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Abstract approved: .  

Boron sprays produced fruit set increases in 'Barcelona' 

hazelnut orchards in 1984 and in 1985. The absolute fruit set was 

correlated with leaf B content but not with nut B. With relative 

fruit set (RFS), B content of nuts in May (r = 0.63**) was more 

strongly related to set than B content in leaves sampled at any 

time or in nuts collected on later dates. Amounts of B in young 

nuts increased 2-fold with B sprays, but unlike leaf values, 

differences disappeared by mid summer. Because fruit set 

increases were obtained in both seasons with B sprays on trees 

whose leaf values are currently considered excessive, as well as 

those considered optimal or deficient, guidelines for B 

recommendations need revision. Since B levels of nuts in May was 

related to RFS in 1985, B content in May nuts from unsprayed trees 

might be universally low for optimum nut development. This would 

indicate that annual sprays of 600 ppm B may be required during 

the 2nd week of May. 

Three nut disorders,  brown stain (BS),  nut shriveling and 



seedlessness were described. BS appeared on the shell the last 

week of June and continued to occur until mid-August. Internal 

tissues became brown and watery and kernels aborted. The incidence 

of BS was 12% in 1982, 45% in 1983, 6% in 1984, and 0.1% in 1985. 

Shriveling of nuts was severe in 1984 (33%) but not in 1985 (8%). 

The percentage of blanks also varied with year, i.e. from 6% to 

16% in 1984 and 14% in 1985. Following B sprays there was a slight 

reduction in these disorders. Although low B content in pith 

tissues was negatively correlated with BS low B may be an effect 

rather than a cause of BS. 

Most B was partitioned in leaves early in the season whereas 

nuts and husks contained the highest amount of net B increase late 

in the season. Application of B in mid-May did not alter B 

partitioning in leaves, stems, nuts, and husks. 
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RELATIONSHIP OF BORON TO REPRODUCTION IN 
HAZELNUT (Corylus avellana L.). 

Chapter 1 

INTRODUCTION 

The principle cultivar of hazelnut, or filbert, (Corylus 

avellana L.) in the United States is Barcelona. The Willamette 

Valley of Oregon produces more than 90% of the production in the 

U.S. Every year, whether 'on' or 'off season, many flowers and 

nutlets drop early in the season (developmental dropouts) while 

mature nuts without kernels (blanks) drop later in the season 

before natural harvest drop. In certain years, other severe 

problems occur such as brown stain and nut shriveling. All of 

these problems contribute to a reduction in total harvestable 

nuts. 

Boron is essential for normal reproductive growth and 

development in annual as well as perennial plants. Several tree 

fruit species, including apple (35), pear (22), and prune (49), 

that received B applications produced a higher fruit set than 

those without B supplements. In hazelnuts, Baron (15,17) observed 

a positive response to foliar B sprays. Italian prune trees, 

considered B-sufficient by the standard August leaf analysis, 

produced a higher set following post-harvest B application than 

following either the spring application or the unsprayed controls 

(49). In hazelnuts. Baron (15,17) reported that spring B 

applications (30 May) benefited hazelnut set greater than winter 

applications (2 February);  however, his study was confined to one 



orchard and one B concentration. Kelley (136) applied B at 500 

ppm concentration at 3 different timings in one orchard located 

near Corvallis. However, fruit set was not improved after the 

sprays. Because of these conflicting reports, a 2-year study was 

conducted to clarify the effect of foliar B sprays on fruit set in 

hazelnut orchards located at different locations in the Willamette 

Valley. This present study was undertaken to investigate the 

relationship of B to hazelnut reproduction with the following 

objectives: 

1. To determine the optimum timing and optimum  concentration 

of B. 

2. To determine the response of foliar B application in 

'Barcelona' orchards which had 20 ppm B to 117 ppm B in 

the previous August leaves. 

3. To determine if there was a relationship between fruit set 

(cluster set) with previous August leaf B levels. 

4. To  investigate whether B content  in current season 

vegetative or reproductive tissues was related  to  fruit 

set. 

5. To record yearly variation in the incidence of brown stain 

and to see if mineral contents in leaf or nut tissues were 

associated with this disorder. 

6. To record nut shriveling and blanks and to see if B sprays 

could alleviate these disorders. 

7. To understand B partitioning in B-treated and untreated 

nuts, leaves, stems, and husks of fruiting twigs. 



Chapter 2 

REVIEW  OF  LITERATURE 

Introduction 

Boron was reported as a constituent of plants for the first 

time by Wittstein and Apoiger (257), who, in 1857, obtained boric 

acid in ash of seeds of an Abyssinian plant. They postulated that 

the element could have a role in a plant's life cycle. The 

stimulatory effect of B on the growth of lupins (70) and peas 

(178) was demonstrated and the usefulness of B for crop plants 

was recognized at the beginning of the 20th century. Because B 

supplements also increased growth and yield of several vegetables, 

the element was considered essential for plant growth in 1910 by 

Agulhon (2). Other researchers found a profound growth stimula- 

tion of cereals (166,208) and vegetables (221,245) following B 

addition to the media. Besides annual plants, woody perennials 

also were found to require B for proper growth and development. 

For example, as early as 1930, Haas (107) observed multiple bud 

formation on citrus trees grown in a medium lacking B. Since 

then, evidence has been presented that B is necessary for many 

fruit tree species including apple (10,42,116,168,169), pear 

(113,259), quince (119), and stone fruits (114,211). 

POSTULATED ROLES OF BORON IN THE PLANT 

Boron may be associated, directly or indirectly, with plant 

metabolism, because in the absence of B, physiological processes 



in plants are often irregular and result in abnormal growth and 

development. The literature on postulated roles is voluminous, 

yet the primary function of B in plants is still unknown. Some 

of the metabolic roles proposed for B are briefly described. 

Cell Division and Cell Enlargement 

Boron plays roles in two basic processes of plants, cell 

division and cell enlargement. Under B-lacking conditions, the 

growth of roots, stems, or fruits is reduced. The reduction in 

growth could be related to a decrease in cell division or cell 

elongation. For example, cessation of growth of intact squash 

root tips was associated with inhibition of cell division (68), 

but in other species the limiting factor was cell elongation. In 

Vicia faba, as B was removed from the nutrient solution, there was 

a linear inhibition of root-tip cell elongation (142,143). 

The cessation of cell division and cell elongation resulted 

in restriction of cell wall formation and failure of cells to 

become organized for mitosis in spring field beans, Trifolium 

pratense L. and Vicia faba (254,255). Sometimes meristematic 

cells divide continuously without differentiation (45). It was 

hypothesized that B was necessary for converting uridine diphos- 

phate D-glucose to pectin, an important compound for cellular 

functions. Arora and Singh (8) applied B to guava trees and 

increased the pectin content in plant tissues, especially fruits, 

a direct evidence in support of the above hypothesis. 

Nucleic Acid Metabolism 



The level of nucleic acids (DNA and RNA) in plants could be 

influenced by B in the medium in which they are grown because the 

element was reported to be important in nucleic acid metabolism 

(196). Rajaratnam and Lowry (201) observed that the primordial 

region of B-deficient oil palm seedlings contained a lower amount 

of both DNA and RNA than B-treated plants. Between these 2 acids, 

B has a greater effect on the RNA content because B supplement 

increases RNA levels more than DNA levels. For example, 

Whittington (255) recorded a 20% increase in RNA, but not in DNA, 

content in B-treated cells. He suggested that cell division in B- 

deficient tissues ceases at a low level of RNA, and that it is not 

due to a lower content of DNA. He found that the DNA content was 

low in B-supplied bean cells compared with B-deficient cells. A 

significant increase in RNA content of B-sprayed cotton plants was 

also found by Saini et al. (209) at a lower concentration of boric 

acid, 0.125%, but not at a higher level, 0.250% B, which 

suppressed RNA biosynthesis. 

Protein and Amino Acid Composition 

Following B supplements, protein and amino acid content of 

crop plants may increase. In 1939, a microchemical study on the 

effects of B deficiency in cotton seedlings led Wadleigh and Shive 

(241) to suggest that B be considered a necessary element for the 

normal course of protein synthesis. This could have been a 

consequence of B effect on nucleic acid metabolism. Many years 

later, an increase in protein content was demonstrated in wheat 

grains  by  applying  B  (65,74).   Mechanisms  for B-stimulated 



increase in protein content are unknown. It was suggested that 

the higher protein content in leaves and a lower amount in grains 

in B-deficient plants could be due to a low rate of translocation 

of proteins from the leaf to grains. Bussler (46) found an 

increase in the storage of assimilates, including proteins and 

fats, in B-deficient sunflower leaves. This accumulation was 

caused by inhibition in translocation of these substances out from 

the leaves. He reported that the inhibition was because there 

were fewer well-differenciated conducting tissues. 

In barley (14), groundnut (218), lucerne (228), and tomato 

(54,118), B affected amino acid composition. Boron has a positive 

effect on increasing amino acids which are essential in human 

diets, but not most non-essential amino acids. Iqtidar and Rehman 

(126) observed a linear relationship between increasing supply of 

B and essential amino acid content in wheat grains, whereas the 

relationship was negative with all non-essential amino acids 

except histidine and tyrosine. 

Activity of Enzymes 

Boron influences the activity of certain enzymes involved in 

physiological processes in plants. In corn and faba bean, the 

absorption of phosphate in B-deficient roots was reduced because 

of decreased ATPase activity. Addition of B restored the enzyme 

activity and membrane functions (198). The activity of catalase, 

acid phosphatase, starch phosphorylase, or invertase was low in 

pollen grains of B-deficient corn plants but not in B-sufficient 



plants (1). Boron also complexes with 6-phosphogluconic acid. 

This complex inhibits the action of 6-phosphogluconate dehydroge- 

nase (151). 

However, not all enzymes reduce their activity in B-deficient 

tissues. For example, ribonuclease and amylase activities were 

higher in pollen grains obtained from B deficient corn plants (1). 

The activity of IAA oxidase was increased in B-deficient squash- 

root sections (31). However, this enzyme had lower activity in 

sunflower and corn plants that were subjected to several days of B 

deficiency (219). This indicates that, when B is withheld, the 

same enzyme may possess variable activity either in the same 

species or in different species. 

It is possible to increase enzyme activity from a lower to a 

higher level with B application. For example, B treatments 

increased the activity of ribonuclease in young shoots and 

germinating seeds of wheat (75) and of polyphenoloxidase (PPO) in 

immature 'Italian' prune fruits (48). With B addition, the 

activity of PPO was increased in B-deficient sunflower, tomato, 

peas, and corn plants, but not in wheat or sorghum (220). The 

stimulation of enzymic reactions from foliar sprays of B was also 

noted in guava fruit (8). 

Carbohydrate Translocation 

Photosynthates, such as carbohydrates, translocate from 

leaves to other parts of a plant. This process is associated with 

the amount of B present in the plant. Gauch and Dugger (97,98) 

reported that there was a reduction in sucrose translocation in B- 



deficient plants. This reduction was associated, perhaps, with an 

imbalance between sugar and starch contents in leaves (81). Scott 

(215) suggested that B deficiency causes excessive polimerization 

of sugars at sites of sugar synthesis and, as a result, sugar is 

translocated less. Ju et al. (133) found a lower sugar content and 

higher levels of other compounds such as goitrin and thiocyanate 

ion in B-deficient turnip roots. 

Other evidence shows that B may not be involved directly in 

the movement of sugars. For example, the translocation of photo- 

synthetically-incorporated A^C in bean plants was increased by 

adding NAA to the meristems of B-deficient plants. The 

translocation was interupted only when phloem movement was 

disrupted (82); hence, B may not be a primary requirement for 

sugar translocation in bean plants. Excessive callose formation 

has been reported in B-deficient tissues (207). This callose 

plugs sieve plates which reduces translocation of photosynthates 

(235). In Phaseolus vulgaris and Cucurbita maxima toxic levels of 

B also produced excess callose (88,171). 

Production of Phenols 

Higher production and accumulation of phenolic compounds may 

occur in B-deficient plant organs. Watanabe et al. (247,248) 

observed a higher level of phenols in tissues deficient in B. 

They identified phenolic compounds such as scopolin, esculin, 

isoquercitrin, and scopoletin in tobacco and sunflower. In 

tomato, lettuce, radish, and sunflower plants, caffeic and chloro- 



genie  acids were accumulated (193).   There was an increase  in 

polyphenol  and  a decrease in monophenol content  in tomato root 

tips  deficient in B (159).   Coumarin also accumulated  in olive 
trees (121). 

Boron may also be associated with flavonoid synthesis in plant 

tissues,  especially in leaves of the oil palm (202).  Because the 

flavone  to flavonone ratio was higher in B-deficient and lower in 

B excess  conditions  in tomato,   Carpena Artes et al.  (53) 

emphasized that flavonoid biosynthesis was a B-regulated mechanism 

in higher plants.  Rajaratnam and Lowry (201)  found a higher 

content of ferulic and vanillic compounds in leaves of oil palm 

seedlings when B was omitted from the growth medium.  The cause of 

such an excess production of phenolics under B deficiency was 

related  to a lack of borate complexes.  This is explained thus, 

when the level of these complexes in plant tissues goes down,  the 

activity of 6-phosphogluconate dehydrogenase ceases and  as a 

result there is a higher production of phenols (151). 

Plant Growth Regulators 

There is some relationship between movement of growth 

regulators and B content in plants. For proper growth of plants 

growth regulating chemicals are translocated from a source to the 

sink. Boron facilitates such translocation processes. Gauch and 

Dugger (97) reported that B accelerated the movement of photosyn- 

thates, especially sucrose, from leaves to other parts of bean and 

tomato plants. Since there was a close association between the 

translocation of growth-modifying substances  and movement of 
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photosynthates (153,175,206,249), addition of B in the presence of 

sugars was believed to accelerate auxin movement from bean leaves 

to stems. Mitchell et al. (176) applied various synthetic growth 

modifiers (2,4-D NH4J IAA, 2,4,5-T, and NAA) on leaves of bean 

plants grown in a solution with or without B. They measured 

translocation of these compounds from leaves to stem based on stem 

curvature and found that increases in curvature were 115% to 

1,520% over that observed on plants not receiving boron. 

Boron also is believed to help maintain a hormonal balance 

in plants (82,83,154). At deficient B levels, there was a higher 

concentration of IAA in primordial regions of oil palm (201) and 

in root segments of bean (69). As compared to B-sufficient 

tissues, when B is deficient, the activity of IAA oxidase is low 

because of higher accumulation of phenolic compounds; thus, the 

level of IAA in tissues increases. Since higher levels of this 

auxin is toxic, growth is inhibited and tissues become brown 

(214). Auxins, such as NAA, in the presence of B may help 

regulate DNA replication and RNA synthesis in pea plants (125). 

The level of the growth inhibitor, ABA, also increased in B- 

deficient berries immediately after set (214). These findings 

support the concept that an optimal B concentration is needed to 

keep a balance between growth promoters and growth inhibitors in 

plants. This concept that an optimal level of B is required is 

supported by agricultural research. 

AGRICULTURAL IMPLICATIONS OF BORON LEVELS IN PLANT TISSUES 
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Standardized optimum levels of B for normal growth have been 

established. For example, the Oregon State University Fertilizer 

Guide recommends that, for optimum productivity, prunes should 

have 35 to 80 ppm B in mid-shoot leaves in August whereas below 25 

ppm is deficient and over 100 ppm toxic. Plum trees were also 

reported to require 25 to 60 ppm for desirable growth, and below 

20 ppm was deficient (152). Hernandez and Childers (117) found 

toxic symptoms in peach at 100 ppm B or more. Baron and Stebbins 

(18) stated that filbert (hazelnut) leaves need 30 to 80 ppm B for 

optimum productivity and that spring B sprays should not be 

applied when leaves contain 100 ppm or more in the previous 

August. For sweet cherry (58) and apples (59), 30 to 80 ppm B were 

optimum. A level of B below 30 ppm in August leaves is deficient, 

and above 80 ppm B is excessive for sweet cherry (58). Boron 

concentration lower than 20 ppm in August leaves was considered 

i -ficient and above 100 ppm was toxic for apple growth (59). In 

British Columbia, peach leaves always showed toxicity symptoms 

when the B content in May leaves exceeded 130 mg/kg, but symptoms 

appeared only occasionally at levels of 50 to 85 mg/kg. Neilsen et 

al. (180) suggested that 20 to 50 mg/kg in July leaves would be a 

desirable range for normal growth of peach trees. 

Boron Deficiency Symptoms 

Plants grown under B deficiency express one or more of the 

following symptoms. 

Vegetative phase.  Roots became dark brown with weak growth and 
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die-back started from the tips (3,103,107,108,109,130,205). Such 

roots became rough, elongated, with abnormally thick periderm 

(3,103) followed by decay of rootlets (107). 

Leaves became yellow, chlorotic, necrotic, resetted, and 

curled with corky or split veins or rachis, and new twigs dried 

(107,108,109,113,121,127,191,205,211). Bark splitting and early 

defoliation (135) have been noted on B-deficient plants. Fruit 

trees also had multiple bud formation (107,110). The number of 

leaflets was reduced in some species (111). Lack of B also 

induced brittleness of leaves (95,109,135,191) and stems (3,130). 

Reproductive phase. Boron deficiency causes reproductive 

irregularities, such as delayed flowering (95,103,254), production 

of tassels with nonfunctional pollen (1,238), aborted embryos or 

poorly developed seeds (24,173,244), and blasting of blossoms 

(20,204,259). In peaches, Kamali and Childers (135) noted fewer 

flower buds, a longer blooming period, lower pollen viability, and 

poor fruit set (5,114,121,191,265). Sometimes a white exudate, 

which later became brown, was seen on the youngest flower bud and 

petiole ends (191) or on fruits (244). Kamali and Childers (135) 

noted fruit cracking as well. 

Anatomical changes. Boron deficiency symptoms on vegetative or 

reproductive organs perhaps result from changes in the anatomy and 

histology of plants. Reed (205) and Warington (246) observed 

disorganization and brown discoloration of phloem and cambium 

cells   which  became  necrotic  and   disintegrated   later 
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(110,132,134,242). Xylem development may also be poor (246). The 

upper epidermal as well as palisade cells may collapse (40). In 

some cases, the palisade and spongy mesophyll layers compacted 

together, thus reducing intercellular spaces (138). Cell wall 

formation, cell differentiation, and mitotic cell division were 

reduced in B deficient tissues (142,242). Most collenchyma cell 

walls became thinner, while the phloem parenchyma and the ground 

parenchyma walls were thicker (223). 

Boron Toxicity Symptoms 

As shown above plants cannot tolerate B deficiency and hence 

express this as morphological and anatomical irregularities. 

Similarly, when levels of this element exceed an optimum concen- 

tration toxic symptoms appear. Early signs of B toxicity in 

Cucurbita pepo were lower leaf conductance (to water vapor), 

reduced C02 fixation, and decreased chlorophyll content (158). 

Other symptoms follow such as leaf distortion, chlorosis, 

necrosis, leaf defoliation, and shoot die-back were also reported 

(43,67,89,135,149,235,250,256). Roots became brown (240) and some 

plants died (67,161). With excess B, more callose was deposited 

in the parenchyma tissue of Phaseolus vulgaris leaves (171) and in 

seive tubes in petioles of Cucurbita maxima (88). In addition, 

Webber (250) found degradation of chloroplasts and protoplasts. 

The toxic level of B in reproductive tissues of various plant 

species results in the production of fewer flower buds, reduced 

pollen viability, lower fruit set (135), exudation of gum (250), 

poor and slow germination of seeds (103), and  failure to differe- 
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ntiate female flower buds (188). 

Boron-Related Physiological Disorders in Plants 

Higher plants often show disease-like symptoms in vegetative 

and/or reproductive parts which, because they are not primarily 

caused by insects, fungi, bacteria, or any other microorganisms, 

are considered to be physiological in origin. Many such symptoms 

are caused by, or at least are closely associated with, mineral 

deficiencies. Some disorders associated with lack of B in 20 or 

more plant species are listed below. 

Plant species Disorders References 

Fruit Crops 

Apple Internal cork (10,42) 

Drought spot (168) 

Flesh browning (116) 

Die-back (169) 

Citrus Multiple bud (107) 

Grape Lead disease (220) 

Bud failure (9) 

Papaya Fruit deformation (244) 

Peach Fruit cracking (94,135) 

Pear Blossom blast (259) 

Twig blight (113) 

Die-back (78) 

Prunes Brushy branch (114) 

Quince Bitter pit-like (119) 
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Raspberry 

Stone fruits 

Strawberry 

Walnut 

Vegetable Crops 

Cabbage 

Cauliflower 

Celery 

Garden beet 

Rutabaga 

Sugar beet 

Swedes 

Turnips 

Other Crops 

Oil palm 

Tobacco 

Tulip 

Zinnia 

Alfalfa 

Crumbly berry 

Die-back 

Little leaf 

Fruit deformation 

Snake-head 

Leaf and twig deformation 

Internal breakdown 

Internal browning 

Stem cracking 

Black spot 

Brown heart 

Heart rot 

Raan (Brown heart) 

Brown heart 

Bud rot and little leaf 

Top sickness 

Decoloring and broken tops 

Flower bud blasting 

Yellows 

(165) 

(11) 

(211) 

(181) 

(212) 

(47) 

(132) 

(77) 

(200) 

(132) 

(160) 

(36,37) 

(182) 

(160) 

(93,144) 

(146) 

(124) 

(204) 

(39) 

Boron Content in Leaves and Flowers 

Plants require an optimal amount of B for proper growth of 

leaves and flowers. Levels below critical amounts may produce 

irregular symptoms in the vegetative and/or reproductive  tissues. 
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For example, Gupta and Cutcliffe (104) observed brown heart 

disorder of rutabaga at leaf B less than 20 ppm. The growth of 

Japanese pear tree was reduced and abnormal leaf symptoms were 

seen at B levels below 15 ppm (265). At incipient B deficiencies, 

pear trees suffered from drying, shrivelling, and dying of flower 

clusters, which was described as 'blossom blast' (21,259). 

Similarly, bud blasting has been attributed to B deficiency in 

Zinnia (204). 

Applications of B either in the soil or on the foliage raised 

leaf boron levels in apples (19,72,112,116), pears (20,121), 

filberts (145,190), cereals and legumes (56), and corn (229,230). 

Boron sprays applied in the fall did not raise the B content 

significantly in leaves collected the following August from prune 

orchards (60). However, such application increased B levels in 

dormant buds and spur tissues (48,49). Boron content in leaves and 

other tissues may be influenced by application time, weather 

conditions, crop species, etc. For example, climatic factors may 

play a role in yearly variation in B content in some parts but not 

in another tissue of the same plant. Leaves of misted and non- 

misted trees collected 80 days after full bloom contained similar 

B levels (72) which demonstrated that B is not leached out of 

leaves by rain, whereas flowers at full bloom on non-misted trees 

contained more B than the misted ones. Fall-applied B sprays also 

increased the B content in flower buds and flowers (48,49). The 

evidence indicated that the B content of a flower may be 

influenced  by  environmental  factors,   especially by rain or 
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humidity. Hanson and Breen (115) created artificial rains to 

quantify the amount of B that could leach from flower buds. They 

observed that such simulated rain did not leach B from these buds 

readily; however, flowers blooming on excised branches in high 

relative humidity (86%) contained 13% less B per flower than those 

kept in low humidity (29%). They also noted that following fall 

B sprays there were increases in B levels of 'Italian' prune 

flowers during a cool spring but not in a warm spring. 

The optimum B concentration for reproductive growth may be 

higher than that for vegetative growth. Several studies have 

indicated that the highest concentration of B is in the reproduc- 

tive organs. For example, B accumulated in flowers more than in 

other plant parts of apple (29), corn (30), lily (25), tobacco 

(26), Oenothera (100), cherry, apple and pear (260,261). In 

Oenothera, stigmas contained the highest amount. In some species, 

such as rye, male reproductive tissues, especially anthers and 

pollen grains, contained higher B as compared to female reproduc- 

tive parts (155). Among different parts of an apple fruit the 

highest B was in the endocarp and the lowest in the floral tube 

(43). 

Seasonal Variation in Boron Levels 

Boron content of flowers and leaves varies through the 

growing season. The level in buds changes very little during 

dormancy and increases rapidly as bud growth begins in the spring. 

The highest B content was at full bloom (44,99,261). Woodbridge et 
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al. (261) reported that pear, apple, and cherry fruit buds did not 

store sufficient B for their development, but drew on B from the 

soil or from nearby reserves as soon as initiation of growth was 

started. Similar translocation and movement of B from nearby 

wood reserves to developing flowers was noted in 'Italian' prune 

trees (115). 

Some fluctuation in leaf B content over time has been noted 

and it varies with the plant species. For example, as the growing 

season progressed, leaf B content increased in rutabaga (104) and 

pecan (262) while in apple (43), red raspberry (128), and filbert 

(145) there was a higher leaf B early in the season (June - July) 

as compared to later (September). Spiers (222) observed in 

'Tifblue' rabbiteye blueberry high leaf B during April and early 

May, low during harvest and high again in October. The age of 

leaves (position on the cane) also has a significant influence on 

this variation. This is particularly true in red raspberry 

primocane leaves. Hughes et al. (122) divided red raspberry canes 

into 7 positions, each with 2 leaves, starting from the tip 

(position 1) to 15 cm down (position 7). They reported a higher B 

content in younger leaves (position 1 to 3) than older leaves 

(position 4 to 7). The younger leaves showed considerable 

fluctuation and older leaves had relatively less fluctuation 

through the season . 

Rootstock Influence on Boron Levels of Scion Leaves 

Rootstocks can substantially affect mineral composition of 

scion leaves (12,62,64,90,156,251,258). In pears, graft compatibi- 
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lity and interstem genetics had no apparent influence on uptake 

and translocation of nutrients to the scion; the main controlling 

factor was the root system (61,62). Roots play important roles for 

controlling B transport in plants (41,85). Fallahi et al. (91) 

also observed changes in apple fruit minerals which were attribu- 

table to rootstocks. 

In 1935, Eaton and Blair (85) reported 50% more B in leaves 

of sunflower plants grafted on artichoke roots than when self- 

rooted. Leaves of artichoke on sunflower rootstock contained 50% 

less B. They also observed a 3-fold increase in B concentration 

of leaves of Chinese box orange grafted on to lemon. The concen- 

tration of B in leaves of the scion was less if grafted on 

cultivars which normally accumulate less B; whereas, the level 

increased if grafted on cultivars which accumulated higher B (85). 

Fallahi and Larson (89) observed that rootstock influenced B 

content in pear. They found a higher amount of B in leaves of 

Bartlett cultivar grafted on seedlings of Pyrus calleryana, than 

on seedlings of jP. betulaefolia, Old Home, or Old Home x 

Farmingdale stocks. When d'Anjou cultivar was grafted on Bartlett 

seedlings, the scion leaves had higher B than when grafted on P. 

betulaefolia and Old Home stocks. However, differences were not 

significant when grafted on P^. calleryana seedlings. Leaves of 

Starkspur Golden Delicious apple grafted on OAR 1 rootstock 

contained higher B than when this cultivar was grafted on other 

rootstocks (90). Leaves of prune trees grafted on plum rootstock 

showed slightly less B compared to those grafted on peach (64). In 
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a reciprocal grafting of two tomato cultivars,  T 3238  (less 

efficient)  and Rutgers (more efficient in B uptake). Brown and 

Jones  (41)  demonstrated that roots control transport and  hence 

influence B content of scion leaves. 

Gene Control of Boron Requirements of Plants 

Plant species and cultivars require varying amounts of B for 

proper growth and development. Among 11 mineral elements in 

leaves of 13 apple species, Westwood and Bjornstad (252) observed 

the greatest variation, 255%, for boron. Among 14 red raspberry 

genotypes, the B content in leaves ranged from 14 ppm in Mailing 

Jewel to 35 ppm in BC 201 (128). Similarly, Brown and Ambler (40) 

found several- fold more B required in the soil for T 3238 tomato 

than for Rutgers. Some cultivars, like Rutgers, are particularly 

efficient in extracting B from the soil and transporting it from 

the root to the above ground parts. 

In some plant species there is good evidence for genetic 

control of uptake and transport of boron. A single recessive gene 

is responsible for controlling B transport in celery (199) and in 

tomato (4,243). In apples, a low level of Ca and B induces bitter- 

pit. The resistance to this disorder correlates with a high level 

of these elements in leaf and fruit tissues. Korban and Swaider 

(141) identified two major genes controlling these mineral levels 

and hence, the resistance. Blarney et al. (28) indicated that B 

levels in sunflower hybrids were inherited from the parents used 

in a hybridization program. 
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Boron Mobility in the Plant 

Boron is considered to be relatively immobile in the phloem. 

Roots take up B from the soil, and it then moves passively in the 

transpiration stream and accumulates in older leaves (140). That 

redistribution of B from older leaves to growing tissues via the 

phloem system is limited (84,87,98,123,172) is indicated by the 

observations that when B is withheld from the medium, young 

actively growing leaves show symptoms of B deficiency. This 

mechanism of low mobility of B over long distances, as suggested 

by Oertli and Richardson (183), is the unidirectional flow of the 

transpiration stream which causes a cyclic movement of boron 

within the leaf. Because B is less mobile in the phloem, boron 

that translocated from leaves or other tissues to flowers and 

fruits may not be enough to meet the B requirement for 

reproductive growth. This is why localized application of B has 

helped to correct blossom blast of pears and increased fruit set 

in fruit trees containing optimum B levels for vegetative growth. 

Neales (179) observed relatively little movement of B from 

cotyledons to radicles in germinating bean seeds when they were 

transfered from plus-boron to boron-free solutions. Neales 

infered, from this, that B must be present in the solution for 

normal growth of radicles. 

Several reports indicate that B may have limited mobility in 

the phloem system. Scott and Schrader (216) noted that there was 

upward movement of B from lower mature leaves of grapes to 

actively  growing terminal parts when B was withheld in  the  root 
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environment. Campbell et al. (51) found that fruit and seed 

production of peanut and clover were the same for plants grown in 

media low in 6 and for those supplied with added boron. Because 

of this, these authors suggested that B was translocated in the 

phloem in these species. In prunes, flowers on cut branches which 

were forced to bloom indoors accumulated as much B as those on 

intact trees. Hanson and Breen (115) concluded that these flowers 

were supplied with B from nearby reserves in the branches. In 

radish, although the major part of foliar-applied B remained in 

the treated leaves, some B had been translocated to nontreated 

aerial parts and to roots (57). Similarly, B mobility has been 

suggested for turnip (92), broccoli (23), cotton (167), stone 

fruits (86), and apple (236). Cerda et al. (55) studied B 

mobilty in 'Verna' lemon trees. Based on the rate of B 

accumulation in the fruit and the ratio of B concentration in the 

fruit and leaves, they concluded that B had intermediate mobility 

in plants. 

POLLEN AND FRUIT SET 

Pollen Germination 

Boron is essential, or at least beneficial, for ^n vitro 

germination of pollen grains of many species 

(50,73,121,131,138,147,150,203,225,232). Pollen of some species 

responds to added B in the germination media while that of others 

does not. The ability of a plant to supply B to pollen differs 

with the  species  and  hence pollen varies  in  the  amount of 
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endogenous B, which may be a determining factor for germination. 

For example, pear pollen had a higher endogenous B level (100 ppm 

B) than pine pollen (20 ppm B or less). Because the percentage of 

germination was lower in Pyrus (60 to 66%) than in Pinus, pear 

pollen often responded to supplemental B in in vitro germination 

(225). Boron levels in pollen are influenced by the amount of B 

available to the plant during development (239). Pollen from B- 

deficient corn plants contained less boron (5.8 to 7.5 ppm B) and 

had higher germination in in vitro conditions when B was added, 

whereas pollen from B-sufficient plants contained more boron (10.8 

ppm B) and did not respond to supplemental B (1). Pear pollen 

collected from trees that received continuous B application for 4 

years had a higher percentage of germination than pollen from 

untreated trees (7). Responses of alsike clover (177) and 

Forsythia (239) pollen to supplemental B also depended on the 

level of endogenous B. 

Plants grown in B-deficient media may produce non-viable 

pollen (138,238). Corn plants produced non-functional tassels 

that lack sporogenous tissues or floral appendages (1) and silks 

became non-receptive (238). Even when pollen from high-B plants 

was supplied, fertilization of such silks failed. There was poor 

set or barren cobs. 

Stimulation of pollen germination by B is not universal, 

however. Boron had no effect on pollen germination of Capsicum 

annuum (237), Crotalaria juncia, and Corchorus capsularis (239). 

Increased  germination of B-treated plum pollen was  recorded  by 
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Thompson and Batjer (232), but not by Blaha and Schmidt (27). Kim 

et al. (139) applied B to the germination medium and found no 

effect on the germination of filbert pollen. 

Foliar applications of B have improved pollen germination of 

sugarbeets (138), grapes (184), and strawberries (106). Boron 

application also improved anther dehiscence in strawberry. 

Pollen Tube Growth 

Pollen tube elongation may be accelerated by supplemental B 

(6,50,174,203,232,239). Macleod (170) reported that the elonga- 

tion process was different from the germination process. Whereas 

several inhibitors of growth and metabolism (maleic hydrazide, 

trans-cinnaraic acid, indoleacetate, and abscisic acid, indole-3yl- 

acetic acid at high concentration, and ethylene) inhibited 

germination to varying extent, they promoted tube elongation. The 

B-induced increase in tube length was not related to sugar 

absorption nor to respiration (185). Boron may have roles in 

complexing with compounds that inhibit the elongation process. 

For example, a diphenol such as caffeic acid inhibits pollen tube 

growth of several plant species (164). Because B has been demon- 

strated to form complexes with diphenols (266), the presence of 

this element in the medium could prevent the formation of certain 

phenolic compounds that inhibit pollen tube growth in ^n vitro 

conditions. Pollen tube growth, however, was not influenced by 

levels of endogenous B in pollen (49,254). In Zea mays, both Ca 

and B addition was necessary for maximum pollen tube growth 
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(194,195). 

In a review and interpretation of physiological roles of B in 

plants Gauch and Dugger (98) said that when B was absent from the 

pollen-germination medium, pollen tubes were short and cork-screw- 

like with a high proportion of bursted tubes. The bursting of 

pollen tubes was assumed to be the result of "unregulated water 

intake". 

Fruit Set 

The fruit setting process is complex and multidimensional, 

and is influenced by many factors. Among mineral supplements, B 

applications have been used for many tree fruit species to 

increase fruit set; e.g. apple (35), guava (8), pear (22), citrus 

(66,186), and prune (60,115). However, responses to B applica- 

tions varied with species and cultivars. Following B sprays 

'Stayman' apples increased fruit set, where as 'Jonathan' and 

'Golden Delicious' cultivars did not (35). In New Zealand, B- 

sprayed Delicious apple trees increased set (76). On the other 

hand, B treatments reduced fruit set in 'Discovery' and 'Cox's 

Orange Pippin' apples (263). This suggests that apple trees may 

respond to B, but consistent results are unlikely. The response of 

prune and cherry to B sprays depended on the concentrations of B 

in August leaves; when the B level in the leaves was above 60 ppm, 

sprays could induce toxicity and reduce fruit set (253). 

Schuster and Stephenson (213) found an increase in set of 

hazelnuts and walnuts by B application. When Painter and Hammer 

(190)  applied B at 14 g (0.03 lbs)/tree,  hazelnut set  increased 
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some years, but not in others; hence the effect was inconsistent. 

Baron (15,16,17) reported that foliar applications of B resulted 

in a higher percent set as compared to non-treated hazelnut trees. 

He found the highest fruit set over control from the 30th May 

application. Kelley (136) applied 500 ppm B on foliage at 3 

different times during spring , including 29 May, and found no 

significant effect on the set of hazelnut. In all these hazelnut 

experiments, the cultivar used was 'Barcelona'. 

Variable responses to sprays are likely to be associated 

with many factors. For example, Hanson and Breen (115) studied 

the fruit set response to B of 'Italian' prunes for two years. 

They concluded that B affected fruit set during a cool spring, 

when set was low (3.2%), but not in a warm spring when set was 

high (12.25%). Callan et al. (49) and Chaplin et al. (60) indi- 

cated that the time of spray was important; B sprayed prebloom was 

not effective as compared to the fall postharvest spray. Other 

studies indicated that the stage of flower development was an 

important factor. To increase fruit set 'Le Conte' pears (13) 

needed 200 ppm of boron at the white ballon stage and again 

shortly before harvest. Similarly, Davison (76) recorded a 12% 

increase in fruit set of apple trees that received B at open 

cluster and at petal fall. 

Boron is necessary for normal reproductive development of 

plants. In the absence of B, not only flower bud differentiation 

(254) and flower development (120) was affected, but also a total 

failure in fruit set was noted (121). An incipient B deficiency (a 
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temporary lack of B supply to leaves, blossoms, and twigs prior 

to and during bloom which was associated with unfavorable weather 

conditions for early root growth) caused blossom blast in pear 

orchards (21,259). Boron supplements either in fall or in spring, 

however, alleviated this problem and thereby increased fruit set 

(20,129). In papaya, B application increases the number and weight 

of fruits by increasing the proportion of female and hermaphrodite 

flowers (192). 

Seedless nuts in pistachios (33,71,102) and hazelnuts 

(148,189,233) result from embryo abortion. In almond, ovule 

abortion is associated with callose deposition in the chalazel 

scar of the ovule which blocks the flow of metabolites to the 

ovules (197). When B was deficient in sugarbeet and bean plants, 

there was greater accumulation of callose deposits in sieve plates 

which limited the translocation of photosynthates (207,235). This 

suggests that B may help maintain the flow of metabolites within 

the plant system, because B applications have reduced malformed 

seeds as well as seedlessness in hazelnuts (187) and in some wheat 

varieties (96). 
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Chapter 3 

FOLIAR-APPLIED  BORON  INCREASES  FRUIT  SET  IN  'BARCELONA' 

HAZELNUT 

Abstract 

Boron sprays produced fruit set increases from 3 to 72% in 

1984 and from 3 to 33% in 1985 in 'Barcelona' hazelnut orchards. 

The absolute fruit set was correlated with leaf B content with r 

values ranging from +.36* to +.54**, but not with nut B. With 

relative fruit set (RFS), B content of nuts in May (r = 0.63**) 

was more strongly related to set than B content in leaves sampled 

at any time or in nuts collected on later dates. Amounts of B in 

young nuts increased 2-fold with B sprays, but unlike leaf values, 

differences disappeared by mid summer. Because fruit set 

increases were obtained in both seasons with B sprays on trees 

whose leaf values are currently considered excessive, as well as 

those considered optimal or deficient, guidelines for B 

recommendations need revision. Since B levels of nuts in May was 

related to RFS in 1985, B content in May nuts from unsprayed trees 

might be universally low for optimum nut development. This would 

indicate that annual B sprays may required. Foliar sprays of 600 

ppm B in April damaged young leaves and shoot tips; thus delaying 

sprays until the 2nd week of May is recommended. 
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Introduction 

Foliar boron (B) applications have been reported to increase 

fruit set in some species of fruits (4,5,6,9). 'Italian' prune 

trees that were not considered B-deficient according to leaf 

analysis standards exhibited a higher fruit set when B sprays were 

applied (7,8). In a 2 year study of 'Italian' prune trees, also 

not considered B-deficient, Hanson and Breen (12) reported 

inconsistent fruit set response from fall-applied sprays. Boron 

increased set during a cool wet spring when crops were low but not 

in a warm one when crops were heavy . Baron (2,3) reported that B 

sprays enhanced fruit set in one hazelnut (filbert) orchard, 

whereas Kelley (13) found no response in another. 

The timing of B application may be important. In prunes, 

prebloom B sprays were ineffective as compared to positive 

responses with postharvest sprays (7,8). The stage of flower 

development at which B was applied was critical for inducing a 

higher set in 'LeConte' pears (1) and in apples (10). In 

hazelnuts. Baron (2,3) sprayed B from Feb. to May and increases in 

set over controls were highest with the 30 May application. 

The purpose of this study was to determine if varying B 

nutritional status of orchards might explain the conflicting 

reports on hazelnut response to B sprays (3,13). We wanted to 

determine the optimum spray timing and concentration, to see if 

there was a relationship between fruit set and previous August 

leaf  B levels ,  and to investigate whether B content in current 
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season vegetative or reproductive tissues is related to fruit set. 

This paper presents the results of a 2-year study of foliar B 

applications in several hazelnut orchards. 
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Materials and Methods 

Boron sprays were applied in 'Barcelona' hazelnut (Corylus 

avellana L.) orchards in the Willamette Valley of Oregon for 2 

growing seasons. In 1983-84, 4 orchards were selected that had 25 

to 93 ppm B in 1983 Aug. leaves. Based on Oregon State University 

(OSU) standards, leaf B content of orchard # 1 was below normal 

(25 to 30 ppm B), orchards # 2 and # 3 were normal (30-80 ppm B), 

and orchard # 4 was excessive (more than 80 ppm B), Treatments 

included 2 levels of B (300 and 600 ppm), 6 dates of applications 

(20 Oct. 1983, 20 April, 13 May, 11 June, 27 June, and 12 July, 

1984), and one unsprayed control. In each orchard, there were 6 

replications  in a randomized block design.   Boron was applied as 

Solubor (78% Na2Bg013.4H20 
and 2C,% Na2B407' 5H20^ (us Borax 

Company) with 300 ppm X-77, a non-ionic wetting agent (Shell Oil 

Company). Sprays were applied to the point of drip with a handgun 

sprayer (9 gal/min, PSI of 200 lbs). Trees were observed for 10 

days after each application to detect spray injury. 

For fruit set counts, trees of similar size and vigor were 

selected in each orchard. Using 3 to 5 branches, a total of 500 

to 600 flower clusters were counted on each of the 78 trees in 

each orchard. Nut clusters were hand-picked from trees during the 

3rd and 4th week of Aug. 

In 1984, leaves and nuts for mineral analysis were sampled 

separately in orchard # 1 from unsprayed trees and from those 

that received 600 ppm B sprays applied in Oct.  1983,  in April or 
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in early June 1984. Twenty leaves from the mid-shoot area of 

current season growth were sampled on all sides of a tree at 

monthly intervals from April to Sept. Nuts were sampled at 2-week 

intervals from 9 June (50 to 70 nuts) through 9 August (25 to 30 

nuts). In the other 3 orchards, leaves and nuts were sampled 

only once, on 9 Aug. For all tissue samplings, leaves and nuts 

from 2 of the 6 replicated trees were composited for each of 3 

replications per treatment. 

In 1985, the number of replications was increased because of 

the large amount of within-plot variability in fruit set in 1984. 

The number of trees (10-16) was determined by using the 1984 error 

term. The average fruit set for these 4 orchards was highest when 

600 ppm B was applied on 13 May. Hence in 1985, only one 

treatment consisting of 600 ppm B applied on 15 May and one 

unsprayed control were used. Five orchards were selected to 

represent a range in B status as indicated by the previous Aug. 

leaf levels. As per OSU standards, one was B-deficient (20 ppm B), 

2 were in the normal range (35 and 50 ppm B), 1 had above normal 

(86 ppm B), and 1 had excessive B (117 ppm B). Methods of B 

application and fruit set counts were the same as in 1984. 

In 1985, both leaves and nuts were sampled periodically in all 

5 orchards. Leaves were sampled at 20-day intervals from 25 May 

to 17 Aug. Twenty one leaves (7 leaves per tree) were sampled for 

each of untreated controls and B-treated tress per orchard at 

every collection date. In 1984, the greatest difference in B 

levels  between nuts of treated and control trees was observed  at 
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the earliest sampling date. Therefore, in 1985, nuts were sampled 

beginning at an earlier date, 25 May, and every 10 days until 27 

July. Because of their smaller sizes at earlier dates 70 to 100 

nuts per sample were necessary for the tissue analyses while at 

later dates only 15-40 nuts were used. As in 1984, 3 replications 

per treatment were analyzed. 

Leaves and nuts (husks removed) were washed in a solution of 

10 g EDTA (Ethylenedinitrilo tetraacetic acid, disodium salt) and 

10 g Alconox in 20 liters of distilled water. Tissues were rinsed 

2 times with tap water and once with distilled water. Fresh 

weight was recorded before washing and dry weight after tissues 

were dried at 70oC for 48 hours. The dried tissues were then 

ground in a Willey Mill (20 mesh screen). Nitrogen was determined 

by an automated micro-Kjeldahl apparatus (14). Plant tissues were 

analysed for P, K, Mg, Ca, S, Mn, Fe, Cu, B, and Zn by ICP 

emission spectroscopy (11) after dry ashing at 500oC and being 

dissolved in 5 ml of 20% HN03> which was diluted to 5% before 

analysis. 

Both linear correlations and stepwise multiple regression 

between fruit set and leaf or nut mineral contents were computed 

for each sampling date. Since absolute fruit set in control trees 

varied between orchards, a measure of the relative difference 

between untreated and B-treated trees was useful. Therefore, the 

relationship between relative fruit set (RFS) and leaf or nut B 

levels was also determined. RFS is defined as the fruit set of a 

given  sample divided by the average fruit set of B-treated  trees 
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for  a particular orchard.   This  expression eliminates the 

variability between orchards in fruit set. 
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Results and Discussion 

Effects of B^ sprays on fruit set 

Foliar B applications increased fruit set over controls in 

both seasons (Table 3.1). In 1984, every orchard responded 

positively to both B concentrations. Including all timings and 

both concentrations, increases in fruit set over controls ranged 

from 18 to 72% in orchard # 1, from 7 to 27% in orchard # 2, from 

3 to 29% in orchard # 3, and from 8 to 45% in orchard # 4. 

Although, the overall mean for B-treated trees significantly 

differs from controls, increases in individual orchards were 

significant for only orchard # 1 and for one timing, 13 May. The 

lack of significance in other treatments and other orchards may be 

partly because of large tree-to-tree variation and too few 

replications. 

In 1984, fruit set increases occurred over a wide range of B 

spray timings. Considering all 4 orchards the increase over 

control was minimum (18%) with the 12 July application and maximum 

(29%) with the 13 May spray (Figure 3.1). Fall-applied B sprays 

averaged 22% higher set than controls. The effectiveness of fall B 

sprays on hazelnuts has not been reported, although such sprays 

benefited prune set (7,8,12). Since application dates, except in 

orchard # 1, and the interaction between dates x B concentrations 

were not significantly different in individual orchards, fruit set 

data from all 4 orchards was pooled. With this pooled data B 

treatments significantly increased the overall set 29% over 
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controls (Table 3.1). Baron (2,3) also obtained increased set when 

B was applied to trees at 15-day intervals from 1 Feb. to 30 May. 

He found maximum set from 30 May B sprays. This 2-week difference 

in optimal spray timing, as compared to our results, could be due 

to seasonal differences. Also, the orchard used by Baron was 

located in a cooler area where there may be 1 to 2 weeks delay in 

phenological development. 

In 1985, the greater number of replications resulted in the 

detection of significant fruit set increases in 4 of the 5 

orchards (Table 3.1). Fruit set increases in B-sprayed trees were 

15% in orchard # 1, 25% in orchard # 2, 33% in orchard # 3, 14% in 

orchard # 4, and 3% in orchard # 5. The orchard (# 1 in 1984 = # 

3 in 1985) which had the lowest set in controls both years had the 

best response. 

Although overall increases in set following B sprays were 

significant both years, there was 29% increase in 1984, the low 

crop year, and only 15% increase in 1985, the high crop year. 

Following B treatments. Baron (2) found 30% or more increased set 

over control in 1968, when set was low as compared to 19% increase 

in the previous year when fruit set was higher. Stebbins (15) 

reported that Solubor sprays enhanced hazelnut yield (pounds of 

nuts/tree) in 3 of 4 years. There was no response in 1975 when 

the crop was unusually heavy, and the maximum increase, 23%, was 

in 1974, when yield was lowest (15). Similar results have been 

reported on other fruit crops. Hanson and Breen (12) recorded 

significant fruit set responses of 'Italian' prune trees to B 
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foliar sprays in a low crop year, but not in a high crop year. 

Boron sprays significantly increased initial set of Cox's Orange 

Pippin apples in 1973 when set of controls was 57/100 fruit buds 

but the effect was not significant in 1974 when control set was 

105/100 fruit buds (16). Although, B increased the final 

(harvest) set 23% in 1973 and 4% in 1974, in neither year was the 

increase significant for Cox's Orange Pippin apples. 

Seasonal changes in boron content in leaves and nuts 

Leaf tissues. Seasonal patterns for B levels (ppm, dry 

weight basis) in leaves of control and sprayed trees from the 

orchard sampled in 1984 were similar to the mean of 5 orchards in 

1985; hence, seasonal changes in leaf B content were shown only 

for 1985 (Figure 3.2A). Leaf levels (ppm) increased slightly over 

time in control trees. When we applied B the 2nd week of May, leaf 

B levels tripled early in the season (25 May), remained high 

throughout the season, and then decreased somewhat as the growing 

season ended. In both control and B-sprayed leaves total B 

content,yug/leaf, increased until 27 July, after which date levels 

decreased. Fall-applied treatments slightly increased B content 

(58 ppm in B-treated vs. 50 ppm in controls) in leaves sampled the 

following Aug., but differences were not significant. Callan et 

al. (7) also found no significant difference in B levels in Aug. 

leaves of treated and untreated 'Italian' prune trees with B 

sprayed the previous fall. Apparently, B was diluted through 

vegetative growth in spring and summer. 
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Nut tissues. There was a similar seasonal trend in B content 

of nuts in both years, thus levels are given only for 1985 (Figure 

3.2B). Unlike leaf values, nut levels (ppm) decreased through the 

season. Although sprays increased B content (ppm) 2-fold in nuts 

early in the season, by the 2nd week of July B levels were 

virtually the same in both sprayed and control nuts. This 

decrease in concentration was due to the rapid increase in nut 

size and a high rate of accumulation of dry matter. 

Mid-May foliar sprays doubled total B content in 25 May nut 

tissues, from 0.24 ^ug to 0.46^ug per nut (Figure 3.2B). The 

relative difference in B content between unsprayed and B-sprayed 

tissues was merely 3% by 27 July when unsprayed nuts contained 

12.82^ug while treated nuts had 13.20>ug. The absolute difference 

in B content between treated and untreated nuts in July averaged 

0.24>ug, almost the same as in nuts collected on 25 May (0.22 jug)• 

Thus, B content in the nuts was increased only by the amount 

absorbed by the nuts when the spray was applied. Although leaf B 

levels are also increased by sprays B apparently does not move 

from leaves to nuts. This is further supported by the fact that, 

in 1985, B concentrations in May nuts from control trees were 

remarkably similar in all orchards (19-27 ppm B) despite large 

differences in leaf B content the previous Aug.(20-117 ppm B). 

In both years, by the 4th week of July, nuts from both treated and 

control trees in all orchards had similar B levels (7 to 10 ppm) 

regardless of B treatment or broad differences in current season 

Aug.  leaf levels (30 to 114 ppm in 1984 and 26 to 143 ppm in 
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1985). 

Relationship between fruit set and B levels in leaves and nuts 

Boron levels in leaves: previous year. Although a slight 

trend is apparent in the 1984 data, the relationship between boron 

levels of leaves collected the previous Aug. and fruit set (Table 

3.1) was not consistent in the 2 years. For example, fruit set 

(50.5%) in orchard # 5 with 117 ppm B, an excessive level by 

August standards, was comparable to that (51%) in orchard # 1 

which was deficient (20 ppm B), and higher than in orchards # 2 

(43.6%) and # 3 (37.5%) which are considered to be in the normal 

range, i.e. 35 ppm and 50 ppm B. Although orchard # 5 had the 

highest leaf levels, it did not have the highest set. 

Also, there was no consistent relationship between Aug. leaf 

levels and the degree of fruit set response to B sprays. In 1984, 

Orchard # 4 with excessive leaf content had higher (24%) fruit set 

increases over control than orchard # 2 (12%) with the optimal B 

level. On the other hand, in 1985, the response was greater in 

orchards # 2 (25%) and # 3 (33%) where Aug. leaf values were 

optimal than in orchard # 1 (14%) which was deficient. Because 4 

of the 5 orchards in 1985 responded to applied B, regardless of 

previous Aug. leaf levels, it is not possible to predict the need 

for sprays on this basis. Callan (6) was also unable to relate 

previous Aug. leaf levels to fruit set responses in prunes 

following B sprays. Since in our study B sprays which caused an 

increase in fruit set also raised Aug. leaf levels to a level 

currently considered excessive,  clearly these guidelines for B 
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fertilization are inappropriate for hazelnuts. 

Boron levels in leaves; current season. Boron content of 

current season leaves was positively correlated with fruit set at 

all collection dates. Correlation coefficients (r values) were 

0.51** (25 May), 0.40* (15 June), 0.36* (6 July), 0.47* (27 July), 

and 0.54** (17 Aug.). However, r2 values were low (0.13 to 0.29) 

and explain only a small portion of the variability in fruit set. 

Since B treatments increased both leaf B content and fruit set, 

one would expect the higher B leaves to be associated with the B- 

treated plots having higher fruit sets. Relationships are much 

weaker if either control or B-treated plots are evaluated 

separately. These low correlations support the concept that B 

levels in leaves may not be the main factor contributing to fruit 

set. The rz values between RFS and B content were 0.32 for May 

leaves (Figure 3.3) and 0.19 for August leaves (Figure 3.4). 

Other factors, such as cultural practices, tree vigor and age, 

tree spacing, and annual pruning are also involved. 

Levels of B in current season nuts. By early June B levels in 

nuts were similar in all orchards although fruit set varied 

greatly; thus, nut B content, also, was not related to fruit set. 

When correlation coefficients between RFS and nut B levels for all 

sampling dates were computed, only May nut B was related 

significantly, r = 0.63** (Table 3.2). This r value, although 

higher than r values for leaf analyses at any date, was still not 

high enough to be predictive of the need for B sprays since it 

could explain only 40% of the total fruit set variability (Figure 
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3.5). Even if the relationships were stronger, utilizing May nut 

analyses to evaluate the need for spring applied B, is not 

logistically feasible. 

Correlation between fruit set and concentrations of other minerals 

in leaves and nuts 

Correlation coefficients were calculated for fruit set and 10 

other essential mineral elements in leaves or nuts. Nitrogen, 

P,K,S,Mg,Mn,Fe, and Cu were correlated with fruit set (Table 3.2A 

& B). Several elements were as strongly, or more, related to 

fruit set than was B, but, with the exception of Mn, relationships 

were generally inconsistent. At all sampling dates, leaf minerals 

significantly correlated (positively) with fruit set, in order of 

r values, were Mn > K> S> B (Table 3.2A). Phosphorus and Mg 

were negatively correlated, but the latter element was significant 

only on 6 July. In stepwise multiple regressions between fruit 

set and 11 leaf minerals on each sampling date Mn and B were 

consistently the first 2 elements related to fruit set with r 

values ranging from 0.66 to 0.72. Adding other minerals only 

slightly increased r values (Appendix IV). 

Nut minerals that significantly related to fruit set 

throughout the season were Mn (positive) and Cu (negative) (Table 

3.2B). Phosphorus (negative) was significant only in June. The 

stepwise multiple regression for nut minerals indicated that the 

relationship of these elements to the set were inconsistent 

(Appendix IV).  Cu (earlier dates) and Mn (later dates) appeared 
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on the first step while K, Fe, B, Zn, S, and P were on the second 

step. Since Mn content of leaves and nuts was the most highly 

correlated with fruit set (Table 3.2A & B). Mn fertilization 

should be investigated further to see if soil or foliar 

application will increase hazelnut set. 

Spray injury 

All B sprays applied on 20 April damaged the tender, small, 

young leaves and some shoot tips. Symptoms were more severe with 

600 ppm concentration. Leaf margins became pale green within 2 

days, followed by chlorosis and then necrosis within 7 days. Some 

leaves eventually became completly necrotic and fell. Leaves not 

severely injured, however, continued to grow but were cup shaped, 

mostly downwardly, and deformed. Although these early symptoms 

initially appeared severe, on the average, fruit set was still 

higher than controls. 

We conclude from this study that most hazelnut orchards in 

the Willamette Valley of Oregon require B sprays for optimal fruit 

set. The existing recommended Aug. leaf levels (30 to 80 ppm B) 

for optimal tree performance are totally inappropriate for 

predicting optimum productivity. Apparently, high levels of B in 

young developing nuts is essential for maximum fruit set, and 

these high levels are best achieved by sprays applied directly to 

the developing nuts. From these studies it is evident that 

hazelnut trees have a much higher B tolerance than other orchard 

trees. Boron toxicity has been observed on mature trees at leaf B 

content of 384 ppm (Harry B.  Lagerstedt, personal communication). 
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Further studies are necessary to determine more precisely what 

levels are toxic and if those toxic levels occur after prolonged 

annual applications at realistic rates. 
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Table 3.1.  Fruit set response and August leaf boron content of 

'Barcelona'  hazelnut as influenced by 600 ppm B sprays applied 

in spring. 

Orchards        Fruit set (%)        August leaf B (ppm) 

control   + boron     control   + boron 

1984: lz 22.5 38.7* 51 (25)y 79** 

2 33.0 37.0 86 (53) 114* 

3 30.0 36.3 40 (77) 78** 

4 36.5 45.2 30 (93) 89** 

average 30.5 39.3** 52 (62) 75** 

1985: 1 51.0 58.4** 59 (20) 129** 

2 43.6 54.6** 26 (35) 73** 

3Z 37.5 50.0** 32 (50) 89** 

4 63.1 71.8* 79 (86) 143** 

5 50.5 52.0 68 (117) 113** 

average 49.1 56.5** 53 (62) 109** 

y 
Figures  in parentheses were B contents m the leaf  for  the 

previous year. 

The same orchard but treatments were applied to different trees. 

* & ** are significance levels at 0.05 and 0.01, respectively. 



Table 3.2A.  Correlation coefficients  for fruit set and elements  from leaf 

tissues sampled at  various dates in 1985. 

Date  N     P     K     S    Ca    Mg   Mn   Fe    Cu    B    BZ 

Leaf: 

5/25 .49** -.48** .67** .52** .26 -.31 .74**  .71** -.48** .52** .57** 

6/15 .32  -.43* .56** .58** .26 -.21 .76**  .21 -.42* .40*  .43* 

7/06 .44* -.53** .54** .36* -.14 -.37* .71** -.09   .16 .38*  .45* 

7/27 .44* -.50** .61** .39* .20 -.32 .72** -.04   .39* .47** .45* 

8/17 .56** -.60** .67** .70** .18 -.40 .70** -.11   .34 .54** .44* 

* & ** are significance levels at 0.05 and 0.01, respectively. 

z r values between relative fruit set and B content in leaves. 

-P- 



Table 3.2B.  Correlation coefficients  for fruit set and elements  from nut 

tissues sampled at various dates in 1985. 

Date  N     P     K     S     Ca   Mg    Mn    Fe    Cu    B     BZ 

Nut: 

5/25 .21 -.07 .35* .34 -.05 -.26 .37*  .39* -.66**  .27 .63** 

6/05 .11 -.44* -.07 .19 .28 -.32 .64**  .08 -.68**  .08 .13 

6/15 -.24 -.45* .14 .08 -.18 -.41* .58**  .18 -.69** -.03 .30 

6/26 .17 -.48** .06 -.31 -.35 -.46** .61** -.01 -.77** -.16 .11 

7/06 .04 -.18 .35 .32 -.15 -.14 .55**  .09 -.65** -.18 .07 

7/17 .32   .01 .43* .45* -.01   .02 .64** -.01 -.47** -.03 .09 

7/27 .02 -.08 .29 .20 .06 -.08 .60**  .33 -.61**  .01 .07 

* & ** are significance levels at 0.05 and 0.01, respectively. 

z r values between relative fruit set and B content in nuts. 
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Plate 3.1.  Fruiting twigs of 'Barcelona' hazelnut. 

A. Normal twig with normal leaves in unsprayed controls. 

B. B-spray injured twig with marginal scorching, deformed, 

and cup-shaped (downwardly) leaves following 600 ppm B 

application on April 20, 1984. 
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Chapter 4 

REPRODUCTIVE DISORDERS IN HAZELNUTS (Corylus avellana L.) 

Abstract 

'Barcelona', the principle cultivar of hazelnut in the United 

States suffers from 3 reproductive disorders which reduce yield; 

brown stain (BS), nut shriveling and seedlessness (blanks). Brown 

stain first appears as spots or streaks on the shell in the last 

week of June and continues to occur until the 2nd week of Aug. 

Internal tissues become brown and watery and kernels may abort. 

The incidence of BS varied considerably from year-to-year, e.g. 

12% in 1982, 45% in 1983, 6% in 1984, and 0.1% in 1985. 

Shriveling of nuts was severe in 1984 (33%) but not in 1985 (8%). 

The percentage of blanks also varied from 6% (in the high set 

orchard) to 16% (in the low set orchard) in 1984 whereas both the 

high and low set orchards had 14% blanks in 1985. Following B 

sprays there was a slight but significant reduction in BS, nut 

shriveling, and blanks. Although low B content in pith tissues 

was negatively correlated with BS, low B may be an effect rather 

than a cause of BS. 
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Introduction 

'Barcelona', the major hazelnut (filbert) cultivar in the 

United States, is subject to 3 reproductive disorders which reduce 

yields; brown stain (BS), nut shriveling, and blanks (seedless 

nuts). The incidence of each disorder varies considerably with 

years and with orchards. Affected nuts drop prematurely unless 

they are associated with one or more normal nuts in a cluster. 

Brown stain has been observed since 1909 in Oregon, the major 

center of hazelnut production in the U.S. Losses vary from 

negligible to an estimated 50% of the crop. Since Miller (13) was 

unable to find pathogens associated with affected nuts, it has 

been speculated that BS may be a physiological disorder associated 

with specific climatic factors. Preceding a serious outbreak in 

1969, Lagerstedt observed a heat wave followed by a rainy period. 

However, the following year he failed to induce BS by modifying 

temperatures, moistures, and CO- levels (11). The most serious 

outbreak was in 1983 when it was cool and rainy in the spring. In 

1984, similar weather conditions prevailed, yet BS was very low. 

In Spain, more BS was observed when high moisture and high 

temperature conditions existed (J. Mena & J. Tasias, personal 

communication). Thus, there is no conclusive evidence about 

specific climatic factors causing BS. In Oregon, Stebbins (21) 

observed more BS in well-managed orchards than in those that 

received little or no attention; however, the reverse was reported 

in Spain (J.Mena & J. Tasias, personal communication).  Some 



57 

growers believe that feeding by the obliquebanded leaf roller 

(OBLR) (Choristoneura rosaceana Harris) causes the stain. 

Although similar in appearance, OBLR damage and BS can be 

distinguished (4). Insect-damaged nuts had punctures, excreta, 

and/or larvae either on the surface or within the nut. Thus, the 

cause or causes of BS are still unknown. 

Brown stain is a genotype-specific disorder. In Oregon, 

'Barcelona' is the most severely affected. Other cultivars have 

relatively little (Gem, Lansing, Summerland) or none at all 

(Butler, Daviana, Duchily) (21). In France, 'Barcelona' was the 

cultivar most susceptible to BS (E. Germain, personal 

communication). In Spain, Pauetet and Gironell cvs. were 

susceptible to BS and the incidence ranged from 10 to 60% (J. Mena 

& J. Tasias, personal communication). 

Shriveling of developing nuts, which may reduce yield 

considerably, has not been previously reported. Nut shriveling 

disorder is associated neither with a lack of pollination and 

fertilization nor is it influenced by the previous crop load. 

Blanks, nuts without well developed kernels, occur every year 

and their frequency varies with the season, location, and genotype 

(12,17). Blanks result either from failures of fertilization or 

embryo abortion (22,23). The amount of blanks is influenced by 

cultural practices, such as tillage and irrigation (25) but not by 

NPK and Mg fertilization (17). 

Boron is necessary for normal reproductive growth and 

development in plants. In 1939, Holley and Dulin (7) reported that 
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B was essential for flower-bud development. They suggested that 

the amount of B sufficient for normal vegetative growth might be 

insufficient for flowering in cotton. For normal flower 

development and seed production in Alsike clover the amount of B 

required was higher than that needed for vegetative growth (14). 

In pear trees, when B was insufficient it caused blossom blast 

(1,9). The severity of this disorder varied with the cultivars, 

season, orchards, trees, and even limb to limb of a tree in the 

same orchard. In all affected trees fruit set was reduced 

greatly. Under B deficiency, various disorders of reproductive 

tissues have been reported; production of exudates, which became 

brown later, formation of gum pockets, deformation and shriveling 

of fruit, abscision of flowers and fruits, development of poor 

and small seeds, abortion of seeds, and reduction in fruit set 

(5,6,10,18,24). It has been demonstrated that B is associated with 

fruit disorders and deformation in apple (3), strawberry (15), and 

papaya (24). Since the symptoms and the occurrence of the 

hazelnut reproductive disorders presented in this paper had some 

similarity with B deficiency symptoms described above, we 

investigated the possible relationship of B and other mineral 

elements to these disorders. 
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Materials and Methods 

Brown stain (BS) 

The frequency of BS was determined for 4 years in 'Barcelona' 

orchards (16 orchards in 1982 and in 1983, 43 in 1984, and 54 in 

1985) in Oregon's Willamette Valley. One thousand nuts per orchard 

were randomly sampled during the first 2 years. Since a smaller 

sample size was found to be adequate, only 200 - 300 nuts in each 

orchard were sampled in 1984. Because there were very few stained 

nuts in 1985, 1200 nuts per orchard were sampled. 

To study the occurrence of BS through the season in one 

Corvallis orchard, 300 to 400 nuts were randomly picked from trees 

weekly from 9 July to 5 Sept., 1983, and at each collection date 

the percentage of BS calculated. Also, all dropped nuts from a 

block of 78 trees were collected weekly. At each collection date, 

the internal structure of 50 dropped BS nuts was compared to that 

of 50 normal (NR) nuts. Shriveling of nuts, discoloration of 

pith-like internal tissue (inner ovary wall) and vascular strand, 

and length and weight of kernels were recorded. Mature nuts were 

harvested from the ground on 15 Oct. and dried to a 6 to 8% 

moisture content. Three sets of 100 nuts from both NR and BS lots 

were cracked to record blanks (empty nuts), aborted embryos 

(underdeveloped kernels), and normal kernels. 

For tissue analyses in 1983, from each of 16 orchards, 200 to 

300 nuts were collected during the 3rd week of July and 40 mid- 

shoot leaves were sampleddddtween the 2nd and 3rd week of Aug. Nut 
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tissues were separated into the shell (outer ovary wall), the 

"pith" (inner ovary wall), and the kernel. Leaves and shells were 

washed in a solution of 10 g EDTA (Ethylenedinitrilo tetraacetic 

acid, disodium salt) and 10 g Alconox in 20 liters of distilled 

water, then rinsed 2 times with tap water and once with distilled 

water. All leaf and nut tissues were dried at 70° C for 48 hours, 

then ground in a Willey Mill (20 mesh screen). Plant tissues were 

analysed for P, K, Mg, Ca, S, Mn, Fe, Cu, B, and Zn by ICP 

emission spectroscopy (8) after dry ashing at 500° C and dissolved 

in 5 ml of 20% HN03J which was diluted to 5% before analysis. 

Nitrogen was determined colorimetrically after standard micro- 

Kjeldahl digestion (20). To determine if mineral levels of 

vegetative and reproductive tissues were related to the incidence 

of BS, correlation coefficients were calculated for all elements 

in leaves, and in the shell, "pith", and kernel tissues of both BS 

and NR nuts. 

In 1984, BS and NR nuts were sampled from 5 orchards in the 

4th week of July. This delay was due to the paucity of BS nuts 

this year. Because, in 1983, the correlation between BS incidence 

and tissue minerals, especially B, was highest in pith, only 

"pith" tissues were analyzed in 1984. To determine the seasonal 

trend of minerals in "pith", this tissue was analyzed from nuts 

collected on 29 June and 5 Aug., 1985. 

The possible effect of supplemental B on BS was investigated. 

In 1984, a total of 840 nut clusters were counted and tagged in an 

orchard used for fruit set studies.  For unsprayed controls,  300 
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and 600 ppm B-sprayed trees on 20 Oct., 20 April, or 11 June, 120 

clusters were tagged in the 1st week of June before BS was 

evident. These clusters, which included a total of 1990 nuts, 

were observed weekly for BS until mid-Aug. Since BS nuts were 

very few in the tagged clusters the percentage of BS was also 

calculated in nuts harvested from B-sprayed and from control 

trees. In 1985, B (600 ppm) was sprayed on 13 May and BS was 

recorded on 400 tagged clusters (200 each from controls and B- 

treated trees) from 22 June to 10 Aug. 

Nut shriveling 

In 1983, defective nuts, which differed from BS, were 

observed in orchards when samples were taken for BS counts; they 

were shrivelled and discolored. Both in 1984 and 1985, clusters 

tagged for BS were also observed for nut shriveling and the 

percentage of such nuts was calculated. 

Blank nuts 

To see if B applications affected blanks (nuts without a 

kernel or with less than a half-developed kernel), nuts without BS 

were randomly sampled from the harvested lots both in 1984 and 

1985. Blank counts were made in 2 orchards, one with a high 

cluster set and another with a low set. In each orchard in 1984, 

there were 5 replications of 100 nuts each for controls and for B- 

treated trees. For greater accuracy in 1985 the number of 

replications was increased to 10 and a total of 4000 nuts were 

cracked. 



62 

Results and Discussion 

Incidence of brown stain and its effect on nut drop 

The earliest date that BS was observed in 1984 was 23 June. 

BS appeared first as yellowish brown, brown, or dark brown spots 

(Plate 4.1) or streaks (Plate 4.2) on the nut shell. Initially, 

the exudate (Plate 4.1 left) was light in color but following 

exposure to the environment it became brown or dark brown (Plate 

4.1 right), probably as a result of oxidation of the exudate. In 

many cases, the stained liquid had run down the shell (Plate 4.2 

lower right) to form a streak. In BS nuts that dropped 

prematurely, the normally white internal "pith" tissue (inner 

ovary wall) became brown and watery (Plate 4.3). The browning 

started near the shell and moved in towards the kernel. Later the 

vascular strand, that supports the embryo, turned brown, first at 

the base, then extended gradually to the kernel (Plate 4.4). 

Finally the kernel also became brown and aborted (Plate 4.4 lower 

right). Scanning electron micrographs of NR and BS "pith" tissues 

show the disintegration of cells in BS nuts (Plate 4.5). 

The incidence of BS varied considerably from year to year; 

there was 12% in 1982, 45% in 1983, 6% in 1984, and 0.1% in 1985 

(Table 4.1). In 1983, the most severe year, there was large 

orchard-to-orchard variation; among 16 orchards BS ranged from 13 

to 84%. However, in 1985, a year of minimal BS, among 54 orchards 

the percentage ranged from 0 to 1.5%. Tree age may account for 

part of this variability.  Younger orchards, 3 to 6 years old, had 
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less BS and relatively less variation than orchards over 15 years 

of age (Table 4.1). For example, BS in trees under 6 years ranged 

from 6% to 10% in 1982, 13% to 38% in 1983, and 0% to 3% in 1984. 

By contrast BS in trees older than 15 years ranged from 6% to 40% 

in 1982, 24% to 84% in 1983, and 0% to 25% in 1984. In all 4 

seasons orchards with the older trees had 2-fold, or more, BS than 

orchards under 6 years. Within the same aged orchards, year-to- 

year variation in BS counts was recorded. One orchard had 4% BS in 

1982 and 52% in 1983, while another orchard of the same aged trees 

in the same locality had 11% BS in 1982 and 35% in 1983. Thus, 

within the same tree age BS incidence varied between orchards and 

between years. 

The orchard-to-orchard variation may also be associated with 

cultural practices. Our observations support this hypothesis in 

some orchards, e.g. one well-cared-for orchard had the highest BS 

in 1982 (40% BS) as well as in 1983 (84% BS). Stebbins (21) also 

reported that well-maintained orchards had a higher percentage of 

BS nuts than the poorly-managed orchards. However, in Spain, good 

orchards had less BS than the orchards in poor or stressed 

conditions (J. Mena & J. Tasias, personal communication). 

In one orchard, brown stained nuts dropped from the 1st week 

in July until the 2nd week of Oct., the normal harvest time 

(Figure 4.1). On each sampling date prior to the normal harvest 

period, relatively few BS nuts had dropped. For example, the 

number of BS nuts that dropped per tree was 2 on 9 July, and 13 on 

8 Aug.  The accumulated preharvest BS drops accounted for 5% of 
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the total nuts on the tree. At the normal harvest there were 173 

BS nuts/tree, i.e. 15.5% of the nuts. BS nuts stayed on the tree 

because either they were attached to normal nuts in a cluster or 

BS occurred after the kernels were relatively well-developed. In 

this orchard, on the first collection date, 9 July, there was 10% 

BS nuts. The incidence increased to 24.8% by 15 Aug., after which 

date there was relatively no change (Figure 4.1). The slight 

difference in percentage of BS between those on the tree and those 

on the ground at harvest was probably due to some bias in picking 

BS nuts from trees. Thus, it can be concluded that BS is first 

seen before 9 July and that factors causing it must be acting from 

late June to early Aug. In 1984, we observed BS nuts as early as 

23 June. These results contradict the observation of Miller (13) 

who reported that the disorder originates in July and remains 

constant over the season. 

Because the mean diameter of NR and BS nuts in every 

collection was 2.3 cm, we can conclude that the disorder first 

appears on full-grown nuts just before shell hardening. Shells of 

dropped BS nuts in the first collection (9 July) had not yet 

hardened whereas shells of those collected after the 2nd week of 

July were mostly hard. 

Effects of BS on kernel growth 

Dropped BS nuts had smaller kernels than NR nuts. Of the 

total BS nuts that dropped prior to harvest , 92% had aborted 

kernels (1 mm to 6 mm long). By 22 Aug. only a few kernels had 

attained 11 mm, whereas kernel length in 80% of the NR nuts was 
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12 to 21 mm by this date. However, kernel length in most BS nuts 

collected from the trees on 9 July, 1 Aug., and 8 Aug., was 

comparable to that of NR nuts. Apparently these nuts were 

affected with BS later in the season after the kernels had 

developed. In NR nuts, mean kernel length doubled from 9 July to 

25 July, after which date it remained the same. The 42-fold 

increase in normal nut weight between 9 July (5 g/100 kernels) and 

22 August (204 g/100 kernels) reflected the increase in diameter 

of kernels and accumulation of storage materials. Of the BS nuts 

collected at harvest, 21% were blanks, 12% had poorly developed 

kernels (Plate 4.5), and the remaining kernels (67%) were almost 

full-sized (1.42 g in BS vs. 1.56 g in NR kernels, dry weight 

basis). Thus, in our harvest sample of BS nuts 67% would have been 

marketable. Blemishes on the shells were unsightly. Kernels were 

slightly less developed directly under the shell where BS was 

seen, which accounted for the reduction in weight. In orchards 

with much higher incidence, much greater losses were incurred. Of 

the NR nuts collected at harvest, there were 11% blanks and 4% 

underdeveloped kernels. 

Mineral contents in the shell, "pith", and kernel tissues of BS 

and NR nuts 

Of 11 minerals analysed N, P, K, S, Fe, Cu, and B levels were 

significantly different in some BS and NR tissues (Table 4.2). In 

1983, "pith" tissues in BS nuts were significantly higher in N, 

P, K,  S, and Cu , while Fe and B were lower than in NR nuts. 
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Similarly in 1984, BS "pith" tissues were higher in N, S, and Cu 

and were lower in B and Fe than NR "pith" tissues. In 1985, the 

levels of these minerals in NR "pith" tissues were similar to 

those in 1983. However, in 1984, N, P, and K were higher and Fe 

was lower than in the other 2 years. In 1984, differences in 

N,P,K, and Fe content in "pith" tissues between BS and NR nuts 

were low. This was because the "pith" tissue in BS nuts had not 

disintegrated as much as in 1983. 

In a given year mineral composition of "pith" tissue is 

seasonally influenced as it is in leaves. For example in leaves, 

as the season progresses N, P, K, S, and Cu decreased while Ca, 

Fe, and B levels increased (Appendix XII). Similar seasonal trends 

were observed for some elements in "pith" (Table 4.3). For 

example, P and K levels in the NR "pith" declined significantly 

from 29 June to 5 Aug. while S, Ca, Fe, Cu, B, and Zn increased 

significantly during this period. Because of the breakdown in BS 

"pith" tissues movement of minerals into or out of the tissue was 

obviously altered. Therefore, it can be concluded that the 

relatively low levels of B and Fe in BS "pith" resulted from a 

failure in the normal translocation into the nut. Also, the 

normal seasonal decline of N, P, K, and S failed to occur and thus 

these elements were relatively high in BS "pith". Therefore, it 

is important to consider the seasonal pattern of mineral content 

in order to isolate the cause and effect relationship in B- or 

other mineral-associated disorders. In other BS tissues, N in the 

shell and both N and Cu in the kernel were significantly higher 
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than in normal tissues. 

Correlation between BS and mineral content of nuts 

Correlations between the percentage of BS in an orchard and 

the levels of 11 mineral nutrients in leaves, shells, "pith", and 

kernels were rarely significant (Table 4.4). Pith B (r= -0.57*) 

and kernel B (r= -0.51*) of BS nuts were correlated with BS 

incidence in each orchard. However, there was no relationship 

between the incidence of BS and B levels in "pith" or kernels of 

normal nuts in the same orchard. Phosphorus in the shells of 

stained nuts (r= 0.55*) was positively correlated with the 

incidence of the disorder, whereas K (r= -0.50*) and Ca (r= - 

0.53*) in normal shell were negatively correlated. 

Boron content in the "pith" tissue of BS nuts in orchards 

which had 60% BS or more was significantly lower, 46 ppm B, than 

in those with 40% or less BS, 58 ppm B (Table 4.5). In general, 

orchards with greater differences in "pith" B content between NR 

and BS nuts showed a higher BS incidence. This is because the 

onset probably occurred earlier and nuts were more disintegrated. 

That low B did not cause BS was further supported by the fact that 

high BS orchards did not contain low B in NR "pith" tissues. For 

example, in 1983, two orchards, one with 20% BS and another with 

84% BS, both had 76 ppm B in NR "pith" collected during the 3rd 

week of July. In 1984, "pith" B levels in NR nuts collected in 

the 4th week of July were 87 ppm in an orchard with 3.7% BS, 121 

ppm with 24% BS, and 76 ppm with 25% BS, the highest incidence in 

the year. 
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Effects of foliar JB applications on BS incidence 

In one orchard that was treated with foliar B sprays for 

fruit set studies in 1984, control trees had 3.7% BS nuts and B- 

treated trees had 2.0%. Two levels of B concentrations and time 

of sprays did not affect BS incidence. The incidence of BS was too 

low in this orchard to draw any conclusion about the effect of B 

sprays on BS. Further experiments in a year of high BS are 

necessary in order to determine if B supplements will reduce this 

disorder. 

Comparision between epicarp lesion and BS disorder 

The possibility that insect injury, other than OBLR, causes 

BS can also be considered. Feeding by certain species of the true 

bugs in the order Hemiptera causes epicarp lesions (dry sunken 

tissue with darker zones with necrotic spots) on pistachio nuts 

(2,19). However, the staining of hazelnuts is different from 

pistachio lesions in that BS nuts display dark brown liquid oozing 

out of the shell, while internal tissues are brown and watery. 

Affected areas were not sunken as in pistachio. Additionally, BS 

appeared throughout the season even after shells hardened which 

may be assumed to be too difficult for piercing - sucking insects 

to penetrate it. However, possibilities of insect damage should 

not be overlooked and controlled caging experiments are also 

suggested. 

Nut shriveling and ]5 sprays 

Developing nut  clusters were  tagged  for BS  counts  but 
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shrivelled nuts appeared instead. Shriveling of nuts has not been 

reported previously. Shrivelled nuts (Plate 4.6) had brown 

discoloration first at the base which then extended towards the 

apex. As a result, affected nuts became brown, shrivelled, dried, 

and dropped prematurely unless they were attached with one or more 

normal nuts. In some cases shriveling also began at the base. 

The number of shrivelled nuts varied through the season. Of 1990 

tagged nuts, there were 60 shrivels on 23 June (first 

observation), 460 on 30 June, 624 on 7 July, and 656 on 14 July. 

This accounted for 33% of the total nuts. After 7 July, very few 

additional nuts were shrivelled. In 1985, only 40 of 500 nuts 

were shrivelled by the 2nd week of July, after which date there 

were no additional shrivels observed. Therefore, nut shriveling 

occurred between 23 June to 14 July in a low BS year before nut 

shells became hard. 

Applications of 300 ppm B sprays on 20 April, and 11 June 

reduced defective nuts. The number of shrivelled nuts was 76/301 

(25%) in controls, 52/293 (18%) following the April spray, and 

38/265 (14%) following the June spray. The rate of 600 ppm B 

reduced shrivels (22%), but not significantly from controls. In 

1985, the percentage of shrivelled nuts was 8% in controls and 6% 

in B-treated trees. The maximum number of nuts were shrivelled 

during the rapid nut growth period when increases in fresh weight 

of normal nut was over 9-fold, from the 2nd week of June to the 

1st week of July. Factors inducing this disorder are not known. 

However,  our  results  indicated  that the crop load was  not  a 
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factor, since the high crop year (1985) had much lower shrivels 

than the previous low crop year. Further studies are necessary to 

determine possible cause(s) of this disorder. 

Blanks and B sprays 

The percentage of blank nuts varied with orchards and with 

years. In 1984, one orchard had 16% blanks, which was 

significantly higher than in another (6%); whereas in 1985, both 

orchards had 14% blank nuts. Painter (17) also found variation in 

percentage of blanks between different 'Barcelona' orchards in the 

same year ranging from 6 to 42% in 1954, 6 to 22% in 1955, and 10 

to 45% in 1956. Compared to these figures, the percentage of 

blanks in the present study was relatively low. 

In 1984, B sprays did not significantly reduce blanks (11% in 

controls and 8% in B-treated trees). However, in 1985, B sprays 

did significantly lower blanks by 29%, i.e. from 14% in controls 

to 10% in B-treated trees. Because 1985 was a heavy crop year 

there may have been a heavier demand for B; thus, foliar B 

applications in May could have contributed to more normal embryo 

growth. Painter (16) also reported that borax applied to soil 

reduced blanks, albeit numbers were very low (2.1% on B-treated 

trees vs. 4.3% in controls). 

Three reproductive disorders of hazelnut have been described 

in this paper. The seasonal variation in incidence of BS, nut 

shriveling, and blanks indicate that all these disorders are not 

necessarily severe in the same year.  In 1983, BS was highest and 
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it caused about 50% crop loss. In 1984, nut shriveling was the 

most serious problem causing 33% of nuts in one orchard. Hence, 

it is suggested that further studies on mineral nutrition and 

other possible causative factors associated with these disorders 

be investigated to alleviate these disorders in hazelnut orchards. 



Table 4.1.  Percentage of brown stain (BS)  in  'Barcelona'  hazelnut 

orchards during 4 years as related to tree age. 

Tree age       1982 1983 1984 1985 

(years)     Range  Mean Range  Mean  Range  Mean Range  Mean 

3 to 6       6-10  8.0 13 - 38 26.3  0-3   2.0 0 - 0.8  0.1 

7 to 14      4-13  8.4 29 - 67  50.0  0-18  4.9 0 - 1.1  0.1 

15 or more   6-40  19.1 24 - 84 60.0* 0-25  11.2* 0 - 1.0  0.1 

overall mean        11.8         45.4          6.0 0.1 

* Significant at 5% level, LSD values were 29.1 (1983) and 8.1 (1984). 

1 M 

Number of orchards surveyed were 16 m each of 1982 and 1983, 43 in 

1984, and 54 in 1985. 
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Table 4.2.  Mineral contents of the shell, "pith", and kernel of brown 

stained (BS) and normal (NR) nuts of 'Barcelona' hazelnuts. 

Tissue      N     P      K       S      Fe     Cu     B 

Shell 
1983 (July 17 -23) 

BS 0.48 0.07 0.32 0.04 29.8 5.4 9.2 

NR 0.24 0.03 0.18 0.02 17.2 4.0 7.7 

"Pith" 

BS 2.49** 0.28* 1.88** 0.25** 133.9 15.6** 52.3 

NR 1.22 0.17 1.35 0.21 177.3** 10.6 75.2** 

Kernel 

BS 4.81** 0.56 1.55 0.15 111.5 18.5** 27.0 

NR 3.79 0.51 1.41 0.13 92.5 10.6 25.1 

1984 (July 25 -31) 
"Pith" 

BS 3.90* 0.35 3.63 0.37* 

NR 3.42 0.33 3.61 0.34 

86.1 14.0** 61.9 

95.1* 11.7   81.9** 

N, P, K, and S are expressed on percent dry weight and Fe, Cu, and 

B are on ppm (dry weight basis). 
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Table 4.3.  Seasonal changes in mineral content in the "pith" tissue 

of normal nuts in 1985. 

Dates   N    P   K    S    Ca   Mg  Mn   Fe  Cu  B  Zn 

6/29 1.36 0.24 1.87 0.16 0.20 0.21 54 59 7 23 19 

8/05 1.33 0.13 1.06 0.27 0.85 0.23 62 224 11 65 48 

F-test  NS   ********   *    ****** ** 

NS denotes non significant at 5%, while * and ** significant at 5% 

and 1%, respectively. 
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Table 4.4. Correlation coefficients (r-values) between the 

incidence of BS and mineral nutrients of various tissues in 

hazelnuts. 

Brown stain Nut tissues 

vs.   

Elements        Shell (NR)  Shell (BS)  "Pith (BS)" Kernel (BS) 

Phosphorus - 0.24 + 0.55* +0.18 - 0.17 

Potassium - 0.50* + 0.39 + 0.05 - 0.15 

Calcium - 0.53* - 0.04 - 0.37 - 0.37 

Boron - 0.04 - 0.03 - 0.57* - 0.51* 

Correlation coefficients between the incidence of BS and mineral 

elements  of  leaves, "pith"  (NR),  and kernels  (NR) were not 

significant at 5% level  (*).  Other elements that were not 

significantly correlated with BS were excluded from the table.  NR 

means normal, while BS indicates brown stained tissues. 
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Table 4.5.  Percentage of BS nuts in orchards and B contents in BS 

nut tissues, 1983. 

Type of tissues 

Orchards with BS,%     shell     "pith"       kernel 

less than 40 

41 to 60 

more than 60 

LSD at 5% 

9.5 58.1 29.5 

8.8 50.1 25.0 

9.0 46.6 24.0 

NS 9.6 NS 

NS = not significant within the column at 5% level. 
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Figure 4.1.  Incidence of brown stain and seasonal nut drop in 

'Barcelona' hazelnut orchard. 
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Plate 4.1.  Sequential progression of a brown stain spot on the 

shell. 

A. Clear exudate on the shell. 

B. The clear liquid became darker and yellow. 

C. The exudate, finally, turned brown/dark brown. 
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Plate 4.2.   Sequential progression of brown stain streaks on the 

shell. 

A,  Normal nut with green shell. 

B-D.  Various stages of BS streaks on the shell. 

E.   Severely stained nut. 
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Plate 4.3. Watery "pith" tissue in the brown stain nut. 

A. Brown discoloration at the base. 

B. Brown and watery "pith" tissue, BS occurred before kernel 

growth started. 

C. Brown and watery "pith" tissue, BS occurred after kernel 

growth had begun. 
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Plate 4.4.   Sequential  progression in brown discoloration of 

vascular strand (VS) supporting the kernel. 

A. All internal tissues were white in the normal nut. 

B. BS nut in which discoloration of VS started at the base. 

C. Discoloration of VS almost half the length. 

D. Whole length became brown, but the kernel was still white. 

E. Finally kernel was affected and became a blank nut. 
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Plate 4.5.   Scanning  electron micrograph of "pith" tissues. 

A. Normal "pith" tissue. 

B. Brown stain affected "pith" tissue. 



83 

Plate 4.6.   Size and shape of kernels in brown stain and normal 

nuts collected at harvest,  15 Oct.  1983. 

A. Shrivelled and deformed kernels from BS nuts affected early 

in the season. 

B. Shrivelled and deformed kernels from BS nuts affected late 

in the season. 

C. Normal kernels. 
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Plate 4.7.   Nut shriveling disorder of 'Barcelona*  hazelnut; 

A. Nut cluster showing symptoms of nut shriveling disorder and 

B. Normal nut cluster. 
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Chapter 5 

BORON PARTITIONING  IN B-SPRAYED AND UNSPRAYED FRUITING TWIGS OF 

HAZELNUT. 

Abstract 

Following B sprays, fruit set increase in 'Barcelona' 

hazelnut was accompanied by a decrease in dry-matter accumulation 

for the entire fruiting twig. In unsprayed controls prior to 5 

June, leaves constituted 80% of the total dry weight of a fruiting 

twig. Later in the season (5 Aug.) the percent dry weight was 

maximum in the nut tissue (66%), followed by leaves (17%), and 

then husks (13%). Leaves contained 87% of the total B in a 

fruiting twig early in the season, indicating that the leaf was a 

major sink for B at that time. Of the net B increases over a 2 

months period, 24% was in the leaves, 38% in the nuts, and 37% in 

the husks. By 5 Aug., compared to other tissues, stem dry matter 

(3%) and B content (3%) was negligible; hence, the stem was of 

little importance in overall partitioning. Boron sprays did not 

alter B partitioning in the fruiting twigs. 
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Introduction 

Boron was  first considered essential for normal growth of 

plants by Agulhon (1).   Since then experiments, both in the field 

and  in growth chambers have indicated that under B-lacking or  B- 

excess  situations,  plants  suffer from various vegetative and 

reproductive  irregularities.  The B requirement for reproductive 

growth in plants is higher than that needed for vegetative growth. 

For  example,  a higher amount of B was required  for  flower 

development  and  seed production in Alsike clover than for 

vegetative growth (5).  In 'Italian' prune trees, foliar sprays of 

B  increased  fruit  set even if leaf B was considered adequate 

(2,3).   In hazelnut trees boron sprays generally produced fruit 

set  increases  regardless of August  leaf B levels  (6).  This 

suggests  that Aug.  leaf levels had little bearing on fruit  set. 

Boron levels  in May nuts were more strongly related to relative 

fruit set than were leaf levels.  Partitioning of dry matter and B 

in fruiting twigs may help explain the relationship between fruit 

set and B levels in early nuts. 

The objectives of this study were to evaluate partitioning of 

B and dry matter and to determine if B  treatments  alter the 

partitioning of B in a fruiting twig. 



90 

Materials and methods 

Solubor (78% Na2B8o13.4H20 and 20% Na2B407.5H2O) spray at 600 

ppm B concentration was applied in one Barcelona hazelnut orchard 

for fruit set studies on 13 May, 1985. The application of B with 

300 ppm X-77, a non-ionic wetting agent, was made to the point of 

drip with a handgun sprayer (9 gal/min, PSI of 200 lbs). Four- 

leaved fruiting twigs containing 2 nuts/cluster were collected 

from B-treated and unsprayed control trees on 5 June (early stage) 

and 5 Aug.  (late stage).  There were 3 replications  for each 

treatment, and each sample was collected from 3 trees. Leaves, 

stems, nuts, and husks of these twigs were separated and washed in 

a solution of 10 g EDTA disodium salt and 10 g Alconox in 20 

liters of distilled water. Tissues were rinsed 2 times with tap 

water and once with distilled water. Fresh weight was recorded 

before washing and dry weight after tissues were dried at 70oC for 

48 hours. The dried tissues were then ground in a Willey Mill (20 

mesh screen). Tissues were analysed by modified ICP emission 

spectroscopy (4) after dry ashing at 500oC and dissolved in 5 ml 

of 20% HN03) which was diluted to 5% before analysis. 
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Results and Discussion 

Boron treatments significantly decreased the dry weight of a 

fruiting twig (Figure 1A) although such applications enhanced 

fruit set in hazelnuts. A 14% increase in fruit set with a B 

spray was accompanied by decrease in total dry weight of fruiting 

twigs at both sampling dates (14% on 5 June and 16% on 5 Aug.). 

This suggests that increases in fruit set may be at the expense of 

dry matter accumulation in fruiting twigs. 

Prior to June, 78% of the total dry matter of a fruiting twig 

was in the leaves, whereas later in the season, leaf dry weight 

accounted for only 17% of the total weight. Stem dry matter 

increased over time, 1.4 g (5 June) to 2.4 g (5 Aug.) (Figure 1A), 

but the increase was very little relative to that in nut or husk 

tissues. By 5 August, stem dry matter constituted only 3% of the 

fruiting twig; hence the stem was of little importance to overall 

partitioning. Boron sprays did not affect partitioning of stem dry 

matter. Similarly, compared to other tissues, B content in stems 

was relatively unchanged over time and of little (3%) importance 

to overall partitioning. 

Leaf tissues contained the highest amount of total B both 

early and late in the season but the percentage of the total 

decreased with time, i.e. 87% (prior to 5 June) and 44% (by 5 

Aug.)  (Figure IB). 

Dry weight of leaves, usually, remained constant over time 

(Appendix Figure I) but B concentration increased (Table 1). The 
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increase in total B in untreated leaves during a 2-month period 

was 376Mg, i.e. from 611 Aig to 987Mg (Figure IB) which accounted 

for 24% of the net B increase in the fruiting twig. Although the 

absolute amounts of total B are different, the percentage of the 

net increase in total B that was accounted for in leaf tissue is 

similar in B-treated leaves. Boron sprays increased leaf B but 

did not affect post-spray B partitioning in twig tissues. 

Early in the season prior to 5 June, only 3% of the total B 

was present in the nut tissues, while by 5 Aug. 27% was in the 

nuts  (Figure IB).  Nut dry weight  increased faster than nut B 

input, thus decreasing B concentration (Table 1). In unsprayed nut 

tissues the increase in dry weight of nuts over time was 50-fold 

or more (Figure 1A & Appendix Figure I). When B was applied the 

increase in dry weight was 37-fold. Because of less dry matter B- 

treated nuts accumulated less B than unsprayed controls (Figure 

1). However, 37% and 38% of the net B increase in fruiting twigs 

could be accounted for in nut tissues for both sprayed and 

unsprayed treatments. 

Dry weight of husks increased slower than husk B input, thus 

B concentration increased in these tissues (Table 1). The husk dry 

weight early in the season constituted 6% of the total weight and 

it increased to 13% later in the season, while husk B content was 

3% of the total early B and it increased to 26% later in the 

season (5 Aug.). By 5 June, following B sprays, the increase in 

dry weight of husk was similar (0.9 g in unsprayed controls vs. 

1.0 g in B-sprayed tissues) but the B content increased (23,ug B 
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in controls vs. 63 jag in B-treated tissues). 37% of the total net 

B increase could be accounted for in the husk regardless of B 

treatment. 

Although B treatments substantially increased total B, 

enhanced fruit set, and decreased dry weight of tissues, there was 

no difference in the post-spray net B increase between B-sprayed 

and unsprayed fruiting twigs for either leaf, nut, husk, or stem 

tissues. 

By 5 June, the amount of B added to the fruiting twig after 

13 May sprays was 766/ug which accounted for 28% of the total 

Aug. B in the tissues (2737Mg B). Furthermore, early in the 

season, the difference between unsprayed and B-sprayed leaf 

content was 718/Ug out of a net difference of 766jug in the whole 

twig; hence 94% of the net increases attributed to B sprays was 

found in leaves, less than 1% in nuts and 5% in husks. Even 

though only a small portion of sprayed B can be accounted for in 

early nut tissues, the total B content of young nut tissue was 

substantially increased, 41% (from 16.1 /Ug to 22.7 Mg), compared 

with unsprayed tissues. This increase may be important in 

enhancing fruit set especially in view of the lack of a usable 

relationship between leaf B and fruit set (6). 
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Table 5.1. Boron concentration (ppm) in different parts of a 

fruiting twig of 'Barcelona' hazelnuts at two sampling 

dates in  1985. 

Parts of 5 June 5 August 

The twig Control + boron Control + boron 

Leaves 46.3 123.3** 85.7 164.3** 

Stems 36.7 41.7 30.3 33.0 

Nuts 18.3 22.0 13.3 13.0 

Husks 24.7 63.3** 62.0 68.7 

**Significant at 1% level.  600 ppm B was applied on 13 May. 
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Figure 5.1.  A comparision between control and 600 ppm boron- 

sprayed fruiting twigs in relation to the partitioning of 

dry weight and boron in the leaf, stem, nut, and husk of 

'Barcelona' hazelnuts at 2 sampling dates: 

A.  Dry weight, g.    B.  Boron content, /jg. 
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Chapter 6 

GENERAL DISCUSSION AND CONCLUSIONS 

Fruit set studies were conducted for 2 years in hazelnut 

orchards containing different levels of B in the previous August 

leaves. Fruit set varied with years and with orchards. In 1984, 

the overall mean set was 30.5% for the unsprayed controls, while 

in 1985 it was 49.1%. Between orchards there was a big difference 

in set. For example, in 1985, controls in one orchard had 37.5% 

set while in another it was 63.1%. The fruit setting process is a 

complex and multidimensional phenomenon and many factors can 

affect set (63). Factors contributing to differences in set 

include cultural practices, crop load, tree vigor, pruning, 

mineral nutrition, hormonal balance within the tree, and pests and 

diseases. 

When B was foliar sprayed, fruit set was increased over 

controls in all orchards in both years, although increases in 

every orchard were not always significant. Using pooled data from 

4 orchards in 1984, one spray of 300 ppm or 600 ppm B applied 

during mid-May produced a significantly higher set than the 

controls (Appendix I). Differences in response between these two 

rates were insignificant. When fruit set was anlysed on an 

individual orchard basis, the 600 ppm B treatment caused 

significant increases over controls in 1 of 4 orchards in 1984 and 

4 of 5 orchards in 1985 (Table 3.1). The limiting factor for fruit 

set in orchards which showed very little response to B sprays must 

be something other than B levels in tissues. Between 2 consecutive 
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years, response to B sprays was high in 1984 (30.5% in controls 

vs. 39.3% in B-treated trees) when overall set was low but the 

response was low in 1985 (from 49.1% in controls to 56.5% in B- 

treated trees) when overall set was high. The results obtained in 

the present experiments as well as the reports made earlier by 

Baron (15,16,17) confirm that B sprays help increase fruit set in 

'Barcelona' orchards. 

Following B sprays B content in female flowers (Appendix VI), 

leaves, and early nuts increased. Increases in hazelnut set after 

B sprays could be due to increase in B content in vegetative and 

reproductive tissues which may enhance metabolic functions 

favorable to fruit set. Following postharvest B sprays on prune 

trees Hanson and Breen (115) increased B content in flowers. They 

suggested that fruit set response after B applications could be 

associated with increase in B levels in flowers. In the present 

experiments, fall-applied B sprays significantly increased B 

content of female flowers over unsprayed controls by 27% with 300 

ppm and 56% with 600 ppm spray concentrations (Appendix VII). In 

1984, in unsprayed controls in all orchards B levels in hazelnut 

flowers were similar, 26 to 30 ppm (Appendix VII), but fruit set 

varied from 22.5 to 36.5% (Appendix V). With B sprays both B 

content in flowers and fruit set increased. When the correlation 

coefficient between B content of female flower buds and fruit set 

was computed, the r value was significant (+0.42*). Hence, the B 

content of flowers after B sprays may have affected the fruit 

setting process. However, B levels in nuts early in the current 
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season appeared to have greater significance to fruit set in 

hazelnuts than levels in female flower buds, leaves, or nuts 

collected after May. This is suggested by a higher correlation (r 

= .63**) between May nut B and relative fruit set in this 

investigation. 

Because levels in the previous August leaves had little 

bearing on fruit set response in hazelnuts, increases in fruit set 

from B sprays could be a direct effect on the female reproductive 

system. Chaplin et al. (60) could not predict the B requirement 

for optimum reproductive growth and fruit set based on traditional 

mid-summer leaf tissue analysis. They suggested that the increase 

in yields (fruit set) from B application was due to a direct 

effect on the reproductive physiology of prune trees. Callan et 

al. (49) also revealed a similar role of B in fruit set and 

obtained positive responses from fall-applied B in several prune 

orchards considered B-sufficient. It is suggested by Chaplin et 

al. (60) that the applied B in fall moves into the fruit buds 

where it overwinters and is metabolized into forms readily 

available for the fruit set process the following spring. 

Increases in hazelnut set in the present experiments after fall B 

sprays (Figure 3.1 and Appendix V) could be due to similar 

metabolic functions occurring in fruit buds as suggested for prune 

trees. 

Three reproductive disorders of hazelnuts which may reduce 

yields considerably are described. These disorders are brown 

stain, nut shriveling, and blanks. Although cause(s) of these 
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disorders are unknown, the severity of BS varied greatly with the 

season, location, tree age, and orchard maintainance. In Oregon, 

orchards that had good management had more BS than those that 

received little care (227a), but the reverse was true in Spain (J. 

Mena and J. Tasias, personal communication). In 1983 and 1984, 

similar weather conditions (cool temperatures and high rainfall 

during spring) prevailed but the BS incidence varied considerably. 

On the other hand, Mena and Tasias of Spain observed a high 

incidence in the year of high moistures and high temperatures. 

Lagerstedt  (1973)  created artificial environments by modyfying 

temperatures, rainfall, and CO2 levels around the hazelnut tree to 

induce BS; none of these alterations was effective. Hence, no 

clear-cut relationship to the weather pattern has been 

established. 

Shriveling of developing nuts has not been reported 

previously. In 1983, hazelnut production was reduced by almost 

50% by brown stain, a reproductive disorder which affected nuts 

from early July to until the natural harvest drop. In 1984 a high 

crop was expected because of the low crop load in the previous 

year. However, production in this year was again low. A 

different disorder, nut shriveling, was observed in one orchard 

which affected 33% of nuts. If this disorder were also present in 

other orchards, it could account for the unexpected low yields. 

For example, in 1982, the total hazelnut production in the United 

States was 18,900 tons, whereas in 1984, it was 13,400 tons, 29% 

less than the 1982 crop. In 1985, there was little nut shriveling 
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and negligible brown stain and the hazelnut production in the 

United States was higher than ever before. Studies on mineral 

nutrition, and cultural practices are suggested to find a cause 

and effect relationship with regard to this disorder. 

Seedlessness, or blanks, results from lack of fertilization 

between male and female gametes, or as a result of embryo abortion 

later in the season (232a,233). What causes an embryo to abort, 

or what prevents fertilization between a compatible pollinizer and 

the main cultivar of this wind-pollinated species is obscure. 

It is interesting to note that these disorders start appearing 

from the 3rd week of June when nut growth and development is most 

rapid. Boron sprays in mid-May alleviated these 3 disorders 

partially, but significantly, indicating that the supply of B to 

the growing nuts from leaves, or other reserves, was perhaps 

insufficient. These sprays could have met partially the B 

requirements for normal nut growth. 

The following general conclusions can be drawn from this 

work: 

1. Foliar-applied B sprays increased fruit set irrespective of a 

low or high crop year.   The response to B applications was 

higher in a light-crop year. 

2. Concentrations of both 300 or 600 ppm B were equally effective 

for increasing fruit set; however, the higher rate caused 

severe foliage damage when sprays were applied in April, when 

leaves were very small. 

3. Benefits from B supplements were attained at a wide range 
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of spray timings, but mid-May appears to be the optimum time 

for applications. 

4. August leaf B levels currently being used as a standard for B 

recommendations  have  little bearing  on  set. 

5. Boron requirement for optimum productivity seems higher in 

this crop that other fruit species. 

6. Boron does not appear to be translocated from leaf to nut. 

7. The real advantage of spring B applications is by direct 

absorption by the (developing) nuts. 

8. Brown stain incidence varied from year to year and from 

orchard to orchard. 

9. Low B content in the affected "pith" tissue seems to be an 

effect rather than a cause of BS. 

10. BS increased the percentage of blanks and reduced the quality 

of nuts and kernels. 

11. Spring-applied B sprays slightly alleviated BS, nut 

shriveling, and blanks; however, further studies are 

necessary to find the cause of these problems. 

12. In a fruiting twig, most B was partitioned in leaves early 

in the season whereas nuts and husks contained the highest 

amount of net B increase late in the season. 

13. Application of B in mid-May did not alter B partitioning in 

leaves, stems, nuts, and husks. 
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Summary of Appendices 

The growth of nuts increased much more rapidly than the 

growth of leaves (Appendix Figure l). At earlier dates, dry 

weight of leaves was higher than it was in nuts, but later in the 

season the nut weight was much greater than the leaf weight. The 

percent dry weight of leaves remained always higher than that in 

nut tissues, while percent dry weight of nuts decreased until the 

4th week of June, after which date it again increased. The 

decrease was due to rapid growth in nut size which, probably, was 

associated with accumulation of water more than the dry matter 

content. 

Appendix I indicated an overall view for fruit set characters 

of 4 hazelnut orchards in 1984. The variation in all these 

characters between orchards was significant. Compared to controls 

B sprays also affected these parameters. However, between 2 

levels of B concentration, the effect was not significant. The 

size of nut clusters (number of nuts in a cluster) was influenced 

by time of spray applications. The variation in fruit set 

parameters between different orchards was shown in Appendix III. 

The percentage of 1-nut clusters was the highest in Orchard # 1 

which had the lowest percentage of 4 or more nut clusters. 

Orchard # 1 produced the lowest number of clusters and fewer nuts. 

In 1985, although there was orchard-to-orchard variation, B 

treatments affected some parameters of fruit set (Appendix II). 

Boron spray decreased 1-nut clusters but, in general, it increased 
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2 or more nut clusters. Compared to controls, following B sprays, 

the number of clusters and of nuts increased significantly in 3 of 

5 orchards. In 1985, the number of nuts per cluster was higher 

(2.1 to 2.8 nuts/cluster) than it was in 1984 (1.7 to 1.9 

nuts/cluster). Fall-applied B sprays not only increased fruit set 

in all orchards (Appendix V) but also the sprays doubled the B 

content in dormant bud, catkin, and female flower bud (Appendices 

VI and VII). 

Rootstocks used for 'Barcelona1 hazelnut trees did not affect 

nut production of the scion. When B was applied there was a 

significant interaction between B and rootstock (Appendix VIII). 

In unsprayed controls, 'Barcelona' grafted on 'Daviana' had fewer 

nuts than when on its own roots. Following B sprays, 

Barcelona/Daviana combination produced the highest number of nuts. 

Mineral composition of leaves (Appendix X) and of nuts 

(Appendix XI) changed through the season. In both tissues, N, P, 

K, S, Cu, and Zn decreased as the growing season progressed. The 

level of Ca, Mn, Fe, and B increased in leaves and decreased in 

nut tissues. When 'Barcelona' was grafted on 'Daviana' P, S, Ca, 

and Mg contents were increased and K and Fe levels were decreased 

in leaves while N, P, Ca, Fe, Cu, and Zn levels increased in nut 

tissues (Appendix XIII). Following B application (Appendix XII) 

the amount of some mineral elements at certain dates was 

significantly increased in leaves (P, K, S, and Fe) and in nuts 

(N, P, S, and Ca). 

The quality of hazelnut kernels and nuts was influenced by 
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the crop load (Appendix XIV). The orchard which produced 63% 

cluster set had significantly smaller nuts and smaller kernels 

than those in the 43% set orchard. Kernels were shrivelled and 

did not blanch as well as in the low set orchard. Early in the 

season, all minerals and dry matter were partitioned more in 

leaves, while late in the season most mineral elements and dry 

weight were partitioned in nut tissues (Appendix XV). Dry weight 

and mineral content in the stem tissue were very little as 

compared to other tissues of a fruiting twig both early and late 

in the season. 
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Appendix I.  ANOVA (mean squares) for 11 fruit set parameters of  'Barcelona' hazelnuts, 1984. 

s.v. D.F. B.D. CD. l-nut 2-nut 3-nut 4 & > nut clusters set, % nuts nuts/cls. BD/CD 

orchards (0) 3 1211** 269** 1131.0** 592** 280** 202** 79865** 3649** 328501** 0.467** 21.67** 

R/0 20 

treatments (T) 12 76 15 267.5** 46** 74** 11** 3392** 137 23751** 0.100 0.64 

cont. vs spr.(CS) 1 13 27* 564.0** 88** 155** 24** 25196** 1079** 132770** 0.300** 3.78** 

boron  (B) 1 HI 9 0.3 4 11 1 1 1 16 0.002 0.02 

dates  (D) 5 38 14 483.4** 61** 133** 19** 2461 76 27406** 0.180** 0.60 

B x D 5 119 15 45.8 31 13 3 641 37 3040 0.007 0.18 

orch. x treat. 36 78 8 33.3 16 8 4 851 46 2935 0.014 0.54 

CS x 0 3 27 1 30.0 6 17 7 695 38 1203 0.003 0.43 

B x 0 3 11 6 12.7 10 15 7 942 52 2417 0.002 0.37 

D x 0 15 97 7 27.0 12 7 6 880 42 3188 0.013 0.53 

B x D x 0 15 83 12 44.3 22 6 2 835 50 3132 0.020 0.60 

error 240 73 9 36.3 17 11 4 1344 113 5949 0.016 0.36 

* and ** are siynifIcance levels at 5% and IX,   respectively.  BD means blossom density (number of flower clusters on a limb/ 

cross-sectional area of the limb).  CD Is cluster density (number of clusters per cross-sectional area of the limb). 
00 



Appendix  II.  ANOVA (mean squares) for 8 fruit set characters of 'Barcelona' hazelnut 

orchards, 1985. 

S.V. D.F.   1-nut     2-nut     3-nut     4  & 
total total 

nut clusters  set,% nuts nuts/cl 

Orch.# 1 treat. 1 311** 129.6* 14 12.0 

error 30 15 19.2 11 7.6 

Orch.# 2 treat. 1 156* 29.3 31 148.5** 

error 22 23 18.3 16 11.6 

Orch.# 3 treat. 1 144** 126.0 10 15.7 

error 18 17 30.0 29 20.6 

Orch.# 4 treat. 1 11 5.0 3 0.1 

error 22 5 20.3 4 12.2 

Orch.# 5 treat 1 174** 0.1 41 49.3 

error 18 22 33.1 19 32.0 

8911* 442**  82723** 0.072* 

1349 37     8503 0.010 

17550** 726** 227566** 0.320** 

781 20     6478 0.022 

17523** 781** 119197** 0.033 

1300 42     9025 0.031 

12881 454* 104150 0.001 

3197 93    28592 0.016 

616 10    22647 0.111 

1493 48    19839 0.063 

* and ** are significance levels at 5% and 1%, respectively. 



Appendix III.  Orchard to orchard variation in mean (of control & spray treatments) values for 11 

fruit set characters in 4 orchards of 'Barcelona' hazelnuts, 1984. 

Fruit set characters  Orch. # 1 (TT) Orch. # 2 (CY) Orch. # 3 (LT) Orch. # 4 (BH) LSD    LSD _. 

blossom density (BD) 25.2 

crop density (CD) 7.4 

cluster set, % 29.8 

1-nut clusters, % 47.9 

2-nut clusters, % 39.4 

3-nut clusters, % 10.1 

4 & more-nut clusters, % 2.6 

total flower clusters 505.0 

total nut clusters 153.2 

total number of nuts 252.5 

number of nuts/cluster 1.7 

blossom/cluster = BD/CD 3.6 

22.3 

9.7 

45.9 

40.6 

43.1 

13.1 

3.2 

496.0 

230.8 

406.7 

1.8 

2.3 

17.9 

5.9 

34.1 

45.4 

36.5 

12.3 

6.1 

521.0 

179.4 

323.1 

1.8 

3.1 

27.0 

9.8 

38.0 

40.0 

40.7 

14.6 

4.9 

507.0 

193.6 

358.5 

1.9 

2.8 

2.7 3.5 

0.9 1.2 

3.3 4.4 

1.9 2.5 

1.3 1.7 

1.0 1.3 

0.6 0.8 

20.7 27.2 

11.5 15.1 

24.2 31.7 

0.1 0.1 

0.2 0.3 

Please refer Appendix I for definition of BD and CD. 

Growers' names: Twedt (TT), Chambers (CY), Lemert (LT), and Bush (BH) 

o 



Appendix IV.  Mean values for 7 fruit set characters in 5 'Barcelona' hazelnut orchards, 1985, 

Fruit set   Orch. # 1 (RR)  Orch. # 2 (OSU)  Orch. # 3 (TT)  Orch. # 4 (CY)  Orch. # 5 (CO) 

characters  control boron  control boron   control boron  control boron  control boron 

17.1** 11.1 9.7 21.3 15.4* 

48.1 42.2 43.2 42.0 41.8 

21.7 24.9 25.6 23.8 26.6 

13.1 21.6 21.5 12.9 16.1 

1-nut els.   25.8  19.6**  22.1   17.0*   22.4 

2-nut els.   44.6  48.6*   43.4   41.2    43.1 

3-nut els.   18.3  19.6    21.1   23.3    23.2 

4 & more els. 11.0  12.2    13.3   18.3**  11.3 

flower els.  522.0 530.0   536.0  526.0   532.0  518.0   525.0  525.0  534.0 543.0 

nut els.    276.2 309.6*  232.7  286.8**  199.9  259.1** 331.6  377.9  270.4 281.5 

total nuts  601.3 702.9** 556.4  751.2** 460.1  614.5** 927.2  1058.9  664.8 732.1 

nuts/cls.     2.1   2.3*    2.4    2.6**   2.3    2.4     2.8    2.8    2.4   2.6 

* and ** are significant at 5% and 1% levels, respectively. 

Orchards: RR = Rogers, OSU = Oregon State Univ., TT = Twedt, CY = Chamb., and CO = Chamb. old. 

Note:  Boron sprays reduced 1-nut clusters; however, it increased 2-nut clusters (Orch. #1) 

and 4- or more nut clusters (Orchard #2). if 
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Appendix V. Effect of B sprays applied in October, 1983 on 

fruit set in 'Barcelona' hazelnut trees in 4 orchards during 

1984. 

Orchard s Control 300 ppm B 600 ppm B Mean 

# 1 22.5p 27.5p 27.2p 25.7a 

# 2 33.Or 39.5qr 41.2qr 37.9bc 

# 3 30.0pq 35.3pq 34.0pq 33.1b 

# 4 36.5r 47.2r 45.7r 43.1c 

Mean 30.5a 37.3b 37.0b 

' '  Overall mean separation by Duncan's Multiple Range Test  at 
1% level. 

^^  Mean  separation within each column by Duncan's Multiple 
Range Test at 5% level. 
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Appendix VI.   Boron content of  dormant  bud,  catkin, and female 

flower bud of 'Barcelona'  hazelnut as  influenced by two 

concentrations of B sprays applied in the fallx. 

Tissues Control   300 ppm B   600 ppm B   LSD at 1% 

32 45 62 9 

35 52 68 14 

28 35 43 3 

Dormant budy 

Catkiny 

Female flower bud2  28 

x Boron was sprayed on 20 October, 1983.  Tissues were collected 

on yi November, 1983, and on z26 February, 1984. 
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Appendix VII. Effect of B sprays applied in October, 1983 on B 

levels in female flower buds collected from 4 hazelnut orchards 

on 26 February, 1984. 

Orchards control 300 ppm B 600 ppm B mean 

# 1 27.8a pq 35.5b pq 42.2c p 35.2pq 

# 2 26.2a p 33.7b p 41.8c p 33.9p 

# 3 26.4a p 33.6b p 43.2c pq 34.4p 

# 4 30.1a q 37.8b q 45.6c q 37.9q 

Mean 27.6a 35.1b 43.2c 

' '  Mean  separation within each row by Duncan's Multiple  Range 
Test at 1% level. 

qMean separation within each column by Duncan's Multiple  Range 
Test at 5% level. 
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Appendix VIII. Effect of 600 ppm B sprays on number of nuts in 

'Barcelona' trees as affected by 2 different rootstocks of 

hazelnut in 1985. 

Scion/stock control   + boron F-test: 

Barcelona/self    598.3 

(flower els. #)   (554.8) 

Barcelona/Daviana 514.5 

(flower els. #)   (517.3) 

727.8 

(527.5) 

774.5 

(523.5) 

boron (B) ** 

rootstock (RS) NS 

B x RS interaction * 

Statistical significance at 1% (**), at 5% (*), and none (NS). 
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Appendix IX. Stepwise multiple regression equation for fruit set 

(FS) in 'Barcelona' hazelnut with the 2 (of 11 tested) mineral 

elements that accounted for the most variability at different 

leaf and nut sampling dates in 1985. 

Tissues Equation r* 

Leaf: 5/25 FS = 0.67 Mn + 0.41 B + 32.89 0.72 

6/15 FS = 0.73 Mn + 0.35 B + 34.51 0.69 

7/06 FS = 0.72 Mn + 0.39 B + 31.23 0.66 

7/27 FS = 0.67 Mn + 0.37 B + 31.50 0.66 

8/17 FS = 0.63 Mn + 0.44 B + 32.54 0.68 

Nut:  5/25 FS = -0.66 Cu + 0.35 K + 36.14 0.55 

6/07 FS = -0.74 Cu + 0.25 Fe + 75.38 0.53 

6/15 FS = -0.81 Cu + 0.29 B + 58.56 0.55 

6/26 FS = -0.99 Cu + 0.32 Zn + 72.87 0.65 

7/06 FS = -0.68 Cu + 0.24 S + 60.57 0.57 

7/17 FS = +0.55 Mn + 0.24 S  + 30.98 0.46 

7/27 FS = -0.81 Mn + 0.37 P + 77.61 0.47 



Appendix X.  Seasonal changes in mineral content of 'Barcelona' hazelnut leaves at different 

dates of sampling during 1985. 

x 
Collection Mineral elements 

dates        N     P     K    S     Ca    Mg    Mn     Fe Cu    B     Zn 

25 May      2.49  0.20  0.97  0.17  1.03  0.27  136.0  110.7 7.1  44.4  24.5 

15 June     2.28  0.17  0.86  0.14  1.06  0.26  138.0  163.1 5.8  49.4  19.7 

06 July     2.46  0.17  0.88  0.14  1.23  0.28  168.5  188.7 5.7  57.3  19.1 

27 July     2.16  0.18  0.66  0.13  1.32  0.27  155.5  168.3 4.1  63.3  15.5 

17 August   1.91  0.15  0.54  0.12  1.44  0.26  164.2  281.1 4.1  60.0  14.6 

LSD at 1%   0.11  0.01  0.07  0.01  0.06  0.01   16.3   27.9 0.5  10.7   2.3 

x ... 
All macronutrients are expressed on percent and micronutrients are in ppm dry weight basis. 

Each value is the mean of 3 replications in each of 4 orchards. 



Appendix XI.  Seasonal changes in the nut mineral content of  'Barcelona'  hazelnuts at 

different dates of sampling during 1985. 

■ ■ x Collection Mineral elements 

dates          N     P     K S Ca Mg    Mn     Fe     Cu    B     Zn 

25 May 3.19  0.46  1.27 0.26  0.83  0.37 

05 June 2.86 0.43  1.39 0.22  0.62  0.29 

15 June 2.27 0.26  1.04 0.14  0.34  0.18 

26 June 1.70 0.20  0.84 0.12  0.29  0.13 

06 July 1.33  0.15  0.72 0.10  0.22  0.11 

17 July 0.84 0.09  0.39 0.07  0.12  0.06 

27 July 0.78  0.08  0.29 0.05  0.12  0.05 

LSD at 1% 0.10 0.02  0.05 0.01  0.03  0.01 

Macroelements are expressed on percent and microelements are in ppm dry weight basis.   Each io 

68.7 122.7 15.1 23.2 53.2 

49.4 92.5 14.4 21.0 43.5 

28.6 65.7 11.2 17.2 23.1 

29.3 64.2 10.7 16.5 17.4 

25.8 52.9 9.2 15.2 13.2 

15.6 30.5 7.2 8.7 8.2 

18.0 35.8 6.1 7.8 7.4 

4.4 6.9 0.9 2.8 1.8 

value is the mean of 3 replications in each of 4 orchards, 
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Appendix XII.   Changes in mineral element content in hazelnut nut 

and leaf tissues in response to boron sprays, 1985. 

Tissue Date Treat N    P      K      S      Ca      Fe 

Nut   5/25  C  3.20 0.460 1.27   0.262  0.832  122.8 

B  3.18 0.473** 1.30   0.268* 0.894** 129.6 

6/05  C  2.86 0.428 1.39   0.219  0.623   92.5 

B  2.89 0.443** 1.40   0.229** 0.643*  93.3 

6/26  C  1.69 0.198 0.84   0.120  0.290   64.2 

B  1.76* 0.210** 0.87   0.135** 0.303   68.2 

7/27  C  0.78 0.08 0.29   0.054  0.119   35.8 

B  0.85 0.08 0.32   0.058  0.123   31.4 

Leaf  5/25  C  2.48 0.201 0.970  0.168  1.031   110.7 

B  2.51 0.209 0.968  0.177** 1.035  105.5 

6/15  C  2.27 0.167 0.862  0.137  1.062  163.1 

B  2.35 0.183** 0.913* 0.146** 1.085  162.1 

8/17  C  1.91 0.148 0.543  0.123  1.439  281.1 

B  1.95 0.152 0.596** 0.129*  1.395  341.5** 

Control (C), boron applied (B).  Level of Mg, Mn, Cu, and Zn in 
leaf and in nut was unchanged by B sprays. 

* & ** are significance at 0.05 and 0.01 level, respectively. 
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Appendix XIII.  Effect of rootstocks on leaf and nut mineral 

content in 'Barcelona1 hazelnut trees in 1985. 

Scion tissues Mineral elementsz 

   N    p    K    S   Ca   Mg   Fe   Cu   Zn 

Bare/self 2.25 0.20 0.79 0.11 1.06 0.26 134 6 19 

Barc/Daviana 2.26 0.23 0.69 0.12 1.37 0.25 104 6 20 

F-test?       NS   **   **   *    **   *    **    NS  NS 

nut: 

Bare/self 1.81  0.24 0.87 0.13 0.35 0.18 59  11   24 

Barc/Daviana 1.88  0.26 0.88 0.13 0.41  0.17 63  13   26 

F-testy **   **    NS NS    **    NS **   **   ** 

Significance levels at 5% (*) , 1% (**) , and none (NS). 

Nitrogen,  P,  K,  S,  Ca, and Mg are expressed on percent of dry 
weight and Fe, Cu, and Zn are in ppm. 

Rootstock did not affect Mn, and B levels in leaf and nut tissues. 
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Appendix XIV. Quality of 'Barcelona' hazelnuts in 2 orchards which 

had variable crop load in 1985. 

Size of nuts and kernels Kernel Blanks 
Crop load g/nut g/kernel weight,% (%) 

43% set 3.6 1.6 44.2 12.3 

63% set 2.8** 1.2** 41.3** 13.2 

Differences were significant at 1% (**) level. 

Note: The orchard which had 63% set had shrivelled kernels and 

did not blanch well as in the other. Several kernels were 

split upon cracking when the set was 43%. 
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Appendix XV.   Partitioning  of  dry matter (DM)  and mineral 

elements in fruiting twigs of hazelnut2. 

Tissue        DM  N  P  K  S  Ca Mg  Mn  Fe  Cu  B  Zn 

Leaf: 

% on June 78 79 68 77 80 82 79 90 77 64 89 62 

% on Aug. 17 23 15 23 24 54 33 58 36 14 51 30 

% net gain -2-16-3  4 - 1  26 - 4  38  18 - 1  24  3 

Stem: 

% on June 9 7 8 10 6 9 6 3 11 15 5 20 

% on Aug. 3 3 3 5 2 8 2 3 5 5 3 11 

% net gain - 2 0 1 3 1 7 0 4 3 2 1 3 

Nut: 

% on June 7 8 14 7 6 3 6 2 5 10 2 10 

% on Aug. 66 60 64 33 44 24 49 23 39 70 23 48 

% net gain 84 97 82 43 60 43 84 35 54 87 38 82 

Husk: 

% on June 669676957 10 48 

% on Aug. 14 14 18 38 30 15 15 16 20 12 23 11 

% net gain 16 19 21 50 40 24 20 23 25 12 37 12 

Total net 318 144 305 277 230 100 128 165 230 358 131 143 
gain (%) 

z Figures are averages of untreated and B-treated tissues 
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Appendix XVI. Relationship (r values) between blossom density 

(BD) and crop (cluster) density (CD), between CD and fruit set 

(FS), and  between BD and FS in 4 orchards during 1984. 

Orchards 

Twedt 

Chambers 

Lemert 

Bush 

BD vs.   CD CD vs.   FS BD vs. FS 

0.96** 0.33 0.19 

0.89** 0.49 0.11 

0.88** 0.75** 0.49 

0.81** 0.22 -0.31 

Note: There was a high correlation between blossom density and 

cluster density in all 4 orchards. Because of higher r 

values CD may be more related to fruit set than BD. This 

indicates that the crop density may be useful parameter 

for fruit set counts in hazelnut. 


