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THE RELATIONSHIP BETWEEN THE INTERNAL STRUCTURE

AND PHOTOSINTHETIC BEHAVIOR OF APPLE LEAVES

Wm, ¥, Pickett

Introduction

Several investigators heve made studies of the photoaynthetie

behavior of the folisge leaves of apple (Malus sylvestris) and a few

studies have been made of the internal structure of leaves of several
species of plants, but the literature does not record any attempts to
determine if the extent of tle intercellular spaces in the spongy
mesophyll of leasves is one of the factorg which influence the rate of
photosynthesis.

The purpose of the study herein reported is to determine
if varieties of apples éiffer in the structure of the spongy leaf
mesophyll, if so, the extent of such differences, and ir these
possible differences in anatomy have a relationship with variationas

in photosynthetic behavior of the leaves,
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The problem hes three distinet phases of investigation:
(1) the anatomy of apple leaves, (2) stomatal characteristics
and behavior, and (3) photosynthetic behavior. After the data
on these phases were assembled the influence of the mesophyll

characteristics on photoéyn‘chebic activity was studied.



PART I. ANATOMICAL STUDY OF APPLE LEAVES
Historical

Pick (1882) and Stahl (1883) concluded that sun leaves are
thicker than shade leaves, but that the air spaces of the shade leaves
are larger,

de Lamarliere (1892) observed that for equal surfaces, sun
leaves havé greater intensity of respiration, assimilation, and
transpiration than those grown in the shade, the well known structural
differences thus having a corresponding physiological significance.

Bonnier (18904) compared the same species of plants at verious
elevations in +the dlps end Pyrenees mountains and found that the Alpine
leaves had a better developed palisade tigsue, due to larger cells
oY an increase in the number of rows, and that there were more stomata
per unit of leaf surface than on the leaves of plants grown in the

lowland,.



Eberhardt (1900) reported that humid air favored the production
of larger leaves, and greater amounts of chlorophyll and root development.
Dry air caused the cuticle to become thicker, more stomata to be formed,
and the palissde tissue to be thicker,

Hesselman (1904) studied the influence of light on the leaf
structure of forest trees. Those leaves grown in the stronger light
had more palisade cells than leaves in the poorer light. Shade leaves
produced more starch than sun leaves of the same species when the light
is equal.

Bergen (1904) found that sun leaves transpired more than shade
leaves because the greater thiclkmess of the former affords a larger
evaporating surface.

Clements (1904) came to the conclusion that decreased light and
inecreased water cause an increase in leaf surface and a decrease in
thickness; decreased light causes a somewhat looser arrangment of the
palisade; increased light and decreased water both cause a reduction
in leaf surface and an increase in thickness; strong light causes a
closer arrangement of the palisade; and, finally, That no laws can be
laid down as to the exact smount of change taking place in the histology

of the leaf in response to a definite difference in the physical factors.



Haller and Magness (1925) reported that in order to obtain
apples of good size and quality, from 30 to 40 medium sized leaves
were necessary per apple for Grimes and Ben Davis but for Delicious
even more leaves were required.

Prfeiffer (1928) studied the influences of light of various
wave lengths upon plant growth and found that full insolation produced
thicker leaves than those in the limits of the visible spectrum.

Magness (1928) correlated leaf srea and number of leaves with
sugar conient and size of apples and concluded that with smaller leaf
area per frult, the leaves seem to function more efficiently.

Vyvyan and Evans (1932) observed that the size of a leaf varies
with the nature of the growth bearing it, and the number of leaves and
position of the leaves on the growth.

Turrell (1934) computed formulae for the computation of the ratio
of the internal exposed surface to the external exposed surface of
mesomorphic, and succulent leaves. Though this method may be satisfactory
for comparative determinations for leaves which differ as much as
xeromorphic and succulent leaves, it was not found satisfactory for studies
of varieties of apple leaves. The differences between the structure of
apple leaves of different varieties are not sufficiently great to permit

the use of this method



Pickett (1934) reported that 20 leaves per fruit on Delicious
gave larger fruit than. the largest of other varieties with 40 or even
50 leaves per fruit. The York ratio of 50 leaves per fruit produced
apples which were larger than either Winesap or Jonathan, but smaller
than dDelicious at this ratio. The York trees however, had not produced
fruit the preceding year, but the other varieties had borne,

The weight of fruit produced per 100 square centimeters of leaf
area was determined by Fisher (1934) for leIntosh, Delicious, Rome,
and Newtown. This weight was least with McIntosh and greatest with
Rome.

Chandler (1934} reported fruiting dces not reduce wood growth,
in proportion to leaf surface, by as much as the dry matter of the
fruit. One of the possible causes suggested was that the presence of
the fruit accelerated photosynthesis by removal of the products which

otherwise would accumulate in the lszaves and inhihit photosynthesis,



Anatomy - procedure

Seven varieties of apples have been used in this study. The
selection was based on the supposed efficiency of the leaves in
promoting tree vigor and fruit production, rather than upon any previous
knowledge of their internal structure. Livliand and Wealthy were chosen
because the fruit of these varieties ripens from early summer to mid-
sumier under Kansas conditions, Livland is rather a dwarfish iree, and
Wealthy trees are of standard size. (Plates 1, 2, 3, and 4). Jonathan
and Delicious trees are vigorous, and Jonathan is of major importance
in the Missouri river valley distriet as a commercilal variety. These
varietlies are usually harvested between the first and fifteenth of
September. Delicious produces such vigorous young trees that they are
extremely difficult to prune properly and wind deformity is a common
characteristic of the variety. Winesap, Gano, and York were the winter
varjieties used. In central and eastern Kansas, Winesap is one of the
most profitable varieties, especially in those orcharda where adequate
cross pollination is provided. Winesap trees are good in vigor on good
sites but the fruit on the older trees is below medium in size and the

leaves are smaller than those of most other varieties., Of the varileties
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selected, Gano is one of the most profitable for the commercial grower.
it is an annual bearer and the fruit and leaves are usually of good
size. York is distinetly biennial in its fruit bearing habit. The
tree is above average in vigor.

The trees in the orchard on the grounds of the Kansas Agricultural
Experiment Station at Manhattan were used for this study. The average
yearly rainfall at Manhattan is 31.49 inches. The soil on this
site belongs to the Derby silt loam series. Considerable soil erosion
has taken place and most of horizon A is gone. The trees are eighteen
to twenty years old and ére fair to good in vigor. The soil management
method for the past fourteen years has been a combination clean
cultivation, cover crop plan. Frequent scarcity of soil moisture is
probably the greatest hazard in growing an orchard in this locality, and
this factor becomes of major importance for a period varying from a few
days to seversl weeks during most growing seasons when drouth conditions
are aggravated by extremely hot weather and high, hot winds. During
these periods the evaporating power of the air is great.

Leaves for the anatomical studies were selected from the middle
portions of new shoots on the south side of the outer periphery of the
trees., Pileces about one centimeter square were cut from near the mid-
section of the leaf blades, only one piece being removed from a leaf,

and plunged in a chromo-acetic acid killing solution containing one
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per cent acetic acid. The leaf portions were left in the killing
golution over night, after which the killing agent was washed from the
pieces with running tap water.

Dehydration of the samples was accomplished by using the

following series of water, ethyl and N-butyl alcohols as reporied by

Zirkle (1930).

Water, ce 95 89 82 70 50 30
Ethyl aleohol, ce 5 11 18 30 40 S0

N-butyl aleohol, ce Qo 0 0 ¢ 10 20

The samples were allowed %o stand for one hour in each step
except the last, which contains a total of 70 per cent alcohol, where
the material was allowed to stand over night.

The dehydration was completed by the following steps. One hour

was allowed for each except the last, when a 24-hour period was used:

water, cec 15 5 0o Q 0
Ethyl aleohol, ce¢ 50 40 25 0 0
N-butyl alcohol, ec 35 55 75 100 100
Paraffin dissolves extremely slowly in N-butyl alcohol and a simple
metlhod of infiltration is to £ill a vial two-thirds full of paraffin,

ellow it to herden, put the leaf portions upon it, cover them wi+th N-butyl

13



alcohol ami place in the oven. When the paraffin melts the leaf portions
sink and the N-butyl alecohol stays on the surface because it is lighter
than the paraffin. The paraffin is changed two or three times and with
the leaf samples used in this study, 18 to 24-hours were sufficient

for the infiltration. N-butyl alcohol was more satisfactory rfor this
purpose than xylol in that the infiltrated material was less brittle

and much time was saved.

During the imbedding the leal portions were arranged with the
lower epidermis toward the bottam of the tray. A rotary microtame was
used to cut the sections 10 microns in thickness. The imbedded material
was so arranged on the microtome disc that the knife cut through the
lower epidermis first; the palisade tissue and greater thickness of
paraffin above the upper epidermis prevented tearing of the upper epidermis.
Reversing the direction of the cut sometimes regulted in the spongy
mesophyll and lower epidermis being torn.

A weak mixture of powdered egg albumen suspended in water was used
as the fixative. After the ribbon was floated on this mixture under
an electric light bulb, nearly all of the mixture was removed by blotting
paper, and the sections thoroughly dried under the overhead heat. The

staining was done by carrying the slides through the following series:
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xylol 10 minutes

xylol 1 part, alcohol 1 part, 10 minutes
100 per cent alecohol 10 mimtes

935 per cent alcohol 10 minutes

75 per cent alcohol 10 minutes

S0 per cent alcohol 10 minutes

2 per cent Safranine O iIn 50 per cent alcohol 4 to 6 hours
50 per cent alcohol 2 minutes

75 per cent alcohol 10 minutes

95 per cent glecohol 10 minutes

100 per cent alcohol 10 minutes

xylol 1 part, alcohol 1 pert, 10 minutes
xylol 10 minutes

balsam and cover glass

To permit a study of the looseness or compactness of the mesophyll,
the slides were mounted on a microscope so arranged that it served as a
microprojector. A spot light was used as the source of light and the images
from the projector were focused on a screen 43 inches from the outer end
of the microscope barrel so that the 1eaf sections were magnified
epproximately 900 diameters.

Fifty tracings of representative samples of the mesophyll of each
variety were made on paper, not more than five tracings being made of

sections from any one leaf.
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To secure mathematical descriptions of the relative compactness
of the mesophyll, the cross sectional areas of the intercellular spaces,
as traced on paper, were computed with a planimeter. By use of a
chartometer the total linear perimeter measurement of each tracing was
determined. These data are presented in Table 1.

During the season 1934, for the orchard studies, only four
varieties were used in contrast with seven varieties in 1933. The
reduction in the number of varieties was feasible because of the great
similerity between certain varieties and the reduced number made it
possible to determine photosynthetic activity more frequently and
thereby secure more representative records of the daily performance
of the leaves. The varieties used in 1934 were Jonathan, York, Delicious,
and Livland, Delicious and Livliand were selected because during 1933
they probably had the most compact and the most open mesophyll
structure, respectively, of the varieties studied. Jonathan and York
were retained because the leaves are learge and hence better suited to
photosynthetic studies by the modified Sachs' punch method than the

smaller leaves of Winesap foliage.

16



*006x Jo

UOT4BOT JTUSBW B 18 ‘3uoy sowpuy T ‘sefeur pejosfoxd O WOII epem oJem L15TIBA UOBO IOJ SIUSNISINSBOW

G0 °*33+G0 *82T $L4° TTFOV 29 puUBTATT
L2°6¥62°82T $9°9F%%°09 snotorTeq
UMOJXE 85NOUUBOIY
08° 4T+GC*2 T2 8% ° LT+16° 362 22°L+L6° 00T 62°G+08° 91T PUBTATT
08° 4T+29°161 06°9+4T°28 Aus Teey
29°8T+62°96T GG *4T+20°08T B * L+20°04 Ge6¥84° T8 ST 0X
LT°9+26°64T 9T°4+C8° 64 deseutp
SH TTICT*PST L9° L4219 ouss
£0°933¥15°202 3¥°GT+08°8GT P4 TI+G8° UL $9°5+GT*TO ey 4euUOL
02°6T+%4°502 882 T+18e7 1 19°6+96°98 SO°C+04°9¢ SNOTOTTeQ
$C61 o261 261 ee6T WOIS PIBUD IO

o e308ds

o ‘seoeds IBINTTEOIO1UT JO
gjusmeInse oW I93aWTIod 938 I0AY

3

IBINTTe9I5UT JO BeJw
TBUOT1088 SE0I0 OFBIBAY

£q0118)

« TTAuydosem JeoT ordde JO SquUSWe. MEWOW IBTNTTSOILIUT

*T e1q®y,

17



The differences between measurements of the intercellular
spacea in the mesophyll of some of these verieties are highly significant
statistically. Between others, however, the differences are not
significant.

The differences between the mesns of the intercellular area
measurements for 1933 are presented in Table 2 and their perimeter
differences in Table 3. As shown by Table 2, the dirferences between
the eross sections)l area messurements of . orchard grown Livlsnd arnd those
of orchard grown Delicious, Jonathan, Gano, and Winesap are significant
t0o the extent that the differences are at least four times thelr probable
errors, The differences betweeun the means of Livland and the other
ver ieties vary, in terms of their own probable errors, from 7.8 for ithe
Livland - Delicious comparison to 3.04 for the Livlamd - York comparison.
(Picke tt 1933).

Considering the 1934 data, (only four varieties were used) there
waes no significance between any comparison of orchard grown Delicious,
Jonathan end York, (Table 4). However, between orchard grown Livland
and orchsrd leaves of the other three varieties, the differences in
terms of their own probable errors vary from 3.57 for the Livland =
York comparisan to 2.19 for the Livland - Jonathan comparison. The 193
orchard data do not show as great differences in the cross sectional

area messurements as those of 1833.

18



When comparisons between greenhouse grown and orchard grown
foliage are made the differences are greater. The difference between
orchard grown Livland and greenhouse grown Delicioua in terms of its
owa probable error is 4.85. The formula used for calculating the

probable error of the differenee between two means is:

= 2
" A ™

E
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Photomicrographs of representat ive portions of croess sectional
end tangentlal sections of the apple leaves are presented in
Plates 5 to 14 inclusive., The eross sections were prepared from
the seven varieties used in 1933, The tangential views are from
the four varieties studied in 1934. The most important feature of
the tangential sections is the distinet looseness of the Livland
mesophyll when contrasted with that of the York, Delicious and
Jonathan sectiong. The tangential illustrations show a portion of
the lower epidermis with a few stomata clearly vigible, the lower
parts of some of the palisade cells with the spongy tissue con-

stituting most of the field.
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PART II. STOMATAL BEHAVIOR
Introduetion

Stomata on apple leaves are found only on the lower surfaces,
and are directly involved in the process of photosynthesis since the
carbon dioxide enters the leaves, for the most part, through them.
Cuticular absorption of carbon dioxide is probably not sufficient

to be of importance in photosynthesis in apple leaves.
Historical

No attempt here will be made to give an extensive review of
the 1iterature on stomatal behavior or of methods for making these
studies. 4 critical review of the latter together with a bibliography
is given by Lloyd (1908). He concluded that, if a section of leaf
epidermis be removed and plunged at once into absolute alcohol, the
tissue is dehydrated so rapidly that no measurable change in the

dimensions of the stomats taekes place. Sachs had long before pointed

34



this out to de Vries. The material thus treated may be studied
in detail at a subsequent time. ILloyd, working with Fourquieria
splendens and Verbena clliata, conecluded that stomatal regulation
of transpiration does not occur, except that conservation of the
contained water followa on complete closure of the stomata. Lloyd
believed that light was the most important of the envirommental factors
that cause stomata to open in the morning.

Loftfield (1921) studied the daily march of stomatal movement
at Salt Lake City, Utah; Minneapolis, Minnesota; and Tucson, Arizona,
and classified the apple with the group of plants, typified by alfalfe,
in which the stomata are closed during the night and open from day
break until midday or until nightfall. He presents data to show that
stomata regulate the water loss from plants. The rate of transpiration
is closely governed by stomata when they are nearly closed and by the
factors affecting evaporation when they are wide open. He also gives a
bibliography on stomatal behavior, especially as it is involved in trans-
piration. The number and size of the stomata on any given area of leaf
are influenced by the conditions under which they were formed. A leaf
developed in the shade has fewer and larger stomata per unit than omne
produced in light.

Maskell (1928) presented evidence to show that diurnal rhythm

of assimilation is closely assocliated with the diurnal behavior of

stomatal opening.
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Furr and Magness (1930) found that the duration of stomatal
opening was closely allied with soil moisture content and the
evaporating power of the air. Favorable soil moisture content caused
the stomata to remain open longer than when the amount of moisture
in the s0il is low or near the wilting point. The period of daily
opening was approximately twice as long on the irrigated plots as
on the dry plots. These workers found that there was a close
correlation between the Qaily period of stomatal opening and the
growth of the fruit.

Penfound (1932) working with the castor bean, found that the
number of stomata varied with the amount of light and indirectly with
s0il moisture content. Sawyer (1932) studied the stomatal apparatus
of the eiltivated cranberry, Vacoinum macrocarpon, and found no
chloroplaste in the gueard cells. The stomata never open widely and
the apparatus seemed poorly ad justed to changes in light, temperature,
and moisture., He reported no differences of taxonomic or functional

significance were found in four varietiese.
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Procedure

Three item= involving stomatal studies were investigated in this
project; namely, the mumber of stomata per unit area of leaf surface
for each variety of apple used, the size of the stomata as judged by
the length of the stomatal slit or opening, and the diurnal behavior
of opening and closing in a few instences.

In Table 5 are presented the data on the number of stomata per
square centimeter of leaf surface for the season of 1933 for both
greaenhouse grown and orchard grown trees. Livland, a Russien variety,
has the smallest number of stomata per unit area of leaf surface for
both the greenhouse and orchard trees, but has the longest stomatal
opening of amy variety used.

In weasuring the length of the stomata (Table 5) the opening was

measured and not the lengtin of the adjacent guard cells.
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Stomatal counts and measurements were made from strips of the
lower epidermis torn fram the apple leaves and mounted in water. At
least twenty-five counts and messurements were made for each variety,
representing one strip from each of twenty-five leaves located on the
soutsh side of the outer periphery of the trees. Only mature leaves
were used. Later in this report, data will be presented on the
photosynthetic activity of orcherd grown leaves compsred with that
of greemhouse grown leaves. It is of interest to note that greenhouse
grown leaves bave fewer stomata per unit area than orchard grown leaves
of the same variety.

Stomatag- opening and closing was studied for the seven apple
varieties used in 1933 and for the four used in 1934, No attempt was
made to determine the cause or causes of stomatal behavior, since
the objeetive of this work was to determine if there might be differences
in this regard among the several varieties.

Two methods of studying the stomatal behavior were employed, In
one method, the microscope was taken to the orchard and the lower epidermis
of tie leaf was examined while still attached to the tree. This required
a strong light to reflect against the leaf from the sub-stage mirror.
There was much difficulty in using the higher power objectives for this
purpose because of the uneven surface of the leaves and the presence of
greet amounts of pubesecence on some varieties, especially Jonathan.

Livland has little pubescence on the lower epidermis. The low powexr
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objective was not satisfactory because of insufficient magnification.
This method was found to be too cumbersome to be satisfactory. Too
much time is required for each observation and no permanent material is
on hand for subsequent confirmation of the data.

The method which was more satisfactory was to tear off strips
of the lower epidermis and plunge them into absolute alcohol. Pieces
of the lower epidermis of the leaves were taken by making a small cut
under the epidermis, near the midrib, with a safety razor blade, after
which an assistant quickly jerked with a pair of tweezers as much of the
epidermis as would tear. The section secured by starting near the
midrib and tearing the epidermis laterally toward the leaf margin, was
triangular in outline because the epidemmis tore along the smaller veins.
The epidemal strip was plunged immediately into absolute alcohol, the
entire operation requiring only two or three seconds. Later the strips
were stained in two per cent safraine 0 in absolute alcohol, rinsed in
absolute alcohol, and permanently mounted in euparal. The preparation
of permanent slides was necessary4because considerable time was required
to determine which stomata were open, Gue to the fact that with most
varieties the stomata were seldom more than partly open. It is entirely
probable that with any method of observing stomatal behavior there is |
sufficient error to make it practically impossible to determine if a
stoma is closed or oanly nearly so. The author has had extreme difficulty

in making determinations of this kind.
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On August 3 and 4, stomatel behavior was studied on a King
David apple tree at Menhattan, Kansas. This 20-year old tree was
growing in a heavy clay soil and had been in a wilted condition far
three weeks. During the few days preceding August 3, the foliage was
wilted during the entire 24-hour period, while during the first part
of the 3-week period, the leaves wilted every day but recovered their
turgidity over night. The condition of the stomata was determined by
removing strips of the lower epidermis as described above. In addition
the lower epidermis of the leaves was examined with a microscope without
detaching the leaves from the tree. At every inapection all of the stomata
were judged to be closed.

The same type of experiment was repeated on August 21 and 22,
1934, with a Jonathan tree. (Plates 15 and 16). Here again all the
stomata were judged to be closed at each inspection. The tree was badly
wilted. The data for both the King David and Jonathan trees are presented
in Table 6, The procedures of judging apparent photosynthesis according
4o the modified Sachs dry weight method and of determining the total

acid hydrolyzable carbohydrates are described later in this publication.
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Although for the duration of the experiments, there was a gain
in combustible organic matter with the sampleé represented in Table 6,
it is considered that it was too small to represent any appreciable
photosynthetic activity and probably falls within the limits of the
erxror of sampling. Likewise, the variations in carbohydrate content
are not significant.

Stomatal behavior of greenhouse grown apple foliage was studied
on May 22, and June 5, 1933, and May 2, 1934. Similar observations on
orchard grown leaves were made on June 12, July 6, and July 10, 1933,
and on July 18, 1934. (Tables 7, 8, and 9). No experimental work was
attempted to determine which factors governed stomatal opening and
closing. Neither were the trees subjected to any special treatment to
prolong the period of stomatal opening. The primary purpose of the
investigations was to determine whether there were any varietal differences
in stomatal behavior. It is assumed that stomatal opening amd closing
largely governs the rate of photosynthesis in leaves, other enviromnmental
factors being favorable for this process. A few general statements
summarize these studies:

a. Stomata on apple foliage in the greenhouse usually remain
open longer each morning than those in the orchard.

b., With all varieties under observation, many stomata were partly
open to wide open until noon in the greenhouse.

¢. In the orchard, the stomata were seldom open after 8 or

9 o'clock in the morning and on some days they were closed during the
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entire twenty-four hour period. There is probably a certain amount of
error in this last statement, because on one or two occasions the leaves
were active photosynthetically to a greater degree than shown in

lable 6, although the stomata were judged to be closed. '‘he author

ig of the opinion that it is impossible to determine with certainty

by means of microscopic examination of epidermal strips or of the
atiached leaves whether stomata are closed sufficiently to be gas tight
or only nearly closed.

d. Livland has the smallest number of stomata per unit of leaf
area of any of the varieties observed, but the stomata are longer than
any others,

e. Wealthy has the greatest number of stomata per unit of leaf
area.

f. JFewer Livland and Wealthy stomste are open in the morning

than those of theA other varietiese.
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PART III. PHOTOSYNTHETIC ACTIVITY OF APPLE LEAVES

Introduction

No entirely satisfactory method for accurately determining the
rate of photosynthesis has been devised. The reasons for this are
obvious. Concomitant with the phenonomenon of phetosynthesis are the
procesges of respiration and translocation and it is difficult, if
not impossible, to measure the first and exclude the effects of the
latter two. There are several methods for measuring the apparent
rate of photosynthesis; that is, the amount of photosynthetic
materiel produced in excess of the amount of substances used in
respiration and translocation. One of these methods considers the
quantitative determination of the gaseous exchange. This method has
two distinet types of study: in one the amount of oxygen liberated is
measured and in the other the intake of carbon dioxide is determined.
The second general method is based on the determination of organic

substance formed or the dry mstter accumul ated.
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In the present study, apparent photosynthetic measurements
were made in three ways: (a) by determining the amount of carbon
dioxide absorbed by a known amount of leaf area, (b) the weight of
the dry matter accumulated per unit of leaf area during a definite
period, (c¢) comparisons of the twtal acid hydrolyzable carbohydrétes
at different periods of the day., Zach of these methods will be
discussed separately because the results are conflieting. No two
of them measure the same plant activities., In each of the three
methods the proceas of respiration complicates the photosynthetic
determinations. Not all plant cells carry on photosynthesis, but
all cells involved in photosynthesis also respire. In photosynthezis,
the carbon dioxide is reduced and oxygen is released, but in
respiration exygen is absorbed, plant foods are used up and carbon
dioxide and water are the end products. Respiration is gssentially
an oxldation process. Thus, in the cells containing chlorophyll, two
different kinds of chemical processes are taking place simultaneously;
one in which oxygen is released, the other in which oxygen is absorbed.
Since carbon dioxide is utilized in the former and released in the latter,
the amount of this gas absorbed from the outside atmosphere will be less
than the total amount used in photosynthesis. The process of photosyn-~

thesis over any considerable length of time proceeds at a greater rate

than respiration.
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8. Determination of the smount of carbon dioxide absorbed by
a known amount of leaf aresa.

Historiecal

The method of determining the absorption of carbon dioxide
was first used by Kreusler (1885), Other investigators, including
Mattheei (1905), Blackman and Matthaei (1905), Brown and Escombe
(1905), Willstatter and Stoll (1918), Spoehr and McGee (1923),
and Heinicke ani Hoffman (1933) have modified and improved the method.
Good bibliographies on this topic are found in the works of Stiles
(1925), Spoehr (19236), Miller (193l), Gassner and Goeze (1932), and
Heinicke and Hoffman (1933). Stiles (1925) is of the opinion that
the contimious current method is the most reliable of all methods
that have heen evolved for measuring photosynthesis. In the
continuous current method, a stream of air is drawn past the plant
part under test and through an absorbing solution where the remaining
carbon dioxide is removed from the air.

Any leaf or group of leaves enclosed within a cellophane
envelope, through which a stream of air is drawn is not under entirely
natursl conditions. Miller (1931} and others have pointed out that the
various methods of estimating apparent photosynthesis give conflicting
results because different activities associated with this process are
measurad. It is considered that the intake of carbon dioxide is the

first step in photosynthesis and the increase in dry matter is the last.
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Miller (193 ) points out seversl details which must be very carefully
manipulated if the results of the carbon dioxide absorption method
are to be of value., Among these are: (1) the regulation of the air
stream, (2) the constant temperature of this stream, (3) the carbon
dioxide content, (4) the regularity of the illumination, and (5) the
construction of forms of apparatus suitable for the collection of the
gas and at the same time placing the plant under favorable conditions
for photosynthesis. Heinicke and Hoffman (193%) considered eacn of
these details and stressed the necessity of using great skill and
accuracy in manipulating the apparatus. As perfected by Heinicke and
Hoffmen, (1933), this method, with proper precautions, gives an index
of relst ive smounts of apparent photosynthesis under the artificial
econditions to which the leaves are subjected. These investigators
have atiempted to create natural envirommental conditions for their

studies.
Procedure

The apparatus used in the serijes of experiments herein reporied
is essentidlly like thal desceribed by Heinicke and Hoffman in Science
(1933). 1In this procedure, the author used a series of three absorption
towers for each day's run, One tower was used for a Livland leaf, one
for Delicious, and the third for a blank, through which a stream of

normel air was drawn,
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For each detemmination, the difference of carbon dioxide content
of the air drawn through the blank tower and that of the air drawn
through the towers comected with the leaves was ascertained by titration
with N/10 hydrochloric acid. Phenolphthalein was the indicator used.

The suction pressure was secured from an aspirator. The principle on
which the determinations are based is that a N/5 or N/10 solution of
sodium hydroxide will absorb all of the carbon dioxide from a stream of
air passed through it.

The air current is divided into small bubbles by means of a
Gooch crucible or a giass crucible with fused-in fritted glass disks.

The sodium hydroxide solution is drawn into a glass tube about 3 cm

in diemeter and 75 em long, supported in an upright position, the crucible
being fastened to the lower end of the tower by a piece of thin walled
rubber tubing. DBelow the crucible is a 500 cec suction flask so arranged
that the c}ucible is fastenaed to glass tubing which in turn is secured
in the large opening of the flask with a rubber stopper. The lower end
of this tube touches the bottom of the flask. The flask serves as a
reservoir for the sodium hydroxide solution. hen the suction is turned
on, the 1liquid is drawn up through the crucible into the tower. The
side arm of the flask is attached to the cellophane envelope enclosing
the leaf under test by means of rubber and glass tubing.

To the top of the tower is attached a pilece of capillary glass
tubing so arranged with a manometer that when the rate of air flow is
once determined for a given amount of suction, this rate can be duplicated

later by adjusting the flow 20 that the height of liquid in the two
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ams of the manometer is also duplicated. A precision wet test meter
was used to calibrate the apparatus. During the tests of the rate of
carbon dioxide absorption by leaves, the air was drawn through the
absorption towers at a rate of 2.25 liters of air per square centimeter
of leaf area per hour.

Two hundred fifty cubic centimeters of N/10 sodium hydroxide were
used in each tower in these experiments. At the end of each run the
solution was allowed to flow back into the 500 cc reservoir and approx-
imately 200 cc of distilled water were used to thoroughly rinse the tower,
crucible, and other fittings. The dilute solution was transferred to
a 500 cec volumetric flask and about 10 cc of a 25 per cent solution of
barium chlor ide were added in order to precipitate the carbonates. The
volume is then brought up to the mark with distilled water. After thorough
shaking, the flasks are not disturbed until the barium carbonate has settled,
after which 50 ce¢ of the clear solution is drawn off through a pipette, a
few drops of phenolpthalein are added, and N/10 hydrochloric acid is added
until the end point is reached. The duration of the experiment was five
hours on each of the three days.

Tﬁe apple trees used in these testa were growing in a greenhouse
and were planted in 12 inch clay pots as one year old budded stock in

Janusry, 1934. The tests were made in August, 1934.
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At the beginning and at the conclusion of each experiment,
leaf punches were taken from 50 leaves of each variety and used as
an-index of photosynthesis by the dry weight accumulation method.
élso entire leaves were collected at these periods, killed by dry
heat in an eleectric oven, and later analyzed for total acid
hydrolzyable carbohydrates, expressed as glucose., The procedure
for these methods is described later. This plan makes it possible
to compare these three methods of judging apparent photosynthetic
activity of epple foliage under the same envirommental conditions.
These data are presented in Table 10. There is no consistency in
the results of the three methods, and it would be difficult to select
one method as the standard of comparison, by which to judge the
accuracy of the other two. Heinicke and Hoffman (1933) found that
there was great variation in the rate of photsynthesis shown by
adjacent leaves on the same shoot, alsoion different shoots of the
same variety. It seems justifisble therefore to expect to find different
photosynthetic values for leaves on different shoots or even different

trees of one variety as well as between leaves of different varieties.
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The same two leaves were used for all the experiments. The area
of the Delicious leaf was 39.49 cm® and that of the Livland leaf, 40.09
cm;. At the conclusion of these experiments, the two leaves were removed
from the trees and mountad sections for microscopic study were prepared,
as described before. (Table 11).

The ratio of the average weight of carbon dioxide assimilsted
per square meter of leaf area for the fhree S5~hour runs to the average
weight of the total acid hydrolyzable carbohydrates accumulated per
sguare meter of leaf area for the same periods is 8,59 for Delicious
and 8.58 for Livland. However, the ratio between the increase of the
weight of the dry matter per square meter of leaf area and the
carbohydrate gain for Delicious is 11l.02 and for Livland it is 5.62. The
small gain in dry nmatter recorded for Livland on August 16, is no doubt
responsible for part of the discrepancy between these two ratios. The
total molscular weight of the six mclecules of carbon dioxide entering
into the formation of cach molecule of glucose iz 264, and the molecular
weight of glucose is 372, The ratio between these melecular weights is
1.409, which does not agree with the ratios of 8,59 and 8,58 above,.

The photosynthetic activity of these leaves is greater wien judged
by thz dry weicht accumilation than by the carbon dioxide abezorpticn
methode #ll three methods give hicgher values for the Livland leaf than
for the Delicious l=af, and it is significant that the intercellular

spaces in the Livland leaves are nore extensive than thoze of welicious.
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Table 11, Intercellular measurenents of the mesophyll
of apple leaves used with carbon dioxide absorption
towers in greenhouse, August 15 to 17, 1934.*

Average cross sectional are Average perime tex measurements

Variety of intercellular spaces, cm of intercelilular spaces, cm
Delicious 87.01+7.01 179.78+14.21
Livland 107.,71+12.19 192.79+16.06

* Measurements for esch variety were msde from 50 projected images,
11 inches long, at a magnification of X 900,
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b. The Dry Weight Method.

The weight of the dry matter accumulated per unit of leaf area

is the second method used in this study of the photosynthetic activity

of apple leaves.

Historical

Sachs (1884) was the first to use the dry weight method of
measuring the rate of the formation of carbohydrates., He removed one-
half of a leaf blade at the beginning of an experiment and left the
other helf attached to the midrib. Portions of the severed half were
measured for area and the dry weight determined. The half leaf left
on the plant was removed at the end of the experiment, measured, and
weighed as before, ecare being taken to avoid large veins in both cases,
The gain in dry weight per unit asrea of leaf surface was attributed
to the carbohydrates formed by photosynthesis. Sachs recognized that
translocation and respiration should be measured and discovered that
detached leaves showed a greater gein when illuminated than leaves which
remeined attached to the plant. He attributed the smaller gein in
the latter case to the translocation of the products of photosynthesis
to other plant parts. In order to obtain the corrected photosynthetic
value therefore, he added the loss in dry weight per uni# area during

the night to the gain in dry weight per unit area found during the day.
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The dry weight method has been criticised by several investigators.
Brown and Escomb (1905) cecompared the results of measuring photosynthesis
by the eontinuous gas streem method and the dry weight method. Working
with Catalpa bignonioides they recorded values two and three times
greater for the dry weight method than that calculated from the amount
of carbon dioxide absorbed. They concluded that the great objection
to Sachs' method is that all of the errors become acecumlative in the

final result. Table 12 is a partial summary of their study.
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Ganong (1908) was not convinced that the dry weight method gave
results much Yoo high. He designed (1905) a punch which could be used
to remove circular discs, having a diemeter of 1,128 cm or an area of
1 square centimeter, from leaves., Since that date, most of the dry
welght records have been made by using the puneh, rather than the
half leaf method. Ganong (1908) concluded that the removal of the discs
does not interfere seriously with the‘functioniﬁg of the leaves.

Too little is known of the composition of the products of
asslmilation to make possible an accurate calculation of the carbon
dioxide absorbed from a given increase in dry weight, (Thoday, 1909).

He recommends that the ash content of the lsaf samples be determined

and deducted from the increase in dry weight. According to this
investigator there are two main errors in the dry weight method. These
are: (1) +the shrinkage of leaves in area during the experiment, and

(2) their lack of symmetry in respect to dry weight per unit area. The
latter objection may be ovexrcome by avoiding large veins and using a

large number of-leaves for each experiment., Thoday concluded that if

the dry weight gains are as great as 2 milligrams per sguare decimeter
per hour, the method is capable of yielding useful results for comparative
studies of assimiletion. In 1910 he found that ielianthus leaves increased
in dry weightdby 17 mg 100 cmz hr., at a time when catalpa gained only

5 mg. 100 ean® hr., a fact which is correlated with the absence of stomata

from the upper surface of catalpa leaves.
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Spoehr (1926) sums up the merits of the dry weight method by
stating that it offers the simplest means of estimating photosynthesis
and that its very simpliecity makes it highly desirable, but in its
present form it is not relisble. He emphasizes the necessity of
correcting the values for respiration and translocation.

Miller (1931) has used the dry meight method for making
photosynthetic comparisons between, corn, milo, and the sorghums under
field conditions in the Great Plains.

The dry weight method was used more extensively tien any other
in these photogsynthetic studies because it is the best =muited to
orchard conditions. Whatever may be said agalnst this method, i+t remeins
that the results are comparable, and in the final analysis no method
is accepted as absolutely accurate. Every ppssible precaution to awvoid
error was adopted in planning these experiments. Chief among these
precautions are: (1) many of the samples were corrected for variations
in ash content, (2) large numbers, fifty or one hundred leaves were
selected for sampling each variety for each experiment, (3) careful
measurements showed that the leaves did not shrink in area duiing the
daylight hours, (4) dust, spray residues and similar material were washed
from the leaves twenty-fou& hours before the beginning of each expsriment,
(5) in the removal of each disc with a Ganong punch, care was exsrcised
to avoid the cutting of large veins, (6) comparable leaves were always
‘selected, only mature leaves on mew shoot growth being used, (7) no leaf

showing injury caused by any fungus, insect or other pest was sampled,



(8) all leaves from which discs were cut were located on the south
and southwest exposure of the outer periphery of the tree and were
located at heights ranging from four to six feet from the surface of
the ground, (9) none of these leaves was at any time between the hours
of 5 a.m. and 2 p.m., shaded by the foliage of other trees, (10) all the
trees were growing under practically the same method of soil management.
Plate 17 illustrates the relative sizes of representative leaves
of the varieties under test. Most orchard grown apple leaves are not
sufficiently large. to permit the removal of more than six discs each
having an area of one square centimeter without severing laige veins
or the midrib, Accordingly many of these experiments were so planned
that only four or six dises were removed from each leaf. Several
preliminary tests revealed that spple leaves in the orchard ceased to
gain in weight about midafternoon, that is, the processes of respira-
tion and translocation then proceed at a faster rate than doea apparent
photosynthesis. The leaves in Plate 17 were pressed between two pieces
of glass to aid the photographer to secure a sharp focus. The pressing
so flattened the leaves that the holes do not appear to be circular,

but in natural position the holes were round.
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In January, 1933, two lots of one year old apple trees were
pPlanted in greemhouses in 12 inch clay pots. One lot of trees were
plunged in a ground bench in a house designated as Plot A, where the
temperatures were kept as high as the heating facilities permitted.

The day temperatures usually ranged from 90°F to 110°F and the night
temperatures were seldom below 70°F, Effort was made to keep the
relative humidity high in this house, by keeping one aisle flooded

with water and at times, a small stream of water was directed on the
steam heating pipes. The other lot of trees, Plot B, were plunged

in a ground bench in a house largely devoted to the culture of 1ettuce,
The day temperatures were kept at about 70°F or slightly lower, and

the night temperatures were in the upper forties. The object of growing
the trees under these two sets of environmental conditions was to
attempt to produce within a variety leaves with variation in the extent
of intercellular spaces in the spoﬁgy mesophyll. The two greenhouses
were adjoining and on the days the leaf punches were collected the

door between the houses was open, and the temperatures amd relative
humidity were kept the same in the two rooms. In Table 13 are presented
some data of anatomical and photosynthetic studies on leaves of these

two groups of trees.
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Table 14, Temperature and reletive humidity records in greenhouse.

Date - 1933 April April Apri] April
S 6 26 a7
Time of day
7:30 a.m. Temp erature (C.) 15 8 10 16
HRelgtive humidity
per cent. 66 58 56 68
12:00 Hoon Temperature (C.) 27 22 20 34
Relative humidity
per cent. 45 45 42 39
5:00 pene Temperature (C.) 15 15 11 21
Relative humidity
per cent. 61 63 58 50
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Many factors are blended together in governing the rate of
photosynthesis and in determining the gquantity of photosynthate produced.
It is extremely difficult to select any one of these factors and attempt
Yo demonstrate the definite role it occuples in a process as complicated
at this. As one variable is changed, its effect on the rate of photo-
aynthesis is massked by the overlapping influences of the other variables.
Nevertheless, the data in Table 13 indicate certain trends of behavior between
the two variables of leaf structure and photosynthetic activity. These are:
(a) the leaves of Livland, Jonathan, and York grown on trees in Plot &
have a greater extent of intercellular spaces in the spongy mesophyll than
leaves of the corresponding varieties grown in Plot B, where relatively
low temperatures prevailed when the leaves were growing, while the reverse
was true with Gano; (b) within each vaiiety, the leaves possessing the more
extensive intercellular spaces produced the greater gain in dry weight per
aquare meter of leaf area between 8:30 a.m. and 5:30 p.m.; (e) the inter-
cellular spaces in the Livland mesophyll from Plot A are larger than those
of other varieties in the seme plot. The seme is true comparing Livland
with the other varieties in Plot B, (d) Liviend leaves accumulated a greater
average weight of dry matter per square meter of leaf surface then the other

varieties within each plot.
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These records do not isolate leaf structure from the other factors
which regulate photosynthesis, but it is likely that variations in
intercellular spaces partially influence this activity or accompany it
under the dominance of other more powerful factors.

Air temperature and relative humidity data in the greenhouse
for April 5, 6, 26, aqd 27, 1933, are presented in Table 14. In
Table 15 the percentage of water in the apple leaves used in pho to-

synthetic studies on the above dates is given.
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Scarcity of available soil moisture esccompanied by high
temperatures constitutes one of the hazards of crop production in the
Great Plains. The season 1933 in Kansas was characterized by high
temperatures and below nommal rainfall. Soil moisture determinations
were made on 10 days between June 14 and August 23. Betiween June 14,
and July 7, the soil moisture content in non-irrigated plots ranged
from 15 per cent to 17 per cent which is not far abﬁve the wilting
coefficient. Although the apple trees used in these studies did not
exhibit wilted foliage, 1400 gallons of water were used to irrigate
each tree. Daily maximum temperatures exert a pronounced influence
on the amount of dry matter gained per unit of leaf area, according
to Plate 18. Generally, the higher the daily meximm temperature, the
lower the leaf gain in dry weight. Soil moisture data are not included
in Plate 18 because it was impossible to collect representative soil
samples in the vicinity of the greatest root concentration, due to the
irfigation given each tree.

Bose (1924) concluded that the rate of photosynthesis is the
expression of the combined-effect of the factors of light and temperature.
Photosynthetic activity increased from 7:30 a.m, to 12:00 noon. After
2:00 p.m. both light and temperature underwent a decline, with
resulting rapid fall of activity. His findings are in accord with the
relationship between temperature and photosynthetic activity as shown

graphically in Plate 18. Sunshine prevailed on each day with the
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PLATL 18

RELATIONSMIP BETWEEN MAXIMUM AIR TEMPERATURL
ANDTOTAL DRY WEIGHT GAIN PER SQUARL METER
LEAF AREA FOR SEVEN APPLE VARIETIES
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exception of August 25, which was cloudy. No records of light
intensity were made. Congidering only the maximum air temperatures
on the eleven days when the dry weight determinations were made these
records show the depressing effect of extremely high temperatures on
photosynthetic activity.

An experiment was designed in 1934 to compare the efficiency
of greenhouse grown and orchard grown leaves of Livland andi Delicious
apple leaves under orchard conditions (Pickett, 1934). I% has been
shown in Table 1 that there are marked differences in the extent of
the intercellular spaces in the spongy mesophyll of greenhouse grown
Delicious and orchard grown Deliciocus leaves. A similar condition
exists with Livliand leaves. In January, 1934, several one year old
whips of the two varieties were planted in 12 ineh clay pots and
placed in a greenhouse., In July, 1934, these trees were taken to the
orchard, and the pots were plunged in the orchard soil for a few days
to bring the soil moisture in the pots to approximately the same
point as that in the soil outside the pots. The photosynthetiec
determinations of the greemnhouse grown trees could then be made under
the same environmental conditione as the archard trees. '

This experiment was started on the last day df July, 1934, a
month which broke all records at Manhattan for the past 75 years for
high temperatures of any month. On twenty-six days the maximum
temperature was 100 d-grees ¥ or higher and during eleven consecutive

days the maximum reading was 111 degrees or higher. The rainfall for
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the month was 0.86 inch, and at the time of this experiment the
average moisture content of the top first, second, and third foot
semples of soll was 1l.6 per cent, dy weight basis., Many trees in
the orchard were wilted but the ones used in this test of July 31
to August 1, were apparently turgid.

The rate of apparent photosynthesis was judged by Ganong's
modification of the dry weight method. Discs one aquare centimeter,
in aresa were punched from 50 mature leaves, one disc being removed
from each leaf at 6:00 a.n., another at 2:30 p.m., a third set at
6300 a. m. the second daye.

In Table 16, data are presented to show the gains and losses in
dry weight per square meter of leaf area from 6500 ae.m., July 31,
to 6:00 a. m., August 1, 1934. The orchard growh‘Livland leaves made
a net gain of 5.93 gms M2 leaf area while the greenhouse grown Livland
leaves gained 3.48 gms M® leaf area. Likewise, the orchard grown
Delicious leaves gain more in dry matter than those growm in the
greenhouse. These gains were 4.68 gus Mz leaf area and l.88 gms M; leaf
area, respectively. The four groups of leaves rank as follows in the
net day sains in dry weight: (1) orchard grown Livland, (2) orchard
grown Delicious,‘(a) greenhousge grown Livland, aﬁd (4) greenhouse grown
Delicious. The same ranking applies to the measurements of the
ijntercellular spaces in the mesophyll as shown in Table 1. Apparently

the differences of the extent of the intercellular spaces are reflected
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in the photosynthetic behavior of the two varieties. Several factors
enter into and govern the rate of photosyntuesis and the extent of
the surfaces of the exposed cell walls bordering the intercellular

spaces is probably one of them,
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Dry weisht determinations of orchard grown apple leaves were
recorded on these dates in 1933: June 7, June 14, June 17, June 21,
June 23, June 29, July 1, July 6, July 7, July 10, July 25, August 3,
August 9, and August 25.

Photosynthetic activity as measured by determining the amounts
of total acid hydroloyzable carbohydrates expressed as glucose was
determined on July 10, July 25, August 3, August 9, and Aucust 25,
19033.

In 1934, both dry weight and carbohydrate determinations were
made from samples collected May 2, May 16, May 23, June 5, July 2,
July 3, July 9, July 10, July 18, July 19, and August 3, August 6,
August 7, August 15, August 16, August 17, August 21, August 22,
August 23, and dugust 24. The data for the two seasons are presented

in Tables 16 to 41.
¢, Photosynthetic Activity as Judged by the Saccharification Method.

In this procedure, the entire carbohydrate content is
hydroloyzed to hexoses and the products thus formed are estimated as
glucose by the reduction of Fehling's solution. The method used in
these studies follows: Weight 1.5 gm of dry finely pulverized leaf
powder, add 150 cc 2% per cent hydrochloric acid, boil in water bath
under Teflux condenser for two hours; cool, nearly neutralize with

sodium hydroxide solutiom, clear with a saturated solution of neutral
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lead acetate solution and filter. Add sufficient solid sodium oxalate
to precipitate all the lead and refilter through a dry paper into

250 cc volumetric flask., Test the filtrate for the presence of lead
with a little solid sodium oxalate and filter if precipitate forms.
Bring to volume with distilled water.

Prepare Soxhlet's modification of Fehling's solution by mixing
equal volumes of (a) and (b) immediately before using.

(a) Copper sulfate solution - dissolve 34.639 gms CuSo, «5
Hzo in water, dilute to 500 cc and filter through prepared asbestos.

(b) Alkeline tartrate solution - dissolve 173.0 gms of
Rochelle salts (sodium potassium tartrate) and 50 gms of sodium
hydroxide in water, dilute to 500 c¢ allow to stand for two days, and
filter through prepared asbestos.

Transfer 25 cc each of the copper sulphate and alkaline tartrate
solutions to a 300 cc Erlemmeyer flask and pipette exactly 50 cc of the
sample containing the hexoses and heat in hot water bath at 80° centigrade
for 30 minutes (Quisumbing and Thomas 1921). Remove, cool and add
25 cc of a potassium iodide-iodate sclution (Shafer and Hartman,
19230-1921) prepared by dissolving 60.0 gms of potagsium iodide and
5.4 gms potassium iodate in water, adding a few cc of concentrated
sodium hydroxide and diluting to 1 liter. Quickly add approximately
16 ecc of 5 N sulfuric acid. Shake the flask until all the copper oxide
is dissolved. Next add 20 cc of a saturated solution of potassium

oxalate and titrate with a standard N/10 solution of sodium thiosulfate
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to which has been edded a small amount of concentrated sodium
hydroxide. Record the number of cc of the sodium thiosul fate

solution required to oxidize the iodine and substract this from

the amount used when 50 cc of water is substituted for the sugar
solution. The addition of a small quantity of soluble starch shortly
before the end point is reached mekes the end point more distinct.

The net titration gives the amount of sodium thiosulfgte which has been
used to reduce the iodine vhich had been used to oxidize the cuprous
oxide and if multiplied by the factor 6.36 will give the number of
milligrams of metallic copper reduced by the sugar.

The acid is added as directed above to release free iodine
from the iodide-iodate solution. The potasgium oxelate is added to
unite with 211 the divalent copper. The iodine oxidizes the cuprous
copper to cupric copper and the sodium thiosulfate reduces the iodine.
The tables of Quisumbing and Thomas (1921) were referred to for cal-
culating glucose from the copper value.

It is important to standardize the sodium thiosulfate solution
as follows; Prepare a N/10 solution of potassium biiodate. Pipette
exactly 50 cc of this solution into a 250 cc Erlenmeyer flask and add to
this & solution of 3 gms of potassium iodide dissolved in 25 cc of water,
Then add 10 cc of 5 N sulfuric acid and titrate with the 1I/10 sodium
thiosulfate solution. If the number of cc of biiodate used divided by
the number of cc of thiosulfate used is more or less than one, the

quotient secured is a factor by which all detemminations must be

multiplied.
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The leaves used in these analyses were killed in dry heat
in an electric oven., They were placed in convenient trays made of
hardware cloth and for the first hour the oven temperature was 70°
C. During this hour the door was left open slightly to permit the
ready escape of water vapor. The killing was completed at 98° C
after which the leaves were ground with a mortar and pestle until
the powder would pass through a 40-mesh sieve. This method produced
a powder which was a natural green. If samples of leaves were put
in the oven at 98° without first going through the 70° step, generally
the powder was somewhat darkened. No comparative analyses of the two
methods were made. It was assumed that the bright green powder was
the better.

None of the trees used in 1933 had apples on them. Ereas not
in bearing were selected because the presence of fruit probably
influence the photosynthetic activity of nearby leaves. In 1934,
the photosynthetic behavior of leaves on branches bearing apples was
detemined. For comparison, leaves on branches from which the fruit
had been removed were used. The ratios given in Tebles 35, 36, 40,
and 41 indicate the number of leaves per fruit on the branches from
which the leaves were selected for studye.

In Tables 25 to 41 inclusive the photosynthetic activity of

apple leaves is presented, based on both the dry weight and saccharifi-

cation methods.

8a



80°2 - 60°99 8T°L9 ‘m *B 00!9

08'2 + 25°99 9*69 ‘u *d 00%9 PUSTATT
$L4°90 9% °*09 W *B 00:9

08°'T - CG°Q9 185 ‘W *B 009

%0°0 + 2C°09 96°CL ‘w *d 00%9 sNoToTTeq
12°29 26°CL ‘W *w 00%9

26°0 + 92°09 2G°99 ‘m *® 00%9

$2°0 + 9T°8S 09°¢9 ‘w *d 0029 ouBY
L ad= 92°co ‘mw *B 00%9

04°0 + 9%°19 2G99 ‘W *®8 00!0

37°0 + oT° D 28°09 '‘w *d 00?9 NI0X
$0°T0 04°co ‘w *e 00%9

82°0 + g3 814 ‘mw *% 00%9

¥2°2 + 85°19 $0° T2 'w *d 00%9 deseuTy
24°29 08°89 ‘m *8 009

88°0 - T0°T9 20°¢4 ‘u 8 (GO

86’7 + $9° 63 09°¢4 u *d 0039 WBTABUOP
G3°19 20° L ‘W *e 00%9

e sus
*BaJ8 JeeTl I I8348uU qued xad ‘888 JBaT gcaT ‘g 0% 4 sunp Rastae)
AIp Jo BSOT J0 ur®n *4USUOD IOYEBR gl 193380 Ko

*g0489T oTddB JO 3U04UOD J99BM PUB I9148W AIp Ul UOTABTIB)

*4T 198y



0F'v + 00°%9 PL°%9 'w *d 009
89°¢ - AL e 09 ‘W *8 009 PIRTATT
10°¢9 96°¢9 ‘w *°d 00!9
20°C + 29°09 09°CL ‘w *d 00:9
g28°g - L9°T9 8¢ 04 ‘w *8 009 LusTesn
21°09 0% %4 ‘m *d 00¢9
822 + 20°29 86°8G ‘mw *d 00%9
ggeec - 1929 09°9¢ ‘m *® 009 BNOTO ITo
96°09 866G ‘w *d 00!9
F1°C + 6268 08°GL ‘m *d 00%9
vi°T - 86°9S 99°2. ‘u *B 009 desauty
8L°LC 0% %L ‘u *d 00¢9
02°¢c + 82°6C 90°.49 ‘w *d 00%9
g2°'¢ - %09 98°¢9 ‘m *®8 00?9 e 4BUOL
9¢°8% H1°L9 ‘w *d 00%9
g _mam
*Ba I8 hmm.ﬂ NS I31 480 ueo Jad *BaIB Je ol oeaT .m.m 0% ¥T sunp hpow..hd>
Ayp Jo SsOT I0 upsn *qUBU0D X39BY o Jevqsu Lxq

*geaBdT o7ddw JOo JUSqUOD X99BM PUB JO148W AIP UT WOTABTIBA °QT STIR]



¥S'9 + ¥8°29 BB° Lk *u *d 0029

LT - §0°99 2 T4 ‘w *®B 00%9 puBTATT
2.°29 00°¢4 ‘w *d 009

82°C + 8T'6C %26 'u *d 00%9

29'y - 8G°09 9408 ‘m 8 00%0 fuqTeem
8G°*BG 8816 ‘w *d 009

9y + GG*09 93°%8 ‘mw *d 009

90°2 - 21°19 28°64 mw *® Q09 BnoToITeQ
9108 88°T8 ‘u *d 0039

9%°C + 92°cg 0G°T4 m *d 00!9

2T°T - 09°9¢ $0° 99 ‘mw *B 009 ousy
86°GG 91°.L9 ‘u *d 009

¥a'¢ + 4888 8L*BL ‘m *d 00to

B8%*0 - €6°8S $2*69 ‘w *8 00:9 N I0X
89°4G 2.°69 ‘w *d 00%9

8L4°¢ + 15} Agve] 02°64 ‘w *d 00¢9

0i4°¢ - 08* 48 2v°G6L ‘m *v 009 dessuty
86°9¢ 2T°64 ‘w *d 00%9

0%°2 + 4%°88 ¥8°cL ‘w *d 00%9

9¢°T - 08°'8g 9 14 ‘W *B 009 TBULBUOL
8T°6S 09°24 *mw *d 00%9

g sud

*BaJ® JBaT ma I8148W qued Jod *8aIB JuoTl ee8T ‘AT ©4 OT sunp Kastasy

£ap Jo ss01 I0 UTBY

*4UB4UOD IS98Y

mﬁ Is198W AXg

*seABd] oTdde JO JUeqUOD IBqBM PUS I9398m AJIp UT UOT {BTIB)

*6T oTqey

85



06°9 = 9g°e9 v4°69 ‘W *® 009

86°%4 + 210 $9°04 ‘w *d 00%9 pUBTATT
29°29 21°69 ‘W *B 00!9

Yy - G2° 19 28°%8 W ‘B 00%9

20°9 + 26°48 9988 ‘m *d 00t9 LugTeon
e2°09 ¥9°30 ‘W *8 0029

'y - 02°29 B8G8°G4 ‘m *8 009

¥$0°'G + g3°6% 2%°08 ‘m *d 009 BnoToTTeQ
09°T 82°G. ‘W *B 00°9

8g°T - T1e°88 99°69 ‘W ‘B 009

08°% + $G°9G ¥2°T4 ‘m *d 00:9 ousy
Ge*LS ¥9°90 ‘W *B 00%9

¥9°0 = 92°6G 9212 ‘m *B 009

95°¢ + 86°9S 0L L ‘w *d 0039 s 1)
31°8S 7189 ‘W *B 00%9

YT = T%° 68 2L ‘mw *8 00%9

09°C + 248°CG 86°18 ‘w *d 009 deseutp
%8s 8294 ‘W *B 009

$0°2 - 8G°60 0B*24 w *B 00O

02°C + ¥6°98 894 ‘mw *d 00%9 e 48U
gceg $9°T4 ‘mw ‘e 0039

sy eud
*8aI8 JBOT | I814BW ques gad *BaJB J8aT eeeT ‘22 09 T2 euns Lo I8)
Axp Jo s501 X0 UI®Y *1U2U0D IDQBp mﬁ Ton98u Axg

*goaBoT oTdds JO 4U94UOD IO4BA PUB I9)4BW AXp UT UOTIBTIBA

*02 eTqey,

86



88°% = 0%°29 0424 "W B 009

B82°C + 28°T9 89°LL ‘m °d 00¢9 puBTATT
9%°29 0824 ‘U v 0049

812 - TL88 06°48 ‘mw v 00%0

g26°c + 01°48 80°06 ‘i *d 009 Lug 1o
gT°8g 9T %8 ‘m *8 00!9

9%’z ~ e5°09 ¥v°08 W *B 0079

Zhee + L0688 06°28 *m *d 009 snototTeq
08°09 8% ° 64 ‘w ‘B 00%9

0T'0 - 0%°8g 90°99 ‘w8 00%9

9%°¢ + L84S 91°99 ‘m *d 00%9 cuss
69°85 04°29 ‘Ww *B 009

gy°0 - S AL 09°89 ‘mw *B 0049

92 + G LG 80°69 m *d 00%9 20X
96°9G $9°99 ‘mw *® 00%9

04°T - 00°8S 26° Ll ‘W e 00%9

08°2 + AR 2984 ‘m *d 009 desouty
94°18 214 ‘mw *8 00:9

05°g - 96°68 ov g4 ‘mw *8 0029

9C°¢C ¢+ 1648 08°G4 ‘u *d 009 uBYABUOSL
e1°09 24 ‘W *® 00!9

suzE sms

*Bage Juel NE I91 36U quap Jed *59I8 J89T eeaT ‘vz 01 ¢z eung Kyotasp

AIp Jo €80T IO UTLY

*4UB4UCO I398BH

e A

*goaBaT oTdde JO qUS4UOD J9}BA PUB I19998W AIp UT UOT 1B JIBA

‘T3 eTqEy,

87



9%°T - 20°29 02°99 ‘u *d noto

v6'e + 65°To 99°49 ‘u *d pplo PUBTATT
4129 2.4°89 ‘m *8 00%9

0T + G6°8% 0T’ L4 ‘w °® 00¢9

$0°¢ + Lo LS 04L°G4 mw *d pot9 £y Teep
43°68 0924 ‘m *B O0!9

06°T = $2°29 84°0L ‘L *8 00%9

88°2 + 26°6C 89°*2. ‘u *d 0049 BnoTotTeg
9%°19 08°69 ‘mw *B 00%9

g21°0 - ¥ 68 $G*6G ‘W '8 00!9

93°3 4+ TO*LS 99°6G ‘u *d 009 ousy
46°88 0%°*L8 ‘w *B 00%9

94°8 + 20°eg 96°69 ‘w *8 00?9

$3°2 + TT°48 02°.49 ‘w *d 00%9 NIox
81°8% 96°%9 ‘L *B 00!9

02°T - eL°9¢ 04°8L ‘mw *8 00%9

0S°% + 00°9S 06°64 ‘w *d 009 Gesoup
98°.L8 0%*CL ‘W *B 00%9

98°0 + 9¢*68 96°69 ‘m *® 009

802 + 06°L46 01°69 ‘mw *d 00%9 sy 48TOL
966G 20°L9 '8 00%9

v 5]

*®JI8 JBIT ol 191 48U quad xad *B3IB JBOT eeeT ‘og 01 2 eung fqo1a8p

AIp JO SEOT IO UTBY

*qULJUOD BBY

NE Yeqqeu Lag

*zoaBeT oTddB JO qUEIUOD 1B4BA PUB Ia14bw AIp UT WOTABIIBA °%T O[QB]



g,06 = ‘m-dool9
I PTT = ‘om +d goig
88 =~ ‘'m e 009 - sexnyeedmery

@9°4 + 86°SS 28'94 ‘m *d 00%9

81°To 22°69 ‘m *® 00%9 PIETATT
02'e + BL°%S 2738 7] ‘w *d 00%9
getag F1°'T4 o 'y QQMQ XxoX
*89J8 JBoT . J I814%W queo gaod *B9I8 JBOT eeeT ‘t Ay Rqe1aB)
£xp y0 BEOT X0 uUTEY *qUequod JIOVeR gl I8348W Lag

*seaweT oTdis JoO pq.apnoe IO BA [UB I0398W AIp UT WOFIBTIBA A..nm oTq8

89 -



8T1°¢ + 62°T9 94°29 'w *d 004

91°9 = L7229 86°00 ‘w *8 00IC
2y + 18°6S $4°99 ‘ut °d 00¢4 WETATT

09°09 2929 ‘mw *B 00!C

Mm.w + g2 L8 8228 ‘m *d 00¢4

g’e - 80°6S 2108 ‘w B 00¢G
08°2 + 86°9g $9°29 u *d 004 Lu3Teop

89° 48 $1°08 ‘m e 00:g

%4 + 6%°83 96°T8 ‘W @ 00%4

¥wee - G668 02°08 ‘u *B 00%g
0T*¢ + T0°0S 428 ‘u *d 004 snorotTeq

08°8S $9°64 ‘u *® 00%G

00°¢ + ¥v°cs 2T°24 ‘w *d 00%4

96°T = 09°48 8104 ‘W *® 00:G
'S + 87 %S 80°24 ‘mw *d 0034 oa®y

$9°9¢ 0999 ‘W *B 00!G

$0°T + 6%°48 28°14 ‘u *d 00!4

90°T - $8°96 8L°04 ‘mw *® 00!C
$1°2 + 08°9¢ ¥8° T4 'u *d 00*s Fxox

: £8°48 04°69 ‘W *e 00!G

¥0°2 + 8G°%G $4°.0 ‘mw *d 00%L

v4°8 - 89°9G 04°G8 ‘W *8 00¢C
08°2 + 9T 3G 799 m *d 0024 desouty

: GG*CS y1°Ce ‘W *® (0%

2%°C + 90°9¢ 0% °¢8 ‘m *d 004

$1°2 - LB°LS %028 ‘w *® 00%G
PT°¥ + 89°GG 8T*¥8 ‘u *d 0024 UBU3BROL

P A ¥0°08 ‘W *B 00%S

suws w3 ee6T
*BOYB JBOT ms I9198W queo Jod *BaIB 8BS T ¢4 04 9 Anp IXER P Ty
£xp Jo ssOT I0 UTBY *qU 2L UOD I33BY RN X0%38U 17

*gargeT oTdds JO 3U0qUOD I91BM DPUB X9q4BW AIp UT UOT4BIIBA °*$2 S[qQBl

90



Table 25. A4Analysis of apple leaves. July 10 to 11, 1933, Variation

in dry matier, water content, and acid hydrolyzable carbohydrates
astimated as glucose.

_Grams per square meter leaf area. : Percentage.

Dry Gain or Carbohy~ Gain or
Variety Time matter. loss of drates. loss of Water.
total carbohy=-
dry drates.
maiter,
5:00 a. m. 65,88 9.16 60,281
10:00 a, m, 10,94
Jonathan 1:00 pe. m, 71.20 + 5.32 10.72 + 1.56 54.05
4300 Pe M, . 12.5.1. .
7:00 p. m. 70,68 - 0,528 13.61 + 2,89 55.12
5300 a. m, 64.78 - 5,90 11l.47 - 2.14 64,08
5:0C a. m, 80,66 13.03 58,15
10:00 a. m. l3.62
Winesap 1:00 Pe e 89,34 + 8,68 14,06 + 1,03 51.54
4:00 p. M. : 14,91
7:00 Po Me 86058 - 2.76 15.75 had 0.31 53.55
5:00 a, m, 83.48 - 3410 10,83 ~ 2.92 63.83
5300 a. m. 63.72 l0.88 61,23
10300 a. m, 11.03
York 1:00 p. m. 69,08 + 5.36 11.28 + 0.40 55,93
4;00 p. m. 14.66
5300 Se e 68048 -— lola 11.05 - 2057 66.92
5:00 a., m, 70. 60 11.30 57.14
10:00 a. m, 14,52
Gano 1:00 pe. m. 74.16 + 3.56 11,87 + 0,47 53,50
4:00 Pe m, - 14071 .
7:00 p. m. 76.22 + 2,06  10.35 - 1,52 54.64
5:00 a., m, 73. 60 - 2.62 9.52 ~ 0.83 61 .44
5:00 a. m. 83,98 9,85 58.41
10:00 a. m, 9.78
Delicious 1:00 Pe e 89.36 + 5,38 B8.79 - 0,06 54,73
7:00 p. m. 90474 +1.38  11.81 + 2.62 55,90
5:00 a. m. 87 .68 - 35,06 10,80 - 0,81 6).28
5:00 a. m. 73.06 10.93 59.48
10:00 a. m. 11.58 .
Wea lthy 1:00 p. me 80.48 * 7,48  13.89 + 2,96 56,21
4:00 p. M. 13.48
7=w p. Me 78.32 - 2016 12.44 - 1045 58‘09
5:00 a, m, B82.06 + 3,74 10.62 - l.82 60.78
5:00 a. m. 65.88 - Be.44 61,07
10:00 a. m. 8.63
Livland 1:00 p. m. 71.20 + 5,32 1069 + 2,25 58.64
4:00 p. m. 10.44
7:00 p. Me 70466 - 0.52 10,15 - 0.54 60,41
5:00 2. m. 64,78 - 5,90 9,49 - 0.66 63. 40
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Table 26. Anelysis of apple leaves, July 25 to 26, 1933, Variation

in dry matier, water content, and acid hydrolyzable carbohydrates
estimated as glucose.

Grams per sgusre meter leaf area., : Percentage.

Dry Gain or Carbohy-~ Gain or
Var iety Time matter. loss of drates. loss of Watexr.
total carbohy-
ary draltes.
mattexr
6300 a. m. 8l.60 12.895 56.78
10:00 a. m. 13.51
Jonathen 1:00 p. m. 86+54 + 4,94 10,78 - 2.07 53.20
4300 P e 10.67
7:00 p. m. 86,20 - 0,34 11,74 + 0,96 54,38
6500 a. m, 91.78 . 13.24 54.4)
10:00 a, m, ll1.22
Winesap 1:00 p. me. 95.74 + 3.96 13.49 + 0,25 51.20
4:00 p. me 2,80
7:00 p. m, 96470 + 0,96 10,33 - 3,16 52,78
6:00 a., m, 7i.16 10.83 57 .44
10:00 a. m. 9.89
York 1:00 p. m. 75444 + 4,28 12.37 + 1.54 53.93
4:00 Pe e 9.99
7:00 p. m. 75.14 - 0,30 1l.81 - 0.76 55,41
6:00 a. M. 76400 + 0.86 11.01 - Q.60 58,09
6:00 a, m. 79 .42 12.10 55.74
10:00 a. m. 12.26
Gano 1:00 p. m. 85,80 + 5,78 16.01 T 3.91 53.32
4300 Pe Me 13,25
7:00 n. m. 84.86 - 0.3 10.46 - 5,55 54,04
6:00 a, e 84.48 - 0,38 10439 - 0,07 55.86
6:00 a. me 82.14 11,97 56.86
10:00 a, me 12.54
Delicious 1:00 p. m. 90.32 + 8.18 12.84 + 0,87 53,72
4300 p. m. 1l4.45
7300 pe e 86.56 - 3.76 13.41 + 0,57 55,54
6:00 a. me. 87.76 + 1,20 1l.26 - 2415 57 .77
6:00 2. m. 89.04 . Q453 57.32
10:00 a. m. 9,01
4:00 p. I 13.51
7:00 p. Me 97.06 - 0.86 10.68 - 0,73 55.61
6300 8. e 95.22 - 1084 lO. 69 + 0001 58.05
6:00 a. m. 71l.44 11.62 : 60,75
10:00 a. m, 13.02
Livland 1:00 p. me 77 482 + 6,38 11.66 + 0,04 57.46
4:00 p. me 12.09
7:00 p. Me 76.44 L 1038 13.75 + 2009 58.02
6:00 a., me 72.20 - 4,24 10,08 - 5,67 61.17
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Table 27, Analysis of apple leaves. August 3 to 4, 1933, Variation

in dry matter, water content, and acid hydrolyzable carbohydrates
estimated as glucose,

Grams per square meter leaf area. : Percentage
Dry Gain or Carbohy- Gain or
Variety Time matter. loss of drates. loss of Water
total carbohy-
ary drates.
matter,
7:00 a. m, 77 .08 9.86 56,33
Jonathan 4:30 p. me 86.18 + 9,16 10.31 T 0.45 52.88
7:00 a. nme. 88,48 10.6%7 54,72
Winesap 4330 p. me 98.52 + 10,04 11,30 + Q.63 51.98
7:00 8. e 93.54 — 5018 11.15 - 0017 54051
7:00 a. m. 72.46 J.06 56.18
York 4:30 p. m. 80, 60 + 8.14 1li.42 + 2.36 D2.84
7:00 a. m. 72430 11.82 56412
7:00 a. m. 78.80 - 2,68 12,47 - 1.43 D4.61
7:00 a. m. 7le22 - B.38 58.39
Delicious 4330 pe. me 78.54 T 7,32 11.20 + 2,82 56. 34
7:00 a. . 75.72 T 2.82 10.45 - 0,75 58,13
7:00 g. m. 88.88 12.03 53.96
Wealthy 4330 p. ma 98.76 + 9,88 1537 + 1,34 52.41
7:00 a. m. 292.86 - 5,90 12,38 - 0.99 54,60
7:00 a. m. 75.78 11.01 59,79
Livland 4130 p. M 82.22 T 6450 12,06 + 1.05 57.56
7:00 Q. Nie 76.20 - 6.02 10062 - 10443 59038
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Table 28, Analysis of apple leaves. dAugust 9 to 10, 1933, Variation

in 4ry matter, water content, and acid hydrolyzable carbouydrates
estimated as glucose.

Grams per square meter leaf aTrea. : Percentage

Dry Gain or Carbohy- Gain or
Variety Time matter. loss of drates. loss of Water
total carbohy-
ary drates.
matier
7330 a. m. 86,92 11.25 54,05
Jonathan 4:30 p. m,. 928.22 + D030 11.52 + 0,287 52.50
7:30 a. m. 99,16 12,39 52.55
Winesap 4330 p. M. 104.28 + 5,12 13. 24 + 0,85 50.50
7:30 8. N 98.4‘4 - 5.84 12004 - 1.20 54012
7:30 a. m, 80.00 10,186 56.94
York 4: 30 Pe e 82.38 + 2. 38 10,33 + 0.17 53,34
7:30 8. e 81008 - 1030 10005 - 0.28 55011
7:30 a. m. 80,70 10.41 53.57
Gano 43 30=-p. e 87,36 + 6,66 11.83 + 1.42 52.686
7:30 Qe e 84.42 - 2.94 10.97 - 0.86 54.58
7330 a. m. 7790 8.83 55.82
Delicioua 4:30 p. m. 80,90 + 3.00 11.09 + 2,36 55.19
7:30 8. m. 78.10 - 2.80 10042 - 0.67 56.00
7:30 8o I, 99056 14.50 54:.08
Wealthy 4330 pe Ie 102.68 + 3.12 14.91 + 0.41 52.46
7:30 a. Me 75.18 10,57 58.25
Liviand $30 ps M. 79.96 + 4.78 1l.14 + 0,57 57.88
7:30 a. m. 81.00 + 1l.04 10,96 - 0.18 55,37
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Table 29. Analysis of apple leaves. August 25 to 26, 1933. Variation

in dry matter, water content, and acid hydrolyzable carbohydrates
estimated as glucose.

Grams per squere meter leaf area. s _Percentage

Dry Gain o Carbohy- Gain or
Variety Time matter.s loss of drates. loss of Water.
total carbohy-
ary drates.
matter,.
7:30 a. m. 9416 13.66 51.83
Jonathan £30 p. m, 100,38 + 7.22 l14.62 + 0.96 49,76
7:30 a. m, 99.10 14.53 50.08
Winesap 43130 p. m. 102.82 + 3,72  16.04 + 1.51 50439
7:30 a, m, 98,48 - 4,34 13.72 - 2.32 54,08
7:30 a. m. 85,20 13440 52.49
7:50 8o Me 84010 - 4.28 12'25 - 0.79 55095
7:30 a, m. 97.16 14.86 Bl.73
Gano 230 p. m. 101,36 + 4,20 15.71 + 0,85 50.25
7:30 8¢ M 94.30 - 7.06 14.52 haad l.lg 54.00
7:30 a. m. 89.34 15,78 52,80
7:50 . IMe 86092 - 4.52 15.41 - 0.16 55.30
7:30 a. m. 109.88 20,91 49.50
Wealthy 4:30 p. M. 115.24 + 5,36 20.51 - 0.40 50.11
7:50 8e¢ Mo 105.98 ha 9.26 19061 - 0090 52.72
7:30 a. o 84,56 14,69 54,62
Liviand 4:30 p. M. 88,52 + 3.96 15,03 + 0.34 56,65
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Discussion andé Conclusions

Based on the data presented in this papér, the following
eonclusions may be drawn. |

1. Apple varieties differ in their internal siructure when
the extent of the intercellular spaces in the spongy mesophyll is
considered. The extent of these spaces was judged by measuring
tracings of projected images with a planimeter and a chartometer,

2. Orchard grown apple leaves posseas more extensive
intercellular spaces than greenhouse grown leaves,

3. Livliand, a Russian variety, has more extensive intercellular
spaces than any other variety studied. In 1933, the Delicious
mesophyll was the most compaet, but in 1934, the mesophyll in York
leaves was the most compact,

4. During the abnormally dry and hot seasons of 1933 and 1934,
the stomata on outdoor foliage were seldom open after 9:00 a. m. and
freque ntly they were closed or nearly so by 7:00 a. m. or 8:00 a. m.

No afternoon opening of the stomata was observed. Stomata on apple
leaves in the greenhouse remained open longer each morning than those
on outdoor foliage.

5., Extreme diff iculty was encountered in attempting to determine
whether stomasta weTe closed or nearly closed. It is probable that the

stomata which appeared to be closed were not sufficiently closed to

meke them gas tight.
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6. Liviand leaves had the fewest stomata per unit of leaf
area and the longest pores.

7. Outdoor grown leaves have more stomata per unit of leaf
area than greenhouse grown leaves. In some instances this difference
amounts to as much as 50 per cent.

8¢ In Jamary '19‘35, some one-year-old Livliand, Jonathan,
Gano, and York trees were divided into two groups. One group was
plamted in a greenhouse where the day temperatures were usually 15
to 20 degrees C higher then in the house where the second group
was planted. The leaves of Livland, Jonathan, and York grown in
the warmer house had a greater extent of intercellular spaces than
those in the ¢ooler house. The reverse was true with Gano.

(a) Within each variety, the leaves possessing the more
extensive intercellular spaces produced the greater gain in total dry
matter per square meter leaf area between 8:30 a. m. and 5:30 p. m.

(b) The intercellular spaces in the mesophyll in the Livland
leaves from the warmer house were more extensive than those of the
other varieties growm in the same house. The same was true comparing
Livland with the other varieties grown in the cooler house.

(¢) Liviand leaves accumlated a greater gain of dry matter per
unit of leaf area than the other varieties within each group.

(d) Leaves on potted trees in the greenhouse have a greater

amount of water in them than orchard grown foliage.
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9. In Jamary 1934, Livland and Delicious trees were planted
in 12-inch elay pots in the greenhouse. In July 1934 these trees were
transported to the orchard so that photosynthetic studies of the
greenhouse grown trees could be mede under the seme environmental
conditions as the orchard trees. There are marked differences in the
spongy mesophyll of the leaves of greenhouse grown tieea contrasted
to orchard grown leaves., The four groups of leaves rank as follows
in the measurements of the intercellumlar spaces in the mesophyll:

(1) orchard grown Livland, (2) orchard grown Delicious, (3) greenhouse
grown Livliand, and (4) greenhouse grown Delicious. The day gain

in totél dry matter per unit of leaf area gstands in the same relative
order.

10. In 1933, the amount of total dry matter accumulated per
square metei of leaf area of the seven varieties used was apparently
markedly influenced by the maximum daily air temperature. On the days
when the temperature was extremely high, the gain in dry matter was
less than on days when the temperature was lower. In 1834, however,
the inhibitory action of high temperatures did not become manifest,
probably because of the great deficiency of soil moisture which became
a limiting factor in leaf activity. On several days in 1934 dry matter

determinations were made when the leaves were partially wilted.



1l. A&pparent photosynthetic determinations were made on three
consecutive days in the greenhouse in 1934 by measuring the amount of
carbon dioxide absorbed by a leaf on a potted Delicious tree and by
one on a potted Livland tree. Dry weight increments, ash determinationa,
and carbohydrate analyses were made from other leaves collected from
these treeas.

(a) On two of the three days the Livland gained more in dry
weight per unit of leaf area than the Delicious foliage. After being
correcied for ash content the mean gain of the dry matter for the three
days was 2.81 gms Mz S hra., for Livland and 2,30 gms M2 5 hrs. for
Delicicua. The mean accumulation of total acid hydrolyzable carbo-
hydrates eatimabted as glucose was 0.56 gm M? 5 hrs. for Livland and

2

0.22 gm M~ 5 hrs, for Delicious.

(b) The mean amount of carbon dioxide absorbed by the Livland

? 5 hrs. and for Delicious 1.89 gms M° 5 hrs,

leaf waé 4,81 gms M

(c) Subseguently the two leaves used in these continuous gas
stresm studies were killed, dehydrated, and imbedded in paraffin after
which mounts on slides for microscopic study were prepared. 4s described
earlier, the intercellular spaces in the mesophyll were measured. The
cross sectional area of these spaces for Livland was 107.71 em? per unit
area compared to 87,01 em® for Delicious.

(d) The ratic of the average weight of cecarbon dioxide absorbed
per squére meter of leaf area for the three S-hours run to the average

weight of the total acid hydrolyzable carbohydrates accumalagted for the

seme area and time is 8.59 for Delicious and 8,58 for Livland.
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l2. York leaves possess the following diatinguishing
Characteristica: (a) a lower percentsge of ash than Jongthan,

Delicious, or Livland, (b) ususlly a lower water content than Winesap,
Jonathen, Delicious, Liviand, Wealthy, or Gano, (c) a lower total

dry weight per unit of leaf area than any of the other varieties, with
the occasional exception of Gano, (d) a more compaet mesophyll than
any of the other varieties studied in 1934,

13, During both 1933 and 1934, York made lower daily gains in
total dry matter per square meter leaf area, and lower gains in total
acid hydrolyzable carbohydrates estimated as glucose, per square
meter leaf area, than any of the other varieties included in these
studies, The varieties used in addition to York were: for 1933, Liviamd,
Gano, Wealthy, Jonathan, Winesap, and Deliciocus; for 1934, Livliand,
Jonathan, and Del icious. It may be considered that the distinct
biennial bearing habit of York may be due in part, to the fact that the
foliage is relatively inefficient, photoaynthetically, whieh in turn'
appears to be due to soms of the items listed in the preceeding paragraph.

14. Liviand leaves on the average have greater weight per unit |
of leaf aresa than any of the other varieties used in 193¢. In many
instances dur ing 1933, Wealthy leaves weighed the most per unit of leaf
area., This is probably due to the extensive palisade development of these
two varieties. The water eontent of Livland leaves is usually higher

than that of the other varieties. These two cheracteristics in addition
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to the great extent of the intercellular spaces in the mesophyll
probably account for the fact that Livlend ranked first in average

daily gains in total dry matter and total acid hydrolyzeble carbohydrates
estimated as glucose per unit of leaf area, during 1934, and that

Wealthy and Livland ranked first and second respectively in total dry
matter gains per unit of leaf area in 1933.

15. In 1934, the ranking of the varieties based on the extent
of the intercellular spaces and the ranking based on photosynthetic
activity as judged by the average daily gains in total dry matter, in
combustible matter, and the average 4daily gains in total acid hydrolyzable
carbohydrates estimated as glucose, were identical. This ranking was
Livland, Delicious, Jonathan, and York.

16. On six days during 1934 the total dry matter increase of
Delicious leaves on branches bearing good crops of fruit was compared
with that of leaves cn branches besring no fruit. On five of these days
the leaves on the fruiting branches gained more in total dry matter
and combustible matter than the leaves on fruitless branches. The mean
gain of total dry matter for the six days was: 2.92 gms Mz leaf area
on fruiting branches, and 1.85 gms M? leaf area on fruitless branches.
The mean gains of combustible matter were 2.70 gms'Mz leaf area and
1.79 gms M? leaf area respectivelye.

17. On fouxr days during 1934, the total dry matter increase of
Jonathan leaves on branches bearing fruit was compared with that of
leaves on fruitless branches. On two of these days the gain was greater

for the leaves on fruiting branches and on two days the leaves on
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fruitless branches made the greater gain. The mesn gain of total dry
matter for the four days was 2,44 gms M2 leaf area from branches with
fruits and 1.81 gms M° leaf area from brenches from which the fruit
had been removed. The ash and water content of leaves near fruitas
was in general higher then in leaves on fruitless branches. The
carbohydrate concentration was usually lower in leaves on fruiting

branches than in 1 eaves on branches from which the fruit had been

removed,
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Surmary

l. Apple varieties differ in the extent of the intercellular
spaces in the mesophyll of the foliage leaves.

2. This anatomical difference in leaf structure is reflected
in photosynthetic activity.

3. York leaves are the least active photosynthetically, a
characteristic which may play an important role in the distinect
biennial fruit bearing habit of this variety., Low dry weight
per unit area, low ash content, low water content, and in 1934 the
most compact mesophyll are other characteristics of York leaves.

4, Leaves on branches bearing fruit make greater gaina in
dry matter and carbohydrates, have a higher ash content, higher water
cohtent, and less dry welght per unit area than leaves on fruitless
branches.,

5. Leaves on fruiting branches usually have a lower concentration
of carbohydrates than leaves on branches not bearing fruit.

6. The rate of photosynthesis was determined on 17 days in
1933 and on 20 days in 1934. Both growing seasons were abnormally

hot and dry.
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