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from a commercial point of view. However, to meet specific 

processor or market needs, growers may attempt to confine their 

plantings to blocks of one or two varieties which may not pro- 

vide ample opportunity for cross-pollination. 

Previous investigations indicate that cross-pollination, 

in most cases, produces larger and earlier maturing berries and, 

to a lesser degree, greater percentages of fruit set than self- 

pollination. Studies in Michigan do not completely bear this 

out, thus justifying regional pollination tests. 

Separate experiments were initiated in the spring of 1951 

in both the greenhouse and the field utilizing the Dlxi and Jer- 

sey varieties, respectively, for female parents and the pollen 

of Dixi, Jersey, and Pemberton. The principle object in both 

experiments was to determine the differences, if any, between 

selfing, crossing, and open-pollination on the set, size, seed 

development, and days to maturity of the highbush blueberry. 

Noteworthy effects from pollination were obtained al- 

though these effects were not always applicable to Jersey and 

Dixi alike. Crossing consistently produced greater amounts of 

fully developed seeds, larger and earlier maturing berries, and 

substantially greater yields than self-pollination. With Dixi 

it also materially increased fruit set. Berry size was directly 

related to the amount (weight) of fully developed seeds con- 

tamed in the berry. In the college planting, open-pollination 

appeared to be about midway between crossing and selfing in 

effect. Pemberton pollen induced earliness moreso titan the 

other pollens tested. Emasculation tended to depress set, size, 

and earliness of berries in Dlxi but only earliness in Jersey. 

Crossing increased earliness, berry size, and total yield 

of Dlxi and Jersey enough to justify intervarietal planting of 

blueberries in Oregon. 
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EFFECTS OF CERTAIN POLLINATORS ON 
FRUIT AND SEED DEVELOPMENT IN 

THE HIGHBUSH BLUEBERRY 

INTRODUCT ION 

The apparent success of highbush blueberry plant- 

ings in Oregon and Washington Is stimulating interest in 

this fruit from a commercial point of view. Numerous 

small plantings are being made by growers on an experi- 

mental basis. These plantings, together with the plant- 

ings of the experiment stations of Oregon and Washington 

are acting as "pilot plants" for what may ultimately de- 

velop Into an enterprise of considerable magnitude. 

Among the many problems that may confront the grow- 

er of the highbush blueberry is that of pollination. Up 

until now no serious pollination problem has become appar- 

ent but, it should be pointed out that the plantings made 

thus far usually consist of many varieties, affording 

ample opportunity for cross-pollination. The situation 

may become changed when growers attempt to confine their 

plantings to one or two varieties such as may become 

necessary to meet specific processor or market needs. 

Knowledge of the risks involved, therefore, is of primary 

importance at this time. With this thought in mind poll- 

ination experiments with the highbush blueberry were un- 

dertaken in the spring of 1951. This thesis deals 



essentially with the procedures and the data of these 

experiments. 



3 

REVIEW OF LITERATURE 

Pollination problems have been encountered since 

the very beginning of the cultivated highbush blueberry 

industry. Coville (9, pp.561-562), attempting to self 

Brooks, a highbush selection from the wild, noted that 

the flowers often set fruit but the fruit withered and 

fell before maturity. Coville (, Plate XXII) later 

cross-pollinated and selfed equal numbers of flowers on 

blueberry shoots. The cross-pollinated flowers produced 

full clusters of fruit, whereas the selfed flowers all 

remained small and green and all but two imperfect fruit 

dropped prematurely. Coville did not designate the var- 

ieties tested nor the techniques employed. 

Field investigations were conducted by Merrill 

(19, pp. 4-33) at the South Haven, Michigan, Branch Ex- 

periment Station from 1932 through 1935. Merrill used 

three methods of testing for self-fruitfulness. One 

method consisted of bagging the flowers prior to blos- 

soming and removing the bags after the blooming season. 

In the second method, flowers were emasculated and hand 

pollinated, and in the third case, plants of the Rubel 

variety, two miles from any other blueberry plants, were 

pollinated by insects. The bagged flowers set few fruit 

with considerable variation among varieties tested, 
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whereas in the second and third methods ?Tsatjsfactoryfl 

yields were obtained. Merrill suggests "....that heat, 

humidity, or light conditions under the sacks were such 

as to cause injury to the blossoms, to prevent proper 

dehiscence of the anthers, to prevent fertilization, or 

to cause unnatural stimulus to the formation of the ab-. 

scission layer. It is possible also that the sacks re- 

duced atuospheric and mechanical movement to such an 

extent that pollen did not reach the stigmas, which 

protrude considerably beyond the anthers." Cross- 

pollination led to a higher percent set in two years 

out of three, although this is explained by Merrill 

tt,,0 the basis of the operator's workmanship and 

the varying periods between emasculation and pollin- 

at ion." 

In Massachusetts, Bailey (1, pp.71-72) during 

1937, worked with Cabot, Pioneer, Rubel, and many other 

varieties, and obtained good set and yield from cross- 

ing, and very poor set with only few fruit maturing from 

selfed flowers. Cross-pollination was done with the aid 

of a camel's-hair brush and selfed plants were merely 

segregated by means of aster cloth tents. 

The lack of conclusive evidence led White and 

Clark (29, pp.305-309) to study further the effect of 



self-pollination on fruit set, size, and earliness on 

the highbush blueberry in New Jersey. They obtained 

little difference in the percent of set between self- 

and cross-pollination; however, sorne varieties were 

self-incompatible. Berries resulting from self-pollin- 

ations were consistently smaller than those from cross- 

pollinations, and size and number of seeds were direct- 

ly related to berry size. 

Ivierrill (20, pp.6l7-619), with Johnston, again 

investigated the degree of self-fertility of certain 

blueberry varieties, including Stanley, Jersey, Con- 

cord, and June. Blossoms were covered with glassine 

bags. Â 90 percent set was obtained from hand-pollin- 

ated, selfed flowers with no emasculation. With emas- 

culation, set was lower only in Stanley and Jersey, a 

condition which the authors attributed to injury from 

the emasculation process. When pollen was brushed on 

the non-emasculated flowers poor set resulted and this 

was attributed to inadequate distribution of pollen. 

Set of open-pollinated flowers was slightly less than 

that of the hand-pollinated flowers. Berries result- 

ing from self-pollination were at least as large, if 

not larger, than those from open-pollinated treatments. 

In North Carolina, Morrow (21, pp.4.69-472) work- 

Ing with potted plants in a greenhouse, crossed and 



selfed flowers on nearly identical shoots of the same 

plant to avoid variation due to the plants. Shoots 

were not protected because of little or no insect ac- 

tivity in the greenhouse. Cross-pollination led to ear- 

lier ripening, i.e., 7, 4, and days earlier for Scam- 

meli, Weymouth, and Dixi respectively, and increased 

berry size of all three varieties. Cross-pollination 

also increased the percent of fully developed seed, al- 

though fully developed seeds of crossed berries were no 

larger than those of selfed berries. Morrow concluded 

that when earliness and large berries are desired, cross- 

pollination seems to be more desirable than self ing. 

Similar results were obtained by Meader and Darrow 

(1g, pp.267-274-) with the rabbiteye blueberry. 'Iost of 

the varieties tested were partially or completely self- 

unfruitful with the exception of Blueboy which was very 

self-fruitful. In all cases, cross-pollination led to 

larger berries. Cross-pollination generally decreased 

the number of days to maturity----by as much as 24 days 

in one specific case. 

Three years of pollination experiments in the 

field and greenhouse by Meader and Darrow (17, pp.196- 

204), using fifteen highbush varieties and the paired 

shoot technique of Morrow (21, pp.J69-47O), indicated 
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that cross-pollination usually increased yield enough so 

as to warrant intervarietal planting. Set was generally, 

but not always, better under cross-pollination. Con- 

trasted with self-pollination, cross-pollination pro- 

duced (1) a greater percent of fully developed seed, (2) 

larger berries, and (3) earlier and more uniform ripen- 

ing. Self-pollination plus cross-pollination, a treat- 

ment resembling open-pollination, produced an increase 

in yield over cross-pollination alone. With the Stanley 

variety, for example, the weight of crossed berries was 

almost double that of selfed berries and the total yield 

was four times greater. 

The bulk of the evidence to date appears to sub- 

stantiate the advantages of cross-pollination over self- 

pollination. However, it seemed wise to test the pollin- 

ation reactions of some popular varieties in Oregon be- 

cause of the regional differences obtained in the above 

mentioned experiments. 

Many investigators have pointed out the necessity 

of insect pollination. Merrill (19, p.33) went so far 

as to say "Of such greater importance than self- or 

cross-pollination.....is the need of insuring some 

(any) sort of pollination. Mechanical aid is absolute- 

ly necessary to a good set, from self- as well as from 



cross-pollination." 

A collection of insects, visiting blueberry bushes 

at Amherst, Massachusetts (2, p.$), from Nay 21 to May 

26, 1936, revealed 56 honeybees, 6 bumblebees (two 

species), and 72 solitary bees. The bumblebee was con- 

sidered most valuable because of its ability to work un- 

der less favorable weather conditions and because its 

long stiff tongue enables it to reach the base of the 

blueberry flowers. There was practically no set when 

bees were excluded from the flowers by cheesecloth. 



METHODS AND MTERIALS 

Field investigations were initiated in the college 

blueberry planting near Corvallis on April l), 1951. A 

relatively severe frost on the morning of April 21, corn- 

pletely eliminated the work accomplished and necessitated 

the alteration of original plans. Ten four-year old 

plants of the Dlxi variety were purchased from a Port- 

land nursery to replace those injured. They were planted 

in wooden tubs and supplemented by several potted Dlxi 

plants on hand at the college. Later, observations in 

the field revealed that only the plump, early buds and 

open flowers of the field plants were killed and that 

this planting could also be used in subsequent tests. 

The Dlxi plants from the nursery were heavily in- 

fested with a fungus disease (Botrytis) which spread 

rapidly during the persistent rainy weather and neces- 

sitated placing them in a greenhouse. As a result, two 

independent experiments were set up; one in the green- 

house with Dixi, and the other in the field with Jersey. 

The principle object in both experiments was to 

determine the differences, if any, between selfing, 

crossing, and open-pollination on the set, size, seed 

development, and days to maturity of the highbush blue- 

berry. 
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Greenhouse Experiment 

Three basic treatments were employed which con- 

sisted of Dlxi selfed, Dlxi X Jersey, and Dlxi X Fern- 

berton. The treatments were performed in two ways, 

i.e., flowers were emasculated in one instance and not 

emasculated in the other. This resulted in a total of 

six treatments. 

Selection of Shoots and Blossoms 

Severi shoots which were as similar as possible 

were selected on each of twelve plants with each plant 

representing a replication. Treatments were assigned 

to these shoots at random. On each shoot, fifteen well 

developed but unopened blossoms were selected for treat- 

ment from terminal flower clusters. An identification 

tag was utilized to separate these fifteen blossoms 

from the remaining blossoms on the shoot. 

Emasculation 

Emasculation, where required, was accomplished 

with the aid of sharply pointed tweezers by pinching 

the corolla near the base and pulling away from the 

flower. Two or three attempts were usually necessary 

to remove the entire corolla and stamens. Substitutions 
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were made whenever injury to the pistils occurred. 

Collection and Care of Pollen 

Pollen was collected from open flowers by twirl- 

ing the flowers between the thumb and forefinger above 

a vial. Pemberton and Jersey pollen was derived from 

bagged shoots of field plants, whereas Dlxi pollen was 

obtained from the treated plants in the greenhouse. 

Vials containing the pollens were plugged with cotton 

and when not in use were stored in a refrigerator. 

Fresh pollen was added daily to the supply. Pollen 

germination tests throughout the flowering period al- 

ways indicated high percentages of viable pollen. 

Application of Pollen 

Emasculated flowers. Pollen was applied by means 

of a thin glass rod rounded on the ends and approximate- 

'y four inches in length. A different rod was used for 

each pollen. The rod was dipped Into the vial of the 

desired pollen and then rolled delicately over the stig- 

ma of each emasculated flower. Pollen was applied im- 

mediately after emasculation and again after 4 hours 

to guarantee pistil receptivity. Shoots were treated 

in the order of their numbers and not in the order of 

the treatments. Each plant was treated before moving 
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to the next plant (replication). Since little or no 

insect activity was noted in the greenhouse, no protect- 

ion was given to the treated shoots. 

Non-emasculated flowers. The technique of appli- 

cation was much the saine for the non-emasculated flowers 

as for the emasculated flowers. However, the non-emas- 

culated flowers were permitted to open naturally and 

they were treated when open. Shoots were observed daily 

for newly opened flowers and all open flowers were treat- 

ed or retreated at every observation until the treatment 

was completed. Pollinating rods were dipped in 95 percent 

alcohol between treatments to avoid contaminating the male 

parent pollen in the vial with pollen from the female par- 

ent. 

Harvesting Methods 

Picking commenced on July 9 and continued at 

weekly Intervals thereafter except for a two week in- 

terval before the final picking. Berries were picked 

as they ripened from the treated shoots and without 

knowledge as to the treatment. They were placed in 

small Kraft bags marked as to shoot and replication. 

Berries were weighed on a torsion balance almost im- 

mediately after picking and then placed in cold storage. 
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Seed Extraction 

Seed was extracted from the berries of each 

treatment and replication independently. The berries 

were placed in a Waring Blendor with approximately ¿4.00 

ml. of water. The blendor was operated with a Variac 

set between 50 and 60, allowing about five minutes for 

each extraction. The pulp mixture was decanted until 

the seed was free of contamination. The seed was f mal- 

ly separated by washing it into a funnel lined with 

filter paper. When air dried, the seed was scraped 

from the filter papers into small manila envelopes and 

then oven dried for several days at 60 degrees C. Af- 

ter drying, an mm. seive was employed to separate 

the fully developed seed from the smaller, unìderdeveloped 

seed. 

Field Experiment 

In general, the field experiment was conducted in 

the saine manner as the greenhouse experiment with the 

addition of an open-pollinated treatment. Altogether, 

seven treatments were employed with the same objectives 

in mind. Treatments consisted of Jersey selfed, Jersey 

X Dlxi, Jersey X Pemberton, and Jersey open-pollinated. 

All but the open-pollinated treatment were duplicated 
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as regards to emasculation and non-emasculation. 

Ten plants were utilized in the field, each 

representing a replication. Due to the fact that 

these plants were considerably larger, approximately 

six years old, shoots selected for treatment were more 

uniform than those of the smaller Dixi plants in the 

greenhouse. All of the pollen was obtained from field 

plants. Treated shoots of all but the open-pollination 

treatment were bagged with four-pound Kraft bags which 

were secured in place by short lengths of paper-coated 

wire. The bags were removed only for treatment of the 

flowers and removed altogether after danger of contam- 

ination was past. 

Protection of the mature berries from birds and 

other preditors was deemed necessary. This was accom- 

plished by covering each plant with mosquito netting. 

The nettings were removed when it was noted that hot 

weather was causing isolated damage. 

Methods of Statistical Analysis 

All pertinent data were subjected to statistical 

tests, employing the analysis of variance technique. 

Significance in all cases was calculated at the .01 

level. 
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EXPERIMENTAL RESULTS 

Greenhouse Expe riment 

Effects of Emasculation 

Emasculation, as noted in Table I, influenced all 

of the results observed in this experiment. Regarding 

berry set, each emasculated treatment yielded fewer 

berries than its non-emasculated counterpart. However, 

in the case of Dixi X Pemberton this difference was not 

significant. When emasculated, the Dlxi X Jersey cross 

with 66 percent set was significantly less than the Dixi 

X Peniberton cross with 4 percent set. 

Fruit from emasculated flowers tended to ripen 

later than fruit from non-emasculated flowers, although 

the difference was significant only with Dlxi X Jersey. 

When the flowers were emasculated, Dlxi X Jersey berries 

matured over seven days later, on the average, than when 

the flowers were not emasculated. 

Mean berry weight and mean weight of large seed per 

berry were greater in the non-emasculated treatments. 

Berries from emasculated flowers had a mean weight of 

1.54 grams compared to 2.Oa grams for berries from non- 

emasculated flowers. The difference in this case is 

significant within the .01 level. 
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Because emasculation so greatly influenced the 

pollination treatments in the greenhouse, it seemed 

justifiable to consider only the non-emasculated treat- 

ments for pollination effects. The tendency for Inter- 

action (significant at the .05 level) made combining 

impractical. 

Effects of Pollination 

The influence of crossing versus selfing was quite 

pronounced in all categories (Table I). Selfing led to 

significantly lower set when coiipared to both crosses. 

Selfing produced only 77 percent set contrasted to 

percent and 93 percent, respectively, for Dlxi X Jersey 

and Dixi X Pemberton from 360 pollinated flowers each. 

Berries from Pemberton crosses matured in 76.7 

days (weighted mean) or significantly earlier than self- 

ed berries with g6.6 days to maturity. Dlxi X Jersey 

berries matured in 0.O days or approximately midway 

between the selfed berries and those from Dlxi X Pem- 

berton, although not significantly different from either 

with 6.4 days being necessary for significance. 

Figure 1 illustrates the pollination effects on 

time of ripening, based on the percent of berries har- 

vested at each picking. The first two pickings yielded 
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32.6, 44.7, and 62.0 percents of the total number of 

berries harvested from Dlxi selfed, Dixi X Jersey, and 

Dixi X Peinberton respectively. 

Continuing the trend, the mean weight per berry 

of Dixi X Pemberton crosses was 2.39 grams or 0.31 grams 

more than Dlxi X Jersey berries and 0.95 grams more than 

selfed berries. As mean berry weight increased, the 

mean weight of large seed per berry increased also but 

at a higher rate. 

Yield figures accentuated the treatment differences 

expressed by berry set and mean berry weight. Dlxi X 

Pemberton crosses yielded 401.5 grams, or somewhat more 

than the 353.6 grams where Jersey pollen was employed 

and considerably more than the selfed yield of 200.2 

grams. 



Table I. Effect of Self-and Cross-Pollination of the Dlxi Blueberry on Berry Set, 
Days to Maturity, Berry Weight, Yield, and Seed Development 

Pollination Berries Percent Berries Weighted Mean Mean Wt. Yield 
(180 Flowers Set Set per 15 Mean Days Berry of Large (Gins) 
per Treatment) Pollin- to Matur- Wt. Seed per 

ated ity Berry 
Flowers (Gms) (Mgs) 

Flowers Emasculated 
Dlxi X Self 84 47 7.0 86.8 1.36 4.1 114.2 

Jersey 119 66 9.9 87.6 1.54 9.2 183.3 

Dlxi X Pemberton 151 84 12.6 82.9 2.10 15.7 317.1 

Flowers Not Emasculated 

Dlxi X Self 139 77 11.6 85.6 1.44 6.7 200.2 

Dlxi X Jersey 170 94 14.2 80.0 2.08 21.8 353.6 

Dlxi X Pemberton 168 93 14.0 76.7 2.39 31.3 401,5 

L.S.D. .01 - - 2.2 6.4 0.33 4.77 - 
.05 - - 1.7 4.8 0.25 3.58 - 
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Figure 1. Percentages of Dlxi blueberries harvested at each picking from sev- 
eral pollination treatments. Weighted-mean pollination date for each treatment 
was the same. The difference between Dlxi selfed and Dixi X Pemberton is sig- 
nificant. 
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EMASCULATED 

'XI SELFED 

DIXI X JERSEY 

DIXi X PEMBERTON 

Figure 2. Typical set and size of Dixi blueberries har- 
vested from one replication showing the various pollin- 
ation treatments. Flowers were emasculated. 

NOT EMASCULATED 

':\I SELFED 

01X1 X JERSEY 

Dlxi X PEMBERTON 

Figure 3. Typical set and size of Dixi blueberries har- vested from one replication showing various pollination treatments. Flowers were not emasculated. 
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Field Experiment 

Effects of Emasculation 

Emasculation had no significant effects on berry 

set, berry weight, or seed development on treated Jer- 

sey plants in the field. Days to maturity, however, 

were significantly greater with emasculation in both 

Jersey selfed and Jersey X Dixi treatments (Table II). 

Effects of Pollination 

Data for pollination are presented in Table II. 

Significant differences were noted between the various 

treatments in all but berry set. Selfing greatly de- 

layed maturity with a spread of over 11 days between 

the mean maturation date of selfed berries and crossed 

berries. Although the difference was small, Jersey X 

Pemberton berries matured 1.35 days earlier than Jersey 

X Dlxi berries, a difference which is significant. This 

difference could possibly have been greater when the 

percent harvested per picking is observed (Figure 4). 

Over 45 percent of the Jersey X Peinberton berries were 

harvested in the first picking, whereas Jersey X Dlxi 

and Jersey open-pollinated both reached their maximum 

in the second picking one week later. The first two 
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pickings yielded 75.7, 69.7, 62.0, and 21.0 percents, 

respectively, of the total berries harvested per treat- 

ment for Jersey X Pemberton, Jersey X Dlxi, Jersey open- 

pollinated, and Jersey selfed. Weighted mean pollination 

dates were identical (May ) in all cases of hand-pollin- 

ation. From estimates of open flowers on open-pollin- 

ated shoots, it is doubtful if the mean pollination date 

for this treatment deviated more than a day or two from 

that of the other treatments. The open-pollinated treat- 

ment was eliminated when analyzing statistically for days 

to maturity. 

Crossed berries averaged from 33 percent (Jersey X 

Dlxi) to 37 percent (Jersey X Pemberton) heavier than 

selfed berries. Open-pollinated berries were 22 percent 

heavier than selfed berries but not significantly differ- 

ent from selfed or crossed. 

The mean weight of ]arge seeds per berry was much 

greater for crossed than selfed berries and even sig- 

nificantly greater than the weight of large seeds from 

the open-pollinated berries. The weight of large or 

plump seed per berry was 170 and 157 percent greater for 

Jersey X Dlxi and Jersey X Pemberton, respectively, than 

the weight of plump seed from selfed berries. 



Table II. Effect of Self-, Cross-, and Open-Pollination of the Jersey Blueberry on 
Berry Set, Days to Maturity, Berry Weight, Yield, and Seed Development 

Pollination Berries Percent Berries Weighted Mean Mean Wt. Yield 
(200 Flowers Set Set per 20 Mean Days Berry of Large (Gms) 
per Treatment) Pollin- to Matur- Wt. Seed per 

ated ity Berry 
Flowers (Gms) (Mgs) 

Flowers Emasculated 
Jersey X Self 169 85 16.9 86.00 0.96 7.5 161 

Jersey X Dixi 176 88 17.6 74.30 1.32 20.4 232 

Jersey X Pemberton 163 82 16.3 72.90 1.31+ 20.1 218 

Flowers Not Emasculated 
Jersey X Self 164 82 16.4 82.50 0.96 7.8 158 

Jersey X Dlxi 160 80 16.0 71.40 1.24 20.5 198 

Jersey X Peruberton 185 93 18.5 70.10 1.28 19.0 236 

Jersey Open- 
Pollinated 179 90 17.9 - 1.17 15.9 210 

- - No sig. 1.85 0.25 3.83 - 

Treatments Combined 
Jersey X Self 333 83 16.7 84.25 0.96 7.6 319 

Jersey X Dlxi 336 84 16.8 72.85 1.28 20.5 430 

Jersey X Peniberton 348 87 17.4 71.50 1.31 19.5 454 
- - No sig. 1.31 0.18 2.71 - 
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Figure 4. Percentages of Jersey blueberries harvested at each picking from sev- eral pollination treatments. Weighted-mean pollination date for each treatment was the same except for open-pollination where exact pollination date is unknown. The difference between Jersey selfed and Jersey crossed Is significant. 
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Figure 5. Clusters of blueberry fruits photographed 
July li, 1951. Upper left, selfed berries of Jersey 
still green and relatively small. Upper right, Jersey 
berries set by Dlxi pollen with some ripe fruit evident. 
Lower left, Jersey berries set by Pemberton pollen show- 
Ing many ripe berries. Lower right, Jersey berries set 
through open-pollination showing several ripe fruit. 
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Figure 6. One replication showing typical set and size 
of Jersey blueberries harvested from the various pollin- 
ation treatments. Jersey X Pemberton berries are some- 
what smaller than average for the 
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Figure 7. One replication showing typical set and size 
of Jersey blueberries harvested from the various pollin- 
ation treatments. 
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DISCUSSION 

The tendency toward self-incompatibility is 

pronounced. The limited anourit of fully developed seed 

in selfed berries ïs probably more indicative of this 

than fruit set. Even though Jersey had good fruit set 

when selfed, the berries were small and contained very 

few large seed. Assuming that only fully developed seed 

are viable, probably few ovules were actually fertilized 

in the self ing process. These results and the results 

of other investigators (17, lE, 21) reveal that crossing, 

in most cases, leads to the fertilization and development 

of a far greater percent of ovules than does self Ing. In 

conjunction, the greater the number of ovules fertilized 

the larger and earlier will be the berry. 

Self-incompatibility is believed to be common in 

the blueberry. Darrow and Camp (11, p.20) suggest that 

a considerable amount of self-incompatibility Is respon- 

sible in part "for the numerous populations of wild in- 

terspecific hybrids present today in the genus." Multi- 

ple-allelomorph Incompatibility may well be responsible. 

According to Whitehouse (30, p.203), this is the most 

common type of incompatibility found in hornostylic flower- 

Ing plants. Pollen tubes having an allelomorph in common 



with the tissue of the pistil, have a reduced growth 

rate and fail to reach the ovules (12, pp.9O-9ll). 

Multiple-alleloxnorph incompatibility probably 

varies considerably among varieties, depending upon the 

number of incompatible allelomorphs found in the pistil 

and pollen. Rather extreme self-incompatibility has 

been reported in Harding (29, p.307), a highbush, and 

in most rabbiteye varieties (le, pp.267-274). On the 

other hand, histological studies by Merrill (19, pp.18- 

33), indicate self-pollination is a normal process in 

Rubel. A variety like Rubel might produce a greater 

percentage of pollen free of the allelornorphs found in 

its pistils than the extremely self-incompatible varie- 

ties. 

Boron has been found to play an important role in 

the fertilization process in plants and it is not un- 

likely that self-incompatibility in the blueberry is re- 

lated in some manner to this element. Boron concentra- 

tions are greatest in the parts associated with fecun- 

dation (4, 5, 6) and many workers have achieved consid- 

erable increases in pollen grain germination and in the 

lengths of pollen tubes by boron applications (3, 6, 26). 

Considering that the blueberry is grown on acid soils 

conducive to the leaching of boron, the levels of this 
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element might be critically low. Where optimum levels 

of boron might minimize the effects of multiple-.allelo- 

morph incompatibility by enhancing pollen germination 

and tube growth, low levels might accentuate this in- 

compatibility. Scott (25, pp.57-5) successfully in- 

creased the set of fruit of some self-incompatible 

grape varieties with applications of borax. 

The results also indicate that varieties tend to 

vary in response to different pollens. Pemberton pollen 

produced significantly greater seed development in Dlxi 

than did Jersey pollen, and Peinberton-pollinated berries 

appeared to ripen earlier and attain greater size. Dlxi 

was developed from a Jersey X Pioneer hybrid crossed with 

Stanley (10, p.16), and, potentially, contains many of 

the allelomorphs found in the Jersey variety. Hence, 

a greater degree of incompatibility would be expected 

between Ijixi and Jersey than between Dlxi and Pemberton. 

Field results, however, do not completely bear this out. 

The reciprocal cross of Jersey X Dlxi produced as many 

fully developed seed as Jersey X Pemberton, although, 

Jersey X Pemberton berries matured significantly earlier. 

However, both Jersey and Pemberton were derived from Rubel 

(10, p.16). Different pollens may vary in stimulating 

capacity and cause unequal effects on ultimate size and 

earliness of berries. Nixon (23, pp.240-255; 24, pp.97- 
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l2) and Swingle (26, pp.257-26) reported as early as 

l92 that pollen affected time of ripening and fruit size 

in the date palm. Swingle called this phenomenon ineta- 

xenia and described it as changes induced by hormone or 

hormone-like secretions from the embryo and/or the endo- 

sperm on ovarial tissues. Fulton (13, pp.469-4O) ob- 

tained similar pollination effects in cotton boils and 

fiber but he did not believe his data were conclusive. 

icKay and Crane (16, pp.293-29) found that size and set 

of fruit of the Japanese chestnut were related to these 

characteristics in the pollen parent. 

Emasculation tended to depress set, berry size 

(weight), and weight of large seed per berry in Dixi 

but not Jersey. The number of days to maturity was de- 

layed in both varieties. Light was probably an impor- 

tant factor considering that the Jersey shoots were 

bagged. Emasculation exposes pistils to a somewhat 

greater light intensity whïch may inhibit pollen tube 

growth. Emerson (12, pp.902-910) reported that a longer 

growth of pollen tubes, especially those of incompatible 

pollen, takes place in some plants after flowers have 

been in darkness for several days. Bagging minimizes 

light intensity and this may explain not only the differ- 

ences in emasculation effects between Dlxi and Jersey 
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but also the success of fruit set from selling of Jer- 

sey in the field experiment. The two distinct environ- 

ments should not be overlooked. The Dlxi plants were 

subject to warm days and nights in contrast to relative- 

ly cold field temperatures experienced by the Jersey 

plants. Meader and Darrow (17, pp.202-203), found that 

low temperatures immediately following pollination were 

actually beneficial to fruit set and berry size. 

Although not an integral part of the experiments 

described herein, the flowers on several Jersey shoots 

were emasculated and bagged without pollination. Bolier 

(7) clipped the style and anthers from many unopened Jer- 

sey flowers. Small, seedless berries that matured late 

resulted in both instances. This tendency toward par- 

thenocarpy even without pollination stimulus suggests 

the possibility of considerable hormone concentrations 

in some varieties. Gustaf son (14, pp.l35-l3) studied 

the growth hormone content in the ovary of unopened 

flowers of sorne citrus fruits. He found that the ovaries 

of seedless oranges and lemons which did not require 

pollination had a much higher growth hormone content 

than those varieties in which pollination and fertili- 

zation were required. This phenomenon was also true 

with seedless grapes. The apparent seedless nature of 
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many small Jersey berries might well be due to par- 

thenocarpy and, furthermore, this might explain the re- 

latively high set of ttselfedn berries. 

The stimulus of pollination without fertilization 

might also produce fruit set. Muir (22, pp.716-720) ex- 

ainined the hormone content of pollen, pollen tubes, and 

pistils before and after fertilization of Nicotiana 

tabacum. Pollen tubes contained many times as much 

hormone as the pollen and there was an increase in the 

hormone content of the pistils following pollination. 

Muir attributed this to an enzyme system found in the 

pollen which can release the hormone from its bound 

form in the tissue of the pistil. 
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Figure . Clusters of blueberries showing selfed 
berries left of tag and crossed berries on the right. 
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SUNNARY AND CONCLUSIONS 

Blueberry pollination experiments were conducted 

in both the field and greenhouse to compare the merits 

of cross- and self-pollination on the Jersey and Dixi 

varieties. Noteworthy effects from pollination were 

obtained although these effects were not always appli- 

cable to Jersey and Dixi alike. Crossing consistently 

produced greater amounts of fully developed seeds, larger 

and earlier maturing berries, and substantially greater 

yields than self-pollination. With Dlxi it also maten- 

ally increased fruit set. Berry size was directly re- 

lated to the amount (weight) of fully developed seeds 

contained in the berry. In the college planting, open- 

pollination appeared to be about midway between cross- 

ing and selfing in effect. Pemberton pollen induced 

earliness moreso than the other pollens tested. Emas- 

culation tended to depress set, size, and earliness of 

berries in Dlxi but only earliness in Jersey. 

Crossing increased earliness, berry size, and 

total yield of Dlxi and Jersey enough to justify Inter- 

varietal planting of blueberries in Oregon. 
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