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LITRODUCTION

A study of the literature shows that considerable attention
has been given to an inquiry into the influence of certain chemical
elements on the rate of photosynthesis, and into the influence of the
length of exposure to licht on the ecmount of organic matter produced.
The interaction of these two factors seems not to have received much
serious attention,

The work reported in this paper is an attempt to show some
effects upon photosynthesis and translocation in the garden pea arising
from the deficiency of potassium and calcium in the nutrient solution

and from three different light exposures.

HISTORICAL RZVI=EW

A study of photosynthesis cen be grouped under two headings:
the first including all work on the relation of mineral elements to photo-
synthesis and the second including all work on the effect of length of
light period on the synthesis of food by plantse

A large part of the work with mineral elements has had to do
with the effect of increasing amounts of the elements on photosynthesis,
but with such work this paper is not concerned.

Nobbe (18), one of the earliest workers to study the effect of
a so-called nutrient solution lacking an element, found that plants manu=-
factured less starch when potassium was absent. Stoklasa (30) supported

this view and reported a direct connection between the presence of






potessium and photosynthetic activity. Reed (21), working with algae,
mosses, and ferns, also found that potassium was essential for carbo-
hydrate synthesis and showed that potassium accumulated in those parts
of the plant concerned with carbohydrate transport. The theory that
potassium functions in carbohydrate condensetion is supported by Duggar
(5,272), Hartwell (11), killer (15,347), Russel (24,68), and Yasuda (32),
Hartwell (11) also reported an accumulation of starch in vegetative
perts of the plants growing in potassium deficient solutions and con-
sidered it due to retzrded growth of the plants, due to lack of po=-
tassium., Janssen and Bartholomew (13) found that tomato plants deprived
of potassium show an increase in percentace of dry matter,

Smith and Butler (28) found that wheat plants are able to
translocate carbohydrates as readily in the absence of potassium as in
its presence. Nightingale, Schemerhorn, and Robbins (16) found that
tomato plants grown in a solution lacking potessium are able to trans-
locate earbchydretes as well as plants high in potassiume They also
reported that an accumulation of carbohydrates may oceur because of the
retarded nitrogen assimilation by plants in the deficient solution,

Much work has been done in regard to the effect of calcium de-
ficiency in nutrient sclutions, Most workers (5, 9, 12, 15, 19, 24,
end 29) seem to sgree that this element is used to neutralize certain
acids produced in the gromwth processes of ths plant, They also agree
thet calecium forms an intergal part of the cell walls, being laid down
as calcium pectate in the middle lamella. Boehm (2) reported an in-
direct offect caused by lack of calcium, He found that it stops starch

transfer because of an inactivation of the enzyme diastase. Groom (9)






also reported an eccumuletion of starch in calcium deficient nlants.

In eddition, he found thet those carbohydrates thct had been converted
into starch could not be reconverted irnto soluble forms., Duggar (5,.180)
and Miller (15, 257) report thet calcium plays an important 13le in
carbohydrate trai.slocution,

Hobart (12) affirms that caleium hes nothing to do with photo-
synthesis, Schimper (26) found that plants could translocate carbo-
hydrates equally well in the absence of calecium as in its presence,
I'ightingale, Addoms, Robbins, and Schermerhorm (17) supported this view
ard considered that any accumulation of carbohydrates in calcium de-
ficient plants was due to a lack of nitrate absorption and subsequent
protein synthesis,

Cruzit and Hibbard (10) reported that the absence of an element
reterded translocation and impaired photosynthesis.

Tincker (31) found that plants in short light exposures were
able to maintain a high rate of synthesis due to removal of the end-
products of the photosynthetic process. Redington (22) reported that
licht exposures up to eizliteen hours gave better growth !g;:anst plants
and that the poor growth of briefly exposed plants was due to impaired
photosynthesis. Pfeiffer (20) found that with lonrer light exposures,
tomato plants showed an increase in carbohydrate reserves and totel
growth over plants in short light exposures. Aso and Lurai (1) reported
that barley and peas exposed to electric light at night made much faster
growth than control plants. Deats (4) found thet tomatoes and peppers
exposed to light for varying periods had growth rates proportional to
the length of light exposure. Starci formation was also found to be

proportionel to the length of day,.



Garner end Allard (8) reported thet the growti of plants was
proportionel to the len;th of exvosure to light and not to the intensity
of the light,

Clements (3), working with water cultures, found that short
exposures to light markedly affected the position of thes best cultures

on a twenty-one culture triansle,

EFPERTENTLL PROCEDURE

The plants used in this experiment were grown in the Botany
greenhouse et Michigan State Collese, East lLansing, Michigan. The water
culture method wes used in preferance to sand cultures. One set of plants
wes grown in the spring of 1931 and another in the early winter of 1931.
These particular seasons were chosen in order to secure conditions as
favorable as possible for the growth of the plants, since in this locality
plants do not grow well in the greenhouse during summer and early fall,

e gerden pea variety, Alaska, was used in both sets, because preliminnry
work showed that it grew exceedingly well in water cultures, It was also
easy to secure a large number of seedlings similar as to age, length of
leaf, and general vigor. The seed for both sets came from the same source
and was from the 1330 crop.

Seeds were carefully selected for size, color, and healthy appear-
ance., They were treated with 1 - 100 bichloride of mercury for five
minutes and soaked in water for six hours. After soaking, the seeds were
planted on moist parner toweling in a large galvanized iron germinating
tray which hed been cleaned and thoroughly disinfected. The seeds were

kept covered and moist for five deys, after which time 1t was possible to
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select seedlings tnat were healthy, with two-inch stems, arnd in
sufficlent quantity to f£ill all culture jars.

The culture solutions were made up in twelve-liter glazed
stonewere jars, These jars before they were used were thoroughly cleaned,
disinfeoted with a 1 = 100 solution of forty per cent formaldehyde and
washed well with distilled woter, to ramove any formeldehyde that might
have been left in the jars,

In this experiment Shives (27) three-salt nutrient medium
RSCZ was used as tie full or complete solution. The potassium deficient
solutions were made by substituting sodium for the potassium ion in
potassium phosphate. The calcium deficient solutions were made by re=-
placing the calcium ifon witii sodium in ejual proportions. All stock
salt solutions were made up to 1 - molar concentrations in quantities
sufficient for the entire experimental period, Culture solutions were
then made up from tlless stock solutions to have a calculated osmotic
concentration of one atmosphere. Table I shows the volume of stock salt
solutions used in each type of culture{ solution.

Teble I. lNumber of cubic centimeters of single salt stock
solutions to mske twelve liters of each type of culture solution and having

(1)

a total concentretion of one ztmosphere,

ture 2g30 Ca (IO, KH,PO Nall0 NaHaPO.
omple te 180 83 %a) p— 21 - - '
‘inus Potassium 180 63 - - 216
Vinus Celcium 180 - 216 63 -
(1) In addition, each culture received 20 c.c. of 5% ferriec tartrate,

3 C.Ce ¥4 Mnso4 and 3 c.C. %F,l_ll.‘,’BO:5 solutions,



-6-

The plants were grown on galvanized wire screening having
four meshes to the inch, These scrcens were cut to fit the top of
the jars, washed, heated, =2rd coated with paraffin before being used,
4is the plants grew they were held uprizht by the aid of short wooden
dowel pins 1/4" in diameter and sufficiently long to serve the purpose.

Fifty seedlings were placed on each of eighteen screens in
such a manner that all seedlings received as nearly as possible the
same amount of space., All seedlings were sturted on camplete nutrient
solution end given artificial illuminetion at night., Aération was
provided by forcing air to the bottom of the jars for a period of one
hour and thirty minutes each day. These conditions were maintained for
a period of two weeks during which time all solutions were renewed once.
The ootyledons were then cut off and the stems supported by a small wed
of non-absorbent cotton placed around the stem and the plants allowod to
grow for another week,

When the plants were three weeks 0ld and well established a
certain number of them were transferred to solutions deficient in po-
tassium or calcium and placed under varied light conditions. The cultures
were divided into three groups. Six sets of fifty plants each were
placed in solutions as follows:

(1) two jars of solution R502 complete

(2) two jars of solution R 02 minus potassium

5
(3) two jars of solution R5ca minus calcium,
One group was left in the same place in the greenhouse it
ocoupied in the beginning, but was not given any artificial illumination,
Hereafter plants in this group will be referred to as "intermediate

licht" plants., A second group was placed in a large specially constructed,



-7-

well aératedbox so that all light could be kept out when that was
necessary, This box was lrept open for ten hours each day and the
plants in this group will hereafter be referred to as "short light"
plants, A third group was placed on a bench at one end of the green-
house in the light given off by two 1000 watt Mazda lamps, provided
with large Benjamin reflectors and suspended three and one-half feet
above the top of the culture jars., These lights were turned on for
the period of the experiment and the plants grown beneath will here=-
after be referred to as "long licht" plants, The temperature of the
air above these plants was kept about egqual to that of the air in
other parts of the greenhouse by means of a twelve-inch electric fan
kept runninc constently. At night the lizht from the lamps was kept
from the other plants in the greenhouse by means of a black cambriec
curtain,

Plants under all lisht exrvosures continued to receive the
daily period of a€ration end all solutions were renewed twice each
week until the end of the experiment,

The experiment was considered completed when those plants,
in all light exposures, which were in caleium deficient solutions
showed definite injury and wilting had begun. At this stage obser-
vations on all plents were made and the plants harvested. Stems and
leaves were separated, dried, weighed, ground, and later chemical
analyses were made of all samples .(1)

(1) In the second series roots were also taken for anslysis,
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CI=ITIC.L M=TECDS

All samples for analysis were dried aceording to the re-
conmendations of the Committee on liethods for Chemical Analysis for
the American Society of Plant Physiologists (23). Two-gram samples
of the dried materiel were used for carbohydrate analysis, These
were extracted with eighty per cent ethyl alcohol and filtered.

The alcohol was removed from the filtrate by heating on an electric
hot-plate and supplying a steady blast of air during the heating
process. This method, edapted from the work of Gardner (7), saved
several hours of time, but wes wasteful of alcohol. Results obtained
in this waey were identical with those of duplicate samples evaporated
by the method outlined by the Committee.

The residue, after evaporation, was taken up in water,
clarified with Horme's dry lead, deleaded with disodium phosphate,
following the recommendations of Englis and Tsang (6). It was then
made up to voluméu!L-aliquota taken for sucrose determinations,

Soluble dextrins, insoluble starches, and hemicelluloses
were extracted by the methodk outlined by the Committee and the re-
ducing power of all fractions determined by the Shaffer-Hartman (28)
procedure., The results were calculated to grams of cuprous oxide
and the corresponding amounts of glucose obtained from the Munson
and Walker tables and expressed as per cent of dry weight. Tables III
and IV show the results of the carbohydrate anslyses.

For purposes of comparison the percentage of simple sugars
and sucrose were combined and hereefter will be referred to as"sugars".

The percentage of dextrin, insoluble starch and hemicellulose were



combined likewise and will be referred to as "non-sugars®, The
values for sugars and non-sugars in plants in long light were taken
as unity and ratios cclculated for all other valucs for both Series I

and II. These values are shown in Tables IV and VII,

DZSCRIPTION OF PLANTS IN SYRIES I AT HARVEST TIMA

The plants in all cultures and under all light exposures
appeared to grow normally for one week after being changed to the
deficient solutions. After that time the minus caleium plants seemed
to grow none at all and characteristiec red patches began to appsear
on the leaves in all licht exposures, the degree of injury being pro-
portional to the length of exposure, These patches first appeared
near the midrib and at the ends of small veins, but as the injury in=-
creased its spread outward toward the leaf margins until finally the
entire leaf became dried and brown. Before the leaves became dry
all tendrils on thz plants had wilted and become dry. The potassium
deficient plants also showed indications of leaf injury but of a
different kind and to a lesser extent. In these plants grayish white
patches appcared on the margins of the older leaves and gradually
spread to the inner portions of the leaf., These patches seemed to be
dry immediately after appearing, spread very slowly, and never appeared
on young leaves., Plants in complete solutions showed no injury in any
cese, A detailed description of the plants under each licht exposure

follows,



Series I
Long Light.

1. Complete:
plents h-althy, 36 inches tall and growing
vigorously, lirsht green in color, many blossoms
end pods.

2, Minus Potessium:
plants of same height as those in complete solu-
tion, color similar, but meny lezves snowing the
type of inury just desecribed, fewer blossoms and
pods than in the camplete solution.

3. Minus Calcium:
plants 24 inches tall, many of the leaves dying
but still lisht green in color and showing the
dark red patches already described, no blossoms or
pods presente

Intermediate Light,

1. Completes
plants 32 inches tall, dark green leaves, none of
wi.ich were dead, several blossoms and pods present.

2. llinus Fotassium:
plants 30 inches tall, leaves green but showing grayish
patches described above, some blossoms and half grown

pods present.,
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3e Ilinus Calcium:
plents 22 inches tall, leaves similuer to those
described under long light minus calcium, but
rore of them still green, no blossoms or pods
present,

Short Licht.

l. Complete:
plonts 36 inches tall, as healthy as the "complete"
plants in long and intermediate light, fewer blossoms
and pods present than in other plants in complete
solutione

2, Xinus Potassiun:
rlants 34 inches tall, leaves green, but showing
some graylish patches, few blossoms and pods present.

3. Ekinus Calciumg
plants 22 inches tall, leaves wilted but not dry,

red patches present, few blossoms and no pods present.

EPLRNLGITAL RASULTS

The dry weights of stems and leaves of plants in Series I
were telen and retios calculated es percentages or dry weight of long
light complete plants., These valu:s are shown in Teble II.

In Series I plants in complete solution show a decrease in
weicht as the light exposure is shortened. lLeaves in short light
show an increase of six per cent in weight over the intermediate licht

plants and stems show an increase of one pcr cent, But these differ-
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ences are not significant,

Leaves of minus potassium plants show a slight increas= in
veight in long light, but ia all other light exosures there is a
noticeable decreese, l'inus potassium stems are lighter in dry weight
than the complete stems. Short light minus potassium stems, howevar,
show a fivo per cent increese over minus potassium plants in inter-
mediate licht, both siow less increase then minus potassium long light
plants,

Leaves of minus culciwm plants sliov & decrease as the light
period is shortened end the decrease is greater than in minus potassium
or complete plants., The stems show practicelly the same weight in
both short and intermediate light, but long light causes & nine per cent
increase, All values for minus calcium stams ere lower than the corres-
vonding parts in other solutions,

These results are in accord witi the generally observed fact
thet the length of light exposure directly influences the growth of
plznts and that growth gererally decreases as the light is reduced,

It is elso observed, with one exception, that when an element is lacking
a decrease in weight occurrs. Long licht minus potassium leaves are

the only exception. Iinus calcium plants show the greatest decrease of
all plants,

Thus, for plants growing in deficient solutions for the length
of tiie they were in this experiment, and, for seedling plants of the
garden pea, a deficient solution usually results in a low dry weight
while a short light exposure produces the same effect but to a greater

degree,
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Table II - Dry weights of leavses and stems in threc different types

of solutions and under three light exposures,

Leaves Stems
Cul ture Light Dry wt. Retio Dry wt. Ratio
olution treatment | grars Frans

long 18.03878 100,0 24,9693 100.0
Couplete Intar- 14.2092 78,0 18,0241 72,1

mediate

Short 15,1988 84,0 18,2853 73.1

Long 19,3430 106,7 18,4954 74,0
Minus Inter=- 10.5518 58,3 11,1094 45,5
Potassium | mediete

Short 92,2298 51.0 12,8393 50.6

Long 11,9784 68,1 8,9104 40.5
'inus Inter- 10,2780 56,8 12,0752 49,2
Caloium mediate

Short 7 .8848 43,5 12,4518 49,7
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The increases that did appear, as in the case of short light
plants when compared with intermediate light plants, are so slight
thet no sirnificance can be assigned to the results,

T.e effeet produced by lack of potassium, however, is of a
different nature and probably due to some interference with normal
activity of the plant, T.is will be taken up leter in the discussion
when the results of cheamical analyses are presented.

Table III shows the distribution of the various carbolhydrate
fractions in all solutions in Series I. The simple sugars in the leaves
for the three licLt conditions in the complete solution do not vary much.
Long light plants, however, show highest values while intermediate and
short light plants are about the same, The values for sucrose in the
leaves of these plants are much hicher than tlie simple sugar values end
suow considerable variation. Soluble dextrins and insoluble starches
in theee plants are low but show rather wide variations as a result of
the three lisht conditions, Hemicellulose in plents grown in this solu-
tion is quite high except for short light which indicates that there
may be a utilization of this material by the plants for cell wall cone
struction, The values for all these rréotiona in the stems correspond
to those in the leaves, but are usually lower than the leaf values,

The sirple sugars and soluble dextrins, however, are exceptions.

In the case of leaves of minus potassium plants there is a
great difference in simple sugars, depending upon the light exposure;
while sucrose values show much similarity to sucrose values in plants
grown in the complete solution and under corresponding light exposures.

For this solution high soluble dextrin and insoluble starch values ere
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found as compared with these values in complete solution plants,
Hemicellulose values, while they show the same reduction in short light,
do not show such marked changes as they do in plants grown in complste
solution, Stems in this solution show the same trend as the leavea,

The calcium deficient plants,show in both stems and leaves,
much reduced values for simple sugars as campared to the values for
complete solution plents. High values for insoluble starch are found in
these plants es well es in the potassium deficisnt plants,

The use of a table of ratios will facilitate a comparison of
the verious culture solutions as influenced by light exposures. In
Table IV the various carbohydrate fractions have been combined as sugars
and non-sugars and ratios computed, based on the values for plants
in the complete solution groving in long lighte.

A study of Table IV shows that tne production of sugars and
non-sugars,in both leaves and stems of plants grown in the camplete solu-
tion,is always decreased as the light period is shortemned.

The potassium deficient plants, with one exception, show de-
creases in sugars and non-sugars in shortened light exposures to a
greater extent than the complete plants. The leaves in long light do not
show a decrease in the amount of non-sugura produced,

Calcium deficient plants show the same response to shortened
light exposures as the other two types of cultures, and the values are
lower than the corresponding ones in minus potassium plants,

The results for deficient solutions in this Series indicate
that the absence of either potassium or calcium interferes with photo-

synthesis, regardless of the light exposure, and are thus in accord with
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the findings of Gruzit and Eibbard (10). The nature of this inter=-

ference will be discussed after tihe results of Series II are reported.

SZIRIES II

On November 17, 1931, a second Series of cultures were placed
in the same type of culture solutions and under similer light conditioms
a8 Series I, These rlants were just three weeks 0ld at the time of
chenge and hed received the sare treatment es those in Series I before
being pleced in the deficient solutions. Thus, there was a difference
of one week in the age of the plants in the two Series at the time they
were introduced to deficient solutions and chenged light conditions,

With the exception of long light, which was the same in both
Series of cultures, there was a difference in the amount of light
naturally occurring. This was due to tiie season of the year and could
not be avoided., The plants grow: in tiie spring probably receive more
sunlight than the fall grown plants, especially in the case of inter=-
mediate 1ight plants,

Due to these differences in the age of plants and light condi-
tions, the two Series of cultures are not duplicetes and one can not
be considered as a check on the results of the other. The plants of
Series I were somewhat older than those of Series II and had produced
a considerable number of blossoms and pods. Thus, some of the carbo-
hydrates had gone into pod construction and are not shown in the analyses
reported. However, the results arc of value in that they exhibit similar
effects and certain trends are established that make it possible to draw

certain conclusions.
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DZSCRIPTION OF PL.ITS IMN SERIES II

Long Light.

1. Complete:
plants 34 inches tall, leaves dark green, few
blossoms, but no pods present, roots long and
apparently healthy,.

2. Minus Potassium:
plants 34 inches tall, color similar to complete
plants, but lower leaves showed gray patches on
the margins, few shoots at buse of the plants, fewer
blossoms than corplete plants, no pods present, roots
shiorter than those of plants in camplete solution,
but healthy in appearance,

3o Minus Calcium:
plants 20 inches high, but all dried, red patches
very epparent in leaves and a few patches were present
on the stems, no blossoms or pods present, roots short
and very much branched, several shoots, two to four
inches long, at the base of the plantse

Intermediate Light,

1. Complete:
plants 30 inches tall, small leaves, light green in
color especially at the top of the plants, few
blossomns and no pods present, roots long and hesalthy,

no shoots at base of the plants,



2, Yinus Potassium:
plants 30 inches tall, leaves light green in color
and showing dried margins, few blossoms end no pods
present, roots siorter than those in complete solu=-
tion, intermediate light,

3. Minus Calcium:
plants 22 inches tell, but leaves wilted and showing
red patches already described, no blossoms or pods
present, roots short and yellow, many shoots at base,
four to six inches long, and these also showing red
patches,

Short Light,.

l., Complete:
plants 30 inches tall, healthy but leaves lisht green
in color, no blos:sams or »ods present, roots healthy
and no shoots at base of the plants,

2, Minus Potassium:
plants 28 inches tall, leeaves small and very light
green in color, margins show grayish patches, no
blossoms or pods present, roots slort and a few sioots
four inches long at base of the plants.

3. liinus Calcium:
plants 20 inches tall, but all of them dried, leaves
show ebundance of red patches, no blossoms or pods

present, rootz short and branched, no shoots at base.
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EXPERIENTAL RESULTS

The plants of Series II were harvested, €he leaves and stems
were separated and dried in exactly the same manner of those of Series I.
In addition, the roots of these plants were also taken, The dry
weights of all parts of the plents in the different types of solutions
and under different light exposures were obtained, and ratios calculated
based on long light complete solution plants. These values are recorded
in Table V.

From this Teble it is seen that in the complete solution there
is a decrease in weight in all parts of the plant as the lizht exposure
is decreased, thus agreeing with the results of the first Series,

The leaves of minus potassium plants in this Series again show
an increase in weight in long light es compared with the leaves in the
complete solution. In intermediate light plants, however, there is a
decrease in weight in stems and roots as well as in leaves when compared
with the plants in complete solution. All parts of the plants under
short light si.ow a slicht increase in weight over those in complete
solution under similar light conditions. The difference is considered
too small to be significant,

Calciun deficient plants show a decrease in weight in all licht
exposures as compared to plants in complete solution,but the most sig-
nificant decrease occurs in the case of long light, The differences
between minus potassium and minus calcium plants are in no case

significant,



Table V - Dry weights of leaves, steus wnd roots in three types

of culture solutions a=zd under three light exposures.,

Series II
Leaves Stems Roots
lture (Licht Dry wt. [Ratio [Pry wt. Ratio Pry wt. Ratio

solution |[treatient | grams zrams rramns

Long 14,1813 { 100.0 14,7973 | 100.0 | 7.1582 ,100.0
Complets &nter. 11,6400 382.0 7.4328 50.2 | 5.,7434 7947

Short 6.7395| 47.8 . 2974 358 | 3.,3134 | 46.0

_— ~

Long 18,6200 { 131.0 R1.2706 | 144.0 | 6.,4384 | B9.4
p.inus Inter. 10,0427 | 70.7 | 7.,1690] 48.4 |4.2191] 53.6
[Fotessium

Short 7 + 3650 52.2 5.3232 36,0 | 3.,4574 , 43.8

Long 11,5134 £1.0 Q47937 63,9 | 3.92903 54.6
b.inus Inter, 10,8754 76,0 | 7.,0218 ] 47,5 3.4520 ]| 47.9
Caleoium

Suort 8.7383] 47.,4 | 4.8348 32,7 | 2.8073 | 40.3
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In plants in deficient soluti:ns under all lirht exposures
the greatest variations in dry weight occur in the stems which indi-
cates that translocation of materials has been influenced in some
manner by the treatments given,

In the case of short exvsosures to light, the light and not the
nutrient solution is clearly the limiting factor, The plants are not
receivin~z enough light to enable them to function in & normal manner,
therefore under these conditions, variations in weight due to culture
solutions are not epparent, Under other light exposures, however, the
effects of nutrient conditions can be rsadily saen.

The distribution of the carbohydrate fractions in the plants
of Series II is siown in Table VI, Tne results obtailied for plants
in camplete solution and under long light eagain may be considered as a
control and comp.red to those values obtained from plants growing in
deficient solution. Here, as in Series I, we find that all fractions
ere decreased in value as the licht exposure is shortened and that the
greatest variations are found in the amount of suc.ose produced. The
emounts of all fractions, except dextrin and hemicellulose,are usually
groater in the leaves than in the stems. This is especially true in the
case of short light plants. In lorg light the stems mey show slightly
higrer values than the leaves and this is probably due to a greater
abundance of material available for translocation under this condition.
In other light conditions the plants probably are not asble to manufacture
a supply of food much in excess of their immediate needs, and conse=
quently there is a smaller supply available for translocation and storage,

thus giving low values for carbohydrates in the stemns,
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In the plants growing in minus potessium solution there is a
marked falling off ir tie emounts of simple sugars and sucrose formed
and the decline is more pronounced &s the ligcht period is shortened.
After exposure to long light, however, it is shown thet insoluble starch
and hemicellulose accwaulate in the leaves, ZEvidently these plonts are
able to produce a certain amount of meatcrial that is chansed into in-
soluble forms and then arc unable to recouvert them into materials thet
cen be moved, The steris of these plants shiow a decrease in these two
fractions, especiclly irn the case of insoluble starch,

Plants in minus calcium solutions show a great reduction in all
fractions under «ll light ccnditions, with the exception of hemicellulose
ir the leaves of short light plants. This value for hemicellulose, how=-
ever, is below the corresponding one in complete solution plecsts,

Reed (21), iller (1Z) Dugeer (5), and others have ascribed to caleium

a 8le in trensloczticn of carbohydrctzes and have not considered it as
importent in thes synthesis of these products. It should be borne in
mind, however, thct because of the difficulty in separating the two
proce._ses, a statement that cslcium functions in one process and does not
function in the other, can hardly be made. The results, reported here,
indicate that calcium is important in the process of translocation and
that it also has a very vitel function in tiie synthesis of carbohydrates,
When calcium is lacking very low values are obtained for simple sugars,
sucrose, and hemicellulose in the leaves, The stems also show correspond-
ings decreases, It seeris likely that these plenis have not been able

to produce any epprecieble quuntities of food and have been forced to call

upon the materials already made end stored before the period of deficiency



a lack of celciuz, Thus, destructive or katebolic processss zare
telinc place, That this mey heve happened is indiceted by the
fcet thaet the ezount of sugsrs is somewhat reduced @nd the amount
of nonesugers is greatly reduced. Tie fact that the plants were
rradually dvings end the rerner of the dying process wlso leunds

sunsort tc ti:iis view. 2Reserve matericl probably could not be

fore, death from starvetion oceurs in those parts mor: reiote from
ti.e food strrlye. T-is was s.own by tiz deati: of tendrils and young
leaves axnd also by the failure of »nlaznts tc produce blossoms.

T..2 resulis of t..c auulyses of the reoots of plents in this
Secries are shown in Teble VII. T:e valucs for sugars are quite
low, but non-sugars, txo bulk of wiich is heiicellulose, are quite
hish, rerardless of t-e culture solution and lisht exposure.
The results have little volue other then to point out the suall
arounts of sugars and tlie ebundance of non-susars present in all

tyrzes of c¢.lture solution and under =211 1lisht exposures,



»27=

2° L6 63°4| 0°6¥ 49* g'6e ¥0°2| 0*%e 8T°g| 6°08 62°% ¥°62 g8°e ahOﬂm
umIITBY
8°v0T| g8°4| 8°66 ce*T| etse gg'z| T°9¢ og*c| e*9g 26°T] ¥°08 06°%| *Ie3ul) snun
0*00 08*4| 0°00T ov*T| 4 T¥ 068°2| 4°4¥ 9e*y | 8°ce 06°T] ¥°08 [ FuoT]
2°66 2L L°9% 9 9°24 0T*°g| e*02 26°T ) G444 3T*9| g*ee gT*¢| 3Ioug]
IMTSes30d
¢*v0T[ 28°4] ¥°T0T 49°T| 9°69 28y | ¥°ve y1'e| ¥°s9 89°g] 4°FY 0g*¥] *Iequy SNUTH
T° 10T, ¥4 8°00T LPT| 2°06 62°9 | 2*ce ge'e 0°g2T 29°9| 4°cg 6g°c EE
L9 go* T8°c | #°91 o¥*'T| 4°T8 v 8°ue 89°¢| 3J0Ug|
4°98T 06°T| 0°06 2z*9 | g*6S 88°¢ | e'Té 64°%| T*GS gg*g| *aequ| egeTdwop
—
0°00T 62°T{ 0°00T ¥6°9 | 0°00Tf O¥%°0T} 0°00T 2g°g] 0°00T| @2u4°6 JuoT|
*1B0I} *108
0738 pasdng| or4vy | saedns-uoy |ojasy | sxedng | 014wy | sxedns-uoi | orasy |exedng| 3uS1T| eanying
3,000 Swe1s -ﬂu«m

soTsy

*squeTd worgnyos egsTdwod 3UITT FUOT JO €FSeq U0

*II setaes Jo sjusTd JO €300d pue suwe3s ‘seAve] U] SIRSNS-UOU pUB SIBINE JO ©58jueddsd = IIA ©Tqel




=28

}Most workers azree in essigning to potassium the Ole
of aiding in the condensation processes rather than in modifying
translocation. It is not intended that this work should be tuken
as a direct contradiction of th-t idea. The plants in these experi=-
ments probably had stored enough potassium to enable them to carry
on condensation processes for the length of time they were in de-
ficient solutions, but the supply may not have been in excess of such
needs., Plants are known to have the ability to transport potassium
to those points where it is needed most, therefore the potassium in
these plants mey have been concentrated in synthesizing regions and
none of it left for translocation pur:oses, It is merely suggested
here that potassium mey also pley en important part in translocetion
es well ecs in condensection processes,

Flints in the minus celcium solution show a decrease in the
production of sugers and non-sugers in both leaves and stems as com-
pared to the values of corresponding lisiit conditions in complete solu-
tion plants. The vealues are also lower than those in potassium de-
ficient plants, Variations between long end intermediate light plants
are not significent, but the fractions in short light ar: probebly
significently lower than those in the other solutions., The stems of
a1l celcium deficient plants show variations that follow the sare
general order as those in camplete and minus potassium stems, The
values for long and intermediate light plants are again approximately
the same, but short licht plants show quite a larce decrease from the
corresponding values in the other two types of solutions,

The good growth and the apparently healthy condition of the

plants before tney were placed in deficient solutions indicated that
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the supply of calcium was adequate ;:rhll growth processes, It is
generally observed that calcium is not easily moved in plants after
it hes once bcen laid down. This being the cese, the plants would
not be able to use the calcium in translocaticn of materials and a
deficiency of calcium in the nutrient soluticn would likely be mani=-
fested in the amount of reserve materials in the stems of the de-
ficient plants. The results give support to this view in every case,
In addition, there is also a considerable decrease in the amount of
sugars formed which indicates that the plants have had difficulty

in synthesizing the more soluble carbohydrates,

The general eppezrance of the plants indicated that little
if any growth had taken place while in the deficient solution, The
heicht of the plents, as compared with tyose in complete and minus
potassium solutions, suggested also that 1ittle if any growth had
occurred,

If these plants have not had enough calcium to provide for
growth there probably was less to provide for translocation, there=
fore, it seems logicel to conclude that a disturbance in trenslocation
would take place., The results seem to show that this is the correct
conclusion, The data do not permit any positive statement in regard
to the funeticn of caleium in the synthesis of carbohydrates, but a
relationship is seemingly indicated. Further work toward this end
would probably yield valuable information.

The low values for short light plants can probably be best
explained by the fact that plants are synthesizing very little be-

cause of the reduced licht supply and in addition are suffering from
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a lack of caloiume Thus, destructive or katabolie processes ure
taking pluce, That this ney have happened is indiceted by the
faet that the amount of sugsrs is scmewhat reduced und the amount
of non-sugrs is greatly roducod. The fact that the plants were
fradually Qying ard the nerner of the dying process also lends
support to thia vice, Resorve matericl vrobably could not de
broker down rertdly erough to supply tho needs of the plant, there~
fore, dsath from etarveticn oceurs in those parts morce remote from
tie 023 supplye Thir was s'cvn by the docth of tendrils and young
leaves and alsc by the fuilure of »lanta ¢» produce blossoms,

T regilty ¢l th arciyans of the roots of planta in this
Ceries are shown in Table V7T, Thae wvelurs for sugssrs are quite
low, but romn-surnrs, ths bnlk of wiich is hemicellulose, are quite
h*ch, prererdlesas of t'o eculturs solutiom end 1liskt exposure.
he ramilts kovs iitle relle cthor thun to point out the amall
arounts of asugers ond the 2bvnlance of non-sugars present in all

tyres of ¢ lturs solution =24 under 2ll licht expomires,



l, Two series of pea plcnts were grown in three types of nutrient
solutions &rd in three len:ths of light exposure. Series I was

grown in the spring of 1931 and Series II weas grown in the early
wirter of 1931,

2, Tne data show that length of light exposure direcfly influences
the amount of dry matter produced by the nlants,

3e A deficiency of potassium may cause an increase in the weight of
leaves produced by plents exposed to light for long periodas but not
in weight of stems.

4, Snhort and irtermedizte light exposures coupled with the lack of
potassium produce = much reduced dry weight es compared with that of
rlerts in a complete solution,

5. A deficiency of calcium produces a reduction in dry weight under
all light conditions,

6. The production of carbtohydrates is influenced by the lencth of
light exposure.

7+ Translocation of carbohydrates may be influenced by lack of po=
tassium in plants growing in long light, Such plants show an increase
of hemicellulose and insoluble starch in the leaves when compared
with plants in complete solution,

8¢ Production of cerbohydrates in all other light exposures is de=-
creased by leck of potassium,

9+ Lack of calcium tends to produce a reduction in the amount of
carbohydrates formed and transported under all light conditions.

10, It 18 suggested thet plants in calcium deficient solutions and
under short light exposures break down products elaborated before the
period of deficiency began, to supply the necessary energy to maintein

life until death sets in,
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