entered Temp. data points. File name 

can be entered as: 

600 LOCATE 18,3 :PRINT "C:\SUBDIR\TEMP.DAT, OR B:DATA.LST, etc. Please use 

the below format. 

610 LOCATE 20,3: PRINT "Use -0800 for -80. OC, -0201 for -20.1, +0153 for 

+15.3, +0113 for +11.3, 
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620 IOCATE 22,3:PRINT "-0001 for -0.1, 0000 for 0 C, etc. DO NOT USE ANY 

OTHER FORMAT. 

630 ' ------------ writting and reading file temp.dat ----------------

640 IOCATE 4,3:INPUT "Please enter file name to ho Id temperature datd 

650 IF BBB$="" GOTO 640 

660 OPEN BBB$ FOR OUTPUT AS *1 

670 LOCATE 6,3:INPUT "Enter * of Temp. data points ",NO 

680 FOR K=l TO NO:LOCATE 8,3:PRINT "Enter Temp. ";K;:INPUT T$(K) 

690 PRINT U, T$ (K) :LOCATE B,15:PRINT " 

700 LOCATE B,3:PRINT "Please \'lait .... 

710 CLOSE 

720 CLS:OPEN BBB$ FOR INPUT AS U 

730 FOR K=l Ta NO 

740 INPUT U, T$ (K) : PRINT T$ (K) ;" [" iKi" ] , "i :NEXT 

750 LINE (2,130) - (630,lB5) , l, B 

" :NEXT 

" 

760 LOCATE 18,3:PRINT "The above Temp. will he send in the same sequence 

to the controller" 

770 LOCATE 19,3 :PRINT "Are these values entered with regard to the 

previous ex ample " 

780 LOCATE 20,3:PRINT "Le. Each value start with + or - plus 4 digit 

790 LOCATE 22,3: PRINT "ANY OTHER FORMAT WILL SEND UNPREDICTED VALUES AND 

DAMAGE THE CONTROLLER" :LOCATE 20,67: INPUT AN$ 

800 IF AN$="n" OR AN$="N" THEN CLOSE :GOTO 550 

ale' ,----------------- timer 

820 CLS:K=O 

830 LOCATE 2,3:PRINT "Please enter number of minutes beLween each Temp. 

change: ":LOCATE 2, 62:LINE INPUT A$ :MN=INT (VAL (A$) ) 

840 IF MN<l OR MN>59 THEN CLS: PRINT " NOTE: your tlme interval must he 

between 1 and 60 li: FOR 1=1 TO 6000: NEXT 1: GOTO 830 

841 IF COUNT=O GOTO 1070 

850 CLS 

860 ,------------------------- Verify input 

870 CLS 

880 LOCATE 4,4: PRINT "Temp. of controller will be changed every "; l-1N" 

890 LOCATE 6,4 :PRINT "Temp. data wj 11 be read from file "; BBB$ 

900 LOCATE 16,9:INPUT "Is this correct (yIn) ",ANS$:CLS 



910 AN$=LEFT$ (ANS$, 1) :rF AN$="n" OR AN$="N" THEN GOTO 550 

920 SM=VAL (MIO$ (TIME$, 4, 2) ) 

930 NR=SM+MN 

940 TEMP=FRE(TEMP$) :T=FRE (T$) :DATE=FRE(DATE$) :TIME=FRE(TIME$) 

950 LINE (1,1)-(630,185),1,B:LINE (430,70)-(530,130),1,B:LlNE (1,148)

(630,148),1 

960 MM=VAL (MIO$ (TIME$, 4,2) ) 

970 LOCATE 18,4 :PRINT "Free memory available "i FRE (0) 

980 LOCATE 12,12 :PRINT "No. of data points is send to controller: ";K 

990 LOCATE 14,40:PRINT "eurrent Ume: "iTlME$ 

1000 LOCATE 16,40:PRINT "Current date: " i DATE$ 

1010 IF INKEY$="E" OR INKEY$="e " THEN CLS:LOCATE 6,3:PRINT "Routine 

intrupt abnormally ....... ": GOTO 1090 

1020 LOCATE 20,3 :PRINT "NOTE: Press ' E . to intrupt the routine and 

ret urn ta main menu. 

1040 TEMP=FRE (Tr::MP$) :T=FRE (T$) :DATE=FRE (DATE$) :TIME=FRE (TIME$) 

1050 IF (NR-MM) >59 TH EN NR=NR-60 

1060 IF NR=MM mHEN GOTO 1070 ELSE 960 

1070 SM=MM:CLS :K=K+1:IF K>NO THEN GOTO 1090 

1080 RETURN 

1090 LOCATE 2,3:PRINT "NOTE: last temperature (";TEMP$;") was read from 

file "iBBB$i 

11 00 LOCATE 4,3: PRINT "and send ta controller at "i TIME$ i" on "i DATE $ 

1110 LOCATE 20,3:PRINT "Press and key to return te main menu 

1120 SS$=INKEY$: IF INKEY$=" .. TH EN 1120 

1130 CLOSE 

1140 CHAIN" logo 
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