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Pollen production and anther quality were examined relative to 

fruit malformation in four Pacific Northwest strawberry cultivars: 

'Benton', 'Totem', 'Olympus', 'Tyee'. Flowers and fruit at known 

rankings within the inflorescence were frequently sampled during two 

consecutive field seasons(1983, 1984). All flowers examined con- 

tained a full set of anthers, but the proportion of healthy 

(bright yellow and well-formed) to unhealthy (dull yellow, brown or 

black and sometimes shrivelled) varied. The percentage of flowers 

with all healthy appearing anthers increased as the ranking de- 

creased. All the primary flowers of 'Tyee' in both years had only 

unhealthy anthers that released very low amounts of pollen (less 

than 10,000 grains/flower). At least 60% of the primary fruit of 

'Tyee' was malformed. In 1983, few of the primary flowers of 'Ben- 

ton' had healthy anthers and 60% of the primary fruit was misshapen. 

In the same year, primary and secondary flowers of 'Olympus' and 

'Totem' released high amounts of pollen (300,000 or more 



grains/flower) and 2-30% of the fruit was malformed. Incidence of 

malformed fruit early in the season was much greater in 'Benton' 

and 'Tyee' in 1983 compared to 'Totem' and 'Olympus'; but 

differences were slight in 1984. However, 'Benton' and 'Tyee' main- 

tained consistently higher malformation levels throughout the 1984 

harvest. The total proportion of malformed fruit in each fruiting 

season was greatest for 'Tyee'(19%-1983; 17%-1984) and then for 

'Benton'(17%-1983; 14%-1984). 'Totem' never produced more than 8% 

malformed fruit each year. 

Examination of primary flower buds of 'Benton' and 'Olympus' 

with the scanning electron microscope, and observations of anthers 

of flowers forced in a greenhouse, indicated that anther deteriora- 

tion had begun 2 1/2 months prior to inflorescence emergence in the 

spring. Some flowers forced from plants in January and February had 

all unhealthy anthers and produced little pollen. Nearly 1/3 of the 

primary flowers of 'Benton' forced in March, containing healthy 

anthers, produced 1/3 the pollen grains  of similar 'Olympus' 

flowers. This suggests that although anther decline began in primary 

flower buds prior to January, its progression in 'Benton' continues 

up to at least 3 weeks before inflorescence emergence in spring. 
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ANTHER  QUALITY,   POLLEN  PRODUCTION, 
AND FRUIT MALFORMATION  IN STRAWBERRY 

Chapter   1 

Introduction 

Strawberries are grown on about 7,000 acres in Oregon with an 

average yield of approximately 11,500 lbs /acre. Commercial produc- 

tion is limited to June-bearing cultivars from which berries are 

harvested for a month starting in early-June. Approximately 95% of 

the fruit is used in the food processing industry in frozen and 

canned products as well as jams, jellies, and bakery goods. 

Desirable fruit qualities include a well-formed berry of adequate 

size, consistent red color both internally and externally, sweet 

taste, good flavor and moderately firm texture. 

Misshapen or malformed fruit can be an economic loss to growers 

since they reduce yields and lower quality. Processors find these 

fruits undesirable for their product lines. The major strawberry 

cultivar in the state is 'Benton', which occasionally shows a high 

incidence of malformed fruit in early harvests. To better understand 

this fruit set problem, the Oregon Strawberry Commission funded a 

project where two basic objectives were outlined: 

1).  To compare the incidence of malformed fruit between 

'Benton' and other major strawberry cultivars. 

2).  To identify some of the causes that may lead to the 

development of misshapen fruit during early harvests of 

'Benton *. 

The literature on strawberry fruit set indicates that there 



are multiple causes of misshapen berries. Even in the absence of 

diseases or insect pests, a well-maintained field of strawberries 

may develop a fruit set problem, often because of poor pollination. 

Insufficent pollination reduces the number of fertilized ovules 

(achenes), the source of localized stimuli for receptacle expansion, 

causing uneven receptacle growth and a misshapen berry. Little is 

known about the differences among strawberry cultivars in regard to 

pollen production. Chapter 3 provides information on the relation- 

ship of pollen production and anther quality to fruit malformation 

in four strawberry cultivars: 'Benton', 'Olympus', 'Tyee', and 'To- 

tem'. And Chapter 4 examines the observed deterioration of primary 

anthers of 'Benton' and 'Olympus' prior to inflorescence emergence 

in the spring. 



Chapter 2 

Literature Review 

I. Flower and Fruit Development in the Strawberry 

A.Floral Initiation 

The flowers of June bearing strawberry cultivars (Fragaria X 

ananassa Duch.) are initiated in the cool short days of fall (7). 

The inflorescence is described as a dichasial cyme. The primary 

flower is initiated first, followed in sequence by flowers at 

decreasing rankings. The main axis terminates in the primary flower 

with lateral branches from it terminating in secondary flowers (7). 

Within a flower, the order of primordial induction is sepals, 

petals, stamens, and pistils (25). The stamens are arranged in three 

whorls around the base of the conical receptacle. "Five laterally 

elongated androecial primordla are formed at the base of the inner 

sepal primordla on the developing cup" (25). Single stamen primordla 

are then formed opposite each petal. The stamens developing in the 

middle of each elongate primordium comprise the inner whorl (five 

antisepalous stamens). Five antipetalous stamens form the second 

whorl; and stamens developing on the edges of the five elongate 

primordla form the outer whorl. Faired stamens may form at the above 

mentioned sites; additional stamens may form on either side of the 

five original antipetalous stamens. This will increase the total 

number of stamens per flower (25, 33). Generally, stamen number per 

flower ranges from 20-35. The conical receptacle may have up to 500 

pistils (5, 7). They develop first at the base of the receptacle 



and appear sequentially in a spiral-like fashion up to the tip. 

Underdeveloped pistils occur most often at the tip of the 

receptacle (33). 

B. Pollen Development in Angiosperms 

The anther consists of two lobes, each containing two ellipti- 

cal pollen sacs termed microsporangia (27). Tissue within each sac 

differentiates into parietal,tapetal, and sporogenous tissue (16), 

the latter forming pollen mother cells (PMC). Reduction-division of 

PMC produces four haploid spores(tetrad). Before meiosis an inner 

wall of callose arises within the PMC wall and additional callose 

walls form to partition the microspores from each other. The exine 

or outer pollen wall is intact when the tetrad disintegrates due to 

the action of callase, an enzyme secreted by the tapetum. If the 

tapetum degenerates too early, the callose may not be broken down 

or the supply of nutrients to the spore interrupted, interfering 

with normal spore development (16). Plasmodesmata between tapetum 

cells and PMC's are interrupted when meiosis begins and nutrients 

then move via the apoplast and are transported across the 

plasmalemma. When the tetrad walls dissolve, nutrient material for 

the spore travels through channels in its exine (16). 

C. Pollination and Fertilization in Strawberry 

Both mature pollen and receptive pistils are present in straw- 

berry flowers a few days before anthesis. The anthers of a flower 

dry for about 24 hr after the flower opens. Tension induced by 

drying causes a longitidinal split down each lobe of the anther 



resulting in pollen being "thrown onto some of the pistils" (8, 27). 

The anthers of a single flower may dehisce over a 1-3 day period. 

Because stigmas are receptive before pollen of the same flower is 

available, cross pollination is encouraged. Many insects visit the 

strawberry flowers, and some believe that only bees do not injure 

flower parts (20). Percival (23) classifies strawberry as a 

"chiefly morning" crop because 60-94% of the pollen is available by 

noon. The duration of pollen presentation lasts from 9 am - 5 pm. 

The amount of pollen produced by a flower-form (inflorescence or 

single flower) is 1.4 mg total or 0.6 mg per day. The specific 

flower-form was not listed for the Fragaria X ananassa entry (23). 

After contact with the receptive stigma, a pollen grain 

generates a pollen tube that grows down through the style. The 

generative cell fertilizes the egg cell located in the ovary at the 

base of the style. The fertilized ovule is called an achene (22). 

The achene is attached to the receptacle by vascular bundles. 

Fertilization occurs 24 to 48 hr after pollination. After 

fertilization the petals fall and the pistils begin to dry (8). In 

one cultivar a well-shaped berry resulted when only 40% of the 

achenes were viable (15). 

D. Fruit Development and Berry Anatomy 

Although the true strawberry fruit is the one-seeded achene, 

the "fruit" that is eaten is mostly the enlarged fleshy receptacle. 

The anatomy of the fruit is simple. Pith cells at the berry center 

are surrounded by a ring of vascular bundles; branching bundles run 

to each achene. Cortical cells surround the bundle ring and fill 



spaces between the bundle branches. The pith and cortex cells 

enlarge lengthwise. Differences in berry size and shape among 

cultivars is dependent on the length of the period during which 

cells enlarge and the extent to which cells pull apart (8). 

E. Hormonal Control of Fruit Development 

The response of strawberry receptacles to achene removal and 

exogenous application of growth substances suggests endogenous 

growth regulators control fruit development. In 1949 Nitsch found 

the largest acTtivity and amount of auxin in the achenes (see ref. 

8). He also found that growth of the receptacle stopped when all 

achenes were removed 4 days after pollination. Research by Creasy 

and Sommer (6) suggests that gibberellins as well as auxins 

stimulate receptacle development. They showed that strawberry 

receptacles with or without intact carpels (pistils) expand at the 

same rate in the presence of auxin or kinetin. But unfertilized 

carpels on the receptacle inhibit enlargement stimulated by 

glbberellin. Removal of  carpels allows the receptacle to enlarge 

due to the glbberellin stimulus. They conclude that fertilization 

may, 1) block an inhibitory substance to allow receptacle swelling 

or, 2) stimulate natural glbberellin production which masks the 

inhibitor's activity (6). 

Auxin sprays applied to flowers after pollination result in 

increased fruit size. Zielinski and Garren in 1952 observed that 100 

ppm beta-naphthoxyacetic acid increased fruit size 26% over the 

control (21, 35). Dimethylsulfoxide (DMSO) facilitates transfer of 

compounds across biological membranes. Mudge et al (21) showed that 
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exogenous application of 2% DMSO in NAA (naphthaleneacetic acid) 

sprays onto unpollinated flowers (or receptacles from which achenes 

were removed) increased fruit set 50-100%. Suboptimal NAA concen- 

trations (5 x 10~* M) induced faster parthenocarpic fruit growth 

when compared to the growth of pollinated fruit. But this rapid 

growth ceased after 10 days and the fruits remain green yet viable 

for as long as A5 days. These fruits began to grow normally 

if a second NAA application was made anytime during the 10-45 day 

period (21). This evidence points to the possible necessity of a 

continous auxin source throughout development of the strawberry 

fruit. Mudge et al (21) believe that DMSO may have commercial 

value if used to increase fruit set with cultivars known to produce 

low amounts of pollen. 

There is some disagreement on the actual mode of action of the 

substance stimulating the receptacle to swell. Mudge, et al (21) 

believe that receptacle enlargement stimulated by NAA is concentra- 

tion dependent and not a threshold effect. They criticize Thompson 

(30) for implying that exogenously applied auxin triggers nucellus 

development which in turn produces a growth promoting substance that 

stimulates receptacle growth. Thompson (30) suggests that gibbe- 

rellin promotes receptacle enlargement during the growth of the 

cellular endosperm, whereas auxin is involved in directing metabo- 

lites to the fruit and allowing starch accumulation. 

Tafazoli and Vince-Prue(28) studied the effect of gibberellin 

upon strawberry flowers prior to anthesis. They found that 

receptacle growth ceased after weekly sprays (20 mg/1) or a single 

application ( 1 g/1) of gibberellin was applied to leaves or flowers 
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despite hand pollination. Viable pollen developed and formed a 

pollen tube through the style but no seed (achene) formed. 

Receptacle tissue did not enlarge beneath the unfertilized carpels 

while the neck region, with no carpels, enlarged and ripened (28). 

II. Causes of Malformed Fruit 

A. Climate 

According to Darrow (8), environmental conditions during 

autumn, when strawberry flowers are generally initiated, determine 

both the number of pistils on the receptacle and the number of cells 

per fruit. Spring conditions determine the size and spatial array of 

the cells. Much of the literature supports the idea that an 

interruption in normal growth patterns may lead to a poor fruit set. 

Night frosts during bloom can damage strawberry flowers. Darrow 

(8) states that the pistils are most sensitive to frost. If most of 

the pistils are damaged, the respective achenes will not develop. 

The resulting uneven receptacle enlargement causes a malformed or 

misshapen fruit to form (8, 12, 17, 3A). Severe frost may blacken 

all the pistils causing a "blackeye". Kronenberg (17) mentions that 

an adequate canopy cover or leaf density can serve to shelter the 

flowers from frost damage. Flowers exposed to cool clear nights are 

most susceptible to frost. Spring frosts are typical of western 

Oregon( 12). Many primary flowers at anthesis are above the leaf 

canopy and are most often damaged by spring frost. Way (34) mentions 

that a few flowers are killed by frost in East Mailing. They are 



most typically the terminal flowers on one year old plants. 

The combination of cold and wet weather may disrupt pollen 

germination. Garren (12) reports that during bloom, temperatures in 

Oregon are frequently below 60oF (15.60C) which is low enough to 

impair pollen germination. Prolonged cold and wet conditions through 

blossoming also reduces insect activity that might aid in the polli- 

nation process(ll). 

B. Temperature 

Extended periods of low temperature may cause poor fruit set 

in the strawberry (12, 17). 'Jucunda' fruit developing in a 17-260C 

regime reached maximum size but those at 140C were severely damaged 

and receptacle enlargement did not occur. Fruit set in 'Jucunda' 

appears to be especially sensitive to temperatures of 140C and below 

(18). When 'Jucunda' plants were exposed to the low temperatures 

at early stages of floral development, fruit set decreased (3). 

Constant low temperature early in the season reduced fruit set. 

Those plants close to the bloom stage still showed good fruit set 

when expose to low (14°C) temperatures. Braak (3) mentions that in 

all his experiments with 'Jucunda', a decrease in fruit set 

paralleled a progressive abortion of stamens. 'Jucunda' plants fer- 

tilized with foreign pollen (that from cv. Deutsch Evern) produce 

well-formed fruit. Possibly temperature reduces viability of 'Jucun- 

da' pollen. Thompson (30) presented data on the effect of tempera- 

ture on pollen formation of one English (Redgauntlet) and four Dutch 

cultivars. He observed a decrease in individual fruit weight when 

flowering plants were exposed to 10oC and short days (12 hr).  The 
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fruit was relatively small and had fewer viable achenes. 'Redgaunt- 

let1 produced better quality fruit when field pollen was used rather 

than allowing self-pollination to occur in the 10oC/short day 

experiment. Thompson reasoned that low temperature must have 

lowered the production of fertile pollen. Thompson also found in his 

experiments that fruit weight appeared to decrease as the proportion 

of developed achenes increased. He proposed that the correlation 

between achene number and the degree of receptacle development first 

identified by Nitsch was easily imbalanced by "external and internal 

factors" (i.e. temperature, day-length, position of fruit on the 

truss). 

C. Pollen Production and Fertility 

Pollen quality and quantity vary among strawberry cultivars and 

are affected by environmental conditions. Twenty-three clones of 

'Jucunda' showed poorly developed anthers which were associated with 

reduced pollen production (18). Even when pollen production is low a 

large percentage of morphologically good pollen, presumably viable, 

would suffice to fully pollinate all the pistils. The percentages of 

pollen that is judged morphologically good vary with locality and 

time of flowering (18). The work of Guttridge and Anderson (13) on 

anther failure in 'Redgauntlet' shows that anther quality and number 

are not related. There is also no correlation between pollen quality 

and anther quality(18). But there are no data on pollen quantity vs. 

quality, viability, and anther development. Guttridge and Anderson 

(13) believe that anthers may be damaged by unfavorable environmen- 

tal conditions. The crucial time for anther development is late 
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autumn during floral initiation or early spring when trusses emerge. 

Attempts to alleviate or improve the number of healthy anthers in 

primary 'Redgauntlet' flowers were successful in greenhouse studies 

using solutions of calcium nitrate, boric acid, or a mixture of 

manganese and zinc sulphates (15). However, applications of the 

solutions to field plants from truss emergence to anthesis did not 

increase the number of healthy anthers (15). 

D. Mineral Nutrition 

Calcium deficiency decreases the spacing between achenes 

causing excessive fruit firmness and lumpy fruit. A moderate boron 

deficiency reduces flower size and decreases pollen production (32). 

Heavy winter rains in Western Oregon tend to leach boron creating 

deficiencies near the shallow strawberry root system (12). Boron 

deficient fruit appear small, lumpy, and brownish in color (32). 

E. Insects 

If insects are left uncontrolled, the damage they do to flower 

parts can cause severe fruit set problems in large commercial 

fields. One injurious insect is the lygus bug (Lygus rugulipennis) 

which prefers strawberry flowers and fruit and does not disturb 

leaves (29). In cage tests to differentiate damage caused by thrips 

and lygus bugs, it was observed that lygus bugs punctured individual 

achenes while thrips fed on the anthers and pistils causing a 

brown discoloration (4). Blossoms are most susceptible to lygus bug 

attack during anthesis (1). 

Many entomologists studying the pollination of strawberry 
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stress the importance of bees for total fruit set for a given field 

and cultivar. Free (11), showed that strawberry plots caged with 

bees had higher fruit set and lower fruit malformation relative to 

those caged without bees. Honey bee visits increased both quality 

and production of berries (11). Connors (5) determined stamen height 

in 9 cultivars using the longest stamens in each flower. Correlation 

of stamen height to estimated achene development was significant for 

both cloth and screen covered cages without bees. Because bees were 

excluded in the study, Connors concluded that breeders would need 

varieties with tall stamens to get adequate pollination without 

insect pollinators. Generally, growers feel that the added cost of 

importing bee colonies to their commercial fields is not jusitified. 

Bees are less attracted to strawberry flowers when other crops are 

accessible, even weeds such as wild mustard are preferred. 

F. Disease 

High levels of Botrytis cinerea Pers. (gray mold) inoculum may 

cause a serious fruit set problem. Overly moist conditions during 

flower and fruit ripening in the field enhances Botrytis spread. If 

this occurs during flowering the fungus may destroy flower parts or 

disrupt pollination (19). Powelson (24) found that infection of 

senescent floral organs followed by invasion into the receptacle is 

the primary pathway of infection. Fungicides such as Captan, 

Benlate, or Ronilan sprayed during bloom reduce the incidence of 

rot. Direct contact of Captan inhibits strawberry pollen tube 

development (9, 10). Eaton and Chen (9, 10) found sprays of Captan 

on undehisced anthers did not affect pollen germination and 
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concluded that only direct contact between the strawberry pollen and 

Captan inhibits pollen germination. Captan did not injure pistils. 
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Chapter 3 

Pollen Production and Fruit Malformation in the Strawberry 

Abstract 

To examine the differential tendency of strawberry (Fragaria X 

ananassa, Duch.) cultivars to produce malformed fruit, pollen pro- 

duction, anther quality, and malformation were determined in 'Ben- 

ton', 'Totem', 'Olympus', and 'Tyee', during two consecutive field 

seasons (1983, 1984). In all cultivars, flowers had a full set of 

anthers. As flower ranking decreased through the tertiaries, the 

percentage of healthy anthers per flower increased. All primary and 

secondary 'Tyee' flowers in each season and 90% of primary 'Benton' 

flowers in 1983 contained all unhealthy (black or brown) anthers and 

produced extremely low amounts of pollen (less than 100,000 

grains/flower). When 1/3 of the flowers in a ranking had all healthy 

anthers, pollen production averaged 300,000 or more pollen 

grains/flower. From 43 to 72% of both 'Tyee' and 'Benton' primary 

fruit were malformed each season, with the incidence of malformed 

fruit highest early in the season in 1983. Each year these two 

cultivars had the greatest proportion of misshapen fruit (14-19%), 

whereas 'Totem' produced 7% and 'Olympus' 11% malformed fruit. 

'Tyee' showed lower pollen levels and more malformation of primary 

fruit than 'Benton'. Low pollen production in 'Tyee' and 'Benton', 

which resulted from anther failure, likely contributed to the high 

incidence of malformation in primary fruit. 
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Introduction 

The occurrence of malformed strawberry fruit varies from year 

to year as well as within a single fruiting season. The immediate 

cause of this disorder is uneven growth of receptacle tissue, the 

expansion of which is dependent upon a localized stimulus from 

achenes (8). It has been suggested that low pollen production, 

resulting from degenerating or aborted anthers, could reduce the 

nvimbers of fertilized achenes leading to development of a misshapen 

berry (3, 17, 18). A progressive deterioration of stamens is asso- 

ciated with decreased fruit set in 'Jucunda' (3), a cultivar known 

for its production of malformed fruit. Anthers of primary flowers of 

'Redgauntlet' emerging early in the spring are often small, brown, 

and fail to dehisce and primary fruit show a greater tendency to be 

misshapen than those at lower rankings (13). The significance of 

aborted anthers is that they release small amounts of pollen. But 

pollen production trends of strawberry cultivars relative to anther 

integrity and the appearance of misshapen fruit has not been inves- 

tigated. 

In this study, the tendency of 4 Pacific Northwest straw- 

berry cultivars to produce malformed fruit was compared.  The 

primary concern was with the performance of 'Benton', which has a 

tendency to produce malformed fruit early in the season. Anther 

quality, pollen production, yield, and levels of misshapen fruit 

were measured during two succesive seasons. 
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Materials and Methods 

In April 1982 and 1983, crowns of 'Benton', 'Olympus', 'Tyee' 

and 'Totem' were planted 30 cm apart in rows separated by 100 cm. 

The soil was a Chehalis silty clay loam. A completely randomized 

design with four replications was used. Each plot consisted of 12 

(1982) or 20 (1983) plants. Fertilizer (10-4-8, NPK, 200 kg/ha) was 

applied in the fall and endosulfan was sprayed in the spring to 

control spittle bug. Flower and fruit samples were collected only 

from first year fruiting plants in 1983 and 1984. One-half of each 

plot was randomly assigned to flower sampling and the remaining half 

to fruit harvest. 

Flower sampling began in late April and continued through May. 

Three flowers each at the primary, secondary, or tertiary orders 

were harvested at 3 day (1983) or 5 day (1984) intervals. Sampling 

of primaries was initiated when 8 (1983) flowers were open in each 

replicated plot. This was increased to 10 flowers in 1984 for 'To- 

tem' and 'Tyee'. To obtain better pollen production profiles during 

early flowering in 'Benton' and 'Olympus' in 1984, sampling of 

primaries was initiated when 2 flowers/plot opened. Flowers were 

removed 1-2 days prior to anthesis to insure that the anthers had 

not dehisced. Initially, anthers were evaluated visually with a 

scale that included rating values for flowers presenting a partial 

set of anthers. Since all the flowers sampled had a full set of 

anthers, the scale was adjusted to represent only the percentage of 

unhealthy appearing anthers in a flower. Thus scale values of 1, 2, 

3, 4 and 5 indicated, respectively, about 100%, 75%, 50%, 25% and 0% 
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of the anthers unhealthy. The set of anthers in each flower was 

judged to the most appropriate rating. Both ratings 1 and 5 were the 

easiest to identify since flowers frequently contained a set of 

anthers which were either all healthy or all unhealthy. 

Unhealthy anthers varied in appearance from light brown and slightly 

collapsed to black and shrivelled. A healthy anther appeared bright 

yellow and well-formed. 

After flower evaluation, anthers were excised and placed in 

20 ml glass vials and left uncapped at 270C  for 24 hr to allow 

dehiscence. Samples were then capped and stored in a freezer. 

To facilitate counting of pollen grains, each sample vial 

received 1 ml of a dye solution made from equal portions of aniline 

blue (0.10g aniline blue, 0.71g K3PO4, 100 ml H2O), 45% acetic acid, 

and 80% ethanol. Vials were placed in a sonicator for 2 minutes to 

separate clumps of pollen grains. A drop of suspension was 

immediately placed in a hemacytometer and the number of grains 

determined from counts in eight portions of the grid. 

Fruit samples were collected in June and early July. Five each 

of ripe primary and secondary fruit were randomly harvested from 

each plot at 5 day intervals. Fruit were grouped with the following 

visual ratings: one-quarter, one-half, three-quarters, or the entire 

berry developed. "Blackeyes", resulting when a flower was killed by 

frost and the receptacle turned black, were also noted. After each 

sampling the remaining berries in each plot were harvested, counted, 

weighed and the number of malformed berries determined. 
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Results 

Seasonal pollen production differed among the cultivars. Analy- 

sis of variance on the split plot design was run separately for 

pollen means in both years. A 3-way interaction between cultivar, 

date, and flower order was significant, indicating that the order x 

time interactions were not the same for the 4 cultivars (Fig. 3.1 ). 

Primary flowers of 'Benton' averaged 50,000 and 180,000 pollen 

grains/flower in 1983 and 1984, respectively (Table 3.1 ).  However, 

'Benton' primaries have a capacity to produce a large amount of 

pollen as shown by 450,000 pollen grains/flower obtained in the 

final sampling in 1984 (Fig. 3.1). Both 'Olympus'and 'Totem' prima- 

ries averaged about 400,000 pollen grains/flower in 1983 and 150,000 

in 1984. Extremely low amounts of pollen were recovered from 'Tyee' 

flowers over the entire sampling period; the primaries averaging 

less than 10,000 pollen grains /flower in both years. The general 

pattern of pollen production by primary flowers was similar in both 

years in 'Benton', 'Totem', 'Tyee' (Fig. 3.1). The amount of pollen 

from 'Olympus' primaries decreased at each successive flower harvest 

in 1983, but the trend was opposite in 1984. 

Pollen production by secondary flowers also varied among culti- 

vars and between seasons (Fig. 3.1 and Table 3.1).  In 1983, when 

primary flowers of 'Benton' were producing only 50,000 pollen 

grains/flower, secondary flowers contained about 12 times more 

pollen. In 1984, 'Benton' and 'Olympus' secondaries each averaged 

about 250,000 grains/flower. Pollen production in 'Totem' 

secondaries was similar to that of its primaries each year. The 
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secondary flowers of 'Tyee*, like the primaries,produced very little 

pollen. Sampling of tertiary flowers began around the first week of 

May each year. Pollen production was much higher in 1983 in all 

cultivars than 1984 (Table 3.1). All the cultivars presented an 

average of 300,000 pollen grains/flower or more in 1983. Production 

was especially low in 'Tyee' in 1984. 

Anther quality profiles for each flower ranking were 

constructed by pooling the ratings for each sampling (Table 3.2). 

The percentage of healthy or unhealthy anthered flowers within a 

ranking generally reflected the average pollen levels of those 

flowers. All primary and secondary flowers of 'Tyee' collected in 

both years contained only unhealthy anthers, which coincided with 

their low amount of pollen. A similar trend was observed in 1983 in 

'Benton' primaries; they produced little pollen and 90% contained 

only unhealthy anthers. From 27-65% of the primary flowers of 'To- 

tem' or 'Olympus', contained only unhealthy appearing anthers. 

Generally, in groups of flowers producing 300,000 or more pollen 

grains/flower, at least 30% of the flowers contained only healthy 

anthers (with the exception of 'Tyee' tertiaries). In 'Benton*, 

'Totem', and 'Olympus', the proportion of flowers in which all 

anthers appeared healthy increased as the flower ranking decreased. 

Fruit yield was lower in 1983 than 1984. The yield of culti- 

vars was not significantly different in 1983, averaging 31,400 

kg/ha. In 1984 'Benton', 'Olympus', and 'Tyee' produced an average 

of 18,000 kg/ha and Totem yielded 25,000 kg/ha. Within each cultivar 

the percentage of malformation of all fruit harvested for yield 

determination was similar in each year (Table 3.3). 'Benton' and 
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'Tyee' showed the highest levels of malformed fruit in each season. 

'Totem' performed the best, with less than 8% malformation in either 

year. Early harvests of 'Benton' and 'Tyee' showed very high levels 

of malformed fruit in 1983 but not in 1984 (Fig.3.2). Malformation 

was highest in 'Tyee' throughout most of the 1984 season. 

Primary fruit of 'Tyee' showed the highest incidence malforma- 

tion, from 60-70%, and that of 'Benton' second, 43-60% (Table 3.4). 

Malformation was usually higher in primary than secondary fruit. 

Across all cultivars, the severity of malformation in primary and 

secondary fruit was greater in 1984 than in 1983. Approximately 10- 

20% of the primary fruit sampled in 1984 were blackeyes compared to 

only a few collected in 1983 (data not shown). They were not in- 

cluded in determining fruit malformation percentages. 
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Discussion 

The sustained low levels of pollen recovered from all 'Tyee' 

primary and secondary flowers and  'Benton'primary  flowers  in  1983 

differed greatly from pollen production patterns in the other two 

cultivars (Fig.  3.1). The low pollen production levels reflected the 

large numbers  of  'Tyee'  and  'Benton'  flowers  in which all  the an- 

thers were poorly developed and/or degenerated.     Since secondary 

flowers  of  'Benton'  in 1983 produced much more pollen than primaries 

appearing at the same time,   climatic conditions during bloom 

apparently are not  the prime cause of poor anther quality. The 

primary flowers  of  'Benton',   and  possibly 'Tyee',   may have a greater 

inherent tendency than secondary flowers toward poor pollen produc- 

tion and be more susceptible to adverse conditions.  This would be 

similar to anther failure in 'Redgauntlet' which Guttridge et al 

(14) suggest is a physiological  disorder of  varying sensitivity to 

the environment    as well as a male infertility    problem. The latter 

is attributed to greater dioeciousness in flowers at the higher 

rankings  within the  strawberry inflorescence  (33). 

Overall trends of low pollen production and higher malformation 

levels were  best matched  in 'Benton'  and  'Tyee'  at  the  primary 

ranking. Due to the possibility of cross pollination occurring in 

the completely randomized design, the effect of low pollen may have 

been underestimated compared to a large commercial  field of a  single 

cultivar. 

High amounts of pollen were recovered from primary flowers of 

'Totem' and 'Olympus'  in 1983,   but only the incidence of  fruit 
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malformation in 'Totem' was exceptionally low. In these cultivars 

pollen levels of primary flowers declined in 1984 with the severity 

and incidence of malformation increasing most in 'Olympus'. For 

equivalent amounts of pollen, fruit set in 'Totem' was better than 

any other cultivar at the primary and secondary rankings. This 

better set in 'Totem' could be due to greater pollen viability or 

that single active achenes stimulate greater receptacle expansion. 

The sensitivity of fruit malformation to low pollen levels 

varied with ranking within the inflorescence. When pollen levels 

averaged less than 100,000 grains/flower, malformation in primary 

fruit was 60-70% whereas it was 27-42% in the secondary fruit (Table 

3.2, 3.4). This may be due to relatively low amounts of pollen 

present in the field limiting cross pollination when primaries are 

in bloom or to disimilar capabilities of fruit at the various 

rankings. Another speculation is that changes in pollen viability 

coupled with low pollen levels may have contributed to the poor 

primary set. Subjective and inconsistent viability tests plagued our 

attempts to quantify pollen viability. Guttridge and Anderson (13) 

and Kronenberg (17) reported that the viability of strawberry pollen 

fluctuated erratically among plants within a single field. 

Total percentages of misshapen fruit within a cultivar did not 

differ between seasons. The higher percentages of malformed primary 

fruit for 'Benton' and 'Tyee' in 1983 was reflected in the high 

incidence during early harvests and greater seasonal percentages of 

misshapen fruit that year (Table 3.3, 3.4, Fig. 3.2). This relation- 

ship was less clear in 1984, but these two cultivars still main- 

tained higher levels of malformation on a per harvest and seasonal 
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basis. In 'Olympus' and 'Totem' total percentages of malformed fruit 

did not increase from 1983-1984 relative to the higher incidence of 

misshapen primary berries. Because most sampling of primary fruit 

for malformatin ratings occurred within the first 3-4 harvests in 

each cultivar, later primary fruit of 'Totem' and 'Olympus' in 1984 

could have been well-formed. Also higher percentages of blackeyes in 

1984 may have reduced the role of primary fruit malformation in 

early harvests and in the total percentages of misshapen fruit 

collected for all the cultivars. 

The differences amoung cultivars with respect to fruit malfor- 

mation may be related to anther quality and pollen production. When 

incidence of malformation was high early in the season, anther 

quality was poor and pollen levels low at the primary ranking. 

Problems associated with poor set of primary fruit were most 

noticeable in 'Tyee' each season and 'Benton' in 1983. For all the 

cultivars, malformation at the primary ranking was most sensitive to 

lower average pollen levels. A better understanding is needed of 

the factors that limit fruit set at the primary ranking. 
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Jig. 3.1.  Seasonal pollen production of primary (1°,)..; 
and secondary (2°) flovers  of 'Bentoti', 'Tyee', 
'Olympus' and 'Totem' in 1983 and 1984.:. n=I2*SE 

600" 

400 

200 

ft 
UJ    600- 
? 
o 
ul    400 

O    200 

to z 
< 
O 

UJ 

O 
Q. 

U. 
O 

m 
5 

600- 

400' 

200 

600 

400 

200- 

BENT0N 

TYEE 

OLYMPUS 

i 
i 

TOTEM 

/I 

I        I 

•'1 

r""f-u -Li/ 

..-. »-r- ■—■» J-.T^JSJJ...^ 

N_l ,1 

• ^ ̂ » r- I9SS 
•— « • !•- 1984 

■— —■ Z' -1983 

""* -■ 2* - 1984 

10 15 
APRIL 

20 25 

TIME 



Fig. 3.2.  Distribution of malformed fruit at each harvest in 1983 and 

1984 for 'Benton', •''Tyee', 'Olympus' and'Totem'. 
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Table 3.1.  Average pollen production of flowers at the 

primary (1°), secondary (2°), and   tertiary (3°)   rankings   in 

1983 and  1984  for  'Benton',   'Tyee',   'Olympus' and 'Totem'. 

Average    number of pollen grains x 10~ /flower 

Cultivar  1983   1984  

1° 2° 3* 1* 2* 3* 

Benton 50 590 650 180 250 330 

Tyee 3 60 300 8 9 20 

Olympus 500 300 440 180 260 210 

Totem 380 510 520 120 140 150 
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Table 3.2.  The percentage of flowers at the primary (1°), 

secondary (2°), and tertiary (3*) ranking within an inflorescence 

with unhealthy or healthy anthers in 1983 and 1984. 

Percent of flowers 

Benton Tyee Totem Olympus 

Anther 
Quality ld V 3«, 1° 2" 3° !• 2° y. 1° 2° 3° 

1983 

lz 90 6 0 100 100 38 50 9 0 27 22 0 

2 5 9 0 0 0 3 3 3 0 15 15 11 

3 0 12 3 0 0 17 6 3 3 9 15 4 

4 0 17 7 0 0 14 8 12 0 18 7 4 

5 5 56 90 0 0 28 33 75 97 30 41 81 

1984 

1 63 42 16 100 100 88 65 47 32 53 17 21 

2 1 12 6 0 0 0 3 9 13 3 8 2 

3 10 10 0 0 0 5 12 11 13 10 12 27 

4 8 8 11 0 0 0 5 6 6 12 10 6 

5 18 28 67 0 0 7 15 28 36 22 53 44 

z 
1, 2, 3, 4, or 5 indicate 100%, 75%, 50%, 25%, or 0% unhealthy 
anthers, respectively, in a flower. 
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Table 3.3. The total percentage of malformed fruit harvested in 

1983 and 1984 for 'Benton', 'Tyee', 'Olympus' and 'Totem'. 

 Percent malformed fruit^SE 

Year       Benton     Tyee     Olympus     Totem 

1983 16.6+0.9  19.4+1.0  10.2+0.9    7.3^-5 

1984 13.7 +0.7  17.5 +2.0  11.4 +0.8    7.5±0-8 
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Table 3.4. Percentage of well-formed fruit and malformed fruit at 

the primary and secondary ranking for 'Benton', 'Tyee', 'Olympus' 

and 'Totem' in 1983 and 1984. 

Year/Order/Cultivar well-formed 
Percent 

malf 

3/4 

fruit 
ormed (% of fruit 

developed) 
1/2     1/4 

1983  Primary2 

Benton 40 45 11 4 

Tyee 28 53 7 12 

Olympus 70 27 - 3 

Totem 95 3 2 - 

Secondary2 

Benton 77 21 2 - 

Tyee 73 23 4 - 

Olympus 78 16 3 3 

Totem 98 2 - - 

1984 Primaryy 

Benton 57 26 15 2 

Tyee 38 30 18 14 

Olympus 60 21 15 4 

Totem 73 15 10 2 

Secondary2 

Benton 80 20 - - 

Tyee 58 30 7 5 

Olympus 85 11 3 1 

Totem 78 15 2 4 

n=60  yn=50±2 z„_ 
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Chapter 4 

Anther Degeneration in the Strawberry 

Abstract 

Anther quality and pollen production were determined in primary 

flowers of 'Benton' and 'Olympus' plants dug from the field in 

January, February, and March and forced in a greenhouse. Flower buds 

were also removed from overwintering crowns at each sampling and 

pre-emergent anthers examined under the scanning electron microscope 

(SEM). In each sampling, some of the forced flowers of each culti- 

vars had a full complement of heatlhy anthers (yellow.well-formed), 

whereas in other flowers, all or a portion of the anthers appeared 

unhealthy (brown or black). Starting in January, the SEM study 

revealed both healthy anthers and those with vascular distortion and 

collapsed pollen sacs. In January and February, forced flowers of 

both cultivars showing only healthy anthers released similarly large 

amounts of pollen. However, in March, forced flowers of 'Benton' 

with all outwardly healthy anthers produced 1/3 the number pollen 

grains of similar 'Olympus' flowers. Anther degeneration apparently 

began prior to January, 2 1/2 months before inflorescence emergence 

in spring, and was still progressing in 'Benton' flowers a few weeks 

before emergence. 
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Introduction 

Successful pollination and fertilization of ovules in 

strawberry allows development of viable achenes (8). These 

botanlcally true fruits produce a stimulus which causes the under- 

lying receptacle tissue to expand forming the edible strawberry. 

Fruit malformation occurs from uneven receptacle enlargement due to 

poorly developed, inactive or missing achenes. Poorly developed 

achenes may result from inadquate fertilization, which could result 

from nonviable or low amounts of pollen from poorly formed anthers 

(14). Scanning electron microscopy (SEM) of aborted anthers show 

they contain degenerated pollen and sometimes dead vascular tissue 

(14). The causes of poor anther development in the strawberry are 

not well understood (13). Most studies note that stamens appear to 

be less developed in flowers opening early in the season compared to 

later flowers (13, 33). Many of the primary flowers of 'Benton' 

strawberry contain unhealthy appearing anthers and produce relative- 

ly low amounts of pollen (e.g., 50,000 grains/flower)(Chapter 3). 

Early fruit harvests of 'Benton' frequently show a relatively high 

incidence of malformed fruit. Similarly, early primary flowers of 

'Redgauntlet' often have small, discolored anthers that generally 

fail to dehisce and fruit set is often poor in the first harvests 

(17). Guttridge and Anderson (13) believe that anthers are most 

sensitive to external damage during fall floral initiation or 

inflorescence emergence in the spring. 

The object of the study was to determine whether anther damage 

in 'Benton' was detectable prior to emergence in the spring. The 
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'Olympus' strawberry was selected for comparison because of its high 

pollen levels and healthy anthers relative to 'Benton' during a 1983 

fruit set study(Chapter 3). 
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Materials and Methods 

Five plants of each cultivar were dug from the field in early 

December (1983), January and February, and 10 plants in March 

(1984), and placed in separate 4 liter pots containing a mix of 

equal volumes of soil, coarse sand, and peat. Plants were maintained 

in a greenhouse at 24*C day/18"C night under a 16-hr photoperiod 

with supplemental lighting from high pressure sodium lamps (300 jumol 

—2  —1 m sec , 400-700 nm). Primary and secondary flowers at anthesis were 

evaluated for anther quality and amount of pollen. Healthy anthers 

were bright yellow, whereas unhealthy ones ranged in appearance from 

brown, but well-developed, to shrivelled and black. Flowers were 

rated according to the percentage of unhealthy anthers they con- 

tained using a scale where values of 1, 2, 3, 4 and 5 indicated, 

respectively, about 100%, 75%, 50%, 25% and 0% of the anthers 

unhealthy. The amount of pollen was measured by allowing excised 

anthers to dehisce, suspending the released pollen in an aniline 

blue dye solution, and counting the grains in an aliquot using a 

hemacytometer(Chapter 3). 

Starting in January, 1984, primary flower buds were collected 

in overwintering crowns of 5 plants for examination of pre-emergent 

anthers under the SEM. Buds were cross-sectioned to expose anther 

walls, fixed in 5% gluteraldehyde for 2-4 hr, and then left over- 

night in potassium phosphate buffer (pH 7.0). Samples were 

dehydrated in an ethanol/water series, critical-point dryed in a 

Boymar SPC900 (Tacoma, WA.), mounted on stubs anther side up ,and 

sputter-coated with gold-paladium in a Varian VE10 (Palo Alto, CA.). 
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Images were recorded on Polaroid Type 55 film using a Amray 1000A 

SEM at 7-10kV. 
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Results 

Plants removed from the field in early December 1983 grew very 

poorly and no  flowers emerged, presumably because of insufficient 

chilling (8). Flower production was low in the January test (Table 

4.1). After 18 days in the greenhouse, 'Benton' produced 7 flowers 

and 'Olympus' 12. Half the 'Olympus' flowers had all unhealthy 

anthers and released an average of only 12,000 grains/flower. No 

pollen was recovered from the single 'Benton' flower having only 

poor anthers. For both cultivars, pollen prouduction averaged about 

700,000 grains in flowers with all healthy anthers. In February, 30% 

of the flowers from both cultivars contained only unhealthy anthers; 

these flower produced low amounts of pollen. In 50% of the remaining 

'Benton' and 'Olympus' flowers, the anthers were all healthy, with 

pollen levels similar to those of comparable flowers in January. In 

March, 2/3 of the 'Benton' flowers and half of the 'Olympus' flo- 

wers presented unhealthy anthers and produced very low amounts of 

pollen. 'Benton' flowers with all outwardly healthy anthers released 

only 1/3 the number pollen grains than comparable 'Olympus' flowers. 

Photographs from SEM revealed both healthy and unhealthy 

anthers within single flower buds of each cultivar. Two unhealthy 

anthers from a primary 'Benton' bud (January) are seen in Figure 

4.1. The lower anther is lacking a pollen sac and the anther wall 

has separated from the vascular tissue in the upper anther. Dis- 

torted vascular tissue is also apparent in an anther of 'Olympus' 

collected in January (Fig.4.2, upper left), however a intact, heal- 

thy anther can be seen in the bottom of Figure 4.2. Vascular tissue 
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and the pollen sac walls are well-formed and not degenerating. These 

two SEM photographs were representative of anther damage observed 

from each sampling for both culitvars. The frequency of anther 

damage for cultivar comparison was not evaluated due to the small 

sampling of primary buds. 
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Discussion 

The appearance of deteriorated anthers in pre-emergent flower 

buds in January shows that anther failure was evident 2 1/2 months 

before inflorescence emergence in the spring. This is also supported 

by the appearance of unhealthy anthers in flowers from plants forced 

in January. In the March sampling, which occurred 3 weeks prior to 

inflorescence emergence, 'Benton' flowers with only healthy 

appearing anthers contained relatively low pollen. This leads to 

speculation that these outwardly healthy anthers were in an early 

stage of degeneration which apparently continued in flowers after 

January. The pattern of anther deterioration in 'Benton' may be 

similar to that of 'Redgauntlet' in which anther degeneration starts 

before but progressed through inflorescence extension (13). Contrary 

to their performance in 1983, in the present study, anther failure 

in 'Olympus' paralleled that of 'Benton'. This similarity was also 

expressed in primary flowers taken from field-grown plants in April 

and May. Sixty percent of flowers sampled from 'Olympus' and 'Ben- 

ton' had all unhealthy anthers and the early primary flowers only 

averaged 180,000 pollen grains/flower(Chapter 3). Therefore anther 

decline prior to emergence, predicted performance of primary flowers 

in the spring from both cultivars. 
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Fig. 4.1.  SEM photograph of anthers in a primary flower bud of 
"Benton1 removed from overwintering crown in January. 

Fig. 4.2.  SEM photograph of anthers in a primary flower bud of 
'Olympus' removed from overwintering crown in January. 
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Table 4.1. Anther quality and number of pollen grains from 

flowers of 'Benton' and 'Olympus' plants removed from the field in 

January, February, or March and placed in a greenhouse. 

MONTH/ ANTHER NUMBER OF AVG. POLLEN GRAINS X 
CULTIVAR QUALITY FLOWERS lO^/FLOWER + S.E. 

January 
'Benton' lz 1 0.0 

2 0 - 
3 
4 
5 

0 
2 
4 

570.0 
680.0 

+50 
+170 

'Olympus' 1 6 12.0 +9 

2 0 - 
3 
4 
5 

1 
2 
3 

280.0 
540.0 
750.0 

+260 
+200 

February 
'Benton' 1 4 45.0 +40 

2 0 - 
3 1 240.0 
4 
5 

1 
6 

33.0 
600.0 +600 

'Olympus' 1 5 6.0 +5 

2 0 - 
3 1 250.0 
4 
5 

1 
7 

480.0 
780.0 +160 

March 
•Benton' 1 23 12.0 +5 

2 0 - 
3 
4 

0 
4 120.0 +40 

5 6 210.0 +75 

'Olympus' 1 11 1.3 +1.7 

2 0 - 
3 
4 
5 

0 
6 

10 
470.0 ^JS 
730.0 ±100 

1, 2, 3, 4 or 5 indicate 100%, 75%, 50%, 25%, or 0% unhealthy 
anthers, respectively, in a flower. 
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General Discussion and Conclusions 

The objectives of this work were evaluated in the field where, 

1) high incidence of malformed fruit during early harvests of 'Ben- 

ton' was noted and, 2) cultivar differences in the tendency towards 

fruit malformation were identified. A strong relationship between 

poorly developed anthers, extremely low pollen levels, and high 

percentages of fruit malformatinon occurred at the primary ranking 

for 'Benton' and 'Tyee'. Despite fluctuation in the average pollen 

levels of primary flowers of 'Totem', it had the best fruit set at 

the primary ranking compared to the other 3 cultivars. Apparently 

'Totem' released enough viable pollen to fertilize a sufficient 

number of ovules for even receptacle expansion. Information on 

pollen viability is needed to interpret the association between 

pollen levels and incidence of malformed fruit at a given ranking 

within the inflorescence. Methods to study strawberry pollen 

viability should be critiqued to find one that is reliable for use 

in field work. Consideration should also be given to the proper 

environmental conditions for pollen germination tests since they are 

critical to the validity of the results. 

The low amount of pollen released from flowers of 'Benton' and 

'Tyee' was assumed to have resulted from poorly formed anthers, 

which failed to dehisce and/or carried a limited amount of pollen, 

the cause of anther damage is not known. I observed anther degenera- 

tion in 'Benton' and 'Olympus' flowers as early as 2 1/2 monts prior 

to inflorescence emergence in the spring. The next question to 

address is whether the anther failure occurred earlier, possibly 
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during fall initiation. Guttridge and Anderson (13) have suggested 

that this developmental period may be especially sensitive. The 

induction of anther failure may occur much earlier than January. 

Experiments under controlled conditions may help identify certain 

stimuli that induce or enhance anther decline during a specific 

growth stage. We could use this information to possibly alleviate 

the decline. 

The study of strawberry fruit set becomes difficult since it is 

and aggregate fruit, with up to 500 pistils in a primary flower. Not 

all the ovules need to be fertilized for even receptacle expansion. 

The critical number of pollen grains needed for adequate viable 

achene number to stimulate a well-formed berry is not known. One 

approach to answer this question would be to, 1) count the number of 

viable achenes on well-formed fruit 2) evaluate the achenes to find 

out which ones stimulated receptacle expansion, and whether they 

were viable or died after affecting a receptacle response. Then, 

with information on pollen source a link could be postulated between 

available pollen and the amount needed for ovule fertilization for 

even receptacle expansion. 
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Fig. A.l.  SEM photograph of degenerated anther from 'Tyee' 
flower bud at pre-anthesis stage. 

Fig. A.2.  SEM photograph of degenerated anther from 'Benton' 
flower bud at pre-anthesis stage. 


