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INTRODUCTION

The tomato is probably grown under a grester diversity of
conditions than any other vegetable crop. Furthermore, it is sub-
mitted to a greater variety of cultural trestments. It is but
natural that it should show widely varying responses to those re-
spective conditions and treatments. There is very little information,
though obviously the matter is of fundamental importance, as to the
amount of foliage that is required under different conditions for the
developing and maturing of a given quantity of fruit. Unless there
is some answer to this question, such practices &s pruning, dis-
budding and fruit thinning cennot be employed understandingly.

Review of Literature

The edvanteges claimed for pruning tomatoes (Stuckey 13),
(Olney 11), (lLloyd end Brooks S5), (Rosa 12) are: (a) earlier ripen-
ing, (b) larger fruits, (c) less disease, (d) larger yields, (e)
cleaner fruit, (f) more convenient harvesting and (g) more effective
spraying of the plants. The disedvantages are: (a) greater smount
of lesbor and expense, (b) less total yield, (c) grester loss from
blossom end rot, (d) more sunscald on the fruit end (e) a greater
amount of cracking of the fruits. Same of these claimed advantages
are more or less the opposite of the claimed disadvantages. The
pruning of tomatoes increased the quality end size of ripe tomatoes
according to Whipple and Schemerhorn (16), Olney (11) end Stuckey
(13), but Lloyd and Brooks (5) found a very slight, if any, effect
on the size of tomatoes from pruning. The ylelds of tomatoes were

reduced about one third by pruning according to Stuckey (13),
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Olney (11), Lloyd end Brooks (5), Rosa (12), Whipple emnd
Sehermerhorn (16) end Hoffman (4).

The rate of food menufacture by the leaves of the plant
is determined by the rete of photosynthesis. This in turn is
influenced by the length of day or light intensity, according to
Tinek;r (15). The factors that govern the effect of light on the
tomato leaves are: (a) intensity of light, (b) quality of the
wave length of radiation and (¢) duration of the exposure (3).

Megness end Haller (7) found that the meximum size was
resched in spples when they had forty leaves per fruit. It de-
creased when there were more or less then forty leaves per fruit.
They found that the fruits with a large leaf esrea had a higher
percentage of dry weight and ripened eerlier thean the fruits with
a relaetively small leaf area.

¥Winkler (17) working with grapes under the seme light
conditions for all the vines found that about sixteen leaves were
required for the best development of size and quelity of ebout
forty berries. Increasing or decreassing this lesf area per forty
berries reduced the size and quality of the berry.

Magness and Overley (6) working with epples and pears
found the samount of leaf surface necessary to synthesize the or-
ganic foods utilized in the development of spples and pears.

They explained the decrease in fruit volume as partly due to the
greater concentration of carbohydrates in fruit growth with
larger leaf area. There is a possibility that a greater accumula-

tion of synthesized materiasls when a large leaf area is available
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tends to inhibit synthesis of orgenic foods in the leaves.

In Murneek's (10) experimental wark on tomatoes careful
observations were made for the purpose of finding the effects of
fruiting on vegetative growth of both nitrogen-high end nitrogen-
low plents. By defruiting plants grown during long-or short-day
periods he found the foliege became derker in color, grew rapidly
and the stems were larger &nd more firm then in normally fruiting
plentse The long-day plants increased in heighth 13 to 20 per
cent faster than the short-day plents. The developing of fruit
on the normal snd vegetative growth on the defruited short-day
plants was leading to rapid exhsustion of the stored carbohydrates
because the current synthesis was inadequate. Under such circum-
stances the carbohydrates would act as limiting factors in the
normal development of the fruits. In every case a maximum crop
of fruit had a strikingly retarding effect on the vegetative
growth and development of the plant, but it was not as rapid on
the defoliasted plentss The less fruit that was permitted to
develop the more the leaves, stem and fruit grew. The height
growth of the plent declines in proportion to the amount of fruit
set.

MacDougsl (8) in Arizona found that cloudy weather caused a
uniformly high rate of growth in folisge and fruit of the tameato,
and that high temperatures did not accelerate growth unless they
were accompenied with high relative humidity. This showed that
there must be a balence between the water supply and transpirastion

of a highly succulent fruit to produce en increase in its volume.
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The rate at which the water is received is so little in excess of
transpiration that a rise of 10 - 1500 may destroy the balance &nd

stop fruit growth.

Objectives

The object of this investigetion was to throw some light on
the following questions:

l. The effects of defolisting and fruit thinning on the rate
of tometo growth and total size of matured fruits.

2. The effects of defoliating end fruit thinning on the per-
centage of dry matter in the plents and fruits.

3. The difference between the leaf area required in the
winter months to develop a certain quantity of fruit end thet re-
quired by the same variety in the spring or summer under different
light conditions.

Methods

At the outset it was necessary to devise a method of measur-
ing leaf area. This method was developed from the correlation be-
tween the area and length of the leaf meassured from the first basal
leaflet to the tip. This correlation was found by teking one hundred
thirty-four tometo leaves at rendom and outlining each on paper.
These trascings were them messured with a plenimeter to find the exact
area of each leaf in square centimeters. The area of each of these
leaves was then plotted asgainst the length. (Figure 2). The equation

for fitting a line to (Figure 2) was found to be ¥y = -3.16+ 4.17x +

.307:2. The correlation between arees end length was found to be
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Table 1. The number of leaves and fruits on the treated plants.

Aversge Average Total fruits
Plants leaves per fruits per per lot of plents
fruit plent
Fall Spring Fall Spring
A 1 2,7 2.2 16 13
B 2 2¢5 2.7 15 16
c 3 2.8 8.3 17 14
D 4 2,3 2.0 14 12
E 5 2.0 2.0 12 12
r 8 1.8 2.0 11 12
G 7 1.7 1.5 10 9

Table 2. The number of leaves and fruits on the check plants.

Average Aversge Total fruits
Week leaves per fruits per per lot of plents
fruit plent
Fall Spring Fall Spring Fall Spring
1l 8.5 10 2 1.2 12 6
2 4.8 7.5 3.8 2,0 23 10
S 4,0 2.9 5.5 5.8 33 29
4 2.7 1.8 9.0 9.8 54 49
5 2.2 1.4 12,1 13.2 73 66
6 2.1 1.5 13.0 13.8 78 69

7 2.1 1.5 13.8 14.4 83 72



.968 T ,o0018, Accordingly length was used as the unit of measure-
ment from which lesf area was canputed. length measurements were
teken every seven days.

In order to control conditions as much &s possible the ex-
perimental studies were made in the greemnhouse, one crop being
started et such a time that flower and fruit development took plece
during the short cloudy days of November end December; another crop
was started at such a time that flower and fruit development took
place during the long sunny deys of April end May.

The Grand Repids Forcing variety of tomatoes was used. The
plents were trained to a single stem and grown two feet apert each
way in a loam soil that was trested in the fall with 0-20-20 com-
mercial fertilizer at the rate of 1500 lbs. per acre. These plents
were watered by an overheed sprinkling system, except during the
cloudy weather in the fall when a hose was used so as not to spread
leaf diseases. There were no insect or disease attacks during the
experiment to interfere with the progress of ths work,

The fall crop was defoliated end defruited on November 21,
1931; the spring crop on MEerch 20, 1932, and mgasurements of the
leaf areas were taken everq seven days for seven weeks in each case.
The various lots of plants were set in the plot, as illustrated
in figure 1 and all plants were defoliated and defruited, es shown
in table 1. In teble 2 is illustrated the natural development of
the check pleantss All the leaves were measured and their aress

computed every seven dajs by the use of the equetion developed for



9.

Le°6T
242

98°4T

Te°1T

T1e°TT

Jooa
q3jueases

¥i°62
6S°g

9¥%°Co
0

gs®ee
0

92°48
0

0T°cT
0

02°CT
0

g3°ge
0

0
0

Xoom
TIXIS

*8J930WTiUed 6Jenbs ur yeea Jed 4 nIJ Jod BeI® JEOT Ul €S8OIOUT 0TFCIGAY

3g°0¢
8P °9

48°80T
)

8G°29
8e°TT

12214
0

T6°29
e4L°9T

SL°¥3
96°2

otT°ve
0

ve°ce
0

b (17
WIN

43°L3
SGeel

T4°08¢
ST 9¢

1S A4t
8% °8s

TT°48T
¥8°cs

8€°0vT
T6°ce

3T°1:T
48°9T

3e°LL
8e°4

62°0S
1€°¢

Xoon
q3anod

Le°%9
00 °4¥v

v¥°oce
G4 TV

30°19¢
2e°09

G6°TeT
evees

ge°Le2
ggeLe

TS 66T
08°9T

9€°94T
88°c8

9G°¢e8
80°8

Jooa
PITUL

9€° 64T
06°0TT
02°e1e
ov°84
c8°9ce
o¥°eTt

0s°e¥s
1348

9T LéC
¥S°4S

99°98¢
o¥°ce

c6°9¢8
g8e°e2

T19°G8T
88°02

x00M
puooes

£8°292
Te°tes

T4°86T1
92°28T

3g°4e3
T6*L¥2

T4 98S
Te 69T

94°86¢
€8 °3¥%1T

151 A1 1
¢3°08

¥.4°TS3
4L9°89

29°¥4T
88°€8

Joom
I8ITd

39 °cGg Surads
4L °0203 Tred
Tr°6583 gutrads
8T°cce2 el
S¥°00¢2 Jutads
96°SS03 TTed
3 °9¢9T Furads
¥S°LI8T Tred
3T°9S¥T Juyads
T4°294T ‘TTed
02°¥%96 Buyrads
66°083T TTed
oT 4Ll Fuixds
cc*¥38 Tred
6T°02¢ furaxds
L9°60¥ Tred
|- 1-%q ]
TeUISTI0 dox)
°g OTqeL

4=9
4=

o=-d
o~

s-d
e~

—a
v=-a

g=0
e=-0

3-g
-4

-V
1-Y

JueTd



10.

6% LLT
TT°s0v

98 *¥8LY
¥L°Ti38

LT°0SPe
co*Lvse

02 °9gee
2g° 1132

9G°4L943
92°3G6T

82 °ST13
T3°cevT

9¢°e8ST
60°¢S6

12°6¥8
80°66¥y

Xoon
J3usAes

ye*o02
18°63%

00°494Y
viTLce

LT°0she
60 *4bse

02°gcee
gg°1tez

96°4942
93 °3S6T

46°20T3
T3°ee?dT

S0°34ST
60°€S6

Te°e¥8
80°66¥

Yosa
W6

*8I93eWTIUSd @xenbg uy joom Jod 3Tnay Jod BeI® JBOT T®30L

ob°332
18 A 4°14

¥S°20LY
YL°TL3S

¥9°03¥¢
eo°*L¥s3

¥6°c63¢
2g° 1132

9 *2cLe
93 °3G6T

44°88028
T3°cevT

08°6¥ST
60°eS6

T13°8¥8
80°66¥

Xoom
q3F1d

61°20¢
£G°S09

LT°S6SY
bL°T1L3e

S0 °gsee
49°6eS3

09°1S3¢
eg° TS

S6°6893
gc°ceeT

30°%002
Te°0e?T

04°G3ST
60°€S6

L2°%18
80°ee?

¥oou
q3anod

9g°ce2
69°896

9V °903¥
[ Jspgetor 9]

¥o°S¥Ie
6T LL¥e

é¥°¥o62
8¥°*LSTe

4S°6%C3
29°T06T

06°8%61
La At 184"

S8 LT
TLcov6

86°€94
9L°T6Y

Joom
PITUL

ep°049
0¥°22€T

30°94c8
¥ °c6le

39°¥843
iB°9T¥e

¥S°2u43
90°%013

%0°2G33
40°¥e8T

6c°ePLT
¥9°96cT

6S°TLeT
©8°326

2¥°089
L9°c8y

yooa
puo9es

gy °s1s
80°22e¢e

38°4S0¢e
yectte

dLcLese
L¥°e0e3

y0°€232
S8°9T03

88 °¥e8T
£6°908T

€4°9CCT
¥2 °ToCT

¥9°9¥€0T
00°ces

18°veY
gsceov

Noom
I8ITd

39°gcg
44°0€02

TT°6s88
gr°ecee

S¥°00¢e3
96°6S02

€3 °9291
¥S°Lv8T

3T °9S?T
TL°e94T

0c°v96
66°0821

0T LLd
ge°vas

6T °oc¢e
L9°60Y

B8eJ8
T8uidtTI0

*y OTq8L

Fuiads
TTed

Surads
TTed

Fugxds
Tted

Surxds
1T

Jurxds
TTed

Fugads
TTed

Fuyads
TTed

Fuy xds
TR

doaxd

3ueTd



doxs Fupads D doxo TTBd .

*doxd Jo Buruedra
48 83usTd JO 3988 UYo8d WO 3TnIJ Jod eF8JT0J JO B9IB 6307 ©3BIGAY °¢ oInITd

83usTd
) d g T a v v

IR
©
\&]
m

| (28]

H L
] T o

1 00¢

1 000t

1 ooct

1 o002

0ocg

1 ooog

oosg

91 ooo¥

oos?

- 000s

*8I93 SWUTIUSD 9xenbs Uy 038mw0q TONPTATPUT J0d 888ITOF JO BB TB3IOL



measuring leaf area. The volume of the fruit was found every
seven days by the water displscement method. This consisted in
putting weter in a cylinder calibrated in cubic centimeters and
placing the tometo in it to find the number of cubic centimeters
of water displaced.

An attempt was made to meessure the solsr intensity by means
of compering the absorbed and reflected energy. This wes done by
recording the difference every two hours between the reedings on
a black eentigrade and a stendard centigrade thermometer. (Teble
12.)

The sunshine data were obteined from the United States
Weather Burecau at East Lensing. (Teble 12).

The methods used to determine the percenteges dry matter in

o
plents end fruits was by drying them in an oven at 90 C for 48 hours.

Results
Folisge growth.

Both the fall and spring plents showed & rapid rate of
foliaege growth following either defoliation or defruiting. This
rate decreased each week on all the plants except the F and G lots,
where it increesed for three weeks and then decreased the last four,
end the H lot where it remained ratlcr constent. As the leaves be-
came more mature the total leaf area per tomato did not incresse aes
rapidly except on the check plents where young leeves were contin-
ually forming end older ones maturing more rapidly then on the de-

foliated and defruited plants. (Tebles 3, 4 and Figure 3).
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The removal of the leaves had a stimuleting effect on the
rate of growth of all the plants, and the more folisge wes re-
moved the greater was the stimulus. (Tables 3 end 5). The leaves
on the defolieted plants developed to much greater size and were
much darker in color in both crops then they were on the check
lot of plents. The leaves on the defoliated plants of the spring
crop developed severe curling, but this did not seem to affect the
foliage or fruit growthe (This is illustrated by the pletes in
the asppendix.) Since the check plents did not develop this curling,
it was believed to be due to the defolieting and defruiting of the
plents. The increasse in leaf area after defolisting or defruiting
or both was much greater on the spring than on the fall plants, and
this is true when figured either in terms of ebsolute area increase
week by week or in terms of percentage increase. The percentage
increase in leaf area week by week did not seem to be influenced
materially by the number of leaves per fruit. That is, the per-
centage increase in leaf area was just sbout the ssme for a one-

leaf-per-fruit plant as for a five-leaf-per-fruit plent.

Fruit growth.
The rate of fruit volume increase are presented in data
on table 7. These show that the fruits in the fall reached their
peak of volume incresse one weex later than those of the spring
crop although the fruits on the spring plents were actually gaining
in absolute weight fester throughout the entire growing period.

The fall crop haed a amall increase in size just before maturity and
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the fruits iipened very slowly, while in the spring the tomstoes
increased in volume right up to meturity end ripened repidly. all
the fruits produced on the defoliated and defruited plents made a
much larger size and metured earlier than the fruits on the check
plents. (Table 10 and Figure 4).

In table 8 it will be noted that the plants with a large
anount of foliesge have a more constent increase, (on the percentage
increase scale) of fruit over the period of seven weeks then eny of
the other plants considered in the experiment. The fruits on the
E and F plents increased much more repidly end reached a larger size
on the fall crop then any of the other plents. On the spring crop
the fruits on all the plants defoliated and defruited were lerger
than the maximum sized fruits on any of the fall crop, but the fruits
on the A, B, end C plants were much larger than on sny of the other
plants. The fruits on the G plents were smaller than others on both
orops. The fruits on the check plants did not grow large and they
ripened at about one-third the size of those on the other plents.
They were slow in growing end maturing, and due to the large number
of fruits in a cluster and the small amount of leaf ares per fruit
they were small. (Tables 7, 8 and 10).

There was a steady rise in the rate of increase of fruit
volume per unit of leaf srea from the beginning to the end of the
seven week period. This took place in both the fall and spring
crop and is especially noteworthy in connection with the fall crop,

for the period during which that crop wes developing was characterized
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by e steadily decr‘a:tng light intensity end an even more striking-

ly decreasing percentage of sunlight. This would seem to indicate
either that (1) during the latter part of the period of development
of the fruit when the fruits were growing most rapidly the leaves
were functioning more efficiently, or (2) thet during this same
period the fruits were eable to obtain a larger percentege of the
products of photosynthesis. That this latter hypothesis is closer
to the condition that sctually existed is indicated by the fact
that during this period of relatively slow growth of the fruits the
leaf area was increasing rapidly, while later when the fruits were
growing the more rapidly the leaves were growing but little. It

is also significant that the volume of fruit per unit of leaf areas,
and likewise the incresse in volume of fruit per unit of leaf area,
was essentially the same in the fall as in the spring. The spring
crop apperently should have a greater absolute increase in fruit
size and fruit development fram week to week then the fall crop
because the plants developed larger leaves in the spring. The

fact thet maximum emount of fruit wes produced by the unpruned end
unthinned plents (table 11) and that the volume increase per unit
of leaf area each week wes greatest on these same plsnts in the
case of both fall and spring crops indicete thet fram the stand-
point of total fruit development the tomato plent will be most
efficient when there is a very limited leaf area per individusl fruit.
On the other hend, when too meny fruits set and start to develop for
the leaf area possessed by the plant; the individual fruits are

unable to attain commerciasl size. Therefare, same fruit thinning is
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advissble, but more than enough to insure the minimum size or
sizes that are gatisfactory commercially is reasonsbly certain
to reduce the efficiency of the plants.

The light intensity and per cent of sunlight are shown
in table 12. The fruits do not ripen eas evenly during the derk
cloudy days of low light intensity in the fall as they do during
the longer days of a higher l1ight intensity in the spring.

The dry matter content of the tomatoes on the plents of
different treatments is presented in tasble 13, It seems that the
larger the tomato develops in size the more concentrated the
nutrient meterial in the tomato becomes.

The foliage, stems and fruits of the féll crop have a lower

percentage of dry matter then is true of the spring crop. (Table 13).
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DISCUSSION

In tomato growing under glass it is generally considered
that tanato plants maturing their fruit during the long brighter
days of spring will set fruits more freely and they will grow to
larger size than plents maturing their fruit during the shorter
duller days of late fall snd early winter, The differences in
light intensity and percentage of sunshine correspond closely with
the ebove differences, This variation in light supply may be the
cause of the efficiency of the folisge per unit area, but it de-
pends more on the total amount of foliage possessed by the plent
et eny time, This is indicated by the close correlation between
rate and amount of fruit development and rate and amount of leaf
development., From this information it seems that there must be a
seasonal balance between the fruit number end leaf area in order
to get maximum production of relatively large sized fruit. In
the fall or early winter months of dull days end low light intemnsity
it is evidently necessary to have a larger number of leaves per
fruit then in the brighter deys of late winter and eerly summer.
When the fruit sets sparingly, this balence can be brought about
by defolieting or pruning, but when the fruits set heavily, the
proper balance cen be more easily brought ebout by defruiting or
fruit thinning.

The evidence presented also indicetes that there must be a
fairly definite ratio between leaf area and number of developing

fruits in order to have most efficient foliage and maximum develop-



ment of fruit of good size. This ratio will vary somewhat with
different verieties, size of leaves and size of fruits that are
desired.

The data presented suggests why directly opposite results
were found in some of the investigations on pruning of tomatoes,

cited in the Review of Literature.



SUVMARY

l. When verious amounts of defoliating and defruiting were
practiced, there was a distinct difference in rate of foliage and
fruit growth and in total foliage and fruit growth.

2. The season of the year had a direct effect on the rates
and totals in foliage end fruit growthe The light intensity and
length of day had the grestest influence on this direct effect on
the plants grown in the fall or eerly winter and lete spring or
early summer.

3. It was indicated that when the proper balance between
leaf area and fruit volume was reached, the fruits developed more
rapidly and became of a larger size then otherwise.

4. The percentages dry matter in the fruits and plants is
regulated by the amounts of foliage developed and sunlight re-
ceived in both crops.

S5« It is evident that the light intensity and amount of
sunlight hed e greater effect on the growth of foliasge and fruits

then eny other factor considered in the growth of a crop of tomatoes.
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APPENDIX
Explenstion of Plates

Comparative average size of tomatoes that were grown
on the fall crop of plants. The letters at the side
indicate the lot of plants eech tomato represents.

Compareative average size of tomatoes that were gromm
on the spring crop of plsnts. The letters at the side
indicate the lot of plents each tomato represents.

A plant of fall crop on left and A plent of spring crop
on right. Note severe curling of foliage on the spring
crop but there is more leaf area on the spring plant
than on the fall plant.

B plant of fall crop on left end B plant of spring crop
on the right, The fall crop hed thicker stems but
smaller leaves and fruit.

C plant of fell crop on left and C pleant of spring crop
on the right, The large tomsto second from the top on
the left is the largest produced on the fall crop of

C plants.

D plant of fall crop on left and D plent of spring crop
on the right. Note the big difference of heighth of
these two pleants. This holds true on all lots of
plants.

E plent of fall crop on left and E plant of spring crop
on right. The tomatoes on the fall plant were the
largest produced on the fall crop. Note how the plants
differ in leef curling.

F plant of fall crop on left eand F plent of spring crop
on right. The results of a large smount of foliage in
fall end spring is well illustrated in this plate.

G plent of fall crop on left end G plent of spring crop
on right. This shows how small the tomatoes appear
when there is an excess of foliage per fruit. Evident-
ly the effect is greater in the spring then in the
fell.



Plate X.

H plant of fall crop on left end H plant of spring
crop on right. This will give one an idea of the
sturdy natural growth of the plents with a high
light intensity and the spindly natursl growth of
the plents that have a low light intensity. It
will be noted that there was very little curling
on the plants that were sllowed to grow naturally.
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Plate I.
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Plate II.



Plate III.
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Plate V.




Plate VI.




Plaste VII.



Plate VIII.
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Plate IX.



Plate X.
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