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PREFACE 

This thesis was written in manuscript format: Chapter III was 

written in the style of Annals of Applied Biology, and Chapter IV in 

the style of HortScience. 



INTERACTION   BETWEEN  HAZELNUT   (CORYLUS   AVELLANA  L.) 

SHOOT DEVELOPMENT AND BIG BUD MITE 

(PHYTOPTUS  AVELLANAE  NAL.   AND CECIDOPHYOPSIS  VERMIFORMIS NAL.) 

CHAPTER I 

INTRODUCTION 

Corylus avellana, the European hazelnut, or filbert, is a major 

tree crop in the state of Oregon. For several decades the cultivar 

'Barcelona' ('Fertile de Coutard'), which is resistant to the big 

bud mites, Phytoptus avellanae Nal. and Cecidophyopsis vermiformis 

Nal., has dominated the industry. A breeding program is now 

underway at ^Oregon State University to develop improved cultivars 

using genetic material from high quality European cultivars, which 

are, however, more susceptible to big bud. Resistance to big bud, 

along with other horticultural characteristics, is a breeding 

objective which prompted this inquiry into the nature of resistance. 

Big bud mite is considered to be one of the most serious 

arthropod pests of Corylus in France, Italy, Turkey, and Spain 

(Bergougnoux et al. 1978). Some European growers must contend with 

bud losses of 50% or greater (Pesante 1961). Though the ultimate 

effect on yield is not certain, Planes et al. (1965) in Spain 

estimate  a  20%  crop reduction as  a  result  of  bud mite. 

Experiments were conducted and observations made to study mite- 

plant interactions relevant to host plant resistance of the European 

hazelnut  to  eriophyoid  bud mites. 



CHAPTER  II 

REVIEW OF LITERATURE 

1.  THE  INTERACTION:   GALLING OF PLANT TISSUES 

Galls are "pathologically developed cells, tissues or organs of 

plants that have risen mostly by hypertrophy (overgrowth) and 

hyperplasy (cell proliferation) under the influence of parasitic 

organisms"(Mani, 1964). Mites develop galls to protect and feed 

their brood on interior succulent cells or papillae (Jeppson et al. 

1975). 

Though some have suggested that galls represent a symbiotic 

relationship between host plant and cecidozoa (gall forming 

animals), Mani (1964) thought the relationship was parasitic and 

that the plant's primary reaction was defensive, with the objective 

of neutralization of toxic effects and localization of the gall- 

former in space and time. This localization has forced the gall- 

former to extreme specialization. Larew (1982), however, felt that 

gall anatomy indicated "both that the insect controls gall 

development and that the gall is a drain on the plant. In fact, 

others have suggested that galls represent a host defensive response 

(callusing)   that  has been usurped by the gall-former." 

Because of their small size, eriophyoids puncture individual 

plant cells of the epidermal layer with their short (15-40 jam) 

stylets and suck the cellular contents (Larew 1982). The cell is 

not emptied or killed immediately, but the wound site is filled with 

callose   (Westphal,    1977).       Jeppson   et    al.    (1975)    report    that 



mechanical   injury  by  the  stylets   is  not  significant,   but  that  it  is 

the injected salivary chemicals which cause  tissue alterations. 

Hypertrophy   is    immense   in   the   attacked   cells,    and   later   the 

cecidogenetic reaction is translocated somewhat into the spongy 

parenchyma (Mani,   1964).     The composition of  the cecidotoxin,  or 

gall  inducing substance,   is unknown. 

"The saliva or ovipositional fluid contains either a plant 
hormone analogue that directly stimulates plant cells, or 
a compound that indirectly affects cell growth by 
triggering hormone  production"   (Larew   1982). 

Mani (1964) stated that while gall  formers can feed only on 

actively  growing  tissue,   galls   can  be   induced   in  non-meristematic 

tissues   as   well;   however,    Jeppson   et   al.   and   Larew   disagree. 

Jeppson et al. claimed that "growth modifications are initiated only 

on embryonic plant  tissue".     Larew's opinion was that galls could be 

initiated   only   on   meristematic   cells   or   cells   capable   of 

dedifferentiation  to  a meristematic  state. 

"During metaplasy, meristematic and slightly 
differentiated cells cease to differentiate and remain in 
or return to a meristematic state. They then 
differentiate to become nutritive cells.... It may be that 
the amount of control and reorganization exerted by the 
gall former is simply a function of the age of the 
attacked tissue. The younger the tissue, the greater the 
control." 

Kiister   (1911)   classified  galls   as  either  organoid  or  histioid. 

Organoid  galls   are   abnormalities   of   plant   organs,   with   relatively 

normal   tissues,   whereas   in histioid  galls   the   internal   anatomy   is 

quite   different.       Kiister    considered    the    Corylus    bud   gall    a 

kataplasma,   a  type  of histioid gall with "no  regular  external  form, 

size, volume or period of development" (Larew 1982).    Acrocecidia 

are what  Thomas   (1877)  called galls which develop at  the growing  tip 



of the main axis. Mani considered bud galls as essentially 

acrocecidia. 

Infestation by bud mites causes cell proliferations, or 

enations, covered by a protein and lipid-rich epidermal layer known 

as the nutritive tissue (Larew 1977). These enations appear on 

surfaces of interior primordial leaves and stipules within buds, 

leading to general succulence and swelling of the bud. Planes et 

al. (1965) cite Bardia (1958), who said that the infested buds 

"become deformed, swollen, and fleshy; they open and take on a 

reddish color, acquiring the appearance of a little rose." After 

the galled bud has supported a colony of mites for nearly a year, 

the bud senesces and abscises. 

According to Pesante (1961), "Ogni gemma infestata e una gemma 

perduta;" i.e., each infested bud is a lost bud. Manzo et al. 

(1971) report that when big bud mite attacks are severe, production 

can be seriously reduced, with up to 70% of the buds lost. Viggiani 

and Bianco (1975) identify the economic threshold at 15% bud loss, 

and place the economic injury level at 20%. 'Daviana', the common 

pollinizer tree grown in Oregon, loses 19-20% of its buds (Krantz, 

1974), but the major crop cv., 'Barcelona', has only an occasional 

gall. Susceptibility of several major European cultivars is 

generally much greater than in 'Barcelona' (Thompson 1977). 

Pesante (1961) observed no additional growth in compensation 

for galled buds. When the apical or subapical bud of a shoot is 

galled, as is often the case in short shoots, the shoot dies down to 

the most distal healthy bud.  Pesante noted that in addition to the 



galls which normally fall in the spring one year after their 

infestation, some galls are lost in the summer after infestation. 

(Krantz (1974) calls these "summer galls" and attributes them to 

Cecidophyopsis vermlformis.) Pesante also described the formation 

of "adventitious" lateral buds at the base of the gall, which could 

subsequently give  rise to weakened  shoots. 

Both flowering (or mixed buds) and vegetative buds are 

affected. However, often mite activity diverts bud development 

before flowers are initiated in the infested buds. Potential flower 

buds are lost, but Vidal-Barraquer et al. (1966) suggest that since 

vegetative buds give rise to shoots with both flowers and vegetative 

buds, loss of the latter may ultimately be more detrimental. They 

also pointed out that the lateral buds at the base of a gall may 

contain female flowers, but maintained that  these rarely set fruit. 

2. BIOLOGY OF THE MITES: PHYTOPTUS AVELLANAE NAL. AND 

CECIDOPHYOPSIS VERMIFORMIS NAL. 

Physical  features 

Phytoptus avellanae and Cecidophyopsis vermiformis are small, 

cylindrical eriophyoid mites. Their bodies are soft and wormlike, 

ringed with ridges, and light yellow or whitish in color. Females of 

P. avel lanae, the larger species, are 220-260 pm long and 45 pm 

thick (Keifer 1940). The body is divided into three parts: the 

gnathosoma (rostrum), the anterior end bearing the mouthparts; the 

propodosoma, which comprises the rest of the cephalothorax and bears 

the  legs and shield,  and the hysterosoma or abdomen.     (Jeppson et 



6 

al. 1975). 

Eriophyoids have only two pairs of legs rather than the four 

pairs of other mites. The reduction in body structures and size 

makes them well suited to their microenvironment. "Since these tiny 

eriophyoids can only crawl from one plant to another if the plants 

touch, a vital necessity is a size small enough to enable traveling 

mites to be suspended in slight air currents" (Jeppson et al. 1975). 

Except during migration, eriophyoids are displaced only short 

distances. Their movements are slow (P. avellanae can move 18 mm a 

minute), accomplished by the action of their 4 legs together with 

the retraction of their flexible bodies and the use of an anal 

sucker for anchorage (Vidal-Barraquer et al. 1966). This form of 

locomotion is well suited to the narrow and tortuous spaces between 

bud scales (Pesante 1961), the "mite spaces" that mites living under 

cover seem to require (Jeppson et al. 1975). 

Eriophyoids have no ocelli, but are sensitive to light and 

appear to exhibit a positive heliotropism at the time of migration 

(Pesante 1961). Respiration, which takes place through the soft 

cuticle, is "not threatened by a possible drying out of the air, 

thanks to the particular structure of the galls" (Pesante 1961), but 

the vulnerability of mites to drying is a threat to survival during 

migration. 

Transfer of sperm is accomplished by the deposition by males of 

spermatophores on the plant surface which are picked up by females. 

Males are thought to be haploid, but Jeppson et al. questioned 

reports of parthenogenesis in eriophyoids. 

The sucking mouthparts of eriophyoids are thin and short. 



capable only of piercing an individual cell wall.     The bud gall 

mites seem to feed only on soft, fleshy tissue near plant meristems. 

Life  cycle 

According to Krantz (1974), Phytoptus avellanae and 

Cecidophyopsis vermiformis migrate from galled, drying buds from 

early spring to June. The migrating form of P. avel lanae is the 

nymph, while C^ vermiformis migrates as an adult. As dormant buds 

break and shoots elongate, mites blown by wind or emerging from 

galls on the same plant crawl toward the growing point and find 

refuge in new axillary buds from early May to mid-June. Buds are 

often colonized by both species, but one or the other seems to take 

control of gall development. P. avellanae goes through a quiescent 

stage after entering the bud, molting to adulthood by about mid- 

June. Buds colonized chiefly by P. avellanae swell more slowly than 

galls of C. vermif ormis. C. vermiformis adults, upon invasion of a 

bud, begin to lay eggs and the buds enlarge almost immediately, 

growing to about 1 cm in diameter by late summer, when they begin to 

desiccate and fall. Adult C^ vermiformis mites then abandon these 

"summer" big buds, either dying or finding refuge in bud scales of 

healthy buds or the smaller galls of P. avellanae, where both 

species overwinter in mixed colonies. These are "spring" big buds, 

which swell throughout the winter as the mite population increases 

and abscise  in  late  spring and early  summer. 

3.  THEORIES ON RESISTANCE OF HAZELNUT 

Resistance  to  bud mites   in hazelnut  is a highly heritable  trait 
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controlled by multiple genes (Thompson 1977). There are numerous 

sources of genetically diverse, resistant plants, and this 

resistance may be due to several different factors. Incorporation 

of resistance into superior genotypes has met with moderate success, 

though the mechanism for resistance has not been identified. 

Pesante (1961) quoted Averna Sacca who said that the acidity of 

leaves is less in invaded trees, but Vidal-Barraquer et al. (1966) 

found no significant difference in the acidity of leaves from 

'Grifoll', a resistant cultivar, and 'Negret', which is quite 

susceptible. Pesante also cited De Rosa in Avellino who claimed 

that infestation affected precocious leafing cultivars more. Larew 

(1977) suggested that stronger resistance of some cultivars could be 

based on more rapid abscission of infested buds, and Pesante 

considered the abscission of galls in summer as a hypersensitive 

defense reaction of the host plant. Several authors have repeated 

the suggestion that the tightness of bud scales is a deterrent to 

mite invasion. 

Of the morphological characters reported by Norris and Kogan 

(1980) to affect resistance, factors which could influence the 

resistance of hazelnut to big bud mite include cell wall thickness 

or toughness, surface waxes (cuticle), trichomes, or other 

protective structures. Larew (1977) reports that the adaxial 

epidermal layer of a healthy Corylus stipule has a cuticle thickness 

of 2 fim, while the cuticle covering the epidermis of a mite-induced 

enation is thinner. 

Abundance, distribution, and size of trichomes, or plant hairs. 
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varies from one cultivar to another and could affect susceptibility. 

Pubescence could prevent travel or feeding of mites if too dense, or 

could provide a more protected habitat than relatively glabrous 

tissues. Kasapligil (1964) describes several kinds of trichomes 

which may be found on Corylus avellana. Simple, unicellular (40-143 

jum long) or septate trichomes (160-610 jam) have a bulbous base which 

tapers to a pointed tip, with thickening of the secondary wall. The 

largest trichomes are multicel lular emergences consisting of an 

enlarged, glandular head 50-195 Jim in diameter which exudes a 

resinous secretion, on a long (0.4-3 mm) stalk. Less common are the 

smaller (36-76 jam) club-shaped or capitate glandular trichomes with 

a head of secretory cells. Pesante (1961) remarked on the similar 

appearance of these small trichomes to the eriophyoid mites and eggs 

among them, and thought that the mites were attracted by the 

secretions of these glandular hairs when still fresh in the terminal 

part   of  the  shoot. 

In addition to epidermal features, genetically controlled 

variations in the structure of plant organs might affect facility of 

entry or survival of mites. Since eriophyoids, with their weak legs 

and sucking mouthparts, cannot chew through bud scales or stipules 

or force them open, tightness of parts could preclude entry (Krantz, 

personal communication). Though the mites are small, the spaces 

between bud scales are quite tight, and mites may even be crushed 

between them as they grow (Pesante 1961). Thompson (1958) stated 

that the more susceptible varieties, 'Daviana1, 'Royal', 

'Fitzgerald*, and 'Nonpareil', were those with loose buds; however, 

no  one has   quantified   the  relative  openness of  the  common cultivars. 
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CHAPTER III 

SHOOT DEVELOPMENT AND BUD MITE INFESTATION IN HAZELNUT 

CORYLUS AVELLANA L. 

BY JEAN E. BURGESS AND MAXINE M. THOMPSON 

Oregon State University, Corvallis, Oregon 97331, USA 

SUMMARY 

The influence of environmental and genetic variation in 

plant morphology and development on eriophyoid bud mite 

(Phytoptus avellanae Nal. and Cecidophyopsis vermiformis 

Nal.) behavior, survival and colonization on hazelnut, 

Corylus avellana L., was studied. The distribution 

pattern of galled buds was consistent with the observation 

that mites colonize only those buds which form during the 

mite migration period. Our research suggested that the 

point of entry was the growing shoot tip, and that mites 

are carried passively as the shoot elongates and gain 

access to a succession of newly formed, unprotected bud 

primordia. The relative accessibility of the apical 

meristem and bud primordia may affect the level of 

susceptibility of  the host  plant. 

INTRODUCTION 

'Big bud mite,'   is a serious pest in some cultivars of hazelnut 

(filbert),   Corylus   avellana L..      Some  European  growers  must   contend 



11 

with bud losses of 50% or greater (Pesante 1961). Viggiani & Bianco 

(1975) identified 15% bud loss as an economic threshold, and 20% as 

an economic injury level. Planes, del Rivero, Marti & Carrero 

(1965) in Spain estimated a 20% reduction in yield. A range of 

genetic resistance to the mite is found among different cultivars 

and in breeding populations (Thompson, 1977). A high level of 

resistance is one of the objectives of the Oregon breeding program, 

along with other desirable traits. 

Two species of eriophyoid bud mites, Phytoptus avellanae Nal. 

(Fig. 1) and Cecidophyopsis vermiformis Nal., live in mixed colonies 

in enlarged axillary bud galls which are clearly seen in dormant 

plants. The mites leave the old galls and migrate into new 

axillary buds in the spring when the new shoots emerge. According 

to Krantz (1974), in buds invaded predominantly by C. vermiformis 

(summer big bud), the adults immediately begin laying eggs, and 

colonies build up quickly as the gall swells to over 1 cm in 

diameter and then desiccates in late summer. Colonizing P. 

avellanae, still in the nymphal stage, remain quiescent until 

molting to adulthood which commences in mid-June. Galls colonized 

predominantly by P^ avellanae (spring big buds) swell more slowly 

than those of C. vermiformis. Spring big buds are less than .9 cm 

long by late summer, reach their maximum size of over 1 cm by winter 

and abscise the following spring. 

At the apex of a growing Corylus shoot is a shoot tip 

containing the apical meristem surrounded by stipules and primordial 

leaves, which emerge with their axillary buds upon internodal 

elongation. The shoot tip ordinarily aborts in late spring or 



12 

summer, leaving a pseudoterminal axillary bud (Romberger, 1963). 

The level of susceptibility of a given plant is determined by 

the relative proportion of buds invaded. Pesante (1961) found that 

mites infest buds in a consistent pattern along the shoot. Viggiani 

& Bianco (1974) also showed a pattern; in long shoots nodes six to 

eight are usually galled, whereas in short shoots all buds above the 

third node may be galled. According to Pesante, short shoots, whose 

shoot tips abort early (within the mite migration period), are often 

galled at the apex; while long shoots are galled midway along the 

shoot. The basal buds (one or more in short shoots, five in long 

shoots), having been formed the previous year, are quite compact 

and well developed, and are generally not invaded. 

Pesante (1961) believed that in these basal buds, as well as in 

buds farther out on the shoot, the tightly packed bud scales prevent 

entry of most mites. Thompson (1958) thought loose bud scales 

contributed to the susceptibility of certain cultivars. Both authors 

seem to imply that the buds being invaded are those already exposed 

in the axils of leaves below the extending shoot tip, i.e., buds 

already covered with several layers of scales. However, Planes et 

al. (1965) and Viggiani & Bianco (1974) found mites within the shoot 

tip in very young buds which consisted of only the vegetative cone 

and two bud scales. 

It is difficult to rear eriophyoid bud mites outside the 

tissues normally attacked on the specific host plant (Jeppson, 

Keifer & Baker, 1975). Controlled inoculation or transfer of 

eriophyoids was achieved by Smith (1962) and Knight, Keep, Briggs & 
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Parker (1974) on black currant, and Ehrensing (personal 

communication) on skeleton weed (Chondri 11a juncea). Their 

techniques were modified for inoculation of hazelnut with bud mites 

in order to study mite behavior and host plant response in 

genetically diverse hosts. 

This study on the interaction of the mite and plant growth was 

initiated to determine the mechanism of mite resistance to 

facilitate early screening of hazelnut selections. Distribution of 

galls on shoots, influence of phenology on gall patterns and 

susceptibility, mite behavior and survival on resistant and 

susceptible plants, shoot growth and development, and plant 

structure were investigated. This paper reports the influence of 

environmental and genetic variation in plant morphology and 

development on mite behavior,  survival, and colonization. 

MATERIALS AND METHODS 

Distribution of  galls 

The distribution of healthy and galled buds on shoots of 

susceptible hazelnut trees was studied. Trees examined were (1) a 

mature 'Daviana' (highly susceptible) (2) 15 potted, 2 yr 'Daviana' 

and  (3)  four  5  yr old  seedlings. 

Twenty galled winter terminal buds were dissected, eriophyoid 

mites were removed and mounted for microscopic identification 

using Krantz's   (1978)   technique. 

Relationship between phenology and susceptibility to bud mite 
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To determine if there is a correlation between date of bud 

break and bud mite susceptibility, as manifested in spring big buds, 

these parameters were evaluated for 416 hybrid seedlings. To 

minimize genetic variability between progenies, correlation 

coefficients were calculated for each of six progenies. Progenies 

were chosen which had individuals in each of the following bud mite 

damage categories. 

1. 0-2 galls per tree 
2. Less than 1 gall per shoot 
3. 1-2 galls per shoot 
4. 2-3 galls per shoot 
5. 4 or more galls per shoot 

A bud break rating was developed: 

1. Swelling, leaf tips visible 
2. Leaf tips reaching tip of bud, still folded and close in 
3. Leaves beyond tip and extending to sides, but still folded 
4. Leaves extending and unfolding 
5. Two leaves unfolded, third folded or unfolding 
6. Three leaves expanded, fourth folded or unfolding 

All trees were rated when the latest trees were at stage 1. 

In a second experiment to study the effect of phenology on 

infestation, a highly susceptible cultivar, 'Daviana', was used. 

Potted trees were subjected to three temperature treatments in order 

to alter the season of bud break. Fifteen trees were held in a cold 

room to delay bud break, 15 trees were left outside, and 15 trees 

were placed in a greenhouse for one week to accelerate their 

development before moving them outside. On 4 May all trees were 

taken to the field for natural infestation. Trees from cold storage 

were dormant, those left outside had three to four  leaves, and 

trees forced in the greenhouse had five to six leaves. Pots were 

placed in contact with severely infested young seedlings for seven 
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weeks, until mite migration was thought to be completed. On 9 June 

the potted trees were moved into a lath house until August when the 

number and position of galls were evaluated. Each tree was pruned 

to 10 shoots. 

Inoculations 

Seedlings planted in the greenhouse the fall of 1981 were 

inoculated in March 1982 by four different techniques; (1) dormant, 

gall-bearing shoots were cut from infested trees and placed in vials 

of water in the pots adjacent to seedlings, (2) a large gall was 

split almost in half and a seedling shoot tip was inserted into the 

incision, (3) galled shoots were bundled together in a bag of water 

and seedlings were tied in a bunch around the galled shoots, (4) 

galls were broken apart and shaken in water, and the resultant 

suspension was  sprayed onto the upper  leaves. 

In the field, bud mites were transferred by taping cut shoots 

with three to four galls onto 1 yr seedlings of two progenies 

('Tonda Gentile delle Langhe1 x 41-134 (#46) and 'Henneman #3' x 

'Negret* (#5058)) on 18 May and again on 25 May. In each progeny, 

50 trees were inoculated and 50 served as controls. Trees were 

evaluated in August for number of galls per shoot under 8 mm and 

over 9 mm and for number of galled shoot tips per tree. Based on 

Krantz's work (1974), it was presumed that galls under 8 mm were 

colonized predominantly by Phytoptus avellanae and those over 9 mm 

by Cecidophyopsis  vermiformis. 

Mite   penetration   into   buds   and   shoot   tips   was   studied   in   a 
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susceptible and in a resistant cultivar. Fifty emerging shoots of 

'Daviana' were allowed to re-infest themselves from existing galls. 

To insure adequate infestation on a resistant cultivar, 'Lansing', 

freshly cut galled shoots of a susceptible cultivar were attached to 

the base of each of 50 young shoots on 4, 11, and 25 May. Ten 

shoots were cut from each variety on 11, 18 and 25 May and 15 June, 

taken to  the  lab,   dissected,   and examined  for mites. 

Observations on bud and shoot tip structure 

In addition to the formal experiments, throughout the year 

observations were made on trees in the field and on cut shoots in 

the laboratory. Shoots were examined under a dissecting microscope 

to study plant structure, mite numbers, and their location and 

behavior. Buds were preserved in FAA, critical point dried, coated 

with a 60/40 gold/palladium alloy and examined and photographed with 

a  scanning  electron microscope. 

RESULTS 

Distribution of  galls 

Galls were not randomly distributed on shoots, but tended to 

fall within the same general region (nodes five to eight) depending 

on shoot length. Though single galls sometimes appeared on the 

shoots of less susceptible plants, with increasing susceptibility 

they occurred in succession on the shoots, in series of up to six or 

seven. In comparing three sibling seedlings with 11, 17 and 21% of 

the  buds  galled,   we  found  that  the more  susceptible  trees  had  a 
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greater range of nodes per shoot with galls, and for each nodal 

position had both a higher total and a higher percentage of galls 

(Fig. 2). 

Short shoots had fewer uninfested buds below the galled region 

because they arose from smaller, weaker buds on the basal part of 

the previous year's shoots. Longer shoots arose from larger, more 

distal buds which had a greater number of bud and leaf primordia. 

Also, these distal buds leafed out earlier than basal buds and 

continued growth longer until termination of canopy development by 

normal shoot tip abortion. 

The percentage of galls on shoots of varying lengths from four 

5-year old seedlings is given in Table 1. The percentage of nodes 

with galls was higher in the short and medium shoots (20%) than in 

the long (10%). Although long shoots appeared to have fewer galls 

because there were more uninfested buds beyond the galled region, 

the actual number of galls was about the same in all shoot lengths. 

Galls were concentrated at a lower nodal position in short shoots 

than in long shoots. Forty-seven out of 91 short shoots and 22 out 

of 80 medium shoots had galled apical buds, whereas only one of 49 

long shoots had a galled winter terminal. 

Vigorous shoots in juvenile trees or in the tops of mature 

trees continued to grow through the summer as compared to less 

vigorous shoots in which shoot tips aborted early. These long 

shoots continued to produce late leaves until growth ceased, at 

which time a condensed cluster of leaves called a winter terminal 

was formed. Rather than being protected by bud scales as are true 

terminal buds in many woody plants (Romberger,  1963),  these 
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terminals, some of which were galled, consisted of small overlapping 

leaves and stipules. The nodal position of axillary galls in 

vigorous shoots with galled winter terminal buds was similar to that 

in shoots whose tips aborted early. Distal to the galled region was 

a series of uninfested buds preceeding the galled winter terminal. 

Samples of mite populations were identified from 20 winter terminal 

galls; 92% were Phytoptus avel lanae and 8% Cecidophyopsis 

vermiformis. 

Relationship between phenology and  susceptibility  to big bud mite 

Since the correlation between date of bud break and 

susceptibility to big bud mite, as manifested by spring galls, was 

significant in only one of six progenies, it was concluded that no 

general   relationship  exists between these two factors (Table 2). 

In comparing the three periods of bud break in 'Daviana', there 

were slight differences in gall position on the shoots between the 

early, normal, and late leafing trees (Fig. 3). Normal trees had 

15% galled buds, late leafing trees had 12% galled, and early 

leafing trees had 11%. In the early treatment, the greatest 

frequency of galling was at the sixth to the ninth node from the 

base with the mean at node 7; in normal trees, at the fourth to 

eighth node, with the mean at node 6; and in the late treatment 

galls were distributed more equally from the first to the eighth 

node, with the mean at node 5. Thus, with increasingly later 

leafing, the galled buds shifted towards the base. In the normal 

leafing young   'Daviana'   trees,  gall  distribution was  similar  to  that 
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on shoots of mature trees measured the previous year. From nodes 

four (five in the young trees) to eight from the base, over 10% of 

the buds were galled and in both mature and young trees nodes six 

and seven had the highest frequency (25%) of galled buds (Fig. 4). 

Inoculations 

Greenhouse inoculations 

In greenhouse inoculation experiments, only two of the four 

techniques induced symptoms of mite colonization; placing galled 

shoots in vials of water adjacent to seedlings, and attaching split 

galls to the shoot tips. More shoot tips abscised with the second 

treatment as a result of mechanical damage from the inoculation 

technique rather than damage by mites. 

366 seedlings from 12 different progenies were inoculated and 

evaluated for symptoms of mite damage (Table 3). Twelve plants 

developed axillary galls (the typical winter field symptom), 20 

plants developed galled shoot tips (GST) and 17 had only leaf 

distortions (both symptoms observed in the field in summer only). 

Galled shoot tips were infested near the apical meristem, became 

swollen or galled in 5 to 8 weeks and then abscised 12 to 15 weeks 

after inoculation. In contrast to field observations, where mites 

were never found on exposed distorted leaves, in the greenhouse 

mites were sometimes seen on the young expanded leaves up to one 

month after the infested shoot tip abscised. Mites taken from four 

greenhouse GST's were all C. vermiformis. Two of the 12 axillary 

galls colonized in the greenhouse persisted overwinter when plants 
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were moved to the field.  These buds may be examples of successful 

colonization by P. avellanae. 

The parental midpoint of field bud mite ratings (based on 

spring big buds) was compared to the percentage of trees of each 

cross which developed GST symptoms. Though cross #39 with the 

highest parental midpoint of 4.5 also had the highest percentage of 

GST's (43%), and other progenies with parental midpoints of 1-2 had 

a lower percentage infested (20%), the numbers of trees within 

progenies were too small to be conclusive about a relationship 

between expected susceptibility and that expressed by GST symptoms. 

Field inoculations 

Inoculated trees did not develop more galls than the controls. 

However, other information was obtained from the evaluation of 

symptoms on these two progenies. Though both progenies had the same 

number of galls per shoot (about 1.5), #5058 had a higher proportion 

of galls over 9 mm, presumed to be 'summer big buds' inhabited by C. 

vermiformis (24% compared to 13% on #46). #5058 also had a much 

higher percentage of trees with galled shoot tips, 63% compared to 

18% for #46. A significant negative correlation (r=-.2124, p=0.05) 

was found between summer big buds and spring big buds in cross 

#5058. A highly significant positive correlation (r=.5999, p=0.001) 

was found between galls >9  mm and galled shoot tips. 

Lansing/Daviana inoculation 

Following inoculation of 40 'Lansing' and 40 'Daviana' shoots, 

the number and location of mites were recorded on 10 shoots each for 
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four successive dates. For each date on each cultivar, the number 

and percentage of mites in each location is given (Table 4). 

Overall, there were 16 times more mites on 'Daviana' (2026) than 

'Lansing' (126). At all observation dates, mites were found well 

within axillary buds and on the apical meristem of 'Daviana', but 

never in 'Lansing'. 

On the first observation (11 May) in 'Daviana', of the total of 

173 mites, though the majority (68%) were found on exposed stems, 

leaves, and stipules, 8% were in exposed axillary buds and 24% were 

within the enclosed shoot tips, including 2% in axillary meristems 

and 1% on an apical meristem. By contrast, all the 41 mites found 

on 'Lansing* were external. 

On 18 May, there were more mites on both cultivars, and a 

higher percentage of those seen were internal. On 'Daviana1, only 

44% of the 822 mites were on the shoot exterior, 27% were in exposed 

axillary buds and 29% were in the shoot tips, including 5% in 

axillary buds and 1% on the apical meristem. On 'Lansing', 

however, a total of only 64 mites were found, with 83% on the shoot 

exterior, 2% (one mite under the outermost of several scales) in one 

axillary bud, and 16% in the outer stipules of shoot tips. 

By the third observation on 25 May, both the number and 

percentage of mites on the exposed stem had decreased on each 

cultivar. On 'Daviana' only 5% of the 709 mites were on the shoot 

exterior, while most of the mites (74%) were in exposed axillary 

buds. The remainder were in the shoot tips, with 8% in axillary 

meristems and 4% on apical meristems. Twenty—nine percent of the 21 
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mites on 'Lansing' were on the shoot exterior, with 71% in the outer 

stipules of the shoot tips. 

On 15 June, as on 25 May, few mites (5% out of 322) were found 

on the shoot exterior of 'Daviana', while the vast majority (93%) 

were in exposed axillary buds. The remaining 2% were found on 

apical meristems. No mites were found on 'Lansing' at this date, 

three weeks after the final inoculation, and no galls were 

subsequently found on inoculated 'Lansing' shoots (normally 

uninoculated 'Lansing' trees do not have galls, while 'Daviana' is 

usually quite heavily galled). 

Observations on bud and shoot tip structure 

A dormant bud is covered with thick, waxy bud scales at the 

basal half and by the tips of stipules on the distal half. Within 

the bud, each pair of stipules subtends and surrounds a young leaf 

and the successively younger leaf primordia. At this stage, the 

stipules are longer than the young leaves and extend well beyond 

them and the apical meristem. A series of overlapping stipules thus 

forms the exterior, protective cover for the meristematic region 

within the dormant bud. 

As buds break in spring the (five to eight) preformed leaves 

and axillary buds are the first to emerge followed by internodal 

elongation and a succession of leaves initiated in the current 

season (late leaves). Though the stipules surrounding the dormant 

bud  are thick and waxy, the stipules which temporarily enclose the 

growing shoot tip as the late leaves develop are thin, broad, and 

leafy, with lobing at the base of each stipule which overlaps the 
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internode above. While the tips of vertical shoots are nearly 

symmetrical, most shoots extend laterally and have a distinct upper 

and lower side (Fig. 5A). Within the shoot tip, the adaxial surface 

of the leaves folds inward. The upper stipule, which covers the 

two edges of the folded leaf, is broader than the lower stipule, 

which covers the narrower midrib. Within the shoot tip (Fig. 5B), 

each stipule is initially longer than its leaf, but subsequently the 

leaf expands and elongates, pushing beyond its stipules and emerging 

from the shoot tip. At the base of an expanded leaf the stipules, 

now quite small by comparison, adhere for a short time, affording 

some protection to the young axillary bud, but soon abscise. 

A new bud develops within the shoot tip in the axil of a 

primordial leaf two or three nodes below the apical meristem. It 

begins as a meristematic cone which forms successively two pairs of 

bud scales followed by a series of leaf primordia, each with a 

secondary axillary meristem and a pair of stipules. As this bud 

emerges from the shoot tip due to internodal elongation, its 

meristem is tightly covered by these bud scales and stipules. 

Because it was initially thought that mites might enter 

axillary buds which were exposed below the shoot tip, recently 

emerged buds of resistant and susceptible cultivars were dissected 

in late April and early May, revealing mites in meristematic regions 

of the buds of susceptible cultivars (Fig. 6). Buds were then 

examined with a scanning electron microscope for differences in 

structure and pubescence. The bud scales of 'Daviana' (Fig. 7A) 

were the most pubescent while 'Compton' (Fig. 7B), an equally 
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susceptible cultivar, was quite smooth, with hairs only at the edges 

of bud scales. Of two resistant cultivars, 'Barcelona' was about 

as smooth as 'Compton', and 'Montebello' was intermediate in 

pubescence. There was no correlation between pubescence of bud 

scale surface and resistance, and no other structures were revealed 

which might affect eriophyoids, nor did the overlapping scales of 

susceptible buds appear to be more 'loose' than resistant buds in 

this  or  in dissecting microscope  observations. 

On susceptible cultivars during the mite migration period, 

young axillary bud primordia appeared to be colonized while still 

within the shoot tip. The meristem of the most basal bud within the 

shoot tip, with two to four scales, was usually infested and 

deformed. The next bud from the base, with two scales, also often 

had mites on the bud meristem only. The subtending leaves of the 

first few nodes were fully differentiated and thickly covered with 

hairs which probably prevented feeding (mite's stylets are only 15- 

40 jam long; Larew, 1982). From the third bud, which often had no 

bud scales, to the youngest nodes where axillary meristems had not 

yet differentiated, mites were often present in the axils of leaves 

where space permitted. Though these youngest developing leaves were 

less pubescent, the inside fold became filled with simple 

unicellular hairs on the adaxial surface of the leaf, and in each 

leaf axil club-shaped glandular hairs protruded from the base of the 

stipule. When mites penetrated the apical region, they appeared to 

feed on the glabrous, fleshy leaf primordia and stipules and the 

apical meristem itself. When their numbers were large enough, 

leaves and stipules were distorted and sometimes apical meristem 
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growth was stunted. 

DISCUSSION 

Distribution of galls 

It is apparent from their distribution on shoots that galls are 

not usually formed in basal buds that are preformed within the 

dormant bud, but that they are formed only in the buds that are 

initiated just before or during the mite migration period. Since 

mite invasion of buds follows the unfolding of the shoot tip 

closely, the buds likely to be infested fall in the same general 

nodal region regardless of shoot length. The series of uninfested 

buds which generally follows the galled region on longer shoots may 

be explained, as Pesante (1961) suggested, by the fact that they are 

formed after mites cease migration. This explanation is supported 

by the fact that Phytoptus avellanae goes into a resting stage after 

migration, resuming activity later in summer (Krantz, 1974) when 

most shoot growth has ceased. 

The occurrence of galled winter terminal buds following a 

series of healthy buds is evidence of resumption of mite activity in 

infested shoot tips that do not abort early. Since there is no 

evidence of P. avellanae migration in late summer, it is assumed 

that the mites have been carried passively within the shoot tip 

without galling buds that were formed during the mites' resting 

stage. A single gravid female could give rise to an entire colony 

of eriophyoids (Mani, 1964). 

Mites can enter and colonize some buds of all but the most 



26 

resistant trees. When there is more than one gall per shoot, the 

infested buds always fall in a series, and with greater 

susceptibility, there tend to be increasingly more galls in the 

series. More buds appear to be vulnerable to invasion during the 

mite migration period in a susceptible plant. The successively 

younger leaves and stipules of the shoot tip overlap and enclose 

each other, making the apical meristem the least accessible part. 

Mites are rarely found deep within these overlapping stipules and 

leaves in resistant cultivars. If, as our observations suggest, the 

mites first enter between the outermost stipules of the shoot tip, 

and can most easily enter the the youngest axillary buds, it appears 

that with increasing susceptibility it is easier for them to 

penetrate toward the apical region; thus giving rise to more galls. 

Conversely, mites on the more resistant cultivars must somehow be 

prevented from approaching these axillary buds without scales; but 

no comparison was made between the relative tightness of the shoot 

tips of the two cultivars studied. A detailed structural comparison 

should be made of shoot tips of cultivars with varying levels of 

susceptibility to determine whether this could be a basis for 

resistance. 

Relationship between phenology and  susceptibility  to big bud mite 

Because of the close synchronization between mite migration and 

shoot development, the time of bud break, growth rate, or growth 

habit may affect the number of buds available for colonization. 

Pesante   (1961)   mentioned   that   some  authors   associated  bud  mite 



27 

susceptibility with precocious leafing, but our results did not 

substantiate this relationship. In only one out of six progenies 

examined was there a significant correlation between date of bud 

break and big bud mite susceptibility. 

The location of galled buds in 'Daviana' trees experimentally 

induced to leaf out at three different periods varied because mites 

enter young axillary buds only during a vulnerable stage in their 

development, a 'window' which shifts distally as shoot elongation 

progresses, and which may vary in breadth depending on rate of 

growth. 

Smith (1967) suggested that the growth rate of shoots of black 

currant varieties may affect the nvunber of vulnerable buds exposed 

to mites during migration. Thus, growth rate may be correlated with 

susceptibility, interrelating with such things as time of bud break, 

time of shoot tip abortion, and perhaps characteristics of form and 

plant chemistry. One selection, F-4, was an example of evasion of 

mite infestation by a combination of low vigor and early leafing. 

It had been noted that the breeding behavior of this selection was 

inconsistent with its phenotype; although it had been rated 

resistant due to its having very few galls, its progenies were 

consistently highly susceptible. Closer observations of the mature 

tree indicated that it had evaded infestation because of very early 

leafing and low vigor with consequently early shoot tip abortion. 

These short shoots, thus, consisted almost entirely of the 'immune' 

basal buds. If vigorous shoots were stimulated, it would be 

expected that F-4 would form many galls and thus express its 

inherent susceptibility. Another example of growth habit influencing 
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amount of galls formed was found by Thresh (1967), working with bud 

mite of black currant, who pointed out that an individual plant with 

a bushy growth habit, producing many short shoots instead of a few 

long ones, presented a larger 'catchment area' for mites and would 

thus exhibit greater infestations. 

Inoculations 

Greenhouse inoculations 

This experiment proved to be a better test of inoculation 

techniques than of variation in genetic susceptibility of seedlings, 

although the progeny with the highest parental midpoint rating did 

have the highest percentage of trees affected. However, too few 

plants exhibited symptoms of mite infestation, and since these were 

young seedlings whose genetic response to mites was unknown, it was 

not possible to determine whether uninfested plants were resistant 

or had escaped infestation. 

The unexpected shoot and leaf distortion symptoms seen on 

inoculated plants in the greenhouse may or may not be correlated 

with susceptibility to P^ avellanae in the field, since the plants 

were inoculated with both species and only C^ vermiformis was 

recovered from galled shoot tips. The appearance of these leaf and 

shoot symptoms under greenhouse conditions made possible the 

realization that similar symptoms observed previously in the field 

were caused by eriophyoid mites rather than by herbicide drift, as 

had been thought. Closer study of these greenhouse-inoculated 

plants also supported the conclusion that the point of mite entry 
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into axillary buds is within the shoot tip before buds are covered 

with   scales. 

Mites remaining on distorted leaf, stipule and bud tissue after 

leaves expanded and after the bud and shoot tip galls abscised were 

sometimes able to survive in the greenhouse environment. Massee 

(1930) reported finding C^ vermiformis 'upon the leaves, producing 

abnormal hairs on the undersurface,' and other reports exist in the 

literature of one or both species living free on the leaves for a 

time  in the  field,   but we have not  seen this. 

In order to determine if there is a correlation between 

greenhouse symptoms and susceptibility to P. avellanae in the field, 

these greenhouse inoculated seedlings must be evaluated after four 

to five years, when trees normally express their full degree of 

susceptibility. If a correlation existed, it would be possible to 

screen for this pest at an early stage in the greenhouse, thus 

avoiding the time and labor currently required to evaluate 

progenies  in the field. 

Field  inoculations 

The natural inoculum was so high in the field that one year 

control trees were infested as much as inoculated trees. Normally 

the amount of infestation in the first year is fairly light, and 

increases every year up to the fourth or fifth year. This 

occasional high level of natural inoculum indicates that controlled 

field inoculations to induce early symptoms are not warranted. 

The high correlation between  large galls,   presumed to be C. 
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vermiformis, and galled shoot tips, together with the predominance 

of C-_ vermif ormis on shoot tips in the greenhouse, suggest this 

species as the causative organism for both of these symptoms. 

Lansing/Daviana inoculation 

A great difference was found in the numbers of mites on each 

cultivar. The low numbers of mites on 'Lansing' may have been due 

partly to the insufficient inoculum or in part to poor survival on 

this highly resistant cultivar. Since a few mites were found within 

'Lansing' shoot tips it seems probable that mites could enter 

axillary buds occasionally, but the fact that they were never found 

on the meristems of axillary buds or in the apical region suggests a 

physical or chemical barrier to feeding or colonization. The 

location of mites on 'Daviana' on successive observations showed a 

progression from the exterior plant parts into the shoot tip and 

axillary buds. The prevalence of abundant mites throughout 

'Daviana' shoot tips and in primordial buds supports the conclusion 

that the shoot tip is the point of entry. 

Observations on bud and shoot structure 

Attraction patterns on resistant plants seem to be the same as 

on susceptible plants. Mites are probably not attracted to one tree 

over another, because they are disseminated by wind and if they 

happen to land on Corylus, must either colonize that plant or risk 

death. Pesante (1961) disputed Nalepa's (1909) opinion that mites 

are stimulated to leave old galls by a positive heliotropism which 

diminishes during the course of migration and disappears when the 
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mites have penetrated the new bud. Pesante suggested that mites 

were attracted to the youngest parts of the shoot (the shoot apex) 

by secretions from glandular hairs which dry out further down on the 

shoot. Vidal-Barraquer, de Sivatte, Moreno de Mora & Miguel (1966) 

questioned whether the mites were that sensitive to smell. Mites 

were found in the same places on the exterior parts of susceptible 

and resistant plants, attemping to shelter themselves in tight 

folds and protected spaces in the axils of leaves and the shoot tip. 

This suggests that there is no chemical barrier or attractant, and 

no physical deterrent, up to the point of entry into buds or shoot 

tips. 

Thompson (1958) claimed that bud mite damage was most severe in 

loose budded varieties, but in our study no evidence was found for a 

relationship between looseness of bud scales and susceptibility. The 

relative tightness of bud scales may be unimportant, as mites 

usually do not enter buds with well developed scales, but at an 

earlier stage. However, mites within young buds of susceptible 

cultivars can cause the scales to appear loose. 

Our research suggested that the point of entry was the growing 

shoot tip, and that mites are carried passively as the shoot 

elongates and gain access to a succession of newly formed, 

unprotected bud primordia. Mites which enter between young leaves 

and stipules which have developed protective hairs and are no 

longer meristematic, feed only on the axillary meristem, giving rise 

to galled buds with normal leaves. Those which penetrate into the 

apical    meristem    and    feed    on    the   meristem   and    the    glabrous. 
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differentiating leaf primordia can cause the leaf and shoot 

distortion symptoms commonly seen by midsummer on vigorous shoots. 

The spaces between young leaves and stipules in the shoot tip 

appear to be the point of entry for mites. The accessibility of the 

apical and axillary meristems may have an effect on host plant 

resistance to eriophyoids. Ease of access may be influenced by the 

proximity of the apical meristem to the distal end of the shoot tip, 

the relative length of leaves and stipules and their spatial 

relationships, and the nature and abundance of leaf and stipule 

pubescence, including the glandular hairs. The shoot tip, in 

addition to the exposed axillary buds, needs to be examined in 

greater detail to see differences between susceptible and resistant 

plants. 

Acknowledgements are made to Dr. G.W. Krantz for his help and 

advice, to Dr. J. Miller, Mr. D.T. Ehrensing, and Mr. A. Soeldner 

for the S.E.M. micrographs. 
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TABLE III.l. Percentage of nodes galled on shoots of varying lengths 

Clone Number of shoots  Shoot length (cm) 

0-29   30-49    50 +       Average 

107-02 63 35 29 9 21 
108-33 67 21 22 11 17 
108-15 45 16 22 10 16 
107-13 45 9 13 8 11 

Avg. of seedlings      20      21      10 17 
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TABLE    III.2.    Correlation   between   date   of    leafing   out   and 

susceptibility to big bud mite in six progenies (spring galls) 

Progeny r Significance   df 

Barcelona x Daviana -.038 
Barcelona x Butler +.048 
Henneman #3 x Lansing +.070 
Lansing x 15-131 +.047 
Riccia di Tal. x 18-114 +.146 
Riccia di Tal. x 12-23 +.285 

n.s. 34 
n.s. 66 
n.s. 114 
n.s. 60 
n.s. 55 
5.0% 74 
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TABLE   III.3.    Number   of    trees   with   various   bud   mite   symptoms 

following greenhouse inoculations 

Treatment       Galled Gall only    Leaf  only    Abscised    #  Inoculated 
Shoot  tip Shoot  tip 

1 16 4 6 11 87 
2 3 0 8 27 110 
3 0 0 2 4 85 
4 1 0 1 9 84 
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TABLE III.4. Numbers and percentage of mites at relative positions 

in 1^ young 'Daviana' and 'Lansing' shoots at four successive dates 

following inoculations 

Exposed below shoot tip   Enclosed within shoot tip  Total 

Leaf    Axillary  Apical 
axillary primordia  meristem meristem 

and stipules 

Shoot Withii 
exterior axilla 

buds 
11 May 
Daviana 
# mites 117 14 
# infested 10 10 
% mites 68% 8% 

Lansing 
# mites 41 0 
// infested 7 0 
% mites 100% 0 

18  May 
Daviana 
# mites 363 223 
# infested 10 8 
% mites 44% 27% 

Lansing 
if  mites 53 1 
# infested 10 1 
% mites 83% 2% 

25  May * 
Daviana 
# mites 35 524 
# infested 9 9 
% mites 5% 74% 

Lansing 
# mites 6 0 
# infested 3 0 
% mites 29% 0 

15  June ** 
Daviana 
# mites 16 300 
# infested 2 8 
% mites 5% 93% 

Lansing 
# mites 0 0 
# infested 0 0 
% mites 

Totals 
Daviana  531 1061 
Lansing  100 1 

38 
8 

22% 

0 
0 
0 

187 
9 

23% 

10 
5 

16% 

61 
9 
9% 

15 
3 

71% 

0 
0 
0 

0 
0 

286 
25 

3 
2 
2% 

0 
0 
0 

41 
7 
5% 

0 
0 
0 

59 
8 

0 
0 
0 

0 
0 
0 

0 
0 

103 
0 

1 
1 
1% 

173 

0 
0 
0 

41 

8 
3 
1% 

822 

0 
0 
0 

64 

0 
3 
4% 

709 

0 
0 
0 

21 

6 
2 
2% 

322 

0 
0 

0 

45 
0 

2026 
126 

*1 out of 10,**7 out of 10 shoot tips of each cultivar had aborted 
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Figure III.l. Phytoptus avellanae (scanning electron micrograph, 

650X). 
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Figure III.2. Distribution of galls on shoots of hazelnut seedlings. 
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Figure III.3. Relationship between phenology and susceptibility to 
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Figure III.4. Distribution of galls on shoots of 'Daviana!. 



41 

Figure III.5. Diagram of shoot tip (A) Cross section (B) 

Longitudinal view with front stipules (s') removed (b=bud, l=leaf, 

s=stipule,   a=apical  meristem). 
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Figure III.6. Dissection of young 'Compton' galled axillary bud with 

Phytoptus avellanae on glabrous leaf and stipule primordia (scanning 

electron micrograph, SOX)• 
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Figure   III.7.    Scanning   electron   micrographs   of   axillary   buds 

collected  12 May,   1981,   70X  (A)   'Daviana'   (B)   'Compton'. 
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CHAPTER IV 

SHOOT AND LEAF DISTORTION IN HAZELNUT 

CAUSED BY BUD GALL MITES 

Jean E. Burgess and Maxine M. Thompson* 

Department of Horticulture 

Oregon State University, Corvallis, OR 97331 

Additional index words. Corylus avellana L., filbert, Phytoptus 

avellanae, Cecidophyopsis vermiformis, eriophyoid mites, galling 

Abstract. In addition to causing the typical axillary bud galls seen 

in hazelnut (Corylus avellana L.), the "big bud mites", Phytoptus 

avellanae Nal. and Cecldophy ops i s vermiformis Nal. (Eriophyoldea) 

were found to be associated with leaf and shoot distortions. 

One of the objectives of the hazelnut (filbert) breeding 

program at Oregon State University is selection for a high level of 

resistance to "big bud mite", a serious pest in many cultivars (9). 

The common "big buds" are axillary bud galls consisting of deformed 

scales and young leaves covered with enations, and occupied by 

hundreds of eriophyoid mites. Phytoptus avellanae Nal. causes these 

bud galls which abscise in the spring, a year following their 

infestation. Cecidophyopsis vermiformis Nal. has been considered to 

be an inquiline in the galls of P. avel lanae, but is thought to be 

*Our thanks to Dr. G.W. Krantz for his advice and guidance. 
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responsible for "summer bud galls" which abscise in the same season 

they are colonized (1). 

Mite migration begins in spring when old axillary bud galls 

deteriorate and blast open, and new shoots become available for 

infestation (1). Mites enter the young bud primordia when they are 

protected by only one or two bud scales (6, 12). Shoot tips in 

Corylus normally abort by early summer (8), but when growth is 

vigorous shoots may continue to extend until late summer, long after 

the mites have ceased to colonize young axillary buds. 

Distortion of developing leaves and shoots by P. avellanae was 

described by Kiister in 1911 (2). Pesante (5), who believed that 

shoots and leaves could not be altered by the action of P. 

avellanae, thought Kiister had described the exceptional case of 

shoots which emerge directly from galls (Fig.l). Pesante described 

these shoots as being weak and as showing deformities in the leaves, 

but did not observe the deep lobing and laciniate margins described 

by Kiister. Both Kiister and Pesante mentioned that a galled bud with 

an undamaged growing point may grow into a shoot in spring, first 

exposing deformed rudimentary leaves between pairs of enlarged 

stipules. 

Either one or both hazelnut bud mite species may be responsible 

for leaf abnormalities. Kiister stated that C^ vermiformis produced 

curled leaves while Massee (4) noted that this species produced 

abnormal hairs on the underside of leaves. Pesante mentioned that 

C. vermiformis may be responsible for nanism, deformities, and 

foliar erinea.  Mani (3) claimed that the mite gave rise to a 

crinkle gall on C. avellana. This paper describes shoot and leaf 
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distortion caused by eriophyoid bud mites. 

Symptoms of mite damage on hazelnut seedlings were observed in 

a greenhouse and in the field throughout the growing season. 

Infested shoots were examined under a dissecting microscope and 

affected parts were photographed and preserved. Eriophyoid mites 

were taken from galls, mounted in Hoyer's solution, and identified 

under a light microscope at 250x. 

Malformed shoots and leaves were first observed in a population 

of seedling trees of a hazelnut breeding program (Fig. 2). Symptoms 

were very severe on many trees of a particular progeny. Because the 

malformed leaves superficially resembled herbicide damage, it was 

at first assumed that spray drift was the causative agent. However, 

subsequent investigations concerned with host plant resistance to 

big bud mite revealed the relationship between mites and this 

aberrant growth. Although the severely affected progeny first 

observed was highly susceptible to P^ avellanae, individuals with 

many axillary galls did not necessarily exhibit leaf and shoot 

deformities. 

The first evidence of shoot infestation was seen in dissected 

shoot tips collected from expanded shoots in May. The leaf 

primordia and stipules near the shoot apex, which are normally 

green, glabrous, and succulent, had become reddish or yellow-green 

and deformed in infested tips. At this time, eriophyoid mites were 

found throughout the shoot tip, near the apical meristem, on young 

leaves and leaf primordia and axillary bud primordia. The lower 

portion (3-6 nodes) of the shoot, preformed within the dormant bud. 
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developed normally and mites colonized the axillary buds of nodes 5- 

8 (approximately). In infested shoot tips, the young leaves and 

stipules became hairier and thicker than normal, terminal internodes 

were stunted, and leaves remained very small while stipules 

enlarged, altogether giving the appearance of a rosette (Fig. 3). In 

late May or early June, most of the infested shoot tips aborted as 

is usual with healthy tips,  and  the remaining  shoot appeared normal. 

Subsequent appearance of malformed shoots and leaves occurred 

only when an infested shoot tip continued growth into June and July. 

Alternative patterns of distorted leaves with healthy buds appeared 

distal to a series of axillary bud galls with normal leaves: (1) 

slight distortion of a few leaves, followed by normal leaves and a 

shoot tip devoid of mites (2) distortion of many leaves in a series 

extending to an infested shoot tip (3) all normal leaves with shoot 

terminating in a gall (a rounded structure shaped like a small 

cabbage head with overlapping, enated abnormal stipules and leaves) 

densely inhabited by mites (Fig. 4). In some shoots with terminal 

galls, axillary buds were released and formed lateral shoots. Where 

these axillaries were already infested, subsequent shoots also had 

shoot and   leaf  deformities. 

Different types of leaf abnormalities were observed. Leaves 

that remained very small either resembled stipules in form, texture, 

or color, were spatulate with erratic marginal growth, or were 

cupped convexly and pale, and often abscised early. Others grew 

larger   but   were   laciniate,    asymmetrical,    or   deeply   wrinkled. 

Distortions were more severe with higher mite populations, and when 

very   severe,   internodes   failed   to   elongate  and  nodes  were   joined   in 
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a tight spiral by a common stipule between each successive leaf 

petiole. Usually, distorted leaves dropped off in autumn, leaving 

only internodal stunting or spiralling as signs of the disorder. 

However, occasionally a dead shoot tip gall remained on a dried, 

recurved stem. 

The same kinds of deformities were seen also in the early 

leaves of shoots which sometimes emerged from lateral buds at the 

bases of galls or from their undamaged apical meristems. Most of 

the axillary buds of these shoots were infested, as well as the 

shoot tip, which generally aborted early. 

Although no mites were found on the exposed distorted leaves 

collected from the field, mites were found in all galled shoot tips. 

In the samples collected from May 18 to July 1, only P. avellanae 

was present, whereas in those collected after July 1, both P. 

avellanae and C^ vermiformis were found. 

In the greenhouse, similar leaf and shoot symptoms were 

obtained in seedlings that were inoculated with both mite species. 

After 3 months, only C^ vermiformis was found on the distorted 

leaves and in galled shoot tips. P. avellanae was found in axillary 

galls, which in the greenhouse occurred much less frequently than 

galled shoot tips. 

One or both of the hazelnut bud mite species may be involved in 

the development of the leaf and shoot symptoms described above. 

Field samples of galled shoot tips taken in July often had high 

proportions of C^ vermiformis, but also a small percentage of P. 

avellanae which could have initiated the gall formation at an 
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earlier stage. In the greenhouse, only C^ vermiformis was recovered 

from galled shoot tips and exposed distorted leaves. Again, it can 

not be concluded that they are the sole causative agent; they may 

simply survive better under greenhouse conditions. Two of the 

greenhouse inoculated plants retained axillary galls until the 

following spring, so a few P. avellanae also survived. 

Other Cecidophyopsis species are known as primary gall formers. 

Thresh (10,11) and Proeseler (7) reported malformation of black 

currant leaves caused by C^ ribis, which normally causes axillary 

bud galls. Because C^ ribis is known to transmit reversion virus, 

which causes similar leaf symptoms, the mite-induced leaf symptoms 

were originally thought to be caused by this virus. As in the 

present study with hazelnut. Thresh discovered mites feeding among 

the leaf primordia within the shoot tips of distorted black currant 

shoots. 

When mites feed upon the very young meristematic leaves and 

scales in dormant axillary buds, these tissues eventually become 

thickened and scale-like, develop enations and do not subsequently 

expand when growth commences in spring. When, however, the mites 

feed within actively growing shoot tips, unless the numbers of mites 

are overwhelming, the cecidogenetic action may be overcome as shoots 

elongate and leaves expand, although they may be deformed. 

Hazelnut seedlings showed a genetically variable response to 

bud mites; some had no symptoms, some formed only axillary bud 

galls, and others had shoot and leaf deformities as well as axillary 

galls. In all cases where shoot tips appeared distorted, mites were 

present, whereas those that appeared normal had no mites. 
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In our breeding program, strong selection pressure has been 

applied against susceptibility to P. avellanae, manifested by spring 

bud galls and evaluated in winter. If the tendency of a plant to 

form spring bud galls is found to be correlated with the leaf and 

shoot distortion response, this symptom could be used to eliminate 

susceptible seedlings in summer, six months earlier. However, if 

leaf and shoot distortion is not correlated with the presence of 

spring bud galls, as limited data suggested, but in itself has an 

adverse effect on yield, it would also be important to select 

against this response. 
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Figure IV.1. Distorted shoot emerging from base of gall. 
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Figure IV.2. Distortion of shoot and leaves caused by bud gall 

mites. 
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Figure IV.3. Early symptoms of leaf and shoot tip distortion. 

Figure IV.4. Galled shoot tip. 
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APPENDIX I 

EFFECT  OF  BUD MITES  ON CORYLUS  FLOWERS 

There is some disagreement as to the degree of infestation of 

flower buds by bud mites and consequent yield reduction. Theobald 

(1909) believed that only the leaf buds were attacked. Massee 

(1930) observed female flowers emerging at the base of galls and 

thought catkins could be  affected as well. 

Catkin distortion is quite often attributed to Phytoptus 

avellanae (Massee, 1930, Thompson, 1930), and is said to be 

especially common on 'Barcelona'. According to Thompson, the 

catkins "are distorted, becoming very rigid and brittle, and produce 

little or no pollen." Swanton (1912) made an early report of 

galling of male catkins. Darlington (1968) thought catkins were more 

frequently colonized by P^ avellanae than were young buds. Pesante 

(1961) cited conflicting opinions as to the organism responsible for 

galled catkins. Gall midges were also suggested as the causative 

organism; Cecidomyia squamicula Steb., by Felt (1940), and 

Contarinia  corylina  by  Mani  (1964). 

Pesante (1961) pointed out that "because the mite profoundly 

alters the structure of the bud in precocious stages of development 

it is possible that this obstructs the formation of each rudiment of 

the floral structure." He felt that this was true of female as well 

as male  inflorescences. 

In some cultivars a high percentage of galled buds have 

pistillate   clusters   at   the   base   or   emerging   from   an   undamaged 
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meristem within the gall. Pesante pointed out that these 

reproductive buds arising from galls sometimes develop into shoots 

with normal fruits. Some farmers have taken the presence of female 

flower clusters at the base of a gall as a sign of a good crop 

(Pesante, Vidal-Barraquer et al., 1966), though Pesante did not note 

a more luxuriant growth in compensation for the loss of some galled 

buds. Vidal-Barraquer et al. thought that these galls which had 

pistillate clusters at the base were actually deformed, mite- 

infested catkins, since these organs often have vegetative buds and 

pistillate clusters on their peduncles. 

Observations were made to establish the validity of some of 

these claims, and an experiment was performed to determine if 

cultivars which form pistillate flower clusters at gall bases can 

thereby compensate  for galling. 

MATERIALS AND METHODS 

Flowering parts thought to be affected by mites were examined 

in the field and laboratory throughout the year. Plant tissue 

distortions, the organs involved, and the presence or absence of 

mites  were   noted and described. 

Percentage  nut   set   from  uninfested   female   flower  clusters  and 

from clusters  associated with galls was  compared on a  10  year     old 

tree of a highly  susceptible  cultivar,   'McKinney's Early'. 

The flower types from healthy buds included solitary pistillate 

clusters on shoots and multiple pistillate clusters on catkin 

peduncles. Flower types associated with galls included pistillate 

clusters  from secondary buds at  the base of galls,     clusters from 
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secondary buds where the central gall had apparently abscised, 

a pistillate cluster in the center of a gall, and pistillate 

clusters with both a male catkin and a gall at the same node. 

RESULTS AND DISCUSSION 

The bracts of male catkins may in some instances harbor mites 

(Fig. 1). One C^ cornuta Marsh, selection, #10, had many mite- 

infested catkins with deformed scales, covered with enations and 

mite eggs. Some catkins had been forced to branch below stunted 

tips, so it can be assumed that they were attacked while still 

growing. 

More common was the occurrence of galls in vegetative buds on 

catkin peduncles. When the galled stipules enveloped the base of 

the catkin, it was often delayed in dehiscence and often harbored 

live mites, but catkin bracts were not distorted. When an individual 

catkin out of a cluster emerged proximal to a galled scale its 

dehiscence was not retarded. A gall at the base of a catkin must be 

the result of mites penetrating a new axillary bud only within the 

outer scales, while the meristem is left free to initiate male 

flowers. 

Distorted catkins of the kind pictured by Massee (1930) and 

Thompson (1958) (Fig.2) are found more on certain cultivars in 

certain years. They were found and examined at early stages on the 

varieties 'Tombul Ghiaghli*, "Extra Ghiaghli', 'Tonda Gentile delle 

Langhe1, 'Tonda di Giffoni', and 'Tonda Romana'. Individual catkin 

bracts were unusually large and of a consistent form, in contrast to 
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the   amorphous   deformities   and   enations   found   in  eriophyoid  bud 

galls.     In none of these was any organism found,   but all  displayed a 

mixture of male and  female  floral  parts;   styles were found emerging 

from within  the  elongated   catkin bracts.     This   suggests   a  hormonal 

imbalance  rather  than insect damage. 

According to my observations, the lateral buds at the base of 

an axillary bud gall are not adventitious, as stated by Pesante, nor 

do they originate from the peduncle of a catkin which has become 

galled, as Vidal-Barraquer et al. believe; rather, they are the 

secondary buds which always occur at the base of each axillary bud 

within the bud scales. They are formed within the axillary buds 

before flowers differentiate, and are released to grow when the main 

axis is stunted by the action of mites. Kelley (1980) found that 

multiple budding could be induced by treatment with GA3, but 

normally the secondary buds did not  develop. 

When mites penetrate to the floral meristem of a 

differentiating catkin and feed upon the initials, the bracts of the 

mature catkin may be distorted. When mites penetrate only the 

outer scales of an early catkin bud and colonize the secondary buds 

in the axils of these stipules, galls develop on the maturing catkin 

peduncle. 

In the 'McKinney's Early' experiment, although there were 

slightly more flower clusters per node in gall-associated flowers 

(1.3) than in uninfested flowers (1.1), the % nut cluster set/node 

was  nearly  the  same (69%  vs.   71%  for normal   clusters)   (Table   1). 

'McKinney's Early'   is extremely susceptible to bud mite, yet two 

trees   (up   to  8  years   of   age)   have  regularly  had  good  or  heavy   crops. 
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Apparently this cultivar can compensate for galling of primary buds 

by the survival and functioning of secondary reproductive buds at 

their bases. Because the tendency of this cultivar to initiate 

female flowers at galled nodes has not been quantified, it is not 

possible to draw conclusions about the overall effect of big bud 

mite on yield. However, it appears that loss of galled buds may not 

always  result  in serious yield  reductions. 

Planes et al. (1965) estimated that bud mite causes a yield 

reduction of 20% (it is assumed that they referred to the Spanish 

cultivar 'Negret'), but little information is documented on the 

actual reduction in yield caused by big bud mites. A more intensive 

study of cultivars with varying percentages of flowers on galls, and 

the ability of these flowers to function, is needed to determine the 

potential of this compensation mechanism to minimize reduction in 

yield. 
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APPENDIX I TABLE 1. Effect of galling of pistillate flower clusters 

on nut set 

Normal pistillate flowers    Pistillate clusters 
associated with galls 

No. nodes marked 121 173 
No. nut clusters 86 120 
% Nut clusters/node , 71% 69% 
Nuts per cluster 2.2 2.0 
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Appendix  I  Figure   1.   Catkin  distortion  in  Corylus  cornuta  caused  by 

eriophyoid mites. 

Appendix   I   Figure   2.   Catkin  distortion  in   'Tonda  Gentile  delle 

Langhe'. 
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APPENDIX II 

PHOTOGRAPHS 

Appendix   II   consists   of   a   series   of   photographs   that 

further demonstrate the observations of Chapter IV. 

Appendix II Figure 1. Mites on apical meristem of dissected galled 

shoot tip, June 7, 1982. 
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Appendix II Figure 2. Galled shoot tip. 
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Appendix   II   Figure   3.    Leaf    and    shoot    distortions    caused   by 

eriophyoid  bud mites. 
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Appendix II Figure 4. Leaf distortion and shoot tip gall induced in 

greenhouse plants inoculated with eriophyoid bud mites, spring 

1982. 


