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SUMMARY

Previous literature concerning tomato production under glass
has considered to a limited extent the importance of artificial pollination,
the subject matter for the most part emphasizing the desirability of some
means of pollination but containing little definite information as to the
effects of the work.

Phases of tomato pollination previously discussed have dealt
with the pollination of immature flowers, the effects of cross pollination
of varieties, the value of varying amounts of pollen in pollinating, and
a brief consideration of desirable means of pollination.

Commercial greenhouses in Oregon have produced large numbers
of tomato plants which bear many barren or unfruitful blossoms, the pro-
portion of unfruitfulness often being as high as sixty to seventy percent
of th total number of blossoms, thus causing considerable financial loss.

In one tomato crop under observation, the plants of which were
impollinated, sixty percent of the blossoms were unfruitful, the average
production of fruit for each plant being 3.3 pounds.

Records of all crops tabulated in this report show that the average
yield for pollinated and unpollinated plants was 7.4 pounds and 4.4 pounds
respectively.

There are several causes for the unfruitfulness of blossoms, the
principal ones being, first, the absence of natural pollination agents such
as insects; second, the relation of the several reproductive organs in the
development of the flower; and third, the correlation of vegetative
growth of the plant with the reproductive system.

Experiments have been conducted and observations made in the
Oregon Station greenhouses during the past six years to determine from
an economic standpoint the value of different methods of hand pollination
in offsetting the number of unfruitful blossoms on clusters.

Cooperative experiments have also been carried on in commercial
greenhouses, portions of which have been set aside by owners for experi-
mental work.

In obtaining necessary data, a total of about eighty thousand
tomato blossoms have been under observation.

Hand pollination of flowers has reduced the number of unfruit-
ful blossoms from sixty-six percent to twenty percent of the total
number of flowers produced, the percentage of reduction depending upon
the comparative thoroughness of the pollination.

Records of plants typical of fifteen crops of tomatoes show that
plants which were pollinated were fruitful to the extent of seventy-two
percent, while the average fruitfulness of plants unpollinated was but
thirty-six percent..

In one commercial greenhouse, a block of tomato plants regular-
ly pollinated produced eighty percent of fruitful blossoms with a yield
of nine pounds of fruit for each plant.
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Of various methods of pollination tried, the emasculation method
has been more widely used than any other and is recommended principal-
ly because of ease in applying pollen, prevention of duplication of polli-
nation, and thoroughness of application at a time when the flower is most
receptive.

Regularity and thorougiless of pollination are conducive to high
plant production, whereas inexperienced labor, haste, and irregularity in
doing the work may not produca profitable net results.

Hand pollination of blossoms increases the earliness of fruiting,
beginning with the rapid enlargement of the ovary after pollination in
contrast to the comparatively slow development of many flowers which
are self pollinated. Fruits produced from hand-pollinated, flowers have
been harvested as early as twenty-one days before fruit from plants not
artificially pollinated.

Labor cost of pollination has been accounted for in relation to
yields of pollinated and unpollinated plants. Statistics show that the
cost of pollination during the season is approximately three cents a plant.

Results indicate that it pays to hand pollinate to the extent that
the increased returns far exceed in value th labor cost of the work and
leave a margin of profit. The plants which were pollinated at a cost of
three cents showed a yield larger than those which were unpollinated
by as many as 3 pounds for each plant, with a value of 38 cents.

'The cost of pollination for the entire season may be covered
by increased yields obtained from pollinated plants in the first two weeks
of harvesting, when higher prices for fruit prevail. Records indicate that
increased yields from pollinated plants will equal from one-half to the
entire cost of production of plants when marketed, as compared with the,
production of plants unpollinated. In other words, in some cases pollina-
tion has paid the entire labor cost of production through increased yields.

The comparative net returns of plants after deducting the cost
of pollination show an increased value of from sixteen to sixty-seven
cents a plant or an average of thirty-eight cents in favor of pollinated
plants. These returns are based on the cost of three cents a plant for
pollination.

The percentages of fruitfulness and unfruitfulness of individual
clusters of a crop, given specific treatment, vary to a considerable extent,
but total and average records indicate a remarkable mean of percentage
of uniformity of all clusters.



SOME ECONOMIC RESULTS IN THE POLLINATION OF
GREENHOUSE TOMATOES

INTRODUCTION

Pollination has long been recognized as an important factor in grow-
ing greenhouse tomatoes Early writings regarding the production of
this crop discussed the necessity of some means of artificial pollination.

Baily (1) writes that "in the short dull days of midwinter some arti-
ficial aid must he given flowers to enable them to set. Tapping the flow-
er with a stick is a practice which is perhaps better than nothing, but
I am strongly of the opinion that it will pay the commercial grower to
transfer the pollen by hand in midwinter." Watts (2) states that "arti-
ficial pollination seems to be necessary or at least advantageous in secur-
ing a full setting of fruit. On bright sunny days this additional labor is
oftentimes unnecessary, but we believe the practice pays in every case."
The experiments and findings of Munson (2) deal with the amount of
pollen in its bearing on the amount and size of the fruit. Munson recom-
mends that the flowers be pollinated in midwinter and that, as a source
of profit, commercial growers transfer the pollen by hand. He also
recommends jarring or shaking of the plant with a padded stick. He
makes the assertion that more symmetrical fruit, having solidity, is pro-
duced by artificial pollination, which has a part in preventing one-sided-
ness of fruit. His determinations shOwed that the size of the fruit was
in every case in direct proportion to the amount of pollen used.

Alwood (4) describes a test in which forty blossoms were bagged
and allowed to remain until the period of receptivity of the stigma was
passed. From the forty buds only two fruits set. The recommendations,
based on the findings of the test, show that it is essential that the flowers
be pollinated by hand. The author of these experiments also states that
it is evident, if blossoms are exposed in the house where most of the
blossoms are artificially pollinated, that a considerable portion of those
not treated will be fertilized from pollen liberated in treating other
blossoms, It was also noted that careful pollination appears to affect
the size of the fruit. Fink (5) in a description of the methods of "pollina-
tion and reproduction of the tomato" notes that the amount of pollen
influences to a very marked degree the size and shape of the fruit, his
experiments proving that one sidedness of fruit results from lack of
pollen in contrast to large, well-formed fruit resulting from large amounts
of pollen. Beach (6) shows how the amount of pollen applied to the
stigma, influences the size and shape of the fruit, and its rapid develbp-
ment to maturity.

Mason (7), in his work in forcing tomatoes, at first practiced shaking
or tapping of the vines, but finding this unsatisfactory went over the
vines for the next two months pollinating every two or three days by
lifting to the stigmas of the flowers a watch glass containing pollen.
In trials as to various methods of pollinating, JeOkins and Britton (8)
found that a majority of the blossoms set fruit in which the corolla of
the flowers was pulled away after it had fully opened and that in the
pulling the anthers were broken open and pollen escaped into the air
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and lodged on the stigmas of the flowers. Experiments with the spoon
method of pollinating showed that it took less time for operation and
was more likely to affect cross fertilization, a factor desired in improv-
ing the strain. This seems to be somewhat disputed at the present time
by the investigations of Troop (13), who found no increased results by
cross pollination as compared with blossoma that were fertilized by their
own pollen. Jordan (9) makes mention of using in his work the padded
stick for the purpose of pollination of blossoms. Massey and Rhodes (ii)
tested with satisfaction the efficiency of the camel's-hair brush as a
means of conveying pollen to the stigmas of flowers. hi. a test of eff i-
ciency of tapping the flowers daily at noon in contrast to fertilizing the
flowers with the camel's-hair brush, the results indicate an imperfect
setting of fruit and a rapid falling of f in size where the blossoms were
tapped in contrast to the increased yield caused by the use of the
camel's-hair brush as a pollinating instrument.

Hartley (ii) proves the fallacy of the opinion that when pollen is
placed on the young immature stigmas, it will remain there, later fertiliz-
ing the flower when it finally becomes receptive. The necessity of
pollinating every other day from December 1 to March 1 is discussed by
Beal (12), who used and recommended the spoon method of collecting
and applying pollen in his work. The subject of cross pollination has
been touched upon to a certain extent by Troop (13) and by Fletcher and
Gregg (18) who find no beneficial gain in yields by cross pollination as
opposed to self pollination of the blossom. Green and Waid (14) used
in their pollinating work home-made tools consisting of a small wooden
ladle and, as a companion, a flat wooden spatula. The best results were
obtained from daily pollination, although the authors state that satisfac-
tory results come from pollinating half of the plants the first day and
the other half the second day. As a result of their investigations it is
stated that success in tomato forcing depends more on thorough and
careful pollination than on any other one thing."

Corbett (15) discusses the necessity of artificially pollinating tomato
flowers, recommending the tapping of each open flower into a spoon
or watch glass containing pollen. Figures are conspicuously scant with
respect to the difference in the yield of plants which have been hand
pollinated and those which have been self pollinated. Warren (17) ob-
served that in a comparative test, plants which had been hand pollinated
gave 48 percent more fruit and a slightly smaller percentage of ill-shaped
fruit than those which were not pollinated. Fletcher and Gregg (IS) con-
tend that attention to pollination assures a large proportion of smoothly
formed tomatoes, and that it pays to go over the plants on sunny days
and sometimes on cloudy days to tap each blossom with a padded
stick or the finger, holding in the left hand a glass slide or watch glass
containing pollen which is brought into contact with the stigma of the
flower. Experiments conducted by Sandsten (19) show that bright sun-
shine is more favorable to a large germination of pollen from tomato flow-
ers than cloudy weather. The results obtained show an increase of from
25 percent to 5th percent of germination of pollen grains during a period
of sunshine. Watts (24) plainly describes the tomato flower and em-
phasizes the need of hand pollination for thoroughness of work, arguing
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that the increased yield will more than pay for the expense involved in
pollinatiolL

Kraus and Kraybill (2) show from a physiological study of tomato
plants grown in different artificial soil mixtures that there is a close
correlation between the amount of vegetative growth of the plant and
the growth of the reproductive organs for fruit production. Plants with
full, heavy, succulent foliage, classed as "markedly vegetative," were
for the most part decidedly unfruitful, frequent instances being cited
in which a large.percentage of the blossoms.failed to et fruit. Through-
out all of the experiments conducted, plants grown in soil with an
kbündant supply of available nitrogen were distinctly unfruitful. Plants,
too, which were markedly non-vegetative had a tendency to produce fruit
early in their growth but failed later to do so in such proportion. The
findings of the authors of this recent publication show that there is an
important relation between the balanced nutrition of tomato plants and
their fruiting and that this is an important factor re'ative to the produc
tiveness of the ariety. It is especially desirable that plants be neither
markedly vegetative nor non-vegetative, but that the nutrition furnish
a happy medium between these two extremes.

INVESTIGATIONS OF THE OREGON EXPERIMENT STATION

Investigations concerning the relation of artificial pollination to the
fruitfulness of tomato plants grown under glass were begun in 1912. The
subject was brought up in connection with the comparatively large num-
ber of tomato bhssoths that were found to be unfruitful in the Station
greenhouses and in some commercial greenhouses of the State

Preliminary Investigations of 1911 and 1912

The experimental work as first laid out and the results of the first
year's findings are related in detail in the Biennial Crop Pest and Horti-
cultural Report of 1911-12 as published in January, 1913. The phases of
investigational work then partly covered were: first, a study of the
comparative efficiency and economic value of differeiit means of arti-
ficial pollination; second, a study of the variation of blossom clusters
of different varieties determining the economic value of these varieties
in producing marketable fruit.

In the first phase of the above investigations the following results
were obtained:

Pollination by shaking the blossoms gave an average iticreased
yield of eaily fruit of 160 percent over plants which were not pollinated,
the variation being from 79 percent to 264 percent, the variety Bonny
Best yielding an increase of 110 percent.

Pollination by hand for an average of four varieties gave an
increased yield of early fruit of 270 percent over plants that were not
pollinated, the variation being from 84 percent to 400 percent, Bonny
Best yielding an increase of 180 percent.

Pollination by hand for an average of four varieties gave an
increased yield of early fruit of 60 percent over plants that were jarred,
the variation being from 6 percent to 150 percent, Bonny Best producing
an increased yield of 33 percent.
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4. For the -entire marketing season plants hand pollinated yielded
17 percent more fruit than those shaken, and 42 percent more fruit than
plants unpol1inate Plants shaken yielded 21 percent more fruit than
those untouched.

Continued Investigations of 1913 and 1914

Pollination studies made in the years 1911 and 1912, results of which
were published in the Biennial Crop Pest and Horticultural Report. of
1913-14 (20), were followed by further studies published in the corres-
ponding report of January, 1915 (22). The results of the work of 1913
and 1914 are as follows:

Plants which were hand pollinated yielded, in the first month
of harvesting, 164 percent more fruit than those which were untouched,
the variety being Bonny Best. The average increased yield through
pollination for all varieties under observation was 144 percent.

Through the first three weeks of marketing, plants that were
hand pollinated were worth to the grower 16 cents apiece more than
those which were shaken or tapped; while the latter were worth 26 cents
apiece more than the check plants. Plants which were pollinated were
more valuable to the extent of 42 cents apiece than those which were
unpollinated.

Observations concerning the fruitfulness of blossoms in commer-
cial greenhouses seemed to prove that, in the first case, the proportion
of fruitful blossoms was 47 percent, the corresponding percentage of
barren flowers being 52 percent. In the second case, the number of
fruitful flowers was 37 percent and the number of unfruitful 63 percent.
In each instance, the plants were not artificially pollinated.

The productivity of varieties was shown to be affected not alone
by the number of blossoms produced on the clusters of the various
varieties, but also by the percentage of fruitful or unfruitful blossoms
on each plant. Statistics show the difference of varieties in this respect
and also the condition of the style and stigma at the time of discharging
pollen.

R&cent Investigations

Since the last, publication in 1915, studies have been made covering
the following economic phases of pollination:

Continued observations regarding the fruitfulness of tomato plants
in commercial greenhouses.

Introduction of various methods of pollination in commercial
establishments.

Relative value of blocks of pollinated and unpollinated plants,
based on (a) earliness of yield, (b) total yield.

Labor cost of pollination as affected by various methods of
pollination.

Net results of pollination.
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THE TOMATO FLOWER IN RELATION TO POLLINATiON
In the following, discussion concerning the economic effect of hand

pollination, various botanical terms concerning portions of the flower
are used which might be confusing to some readers who have, not studied
the make-up of the blossom, hence the relation of the different parts of

the flower to pollination is here considered.
Fletcher and Gregg (18) plainly describe the flower and its functional

parts as also does Watts (24.). In a paper read at the Third Annual
Coilvention of th-e Vegetable Growers Association. of America, Gregg
explains in detail the construction of a tomato flower and the relation,
one to another, of its various parts.

Tomato flowers are borne on clusters averaging from five to twelve
blossoms to the cluster. In the variety Bonny Best, which was observed
more than other varieties, the number of flowers to a cluster averaged

II

Fig. 1. Cluster shelving blossomo in various stages of development. (a) Flower
hI extreme left has opened and later closed its petals, being now in. condition -for
emasculation and pollination. (b) Flower in upper right with petals reflexed is one
from which pollen can be obtained in pollinating. Some flowers as shown in middle
left have already become barren.
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five to eight. The flowers on a single cluster develop at different times
in the age of the plant, so that there are blossoms in various stages of
development at the same time. Figure 1 shows a typical cluster of
flowers in which each blossom is in a different stage of development.
This fact makes it easier for the operator in hand pollination, inasmuch
as it distributes the work of pollination over a longer period of time, and
there is less danger of blossoms dropping before being pollinated.

Looking at a single blossom, it is noticed that the green star-like
portion of the lower part of the flower is divided into several parts which
are joined at the, base. This part is called the cayix, Which increases in
size as the fruit enlarges and which remains attached to the portion of
the stem of the fruit when the latter is harvested. The individual parts
of the calyx are called sepals. The large green sepais, especially on the
winter crop of fruit, are conspicuously showy in contrast to the crimson
tomatoes. The yellow petals above the calyx are divided into lobes, all
comprising the so-called corolla of the flower. The petals indicate by
their, appearance and development the maturity of the sexual organs of
the flower. At first, when the blossom is in bud, the yellow petals are
not in view, but later open until they are well reflexed or fully expanded,
in which condition the pollen is freely discharged. Later on the petals
close together, fade in color, and begin to shrivel and dry. After several
days they will often dry quite hard and stiff, remaining persistent to the
calyx for a short period before dropping.

The stage of development of the petals is a vital factor in the
emasculation method of hand pollination described in this bulletin,
inasmuch as the success of rapid emasculation and pollination of the
stigma depends on the condition of the corolla. Details concerning
troubles experienced in operating at any other time, except when the
petals are in the right condition, is explained under 'Methods of Pollina-
tion."

The stamens, which are the parts of the flower functioning as the
male sexual organs, bear on the inner side small sacks, called anthers,
in which pollen grains are held, and from which they are discharged.
The erect central organ of the flower protruding through the stamens
as they come together at the tip is the pistil, functioning as the female
sexual organ. Its enlarged outer end is the stigma which has a sticky
surface and which receives the pollen grains as they are shed from the
anthers. At the base of the pistil is the ovary, containing ovules which
afterwards become matured seeds when the stigma is properly fertilized
by pollen grains.

Of the various crops. of tomatoes cited in these pages, some seventy
to eighty thousand blossoms have been under observation.

Methods of Artificial Pollination

Shaking the Plants. There are several ways in which tomato flowers
may be artificially pollinated, varying in time and labor and effective-
ness of work. First, the quickest and simplest method consists in tapping
or jarring the vines, clusters, or individual flowers of each plant. A
padded stick or lead pencil may be used in this shaking, and, because
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of the condition of the anthers for discharging pollen, only those flowers
having well reflexed or fully expanded petals, or those having the petals
but recently closed, should be tapped. Time would only be wasted in
stopping to shake other blossoms.

Spoon or Slide Method. Second, pollen may be collected on spoon
or glass slides from flowers with expanded corollas. As the operator
passes from flower to flower, the pollen receptacle is held up to the
stigma of the pistil protruding through the center of the flower so that
a slight tapping of the blossom is, sufficient to bring the stigma into
contact with the pollen. 'There are disadvantages connected with this
method which often preclude greatest efficiency for the time and labor
employed. First, very often the pistil will not 'have developed sufficient-
ly in some flowers so that the sttgmatic surface can be touched by the
pollen receptacle, in spite of the fact that the corolla may be fully re-
flexed. Second, there is no means of preventing duplication of pollination,
since it is impossible to tell in pollinating a large number of blossoms
whether a certain blossom has been previously pollinated. Third, flowers
that have closed their petals following the full expansion cannot have
their stigmatic surface pollinated without emasculation.

It is true, however, that this spoon Or slide method of pollination
may produce larger net yields than where no pollination is practiced.
The method is rapid and effective in preventing large numbers of blos-
som's from becoming barren.

Emasculation Method. Pollen collected on the finger may be applied
to stigmas of flowers which have been previously emasculated by the
operator. This method has proved to be 'quick in performance and
effective in results Details of this method are as follows: Pollen Is
obtained from any flowers having their petals w011 reflexed, turned back,
or fully expanded, in which stage of development the anthers are de-
hiscent or freely discharge pollen. The pollen is collected on the first,
second, and, if desired, the third finger of the left hand in such quanti-
ties that the first joint of the fingers is well coated with pollen. Constant
practice in collecting will soon enable the operator to Observe at a glance
which flowers are likely to discharge pollen. By carryIng a quantity of
pollen, a large number of flowers can be pollinated. The next step is to
select the flowers to be pollinated. On 'each cluster there are certain
blossoms which have opened fully and later closed their petals. These
are the ones selected for pollination. The blossoms can be quickly
emasculated (i. e., petals and stamens removed) 'with the thumb and
third or fourth finger of the left hand, the right hand holding the flower
back of the sepals in order to steady the operation as shown in Figure 2.
The flower being emasculated, pollen can be quickly touched to the end
of the pistil. (Figure 3.)

There are several advantages in this method of pollination. First,
the stigma is in a receptive condition at the time the petals first close
after having been previously reflexed. This ,assures fertilization when
pollen is applied from the finger after emasculation. Second, the con-
tact of pollen with stigma is sure, even, and ample, because the pistil
can be seen and easily worked on following the removal of the flower.
Third, there is no possibility of a flower being pollinated more than
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Fig. 2. Contaot of pollen from finger to stigma. Ab'undanoe of pollen is carried
on the fingeo' so that many flowers ma-y be pollinated before fm'ther collection of pollen
becomes necessary. -

Fig. 3. Petals of this flower are being removed, for pollination, of stigma. Note
pollen on first joints of first a-nd second fingers; thumb and third finger are pulling
off the corolla while the thumb and first finger on right hand steady the operation,
holding the flower back of the sepals.
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once, because all flowers found emasculated have been operated on and
will be omitted by the pperator in the next day's work. This makes
sure a saving in time and labor impossible by other methods. It also
leaves little chance that any flower will be passed by unnoticed; since
the flowers with closed petals are easily distinguished from. the others
on a cluster.

On the recommendation of the Oregon Station this method of pollina-
tion has been tried by several growers, who have reported good results
under thorough tests. Because of its general success, and the advantages
specified, it is the method now most favored by this Station.

Frequency of Pollination

Little time need be spent in pollination t the beginning of the blos-
soming season because of the few flowers then appearing; but as the
number of clusters of each plant increases, the task of pollination requires
more time. The pollination of 150 plants, for instance, might consume
thirty to forty minutes, and any larger number of plants in like propor-
tion, particularly at the time when blossoms were profuse on all clusters.
Thorough methods of pollination, such as would be practiced by emascu-
lation, naturally take more time than other methods in which the operator
might pass more quickly from plant to plant. In the latter case the cost
of pollination will no doubt be lessened, as is shown by Table XVI, but
as far as these experiments are concerned, the amount of fruit obtained
is decidedly smaller.

It has been the writer's custom to pollinate every second or third
day, never leaving plants longer than three days without attention, lest
the blossoms lack fruitfulness. Some growers in Oregon have practiced
daily pollination with profit. Regularity of pollination is necessary, for
irregularity will result in barren blossoms on the various clusters of
the plant.

If the air in the house is dry, it is not necessary to wait until eleven
or one o'clock before pollinating, nor does it seem absolutely necessary,
from these experiments, that there be sunlight for favorable bursting
of the pollen sacks and the consequent shedding of the pollen. It is
undoubtedly true that when warm summer days prevail pollen will be
discharged abundantly, but it has been found that it will also shed
freely in somewhat cloudy weather provided the atmosphere in the house
is dry and warm. Pollination has frequently been carried on with good
results as early as nine o'clock in the morning and as late as four or
four-thirty in the afternoon, although it has been customary to do most
of the work at a regular hour in the forenoon or early afternoon. Thor-
oughness of pollinating is a more important factor than the time of day
at which it may be done.

Causes of Unfruitful Blossoms. There are several factors responsible
for the frequency of flowers which bear no fruit. First, there are no
natural agents, such as insects, assisting in this pollination. While there
is a circulation of air prevailing through the greenhouse, yet very seldom
is this strong enough to cause the shaking of the blossoms in such a way
as to assist in the scattering of the pollen. Second, the blossoms natural-
ly bang in a downward position. This condition is responsible for the
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fact that pollen grains, when discharged, fall past the stigmatic surface
on the sides and lodge in the position explained-in the next cause. Third,
the enlargement of the pistil and the stigma is responsible to some extent
for some blossoms not being self pollinated. The pollen in being dis-
charged from the anthers is caught on the under side of the stigma or
at the base of the enlargement of the pistil; is there held, and as a
consequence, few if any grains may come into contact with the upper
sticky stigmatic surface. Fourth, the elongation of the style of the
pistil, which lengthens as it develops to maturity, may occur before the
discharge of pollen from the anthers, thereby precluding the contact of
pollen grains with the pistil at a favorable time for fertilization. Fifth,
the corolla in falling may break the pistil before the ovary is fully
fertilized, thus causing barreness. Sixth, flowers may be crushed or
broken off by green-house attendants as they are passing through the
rows of vines, thereby increasing the possibility of unfruitfulness.
Seventh, the elongation of the style of the pistil may often occur after
the discharge of pollen from the anthers, thereby rendering imperfect
the correlation between the discharge of pollen from the male organs
and the receptiveness of the female organs.

Hand Pollination in Relation to Percentage of Fruitful Blossoms The
question may arise, if hand pollination of all blossoms is undertaken,
why is the percentage of fruitful blossoms not larger and the percentage
of barren blossoms not smaller, if all blossoms supposedly receive atten-
tion? There are several causes for this condition. First, it is not al-
ways possible for the average grower, engaged in other farm work, to
pollinate with absolute accuracy and regularity; hence a few blossoms
will have been passed by unnoticed or will have dropped before being
pollinated. In observations made in the Station greenhouses we have
found this condition to be true, in spite of the- fact that average pre-
cautions and care might have been exercised in pollination. Second, it
is not possible to hand pollinate without breaking some pistls here and
there on the vine. In these experiments many thousands of flowers have
been pollinated, and the writer can vouch for the impossibility of regular
pollination over many hundreds of plants without a small percentage of
pistils being broken. He has yet to: observe a tomato crop in which the
blossoms showed higher than eighty percent of fruitfulness, for the
reasons named above.

Precautions Necessary in Pollination of Blossoms

Care should be taken that flowers are not allowed to become too
far developed before being emasculated. If left for several days after
the petals have closed, they will become dry and difficult to remove.
There is danger of breaking the pistil from the ovary, if the flower is
handled in this condition. The stigma is also past the receptive stage
for fertilization.

In emasculation, the corolla should be pulled off straight from
the calyx; that is, at no decided angle, otherwise the pistil is liable to
be broken off.

Practice in emasculating several flowers will quickly show the
operator the points of the work in which particular care is necessary.
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Rapidity and efficiency of operation will result after many blossoms
have been removed and stigmas pollinated by the methods described.

4. Double pistils may often be found on some flowers, in which
case it has been customary to pinch off the entire flower, as fruit of
unmarketable shape usually results from flowers with such pistils.

Methods of Determining Percentage of Fruitful and Barren Blossoms.
In obtaining the data concerning the fruitfulness of the various crops of
tomatoes the records of which are stated in this bulletin, it has been
customary to select plants of a desired number to furnish material which
would represent, as far as possible, the average .of a greenhouse as a
whole or a block of plants which had been given, specific treatment.
Following the harvesting of the crop of fruit from the plant and before
the removal of the latter from the greenhouse, the clusters, usually six
in number, were cut off at their attachment to the stem of the plant,
each cluster being kept distinct as regards its place on the plant. A
record was then made of the fruitfulness of each cluster by first observ-
ing the comparative number of pedicels which were enlarged at the
tips showing the scar where the fruit bad been picked with a portion
of the stem and the calyx. The number of unfruitful blossoms was like-
wise observed by noting the pedicels which were straight, small in
diameter, not enlarged at the tips, and showing no sign of a fruit scar.
In some instances, at the time of collecting the clusters, there were a
few fruits on the top clusters which had reached unmarketable size
These were included under the column of fruitful blossoms.

Extent of Unfruitful Blossoms. In the statements contained in the
following tables relative to the percentage of fruitful and barren blos-
soms it will be noted that the percentage of unfruitful flowers is variable
to a considerable extent, even among those plants which were pollinated
or unpollinated as the case may be. In some cases the number of un
fruitful flowers was so much as 79 percent and in other cases no more
than 48 percent. The average percentage of barreness of blossoms of
plants not pollinated was 63 percent, while the average percentage of
unfruitful blossoms on pollinated cltisters was 27 percent, this figure
including records of all means of hand pollination used.

It is evident from observations made that the greatest degree of
unfruitfulness is reached in the fall and winter crop of tomatoes when
plants are not pollinated. In many cases the entire number of blossoms
of a single cluster may be barren. In one crop recently observed, 50
percent of the second clusters of unpollinated plants produced no fruit
at all. In another crop 22 to 37 percent of the clusters formed yielded
no fruit, every blossom being barren. It is therefore evident that cases
of 100 percent of unfruitfulness in individual clusters is not uncommon.

The extent to which all blossoms of single clusters may be barren
is apparently not so marked in the late spring and summer tomato crop,
the blossoming of whichtakes place during a time more suitable for natural
self-pollination. Observations concerning the percentage of totally barren
clusters of plants of a spring crop show that two percent of the first
clusters, two percent of the second clusters, three percent of the third,
two percent of the fourth, eleven percent of the fifth, and twelve percent
of the sixth clusters were totally unproductive. The plants from which
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the records were obtained were unpollinated. In this particular case,
therefore, five to six percent of the entire number of clusters of a crop
were totally unproductive. The percentage of total barreness of clusters
of plants not pollinated seems to be more marked in the upper clusters,
such as the fifth and sixth, than in the other clusters. If, on the one
hand, the plant shows extreme vegetative vigor toward the end of the
blossoming season or, on the other hand, lacks normal vitality, clusters
will often appear later with no fruit.

Very few cases occur where there is a total barreness of individual
clusters in greenhouses, the plants of which are pollinateft. Our records
show that this may be true only to the extent of eight barren clusters
out of one thousand.

In the following tables concerning the percentage of fruitful blossoms,
cluster 1 represents the first cluster produced by the plant and so on up
the plant.

Earliness of Maturity Affected by Hand Pollination. The rapid de-
velopnient of the ovary of the tomato and the quicker maturity of the
fruit are the direct results of hand pollination of the stigma, thus greatly

Fig. 4. Two individual clusters, the one on left showing almost total harreness,
one on right being nearly 100 percent fruitful.

influencing a larger percentage of the crop in being ready for harvest-
ing at a time when prices are comparatively high.

Observations covering a number of tomato crops have demonstrated
beyond question that fruit from blossoms which have been hand pollinat-
ed will ripen from fourteen to twenty-one days earlier than the fruit
from a majority of blossoms from check plants. Following the contact
of pollen to the stigma by hand there is a rapid growth of the embryo
tomato which results in earlier maturity.



Records show that plants which have been hand pollinated, as com-
pared with those which have been unpollinated, have produced, during
the first month of harvesting, an increase in early fruit varying from
twenty-six percent to sixty-six percent. They show also that the hand-
pollinated plants, as compared with those which have been jarred, have
yielded increases of fifteen to thirty-seven percent of early fruit.
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Fig. 5. Cluster showing rapid development ef fruit from artificially pollina ed
stigmas. This cluster has six flowers, the two upper middle blossoms dropping, thus
giving the cluster a 66 percentage of fruitfulness. This shows the necessity of regular-
ity in pollinstiact.

Increased yields from pollinated plants are more noticeable during
the first month of harvesting than the yields of fruit at the end of the
second month. This is largely because of the maturity of the fruit, from
the second, third, and fourth clu8ters of unpollinated plants, which may
bear during the second month of harvesting. Our records also show,
however, that during May and June there was an increase of thirty-one
percent of fruit harvested from a similar number of plants, hand-pollinated
and unpollinated respectively.
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The above figures and facts interpreted in terms of dollars and cents
show (1) that a larger percentage of the crop which is hand pollinated
will be sold on the market at a price of fifteen or twenty cents a pound
and (2) that the cost of labor t'or pollinating plants, will be paid for
by the increased returns produced through the early maturity of the
plants, and that there will be left a profitable margin.

Siefert (23) shows in compilation of data concerning various crops
of greenhouse districts of Portland, Oregon, the following summary:
TABLE I. COMPARATIVE VALUE OF TERRE COMMERCIAL TOMATO CROPS

100 Plants Each

Blossoms No. Per- TotalNo. of pollinated fruits centage BIt sscms Fruit Fruit valuecrop or not set fruitful barren produced per plant of crop
% lbs. lbs.

1 Yes (by hand) . . 3810 50 20 944 9.4 $117.002 No 1447 34 65 361 3.6 45.123 Yes (to acme ex-
tent) 1672 34 65 418 4.1 5223

Explanation

Crop No. 1 was of unquestionable value as regards high percent-
age of fruiting. The plants and clusters were vigorous and the fruits
uniform in size. Pollination was reguiarly done by the emasculation
system. Note the high yield of fruit per plant.

Crop No. 2 received no pollination. The plants were less vigorous
than those of Crop No 1, in some cases the clusters dying before any fruit
had set. Plants were trained to two leaders. The percentage of barren
blossoms is unprofitably high.

The plants of Crop No. 3 were irregularly jarred. No account was
available concerning the regularity of the Work, but it probably was
quite irregular. The plants were inferior in vigor to those of Crop No. 1.
Plant vigor is necessary for strong clusters, rapid fruit development,
and profitable size of fruit.
TABLE II. STATEMENT OF COMPARATIVE NUMBER OF FRUITFUL AND BAR-

REN BLOSSOMS SPRING CROP. GROWER NO. 4, 1915

128 Plants

Cluster
No.

Total Number
number blosooms Percentage blossoms

blossoms per cluster fruitful barren

1
2
3
4
5
6

Average

°Total

'ye
856 6.4 76 23
939 7.4 90 10
994 7.8 90 10

1144 8.8 86 13
1022 3.1 74 25
1107 8.6 58 416062* 7.8 79 20

-
Explanation

1. The above plants under observation were hand pollinated, a
further statement regarding the productiveness of the p]ants being in-
Cluded in Table I and its explanation.

Number
fruitful

Blssssms
barren

728 128
852 87
895 99
994 150
759 263
650 457
818 197
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The first clusters would have shown a greater percentage of
fruitfulness had the operator exercised a little more care and regularity
in pollinating.

The three following clusters show a remarkably high percentage
of fruitfulness, the result of uniformity and regularity of pollination.

When the price of tomatoes began to decrease considerably, less
care was used in pollinating the sixth cluster.

We consider this crop a good example of productiveness through
careful and consistent pollination, the yield of plants being approximately
nine pounds of ripe fruit.

The selection of plants for observation of their fruitfulness was
made at random in this greenhouse, plants here and there throughout
the entire house being taken.

TABLE III. STATEMENT OF COMPARATIVE NUMBER OF FRUITFUL AND BAR-
REN BLOSSOMS, SPRING CROP. GROWER NO. 3, 1915

70 plants

Total Number
Cluster Number Blossoms uumber - blossoms Percentage blossoms

No. fruitful barren blossems per cluster fruitful barren

*Total

Explanation

The plants selected indiscriminately from this greenhouse- show
a high degree of natural unfruitfulness. No pollination was practiced.

The plants did not at any time attain normal vigor as compared
with plants of other crops.

The vitality and size of the upper clusters was poor, and a
normal number of blossoms per cluster was not produced. The per-
centage of fruitful blossoms was very small.

These plants show unprofitable production.
It will be noted that in comparing the fruitfulness of the blossoms

of the fifth cluster in the above two crops, the percentage of barren and
fruitful flowers is exactly reversed. In the plants in Table II, 75 percent
of the blossoms were productive of fruit, while in the plants in Table III
75 percent were unproductive. The first-named plants, which were vig-
orous, were pollinated; while the plants in Table III, which lacked nor-
mal vigor, were unpollinated.

1 253 204 547 7.8 46 53

2 228 336 564 8.0 40 59
3 128 416 544 7.7 23 '76

4 191 361 552 7.8 34 65
5 99 316 415 5.9 24 75

6 71 274 345 4.9 20 79

Average 161 332 2967* 7.0 31 68
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TABLE IV. STATEMENT OF COMPARATIVE NUMBER OF FRUITFUL AND BAR-
REN BLOSSOMS, SPRING CROP. GROWER NO. 5, 1915

55 plants

Total NumberCluster Number Blossoms number blossoms Percentage blossomsNo. fruitful barren blossoms per cluster fruitful barren

* Total

Explanation

The above plants were not artificially pollinated.
The plants were of normal vigor except as regards the upper

clusters, which were weak.
Of all crops under observation, this crop was second in un-

productiveness.

Explanation

The first .two clusters were pollinated by inexperienced green-
house helpers, the pollination consisting of using a spoon in contact with
the flower and also jarring. The work was somewhat hurriedly done,
as is shown in a table found elsewhere in this bulletin discussing the
time spent in pollination and the cost of the same. The above results
show a comparatively small percentage of fruitful blossoms.

The third fourth, and fifth clusters were unpollinated.

1 109 225 334 6.0 35 642 161 310 471 8,5 32 673 203 312 515 9.3 39 604 152 317 469 8.5 32 675 147 265 412 7.2 35 646 90 222 312 5.6 29 71Average 143 275 2513* 7.5 32 65

TABLE V. STATEMENT OF COMPARATIVE NUMBER OF FRUITFUL AND BAR-
REN BLOSSOMS. SPRING CROP. GROWER NO. 1, 1916

100 plants

Total NumberCluster Number Blossoms number blossoms Percentage blossomsNo. fruitful barren blossonis per cluster fruitful barren

1 550 490 1040 10.4 53 462 530 530 1060 10.6 50 503 560 700 1260 12.6 44 554 450 680 1130 11.3 40 60
5 250 530 880 8.8 28 71Average 469 586 5370* 10.7 43 56

*Total
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TABLE VI. STATEMENT OF COMPARATIVE NUMBER OF FRUITFUL AND BAR-
REN BLOSSOMS, SPRING CROP. GROWER NO. 1, 1916

100 -plants

*Total
Explanation

In the above greenhouse no pollinAtion was practiced.
The yield per plant was 3.3 lbs., or about one-half to two-fifths

of that obtained in other greenhouses.

TABLE VIII. STATEMENT OF COMPARATIVE NUMBER OF FRUITFUL AND
BARREN BLOSSOMS, SPRING CROP. 0. A. C. GREEN1OUSE NO. 1, 1917

100 plants

Total
Explanation

All of the five clusters were unpollinated.
There is an evident uniformity in the percentage of barren blos-

soms of the first four clOsters.
TABLE VII. STATEMENT OF COMPARATIVE NUMBER OF FRUITFUL AND BAR-

REN BLOSSOMS, SPRING CROP. GROWER NO. 2, 1916

90 plants

Total Number
Cluster Number Blossoms number blossoms Percentage blossoms

No. fruitful barren blossoms por cluster fruitful barren

-

*Total

Cluster
No.

Number
fruitful

Blossoms
barren

_otal
number

blossoms

- Number
blossoms

per cluster
Percentage blossoms
fruitful barren

%
1 554 147 701 7.0 79 20
2 442 200 642 6.4 68 31
3 445 260 705 7.0 63 36
4 279 376 655 6.5 42 57
5 200 400 600 6.0 33 66
6 124 445 569 5.6 21 78

Average 340 304 3872* 6.4 51 48

1 287 SO4 591 6.5 48 51
2 322 328 650 7.0 49 50
3 303 322 625 7.0 48 51
4 264 410 674 7.3 - 39 60
5 187 490 677 7.4 27 72
6 166 500 666 7.4 25 75

Average 251 361 3833k 7.1 39 60

Cluster
No.

Number
fruitful

Blossoms
barren

Total
number

blossoms

Number
blossoms

per cluster
Porcentage blossoms
fruitful barren

%
1 430 510 940 9.4 45 54
2 600 680 1280 12.8 46 53
3 400 560 960 9.6 41 58
4 490 672 1162 11.6 42 57
5 320 850 1170 117 27 72

Average 448 654 5512C 11.0 40 60



22

Explanation

The above plants were grown on raised benches ordinarily used
for lettuce and seedling production. It was not difficult to pollinate
the first three clusters; but after the fourth cluster was formed plants
were growing too tall to be easily reached from the walk.

Pollination was discontinued after the third cluster.
While the average for the six clusters was 51 percent fruitful

and 48 percent barren blossoms, yet the average for the first three
clusters pollinated was 70 percent fruitful and 30 percent barren blossoms.

Average for last three clusters unpollinated 32 percent fruitful
and 67 percent barren blossoms.

TABLE IX. STATEMENT OF COMPARATIVE NUMBER OF FRUITFUL AND BAR-
REN BLOSSOMS, SPRING CROP, 0. A. 0. GREENHOUSE NO. 2, 1917

60 plants

*Total

Explanation

In this greenhouse plants were grown on ground beds, all of the
clusters being pollinated with the exception of the fifth and sixth.

Average for six clusters was 62 percent blossoms fruitful; 37
percent barren.

Average first four clusters was 72 percent blossoms fruitful;
27 percent barren.

Average fifth and sixth clusters was 42 percent blossoms fruitful;
57 percent barren.

TABLE X. STATEMENT OF COMPARATIVE NUMBER OF FRUITFUL AND BAR-
REN BLOSSOMS, SPRING CROP, 0. A. C. GREENHOUSE NO. 3, 1917

100 plants

- Total Number
Cluster Number Blosoomo number blossoms Percentage blossoms

No. fruitful barren blossoms per cluster fruitful barren

Total Number
Cluster Number Blossoms number blossoms Percentage blossoms

No. fruitful barren blossoms per cluster fruitful barren

1 300 75 .875 6.2 80 20
2 295 115 410 6.8 72 28
3 238 115 403 6.7 71 28
4 282 131 413 6.8 68 31
5 175 208 383 6.3 :45 54
6 146 237 383 6.3 38 61

Average 247 147 2367 6.5 62 37
*Tct.l

1 482 267 749 7.4 64 35
2 630 217 847 8.4 74 25
.9 682 176 858 8.5 79 20
4 624 220 844 8.4 74 25
5 507 395 902 9.0 56 43
6 531 544 3075 10.7 49 50

Average 576 303 5275* 8.7 66 33
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Explanation

These plants were grown as a cooperative experiment in a com-
mercial greenhouse.

All of the clusters were pollinated, this being the first experience
of the grower in performing this operation.

Average for the first three clusters 71 percent blossoms fruitful;
29 percent barren.

Average for the last three clusters lO percent blossoms fruitful;
39 percent barren.

Here, again, it is to be noted that the pollination of all clusters,
especially towards the top of the plant was responsible for a larger per-
centage of fruitful blossoms than is ordinarily obtained where no pollina-
tion is practiced.

TABLE XII. STATEMENT OF COMPARATIVE NUMBER OF FRUITFUL AND
BARREN BLOSSOMS, SPRING CROP, GROWER NO. 2, 1917

42 plants

Total Number
Cluster Number Blossoms number blossoms Percentage blossoms

No. fruitful barren blossoms per cluster fruitful barren

* To ta I
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Explanation

The plants in this greenhouse were grown on ground beds and
the first four clusters were pollinated.

Average for first four cluters 72 percent blossoms fruitful; 27
percent barren. Average for fifth and sixth clusters 52 percent blossoms
fruitful; 47 percent barren.

TABLE XI. STATEMENT OF COMPARATIVE NUMBER OF FRUITFUL AND BAR-
REN BLOSSOMS, SPRING CROP, GROWER NO. 2, 1917

55 plants

Cluster .
No.

Number
fruitful

Blossoms
barren

Total
number

blossoms

Number
blossoms

per cluster
Percentage blossoms
fruitful barren

%
1 254 82 339 6.0 75 24
2 271 112 383 6.0 70 29
3 282 125 407 7.0 69 30
4 219 134 353 6.5 62 37
5 249. 193 442 7.5 58 41
6 218 130 348 7.0 62 37

Average 248 129 2269* 6.6 66 84

1 147 125 272 6.4 54 45
2 160 78 238 5.6 64 35
3 168 180 298 7.0 58 41
4 146 81 227 5.4 63 36
5 113 109 . 222 5.0 51 48
6 103 103 206 5.0 50 50

Average 139 104 1463* 5.5 57 42
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Explanation

More or less pollination was practiced in this greenhouse at
irregular times.

The yield of these plants was considerably less than that obtained
from plants in Table XI.

TABLE XIII. STATELWENT OF COMPARATIVE NUMBER OF FRUITFUL AND
BARREN BLOSSOMS, SPRING CROP. 0. A. 0. GREENhOUSE NO. 1, 1918

87 planta

Explanation

1. The plants in the above tables were grown to two main stems
per plant.

2. All six clusters were pollinated as regularly as possible consistent
With the care of other necessary vegetable work.

3. Average for the first three clusters pollinated 70 percent fruitful;
30 percent barren.

4. Average for last three clusters pollinated 68 percent frutiful;
31 percent barren.

5. Note that the top clusters were unusually fruitful in contrast to
the percentage of barren blossoms found on other clusters unpollinated.

In these experiments it has been found that blossoms are not so
accessible for pollination where there are two main stems in contrast
to the pollination of plants grown to a single stem, as may be noted by
contrasting Tables XII and XIV.

TABLE XIV. STATEMENT OF COMPARATIVE NUMBER OF FRUITFUL AND BAR-
REN BLOSSOMS, SPRING CROP. 0. A. C. GREENHOUSE NO. 2, 1918

116 plants

Totsl Number
Cluster Number Blossoms number blossoms Percentage blossoms

No. fruitful barren blossoms per cluster fruitful barren

1 605 139 744 6.4 81 18
2 607 206 818 7.0 74 25
3 656 218 874 7.5 75 24
4 617 200 817 7.0 75 24
5 609 253 862 7.4 70 29
6 599 251 850 7.4 70 29

Average 815 211 4960* 7.1 74 25

Total Number
Cluster Number Blossoms number blossoms Perfentage blossoms

No. fruitful barren blossoms per cluster fruitful barren

1 787 312 1099 6.2 71 28
2 809 819 1128 6.5 71 28
3 778 365 1143 6.5 38 31
4 774 327 1101 63 70 29
5 710 342 1052 6.2 67 32
6 706 331 1037 6.2 68 31

Averace 760 532 6560* 6.3 68.5 31.5

*Total
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Explanation

The plants in the above table were trained to single stems.
All clusters were pollinated.
Average for thd first three clusters 76 percent blossoms fruitful;

23 percent barren.
Average for last three clusters 71 percent blossoms fruitful;

28 percent barren.
Note that the top clusters were unusually fruitful in contrast

to the percentage of barren blossoms found on other clusters unpollinated.

TABLE XV. STATEMENT OF COMPARATIVE NUMBER OF FRUITFUL AND BAR-
REN BLOSSOMS, FALL AND wINrEu CROP. 0. A. C. GREEN-

HOUSE NO. 2, 1918-19

Total Number
Cluster Number Blossoms number blossoms Percentage blossoms
No. fruitful barren blossoms per cluster fruitful barren

otal

Explanation
I. The first cluster of the above crop was pollinated, but due to

high temperature and rapid plant growth, pistils of flowers were very
brittle and easily broken. The percentage of fruitful blossoms is there-
fore comparatively low.

2. The increase in number of blossoms per cluster on the fourth,
fifth, and sixth clusters is due to the elongation of the clusters through
unfavorable light conditions.

Cost of Pollination
Investigations of the cost of hand pollinating have been made from

time to time in the Oregon Experiment Station greenhouses and in
commercial greenhouse establishments, the owners of which have co-
operated in the experiments to test the cost of pollinating a tomato crop
grown on a commercial scale.

Tabulated statements are herewith given showing records of pollina-
tion costs. The hourly cost of labor varies according to the locality,
and therefore cannot be accurately stated to meet all sections. In view
of the importance of the work of pollination, it is necessary to have
constant, careful workers who understand the nature of the operation
and appreciate the value of thoroughness.

For the most part the labor costs of pollination for crops grown in
the Experiment Station greenhouses coincide very closely with those
obtained from data on crops in commercial houses,

Costs will vary according to the manner of performing the pollination,
as is shown in Table XVI.

1 311 201 512 4.7 60 40
2 122 403 525 4.8 30 70
3 162 414 576 -5.5 28 71
4 296 556 852 8.0 37 62
5 416 480 896 8.2 40 60
6 333 558 891 8.2 37 62

Average 273 435 4252* 6.5 38 61
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TABLE XVI. LABOR COST IN HAND POLLINATION

Explanation

PollinatIon of the first five crops in. Table XVI was done by the
emasculation method, the thoroughness of pollinating varying in each
case, and, as a consequence, the cost, as well as the percentage of fruit-
fulness.

The average cost of pollination per plant of the first four crops
in Table XVI was from 2.5c to 3.Oc.

Pollination of Crop No. 5 was done partly by the spoon method
and partly by shaking the blossoms. The records of this crop as regards
fruitfulness are explained under Grower No. 1, where mention is made
of the inexperienced labor employed in the pollination and the hasty
manner, for the most part, in which the work was done.

Labor Costs of Pollination Covered by Increased Earliness of
Fruit Production

Cooperative trials concerning the relative yields of pollinated and
unpollinated plants during the first part of the marketing season have
shown that the greater yields of the pollinated plants not only cover
the cost of pollinating during the entire blossoming season, but also
leave a margin of profit. The following tabulated records give ample
evidence of these facts. In some instances it has been found that the
labor cost of pollinating may be paid for as early as the end of the first
week of harvesting, or again, as early as the end of the second week,
through the increased yields of pollinated plants.

TABLE XVII. COMPARATIVE NET RETURNS OF PLANTS AFTER DEDUCTING
COST OF POLLINATION

No. plants Net returns
poll, and Yield Cost after deduct-

Crop check Poll. Check Value fruit of log labor cost
No. reap. plants plants Poll. Check poll. total per plant

lbs. lbs.

Explanation

1. The above records show the value of pollinated plants to be an
average of 38 cents more than those unpollinated, the variation being
from 16 to 67 cents.

Crop
No.

Number
plants
polL

First
poll.

Date
Last
poll.

Total No.
hours spent Total

on poll, cost

Cost Blossoms
per of the crop

plant fruitful -barren

cents % %
1 144 April 1 May 20, 11 $2.75-$3.30 1.9-2.3 60 40
2 180 Mar. 20 May 1 16 $4.00-$4.80 2.2-2.6 71 29
3 1066 Mar. 15 May 30 04 $31.20 3.0 66 33
4 100 Mar. 18 May 12 10½ $3.15 3.1 '72 27
5 1900 April 4 May 18 511j $16.80 0.8 51.5 48.5

1 80 515 370 $ 77.25 $55.50 $2.40
2 144 823 662 123.45 99.30 4.32
3 100 944 389 11700 46.68 3.15
4 100 864 450 107.00 56.25 3.00

Average 106 789 467 106.17 64.43 3.21

conts
$19.35 24
24.15 16
67.17 67
47.75 47
3960 38
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Pollination of Crop No. 2 was somewhat delayed at the beginning
of the blossoming.

Crop No. 3 was exceedingly productive with an average of 9.4
pounds to the plant.

Cost of labor by the hour for pollination averaged 30 cents.
tABLE XVIII. STATEMENT SHOWING INCREASED YIELDS FROM POLLINATED

PLANTS, COVERING LABOR COST OF POLLINATION
180 plants

_nereased Margin
Labor cost value profit

Yield in lbs. end of Value of of pollina poli. over after
2nd week of harvesting yield of plants tion entire unpoll. deducting

Poll. 'Unpoll. Poll. Unpoll. season plants labor cost

160.2 os. 61.8 00. $32.00 $12.30 $5.40 $19.70 $14.30 -

Explanation

The cost of pollination was based on previous findings of 3c a
plant, records of which are given elsewhere in this publication.

Table XVIII shows that in the early part of the marketing season
the yield from, pollinated plants may be so much greater than that from
i.mpollinated plants as to make it possible to pay for the entire labor
cost of pollination before the expiration of the second week of harvesting.

Relation of Increased Yields to Labor Cost of Crop Production
Determinations have been made cooperatively with commercial grow-

ers regarding the extent to which the value of the increased returns from
pollinated plants may offset the cost of growing the crop as a whole.
Records of such a relation as deduced from a commercial crop, a like
number of plants of which were hand pollinated and unpollinated re-
spectively, are as follows:

TABLE XIX. YIELDS OF PLANTS IN RELATION TO PRODUCTION COST

6888 5320 $93972 $768.97 $180.00 $170.75

Explanation
The labor cost for the above number of plants is figured from the

preparation of the soil for the plants up to the packing of the first crates.
The figures represent pre-war prices. At prevailing ices there would
be an increase of possibly one-third in the labor. cost.

The increased value of the pollinated plants was almost equal to
the labor, cost of production at the pre-war wage or at the present time
would have paid for at least one-half to two-thirds of the labor cost, not
including the labor cost in marketing.

The comparatively small investment of pollinating 1146 plants,
totalling approximately $30 to $34, was responsible for the increased
gross returns of $180 to the grower, or nearly 600 percent.

Total yield lbs. Labor cost Increase in
poll. unpoll. Vlue plants production value poll, over
plants plants poll. unpoll. 1146 plants unpoll. plants
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