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Abstract approved 

The effect of primocane removal and training time on yield components and 

cold hardiness of 'Marion' trailing blackberry was studied.  In 1991, primocanes 

were either not cut, or cut at ground level from plants on a single occasion at 

one month intervals from late April to late July. Four canes per plant were 

either trained during August, or in February, with all other canes on the plant 

removed and measured. July-renovated plants were trained only in February. 

Yield components were measured separately on basal, middle, and terminal 

sections of each cane. 

Cane diameter, main cane length and yield per cane declined linearly 

with later primocane removal date. However, yield per plant was highest for 

April-renovated plants when yield per cane and total number of canes per plant 

was considered. Total branch cane length was highest for unrenovated plants, 

which had the highest per-cane productivity.  Percent budbreak on main canes 



increased with later primocane removal date. 

August-trained plants had longer main canes, higher percent budbreak, 

and a higher number of fruit per main cane lateral compared to February- 

trained plants. August-trained plants yielded 83% more than February-trained 

plants, and harvest was significantly advanced in some cases. 

The basal section of canes had the highest node number and produced 

the largest number of fruit in all removal dates. Percent budbreak declined 

from the basal to terminal section of the cane. The longest and most 

productive branch canes were produced in basal cane sections, particularly of 

unrenovated plants. 

Cold hardiness of floricane tissues from the renovated treatments was 

evaluated during the winter of 1991/92. Canes from each of the five 

primocane removal times were cut on four dates: November 15, December 9, 

January 17 and February 7. One-node samples were subjected to controlled 

freezing at -6°, -9°, -12°, -15°, and -18"C, plus a ^C control, in November 

and February; in December and January the -60 temperature was replaced 

with -21 "C. After 7 days at room temperature, an LT^ was developed for 

growing point, bud base, phloem and cambial, and pith tissues by estimating 

tissue browning on a 1 to 5 scale. 

Hardiness of all tissues generally increased from November to January, 

then decreased. Differences between sampling dates were generally small, 

probably due to a mild winter. Plants renovated in June and July were 

significantly hardier than those renovated earlier.   Growing point tissues were 



the least hardy of those tested. Phloem and cambial tissues were 

approximately 40 C hardier than the growing point, while the bud base and 

pith were 12° C and 17° C hardier, respectively. 

The effect of cane length and site on yield components of 'Marion' 

blackberry was studied during 1991 and 1992. During 1991, canes on individual 

plants at four sites were cut to either 1.74 m or 2.64 m length. The number of 

canes per plant was adjusted to give a total cane length of 10.5 m per plant. In 

1992, a 3.50 m length was added, and three sites were studied. 

In 1991, separate plants at each site were used for yield component 

measures and for yield estimation for each treatment level. Canes from yield 

component plants were cut out 1 week prior to the start of harvest. In 1992, 

the same plants were used for both yield data and yield component measures. 

Yield components varied little along the cane in either year, and there 

was no trend in the differences that existed. Site differences were found for 

cane diameter, node number, budbreak, number of fruit per lateral, fruit size, 

and yield in both years. Correlation analyses could not establish significant 

relationships among the variables in either yield component study but much of 

the variation in yield components and yield could be due to differences in cane 

diameter and percent budbreak, respectively. 

It is suggested, based on results of the renovation study and cold 

hardiness work, that later renovation dates could form the basis of an alternate 

production system using closer spacing in 'Marion' blackberry. 
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Effect of Pruning and Training Time on Yield Components 
and Cold Hardiness of 'Marion' blackberry 

Introduction 

The production of blackberries in Oregon occurs almost exclusively in 

the Willamette valley. Approximately 75% of the harvested acreage is located 

in Marion, Clackamas and Washington counties (Miles, 1991). Cultivars 

derived from native and introduced trailing blackberries are by far the most 

commonly grown in the region. Approximately 98% of the blackberry acreage 

here is planted to trailing blackberry cultivars, with the remainder in erect- and 

semi-erect cultivars developed in the eastern United States. (Strik, 1992). 

The principal market for trailing blackberry fruit is the processing 

industry.  Over 90% of the fruit produced in the state is processed, with only 

small markets for fresh and pick-your-own fruit (Strik, 1992). Fresh market 

opportunities for blackberries are limited principally by the short shelf life of 

the fruit, but local fresh marketing is also hampered by the widespread 

presence of wild stands of blackberry in the region. Over 85% of the acreage in 

Oregon is machine-harvested (Strik, 1992). 

Trailing blackberries are grown in rows, with plants commonly spaced at 

2.4 m in rows spaced 3.1 m apart.  In commercial production, a trellis with two 

wires 1.5 m and 1.2 m above the ground is common. The canes are woven 

around the wires singly or in bundles. Canes are trained either as they grow 

during the summer, or while dormant in late winter.  Summer-trained plants 
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tend to yield more than winter-trained (Bullock, 1961, Sheets et al., 1972), 

although they are more susceptible to winter injury (Bell et al., 1992). 

Trailing blackberries can be grown in either an alternate year (AY) or 

an every year (EY) production cycle.  In the AY system, the plants grow only 

primocanes (first year vegetative canes) during one growing season, and these 

are allowed to overwinter and fruit the following year. After harvest is 

complete, all canes are removed from the plant. The following year, only 

primocanes are grown once again. In the EY system, both primocanes and 

floricanes (second year fruiting canes) are present on the plant each year, and 

only the spent floricanes are removed after harvest. 

The AY system yields approximately 85% that of the EY system over a 

two year period, but reduces labor and material inputs significantly. The result 

in many cases is a cost saving to growers (Sheets et al., 1975). In a given year, 

between 20% and 55% of the trailing berries in Oregon are grown in an AY 

system (Strik, 1992). 

The most important trailing blackberry cultivar is 'Marion', which 

accounted for more than 50% of the acreage in the state in 1990, and 

continues to be widely planted (Strik, 1992). The other important cultivars are 

'Thornless Evergreen' and 'Boysen', which in 1990 were grown on 29% and 

17% of the total acreage, respectively.  'Kotata' and 'Waldo', which are newer 

releases, are becoming more popular. The latter is the first genetically 

thornless trailing blackberry available to growers. 
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The 'Marion' blackberry was introduced in 1956. This cultivar was the 

product of a cooperative breeding project involving the Oregon Agricultural 

Experiment Station in Corvallis and the USDA. The breeding program had 

been initiated around 1930 with the goal of improving the quality of small fruit. 

The program resulted in the release of a number of blackberry cultivars prior 

to 'Marion', including 'Cascade', and 'Pacific'. In 1948, 'Chehalem' was 

released, and two years later 'Olallie' was introduced (Waldo, 1956). 

'Marion' arose from a cross of 'Chehalem' and 'Olallie' made in 1945 

and was selected as US-Oreg No. 928 in 1948 (Waldo, 1956).  A thorough 

pedigree of the cultivar cannot be constructed, because the origins of many of 

its ancestors is obscure. However it has within its makeup elements of the 

'Black Logan', 'Santiam', 'Young', and Himalaya blackberries. 

Subsequent tests of 'Marion' showed that it was superior to the principal 

cultivars of the time, 'Thornless Evergreen' and 'Boysen', in many aspects of 

fresh and processed fruit quality. Seed size of 'Marion' was much smaller than 

either of these cultivars and it had the additional advantage of ripening much 

earlier than 'Thornless Evergreen'. Harvest of 'Marion' frequently ends as that 

of 'Thornless Evergreen is beginning (Clark, 1960).  Yield was considered to be 

superior to that of 'Boysen' and comparable to 'Thornless Evergreen', but the 

comparative lack of winterhardiness of 'Marion' was noted during evaluations 

(Waldo, 1956). 
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Following its introduction, 'Marion' became popular with growers, but 

acreage in production never exceeded that of Thomless Evergreen' until the 

mid-^SO's. Part of the reason, ironically, was that the flavor of the berry was 

unfamiliar to many consumers, who preferred the flavor of 'Thomless 

Evergreen' (Conroy, 1967). Yields of 'Marion' had also proven to be 

disappointingly low (Brown, 1980).  However, the growth of the yoghurt 

industry in the late 1970's created a strong demand for fruit flavorings and the 

proportion of blackberry acreage in 'Marion' began to rise (Bodyfelt, 1979). 

The problems of low yield and winter injury have become important 

concerns as 'Marion' has supplanted 'Thornless Evergreen' as the principal 

cultivar in the state. Injury due to winter freezes is usually associated with 

arctic air masses which move over the region and cause a rapid decrease in 

temperature.  Events such as this have caused substantial yield losses to trailing 

blackberries on six occasions, most recently in December 1990, after which the 

1991 crop of 'Marion' was reduced 70% (Bell et al., 1992). 

The crop reductions that have resulted from these freezes have caused 

large fluctuations in price on several occasions. This has had adverse effects on 

all aspects of the industry, particularly market opportunities and farm gate 

price (Conroy, 1967). The low yield of 'Marion' in many fields, regardless of 

winter injury, has caused similar concerns about variations in production. The 

reasons for the low yields are not entirely clear, although 'Marion' performs 

best on a fertile site and it is susceptible to disease (Brown, 1980). 
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There has been little study of the yield components or tissue hardiness 

of this or any other trailing blackberry cultivar. The likelihood of solutions to 

the perplexing problems of low yield and winter injury are reduced in the 

absence of basic information of these aspects of plant physiology. The 

following project was initiated to answer questions regarding the growth habit 

and hardiness of 'Marion' blackberry. 



Chapter 1 

Review of Literature 

Taxonomy and distribution of Ruhus 

The genus Rubus (Rosaceae) is very diverse with representative species 

distributed worldwide from tropical to northern and southern temperate regions 

and the arctic. The genus is divided into 12 subgenera, only five of which 

contain species of pomological or ornamental interest (Jennings, 1988). Two of 

these, Chamaemorus and Cylactis, contain the cloud berry and the Arctic 

berries, respectively. Species in the Malachobatus are restricted to tropical and 

subtropical climates, and in North America are only of ornamental interest. 

Idaeobatus has a northerly distribution and contains approximately 200 species 

of raspberries, the distinguishing feature of which is that the fruit separates 

from the receptacle at maturity. Eubatus is a very large subgenus which 

includes the blackberries, the fruit of which adheres to the receptacle when 

mature (Jennings, 1988). 

Species of the Eubatus are found principally in South America, Europe 

and North America.  The subgenus is very complex and includes evergreen, 

subtropical species and deciduous species adapted to the climate in northern 

Canada.  Ploidy levels range from diploid to dodecaploid.  In the Pacific 

Northwest, the most common members of the subgenus are the himalaya, 

evergreen, and trailing blackberry.  Both the himalaya (R. procerus) and the 
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evergreen (R. laciniatus) blackberry were introduced to the region and have 

escaped from cultivation. These species are now widespread and are notable 

for their aggressive growth. The trailing blackberry (R. ursinus) is native to the 

Pacific Northwest and is common in burned over areas (Warren, 1966). 

Growth of primocanes 

Most species of Rubus share a common growth habit with biennial canes 

arising from a perennial root system. Exceptions to this are the cloudberry, R. 

chamaemorus (Chamaemorus) and the arctic berries, including the important 

species R arcticus and R. stellatus, all of which bear flowers on annual shoots 

that arise from underground rhizomes (Jennings, 1988). With all other species, 

new canes emerge in the spring from buds on the crown, at the base of 

floricanes, or from roots when conditions are favorable (Moore and Skirvin, 

1990; Williams, 1960).  Unlike raspberries and erect blackberries, which can 

produce prodigious numbers of root suckers (Williams, 1959a), trailing 

blackberry canes arise only from buds on the crown. In the case of blackberry 

and most raspberries, the new canes, called primocanes, are purely vegetative 

in their first year of growth (Waister et al., 1977). 

The energy for primocane growth comes initially from carbohydrate 

reserves in the roots. Levels of carbohydrate in the roots decline during the 

early part of the season until the primocane leaf area is established.  Levels of 

carbohydrate are replenished by the end of the growing season, when 

primocane leaf area is at a maximum (Whitney, 1982).  Canes elongate slowly 
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at the beginning of the season, rapidly in mid-season and slowly at the end. 

The final length of the cane is primarily dependent upon the rate of elongation 

for a given genotype, and to a lesser extent upon the time at which growth 

started (Jennings and Dale, 1982). 

As the cane grows, nodes are produced along its length. Nodes are 

produced at a constant rate, so that as cane growth rate varies, so does 

intemode length (Jennings and Dale, 1982). The number of nodes in different 

sections of the cane depends on the growth pattern of the genotype (Crandall 

et al., 1974a; Jennings and McGregor, 1989).  Elongation of the cane ceases in 

the fall with the formation of the terminal bud in the case of raspberries 

(Williams, 1959b). In the case of trailing blackberry, elongation may also be 

stopped by rooting at the tip of the cane. 

At each node, a primary bud forms and, in some genotypes, a secondary 

bud of equal or smaller size will develop below the primary (Jennings, 1979). 

In addition, tertiary buds may develop within the bud scales of the primary 

(Wood and Robertson, 1957). All of these buds are potentially fruitful 

(MacDaniels, 1922), but they remain vegetative through most of the first 

growing season. The axillary buds of raspberry generally do not break during 

the first year.  However, axillary buds of trailing blackberry and other species 

of Rubus have a strong tendency to break and produce vigorous branch canes, 

which can then also produce nodes and bear fruit. In some species, such as the 
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black raspberry (R. occidentalis), these branch canes can be very productive and 

encouraging their development has become part of the production scheme. 

A common means of manipulating the growth habit of both red 

raspberries and trailing blackberries is primocane suppression. This involves 

removing the first flush, and possibly subsequent flushes of primocane growth, 

usually before the canes are more than 30 cm in height. The practice of 

chemically prumng these primocanes is called cane burning, and was done very 

effectively for many years using dinoseb, whose registration for caneberries has 

been revoked. The same function is now performed by oxyfluorfen. 

A single cane burning treatment generally results in an increase in fruit 

size and yield (Freeman et al., 1989) and a higher number of berries per lateral 

in middle and particularly basal parts of the raspberry cane (Crandall et al., 

1980). Similar results are obtained when canes are removed by mechanical 

means at ground level (Lawson and Wiseman, 1983). Both the chemical and 

mechanical removal of primocanes results in a reduction of disease and pest 

problems in plantings, because replacement canes are healthier than those in 

the first flush (Freeman and Daubeny, 1986; Lawson and Wiseman, 1983; 

Williamson et al., 1979). 

This practice is not necessarily appropriate for all cultivars. Repeat 

applications, and even single applications in some cultivars, can cause a 

decrease in cane number, cane diameter, and cane height (Crandall et al., 

1980; Freeman and Daubeny, 1986).  Also, the vigor of the plant may decline 
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over a period of years (Freeman and Daubeny, 1986; Lawson and Wiseman, 

1983). The reduction in vigor may be accelerated by delaying the removal of 

the first flush of primocanes (Lawson and Wiseman, 1983). 

Flower initiation 

Prior to and/or after the cessation of cane growth, flower initiation 

takes place within the terminal bud and axillary buds that have formed at the 

nodes along the cane. Time of flower initiation varies with genotype, location 

on the cane and diameter of the cane. Waldo (1933) found large differences 

amongst raspberry and blackberry genotypes in time of flower initiation in 

Oregon and suggested that under mild local conditions, initiation could 

continue through the winter.   Sheets and co-workers (1972) found that time of 

training also affects flower initiation in 'Marion'. Training in August 

encouraged initiation in terminal parts of canes, whereas February-trained 

plants first showed activity in basal and mid-sections. In both cases, well- 

defined floral structures were observed only by 15 November (Sheets et al., 

1972). 

Initiation generally begins under long day conditions in the late summer 

in response to changes in temperature. The role of day length has not been 

clarified, but this may be less of a factor than temperature (Dale and Daubeny, 

1987; Williams, 1960).  Initiation generally begins at the distal end of the cane 

and proceeds basipetally (Williams, 1959b; Jennings and McGregor, 1989). 

Precocious development in the terminal section may not in itself lead to an 
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increase in yield (Crandall and Chamberlain, 1972). Inflorescences may be 

found in primary, secondary and tertiary buds, but those of the primary buds 

are the largest and are formed earliest (Woods and Robertson, 1957). 

Growth of floricanes 

After a period of rest during the winter and when environmental 

conditions favor renewed growth, the axillary buds on overwintered canes break 

and fruiting laterals emerge. The energy for emergence and initial growth of 

the laterals comes from sugar and starch reserves in the cane.  Levels of these 

decline as the laterals emerge in spring, and are then partly replenished as the 

leaf area of the cane is established (Whitney, 1982). The laterals themselves 

have nodes at which the fruit are borne, and can be divided into three sections: 

a barren basal section, a middle section with flower buds that will develop 

later, and a terminal section with both fruit and flower buds (Dale and 

Topham, 1980). The number of fruit per lateral varies both by genotype (Dale 

and Topham, 1980) and in response to environmental factors (Jennings and 

McGregor, 1989). 

The location of the lateral along the cane has an important effect upon 

its vegetative and reproductive characteristics. Lateral length generally 

decreases from the base of the cane to the tip as a result of the pattern of 

flower initiation (Dale, 1979). The initiation of flowers within the axillary bud 

stops the differentiation of lateral nodes. Thus, if initiation begins early, the 

total number of lateral nodes is limited (Jennings and McGregor, 1989; Dale 
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and Daubeny, 1987). Flower initiation generally takes place in terminal areas 

of the cane first, and so laterals in this area of the cane are short and become 

progressively longer towards the base of the cane. 

Flowering and fruiting also occur first at the terminal part of the cane, 

with lower laterals producing fruit later (Dale and Topham, 1980). While 

lower laterals have a larger number of nodes, a significantly smaller percentage 

of these are fruitful (Dale, 1979). As a result, the number of fruit per lateral 

may or may not increase towards the base of the cane (Crandall et al., 1974a; 

Crandall et al., 1980). This may be due in part to the competitive advantage 

the upper laterals have by flowering earlier, which tends to suppress the growth 

of the lower laterals (Dale and Topham, 1980). Also, while raspberries are 

unusual among higher plants in that a high proportion of the axillary buds 

grow, the percentage of nodes bearing fruiting laterals declines from near 

100% at the tip of the cane to less than 50% near the base (Jennings, 1987). 

Removal of buds from the upper portion of the cane improves the fruitfulness 

of the lower portion, whereas in the reverse case, there is no response (Braun 

and Garth, 1984). 

The fruit of the blackberry is an aggregate composed of many drupelets 

adhering to a common receptacle.  After fertilization, each of the many ovaries 

of the individual flowers develops into a drupe, which collectively are held 

together by the receptacle and by hairs on the epidermis of each drupelet 

(Jennings, 1988).  Each drupelet has its own vascular supply, and variation in 
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the size of fruit is caused both by the number of drupelets and their size 

(Waister and Wright, 1989). Photosynthate produced by the floricane leaves is 

the source of non-structural carbohydrates used by the developing fruit 

(Whitney, 1982). In raspberry, the cohesiveness of the fruit depends upon the 

contact area between drupelets and the hair density (Robbins et al., 1988), and 

also the dimensions of the individual drupelets (Robbins and Moore, 1991). 

After the cane has fruited, it senesces and dies. During the time when 

laterals are emerging and flowering and fruiting are occurring on the floricanes, 

a new crop of primocanes is produced by the plant. Since both types of canes 

exhibit growth, there is competition between them for light, water, nutrients 

and possibly assimilates (Waister et al., 1977). When either primocanes or 

floricanes are removed from the plant, and the other allowed to grow 

unimpeded, there is an increase in fruit yield or vegetative growth, respectively 

(Nehrbas and Pritts, 1988a; Waister et al., 1977; Wright and Waister, 1982a, 

1982b). An important contribution to the productivity of either type of cane in 

this situation is made by increased light interception (Swartz et al., 1984; 

Waister et al., 1980). 

Yield components of Rubus 

Considerable work has been done in the past 20 years in elucidating 

those aspects of caneberry growth that contribute to final yield, and in 

determining those of greatest importance. Most of this work has been done on 

red raspberries, with only a few papers dealing with yield components of purple 
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raspberries and erect-type blackberries. The only work on trailing blackberry 

was done on 'Marion' during the 1960's. The discussion which follows will 

therefore necessarily be a review of yield components of red raspberry, and 

references specific to 'Marion' will be noted. 

The final yield of a caneberry plant over a given area can be expressed 

simply as the product of the yield per cane multiplied by the number of canes 

per unit area. Yield per cane can then be broken down into a number of 

components which can be measured and studied independently: cane height, 

cane diameter, number of nodes per cane, number of laterals per cane, lateral 

length, number of fruit per lateral, and fruit size.  Fruit size can be measured 

as the mass of the whole fruit, or it can be expressed as the number of 

drupelets and their individual size. In the case of trailing blackberries such as 

'Marion', the productivity of the branch canes can also be studied. The relative 

importance of the various components contributing to yield tends to vary by 

genotype (Hoover et al., 1988), so the discussion is necessarily generalized. 

Cane number and length. The number of canes and their length can 

have an profound impact on the yield of the plant Several studies have shown 

a positive correlation between cane number and yield for summer-bearing red 

raspberries (Freeman et al., 1989; Nehrbas and Pritts, 1988a). Other research 

on fall-bearing raspberries and purple raspberry has confirmed the importance 

of cane density (Gundersheim and Pritts, 1991; Hoover et al., 1986; Hoover et 

al., 1988).  An increase in cane number is associated with a decrease in the 
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productivity of the individual canes, as measured by the number of fruiting 

laterals and number of fruit per lateral, although yield per unit area is 

increased (Crandall et al., 1974a). 

Cane length has been positively correlated with yield. Darrow and 

Waldo (1933) showed that productive raspberry fields had taller canes. 

However, the relationship between cane length and yield is partly dependent 

on the growth habit of the genotype and on the environment.  Some cultivars 

produce a large percentage of their fruitful nodes in the distal parts of the 

cane. Over 50% of the fruitful nodes of 'Willamette' raspberry are located on 

the upper 33% of the cane (Orkney and Martin, 1980) and similar results have 

been reported for other genotypes (Crandall et al., 1974a). Nehrbas and Pritts 

(1988a) showed that mowing all growth from raspberry plants in the spring 

reduced the number of buds in the basal and middle thirds of the new 

primocanes.    The loss of productive buds through disease, weather phenomena 

or other causes will reduce cane productivity and its importance to yield 

(Crandall et al., 1974b). 

Cane diameter.  An increase in cane diameter has been associated with 

an increase in productivity of the cane, but this may be influenced by both the 

genotype and the environment.  Some studies have shown an increase in yield 

with increasing cane diameter (Darrow and Waldo, 1933; Locklin, 1932), 

whereas others have shown either a minimal effect or none (Crandall et al., 

1974b; Martin et al., 1980).  However, plants with thin canes generally have 



16 

lower yields than those with thick canes, but this appears to be true only in less 

favorable environments. Although Dale (1986) stated that cane diameter and 

length were the major influences on the yield potential of the plant, in a 

favorable environment where all genotypes are vigorous, thicker-caned cultivars 

could actually be at a disadvantage because they tend to have a lower number 

of laterals than thin-caned cultivars (Dale and Daubeny, 1985). 

Node and lateral number.   Several studies have demonstrated a strong 

positive correlation between number of fruitful laterals per cane and yield 

(Dale and Daubeny, 1985; Hoover et al., 1988; Nehrbas and Pritts, 1988a). 

Canes with many nodes also tend to have many fruiting laterals (Jennings and 

Dale, 1982), although the percentage of nodes that produce a fruitful lateral is 

dependant on a number of environmental and cultural factors. Sheets and co- 

workers (1972) found that 57% of axillary buds on branch canes of 'Marion' 

produced fruitful laterals. There was also a significant effect of training time 

on the number of laterals: August-trained plants produced more laterals than 

February-trained. 

In those instances where a low percentage of buds produce fruitful 

laterals, the reduction can be compensated for, to some extent, by 

improvements in other yield components (Braun and Garth, 1984). 

Compensation from increases in fruit size (Gundersheim and Pritts, 1991; 

Kollanyi, 1988) and number of fruit per lateral (Waister and Barritt, 1980) has 

been reported.  As noted before, the terminal areas of the cane tend to set a 
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higher percentage of fruitful laterals than the basal areas. Since the basal 

sections of raspberry canes also have fewer buds than distal sections and the 

plant tends not to produce branch canes, it is not surprising that a 

disproportionate percentage of the raspberry crop comes from the terminal 

areas of the cane (Crandall et al., 1974a). 

Number of fruit per lateral. As with the other components of yield, the 

contribution of the number of fruit per lateral to yield tends to vary by 

genotype. Hoover et al. (1988) found that fruit per lateral had the strongest 

direct effect on yield, followed by cane density.  However, the number of fruit 

produced on each lateral is often determined by other factors, notably cane 

diameter and percent budbreak. Thicker canes tend to have more fruit per 

lateral than small diameter canes, at least in part because the levels of stored 

carbohydrate are higher in these canes (Crandall et al., 1974a). As noted 

before, a reduction in budbreak tends to be compensated for by an increase in 

number of fruit per lateral, primarily as the result of maturation of flower buds 

towards the base of the lateral (Waister and Barritt, 1980). 

The number of fruit per lateral may not be constant along the length of 

the cane.  Crandall and co-workers (1980) showed that the number of fruit per 

lateral decreased from the top third of the cane to the basal third. Other 

studies have shown that the number is constant over the cropping region of the 

cane (Dale, 1979; Orkney and Martin, 1980). Cultural practices such as 

primocane suppression (Waister et al., 1977) and severe pruning of the cane 
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can also increase the number of fruit per lateral (Gundersheim and Pritts, 

1991). 

Fruit size. An increase in fruit size is usually correlated with an increase 

in yield (Dale and Daubeny, 1985; Freeman et al., 1989; Hoover et al., 1986). 

Fruit size seems to be independent of cane density, but is reduced with an 

increase in bud number per cane (Gundersheim and Pritts, 1991). Consistent 

with this is an inverse relationship between fruit size and pruning severity 

(Kollanyi, 1988). The environment can influence fruit size at three separate 

phases of development: ovule number at initiation, drupelet set at flowering 

and drupelet size during fruit development (Dale, 1986). Weather conditions 

such as rainfall and temperature have an especially important effect on the 

latter two (Dale and Daubeny, 1985). 

Branch canes.  The importance of branch canes varies with the type of 

caneberry and with genotype. Red raspberries tend to grow as straight, single 

canes (Gundersheim and Pritts, 1991).  However, branch canes are important 

to the productivity of erect-type blackberries, black raspberries, and purple 

raspberries.  Gundersheim and Pritts (1991) estimated that 'Royalty' purple 

raspberry plants with branch canes produced 27% more fruit than those 

without branches at a given plant density. 

The relative productivity of the branch canes of trailing blackberry, and 

in particular 'Marion', has not been studied, but vigorous branches are freely 

produced from the main cane of this cultivar (Waldo, 1957).  In many cases 
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these branch canes can be of a similar length and even diameter as some main 

canes. Thus, because they are not routinely shortened for training, their 

contribution to total yield of the plant could be substantial. 

Cold hardiness of Rubus 

Winter injury is a common problem not only in blackberry production, 

but also in many areas where raspberries are cultivated (Brierley and Landon, 

1946). While there is considerable literature regarding rest requirements and 

cold hardiness of raspberry, comparatively little has been written regarding 

similar requirements of blackberry. Those reports that have appeared in the 

literature deal exclusively with erect-type cultivars common to eastern areas of 

the United States, whose pedigrees are quite different from the trailing 

cultivars grown in northwest regions (Moore and Skirvin, 1990).  The results 

from these studies and many others on raspberries cannot be directly applied to 

trailing blackberry, but the physiological similarity of the species of Rubus 

makes extrapolation of general information possible. 

Blackberries are known to differ from raspberries both in the time 

dormancy begins and in the level of dormancy attained (Jennings, 1988). 

Differences in cold hardiness amongst several eastern blackberry cultivars have 

been shown (Moore and Brown, 1971; Warmund et al., 1986) and several 

attempts have been made to relate their acclimation and winterhardiness 

patterns (Brierley and Landon, 1946; Jennings et al., 1972; Kraut et al., 1986; 

Zraly, 1978). 



20 

The onset of dormancy in red raspberries is triggered by shortening days 

and decreasing temperatures (Brierley and Landon, 1946; Jennings, 1988; 

Mage, 1975). The expression of onset of dormancy is a cessation of shoot 

elongation (Kraut et al., 1986), followed by a reduction in the water content of 

canes (Jennings et al., 1972; Jennings and Cormack, 1969). In blackberries, 

rooting at the shoot tips is associated with termination of growth (Jennings, 

1988). The timing of these changes varies with different cultivars (Kraut et al., 

1986; Van Adrichem, 1966, 1970). 

The intensity and duration of dormancy varies with the genotype (Mage, 

1975) and environmental conditions.  Lamb (1948) found that 'Latham' red 

raspberry required 1,405 hours at a temperature of 7' C to break rest, and that 

temperatures between 0° and 70C were most effective. Rest in many 

temperate regions is therefore likely completed by mid-December (Brierley and 

Landon, 1946; Jennings et al. 1972; Kraut et al. 1986), although latitude is 

important (Brierley, 1948), and other factors can greatly extend the rest period 

(Warmund et al., 1989). 

The rest period is not necessarily associated with maximum hardiness, 

although Warmund and co-workers (1989) found that it was.  In some cases, 

the chilling requirement is satisfied long before maximum hardiness is achieved 

(Kraut et al., 1986; Zraly, 1978). After rest completion, the plant is generally 

responsive to ambient temperature, so that mild spells in midwinter can cause 

growth to begin and loss of hardiness, predisposing the plant to injury if cold 
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weather subsequently occurs. (Brierley and Landon, 1946; Kraut et al., 1986; 

Van Adrichem, 1970). 

Different tissues in both blackberry and raspberry have been shown to 

have varying rest requirements and differing susceptibility to winter injury. 

Buds on terminal sections of raspberry canes break rest earlier than those at 

the base, which in turn may break rest earlier than those in the middle of the 

cane (Jennings et al., 1972; Mage, 1975). The early-breaking buds are more 

susceptible to injury in midwinter. This tendency for terminal buds to begin 

activity earlier than basal buds in response to temperatures has been related to 

presence of dormancy-inducing factors in the leaves, variations in time of leaf 

fall in different parts of the cane (Jennings et al., 1972), and also to differences 

in water content among cane sections (Jennings and Cormack, 1969). 

Cane tissue has been found more susceptible to injury than bud tissue 

(Brierley and Landon, 1946; Kraut et al., 1986). This seems to be primarily 

due to damage to cambial and phloem tissue (Warmund et al., 1986), since 

xylem tissue has been found, in some cases, to be as hardy as that of buds. 

(Kraut et al., 1986; Warmund et al., 1989). Damage to phloem tissue is 

particularly serious, because the cambium of floricanes exhibits little activity, 

and hence has a limited ability to regenerate vascular tissue (Brierley, 1930). 

Lateral buds on cold-damaged canes often show no apparent damage and will 

emerge and extend normally until the demands of flowering and fruiting 
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overwhelm the vascular system, causing the lateral to collapse (Moore and 

Brown, 1971). 

The relative hardiness of buds and xylem parenchyma is due to the 

ability of these tissues to supercool (Warmund and George, 1989; Warmund et 

al., 1988)-the ability to retain intracellular water in a viscous state well below 

the freezing point without the occurrence of heterogeneous ice nucleation and 

subsequent cell death (Quamme, 1985). Phloem and cambial tissues of Rubus 

have not been shown to exhibit this capability (Warmund et al., 1989).  Buds 

are believed to be capable of supercooling if xylem vessels do not penetrate the 

raceme, removing a conduit for spread of ice into the bud (Ashworth, 1984; 

Warmund and George, 1989). 
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Chapter 2 

Effect of primocane removal date and training time 
on yield components of 'Marion' blackberry 

Abstract 

'Marion' trailing blackberries were renovated by removing primocanes at 

ground level in either late April, May, June or July. Primocanes were not cut 

from control plants. Except for the July treatment, 4 canes per plant were 

either trained on a trellis during August or February. The July renovated 

plants were too short to train in summer and were trained only in February. 

Canes cut from the plants at training were measured for main cane and branch 

cane length.  Yield, fruit size and drupelet number were collected on each 

combination of primocane removal date and training time. After harvest was 

complete, canes were removed from the trellis and yield components measured 

separately on equal basal, middle, and terminal cane sections. 

Cane diameter, main cane length, and yield per cane declined with later 

removal date. Total branch cane length was highest for unrenovated plants, 

and was the principal reason for their higher per-cane productivity. However, 

yield per plant was highest for April renovated plants because of increased 

cane number and total main cane length.  Percent budbreak on main canes 

increased with later renovation date. 

August-trained plants had longer main canes, a higher percent budbreak, 

and a higher number of fruit per main cane lateral than February-trained 
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plants. August-training increased yield 35%, and in some cases harvest was 

significantly advanced compared to February-trained plants. The basal section 

of canes had the highest node number and produced the largest number of 

fruit in all primocane removal treatments. Percent budbreak declined from the 

basal to terminal section of the cane. The longest and most productive branch 

canes were produced in basal cane sections, particularly in unrenovated plants. 

It is suggested that early dates of renovation combined with August-training can 

increase yields and reduce the labor required for training. 

Introduction 

Many studies show that yield of red raspberry is significantly increased 

by removing the first flush, and subsequent flushes, of primocanes (Freeman 

and Daubeny, 1986; Waister et al., 1977; Williamson et al., 1979). Higher 

yields were associated with specific changes in yield components such as fruit 

size and fruit number per lateral (Crandall et al., 1980; Freeman et al., 1989). 

Yield increases as a result of this practice have also been demonstrated in 

'Thornless Evergreen' trailing blackberry (Sheets and Kangas, 1972). 

Studies in red raspberry have shown that timing and frequency of 

primocane removal can have a major impact on the productivity of plants in 

subsequent years (Crandall et al., 1980; Freeman and Daubeny, 1986). 

Removing canes too late can cause a particularly swift and severe decline in 

vigor (Lawson and Wiseman, 1983).  If primocanes are not suppressed, then 
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potential yield increases are forfeited, and the longer canes become a nuisance 

for either hand or mechanical harvest (DeFrancesco et al., 1989). 

The present study was undertaken to examine the effect of different 

primocane removal dates and training time on the productivity of individual 

canes and whole plants of 'Marion' blackberry. The growth habit of this 

cultivar and other trailing blackberries is distinct from that of red raspberry and 

other Idaeobatus, and the cultural system is consequently quite different. 

Since those components of yield that contribute most to yield can vary, even 

amongst red raspberry genotypes (Hoover et al., 1988), and in response to 

cultural and environmental factors (Dale, 1979), there is a need for information 

specific to 'Marion' blackberry. 

Materials and Methods 

Experimental design.  This experiment was carried out in 1991 and 1992 

on a 7-year-old planting of 'Marion' blackberry on a Latourell loam soil at the 

North Willamette Research and Extension Center near Aurora, Oregon. Plants 

were spaced at 2.44 m within rows spaced 3.05 m apart. The trellis consisted 

of posts with two horizontal wires at 1.20 m and 1.52 m from the ground. 

Weed control and fertilization followed standard commercial practice. 

Irrigation was by fixed overhead sprinklers. This planting had been in the "off 

year of an alternate year (AY) production system in 1990, and would have 

fruited in 1991, except that the cane growth was killed by a severe cold in 
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December 1990. Therefore, during the 1991 season, only primocane growth 

occurred for the second straight year. 

The planting was flanked by border rows, and plants at the end of each 

row were designated border plants. Five primocane removal treatments were 

randomly assigned to two-plant plots. Each of the two plants in the plots were 

then assigned to one of two training-time treatments. The experiment was a 

completely randomized design with five replications. Treatments were 

arranged in a 5X2 factorial combination of main effects of primocane removal 

date and training time. 

Primocane removal  The primocane removal treatment involved cutting 

all primocane growth at ground level with pruners (Lawson and Wiseman, 

1983).  Canes on both plants in each plot were removed on a single occasion 

on one of four dates spaced at monthly intervals in 1991: May 2, May 30, July 

1, and July 31. A control treatment was included in which primocanes were 

not cut. These treatments will be referred to as April, May, June, and July 

renovated, or unrenovated, respectively. 

After removing primocanes on each date, all primocanes subsequently 

produced by the plants in those plots were allowed to grow for the rest of the 

season. All these plants received two sprays of copper fungicide during April 

and May, and were sprayed again with benomyl to control Septocyta and other 

cane diseases.  During the growing season, all canes were trained along the 

ground within the rows both before and after the renovation treatments. 
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Training time. There were two training time treatments: summer-trained 

and winter-trained. Canes of the summer-trained plants were divided into two 

bundles of approximately equal size on August 26. One bundle was then 

trained straight along the top wire of the trellis and the other on the bottom 

wire. Canes were secured with surveyors tape without wrapping them around 

both wires in order to make cane selection and final training easier in late 

winter. This method of training has been shown to give yields comparable to 

plants whose canes are wrapped on the trellis at the same time (Nelson and 

Martin, 1982). The summer-trained treatment was not possible with the plants 

whose primocanes were cut on July 31, since the new growth on these plants 

was not long enough to reach even the bottom wire of the trellis. For this 

renovation date there was therefore only a winter-trained treatment. The 

winter-trained treatment involved leaving canes on the other plant in each plot 

in a single bundle along the ground through the winter, and training in late 

February. 

Cane training.  On February 24 and 25, canes on both summer- and 

winter-trained plants were wrapped on the trellis in mild, sunny weather. 

Canes of the summer-trained plants were removed from the trellis, and those 

of winter-trained plants from the ground. Four canes were randomly selected 

from the bundles for each plant, the only criterion for selection being that 

canes not be dead. These canes were wrapped in standard commercial style 

around both wires of the trellis.  The remaining canes on each plant were 



28 

removed and the total number of canes, main cane and branch cane length 

measured. 

Yield components. Fruit were harvested from each plant individually on 

six occasions starting on June 12. The final harvest was on July 14. At each 

harvest date, total yield per plant was measured, and a 25 berry sample was 

randomly selected and weighed for average fruit size per plant. From this 25 

berry sample, five fruit were randomly chosen, bagged and frozen for later 

drupelet counts. 

On July 20, the four canes on each treatment plant were unwrapped 

from the trellis. Canes were separated carefully to minimize damage to the 

laterals. Each cane was then divided into three equal length basal, middle and 

terminal sections. Cane diameter at 30 cm from the base and total main cane 

length were measured on each cane, otherwise all yield component data were 

collected separately by cane section. Variables measured on each of these 

sections were node number, number of nodes with a fruitful lateral or branch 

cane, lateral length and number of fruit per lateral. Branch canes for each 

section were measured individually for the same variables. 

Data were used to calculate percentage of fruitful budbreak, average 

lateral length and number of fruit per lateral on both main canes and branch 

canes for each section. The percentage of fruit that was borne on main cane 

or branch cane laterals was also calculated for each cane section. Data on 

total yield, fruit size and drupelet number were considered on a per-plant basis. 
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Total cane production per plant (the number of canes removed at 

training plus the four canes left) was then used to calculate potential yield of 

each plant, assuming that all canes had been left on the plant. Productivity per 

meter of cane was calculated by dividing yield per plant by the main cane 

length of the four canes left on the plant. This was then multiplied by the total 

cane length of the plant to give the theoretical potential yield. The purpose of 

this calculation was not to give a definitive estimation of yield potential of each 

renovation date, but to provide a basis for comparison amongst them. The 

assumption is made that the change in productivity of individual floricanes 

associated with the removal of many of the canes prior to budbreak is 

consistent for all five renovation treatments. 

Studies on raspberry do in fact suggest that the productivity of individual 

canes will increase when floricane thinning is done (Crandall et al., 1974a). 

The reason for this is not entirely clear, but in the absence of plant response to 

water or fertilizer, some researchers have suggested increased light interception 

as a principal cause (Nehrbas and Pritts, 1988b; Waister et al., 1980).  Braun et 

al. (1989) showed an increase in yield of red raspberry in response to higher 

light exposure of floricanes. This would seem to be consistent with the idea 

that the photosynthate utilized by the fruit is primarily produced by the 

floricane leaves (Waister and Wright, 1989; Whitney, 1982). 

The justification for the assumption that the change in yield per meter 

of cane with removal of most cane growth is constant for all treatments is that 
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light exposure of the remaining canes was increased approximately equally, and 

that light is the principal resource for which within-plant competition occurs. 

In the case of trailing blackberries such as 'Marion', whose canes are wrapped 

between two wires a minimum of 1 m from the ground, one would expect light 

exposure of even vigorous plants with many canes to be excellent. This is in 

addition to the fact that complete separation of primocanes and floricanes 

occurs in this training system, which is not commonly the case in raspberry 

production. Thus although total cane number of the five renovation treatments 

was different, the inclusion of these would not likely cause variations in light 

interception radical enough to cause differential yield responses per meter of 

cane amongst treatments. 

Data analysis. Analysis of variance (SAS, 1987) was used to compare the 

main effects of renovation date and training time and their interaction.  Mean 

separation was done using the Waller-Duncan K-ratio test.  Means and 

standard errors were calculated for cane sections, which were not randomized 

and could not be compared statistically. Correlations among variables were 

run for each combination of renovation date and training time. Regression 

analysis was used to relate yield to yield component variables. 

Results 

Renovation date. Date of primocane removal had an effect on virtually 

all yield components of the canes (Table 2-1).  Cane diameter, main cane 

length, and internode length decreased with later renovation date.  Branch 



31 

cane production was greatest on the unrenovated plants, and tended to decline 

with later renovation date. July-renovated plants tended not to produce branch 

canes. However, because cane number increased for all renovated plants 

compared to the control, total main cane length per plant was highest for the 

April treatment, followed by May and June. 

Yield per plant (four cane) declined with later renovation, showing that 

productivity of the individual canes was reduced with later date. The yield per 

meter of cane was highest for unrenovated plants, was similar for April-, May-, 

and June- renovated plants and was lowest for July-renovated plants.  However, 

because the total main cane length per plant was much increased, April- 

renovated plants had the highest potential yield, followed by the May-renovated 

plants. Unrenovated plants and the June-renovated plants gave somewhat 

smaller, similar potential yields, followed by the July-renovated plants, whose 

yields were less than half those of June-renovated plants (Table 2-1). 

The relative importance of the branch canes to overall productivity is 

shown in Figure 2-3, which shows the percentage of total fruit borne on branch 

canes for each cane section. Over 70% of the basal fruit of unrenovated plants 

was on branch canes and 40% of terminal fruit. The contribution of these 

branches for each cane section of April- and May-renovated plants ranged from 

10% to 25% of total yield. For the later renovation dates branch cane 

productivity was negligible. 
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Percent budbreak of fruitful laterals on main canes increased with later 

removal date (Table 2-1). There were no significant differences among 

renovation dates in the lateral length of either main canes or branch canes. 

The number of fruit per lateral on either the main cane or branch canes 

showed no particular trend with primocane removal date (Table 2-1). 

Trends in drupelet number and fruit size were comparable with both 

being highest for the April removal and lowest for the July-renovated plants. 

Fruit size and drupelet number for the other three renovation dates were 

similar.  Differences in fruit size were generally small and of questionable 

biological significance, but differences in drupelet number were larger (Table 

2-1). 

Training time. The four canes of August-trained plants yielded 63% more 

than February-trained over all primocane removal dates (Table 2-2). Potential 

yield of summer-trained plants was approximately 35% greater than winter- 

trained plants (Table 2-2).  Differences in potential yield between summer- and 

winter-trained plants were smaller than the 4-cane plants because main cane 

length of summer-trained, 4-cane plants was increased compared to winter- 

trained, but total main cane length of whole plants did not differ between 

training times. 

Summer-trained plants also had a tendency to produce a greater 

percentage of yield early in the season, particularly early-renovated plants 

(Figure 2-5).  Summer-training resulted in a significant increase in main cane 
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budbreak, and the average number of fruit per main cane lateral. There was 

an interaction between renovation date and training time for average number 

of fruit per main cane lateral (Figure 2-8), but no other significant interactions 

were found. 

Cane section. Cane sections were not randomly selected and hence 

could not be analysed statistically, so results are presented as trends among 

means. The total number of fruit per cane section was highest for basal 

sections of all removal dates (Figure 2-6). Branch cane length by cane section 

differed by primocane removal date, but was highest for basal sections in 

unrenovated plants, which produced a substantially greater total length than 

any other cane section (Figure 2-7).  Basal branch canes were the most 

vigorous, showing higher percent budbreak, lateral length and number of fruit 

per lateral (Table 2-3). 

Node number and percent budbreak declined from basal to terminal 

cane sections. The most fruitful main cane laterals for each renovation date 

were found in either the basal or middle parts of the canes, while terminal 

laterals were less productive. This trend was not apparent for July-renovated 

plants, which showed similar productivity in all cane sections (Table 2-3). 

Correlation analyses for each combination of primocane removal and 

training time did not reveal any identifiable trends. Some results were 

contradictory. The best results were found with the May-renovated winter- 

trained plants, where drupelet number, cane diameter and branch cane lateral 
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length were positively correlated with yield (r = 0.93; r=0.88; r=0.91, 

respectively).  Fruit size of the summer-trained May-renovated plants was 

negatively correlated with yield (r = -0.94).  Main cane length of the July- 

renovated plants was positively correlated with yield (r=0.96). 

Discussion 

Primocane removal date. The results of the primocane removal 

treatments provide an interesting comparison to the effects of chemical and 

mechanical primocane suppression in red raspberry. Studies on the effect of 

primocane suppression in red raspberry show that cane number and total cane 

length per plant is unaffected by a single treatment (Crandall et al., 1980). 

Unlike in red raspberry, here the number of canes of 'Marion' was increased 

for all renovation dates compared to the unrenovated control and, except for 

the July treatment, total main cane length per plant was greater. Total main 

cane production on the unrenovated control plants was only 53% of that of 

April-renovated plants and approximately 70% of that of May and June 

treatment plants. 

The effect of renovation date on cane length was consistent with the 

results of Lawson and Wiseman (1983), who found that early removal of 

primocanes of red raspberry had no effect on final length, but that later 

removal, particularly after the canes reached 60 cm, resulted in drastic 

reductions in total length. Although the origin of the replacement canes on 

renovated plants was not ascertained in this study, at least some of the canes 
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arose from basal buds on stubs of cut canes, in some cases more than one cane 

per stub. Thus, these were technically branch canes, although their vigor was 

such that they were indistinguishable from canes that originated on the crown 

of the plant. 

The estimates of potential yield reflect the contrasting effect that 

mechanical primocane suppression has on red raspberries and blackberries. In 

the case of raspberry, cutting primocanes results in a reduction in cane 

production, but a sustantial increase in productivity per unit length (Lawson 

and Wiseman, 1983; Nehrbas and Pritts, 1988a). The increase in individual 

productivity in raspberry is due to a increased number of nodes and a larger 

number of berries per lateral (Crandall et al., 1980; Lawson and Wiseman, 

1983). 

In the case of blackberry, an increase in yield resulted from the 

production of many more canes whose individual productivity is reduced. The 

increase in cane number was more than sufficient, in three of the four cane 

removal dates, to compensate for the significant decline in individual cane 

yield. Productivity of individual canes on the renovated plants declined despite 

the fact that node number of April- and May-renovated plants was similar to 

that of unrenovated plants, while percent fruitful budbreak and the number of 

fruit per main-cane lateral were generally higher than unrenovated plants. The 

most important reason for this decline in yield per-cane with renovation was 

the reduction in branch cane length, which contributed tremendously to the 
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total fruit number of the unrenovated treatment, particularly in the basal 

region. Total branch cane length per plant was lower on the later primocane 

removal dates partly because of a reduced tendency for apical dominance to be 

disturbed, and because these later canes were thinner and likely had a lower 

carbohydrate content (Crandall et al., 1974a), so resources for growth of branch 

canes were more limiting. 

The importance of the branch canes can be illustrated by the fact that 

while main cane length and node number of unrenovated and April-renovated 

plants were the same, main cane budbreak was 28% lower and fruit number 

per main cane lateral was generally reduced for unrenovated plants, and yet 

the yield per cane was 40% greater than April plants. The importance of 

branch canes to the productivity of individual canes of 'Marion' is similar to 

that of other genotypes within Rubus such as purple raspberry, whose yield is 

significantly increased by productive branch canes (Gundersheim and Pritts, 

1991). 

The increase in main cane budbreak with later renovation date is 

surprising given that in raspberry large-diameter canes have a higher 

percentage fruit set than thinner canes (Crandall et al., 1974a). In 'Marion' 

however, large sections of cane on unrenovated plants were often found to be 

barren of laterals or branch canes. The reason for the failure of these buds is 

not certain, but in an exceptionally mild winter such as that of 1991/92, winter 

injury was certainly not a factor. 
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Failure of the buds was perhaps the result of within-cane competition. 

Sheets et al. (1972) tested the effect of two different cane lengths on 

productivity in 'Marion': the "short" system, in which only enough cane was 

trained on each plant to reach the adjacent plant, and the "long" system, in 

which all the canes on the plants were trained. The exact lengths of canes 

were not specified, but given that the maximum spacing in the experiment was 

3.1 m, and 'Marion' canes routinely reach 5 m in length, a large amount of 

cane must have been removed. They found, surprisingly, that there was no 

significant difference in yield between these two cane lengths. 

The findings of Sheets et al. (1972) are of interest, as they are contrary 

to expectations and the results of those studies in red raspberry that suggest 

cane length or node number per cane as being major determinants of yield 

(Dale, 1986). This result suggests that the 'Marion' cane possesses a substantial 

ability to compensate for lost buds by increased increased budbreak and/or 

increased production at remaining nodes. This capability has been 

demonstrated in red raspberry (Braun and Garth, 1984; Waister and Barritt, 

1980). Other research in this thesis suggests that the amount of compensation 

may be considerable. Table 3-4 shows results of a cane length study at the 

NWREC on unrenovated plants. Canes on a given plant were cut to one of 

three different lengths, which would be analagous to the "short" cane length in 

the study by Sheets et al. (1972). These plants had 61% budbreak versus only 
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27% for the unrenovated treatment in this experiment, although the plants in 

both cases were the same age and in the same planting. 

Competition on the 'Marion' cane could occur between branch canes 

and main cane buds. The developing branch canes may act as a major sink 

depriving other main cane buds of assimilates. Eventually the leaf area of the 

branch cane would limit light availability to unbroken buds. This situation may 

also be analagous to the development of multiple fruiting laterals at individual 

nodes in red raspberry, which tends to be accompanied by a reduced overall 

percentage of fruitful nodes (Jennings, 1979). 

There may also have been a reduction in pest and disease problems with 

later dates of primocane removal.  Incidence of such diseases as cane blight 

(Leptosphaeria coniothyrium), cane Botrytis {Botrytis cinerea), and spur blight 

(Didymella applanata) are reduced with primocane suppression (Freeman and 

Daubeny, 1986; Williamson et al., 1979). Although a survey of pest and disease 

problems was not done on the canes in this experiment, the major effect of 

later primocane removal treatments in the case of 'Marion' would likely be a 

reduction in cane disease, particularly purple blotch (Septocyta ruborum) and 

leaf and cane spot {Septoria rubi).  Conidia of the former are dispersed by rain 

starting in April, according to studies in Switzerland, and dispersal reaches a 

peak in June (Williamson, 1991). Information specific to the Northwest is not 

available, but replacement canes from later removal dates may be exposed to 

much reduced inoculum compared to canes of unrenovated plants. 
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The response to date of primocane removal was similar for measures of 

fruit size, drupelet number and potential yield. The relatively low number of 

drupelets in the July-renovated plants must reflect a decreased number of 

ovules initiated, if it is assumed that percent fruit set was consistent for all 

treatments.  Flower bud initiation is probably dependent on available 

carbohydrate, since one would not expect physiological age of the cane to be a 

factor in an environment where, as Waldo (1933) pointed out, differentiation of 

flower primordia can often continue through the winter months. Light 

availability to these canes should also have been comparable to, or superior to, 

the other treatments.  However, the internode length of July-renovated plants 

was particularly short, and canes were thinner, perhaps intensifying competition 

among nodes for resources. 

The results of the renovation study suggest that there are considerable 

advantages to renovation of the 'Marion' blackberry. Foremost among these is 

the increase in yield with renovation during April and May, combined with the 

reduction in branch canes, which can hinder cultural practices such as training 

and machine harvest. There may also be opportunities for study of alternative 

cultural practices using later renovation dates.  June-renovated plants were as 

productive as control plants, yet mean cane length was almost 1.5 m shorter, 

making training of these canes significantly easier.  If the shorter cane length of 

June-renovated plants were exploited and closer intrarow spacing used, then 

yield per unit area would presumably exceed that of control plants.  Similarly, 
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closer spacing could compensate for the reduced yield of July-renovated plants. 

Since canes on these plants grew to only 2 m in length, the common 2.4 m 

spacing within rows could be easily reduced to 1 m or even less. Renovating 

plants this late eliminates the need to selectively remove spent floricanes from 

primocanes, and substantially reduces the labor required for training. However 

it remains to be seen if the vigor of plants renovated this late can be 

maintained over several years. 

Training time. The differences in yield by training time tended to largely 

confirm the findings of Sheets et al. (1972). Individual canes of summer- 

trained plants are more productive than those of winter-trained plants. The 

increased yield and potential yield of August-trained plants in this study was 

primarily the result of increased main cane length, higher percent budbreak 

and increased number of fruit per main cane lateral. That summer-trained 

plants also tended to produce a greater percentage of total yield earlier than 

winter-trained was surprising given that Sheets et al. (1972) reported winter- 

trained plants began to grow two weeks earlier than summer-trained plants. 

However, training has a tendency to stimulate growth, and this may be 

unrelated to the development of the flower buds. 

The increase in main cane budbreak and fruit number per main cane 

lateral with summer training may be the result of two factors, the improvement 

in light regime of these canes, and a less favorable environment for the 

development of fungal disease and pests.  Dale (1986) suggested that the 
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number of fruit per lateral in red raspberry could be increased in a favorable 

environment. Swartz et al. (1984) attributed yield increases of V-trellised 

raspberries to the improved light exposure of primocanes. Studies on grapes 

have shown that variation in the yield from node to node along the vine can be 

partly explained by differences in illumination of the leaf subtending the node 

the previous year (Smart et al., 1982). 

The effect that an improved microclimate would have on the summer- 

trained plants is difficult to quantify in the absence of data on the cause of bud 

failure.  However, it is certain that the air circulation around these canes was 

improved, and they undoubtedly were dryer than those left on the ground. The 

increased exposure to sunlight and reduced moisture may have raised the 

temperatures within individual bundles of summer-trained canes, promoting 

more growth. 

Cane section. The productivity of the basal cane section in 'Marion' 

relative to other sections for all primocane removal treatments is in contrast to 

several studies on red raspberry which show that the number of fruiting sites 

increases with height (Crandall et al., 1974a; Gundersheim and Pritts, 1991; 

Jennings, 1987; Orkney and Martin, 1980). The high productivity of the basal 

cane section could not be attributed solely to branch cane production, which 

was extensive in the unrenovated treatment, but was much less of a factor for 

April- and May-renovated plants, and virtually absent in later removal 

treatments. 
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The increased productivity of basal sections was the result of a 

combination of higher node number and increased budbreak, and in some 

cases, a higher number of fruit per lateral. Competition from branch canes 

may have reduced fruit number on basal main cane laterals in the unrenovated 

plants. In red raspberry, large diameter canes tend to have a higher number of 

fruit per main cane lateral (Crandall et al., 1974a). However, Braun and Garth 

(1984) showed that fruitfulness of a given node could be dependent on growth 

or absence of growth at another. Only in the middle cane section, where 

branch cane production was mimimal, did fruit number per main cane lateral 

of unrenovated plants approach that of renovated plants. 

The decrease in budbreak with increasing height contradicts the 

observations of Jennings (1987), who suggested that buds in the terminal 

sections of the cane were more successful because they were larger and more 

vigorous than those in other sections of the cane. The increased size was 

attributed to earlier flower initiation, which in red raspberry starts in terminal 

parts of the cane. The size of buds in different cane sections was not measured 

in this experiment, so this theory cannot be investigated. However, the data 

show that both branch canes and main cane laterals in the basal cane section 

were at least as vigorous, or more vigorous, than those in other cane sections. 

Also, the fact that fruit number on both main cane and branch cane 

laterals decreased with increasing height, while main cane lateral length 

remained constant over the cane, is contrary to the general growth pattern for 
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red raspberry. For most genotypes of raspberry, reproductive vigor of laterals is 

greatest in distal parts of the cane, and vegetative vigor is greatest at the base 

(Dale and Topham, 1980). This growth pattern maximizes light interception of 

the cane when it grows vertically (Palmer et al., 1987), although at the cost of 

reduced reproductive potential of lower laterals (Dale, 1988). If the length of 

laterals is controlled by the time of onset of flower initiation (Dale and 

Daubeny, 1987; Jennings and McGregor, 1989), then the evidence suggests that 

flower initiation in 'Marion' blackberry does not occur in terminal cane areas 

first and move down the cane. This would be consistent with the observations 

of Waldo (1933), who found no definite pattern of differentiation in several 

genotypes of trailing blackberry. However, environmental factors also control 

the length of laterals (Braun and Garth, 1984). 

Given the prostrate growth habit of trailing blackberries this pattern is 

unnecessary, since unlike in red raspberry, laterals at the tip of the cane do not 

shade lower laterals.  In fact, leaf area and both vegetative and sexual 

reproductive potential of buds can be simultaneously increased through the 

production of branch canes. If the development of branch canes reduces 

fruiting lateral development on the main cane, they compensate with 

considerable seed production and by their ability to tip root. Tip rooting serves 

a role analagous to that of root suckers in red raspberry: they enable the plant 

to colonize an area by vegetative reproduction. 
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The failure of the correlation analysis to identify any trends of interest is 

the result of the limited number of replications for this analysis. Since there 

was a significant primocane removal effect and a training time effect, a 

separate analysis was necessary for all treatment combinations. 

Summary 

Mechanical suppression of primocanes in late April or late May caused 

an increase in potential yield per plant of 'Marion' blackberry relative to an 

unrenovated control.  Removal of primocanes in late June resulted in a 

potential yield equal to that of the unrenovated plants, while removal in late 

July caused a decrease in potential yield. The increases in yield of April- and 

May-renovated plants were the result of a larger number of canes, whose 

individual productivity was reduced relative to that of the unrenovated plants. 

Individual canes of unrenovated plants were the most productive on a per- 

meter basis, mostly because of significantly greater branch cane production. 

Training canes in August resulted in a significant yield increase over 

February training.  Yield increases were the result of longer main canes, higher 

percent budbreak, and more fruit per main cane lateral.  August-trained plants 

also tended to produce more fruit early in the season than February-trained 

plants. 

The basal cane section was the most productive for all dates of 

primocane suppression. This was the result of higher node number and percent 

budbreak in basal sections, and either greater branch cane length or higher 
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fruit number per main cane lateral, or both. Middle and terminal cane sections 

tended to be similar in productivity. The most productive branch canes were 

located in the basal cane section, followed by the terminal cane section. 



Table 2-1.      Effect of primocane removal date on yield components of 'Marion' blackbeny.1 

Cane Number Cane Diameter (mm) 

x             SE 
Main Cane Leneth (ml 

x             SE 
Intemode Leneth dnl 

x           SE 
Main Cane Budbreak (%) 

x            SE x             SE 

Unrenovated 10.3c          1.0 10.7a         0.12 4.59a        0.14 0.063a      0.001 27.2c         1.35 

April 19.4a          1.7 7.5b         0.12 4.44a        0.11 0.060b      0.000 37.9b         1.37 

May 18.8ab         1.3 7.1c         0.10 3.74b        0.11 0.057c      0.001 40.5b         1.49 

June 20.0a          0.8 6.4d         0.08 3.12c        0.05 0.05 Id      0.000 52.2a         1.63 

|_   July 15.8b          0.7 5.6e         0.09 2.13d        0.05 0.050d      0.001 48.0a         2.60 

f      Sig.y ** ** ** *» ** 

Total Main Cane Length/ 
Plant fm) 

Total Branch Cane Ungth/ 
Plant (m) 

Average Main Cane Lateral 
Leneth (ml 

Average Branch Cane 
Lateral Leneth (m) 

x            SE 

Average Number Fruit/ 
Branch Cane Lateral 

x            SE x             SE x            SE x            SE 

Unrenovated 37.7d         1.24 52.7a        0.98 0.29          0.01 0.31         0.01 5.8ab        0.11 

April 70.9a         1.74 41.6b         1.27 0.35          0.01 0.29        0.01 5.0b         0.28 

|      May 56.6b         1.04 27.8c         0.90 0.40         0.04 0.33        0.01 6.2a         0.40 

June 50.2c         0.68 8.5d         0.59 0.38          0.05 0.29        0.03 5.4ab        0.87 

July 31.3e         0.73 O.le         0.03 0.29          0.01 — — 

sig.y *« • « NS NS * 
-p. 
ON 



Table 2-1.      Effect of primocane removal date on yield components of 'Marion' blackberry1 (cont.). 

Fruit Size (z) DniDclet Number/Fruit 

x              SE 
Froil Yield/4 

X 

Cane Plant fkz) 

SE 

Potential Yield Whole 
Plant (kn) Yield^MeterofCaneflcg). 

x            SE x             SE x            SE 

1 Unrenovated 4.5b         0.02 79.8b           0.5 7.55a 0.16 15.48c        0.48 0.43a        0.01 

1      April 4.8a         0.03 82.0a           0.4 5.39b 0.16 20.87a       0.50 0.31b        0.01 

1      May 4.6b         0.02 76.6c           0.4 4.85c 0.15 18.51b       0.65 0.33b        0.01 

1      June 4.5b         0.02 76.6c           0.5 3.93d 0.13 15.28c        0.39 0.31b        0.01 

I    July 4.3c         0.02 69.0d           0.5 1.82e 0.06 6.57d       0.19 0.21c        0.01 

|      Sig.* ** ** *« *« ** 

zMeans are averaged across training time and cane section. 

y**) *, NS:   Significant at P = 0.01, 0.05, or not significant, respectively. 



Table 2-2.      Effect of training time on yield components of 'Marion' blackbeny.* 

Cane Diameter (mm) 

x             SE 
Fniit Size fel Dmoelet Number/Fmit 

x            SE 
Fniit Yield/4 Cane Plant fkri 

x              SE 

Potential Yield Whole 
Plant fkel 

x             SE x             SE 

August 8.2           0.40 4.5           0.06 77.7         0.98 6.73           0.39 20.15         1.08 

February 7.7           0.43 4.6           0.08 79.9         1.38 4.13           0.37 14.92         1.42 

Sig.y NS NS NS *» *« 

Main Cane Length (m) 

x             SE 
Main Cane Budbreak (%) 

x             SE 

Total Number Fruit on All 
Main Cane Laterals 

x             SE 

Average Number Fruit/ 
Main Cane Lateral 

x            SE 

Average Length of Main 
Cane Lateral (m) 

x             SE 

August 4.38          0.21 45.8           2.3 87           4.8 6.8          0.21 0.34          0.01 

February 3.57          0.18 32.6           2.4 47            2.4 5.7          0.20 0.38          0.04 

Sig. * * * * * • * * NS 

Branch Cane Leneth (m) 

x             SE 
Branch Cane Budbreak <%) 

x              SE 

Total Number Fruit on All 
Branch Cane Laterals 

x             SE 

Average Number Fruit/ 
Branch Cane Lateral 

x            SE 

Average Length of Branch 
Cane Lateral (m) 

x             SE 

August 1.02         0.27 34.6           2.14 40           10.3 5.9          0.31 0.29          0.01 

February 1.13         0.25 35.2           4.00 36            9.2 [     5.7          0.30 0.32          0.01 

Sig- NS NS NS NS NS 
4*. 
OO 



Table 2-2.      Eflect of training time on yield components of 'Marion' blackberry (cont.). 

zMeans are averaged across primocane removal date and cane section. 

y**, NS:   Significant at P = 0.01 or not significant, respectively. 



Table 2-3.      Yield components of basal, middle, and terminal cane sections of 'Marion' blackberry.1 

Main Cane 

X 

Node No. 

SE 

Main Cane Budbreak Branch Cane 
Budbreak (%) 

Average Main Cane 
Lateral Leneth fm) 

x          SE 

Average Branch Cane 
Lateral Leneth (ml 

.   x         SE 

Average No. Fruit/ 
Branch Cane Lateral 

x          SE x           SE x          SE 

Basal 24.5 0.47 46.4         1.43 41.2        1.35 0.38       0.01 0.33       0.01 6.1        0.16 

Middle 20.4 0.49 40.1        1.35 35.9       2.72 0.34       0.02 0.29       0.01 5.5        0.25 

Terminal 21.8 0.63 37.0        1.35 31.7       2.33 0.31       0.04 0.28       0.01 5.2         0.25 

zMeans are averaged across primocane removal date and training time. 

o 
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Figure 2-2. Total number of fruit on all branch cane laterals by primocane 
removal date and cane section.1 

zMean of five replications with standard errors. 
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Figure 2-3. Percentage of total fruit bome on branch canes by primocane 
removal date and cane section.1 
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Figure 2-4. Average number of fruit per main cane lateral by primocane 
removal date and cane section.1 

zMean of five replications with standard errors. 
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Figure 2-5. Percentage of total yield harvested in first two pickings (June 12 
and 17) by primocane removal date and training time.z 

zMean of five replications with standard errors. 
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Figure 2-6. Total number of fruit borne on all laterals by primocane removal 
date and cane section.2 

zMean of five replications with standard errors. 
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Figure 2-8. Average number of fruit per main cane lateral by primocane 
removal date and training time.z 

zMean of five replications with standard errors. 
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Chapter 3 

Effect of cane length and site on 
yield components of 'Marion' Blackberry 

Abstract 

In 1991, canes on individual plants at four grower sites were cut to 

either 1.74 m or 2.64 m in length. The number of canes per plant was adjusted 

to give a total cane length of 10.5 m per plant: thus the 1.74 m treatment had 

six canes per plant and the 2.64 m treatment had four canes per plant. In 

1992, a 3.50 m length with three canes per plant was added, and three sites 

were used. 

In 1991, separate plants at each site were used for yield component 

measures and yield estimation for each cane length. Yield component plants 

were cut out 1 week prior to the start of harvest. The variables measured were 

cane diameter, number of nodes, number of fruitful laterals and number of 

fruit per lateral.  Fruiting laterals were separated into those arising from 

primary and secondary nodes. Yield, fruit size, and drupelet number per fruit 

was measured on the yield plants. In 1992, the same plants were used for both 

yield and yield component measures. 

The results showed that yield components varied little with cane length 

in either year, and there was no trend in the differences that existed. Site 

differences were found for cane diameter, node number, budbreak, number of 

fruit per lateral, fruit size, and yield in both years.  A correlation analysis did 
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not establish significant relationships among the variables but much of the 

variation in yield components and yield could be attributed to differences in 

cane diameter and percent budbreak, respectively. 

Introduction 

While numerous studies have been published in the last 25 years dealing 

with yield components of red raspberries, there is little information available 

regarding yield components of any trailing blackberry. Those components that 

contribute most to yield vary among genotypes of raspberry, and the results of 

those studies are not directly applicable to blackberry, which has a distinctly 

different growth habit. The present study was an attempt to determine the 

effect of cane length and site on yield components of 'Marion' blackberry and 

to determine the most important yield components. 

Materials and Methods 

Four grower cooperator fields near Woodburn were selected for study in 

1991. In 1992, plants in two of these growers fields were again studied, in 

addition to plants at the North Willamette Research and Extension Center 

(NWREC). The procedures for each year varied somewhat, and so each year 

will be discussed individually. 

1991 Field Plots. Experimental material at NWREC was unavailable 

because of freeze damage to plants during December 1990, so four grower 

cooperator fields near Woodburn were selected for the experiment. All the 

fields were 'Marion' blackberry, were untrained at the time of selection, and 
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were hand-harvested. At the time of selection, the fields also showed a low 

incidence of obvious winter injury and pest and disease problems were 

minimal. However, as the season progressed, the effects of disease at each site 

became more obvious, and in some cases this became quite a significant 

problem. The four fields are called Gl, G2, G3 and G4. 

Plants at the four sites were between 12 and 20 years old. In each case 

the cultural system was every-year (EY), and a standard two-wire trellis was 

present.  Row orientation in all cases was north to south, with plants spaced at 

2.44 m in rows spaced 2.74 m apart.  Fertilizer was applied to plants at similar 

rates for each site, between 0.34 and 0.45 kg of 14-14-14 or 18-18-18 per plant 

each spring.  Boron applications were made every second year. Irrigation at 

each site occurred one to two times yearly depending on conditions, for a total 

of about 8 hrs per year. Fungicide and herbicide applications were made 

according to conditions.  Primocane suppression was done by hand at all sites, 

between the end of May and early June. 

Cane length. At each site, 25 adjacent plants were reserved in a single 

row, 20 of which were used for the study, the others being border plants. The 

treatments were pruning canes to either 1.75 m or 2.64 m. Each of these cane 

lengths was randomly assigned to 10 of the plants at each site. The number of 

canes per plant was adjusted so that total cane length was 10.5 m for each 

plant. Therefore, "short" and "long" canes had six and four canes per plant, 
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respectively. Generally, canes were chosen that did not have branch canes, but 

if these were present they were removed. 

Of these 10 plants, all canes on five were cut from the plant prior to 

harvest for measurement of yield components. Canes on the other five plants 

were left on the plant and yield data collected. Training at all four sites was 

done in mild, sunny weather between February 25 and 28. Canes were 

measured with a reel tape and cut with snippers, then tied to the trellis. Short 

canes were tied vertically in a fan pattern, while each of the four long canes 

were tied in one direction along the upper and lower wires. After training, 

canes were monitored periodically to ensure that, as laterals grew and the 

canes became heavier, they remained attached to the trellis. 

Soil water content. Beginning on June 25, and thereafter at weekly 

intervals until July 31, soil samples were taken from each site for determination 

of gravimetric water content. On each date, five samples were taken from the 

center of the row from a depth of 15-25 cm with a soil probe. The soil was 

weighed, then dried for 24 hours in a 1050 C oven. After brief cooling period 

samples were weighed again. Soil water content was then determined for each 

site for the period immediately before, and through most of harvest. 

Yield component measures. Canes from the five plants per cane length on 

which yield component measures were to be done were cut from all sites on 

July 8, about a week before harvest began. All laterals were removed from the 

cane, and separated according to whether they originated from a primary or 
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secondary bud.  Yield components measured on each cane were cane diameter 

at 30 cm from the base, node number, number of nodes with a lateral, number 

of nodes with a fruitful lateral, number of primary laterals and length, number 

of secondary laterals and length, and number of non-fruitful laterals and length. 

The number of fruit and flowers per primary and secondary lateral was 

counted.  Percent fruitful budbreak, average primary and secondary lateral 

length, number of fruit per primary and secondary lateral and percent fruit set 

were calculated. 

Yield data were collected on the five remaining plants per treatment at 

each site.  Fruit were harvested on seven dates between July 15 and August 12. 

For each harvest, total fruit weight was recorded, and fruit size determined 

from a randomly selected 50 berry sample.  Five fruit were randomly chosen 

from this sample, and frozen for drupelet counts. 

Data analysis.   The cane lengths were compared by t-test. Correlations 

were run amongst the variables where possible (see results section). The site 

effect was tested by analysis of variance (SAS, 1987).  Mean separation was 

done using the Waller-Duncan K-ratio test. 

1992 Field Plots. Three sites were used in 1992, two of which were 

grower sites used in 1991 (G3 and G4), the third being a planting at NWREC. 

The plot setup at the two grower sites was similar to 1991 except that 15 plants 

were used for the cane length treatments rather than 20.  The plot at NWREC 

had plants in six rows spaced at 2.44 m in rows spaced 3.05 m apart. 



64 

Primocanes on each plant were trained horizontally along two wires strung 

approximately 0.3 m above the ground. Training the new growth in this way 

made spraying and training considerably easier, and probably decreased the 

incidence of cane disease. The two outside rows were used as border rows for 

this experiment. 

Cane length. The treatment consisted pruning canes to either 1.75 m, 

2.64 m, or 3.50 m length. Each of these levels was applied to five plants at the 

three sites. Cane number was adjusted so that total cane length per plant was 

consistent at 10.5 m. Therefore the "short", "medium", and the "long" cane 

length had six, four and three canes per plant, respectively. Unlike 1991, fruit 

was harvested from all the plants, after which yield component measures were 

be done on the spent canes. 

Yield components. Fruit was harvested from each plant individually 

between June 12 and July 31. On each harvest date, total yield per plant was 

collected, and a 25 berry sample was randomly selected and weighed for 

average fruit size per plant. From this 25 berry sample, 5 fruit were randomly 

chosen and their collective fresh weight recorded. These fruit were bagged and 

frozen for later drupelet counts. The data would provide an estimate of 

drupelet number for each site, and establish a relationship between drupelet 

number and fruit size. 

On July 31, all canes from plants at the grower sites were cut at the 

base and removed from the trellis for yield component measurement.  At 



65 

NWREC, canes for yield component measures were cut on August 17. Canes 

were separated carefully to minimize damage to the laterals. The variables 

measured were cane diameter at 30 cm from the base, node number, number 

of nodes with a fruitful lateral, lateral length and number of fruit per lateral. 

In 1992, laterals were not separated into primary and secondary, and the non- 

fruitful laterals were not measured. The average lateral length and number of 

fruit per lateral were calculated 

Data analysis. The analyses were similar to those discussed for the 1991 

data. 

Results 

1991. The soil water content data showed significant differences among 

both sites and sampling dates, but the differences were very small and of 

questionable biological significance (Figure 3-1). 

In 1991, there was essentially no effect of cane length on yield 

components at each sites, so cane lengths were pooled to test site differences 

(Table 3-1). Cane diameter, node number per cane, percentage of laterals that 

were primary, number of fruit per primary lateral, fruit size, and yield all 

differed among sites (Table 3-2). 

The correlation analyses could not establish relationships between yield 

and yield component measures because the variability between replications of 

each treatment was too high. This variability made such relationships 
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impossible to establish. No consistent trends were seen in correlations among 

yield component measures themselves, or among the yield measures taken. 

1992. Length of main cane laterals declined somewhat with increasing 

cane length. The number of fruit per lateral also showed a response to cane 

length, although there was no real trend, as fruit number increased from the 

short cane length to the intermediate, then declined again. No other variable 

measured showed a significant response to cane length (Table 3-3). 

Site once again had a significant effect on the variables measured, with 

NWREC showing greater vigor than the two grower sites. Canes at NWREC 

were of larger diameter than those at the other sites. Node number and lateral 

length varied marginally between the three sites, but fruitful budbreak, the 

number of fruit per lateral, and yield were highest at NWREC (Table 3-4). 

Fruit weight and number of drupelets showed no effect of cane length, 

but there was a significant effect of harvest date and site on both. In most 

cases, fruit weight and drupelet number were significantly correlated. 

Correlation coefficients for each combination of harvest date and site ranged 

between r=0.34 and r = 0.81. A regression analysis confirmed that a linear 

relationship existed between fruit weight and drupelet number. 

The correlation analyses were only marginally successful, since each site 

and cane length combination had to be analyzed separately. In the case of 

several of these combinations, yield was positively correlated with lateral 

length, fruitful budbreak, and number of fruit per lateral. However, these 
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correlations were not present for several combinations. Cane diameter was 

positively correlated with lateral length in some instances, but no other trends 

were identified. 

A comparison of the two grower sites used in both years shows that cane 

diameter and lateral length were reduced in 1992 by comparison to 1991, but 

that budbreak was much higher. Yield was increased substantially at both sites 

in 1992, whereas the number of fruit per lateral was increased at one of the 

two sites. 

Discussion 

The principal problem with the experiment in 1991 was the separation 

of the plots into yield, and yield component plants. The marked variability in 

budbreak among plants at a given site made any correlations among yield and 

yield components from separate plants impossible. The lack of significant 

correlations in the experiment once this problem had been corrected, as in 

1992, illustrates how elusive such results can be with this crop. Nevertheless, 

the correlation analyses in 1992 show that if the number of treatments were 

minimized, and the number of replications increased, then meaningful results 

would likely be obtained. 

The lack of a response by the measured variables to the cane length 

treatment in both years is the result of several factors. The first is that the 

various levels of the treatment represented only an arbitrary division of the 

cane, which did not reflect the variability along its length.  No primocane 
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suppression was done in 1991 at the NWREC, so the canes in many cases 

approached 7 m in length. Even the "long" cane length in this experiment 

excluded from consideration over one half of these canes. 

Another important factor is the relative lack of variation in some yield 

components along the 'Marion' blackberry cane (see Chap. 2). For example, 

lateral length tended to be constant over the whole cane. The number of fruit 

per lateral did vary irregularly along the cane, but the removal of a large 

section of the end of the cane may have caused significant compensation in 

fruit numbers on the remaining laterals, which could have obscured potential 

differences. This response has been observed in red raspberry (Braun and 

Garth, 1984; Waister and Barritt, 1980). A similar compensation could have 

occurred in percent budbreak (Gundersheim and Pritts, 1991). 

The effects of disease on the performance of the plants could not be 

ignored, and this was particularly the case with some of the grower sites in 

1991. Cane disease, in particular purple blotch (Septocyta ruborum), was 

prevalent in the grower fields that year, at least in part because of the severe 

winter. The presence of purple lesions on fruiting laterals of 'Marion' suggests 

that these are also subject to attack by this pathogen and it was common to see 

fruiting laterals whose main axis terminated prematurely in a blackened lesion. 

Below this point, new fruit trusses emerged from undamaged lateral nodes, 

apparently in response to the disruption of normal growth of the lateral.  Fruit 

on these new trusses usually matures later than the bulk of the crop.  However, 



69 

it was not uncommon to see 30 or more fruit borne on one of these damaged 

laterals, in comparison to perhaps 10-15 on an undamaged one. Such 

variations inevitably disrupt patterns of lateral productivity, if they exist. 

The site effects were at least partly the result of differing times of 

primocane removal. At the grower sites primocane suppression was done by 

hand at the end of May or early June, and consisted of simply cutting the 

primocanes as close to the ground as was convenient. The canes that result 

from this practice originate, for the most part, from basal axillary buds, and are 

therefore branch canes, strictly speaking. Since primocane suppression was not 

done at NWREC, canes were inevitably much larger than those at grower sites. 

The lack of meaningful correlations restricts this discussion to only a 

casual study of the interaction among yield components. The most consistent 

pattern in 1991 was positive relationships between node number and yield, and 

fruitful budbreak and yield. These relationships are not surprising given that 

the number of laterals per cane is fundamental to the productivity of many red 

raspberry cultivars (Dale and Daubeny, 1985; Hoover et ah, 1988; Nehrbas and 

Pritts, 1988a). The percentage of fruitful budbreak may be particularly critical 

to the productivity of 'Marion', given its susceptibility to cane disease and 

winter injury. 

The percentage of fruitful laterals that arose from primary buds was not 

correlated with either percent fruitful budbreak or yield. The data were 

collected with the idea that as the extent of winter injury increased, the 
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percentage of primary laterals would decrease and the percentage of secondary 

laterals increase accordingly (Wood and Robertson, 1957). Since the number 

of fruit per secondary lateral is approximately half that of the primary laterals, 

a loss of yield does occur when the proportion of secondaries increases. 

However, the connection between this relationship and yield may have been 

obscured by a decline in percent budbreak. 

The fact that there were no differences in either primary or secondary 

lateral length shows some consistency in these yield components. This occurred 

despite noticeable differences in cane diameter between sites, and suggests 

factors other than cane size can control lateral length. Time of flower 

initiation has been implicated as an important factor in red raspberry (Dale 

and Daubeny, 1987; Jennings and McGregor, 1989). Higher temperatures can 

increase both lateral length and fruit number per lateral, although changes 

must be quite large to have an effect (Dale, 1986). 

Although decreases in budbreak have been associated with increases in 

fruit number per lateral in red raspberry (Braun and Garth, 1984; Waister and 

Barritt, 1980), a decrease in budbreak at a given site in this study was not 

correlated with an increase in fruit number per lateral.  However, it is 

impossible to say what fruit number per lateral at each site would have been in 

the absence of cold or disease injury, so the value of the comparison is limited. 

The yield at each site in 1991 was to a large extent a function of percent 
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budbreak.  Fruitful budbreak was quite variable between sites in response to 

cold injury and/or disease. 

The results for 1992 show site effects which are again probably a 

function of differences in time of primocane removal. Yield components of 

plants at NWREC were a reflection of the vigor and health of the canes at the 

site: there was no primocane suppression, so the canes were larger. It is 

surprising that although cane diameter, budbreak, lateral length, and number of 

fruit per lateral were greater at NWREC than at site G3, yields at the two sites 

were not significantly different.  Fruit size was significantly larger at G3, so this 

is indirect evidence of the importance of this yield component, which has been 

demonstrated in red raspberry (Dale and Daubeny, 1985; Freeman et al., 

1989). 

The positive correlation between fruit size and drupelet number in 

blackberry is in agreement with other work which has demonstrated this 

relationship in blackberry (Moore et al., 1974). The closeness of the 

relationship varied by site and harvest date, which suggests that drupelet 

development is affected by site factors. Drupelet size varies markedly on 

individual fruit of trailing blackberry. The size of a drupelet is mostly 

determined by the presence or absence of viable seed, and drupelets that are 

very small but otherwise appear normal usually contain defective seed (Kerr, 

1954). Therefore, environment or inherent site factors that affect pollination 

could have an important impact on subsequent drupelet development.  If the 
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proportion of small drupelets per fruit varies by site, then the correlation 

between fruit size and drupelet number will differ. 

Despite a much larger cane diameter, the node number per cane at the 

NWREC was comparable to that at both grower sites. Thicker canes are 

associated with a lower number of nodes per unit length in raspberry (Dale and 

Daubeny, 1985), but this result shows that site factors can also affect cane 

elongation and node formation. 

Summary 

The effect of different cane lengths and site on yield components of 

'Marion' blackberry was studied. There was essentially no response to cane 

lengths of 1.75 m, 2.64 m, or 3.50 m. The lack of response to cane length is 

possibly due to the absence of significant changes in yield components along 

the cane, and also because the lengths chosen failed to reflect the physiological 

variation that may exist along the cane. 

There were substantial differences in yield components between the sites 

studied. Significant differences were found in cane diameter, node number per 

cane, fruitful budbreak, number of fruit per lateral, fruit size, and yield. Part 

of the difference can be attributed to variations in cane diameter which were 

the result of different primocane suppression dates at each site.  The relative 

effectiveness of disease control also varied between sites, which had an impact 

on fruitful budbreak. 



Table 3-1.      Effect of cane length on yield components of 'Marion' blackberry at four sites in 1991. 

Site Tmt 
Percent Fniitful B 

X 

udbreak 

SE 
Fruit Size (z) Dnjoelet 

X 

Number/Fruit 

SE 
Fn.it Yield/Plant (krt 

x              SE X SE 

Gl 1.75 m 
2.64 m 

Sig-2 

41.9 
44.1 
NS 

5.0 
6.8 

3.6 
3.5 
NS 

0.56 
0.64 

74 
77 
NS 

2.6 
2.0 

1.57         0.27 
1.03         0.18 
NS 

1      G2 1.75 m 
2.64 m 

Sig- 

31.3 
28.3 
NS 

5.8 
2.0 

4.5 
4.2 
NS 

0.25 
0.11 

73 
70 
NS 

2.9 
3.3 

0.65         0.17 
0.87         0.14 
NS 

G3 1.75 m 
2.64 m 

Sig- 

35.4 
39.4 
NS 

5.1 
2.9 

5.3 
5.4 
NS 

0.24 
0.18 

77 
86 
* * 

1.6 
1.6 

1.81         0.36 
1.94         0.32 
NS 

G4 1.75 m 
2.64 m 

Sig- 

40.0 
44.8 
NS 

4.6 
2.6 

4.3 
4.2 
NS 

0.07 
0.13 

83 
82 
NS 

2.5 
2.3 

1.34         0.23 
1.47         0.31 
NS                     1 



Table 3-1.      Effect of cane length on yield components of 'Marion' blackberry at four sites in 1991 (cont.)* 

Site Tmt 
Average Primaiy Lateral 

Lenuth Cm) Number Fru 

X 

t/Primarv 

SE 

Average Secondary Lateral 
Leneth fmt Number Fruit/Secondary 

x          SE x               SE x               SE 
t 

Gl 1.75 m 
2.64 m 

Sig- 

0.38           0.03 
0.33           0.02 
NS 

7.6 
9.0 
*« 

0.17 
0.34 

0.25           0.02 
0.22           0.01 
NS 

4.1          0.30 
5.4          0.10 
** 

G2 1.75 m 
2.64 m 

Sig- 

0.37           0.03 
0.29           0.02 
NS 

7.3 
7.2 
NS 

0.54 
0.16 

0.23            0.01 
0.18           0.02 

* * 

3.3          0.45 
4.3          0.82 
NS 

G3 1.75 m 
2.64 m 

Sig- 

0.35           0.03 
0.33           0.03 
NS 

6.2 
7.0 
NS 

0.33 
0.24 

0.20           0.03 
0.20           0.04 
NS 

4.0          0.87 
4.4          1.09 
NS 

G4 1.75 m 
2.64 m 

Sig- 

0.42            0.02 . 
0.34            0.03 
NS 

6.9 
7.1 
NS 

0.40 
0.32 

0.25           0.03 
0.19           0.04 
NS 

3.4          0.63 
2.7          1.07 
NS 

', NS:   Significant at P = 0.01 or not significant, respectively. 

^j *. 



Table 3-2.      Effect of site on yield components of 'Marion' blackberry in 1991. 

Site 
Cane Diameter 30 cm 

From Base (mm) Number Nodes Percept Fpijt(u| 

X 

Budbreak 

SE 
Fmit Size (a) Fruit/Plant (to) 

x             SE x             SE x            SE x             SE 

Gl 10.1a         0.17 31.0b         1.05 43.0 2.9 3.6c         0.08 1.30b         0.08 

G2 9.1b         0.24 28.4b         0.98 29.8 2.9 4.3b         0.06 0.76c         0.05 

G3 8.8bc        0.20 42.5a          1.32 37.4 2.8 5.3a         0.07 1.88a         0.11 

G4 8.3c         0.18 39.5a         1.27 42.4 3.0 4.2b         0.03 1.41ab        0.08 

Sig.z * * * * NS * * *« 

Site 
Percent Fruiting Laterals 

From 1° Bud 
Average Primary Lateral 

Leneth rml Number Fruit/lc 

X 

Lateral 

SE 

Average Secondary 
Lateral Mnffh fm) 

x           SE 
Number fruit/?0 pueral 

x            SE x             SE x            SE 

Gl 82.9b         2.2 0.36          0.01 8.3a 0.3 0.24         0.01 4.6           0.2 

G2 82.0b         2.4 0.34          0.02 7.2b 0.4 0.20        0.01 3.8           0.4 

G3 94.9a          1.3 0.34          0.02 6.6b 0.2 0.21         0.02 4.0           0.5 

G4 94.1a          1.8 0.39          0.02 7.0b 0.2 0.23         0.02 3.4           0.5 

Sig- ** NS * * NS NS 

', NS = Significant at P = 0.01 or not significant. 



Table 3-3.      Effect of cane length on yield components of 'Marion' blackberry in 1992. 

Tmt Main Cane 

X 

Budbreak (%) 

SB 

Average Main Cane 
Lateral Leneth Cm) 

x           SE 

Average Number 
Fruit/Lateral Fruit Siz< (2) 

Drupelet Number/ 
Fniit Fruit Yield/Plant (to) 

x          SE x           SE X SE x        SE 

1.75 m 58.1 1.4 0.23a      0.01 8.1b        0.2 5.2 0.06 84        0.5 3.61       0.13 

2.64 m 58.7 1.4 0.22a      0.01 8.9a        0.3 5.3 0.07 85        0.6 '3.83       0.13 

3.50 m 54.9 1.6 0.19b      0.01 8.5ab       0.3 5.3 0.09 87        0.8 3.17       0.10 

Sig.z NS ** * NS NS NS 

', *, NS:   Significant at P = 0.01, 0.05, or not significant. 

0\ 



Table 3-4.      Effect of site on yield components of 'Marion' blackberry in 1992. 

Site Cane Diameter 

X 

& 30 cm From Base 

SE 
Node Number/Cane 

Average Main Cane Lateral 
Leneth (m) Averaee Number Fruit/Lateral 

x               SE [_    x               SE x               SE 

1 NWREC 10.0a 0.20 40.0ab           1.4 0.24a           0.01 10.0a             0.3 

1 G3 7.8b 0.16 41.8a             1.3 0.20b           0.01 8.6b             0.2 

1 G4                J 7.5b 0.40 39.1b             1.1 0.19b           0.01 6.9c             0.1 

I Sig.z ** * * * ** 

1 Site 
Main Cane Budbreak (%) Fruit Size (z) Druoelet Number/Fruit Fniit Yield/Plant (kg) 

X SE x               SE x                SE X                        SE             1 

NWREC 61.0a 1.5 5.3b            0.04 86               0.7 4.21a            0.12 

G3 54.5b 1.5 5.8a            0.05 86               0.5 3.85a            0.11       1 

I G4 56.0b 1.4 4.7c             0.04 83               0.5 2.54b            0.07       | 

I Sig. * * ** NS ** 

z*«    • , *, NS:  Significant at P = 0.01, 0.05, or not significant. 

3 
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Chapter 4 

Effect of primocane removal date on cold hardiness 
of cane and bud tissues of 'Marion' blackberry 

Abstract 

Cold hardiness of primocane tissues of 'Marion' blackberry from plants 

renovated on different dates in 1991 was evaluated. Treatments were 

primocanes cut at ground level on four dates at monthly intervals between late 

April and late July, and a control which was not cut. During the winter of 

1991/92, a single cane from each of the 5 primocane removal times was cut on 

four dates: November 15, December 9, January 17 and February 7. 

One-node samples were exposed to controlled freezing at temperatures 

of -6 °, -9", -120, -150, and -180 C plus a 40 C control in November and 

February.  In December and January, the -6° test was replaced with -21 °C. 

After seven days at room temperature an LTJO was developed for growing 

point, bud base, phloem and cambial, and pith tissues by estimating tissue 

browning on a 1 to 5 scale. 

Hardiness of all tissues generally increased from November to January, 

then decreased.  Differences between sampling dates were generally small, 

probably due to the mild winter.  Plants renovated in June and July are 

significantly hardier than those renovated earlier. Growing point tissues were 

the least hardy of those tested.  Phloem and cambial tissues were 40 C hardier 
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than the growing point, while the bud base and pith were approximately 80C 

and 13 ° C hardier, respectively, than the phloem and cambium. 

Introduction 

Winter injury to 'Marion' blackberry in the Willamette valley can be a 

serious problem. Since 1950, severe winter conditions have reduced the crop 

by a minimum of 25% on six occasions. In December 1990, temperatures as 

low as -18° C were recorded in parts of the valley, and the 1991 'Marion' crop 

was reduced by 70% (Bell et al., 1992). 

Crop losses occur primarily as a result of damage to the overwintering 

floricanes.  In particularly severe conditions, the entire floricane can be killed 

by cold.  More typically, budbreak along the cane is erratic, and a reduced 

percentage of nodes produce fruitful laterals. Damage to the root system and 

subsequent long-term effects on plant performance have not been documented. 

Site factors play an important role in determining the level of injury, but 

cultural practices can also have an impact. Winter-trained fields of 'Marion' 

tend to have a lower level of injury than summer-trained (Bell et al., 1992). 

Studies of red raspberry suggest that plant spacing and fertilization can affect 

hardiness (Jennings et al., 1964), while damage to leaves by pests or other 

factors can lower carbohydrate reserves in cane and bud tissues and reduce 

hardiness (Doughty et al., 1972). 

Although primocane suppression or removal is a common cultural 

practice, there has been no study of the effect of timing of the practice on 
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subsequent hardiness of 'Marion'. Lawson and Wiseman (1983) found that 

there was no apparent effect of primocane removal date on hardiness of 'Glen 

Clova' raspberry. However, their observations were informal, and primocane 

suppression was carried out within a limited time frame. The present study 

was initiated to study the effect of primocane removal at different intervals 

over a five month period on the hardiness of 'Marion' floricanes. 

Materials and Methods 

Source of experimental material. Canes of 'Marion' were collected from 

the primocane removal plots at the North Willamette Research and Extension 

Center (see Chapter 2). The primocane removal treatments consist of four 

dates of renovation spaced at one month intervals from late April to late July, 

with an unrenovated control. All primocanes were removed from plants on 

one of the four dates at ground level using snippers. All primocanes 

subsequently produced were allowed to grow unimpeded.  Primocanes were not 

removed from control plants, but were allowed to grow all season. The canes 

used in this experiment were cut from February-trained plants, whose floricanes 

remain on the ground during winter. The treatments were arranged in a 

completely randomized design with 5 replications. 

On each of four dates (November 15, December 9, January 17, February 

7) a single cane was cut from each of the five replications of each treatment. 

Canes were chosen randomly, but for the stipulation that they be healthy in 

appearance, and with sufficient bud material for the experiment.  Canes were 
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cut at ground level and 0.6 m sections at the basal and terminal ends discarded. 

The remaining cane was cut into 60 cm sections, and placed in a plastic bag on 

ice for transport to the laboratory. Canes were separated by primocane 

removal time and replicate number. 

Sample preparation. Cane sections were cut into 5 cm long samples, with 

at least one node each. For each replication of every primocane renovation 

time, thiry samples were cut. These were then tied into six bundles of five 

samples each with an elastic band. The bundles were covered with moistened 

tissue paper and placed in the refrigerator at 4 * C, while the remaining samples 

were prepared. 

On each date, a total of 30 freeze packs were prepared. A bundle from 

one replication of each primocane removal time was randomly assigned to one 

of five freeze packs used for each test temperature. Five of these freeze packs 

were used for each of six test temperatures: a 4" C control, -6" C, -9" C, 

-12 0C, -15 "C, and -18 "C. For the December and January dates, the -60C test 

was deleted, and a -21 "C test added. The five bundles in each pack were 

wrapped in moist cheesecloth and then sealed in aluminum foil, with a small 

portion of the cheesecloth exposed to the open air. 

The five packs for each test temperature contained all replications of 

each primocane removal time, so that all treatment/replication combinations 

were tested at each temperature. The control packs were placed in the 

refrigerator after preparation, while the others were placed in a controlled 
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temperature freezer (Forma Scientific, Marietta, OH) at -2.5 ° C overnight.  Ice 

was placed on the exposed cheesecloth of each pack to initiate ice nucleation 

within the pack. Two additional freeze packs were prepared identically to the 

test packs with thermocouples inserted into their centers. These were used to 

monitor temperature within the sample packs during the test. 

Freezing and sample evaluation. The following morning after sample 

preparation, the temperature in the freezer was lowered at 3" C per hour. The 

five sample packs for each temperature were removed from the freezer when 

the monitors showed temperature within the packs had reached the test 

temperature. The packs were then wrapped in moist paper towel and placed at 

room temperature (25 ° C) for 7 days to allow for symptom development. 

Samples were evaluated individually for damage by visual inspection of 

tissue browning.  A 1 to 5 scale was used, with 1 indicating moist, green, 

apparently undamaged tissue, and 5 being blackened tissue that was obviously 

dead. The phloem and cambial tissues, bud base, growing point and pith were 

evaluated separately. Phloem and cambial tissue was rated by scraping away 

the bark from around the sample.  Bud base, growing point and pith were 

evaluated by splitting the cane sample lengthwise through the center of the 

bud. 

A damage rating sufficient to produce 50% death was developed for 

each tissue by taking 30 cm samples of 'Marion' cane and freezing them in the 

same manner as the test samples. These samples were removed from the 
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cheesecloth and their ends placed in glass jars of water in a greenhouse for 10 

days. After budbreak on the samples was evaluated, the cane sections were cut 

up to evaluate bud sections for tissue browning. Means were taken of the 

budbreak data and the subsequent 1 to 5 ratings of the tissue damage. 

Data analyses. Regression analysis was used on these data to generate an 

equation relating rating of each tissue to percentage budbreak. The rating 

sufficient to produce a given level of budbreak could then be obtained by 

entering that figure into the derived equation. The rating used in this 

experiment was that required to produce 50% budbreak. This was used to 

produce estimates of the LT^ for each tissue of the different primocane 

removal times on the four sampling dates. 

The LT50 for the different tissues were compared by ANOVA (SAS, 

1987) for the effects of time of primocane removal and sampling date. A 

correlation analysis was used to identify hardiness relationships among the 

tissues. 

Results 

Figure 4-1 shows maximum and minimum temperatures at NWREC 

over the course of the experiment. The ANOVA showed that there was a 

significant effect of primocane removal time and sampling date on hardiness of 

all four tissue types. There was also a significant interaction of sampling date 

and tissue type, and of primocane removal time and tissue type. 
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Generally, tissues of June- and July-renovated plants were more hardy 

than those of earlier renovated plants (Figure 4-2). The growing point tended 

to be the least hardy, while phloem and cambial tissues were about 40 C 

hardier. The bud base and pith tissues were approximately 8 • C and 130 C 

hardier than the phloem tissues (Figure 4-2). 

Hardiness of the different tissues varied by sampling date (Figure 4-3). 

Bud base tissues were 2-3 ° C hardier in December and January than in 

November and February.  Phloem and cambial tissues were approximately 20 C 

hardier in January and February than in November or December.  Growing 

point tissue was hardiest in January, when it was approximately 5 ° C hardier 

than in November. Hardiness ratings for December and February were 

comparable and intermediate. Pith reached its maximum hardiness in 

December and January, when tissues were nearly 50 C hardier than in 

November or February (Figure 4-3). 

The correlation analyses identified very few significant relationships 

among hardiness ratings of the different tissues for each primocane removal 

time and sampling date. There was no trend among those that were significant. 

Discussion 

The experimental method used here was useful in identifying differences 

between primocane removal times and sampling dates. Tissue browning tended 

to be quite consistent for each tissue, except for the pith, which showed 

considerable variability for a given temperature and treatment. After 
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incubation at room temperature there was a noticeable fungal growth on the 

samples subjected to the coldest temperatures. Fungal growth was absent from 

the control samples, but increased apparently linearly with decreasing 

temperature. The effect on the samples is unknown, but the fungal growth was 

apparently superficial. An attempt to identify the fungal growth was 

unsuccessful, since it was composed of many organisms. Other studies have 

noted the appearance of saprophytic fungi on freeze damaged samples and 

have used this as a measure of injury (Kobayashi et al., 1983; Li et al., 1965). 

Despite this, the tissue browning test has been shown to reliably predict 

plant performance of raspberries after stress, but the results are strictly 

qualitative (Stergios and Howell, 1973). The difficulty is that, because of the 

potential for recovery, the degree of browning is not always correlated with the 

amount of injury (Lapins, 1961). Therefore, the LTjo recorded for each tissue 

type for a given day does not indicate field hardiness of the tissues on that 

particular date. Instead it was used to compare tissues, different removal times 

and sampling dates. The results show that 'Marion' blackberry buds acquired 

little cold resistance relative to the other tissues sampled. This may be partly 

because local conditions did not favor the cessation of growth within the buds 

during the winter of 1991/92.  In the Willamette valley, differentiation within 

buds of trailing blackberries is reported to continue throughout the winter 

(Waldo, 1933). The development of dormancy and bud hardiness would 

therefore be impaired, since cessation of growth is a prerequisite for these 
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processes (Weiser, 1970). A decline in hardiness is also associated with an 

advanced state of bud development of erect and semi-erect blackberries 

(Warmund et al., 1988; Warmund and George, 1989). 

The relative hardiness of the cane and bud tissues varies with different 

genotypes of blackberry (Warmund et al., 1986). Generally bark tissue of 

Rubus is reported to exhibit greater hardiness than bud tissues (Hummer et al., 

in press; Kraut et al., 1986), findings consistent with the results of this study. 

Studies on the coldhardiness of bud tissues of erect and semi-erect blackberries 

under winter conditions in eastern North America show that buds are typically 

capable of surviving temperatures of -20 * C, with cane tissues showing several 

degrees more hardiness (Warmund and George, 1989; Warmund et al., 1988). 

In this study, changes in hardiness with sampling date were perhaps 

smaller than might have been expected. However, the winter of 1991/92 was 

particularly mild. Coldhardiness of both grape and peach buds has been 

correlated with the air temperature of the 2 to 5 days preceding a freeze, with 

colder weather significantly increasing coldhardiness (Proebsting et al., 1980; 

Quamme, 1983).  Kraut and co-workers (1986) found that bud hardiness of 

'Dirksen' and 'Smoothstem' eastern blackberries varied with field temperature. 

Other research in red raspberry suggests that the physiological status of cane 

tissue may also change in response to temperature (Jennings and Cormack, 

1969). 



88 

The pattern of hardiness for the tissues across sampling dates generally 

showed the expected increase in hardiness from November through January 

and a decrease during February. The final sampling date occurred within one 

week of the first evidence of budbreak in the field. 

The rest period and chilling requirement for 'Marion' blackberry have 

not been established. However, on each of the four sampling dates it was 

noticed that a significant percentage of the buds on control (un-frozen) samples 

had broken and were extending after seven days at room temperature. This 

phenomenon was noticed on control samples of all treatments, but was absent 

from samples chilled to -6 • C, even though this temperature was not associated 

with injury to any of the tissues. 

This observation suggests a limited chilling requirement and a shallow 

dormancy for this cultivar, at least under very mild conditions. However, the 

mild conditions in this particular winter likely influenced expression of rest. 

Lamb (1948) found that rest was broken more rapidly in 'Latham' raspberry in 

warm winters than in more severe winters. That fact that limited exposure to 

cold eliminated the tendency to break bud is evidence of a rapid response to 

environmental conditions. The reason for the increased hardiness of the June 

and July renovated plants relative to the other primocane removal times is not 

clear. Crandall and co-workers (1974a) studied carbohydrate content of 

'Willamette' raspberry buds from October 15 to May 1, and reported that 

thinner canes tended to have a higher percentage of sugars in their buds than 
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thicker canes. However, this was generally not the case from November 

through February, the dates of this study. Although carbohydrate concentration 

has been linked to hardiness in such crops as strawberry (Gagnon et al., 1990), 

evidence of such a relationship is lacking in blackberry. Studies of a potential 

correlation between dormancy and carbohydrate content in red raspberry have 

been inconclusive (Jennings and Carmichael, 1975). 

The effects of the physiological age of the cane on hardiness in either 

raspberry or blackberry has received little attention. Lawson and Wiseman 

(1983) found no evidence of differences in winter injury among primocanes 

from 'Glen Clova' raspberry plants renovated at different dates. However, 

their experiment involved removing canes at much earlier dates than in this 

study, and their results were strictly observational. Without evidence of 

differences in carbohydrate or water content (Jennings and Cormack, 1969), or 

more information regarding specific biochemical differences, speculation as to 

the reasons for the differences is difficult. 

Summary 

Primocanes from 'Marion' blackberry plants renovated in June and July 

exhibited greater hardiness than those renovated earlier, or those not 

renovated. The reason for the increased hardiness is unclear. Bud tissues were 

the least hardy of the tissues tested, followed by phloem and cambial tissues, 

the bud base, and pith tissue. The relative lack of hardiness of buds was 
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attributed to the mild conditions which prevailed during the test, enabling 

growth and differentiation of flowers to continue. 
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Conclusions 

The experiments conducted in the course of this thesis showed the 

relative complexity of evaluating yield components of trailing blackberry as 

compared to red raspberry, and even erect-type blackberries. The trailing 

growth habit and thorns are factors that make handling the canes more 

difficult. Main cane length of 'Marion' blackberry is far greater than that of 

red raspberry, and there is the additional contribution of the branch canes. 

The substantial effect of training time means this factor cannot be excluded 

from a discussion of yield components of the plant. 

The results obtained in the primocane removal/training time study show 

that this is worthy of repetition. It would also be of interest to compare the 

effects of current chemical primocane suppression practices on yield 

components and subsequent productivity of 'Marion' blackberry. Evaluation of 

the effect of primocane suppression has usually concentrated on the effect this 

has on fruiting cane productivity in the current year. 

The results also suggest that late renovation could be the basis of an 

alternate production scheme utilizing closer spacing. It is particularly of 

interest to see if vigor of July-renovated plants can be maintained, since 

renovation after harvest combined with a crop the following year would result 

in significant savings in labor costs. 

Further work on cold hardiness of plants renovated on different 

dates should include a study of water and carbohydrate content of the canes. 
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The reason for the increased hardiness of the later-renovated treatments is of 

interest, and these data could provide some answers. It would also be 

desirable to use whole plants in hardiness tests in order to study the effect of 

freezing on yield components of the plant and plant recovery. This could also 

provide a means of determining the extent of the interaction between cane 

disease and cold hardiness. 

The studies presented here have provided basic information on the 

fruiting physiology of 'Marion' blackberry, and the relative hardiness of 

overwintering tissues. The results illustrate the differences between 'Marion' 

trailing blackberry and red raspberry, and provide some explanation for 

variations in productivity between sites differing in cultural practices. 
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