—

Heliad id DL et T RG TS R IETAE | it o8 LR (BRI MRS L1 || R e b £ e B L eI TAR LA T o i 11
bttt o) e R DR ‘»{:;-’ Rl R e e e s i ,;vi.»~:ftg»'~§j‘l;3h..
it s G L gt QIR Ut UM s et ! 4 . .

FLOWER BUD DEVELOPMENT IN THE
TUNG OIL TREE
Thesis for the Degr.ee of M. S.
~ Charles E. Abbott
{927



i
n
’ L
o “:.Ié







FLOWER BUD HIVILOPIIENT IN
THZ TUNG OIL TRTD

THISIS

Submitted to the Faculty of the lMichigan 3tate
College of Agriculture and Applied Science
in partial fulfillment of the require-
ments ror the degree of
lester of Science

by .
Charles E. Abbott . "f
2 N.

1927 //(14,/



OUTLIXE
1, Introduction and Statement of Problem,
2. Review of Literature,
3. Source of Material,
4, Methods,
5. Presentation of Data.
6+ Discussion,
7+ Summary.
8¢ Acknowledgements,
9., Bibliography.

10. BExplanation of Figures.

93749



Introduction ani Statement of Problem
The Chinese wood 0il or tuns oil tree, Aleurites
fordi, Hemst,, was introducel into this country from
China in 1905 by the Office of Foreign Seed and Plant
Introduction of the United Statses Department of Agri-
culture. Of the genus Aleurites five species have been

described, namely: A, fordi, A, montana, A, cordata,

A, moluccana and A, trispermia,

The investigations reported herein deal only with
the species A, fordi, which is known in its native
country as "tung-shu" or "tung-yu-shu", literally, tung
oll tree, Commercially this is by far the most important
species of the group since i1t furnishes approximately
ninety per cent of the tung o0il of commerce,

The tung oil industry of this country which is
limited to the southern states, particularly to Florida,
is of recent origin. The tree has not been long enough
;n cultivation in America for experience to demonstrate
what cultural practices are best suited to insure high
produetivity. The various practices may be considered to
affect the crop in three rather distinct ways; the growth
of a large and healthy tree, the differentiation of blossom
buds and the development of nuts from the blossoms,
Consequently the outlining of a rational cultural program
should be based on knowledze of the time and conditions

of differentiation of blossom buds,
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Work of this type on other orchard trees, such as
the apple, the plum, and the peach has yielded valuable
results in that it has shown the possibility of adjusting
methods of culture in such ways as to modify materially
ﬁoth the quantity and possibly the quality of the crop of
fruit., It is believed that the data presented in this report
will afford the basis for similar adjustments in cultural

practices with the tung oil tree,
Review of Literature

Goff (5) working with apples, cherries, cranberries,
currants, gooseberries, peaches, plums and strawberries,
determined the time when difrferentiation of fruit buds
occurs and traced the successive stages of development
until the unfolding of the blossoms in the spring. He
found that the time of differentiation, in the several
fruits mentioned as grown in Wisconsin, ranged from June
30 to September 20, In a comparison of apvle varieties
there was a variation of as much as five weeks in the
initial time of fruit-bud differentiation.

The time of fruit bud formation in the cherry and
plum was also found to vary several days in different
years.

Drinkard (2) studied the fruit-bud formation of
the apple, peach, pear and plum in Virginia and found

results similar to those reported by Goff (5).
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Bradford (1) found that the blossom buds of some
varieties of apples differed not only in the date of
differentiation but also in the rapidity of subsequent
stages of summer and fall development, Comparatively widé
differences were also found in the time of differentiation,
depending upon the position of the buds on the trees.

waldo (10) made a study of fruit-bud development
in the Dunlap strawberry and found that differentiation
of floral parts was clearly evident by 3September 22.

Shuhart (9) says "Obserwable differentiation in
the pistillate flowers of the pecan does not take place
until after growth has started in the spring---5Some
differences have been noted between varieties, but this
difference is not as great as that which resulte from
different latitudinal locations of the same variety.,"
Isbell (6) also working with the pecan says, "Just about
the time buds begin to swell in the spring following their
formation, the hitherto vegetative bud that is to produce
pistillate flowers begins to differentiate inflorescence
primordia and continues their development as the inter-
nodes elongate and as the leaves unfold and develop.”

The above citations are by no means a complete resumé
of the literature on the problem of fruit-bud differentia-

tion and development in horticultural plants,., Furthermore,

they do not bear directly on the question as related to the






tung 0il tree and are given merely to afford a general
perspective of the field, Apparently no data are avail-
able on flower bud differentiation in the tung oil tree

nor its related species.
Source of laterials

The materials used in this study were collected
from two groups of trees at Gainesville, [I"lorida, one
on the grounds of the Experiment Station, the other
belonging to a private grower, lr.B.F.williamson.

The trees at the Ixperiment Station were grown
from seed in 1914 and transplanted to the present
location in 1917, The site has a very sandy soil and
slopes gently to the south., Cultivation has consisted
of one plowing during the late fall, followed in the
spring by discing. During the remainder of the year
the land is hoed fregquently to keep down weeds. The
trees have received annually an application of five
pounds of fertilizer (6-8=-4 mixture) per tree, applied
about the middle of l'arch. The terminal growth made
during 1926 was comparatively short,ranging from two
to twenty inches with an average of possibly eight or
nine inches.

The soil in the Williamson orchard is a lizht
sandy loam., fhe trees are four years old and in 1926

each received two applications of Peruvian guano, one






in February and the second in July. A cover-crop of
Crotalaria was grown during the summer. This crop was
cut and disced in in early December. A second discing
was given in llarch of the following year, and at this
time the trees were mulched with mattress factory refuse,
These trees were very vigorous, meking terminal growths
ranging from fifteen inches to seven feet.,

Cach sampling consisted of sixty terminal buds
taken at random, The first samples were collected on
April 19, 19245, from the Zxperiment Station grounds.
Thereafter they were takXen each week until September 3,
and at two-week intervals from that date until December,
During December, January and February only three collec-
tions were made; these came at intervals of Tour weeks.
Beginning on liay 3, 1927 and continuing througn Junse,
collections were again made one week apart,

The first collection from the Williamson orchard
was made on July 31, 1926; thereafter and until llarch
1927 on the same dates as those taken from the Experiment

Station trees.,
liethods

Standard histological methods were used in the
preparation of the buds for sectioning and photographing.
¥Killing and fixing were accomplished with picric acid

and aleconol solution (1 gram of picric acid per 100 ce,
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of 50 per cent alcohol)., Alcohol was employed in the
dehydration, xylol in clearing, paralfin for ewmbelding,
and Delafield's haematoxylin in stalning. A rotary
microtome was used in sectioning and sections were cut
at 12 microns. L‘he magnifications used for the photo=
micrograyhs are indicated in the legends for the figures

presented later.
Presentation of Data

In this investigation fruit bud differentiation was
considered to have begun when longitutinal sections of the
terminal bud showed an elongating growing point with con-
currently developing lobes, (see Iigure 5-B). The first
evidence of inflorescence differentiation in 1926 appeared
in material collected from the trees on the Zxperiment
Station grounds, June 14, Figures 5-A and B represent two
stages of buds collected on that date. The broadening or
flattening of the growing point iIs shown in A, a stage that
might be termed the pre-differentiation stage. This stage
is very similar to that observed by Waldo (10) in his
study of the strawberry. Figure 5-B shows the first
inflorescence differentiation with potential branches
of the flower @luster on either side of the central axis.
Figures 9-4A, and B, of materials collected July 10, show
an early stage in the development of individual female
and male flowers, I'izure 9-A shows an early stage of the
pistillate flower with sepals, petals, staminodia and

pistil primordia in the center, while B shows early



staze in the develosment of the male flower with sepals,
petals, two ssts of stamens and a flavtened central por-
tion indicating that the starens are not all differentiated.
The difTerence in the len;th of the central axis of the
male and female flower cluster, which continues througuout
the developnent of the bud, is clearly evident at this
stege,

By July 17, considereble development had taiken
place as is shown by Tizures 1C-A and B, The crown or
central growing axis had divided showing advancerent
in the growth of male and female flower parts. In the
male flower, 10-B, the sepals are well advanced, the
stamens are individually distinct, while tle petals,
yet In a very embryonic state, apyear as pointed pro-
Jections, In the female flower, i ure 10-4, the pistil
primordia, with a small cavity representing early locule
development is clearly evident., Between the base of the
pistil primordia and the rudimentary petals can be seen
staminodia, which rarely develop beyond this sta.e, as
is evident upon comparison with Fioure 17-A,

Collections made between July 17 and October 2,
show 1In general a progressive increase 1In size of bud and
a general fillinz out of flower parts already forred.
However, little change took place in the individual
pistillate flower, other than a slight increase in size

of parts already laid down, the pistil remaining in an



undeveloped condition and the petals only slishtly larger
than they were on July 16. The pistillate flower is in
this condition when development practically ceases and
the flower parts pass throurh the winter inclosed by bud
scales the outer of which are cemnented by an exudation
of yellowish brown, resinous material that fills the
spaces between the individual flower-buds of the cluster.

Yo great amount of development took place between
Qctober and February 5. Shortly before the flower buds
begin to unfold, growth 1s resumed and changes tale place
very ra9idly in all parts of the individual flower. This
is shown by comparison of Fizure 16 with fijure 17-A and
B which illustrate the state of development reached by
individual male and female flowers on llarch 2.

The first material from the VWilliamson orchard to
show fruit bud differentiation was collected October 2.
At this time, (as is evident in figure 20) the central axis
is well extended and distinet branching of the flower
cluster 1s evident. The calyx of the central or terminal
flower is very conspicuous. On the inrer side near the
base of the calyx are small rounded protuberances, indicat-
ing the initial petals and stamens or staminodia in case
of pistillate flowers. The stage of development at this
time (Oct, 2) indicates that differentiation started late
in September, The development of the buds, for the first

eight weeks after differentiation, was far more rapid






than the development of those from the Ixperiment Station
grounds that were differentiated in mid-June. Although,
as shown by igure 22, the buds continued to grow and
develop until late in December, the rate of growth after
November 13 was very much 8lower than during the earlier
stages of development., The changes in development can be
seen by comparison of Fijure 21 with rigure 22, Figure 23
shows no evidence of growth during the month of January.

Some signs of lmmaturity were noticed in the
Williamson orchard, when material was collected on December
10 and January 8., On December 10, 19206, the orchard
retained almost full folilage. But, approximately 60 per
cent of the leaves, ( those toward the base of the current
wood) showed yellowing preparatory to falling. On Jamuary
10, 1927, many leaves which had been killed by frost in
late December were still elinging to the terwinal portion
of the branches and wherever this condition existed the
buds as well as the terminal portion of the wood were in
a slighntly soft or wilted condition, indicative of
immaturity, though no particular injury from cold could
be noted when growth was resumed in the spring.

In sectioning it was found that a much higher per-
centage of pistillate flowers had been produced in the
Williamson orchard than was found in the material from
the DExperiment Station. This observation is in line with
results reported by Gardner (3) concerning sex develop-

ment in strawberries.
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The first indication of fruit-bud differentiation
in 1927 was found in material collectcd at the ISxperiment
Station, l'ay 10. Figure 25 shows differentiation well
under way on lay 17, and Figure 26 shows that the stage
of development on llay 30, was as far advanced as that of
material collected July 17 (see Figure 10, ) of the pre-
vious year, furthermore, the rate of development was
much more rapid than it was in the first buds to differen-
tiate during 1926.

The date of differentiation seems to differ con-
siderably from year to year, probably as a result of
variations in the time of slowings down of shoot growth,
A checking of vegetative growth may be brought about
by a nﬁmber of factors such as a shortage in the amount
of available soil moisture, the lack of a continuous
nutrient supply, method of cultivation whether sod or
clean, the tax of a developing crop of nuts, etec.

Table 1 shows ¢onditions strikingly similar -
immediately preceding the period of fruit bud formation
in each case and indicates that the difference in time
of differentiation in the two seasons is due primarily

to the early drought in the spring of 1927,
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Table l.-Rainfall in inches in the Gainesville area for
the first six months of 1926 and for correspond-
ing months in 1927

1926 1927
January 959 inches 0.19 inches
Tebruary l.42 " 5.738 "
llarch 4,95 " 2453 L
April 4,51 " 0.46 "
lay l1.60 " 0.45 "

June 8.84 " 10,53 n

()
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DISCUS3ICK

Although a large part of the fruit buds differentiate
in late June and in July, the data herein presented show
that differentiation may occur at any time between llay 10
and October 1, depending upon weather, cultivation and
varying nutritive conditions. The variation in time of
floral difTerentiation in the two lots of trees, was
clearly due to differences in vegetative vigor and pro-
longation of vegetative growth. As previously stated
the “illiamson trees were decidedly vegetative, delaying
differentiation until late in the summer.

The relation between soil moisture supply:.and time
of fruit-bud differentiation observed here in the tung
0il is in line with the findings of other investigators
with various fruit crops. Thus XKirby (7) in his work
with apples grown under varying conditions, says, "The
amount of soill moisture is a very important, if not the
chief external factor in determining the time at which
flower buds form." Wiggans (1ll) working with pear and
apricot found that irrigation had a retarding influence
on fruit-bud differentiation and development, while
Kraus and Kraybill (8) in their work on tomatoes say,
"Withholding moisture from plants grown under conditions
of relative abundance of available nitrogen results in

much the same condition of fruitfulness and carbohydrate

storage as the limiting of the supuly of availsble
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nitrogen 1tself.”

Perhaps the most serious objection to prolonged
summer growth and late differentiation is the lack of
time the tree has properly to develop fruit-buds and to
mature the terminal portions of the wood sufficiently
to pass the winter without frost injury.

Ine largse percentage of female flowers found in
the “illiamson orchard as compared with the number pro-
duced on trees at the Ixperiment Station is probably
due largely to nutritive conditions. Gardner (3) in
his work with strawberries found "==--- in most cases
femaleness was associated with vigorous growth and good
growing conditions generally while maleness or hemaphrodi-
tism was associated with less rapid growth and more unfavor-
able growing conditions." The data that were obtained
incident to this study are not conclusive in this respect
but they at least suggest the desirability of keeping the
trees in a relatively vigorous condition and this delay-
ing the period of inflorescence differentiation with
the object of promoting the formation of pistillate
flowers and preventing irregular bearing due to an

alternation of unisexual and bisexual flowering years,
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SUITARY

Iruit-bud differentiation in the tung oil may occur

at any time between Ilay 10 and October 1.

Inflorescence differentiation in 1926 was clearly
evident June 14, and as early as ‘ay 10 in 1927,

The time of differentiation is hastened materially

by a shortaze in the amount of available soil moisture,
The time of differentiation varies with the vigor of
the trees; those that are growing vigorously dif-
ferentlate floral parts later in the season than trees of
less vigor.

Ihe percentage of pistillate flowers formed depends
upon the vigor of the tree, more female flowers being
produced on trees maxing vigorous growth than are

forned on trees showing signs of less vigor,.
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Explanation of Figures

Figures 1 to 17 inclusive were collected from Experiment
Station trees,

Fig.l.-Vegetative bud from on-bearing tree 18 months
0ld, for comparison with Figures 2, 3, and 4, which
are buds in vegetative stage but collected from trees
of bearing age.

Fig.2.-April 17, very early vegetative stage of a
bud which presumably would later have become a fruit
bud.



Fig.3.-May 28, shows progressive development of bud
stilY in vegetative stage.

Fig.4.-June 5, shows development of vegetative parts
with a slight broadening of the growing point.



- Fig.5-A.-June 14, broad flat growing
point considered the pre-differentia-
tion stage.

— Fig.5-B.=-June 14, very early stage of
fruit-bud differentiation evidenced by
the growing point becoming elongated
and lobes developing on the crown.,



Fig.6.~-Second week after Fig.7.-June 26, early

differentiation., stage in branching
of flower cluster,

Fig.8e.=July 3, first differentiation
of individual flower parts.
Rudimentary sepals appear on
either side of tip of central

axis.,



Fig.9-A.-July 10, early stage in the development
of a pistillate flower. Sepals, petals, staminodia
and pistil primordia are evident.

Fig.9-B.-July 10, early stage in the development
of a staminate flower., Sepals, petals and two
sets of stamens are evident. Not all stamens are

differentiated as is evidenced by the blunt central
portion of growing point.

The above figures show a difference in the
elongation of the central axis of the male and
female flower clusters.



Fig.10-A.-July 17, pistillate flower
sliowing early stage of locule develop-
ment near upper portion of pistil
primordia,

Fig.10-B,.-July 17, staminate flower with
stamens well advanced. Continued differance. .
in elongation of central axis of the two
flower clusters is evident.



Fig.ll-A,-July 31, pistillate Figell=B.~-July 31,
and staminate flowers develop-
ing in same bud,

stamdénate
flower showing a greater
difference in elongation of
the central axis of male and
female flower clusters.

Fig.ll-C.-July 31, cross section
through ovary of pistillate flower,



Fig.l2.-Aug.l4, female flower  Fig.l3.-Aug.28, male flower
with several branches in same showing advanced stage of
plane showing male flower development and extreme
development. elongation of central axis.

Fig, 14.-0ct. 2, male flower showing
little advancement in development
after August 28,



Fig.15-A.~-Nov,.13, a female flower
showing stage of development
reached before winter.

Figel5-B.-Nov.13, cross sectidbn Fig.l5-C.-Nov.ls, cross

of pistil near base of ovary. section of same pistil
as (15-B) near upper
portion of undeveloped
ovary.



Fige.l6=-A.~-Feb,5, pistillate flower
indicates little change having taken
place through the winter.

Fig.l1l6-B.~Feb.5, staminate flower
shows little change through the
winter,



Fig.l7-A.-March 2, pistillate Fig.l7-B.-March 2, staminate
flower shortly before unfold- flower shortly before unfold-
ing, showing ovule develop- ing, showing anthers and

ment. pollen grains.

i
Fig.17-C.-March 2, cross Fig.l7-D.-March 2, cross
section of ovary showing section of staminate flower
ovule development, showing anthers with pollen

grains,



Figures 18 to 23 inclusive were collected from the
Williamson orchard.

Fig.1l8.~-Aug.l4, shows no signs of fruit-bud
differentiation.

Figel9.-Aug.28, a slight flattening of the
growing point, which occurs shortly before
differentiation takes place, is evident,



Fig.20.-0ct. 2, fruit-bud differen-
tiation well advanced, showing early
stages of individual flowersand
flower parts.

———

Fig.21l.-Nov, 13, pistillate flower
showing rapid development after
Qctober 2,



Fig.22-A,.-Dec,. 10, pistillate
flower showing a continuation
of development until late in
December,

Fig.22-B.-Dec. 10, ecross section
of pistillate flower showing locules.,



=~ Fig.23.-Feb, 5, pistillate flower shows
that little change in size of flower
parts took place during December and
J anuary.

Figures 24 and 25 show buds that were collected during
the 1927 period of flower bud differentiation.

Fig.24.-lay 17, differentia- Fig. 25.-May 30, pistillate
tion well under way, showing flowers as far advanced

signs of flower cluster branches, &8 those collected July
17,1986,



The following photographs are placed here to
give a more vivid 1dea as to the tree's growth and
blossoming habits and an idea as to the appearance
of the fruit, both green and mature, and to show the

arrangement of the nuts within the individual fruit.



Fig.26.-Pistillate flowers. The number of petals vary from
five to nine but eight is by far the most common in the
female flower.

Fig.27 .~-Staminate flowers. The number of petals vary from
five to eight but five is by far the most common in the
male flower.
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Fig. 3l.-Apical and basal view of mature fruits.



Fige d2.-Mature fruit showing arrangement of nuts within
the individual fruit and nuts after removed from husk.
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