MARCH, 1937 RESEARCH BULLETIN 252

UNIVERSITY OF MISSOURI COLLEGE OF AGRICULTURE
AGRICULTURAL EXPERIMENT STATION

F. B. Mumrorp, Director

Nitrogen and Carbohydrate
Content of the Strawberry Plant
Seasonal Changes and the Effects of Fertilizers

J. H. Long anp A. E. MURNEEK

(Publication Authorized March 19, 1937)

COLUMBIA, MISSOURI




TABLE OF CONTENTS

Page
Introduction .o 3
Review: of DItETAtULE ..o s s s vssesasassoss 4
Materials and Methods ... 5
Chemical Analyses ..o creeeee. O
Presentation of Results ..o . 6
General Morphology ..o eenen 6
Changes in Fresh and Dry Welghts.....ccocucmmmms i 8
Nitrogen CONTENT ..o eemeecae oo e 14
Carbohydrates ... s s 20
General Distribution of Carbohydrates and Nitrogen in the
Strawberry Plant—A Summary........oo 32

The Effects of Application of Nitrogen Fertilizers Upon the
Nitrogen and Carbohydrate Content, and Flower and Fruit

g ueTe RO Texa Lo} ¢ TRPUUTUR O 35
Materials and Methods .o 35
Results of Fertilizer Studies ... 36

Effects of Fertilizers on Dry Weight and Distribution of

Nitrogen and Carbohydrates .........coooiiiioiinneeceeeceeeee 36
A Comparison of Plants Fall Fertilized, and Fall Plus
Spring Fertilized .vcsmmmmmmmmms s 41
Relation of Leaf Area and Nitrogen Content to Flower and
Fruit PrOJBEHON. e emmmmesscmmmsssosiesmssessesesassesstios 45
Summary and Conclusions ...t i 48

Literature CIted oo een 51



Nitrogen and Carbohydrate
Content of the Strawberry Plant

Seasonal Changes and Effects of Fertilizers

J. H. Lonc* anp A. E. MURNEEK

In fertilization and nutrition of plants there are involved two
complex systems—the soil and the plant. The soil in relation to applica-
tion of fertilizers has been investigated extensively. The results
obtained from such studies have been, in general, of fundamental value
in increasing our knowledge of the soil nutrient supply to most crops
grown on the particular type of soil. Unfortunately basic research on
the nutrition, physiology, and development of one type of plant cannot
so readily be applied to others, even when grown in the same adaphic
(soil) environment.

Various groups of crop plants seem to differ greatly in respect to
their rate, amount and character of development; and so in their
nutrient requirements. Some go through their life cycle with astonish-
ing rapidity while others seem to have the capacity to grow almost
indefinitely. Conspicuous examples of the former are most of our
cereals, while the latter may be represented by fruit trees, such as the
apple and the pear. The strawberry seems to occupy a position half-
way between the two extremes.

The divergent results obtained in studies of the nutrition of the
strawberry and the lack of a satisfactory fertilization program, sug-
gests the need of more information on the seasonal metabolism of this
plant. During the course of a recent investigation of strawberry nutri-
tion at this Station, it was felt once more that more knowledge is
required on the physiology of this crop plant before its nutritional
requirements could be better evaluated and attempts made to adjust
1t more successfully. '

The present publication deals with a study of the seasonal changes
in the nitrogen and carbohydrate content of the cultivated straw-
berry, var. Aroma. These two groups of substances were selected
because of their great abundance and metabolic significance in the plant.
Nitrogen apparently is the most important soil nutrient controlling
growth, while plant development and fruit yields seem to be deter-
mined largely by the carbohydrate supply. This investigation is con-
cerned with the “normal” seasonal trend in concentration of these two
groups of substances in the strawberry plant and as they are affected
by the application of organic and inorganic nitrogen fertilizers.

*Supmitted in partial fulfillment of the requirements for the degree of Doctor of Phi-
Josophy in the Graduate Schaol of the University of Missouri, 1936.
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REVIEW OF LITERATURE

Information on the metabolism of the strawberry is very meagre
indeed. Darrow’* studied growth of strawberry plants by measuring
the increase in leaf area (“leaf product” index). Of the 7 wvarieties
under investigation, Aroma produced the least foliage. It was noted
that the earliest produced leaves died first and that vigor of plants
was increased by removal of runners. Leaf area in the fall apparently
determines the extent of fruit-bud production and hence the crop in
the following year.®

As a part of his strawberry fertilization studies Loree'® deter-
mined the effect of soil nutrients on top and root development, and the
mineral, nitrogen, and carbohydrate content of the plants. Those
receiving nitrogen alone had a top to root ratio of 3 to 2. When the
fertilizer contained also phosphoric acid and potash, the ratio was 2
to 1. Spring application of nitrogen caused vigorous runner production,
while the same nutrient supplied in the summer resulted in a better
development of crowns. Roots contained more mineral matter than
the tops. A noticeable effect of the fertilizer treatments was an increase
in sugar and a decrease in polysaccharides. While differences were
noted in the percentages of nitrogen and carbohydrates in the tops
and roots, their absolute amounts were nearly the same.

Morris and Crist?! observed that with decreasing acidity of the
soil there was a decrease in dry weight of both tops and roots, a reduc-
tion in concentration of iron and aluminum, and augmentation of
calcium in roots.

Whitehouse®® associated high nitrogen and low carbohydrate, espe-
cially starch, content with the application of large amount (triple dose)
of nitrogen. When little of this nutrient was given, there was a smaller
amount of nitrogen but much starch present. With an intermediate
supply of nitrogen, the nitrogen and carbohydrate contents were also
intermediate. The opinion is expressed that “fruitfulness in the straw-
berry plant is apparently correlated with a balance between nitrogenous
and carbohydrate materials in the plant at the time of fruit bud
differentiation.”

Using microchemical methods Mann*® has shown that the carbohy-
drate content fluctuates in the strawberry during the growing period,
and that an accumulation takes place as the dormant season approaches
and a depletion during fruiting. Roots seem to serve as reserve organs
for carbohydrates.

Gardner® found that undefoliated plants, watered with a manure
solution, were higher in total carbohydrates than those defoliated or not

*Numerical references are to “Literature Cited,” Page 51.
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treated with the liquid manure. Based on the experimental evidence
obtained, the suggestion is made that variations in carbohydrate con-
tent seem to be correlated with sex expression in the strawberry, a low
carbohydrate concentration being associated with the female condition,
a high concentration with maleness, and an intermediate state with
hermaphroditism.

Mention should be made of a preliminary paper by Long'” on
seasonal changes in nitrogen and carbohydrate content of the straw-
berry, which is the subject of the present paper.

The physiology and chemistry of the strawberry fruit has been
investigated by several workers, ¥ 2% % 1% 1% ¢ the object of such studies
being almost entirely a determination of the effects of environmental
factors and fertilizers on the firmness and quality of the product.

Scarcity of information on the metabolism of the strawberry would
seem to make it very desirable to study the seasonal changes of at least
the nitrogen and carbohydrate content of this plant. Information thus
secured should be of value in the establishment of a more definite and
effective fertilization program in strawberry culture.

MATERIALS AND METHODS
Materials

The variety Aroma, which was chosen for this investigation, is the
most important commercial variety in Missouri because of its excellent
shipping qualities and adaptation to the Ozark region, where the indus-
try has reached commercial importance. Plants were set in early April
in a fertile propagation bed and irrigated as needed. The primary
daughter plants, produced asexually, were used for this investigation.
Each year a new series of plants from the original stock was set in
March or early April to produce new runner plants. Consequently, the
material used throughout the investigation was derived from the orig-
inal stock secured from the nursery, thus eliminating any possibility
of variety mixture.

For all pot cultures, small thumb pots filled with sand or soil
(depending upon the particular investigation for which they were
needed) were imbedded in the soil beneath the daughter plants, the
runners pinned down to facilitate the quick formation of roots, after
which they were severed and the plants removed to a shady location.
This method eliminated to a large extent the transfer of reserve storage
substances from the mother plant.

Before attempting to determine the basic metabolism and the
effects of fertilizers upon chemical composition, plants were usually
allowed to grow in a rich loam wherein nearly ideal conditions regard-
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Ing organic matter, nutrients, and water were supplied. The primary
daughter plants that were used grew in 5 inch pots filled with rich loam
so that the root systems would be easily available at all seasons. Fur-
thermore, these plants grew outdoors, were watered whenever needed,
removed from pots and bedded in poor soil just before severe freezing
weather, and mulched. Ideal and normal conditions were provided
insofar as possible.

Although runner plants formed profusely in the autumn, and
again in the spring, they were always removed as soon as noticed.
They were not included in the analyses unless desired and so specified.

Chemical Analyses

The plants used for chemical analyses were grown under outdoor
conditions in pots containing either soil or treated clay. No attempt
was made to prevent entrance of rain water, and they were mulched
during the dormant season. When required, plants were lifted out of
pots, roots and all, at 9 a. m. on each day of sampling, washed free of
soil and adhering material with a slow stream of water, and separated
as rapidly as possible into roots, stems, leaves, buds, flowers or fruits.

The fresh weights having been recorded, the material was dried
in a ventilated oven®® at 75°C. Leaf area was determined by a method
described by Darrow.¢ The dried material was ground to a fine powder
and kept in stoppered bottles until analyses were made. The official
Kjeldahl-Gunning-Arnold method was employed for the determination
of total nitrogen. The various carbohydrates—sugars, starch, and
hemicelluloses—were determined on 2 gram samples, using the methods
and procedure described by Murneek.?” In all cases the analyses were
made in duplicate, and in the few cases where results disagreed, the
sample was reanalyzed till the percentages checked.

PRESENTATION OF RESULTS

General Morphology

The mature strawberry plant, var. Aroma, (Fig. 1), a low-growing
semi-evergreen perennial, consists of a short crown stem or rhizome
located at the surface of the soil, adventitious roots, leaves, and flowers
and fruits.®

The stem increases in length by apical growth, and in diameter by
cambial activity, and may branch into two or more divisions called
secondary stems. The stem is short, usually no more and often less
than two inches in length. The root system of a young daughter plant
grows very rapidly under suitable conditions. Many long white adventi-
tious roots appear from the stem and pierce the old petioles as they
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Tig. 1.—A fruiting strawberry plant, var. Aroma, showing
size of top and roots.
elongate. These grow to a maximum of 20-30 centimeters and branch
profusely except near the stem. For chemical analyses, only plants
grown 1n pots were used (Fig. 2).

With age, the majority of the long adventitious roots become yel-
lowish brown, only the very young feeding roots remaining white.
Some growth of roots occurred even during the dormant season, con-
tinuing until the soil was frozen. Only a limited amount of root growth
took place in the spring.

After the root system is established the leaves grow very rapidly,
reaching a maximum area in late October. Shortly after the removal of
plants from the nursery bed, the oldest leaves of the young plant died,
thereafter little leaf death occurred until late in October. Beginning
with freezing weather in November, most of the leaves undergo senes-
cence, only the small ones living through the winter. Strawberry leaves
remain attached to the stem until the laminae decay, with the result
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Fig. 2.—Strawberry plants grown in pots were used for
chemical analyses.

that the stem is completely covered with old leaf bases. Leaf area
reaches a minimum in February, and a maximum early in the spring,
which is not exceeded until after fruiting is over. Then it increases
once more. Unless specified to the contrary, all leaves were included in a
sample.

At the tip of each stem, covered with leaf scales and bases, are
cells that differentiate into flower buds in the early autumn. They
probably undergo further development throughout the winter except
during low temperatures. Early in April buds were seen emerging
from the leaf scales. One or more clusters of flowers may develop from
each stem or secondary stem. Within 6 to 8 weeks nearly all the fruits
have ripened.

Changes in Fresh and Dry Weights

Growth and development of plants may be measured by deter-

minations of fresh and dry weights of various parts or organs. If taken
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at close enough intervals such records give at least a rough picture of
the seasonal development and performance of a plant.

The general data of the fresh and dry weights of strawberry plants
that were set in potted soil in August are recorded in Tables 1-5 and
Figures 3 and 4. Examination of Figures 3 and 4 indicate that, begin-
ning early in September, the total dry weights of these plants in both
years 1934-35 and 1935-36 increased very rapidly.

TasLe 1.—Totar Fresy WEerGHT 1N Grams per 100 PranTs, 1934-35

Total Leaves Roots Stems Total Leaves Roots Stems
Aug. 20... 990.0 676.0 244.0 70.0 Feb. 9.... 3270.0 1403.7 1336.0 530.5
Sept. 6... 1338.0 887.0 343.5 107.5 Feb. 21.._ 2664.0 827.0 1342.0 495.0
Sept. 18_.. 224/.5 1376.0 704.0 167.5 Mar. 12... 2017.5 580.0 952.5 485.0
Sept. 25.__ 2518.5 1463.5 851.5 203.5 Mar. 30._. 2408.5 916.0 913.5 579.0
Oct. 2_._._ 3096.0 1966.0 876.0 254.0 Apr. 13.__ 3103.0 1030.5 1401.0 671.5
Oct. 16_._.. 3632.5 2360.0 950.0 322.5 .5 1216.0 530.0
Nov. 6... 4497.0 2669.0 1287.0 541.0 .0 1315.5 510.0
Nov. 25.__ 4031.0 2182.5 1361.0 487.5 .0 890.0 631.0
Dec. 12_.._ 3922.5 2025.0 1419.0 478.5 H = 2 135.0 585.0 580.0
Dec. 23._. 3909.0 2002.0 1430.5 476.5 Aug. 12_.__ 1563.5 1047.5 146.0 370.0
Jan. 6 .__ 3677.5 1723.5 1481.5 472.5
TasLE 2.—ToraL Fresu WercHT 1N Grams PER 100 PranTs, 1935-36
Total Leaves Roots Stems : Total Leaves Roots Stems
Sept. 15.__ 1204.8 647.4 432.4 125.0 Jan. 4.__. 1272.2 153.6 735.0 383.6
Sept. 28._. 1138.8 532.5 483.8 122.5 Feb.24.... 1645.8 508.7 756.2 380.9
Oct. 12..__ 1451.2 710.0 551.2 190.0 Mar. 28._. 1140.0 273.0 580.0 287.0
Oct. 26.._. 2211.0 1367.4 543.6 300.0 Apr.28.._.. 2012.0 731.6 950.4 330.0
Nov. 10... 2724.4 890.0 1505.2 329.2 May 8._. 2253.8 1110.0 827.6 316.2
Nov. 30... 3895.6 1518.4 1998.0 379.2 May 28._. 2552.1 1458.5 781.2 312.4
Dec. 15_.. 2233.4 411.0 1441.2 381.2 July 9esacc 3165.9 2278.0 511.2 376.7
TasLE 3.—ToraL Dry WeiGHT 1N Grams pEr 100 PranTs, 1934-35
Total Leaves Roots Stems Total Leaves Roots  Stems
Aug.20__. 305.0 208.0 69.5 2745 Feb. 9..._. 1210.0 561.5 431.0 217
Sept. 6... 410.0 282.0 94.0 34.0 Feb.21._.__ 974.5 372.5 431.5 170.5
Sept. 18...  619.5 428.5 145.5 45.5 Mar. 12___. 886.0 339.5 351.0 195.5
Sept. 25...  687.5 475.0 161.0 51.5 Mar. 30.-..  821.0 314.5 334.0 172.5
Oct. 2.... 919.5 603.0 246.0 70.5 Apr.13.... 871.0 349.5 342.0 179.5
Oct.16.._. 1082.5 775.5 221.5 105.5 Apr.27....  719.0 306.0 267.0 146.0
Nov.6__._ 1399.5 882.0 330.0 187.5 May 11.._  870.0 419.5 297.5 157.0
Nov.25.._ 1327.5 727.5 412.5 187.5 June 4.__. 942.5 528.5 248.5 165.5
Dec. 12_.. 1289.0 675.0 443.5 170.5 June23___ 930.0 595.0 160.5 174.5
Dec.23._._ 1346.0 665.0 507.0 174.0 Aug. 12___. 715.0 441.0 110.5 163.5
Jan. 6.___ 1299.5 669.5 472.5 157.5
TasrLe 4.—TortaL Dry WeicHT 1N Grams PER 100 PranTs, 1935-36
Total Leaves Roots Stems Total Leaves Roots  Stems
Sept. 15.__  301.9 180.0 82. 39.4 Jan. 4.___ 636.0 153.6 396.2 86.2
Sept. 28__.. 417.0 224.6 155.0 37.4 Feb.24____ 640.0 175.0 395.8 69.4
Oct.12.___ 673.8 337.4 272.4 64.0 Mar. 28.__  594.4 172.1 336.2 86.1
Oct.26_._. 771.0 376.2 307.4 87.4 Apr.28.... 509.4 211.2 210.2 88.0
Nov.10._.. 1001.8 417.4 449.2 135.2 May 8._. 505.2 250.0 171.2 84.0
Nov.30... 948.4 406.2 432.8 109.2 May28._. 605.5 361.0 169.2
Dec. 15...  930.8 411.0 396.8 121.2 July 9.... 984.0 675.0 143.6 165.4

Simultaneous with the rapid increase in dry weight, there was an
increase also in leaf area (Tables 5 and 6 and Figures 5 and 6) both
reaching their maxima each year between October 27 and November 10.



ResearcH BuLLeTIN 252

TaBLE 5.—AVERAGE ToraL LEaF ArEA PER PLANT

11

1934-35

Leaf area

Date sq. cm.

o

5
. . . . . . . £ . . . o‘-
ARRNRNUN RO LHEOOWONO®MNSO M B W

1935-36
Leaf area
Date 8q, cm.
Septi, 16w cwmmmmmwmsmam s 460.0
Sep1ii2Biciacinracsssnanane 400.0
1013 ) U7 557.0
Oct. 260 e 580.0
Nov. 100 oo 620.0
Nov. 30 oo 604.0
Dec. 15 oo 590.0
Jon: Bususosmevmmmsmnss 228.0
Feby 24 censmamapo sy 160.0
Mar. 28 e 171.0
Apti D8 vopemsnness 296.0
Mav 8. suvcorsesravenmns 305.0

TaBLE 6.—RECORD oF NuMBER AND S1zE oF LEAVES, LEAF AREA, AND DrY WEIGHTS

Number Average Average Number Total Number  Weight Weight

of living  length of width of leaves leaf ead of dead of living Total

leaves petiole, laminae, unfold- area leaves leaves, leaves, dry
per plant cm. cm. ing grams grams weight
24 34 3x2.5 1 0:5 mmmm= mmess 28.3
4-6 6-7 4.5x3.5 1 229.3 1.0 18.4 189.6 208.0
6-7 6-8 4.5x5.5 1 330.4 0.5 4.2 277.8 282.0
7-7.5 6-9 4.5x5.5 1 596.4 0.3 3.2 425.3 428.5
7.8-8 7-9 6.5x7.5 1.1 780.0 0.1 1.6 474.4 475.0
8-10 9-10 7.5x9.5 1.9 1136.8 0.9 20.1 582.9 603.0
12-15 9-10 8.5x9.5 3.7 1279.8 0.8 19.4 756.1 775.5
1215 9-10 8.5x9.5 6.3 837.2 2.2 74.8 807.2 882.0
10-12 7-8 7.5x8.5 5.5 463.9 4.0 146.9 581.7 727.8
9-10 67 527 3.2 455.0 4-5 153.4 522.0 675.4
6-8 4-5 4x5 3.0 436 5-9 201.8 463.2 665.0
3-5 3-4 3x4.5 2.0 302.9 10-12 242.2 426.8 669.0
2-4 3-4 2.5x3.5 1.0 215.0 10-12 220.1 341.4 561.5
1-2 3-4 2.5x3.5 0.5 103 10~ 212.4 160.1 372.5
1-2 2-3 2.5x3.5 0.5 153.6 8-10 208.5 131.0 339.5
4.5 1.5-2.5  2.5x3.5 1.0 162:4 6.0 194.5 120.0 314.5
4.5-5.5 2.4 2.5x3.5 1.0 272.5 3-4 126.5 222.0 348.5
5-6 5.0 3.5x4 1.5 399.5 2.0 64.3 242.2 306.5
7-7.5 6~9 4.5x5.8 3-4 639.2 1.0 32.1 387.5 419.5
7-8 7-8 4.5x6 3-5 760.2 1.0 33.6 494.9 528.5
June 23______ 8-9 6-8 4.5x5.5 2-3 836.2 0.5 18.9 576.1 595.0
Aug. 12______ 7-8 5-8 4x5 1-2 280.4 2.0 66.8 375.2 441.0

Excellent weather conditions prevailed in late autumn for the growth
and photosynthesis of strawberry plants. Freezing weather occurred
on November 10, resulting in a decreased leaf area of 30 per cent or
more within a few days. From the date of maximal leaf area (October
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26 to November 10) there was a decrease in total dry matter, which
was due mostly to loss of leaves through decay (Table 6). Throughout
the dormant season (December to February) a continuous loss of dry
matter occurred, largely because of death of plant parts and from
respiration. ,

The dry weight of roots increased from August (the beginning of
the experiment) to November 10 of one year and to late December of
the other. This increase was due, not only to the normal development
of the roots, but also to an augmented storage of food reserves there.
The dry weight may continue to increase even after the greatest leaf
area is reached (October 27) possibly because of the movement of
soluble organic substances from the dying leaves. This is a typical
autumnal migration of food reserves exhibited by many other perennial
plants.?® -

Beginning in March of each year, a sudden drop in total dry
matter of roots occurs, which continues until July-August. This is,
in general, also true of the percentage of dry matter. Some of the roots
may have been lost but no part of the stems was lost, and the same
decrease is noted in this organ. The record of leaf development (Figure
6)and dry weights of floral organs (Figures 3 and 4) show that March
is also the time of rapid growth of leaves, just preceding the develop-
ment of floral organs and fruits in April and May. It may be assumed
then that the decrease in dry matter which is very rapid in March and
April may be partly accounted for in the growth of new leaves and
floral organs.

The trend for dry matter of the stems follows very closely that of
roots, increasing during the autumn and decreasing during dormancy,
spring growth, and fruiting.

TasLe 7.—PERCENTAGE oF Totar Dry MATTER

1934-35 1935-36
Leaves Roots Stems Date Leaves Ronts Stems
68.1 22.8 9.0
68.7 22.9 8.2
69.1 23.4 7+3 59.6 27.3 13.1
69.0 23.4 7.4 53.8 37.1 9.1
65.5 26.7 7.6 50.0 40.4 9.6
71.6 20.4 9.7 48.8 39.8 11.4
63.2 23.5 13.3 41.6 44.8 13.6
55.6 31.0 13.4 42.8 45.6 11.6
52.3 39.3 8.4 44.1 42.8 13.1
49.4 37.6 13.0
51.5 36.3 12.2 24.1 62.2 13.7
46.3 35.6 18.1
39.2 44.1 16.7 27.3 61.8 10.9
38.2 39.6 22.2
38.2 40.5 21.3 56.5 14.6 ———
38.7 37.9 23.4 .
37.8 33.0 29.2 41.4 41.2 17.4
46.9 34.1 19.0 49.4 33.8 16.8
56.1 26.3 17.6 59.6 27.9 12.5
64.0 17.2 18.8 68.6 14.6 16.8
61.6 15.3 23.1
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In general, the results of our dry weight studies of the strawberry
plant are approximately the same as those found by Mann and Ball.*°
Although the percentages of dry matter and water for a particular tis-
sue do not vary significantly through a season, certain relations are
apparent. In Table 7 are presented data that show the distribution of
total dry matter in the roots, stems, and leaves at various seasons.

In August and September, when the plants are small, the leaves
make up 68% or more of the total dry matter, the roots only 22-23%.
Similar ratios prevail at the time of maximal leaf area, but of course
the total dry weight is much greater than in August. There is a decrease
in the total dry matter of the leaves and an increase of that of roots
and stems until the greatest leaf reduction is reached February 21.
Then the leaves make up 39.2%, roots 41.1% and stems 16.7%, which
points to the roots as storage organs of dry matter. During the period
of growth of leaves in March the dry matter of roots decreases abruptly,
followed by a rapid loss at the time of flowering and fruiting (especially
pronounced in 1935).

In general, the data indicate that the strawberry plants behave
as perennials, increasing in dry weight the first year of growth and
decreasing the succeeding year with the production of new growth,
flowers, fruits, and new plants.

Nitrogen Content

The concentration and total amount of this element, which is rela-
tively abundant and probably the most important constituent in metab-
olically active as well as more permanent inactive tissue, are expressed

in Tables 8-12 and Figures 7 to 10.

TasLE 8.—ToraL N1TROGEN 1N Grams PER 100 PranTs, 1934-35

Total Leaves Roots Stems Total Leaves Roots Stems
Auvg.22_._ 5.97 4.45 1.16 0.36 Feb. 9.__. 22.86 8.69 8.40 5.77
Sept. 6... 7.67 5.97 1.31 0.39 Feb.21.__. 21.66 7.17 .97 4.52
Sept. 18.._ 11.91 9.20 2.06 0.65 Mar. 12._. 18.66 6.00 7.65 5.01
Sept. 26._. 14.07 10.92 2.41 0.74 Mar. 30._. 17.52 6.44 6.78 4.30
Oct. 2.... 16.78 11.27 4.20 1.31 Apr. 13..__ 17.08 6.10 6.85 4.13
Oct. 17._._ 21.59 16.38 3.44 1.77 15.27 6.91 4.10 4.26
Nov. 6... 24.00 17.28 4.75 2:.97 13.57 8.56 382 1.69
Nov.25.__ 23.46 13.30 6.55 3.61 4.09 10.10 2.15 1.84
Dec. 12_.. 21.09 10.60 7.26 3.23 - 11.85 9.25 1.20 1.41
Dec. 24_ .. 21.26 9.84 7.65 3.77 Aug.12__. 9.95 7.74 0.91 1.30
Jan. 6._._. 21.86 9.29 8.68 3.89

TaABLE 9.—TotaL N1TROGEN 1N Grams PER 100 PranTs, 1935-36

Total Leaves Roots Stems Total Leaves Roots Stems
Sept. 15__.  5.32 3.50 1.30 0.52 13.04 4.66 5.66 2.72
Sept. 28___ 4.23 1.86 1.89 0.48 10.67 2.50 5.94 2.23
Oct. 12 12.76 8.20 3.60 0.96 11.00 3.06 6.28 1.66
Oct. 26. 12.26 7.66 3.38 1.22 11.50 3.30 6.24 1.96
Nov.10__. 15.56 9.00 4.54 2.02 9.58 4.24 2.38 2.96
Nov.30... 17.54 8.12 6.88 2.54 7.14 3.64 1.70 1.80
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TasLE 10.—ToTaL NITROGEN IN PERCENTAGES OF DrY WEIGHT, 1934-35

Leaves Roots Stems Leaves Roots Stems
2.13 1.69 1.34 155 1.95 2.66
2.12 1.40 1.16 1.55 1.85 2.66
2.15 1.42 1.45 1.77 2.18 2.57
2.30 1.50 1.48 2.05 2.03 2.47
1.87 1.71 1.87 2.19 2.01 2.31
2+17 1.56 1.69 2.26 1.54 1.65
1.96 1.44 1.59 2.04 1.12 1.18
1.83 1.59 1.93 1.92 0.87 1.12
1.57 1.64 1.90 .56 0.75 0.81
1.48 1.51 2.17 1.53 0.82 0.80
1.40 1 8t 2.48

TaeLe 11.—ToraL N1TroOGEN IN PERCENTAGES OF DrY WEIGHT, 1935-36

Leaves Roots Stems Leaves Roots  Stems
1.95 1.77 1.42 2.01 1.42 2.25
1.82 1.22 1.30 1.62 1.50 1.93
2.43 1.32 1.54 1.75 1.59 2.39
2.04 1.10 1.41 1.92 1.86 2.27
2.16 1.01 1.53 2.12 1.19 1.48
2.00 1.19 2.33 1.82 0.85 0.90

Although the graphs showing changes in nitrogen content for 1935-
36 (Figures 8 and 10) are in part more irregular than those for 1934-35
(Figures 7 and 9), they are in general quite similar, indicating that
nitrogen reserve are built up in the plant as a whole in the autumn and
depleted in the spring. At the time of greatest leaf developmnt (Octo-
ber 27 to November 10), when leaves show 2.0 to 2.4% nitrogen, 60 to
75% of the total nitrogen of the plant is contained in these organs
(Tables 8 and 9). At the time of fruit setting of the strawberry (April-
May), 45 to 70% of the total nitrogen may be in the leaves, again indi-
cating the importance of nitrogen in the food manufacturing organs.

Further studies of the tables and of Figures 7 to 10 should make
it clear that from October 27 to November 10 there was a general
decrease in the percentage of nitrogen in leaves. This began even before
yellowing was apparent and continued till January. Approximately
one-half the nitrogen was removed from the leaves before death.
Through the dormant season (December to February) dead leaves have
progressively less nitrogen till the time when spring growth begins

(March).

During the period of minimal leaf area (January and February),
leaves contain only 1.4 to 1.6%, or 20 to 30% of the total amount of
this element in the whole plant. But early in the spring (March),
nitrogen increases rapidly to the amount of 1.9 to 2.1%.



TasLE 12.—N1TROGEN AND CARBOHYDRATE CoNTENT oF FLowERrs-Frurts, 1935-36

Dry Weight  Fresh Weight Nitrogen Reducing Sugars Total Sugars Starch

Hemicellulose
Per cent Per cent Per cent Per cent Per cent

. Fresh Dry Fresh Dry Fresh Dry Fresh Dry Fresh Dry
Date Tissue % Gms. % Gms. wt. wt. Gms.  wt, wt. Gms.,  wt. wt. Gms. wt. wt. Gms.  wt. wt. Gms
1935 TR e e e e e v o e s S
Apr. 13. Buds_____ 23.6 30.0 76.4 127.0 0.76 3.20 0.96 0.34 1.45 0.43 0.79 3.35 1.00 0.81 3.42 1.02 1.75 7.42 2.22
Apr. 27_ Flowers.. 22.3 89.5 .77.7 398.0 0.62 2.76 2.45 0.52 2.31 2.07 0.87 3.90 EX 0.67 3.00 2.68 1.54 6.90 6.15
May 11_ Pediccls-- 16.4 67.5 83.6 395.0 0.49 3.72 2.50 0.49 3.0 2.02 0.74 3.3 2.9 0.53 3.10 2.09 1.37 8.07 5.40
Fruits____  22.6 120.0 77.4 524.0 0.61 2.16 2.07 0.30 3.05 3.66 1.10 3.6 4.3 0.72 3.30 3.96 1.73 7.87 9.44
June 4. Pedicels.. 20.9 88.5 79.1 421.0 0.13 1.16 1.22 0.63 2.8 2.48 0.77 3.7 3.3 0.75 3.5 2 1.53  7.30 6.46
ruits____ 9.5 370.0 90.5 3400.0 0.23 1.45 5.15 0.30 5.8 21.46 1.30 6.7 2479 .56 3.09 12.9 1.08 5.10 18.5

1936 S
Apr.28_. Flowers.. 21.9 45.0 78.1 204.7 0.53 2.41 1.08 0.39 80 0.81 0.96 4.4 1.98 1.18 5.4 3.65 16.71 7.50
May 8. Flowers.. 21.8 22.4 78.2 102.4 0.19 0.88 1.96 0 1.30 0.29 0.39 1.80 0.40 0.74 3.40 2.87 13.2 2.96
Pedicels_._  12.5 25.0 87.5 200.0 0.15 1.23 0.50 0.2 2.00 0.45 0.39 3.2 0.80 0.50 4.00 1.00 1.59 12.8 3.20
Fruits_.... 16.3 58.8 83.7 358.8 0.39 2.42 1.42 0.34 2.10 1.22 0.78 4.78 2.81 0.18 1.10 2.40 14.7 8.60
May 28. Pedicels.. 22.2 44.0 77.8 197.8 ____ __._ ___. 0.60 2.72 1.19 092 4.15 1.8 08 3.8 167 4.37 19.67 8.65
Fruits.__. 11.0 62.1 89.0 566.1 ._... ... __._. 1.62 14.6 9.15 1.67 15.1 9.46 0.36 3.3 2.07 1.49 13.52 8.47

91
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In an endeavor to account for all the nitrogen in a plant during leaf
senescence and dormacy, the following data may be of interest. They
are expressed in grams per 100 plants.

In Roots

and Stems In Leaves
1934 1935 1934 1935
Total grams of Nitrogen, Nov. 10 7.72 6.56 17.28 9.00,
Total grams of Nitrogen, Feb. 24 12.49 7.94 3.00 3.06
Gain 4.87 Gain 1.38 Loss 1428 Loss 594
Total grams of Nitrogen in dead leaves (1934). . 9.27 (1935) 3.38
Loss from leaves ..ccooccemcnns 5.01 2.56
Gain in roots and stems ........ 4.87 1.38
Net grams lost........ .14 1.18

Disconsidering a possible experimental error, it would seem that in 1934,
487 grams of nitrogen migrated to roots and stems from leaves
with only .14 grams lost or unaccounted for. In 1935, however, only
1.38 grams of nitrogen migrated to roots and stems, with 1.18 grams lost
or unaccounted for, thus showing marked season differences in this
respect.

Roots are the principal storage organs of nitrogen in winter, not
necessarily because of its high concentration there, but because of their
spread and high total weight. In studying the graphs for nitrogen
content (Figures 7 to 10), it is apparent that nitrogen increases during
the autumn as judged both by percentage of dry weight and by total
amounts in grams, and decreases during the spring, but particularly
so at the time of flowering and fruit. In winter 30-40 per cent of the
nitrogen is in the roots. Some increase in roots and stems is noted dur-
ing leaf death, indicating that nitrogen “migrates” to these organs or
that it is absorbed from the soil.

An inspection of the data, especially those for the period of Octo-
ber 17, 1934 to February 21, 1935, will show that the total amount
of nitrogen contained in the plant varied within the limits of a few
grams. There was a considerable decrease of nitrogen in leaves due
to death from freezing, with a concurrent large increase in roots and
stems. This emphasizes once more the fact that nitrogen moves from
leaves to the storage organs, primarily the roots.

To illustrate the reverse movement of nitrogen, from the storage
organs to the leaves, the following facts may be cited. When active
spring growth is in progress (March), the leaf area may be doubled,
growth being at the expense of food reserves. At the same time the
nitrogen content of the roots and stems decreased from 7 to 11 grams
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in February to 4 to 8 grams in April. In June approximately 77 per
cent of the total nitrogen was concentrated in the leaves, and only 22
per cent in the storage organs. _

All of the nitrogen that is removed from the roots and stems is
not used in leaf development, because an additional demand is made
by organs associated with sexual reproduction (Table 12). Consider-
ing our studies of the nitrogen content of flowers and fruits, attention
must be directed to the work of 1934-35, since in 1935-36 samples were
not taken at very frequent intervals. The buds, flowers, or fruit sam-
ples contained also the small green leaf-like organs just beneath and
surrounding the flower or fruit. In an attempt to explain the heavy
drain made upon stored nitrogen reserves referred to previously, buds
when just large enough to be dissected without the aid of lenses, held
3.2 per cent nitrogen on dry weight basis.. Two weeks later, this
percentage was 2.76, although the total nitrogen in grams was nearly
three times as great. By May 11, the pedicels, which held 3.72 per
cent nitrogen, had elongated so that their separation from the flowers
was practical. The nitrogen content of flowers was 2.16 per cent.
By June 4, when the fruits had formed, nitrogen in the pedicels had
decreased from 2.16 to 1.16 per cent, with a similar decrease in flowers.
Not only did the per cent of nitrogen in the pedicels decrease, but the
total amount also decreased to one-half while in the fruits it had
doubled.

In general then, in the autumn the percentage and total amount
of nitrogen increases rapidly in all organs, reaching a maximum at the
peak of leaf growth (October 27 to November 10) when three-fourths
of the nitrogen is held in the leaves. During leaf senescence (November
20 to December 15) nitrogen in the leaves decreases rapidly while at
the same time it increases in the roots and stems, which are the princi-
pal storage organs of the strawberry. There is little fluctuation of this
element in the roots and stems during the dormant season (December
to February). In the spring (early March), there is a great demand
for nitrogen for the development of leaves, elongation of pedicels,
formation of flowers, and the growth of fruit. To meet this demand
nitrogen is moved from the storage organs which show the greatest
depletion of this element in early summer (May-June). A further
demand upon the reserve nitrogen is made for runner production
(July-August). :
Carbohydrates
Total Sugars.—The concentration and total amount of sugars

are recorded in Tables 13 to 16 and presented graphically in Figures
11 to 14.



REesearcH BULLETIN 252 21

TaBrLe 13.—TotaL Sucars 1N Grams pER 100 PranTs, 1934-35

Total Leaves Roots Stems Total Leaves Roots Stems
Aug.20... 36.68 16.32 19.80 0.56 Feb. 2.__. 101.16 19.09 62.5 19.57
Sept. 6... 19.29 16.92 2.02 0.35 Feb.21._._  90.06 8.57 60.41 11.08
Sept. 18...  33.7 30.17  '2.75 0.78 Mar. 12.__  68.21 20.2 35.8 12.21
Sept. 25...  40.17  34.43 4.42 1.32 Mar. 30... 48.25 15.56 26.05 6.64
Qct. 2.... 54.16 42.51 9.47 2.18 Apr. 13..._ 104.8 28.3 64.29 12.20
Oct. 16....  70.96 57.0 9.40 4.56 Apr.27.._. 86.95 14.07 65.0 7.88
Nov. 6... 93.53 67.03 16.50 10.00 May 11._._ 40.45 22.23 12.20 6.02
Nov.25... 75.22 51.98 12.40 10.84 June 4.._. 40.81 29.07 3.8 7.94
Dec. 122w 1011 42.18  44.30 14.53 June23.__ 75.2 64.25 4.17 6.78
Dec. 23__ 80.9 28.26 34.98 17.66 Aug. 16.__  42.82 33.5 5.07 4.25
Jan. 6._. 96.97 27.44 51.03 18.5

TaBLE 14—ToraL Sucars 1N Grams PER 100 PrLanTs, 1935-36

Total ILeaves Roots Stems Total Leaves Roots  Stems
Sept. 15 12.68 8.64 2.46 1.58 Jan. 4..._ 58.32 11.50 36.14 10.68
Sept. 28.__  15.82 8.68 4.18 2.96 Feb. 24___.  38.54 5.88  29.24 3.42
Oct. 12....  31.48 16.74 11.82 2.92 Mar. 28 44.30 4.72  26.76 12.82
Oct. 26.... 43.86 32.72 73 3.76 Aor. 28... 21.86 10.14 9.66 2.06
Nov. 10_.. 57.40 29.22 24.70 3.54 May 8... 19.14 10.50 9.26 5.38
Nov. 30...  57.98 24.4 28.56 5.02 May 28___ 18.04 12.82 2.44 2.78
Dec. 15._.  70.00 19.44 27.10 22.46 July 9.._. 26.80 21.60 1.97 3.23

TaBLE 15.—ToraL Sucar 1N PErceENTAGE oF DrY WEIGHT, 1934-35

Leaves Roots Stems Leaves Roots Stems
2.85 .05 3.4 14.55 9.0
2.15 1.05 2.3 14.0 6.5
1.90 175 5.95 10.2 6.25
2.60 2.60 4.95 7.8 3.85
3.85 3.10 7.8 18.8 6.8
4.25 4,35 4.6 7.0 5.4
5.00 5.35 5.3 4.1 )
2.90 5.80 5.5 1.45 4.8
10.00 8.55 10.8 5.3 5.3
6.90 10.15 7.6 5.5 2.6
10.8 3.85
TagLE 16.—ToraL Sucar 1N PERCENTAGE OoF Dry WEIGHT, 1935-36
Leaves Roots Stems Leaves Roots Stems
4.82 3.07 4.01 9.43 6.63 12.42
3.83 2.72 7.94 11.25 16.45 16.61
2.04 4.34 4.74 8.66 9.72 14.91
8.75 3.83 4.33 4.8 4.8 2.35
7.07 5.56 2.67 4.2 1.9 6.34
11.12 6.67 5.84 355 1.44 3f
12.44 6.84 12.43 3.2 1.37 1.95

Due to many variable environmental factors, especially the
amount of light obtained previous to sampling, no consistent conclu-
sions can be drawn from the study of the data for leaves. It can be stat-
ed, however, that the concentration of sugars (in percentage of dry
weight) may vary from as little as 2.39% to as much as 12.4%. Compar-
able concentrations of sugar in apple leaves in October were found by
Murneek?* (apple leaves 7.3%, strawberry leaves 7-8.7%). Similarly
in the spring (March to June) strawberry leaves contained 4 to 7.8%
sugar, and apple leaves, 4 to 6%, indicating a close similarity between
strawberry leaves and those of a woody plant.?® At the time of maximal
leaf area (October 27 to November 10) 50 to 70% of the total sugars
were present In the leaves, suggesting an intensive photosynthetic
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activity at that time. During leaf senescence (November to Decem-
ber) there may be a sharp decrease in sugars.

In the autumn (September to November) a rapid flow of soluble
carbohydrates to the roots and stems took place, resulting in an
increase there, not only of sugars, but also starch and hemicelluloses.
Of the total sugars contained in the strawberry plant, 40 per cent was
found in the roots in December and approximately 70 per cent in
February. Similar high concentrations of sugars have been noted also in
apple roots.2® In view of the fact that starch and hemicellulose were
present in the lowest amounts at this time, it is possible that these
insoluble carbohydrates were hydrolyzed into soluble sugars®®** as a
result of the low winter temperatures. In the year 1935, a high con-
centration of sugars in the roots was obtained in April with a rapid
depletion thereafter. A similar reduction was found in 1936, but it
was not preceded by an increase, as exhibited in the preceding vear.
This may be due to the fact that samples were not analyzed often
enough in 1936 to “catch” the high concentration.?

The floral organs of the strawberry are high in sugar content (from
3.35% in buds to 6.7% in fruits). Similar concentrations of sugar have
been reported by Howlett’* and Murneek* for the apple flower. A
very large per cent of the total sugars of flowers and fruits is of the
reducing type. There appears to be a heavy demand for soluble
carbohydrates, not only for the development and growth of new leaves,
but also for formation and ripening of fruits.?® The reserve sugars in
roots and stems seem to be used up for this purpose, resulting in a
decrease of 75 per cent in these organs. At similar periods Hooker'
found minimal quantities and Murneek®® a decrease in sugars in

apple spurs.

The above evidence would seem to permit the following summary:
There is a rapid flow of soluble carbohydrates to the roots and stems
of the strawberry plant during the autumn. This reserve reaches a
concentration of 60-80% of the total sugars present during periods
of low temperatures in the winter. A large proportion of the sugars
undoubtedly comes from the hydrolysis of starch and hemicelluloses as.
these carbohydrates reach low amounts during the winter. During the
spring, the stored sugars are almost completely depleted due to the
great demand by the young leaves, floral organs and growing fruits.
A further need for runner production in July and August exhausts
still further these reserves.

Starch.—Although the presence of starch at certain seasons in the
strawberry has been noted before,*® only recently this storage carbohy-
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drate has been measured quantitatively in this plant throughout all
seasons (Long"). :
The records of starch analyses are found in Tables 17-20 and
Figures 15 to 18. As in the case of sugars, there was a considerable
fluctuation of starch in the leaves, varying from less than 1% to 6%,
due no doubt to variations in light exposure previous to sampling.
Thirty per cent or more of the total starch may be found in the leaves
in October or November. Yellowing leaves may contain 3% or more
starch in December. While dead leaves occasionally have as much as
7% starch, the amount present is usually much less, especially in mid-
winter. Starch has been found in the dead leaves of other plants,* 3¢

TasLE 17—ToraL StarcH 1N Grams pER 100 PranTs, 1934-35

Total Leaves Roots Stems Total Leaves Roots Stems
Avg, 22 cuu 15.67 10.4 3.26 2.01 Feb. 2._. 59.46 21.34 28.88 9.24
Sept. 6._. 11.7 4.78 4.44 2.48 Feb.21..._  62.69 17.13 39.48 6.08
Sept. 18_._ 32.49  20.97 7.61 3.91 Mar. 12...  46.39 9.16 30.19 7.04
Sept. 25.._  25.18 10.11 11.32 3.75 Mar. 30...  37.66 7.54 23.05 7.07
Qct. 2.__. 49.05  26.3 17.22 5.50 Apr. 3___. 31.46 4.72  18.2 ' 8.54
Oct. 16.... 43.18 32.84 6.52 3.81 Apr. 28... 21.59 5.71  12.01 3.87
Nov. 6._.. 90.12  31.13 42.83 16.26 May 11___ 13.93 4.07 4.02 5.84
Nov. 25.__ 116.47 25.66 73.74 17.07 June 4_.__  22.49 12.42 5.27 4.80
Dec. 12_ .. 9] .51 27.33  51.96 12.20 June 23___  39.01 26.38 5.13 7.5
Dec. 23___ 89.03 23.14 55.66 10.23 Aug. 16._.  29.7 1752 3.75 8.65
Jan. 6.... 67.13 43.18  21.27 2.68
TaBLE 18.—ToraL StarcH 1N GraMs PER 100 PLanTs, 1935-36
Total lieaves Roots Stems Total Leaves Roots Stems
Sept. 15.__ 6.04 4.50 1.06 0.48 Jan. 4.._._  10.10 2.54, 5.54 2.02
Sept. 28___ 15.92 2:52 12.4 1.04 Feb. 24 ___ 26.36 2.48 18.45 5.48
Oct: 12.___ 50.40 27.01 16.88 6.52 Mar. 28___ 18.84 4.98 10.82 3.84
Oct. 26._.. 29.00 10.07 14.84 4.20 Apr. 28___ 16.04 6.12 4.34 5.58
Nov. 10. .. 71.74 18.66  38.62 14.46 May 8... 14.12 7.50 4.52 2.10
Nov. 30... 51.88 6.76  39.90 5,22 May 28_..  14.55 9.27 2.71 2.57
Dec. 15___  60.88 14.90 37.46 §.52 July 9.... 51.70 33.75 4.69 13.26
TaBLE 19.—SrarcH 1IN PERCENTAGE OF DRY WEIGHT, 1934-35
Leaves Roots Stems Roots Stems
5.0 4.70 7.33 6.7 4.25
1.98 4.73 7.30 9.15 3.57
4.90 5.25 8.70 8.6 3.6
2:13 7.08 7.35 6.9 4.1
3.93 7.00 7.80 5:32 4.95
4.35 2.95 3.65 4.5 2.65
3.53 12.95 8.70 1.35 3.72
3.53 17.90 9.13 2.12 2.9
4.05 11.73 7.18 3.4 4.3
3.33 10.98 5.88 3.4 5.3
6.45 4.5 1.7
TasLE 20.—STarcH 1N PErCENTAGE oF DrY WEIGHT, 1935-36
Leaves Roots Stems Roots Stems
2.53 1.35 1.26 1.43 2.35
1.14 0.84 ZdeS 4.65 7491
0.89 4.22 1.05 3.22 4.46
2.65 6.92 4.82 2.07 6.35
4.47 8.64 10.76 2.64 265
2.65 922 6.05 1.6 3.42
4 47 9.45 4.75 3.27 8.02
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Fig. 16.—Total starch in grams per 100 plants, 1935-36.
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which may be due to their inability to remove all of it during senescence
because of inactivation of diastase by low temperature or for some
other reason.®

When the leaves yellow there is a rapid accumulation of starch
in the more permanent organs, reaching a maximum of 50-75% of
the plant’s total amount in roots in late November, 10-20% in the
stems, with only 20% in the leaves, compared with 30% in leaves in
October. Soon after the beginning of leaf senescence, there is a sharp
decrease in starch in all organs with a minimum in January. Simul-
taneously, there 1s a similar increase in total sugars. A reciprocal
relationship, therefore, seems to exist between the sugars and starch
during the period of low temperatures. A new maximum of starch
was noted each year in February, just before the beginning of active
spring growth, which is followed by an almost complete depletion
later in the spring.*®

The floral organs of strawberries contain a considerable amount
of starch (Table 12): buds, about 3.4%; flowers 3.0%; pedicels 3.1%
to 3.6%; and fruits 3.09%. These figures are similar to those given by
Murneek?® for the apple. On account of the small leaf area in the
spring much of the starch of roots and stems must be used to supply
the demand for carbohydrates by the flowers and fruits. In both years,
the roots were depleted at this time of starch. A further demand on
the reserve carbohydrates is made during the period of runner forma-
tion (July to August).

In conclusion, strawberry plants behave as woody plants usually
do in that there is a double starch maximum (November to February)
and a double minimum (October to January). The maxima occur
when leaf senescence 1s in progress, and just before spring growth
begins; the minima occur in October at the height of leaf area, and
during the period of low temperatures (January to February).* A
third minimum occurs during fruiting and runner production.

Hemicelluloses.—The concentration and total amounts of these
complex acid-hydrolyzable substances are presented in Tables 21-24
and Figures 19-22. The general seasonal trend in their content is the
same whether it is expressed in terms of percentage or grams; namely,
an increase in the autumn, with a general decrease in winter and
spring.

Strawberry leaves contain 14-20% hemicellulose on the dry
weight basis, equalling young apple leaves in this respect.?® Consider-
able hemicellulose still remains in yellowing and dead leaves.

There is a general increase in hemicellulose in the roots and stems
in the autumn. While starch may constitute 10-17% of the roots,
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TasLe 21.—ToraL HemiceLLuLosE IN Grams PER 100 PranTs, 1934-35

Total Leaves Roots Stems Total Leaves Roots Stems
Auvg.22___ 60.58 42.28 13.06 5.24 Feb. 2..__  98.82 50.25 34.57 14.00
Sept. 6.._  79.40 55.78 17.10 6.52 Feb.21._..  78.45 31.30 33.44 13.72
Sept. 18.__ 117.61 85.51 25.15 6.05 Mar. 12___  68.89 27.74 26.68 14.47
Sepr.25.__ 127.33 87.30 31.52 8.51 Mar. 30 63.77 24.22 26.79 12.76
Oct. 2___ 170.62 112.33 44.65 13.64 Apr.13.__.  60.72 25.18 23.6 11.94
QOct. 16..__ 168.17 108.19 39.56 20.42 Apr.28____  48.46 15.76 21.9 10.94
Nov. 6.__ 254.69 168.02 53.95 32.72 May 11...  72.35 33.01 26.83 12.51
Nov. 25___ 261.62 152.52 78.19 30.91 June 4. 73,67 39.64 21.62 12.41
Dec. 12___ 260.57 146.22 84.08 30.27 June 23.__  34.47 8.9 13.87 11.7
Dec. 27___ 217.35 144.30 43.6 29.45 Aug. 16._.. 75.12 53.9 8.80 12.42
Jan. 6..__ 138.02 81.0 37.8 19.22

TasLe 22—ToraL HEmMICELLULOSE 1IN GRAMS PER 100 PranTs, 1935.36'

Total Leaves Roots Stems Total Leaves Roots Stems
Sept. 15___  32.77 19.62 9.40 3.75 Jan. 4. 64.70 28.22 23.76 12.72
Sept. 28__.  62.42 46.62 10.08 5.72 Feb.24 ___ 52,10 24.04 25.12 2.94
Oct. 12___.  90.36 51.92 30.2 8.24 Mar. 28.__  82.28 26.82 51.42 4.04
Oct. 26____ 111.68 56.24 46.36 9.08 Apr.28.__ 72,82 33,80 30.48 8.54
Nov. 10.__ 149.86 66.8 66.02 17.04 May 8.__ 73.98 37.50 22.08 14.40
Nov. 30___. 130.66 58.50 60.16 12.00 May 28.__  93.3 54.9 26.9 11.5
Dec. 15___ 102.64 52.00 23.92 26.72 July 9.___ 161.6 113.7 22.4 25.5

TaBLE 23,—HEMICELLULOSE IN PERCENTAGE oF Dry WEIGHT, 1934-35

Leaves Roots Stems Leaves Roots IStems
20.33 18.80 19.08 8.95 8.02 6.9
19.78 18.20 19.18 8.4 7.75 8.05
19.98 17.35 15.45 §.17 7.6 7.4
18.38 19.70 16.70 Lol 8.02 7.4
18.63 18.15 19.35 6.92 6.9 6.65
14.33 17.90 19.45 5.15 8.2 7.40
19.05 16.35 17.50 7.87 9.02 7.97
20.98 18.98 16.53 735 8.7 7.5
21 18.98 16.63 1.5 7.4 6.7
21.70 .60 16.93 12.92 8.0 7.6
12.1 8.0 12.2
TasLE 24.—HEMICELLULOSE IN PERCENTAGE OF Dry WEeicHT, 1935-36

Leaves Roots Stems Leaves Roots Stems
10.91 11.41 8.96 20.02 6.05 (
20.42 6.54 15.37 13.16 14.15 }ggﬁ)
15.41 15.14 13.38 15.67 15.25 13-64
14.95 15.45 10.42 15.95 14.5 9.7
16.04 14.76 12.63 15.0 12.85 17.15
14.43 13.93 13.91 15.20 15.90 15.27
17.12 12.64 12.45 16.85 15.60 15.42

hemiicellulose is slightly higher. It is of interest thar in December
these complex substances decreased by about 50 per cent. As the
sugars increased in concentration at this time, a reciprocal relation-
ship seems to exist between hemicellulose and sugar as well as between
starch and sugar as was pointed previously.?®* A new low concentra-
tion of hemicellulose in both roots and stems is exhibited in April.

Of the floral organs of strawberries, buds contained 7.42% hemi-
cellulose, pedicels 8-12%, flowers 7-13%, and fruits 5-14%. The con-
centration of hemicellulose does not increase materially during runner
production.
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It is evident from these records that, in addition to starch, straw-
berry plants contain other complex insoluble carbohydrates that serve
as reserve substances in roots and stems, especially the former. They
are built up rapidly during the autumn, are hydrolyzed into sugars
during cold weather, and are nearly depleted during flowering.

General Distribution of Carbohydrates and Nitrogen in the
Strawberry Plant—A Summary

For reasons of better visualization of the main seasonal changes
in dry weight and nitrogen and carbohydrate distribution, all the
preceding data are presented herewith in a summarized form (Tables
25 and 26 and Figures 23 and 24). Only certain critical developmental
stages, such as the time of greatest leaf development, leaf senescence,
dormancy, early spring growth and fruiting have been taken into
account, as these are sufficient to illustrate the general trends.

At the height of autumnal growth (November 10), also the time
of maximal leaf area and greatest dry weight, 3% of the plant is sugar,
7% starch, 15% hemicellulose, 28% total carbohydrates, and 1%
nitrogen. Closer examination shows that one-half of the sugar is in
the leaves, one-half the starch is in the roots, and over 50% of the
nitrogen is in the leaves. Three weeks later, after several freezes had
occurred, and during leaf senescence, 50% of the sugars are in the
roots, nearly 80% of the starch is also there compared with 50% 3

TaeLE 25.—QuanTiTATIVE DisTRiBUTION OF CARBOHYDRATES AND NITROGEN IN THE
STrRAWBERRY PLANT—IN Grams pER 100 PranTs; 1934-35

Fresh Dry Hemi- Total Total
weight, weight, Sugars, Starch, cellu- carbo- nitro-
Date Material grams grams grams grams lose hydrates gen
_______________ Leaves.._.  2669.0 882.0 67.03 31.13 168.02 266.16 17.28
Autumnal maximum  Roots.____ 1287.0 330.0 16.50 42.83 53.95 113,28 4.75
growth of leaves. Stems_____ 541.0 187.5 10.00 16.26 32.72 58.98 2.97
Total_ ____ 4497.0 1399.5 93.53 90.22 254.69 439.42 25.00
Nov. 25 oo Leaves____ 2182.5 727.5 51.98 25.66 152.52 230.16 13.30
Leaf senescence. Roots___.__ 1361.0 412.5 12.40 73.74 78.19 164.33 6.55
Stems:cvos 487.5 187.5 10.84 17.07 30.91 58.82 3.61
Total . ____ 4031.0 13275 77.22 116.47 261.61 453.31 23.46
________________ Leaves.._. 1403.75 561.5 19.09 21.34 50.25 90.68 8.69
Winter minimum Roots__.__ 1336.0 431.0 62.5 28.88 34.57 125.98 8.49)
of leaf growth. Stems__.._. 530.5 217.5 19.57 9.24 14.00 42.81 5.17
P