VITAMIN CONTENT OF SEVEN TOP TURNIP-GREEN PLANTS AS RELATED TO DRY
MATTER AND THE DISTRIBUTION OF THESE CONSTITUENTS INM THE PLANT

By
GEORGE V. ODELL
Bachelor of Secience
Oklahoma Agricultural and Mechanical Callege
Stillwater, Oklahoma

Submitted to the Faculty of the Graduate School of
the Oklahoma Agricultural and lMechanical College
in Partial Fullfillment of the Requirements
for the Degree of
MASTER OF SCIENCE

1952



ii

OKLAHOMA
AGRICULTURAL & MECHANICAL COLLEGE
LIBRARY

FEB 18 1953

VITAMIN CONTENT OF SEVEN TOP- TURNIP GREEN-PLANTS AS RELATED TO DRY
MATTER AND THE DISTRIBUTICON OF THESE CONSTITUENTS IN THE PLANT

Thesis Approved:

esis Adviser

an o e uase ochoo

300361



1ii

ACKNOWLEDGMENT

The author wishes to express his sincere appreciation to
Dr. Ruth E. Reder, under whose direction this study was initiated,
for her guidance and counsel throughout the course of his graduate
work.

The use of the laboratories and facilities of the Department
of Agricultural Chemistry Research and the financial assistance of
the Oklahoma Agricultural Experiment Station during the course of
this study are deeply appreclated.

The author wishes to express his appreciation to the staff of
the Statistical Department, of Oklahoma Agricultural and Mechanical
College for their assistance in the preliminary statistical analysis.



TABLE OF CONTENTS

Introduction-- - 1
Review of Literature- 2
Materials and Methods--- 10
Results and Discussion 17
Tables=e-wv—memem e meee -25
Graphs 35
Summary: 41
Bibliography - bl

iv



INTRODUCTION

The importance of leafy, green vegetables as a source of
vitamins for human consumption is well established. For several
years an extensive study has been underway to determine the effect
of soil and climatic conditions on the composition of one such
leafy, green vegetable, turnip greens, This study, Southern
Regional Project S-5, is being conducted by the Southern Coop-
erative Group in Georgia, North Carolina, Oklahoma, Texas and
Pﬁrto Rico; at the Oklahoma Agricultural Experiment Station the
work is being carriqd out under the supervision of Dr. Ruth Reder.

| The original project was designed to study variations in the
composition of the leaf blades of the plants, but in 1950 a sub-
project was initiated at the Oklahoma Station to determine the
composition of all plant parts., The purpose of this phase of the
project was to determine the total amounts of ascorbic acid, thia-
mine, riboflavin, and carotene, in the whole plant, to relate such
components to plant dry matter as the plants matured, and to deter-
mine the percentage distribution of the vitamins and dry matter

among the various plant parts.



HEVIEY OF LITHRATURE

Dry Matter It is generally agreed that the accummlation of dry
matter in plants is determined by all the factors involved in
photosynthesis, These factors include the ¢hlorophyll content
and possibly, the carotene content of the plant, tﬁéperature,
oxygen and carbon dioxlde supply, light intensity, light qualilty,
avallability of moisture_and minerals, carbohydrate aeéumulation
and the sctivity of the plants enzynes.

Blacknan and Wilson (6) have shown that the net assimilation
rate, or aryrmatter accunulation, @ver a.rangé of one~tenth to
full daylight, is lineraly related to the logarithm of the light
intensity, and that the light intensity at whickh the growth ratse
is maximum varies bostween plant species. Haﬁtéfglzelly and
 BSomers {22) bave fsﬁnﬂ that plants grown on soils‘ngving high
aolsture tensions and low moisture conbtent, havavavﬁigher per=
centage of dry matter than those growsn on soils with low moisture
tension and hizh mcisture'cantent, but that higher yiclds are
agsociated with low molsturs tension. This report has been con-
firmed by Janes (24)., Other factors, such as héavy ferstilization
{23) and excessive auounts of nitrogen or phosphorous (4L}, have
been found to decrease the dry matter content of plants; tumip
roots are espsclially susceptible t0 cxcessgive amounts of phose

phaorous.



Ascorbic Acid TPactors affecting tho ascorbic acid content of

plants have been more thoroughly studied than those affecting
any of the other known vitamins. Light intensity =nd quality

e ve been found to affect the ascorbic acid content of dll plamts
that have been sbudied (12, 11, 1, 10, 30, L1, 18, 38, 21).

The sffect of light guality hus been demonstrated in illumination
experinents with filters. Mel, Hsieh, and Chen (30) found that
prange light was most cffective in promoting an increase in ag-
gorbic acid in eticlated soybesn seedlings, and Heller (21)
reported that sunlight was noye favorable than ultra violst light
or light filtered through glass for aseorbic acid fopmation in
vheat seedlings. He also found that ascorbic acid synthesis was
accelerated by increased intensities of light. Gallup and Reder
{13), in agreement with the work of Heller (21}, found that a
considerable amount of vitamin € was produced in sprouted seeds
during geruination in the &ark.

Aberg (1) found that in full grown tomato leaves ascorbie
aeid content was proporilonsl to light intensity in the wave
length rasge below 700 millimicrons up to €0 mg. cal/sg. cn.

At ligzht intensities bslow 50 mg. eal/sq. cm. ascorbie acid
conbtent decrecased with age, while above this intengity it in-
ereased, The leaves of tomabo plants placed in darikness after
a period of iilumination lost ascorbic acid rapidly. Aberg
concluded that ascorble acid say be gynthesized independently
of Light, as in sprouting sceds, as well as by dirsct photosyn-

thesig. Vislble light of short wave length seems % have no



value in escorbic acid synshesis. Hamner and Parks {18)
‘believe that light intensitics one week before harvest are the
dominant factor in deteraining the ascorbic acid level in plants.
The effect of temperature on the ascorble acid content of
differsnt plant species has been studied by‘sevéral’wnxkars. Aberg
| {1) found that plants groun at 151506;\c0atainéﬁ about 30 percent
nore ascorblc acid,tﬂan’t&eée.grQWﬂ at 23,@QG.,’énﬁ other workers
fhave also reported that low temperatures favor formation of ascorbic
acid {11). Lecat {26} reported that a rise in temperature increased
ascorbic acid formation but that its &estruetion was inocrezsed to
a greater extent, =so that lower concentration of the vitaain resul=~
teﬁ; Geographic factors, whieh affect weather eﬁn&iﬁiens influence
the ascorbic acid coantent of plants (11}; greater anounts of vite~
min C have been found in the same speoleg as nabitats extendsd
from low to high altitudes {(46]}.

The moisture conbent of the soil also affects the sscortle

high ascorbic acid g@nhent, fresh welght basis. In an experiment
by Hunter et. al. (22} high soil moisture content lowered the
~ascorbiec acid content of turnip grees plants on & fresh welght
basis {22).

The coneentration of ascorbie scid variecs in the differsut
plant parts. Venkatarvameni (4C) found that leaves and rapidly
growing tissues contain approximately 80 percent of the total
vitavin content of the plant, while the stems and roots have a
low escorbic aecid contend, Lecat (26) aplso reports that the
leaf blades of plants contain more ascoriic acid than the cone

duection tissue, Demers {(10) found that in potato stens there ig



a definite longitudinal asecorblic acid gradient, as well as a
chlorophyll gra&iént; the amounts of these coustituents decrease
from the bese to the apex. This gradient was the same whether
expressed on a fresh or dry basis, since ﬁhe‘ﬂéiﬁtﬁrﬁ gradient
is negligible in stens over 20 en. in 1angtﬁ.' 7

Karl G. Hamner (17) has stabted, "Variations in the ascorbile
acid content of plants such as might be encountered under field
conditions are influenced so narkedly by differcnces betwsen
varleties and by elimntle conditions that the possible influence
of soil conditlons and fertilizer practices probably have little
practical importance®, UWynd {45) is of the opinion that the
dry natter yield of both oats and rye is nmore important in gover-
ning the yleldsg of protein, carotens and &Sc@:bie_aai& than is the
concentration of these substances in the tissﬁe.» Janes (23), in
a study of the affect of geagraghieal location and fertilizer level
on the variations in dry'weight, earotene and ascorbic acld content
éf certain vegetablas,.c@nciuded that there was little or no effect
of fertilizer level on the percentange of these constituents in the
,@lants; high azsecorbic aecid content was @@rrelateﬁ;with high dry
weight. Reder et. al, (35) found a highly significant positive
correlation between rainfall and tho ascorbie acid content of turnip
greens on both the wet and dry basis.
| Despite the fact that the effects of climate tend to obscure
the effeect of fertilizer on the ascorbie acid content of‘plants,
snall effects Qus to fertilizer tresatment (40) have been observed.
For exmuple, the application of potassiuvm fertilizers has been
found to incresse ascorbiec aeld content in turnip greens and other

plants {8), Reder st. sl. {34), however, found that fertilization



with potagsium produced a decresse in the ascorbie aeid content
of field grown turnip greoens. Some workers {40, 27) have found
$hat under certain conditions phosphorous &nﬁ nitrogen fertiliza-
$ion iacreases the ascorbic acid conbent af §1ants, but others
{35) havs reported ihat nitrogen fertilization did not signifi=~
cantly affect the ascorbic acid content of tﬁ?ni@,greéns. Thus,
on the basis of reporbted work, it &ppears'%hét the ascorbic zeld
content of plants cannot be varied with any dsgree of certainty
by addition of the common fertilizers,.

There appears to be an interrelation between the erfects of
the plant coancentration of magnesiun and nitregpn and the concen-
tration of ascorbic acid. It has been reported that ascorbie acid
Ais synthesized from a plant susar (14); &ny“factexgwhich,waula
affect sugar formabtion, ﬂﬂ@%ﬂp?ﬂ%ﬁ&gis, would presumably affect the
concantration of ascorhbic dcld. Photosynthesis has been found to
vary inversely with the carbon-nitrogen ratio in the plent (15),
and since in oat leaves a low concentration of magnesivi wag |
accompanied by low nitrogen and a high concentration of ascorbie
acid (42), apparently a high concentration of ascorble acid is
assoclated with a low rate of photosynthesis. ° Noggle g%, al. (32)
found that ﬁhiﬁ abservati@g;is supported by the fact that there
- was a significant négaﬁiVS Qartial correlation between the sugar
fraction and ascorbic acid concentration in‘sat plants when the
nagnesiuws relation to sugar was held conatant.

Riboflavip Watson end Noggle {42) found that growbh in terms of

dry substance was sizunificantly correlated wi th riboflavin cone
centration in immature oat plants. The correlation coefficlents

relating tho growth of the leaves and stens; dry weighd per plant,



with fiﬁafiavin concentration iﬂimsgg per gram were 0.743 and
>§¢771; respectively; these correlations were sigﬂificaﬁﬁ at the
five paréeat 1eve1.' The correlation of the:growth_@f‘roots wihh
riboriaﬁin'c@ﬁe@ntrati@n was not signiffeant, 0,593, The authors
suggest that.tﬁié'relatianship‘may'indieate a direct dependence
of the growth of plant tissue upon the synthesis'cf auva&equate
amount of riboflavin. Gustafson {16) reports that riboflavin was
‘more abundeat in plants grown ia the temperature range oﬁ'zs to
30°¢. than in those grown in the 5 to 10°€. range, and that
sumaer gfown plants therefore should contain more riboflavin than
those growm in the rainy winter season (7). Some workers believe
t&at riboflavin ig more concenbrsted im the mature leaves of the
young plant {43) others beliove the opposite to bevtrue (7).
There was a high positive corvelation between nitrogen snd
riboflavin in the leaves of the oat plants~when a nitrate defic-
isncy produced the lowest riboflavin concentration in leaf, stenm
“and roots {42). Other workers have regerteditﬁat the nitrogen
eontent and dry weight of tomato plants had ng’partieuiar COTTre~
lation with the rivoflavia content {43). 1In some experiments
a1l mineral deficient treatments caused a lower riboflavin
conaentratibn in the leaves and stems where most of the riboflavin
is found {41}. Toxie concentration of manganese produced a 35
par#ent increase in riboflavin in turnips {29). The apparent
effsect df:magneslam on rivoflavin seens t0 be a nitrogen effsect
ginecs leaves low in magnesiun are low in nitrogen {42).
Thiagmine Eaetcrs‘which influence the thiauine content of plants

are not as well known ag those affeeting other plant vitanins.



Gustafson (16) found that thianine was more abundant in certain
vegsﬁables andrlegumes grown in the 28 to BOQG. %ﬁgperatura range
than in plants grown in the 5 te 10°¢. tenperature range. Withner
{43) reports thet thiamine sesoms to ooecur in higher concentrations
in the leaf tip region. Some experiments shGW'tﬁat'tha nitrogen
and ary weight content of tomato glants have no particular cor-
relation with the amount of thienine present. In minor element
studies boron at a toxic concentration increased the thlamine
content of turnip greens about 60 percent {29). |

,ﬁar&ﬁena Carotene has been suggested as a posgible photosyne
thetie factor. The work on this provitanin is not as complete

or extensive az that on ascorbic acid but eertain factors, such
a8 soil moisture, season, and fertilization have been found to
affect the &araﬁane conbent of plants, It hasz been found that
plants grown on soils having a high moisture tension have a higha
‘er carotene coantent on theufrcsn'basis; than plants grown on

séils of low moisture tensions {22). Pernandez {12) found that
vegetables grown in Porto Biec incrcaged in)carotenexeaaﬁeﬂﬁ
during the winter end, in general, decreased during the sumer.
Bernstein, Banner and Parks (5) report a marked influencé.ﬁf sEa~
son on the carotene content of turﬂiy graens,

TJanes {23) found that heavy fertilizer applicotion inercased
the earotene concentration of certain plants, In general, caro-
tene content is agsocizbed with the greeness of a plant; a dark
green color is related to high carotene (8). Several workers
'fﬁ, 17, 8) have found that any soil treatuent which causes

visible chlorosis results in appreciable decreases in earotene



content. In controlled ecxperiments, Iucas {23} found thad
conper incresged the caroiene eonbent of greenhouse grovwn spine
ach, barley, carrobts and oats. Sulfur, nitrogen and potassiuvm
cauged a deersase in éaroteﬁa content and phosphorous esussd no
decrease (5). In grasses the correlation of variations in
carotene and protein content was highly significant (25), but
no consistent correlation was found between growth and carotene
content {5}. o

For all the vitamins of plants studied to date the highest
yield of vitamin per acre was obtained with the fertilizer itreat-
ments which gave the highest yield per acre. Hangen {19) reports
that hereditary rether than environmental factors appear to be
the most important in determining the ascorbic acid content of

vegetables.



MATERIALS AVD METHODS

Produc tion of Crops

Three experiments were conducted with Seven Top turnip

greens, Brassica rapa L.,grown at Stillwater in the fall of 1950

and at Stillwater and Perkins in the spring of 1951" In sach
experiment the seed was planted in 12 100~foot rows two and one-
hal? feet apart and a complebe fertilizer was applied as a side
dressing to each row when the field was planted. '?a,faeilitate
sampling, cach row was divided into ten-foot gsegments and start-
ing at the eand of the rows, the Tirst seguents of the rows were
nunbered ons through six from left to right, tnen the second
segnents were numbered seven through 12 from right to left; this
systen wag followsd untll aii she 120 scgments were numbered.
Duplicate samples were baken at each harvest}anﬁ gach sample
consisted of an equal number of plants harvested from sach of five
segnents which were randomly sssigned except that zach was from o
different one~fifth of the field, All segments were sampled from
the sane end and plants were taken in order of thelr occurrence.
A minimum of ton plants were used for euch sample; thess were al-
ways the rirst two guarded plants in each segment. If nore than
‘ten plants were reguired, more than two plants were taken from
each seguent.

Preparation of Sesmples

Bampling was begun about five weeks after planting and was

conbinued for six weeks; samples were collected at 8 A, 1, on
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two fixed days each wsek, At harvest, the plants were pulled or
dug from the row, shaken to remove looss soil from the roots, and
‘plaée& ip paper bags in which they were taken at once to the lab~
oratory where the roots were removed and the‘leaveg separatoed.

The leaves and roots were washed in tap water, rinssd twice in
digtillied water and allowed to drain. The sanples were placed in
the refrigerstor until the next operation; this short cooling
peried allowed the leaves to regain their turgidity. In the next
operation the mid-ribs were carefully resoved {ron the leaves and
the fresh weights of leaf blades, midribs and roots determined.,
Bxcept when the samples were small, the two halves of ths leaf
blades were put in separate composites, only one of whieh was used
for analysis. The remaining composite was dried in a foreed draft
oven at 70°C. and the dry weight determined. This weight was used
in ealculating the total leaf blade dry welzht. The leaf blades,
midribe snd roots were diced and each composibe mixed separately
and then anslyzed for moisture, ascorble acid, carobene, thianine
and riboflavin, ﬁazwteﬂ@'was not determined in the roots,

Analytical Procedures

The chemleal msthods used in this experiment were those
employsd by the Southera Cooperative Group in the Soils-Weather
project (39},

Mbisﬁure Holsture content of plant parts was determined by
drying duplicate 50-giam‘sample@ of the f%esh diced nmaterlal %o
constant weight in a forced draft oven at 70%;.

Ascorbic feid The Helnze-Kanapauz method was used in the dster-

mination of ascorbic acid in the fresh material (20). Ten arens



of the diced sample was placed in a Waring bleador with 200 ml.
of one percent metaw~phosphorie acid, bilended for three ainubtss,
and then filtered. One ml. of the clear extract was placed in an
Evelyn colorimeter tube with ten ml. of dilute 2, 6+«dichlorophencl-
indoﬁhenal dye solution {17 mg. per liter) and the percent trans-
nission of the partially reduced dye solution wes detoranined
immedlately, The resding was takgn,in.an Bvelyn colorimeter fitted
with a2 nunber 520 filter and set at 100 @eréeﬁt transnission with
a tube containing the sane solution as the sample tube, but with
sufficient ascorbic acid added completely to decolorize the dye.
Readings of thes unreduced dye were obtalned by nmixing one
ml. of one percent meta~phosphoric acid sdlutioa with ten ml, of
the dye and reading the transmission of this solution after the
instrusent had been set ot 100 percent transmission with a tube
containing the completely decolorized dye. The logarithn of the
mean reading of the unreduced 4ye was subtracted from the logarithn
'éf the nmean sample reading, and the amount of ascorbic acid present
in the extract was read from a prepared standard curve 1ln which
differences of the logarithm of the numbers were plotted against
agcorbic acid eoncentration. In the caleulation of the total
amaunt of wvitanin in the éxﬁra@t the total vaiume of extract was
deterained by taklng the sum of the volumes of extraet and the
anount of moisture in the sample.

Ribofiavin  Riboflavin was determined by the method outlined by

Poterson {33). This anolysis was conducted in a darkened roowm.
An extrsct was nade of the plant material with 0.04 H. sulfuric

geid and usecd for the thianmine and riboflavin deterninations.
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This extruct was obtained by grindiag 10 to 20 grams of maberial
gith 40 ml, of the acid in a seminicro bilendor for five ninutes.
The exbract was tranzferrsd to a 250 ml. Urelenneyer flask, cover-
ad with a pisee of moisture proof cellophuune, and auvtoclaved for
L5 minutes at 15 lbs. pressure per s¢. i0. To the cooled axtract
was then added ten ml. of G.5 percent Takodisbtase in o sodium

neehabe~acetic zeld bhufTer with a pH of 4.5, The extract was

s

incubatsd at 40°C. overnizht, diluted to 250 ml. in volume, f£ilt-
ered, and stored in the refrigerstor until analyzed. A five al.
aliquot of the extract of the sanple was placed in each of two
tubeg; to the flrst tube was added five ml. of 0.4 percent avetic
acid solution, and to the sscond, an squal wlume of acetic acld
containing the internal standard, 1.20 meg. of riboflavin. To
gach tube wes first added one ml. of one percent potassium per-
nanganate, then exactly ftwo minutes later, one ml. of three percent
bydrogen peroxide. The tubes were stopprered, shaken for 30 sec~
onds then decanted into the vhotoflurometer cuvettes. The purposs
af this treatnment was to oxidize fluorescent meterisls other than
riboflavin to non-fluorescent substances and this incressed the
accuracy of the determination. Before resding the semples the
Model 12 Coleman Blectronic photofluorometer was set at 100 with

a dilute gzodium fluorescein sclution. The blank xeaﬁiﬁ&, caused
by the fluoregcence of substances other than riboflavin, was taken
for each saaple f@llawing the reduction of the riboflavin pressut
by the zddition of a small amount of solid sodiun hydrosulfite,
The internal standard was used to detoranine bthe amount of riboe=

flavin eguivalent to one secale division, and this constant was
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multiplisd by the corrscted sample readiang to debteraine the
ribveflavin content of the extract.
Phianine Thiemine was determined by an adaptation of the
method of Conner and Straub {9). Thiasine concentration in the
extract was determined by oxidizing the thiamine %o tihlochronme
and measuring the fluorescence of this compound with the Hedel
12 Colenan El@@ﬁrﬁﬂic photofluronecter., This asnalysis was conp-
ducted in o darkened roon, Duplicate field samples were analyzed
as g uait with an internal standard added $o only one of the two
gsamples. A 25 al. aliquot af the acid extract of cns sampls was
placed on cach of two columns of activabed Decalso whieh rewoved
the thianine from the selution bub allowed all othsr soluble
"mat@rial, ineluding riboflevin, to pass throuvsh. To one of the
colunng 2.0 meg. of thisaline was added gs ap internal standard,
Twanty-five ml. of the second sample of the palyr was added to =
third calumﬁ. The colunns vere washed three times with hot water
and the wasbingg discarded. #lution of th@‘ﬁhiamiga was effsched
with 30 to 40 ml.‘@f hot acld 25 percent votassiun chiopide solus
tion. The eluate was transferryed to a 50 ml. volumebtric flask,
made to voluse snd gbtored in the rofrigerator uatil analyzed,
Hefore anulysis the chrommtographed bthianine solutions were
warmned to roon bteaporature. Four rsaction vesgels were used in
the oxidation of each palir of sasples. To three of the vesssls

there was added three ml. of the oxidizing reasgent, 0.03 percout

{9

E

pobtaggive feryric cyanide in 15 percent sodiuvn hydroxide solublon.
To the fourth vessel bthe blank, there was added three ml, ot 15

perecent sodiun hydroxide solution. Five ml. of the first sample



iple

the first s"muTe plus ipternal standard and the scoond sa
‘were zdded to tho First, second snd third bube respectively;

five ml, of s§ﬂ@l@ one was added Lo the blank, Fifteen ml. of
redistilled isobubtyl alechol was added to sach of tho four tubes
which were then sheken vigorously for 60 ssconds. After ths
équeaus and alcohol phages had segaratad the agueous zhase was
remaved.with a siphon and the igobutyl laysr containing the
thiochrone was dried with non~fiuorescent anhydrous sodium sule
fate. The alcoholic solutions were dscanted into a photoflur-
oneter cuvetbes and the four btuhes were resd at the sase tine
following the reaetion. The photoflurcseter was sot alt 50 per=
cent 8¢ deflection with a dilute solubion of guinine sulfate.
The thisnine content of ag extract was caleulated by using the
eonstant caleulated froam the difference between the readings of
the sauple plus standard and sssple., To calculate the thianine
concentration of the extract, this eonstant, the amount of thia-
mine per geals division deflection, was multizlied by the readiag

of the ssainle minus the reading of ths blank,

Garotene Cavobsne was determined by the method devseloped by

Toore and Bly (31} ¥ive grass of leaf bisdes or ten gra&s of
midribs were placed in a blendor with 60 nl. of Skellysolve B

and 90 ml, of 95 percent ethyl aleohol. 'hile the blerd was

E"}

mixing, enougnh 35 percent ethyl alceohol was added to glive &
foaning nixture., The fresh materisl was ground for five ainutes,

v funnel. Separation of

H

then filtersd into a 500 nl. sesparato
the aleohol and petroleun sther phases was effected by the add-

ition of distilied weater. The water alcenhol layer was washad
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with petroleum ether and the washings added to the ether extract
which was then thoroughly washed with distilled water and dried
over anhydrous sodium sulfate., After the volume of the extract
was determined, an aliquot was concentrated to a volume of about
25 ml., This aligquot was rum through a chromatographic column
consisting of two parts activated di-calcium phosphate and one
part Dyno; the column removed all plant pigments except carotene.
The eluate was made to 100 ml. with Skellysolve B, mixed, and

the transmission read at 440 millimicrons in the Evelyn color-
imeter with the instrument set at 100 percent transmission with
Skellysolve B, The concentration of carotene was then determined
by referring to a standard carotene curve, in which the log of the
percent transmission was plotted against carotene concentration.

Statistical Analysis |

The mean weight of the plants was determined by taking the
sum of the mean weights per plant, of leaf blades, midribs and
roots. The vitamin content of the whole plant was calculated
as the sum of the aﬁounts of vitamin present in each of the
plant parts.

Statistical analysis (36) of the data from the three exper-
iments included: analysis of variance of the dry matter, ascorbie
acid, riboflavin, thiamine and carotene content per plant, the
amount of vitamin per gram dry matter in the whole plant, and the
percent distribution of dry matter and vitamin in the various parts
of the plant; calculation of correlation coefficients for plant
weight and vitamin content and for the amount per plant of the
four vitamins; and finally, a regression study of plant vitamin
content on plant weight.



RESULTS AND DISCUSSION
Vitamin Content as Related to Dry Weight

The pattern of behavior of plant constituents was found to
be remarkably consistent in the three experiments. Table I
presents mean plant dry welght and the mean total amounts of
ascorbiec acid, riboflavin, thiamine, and carotene in plants
taken in 12 sucessive harvests in each of the axperimants,

From the data presented in table I it is evident thaf in
each experiment total vitamin content tended to vary directly
with dry weight. As the dry weight of the plant increased with
maturity the total amount of ascorbic acid, riboflavin, thiamine
and carotene also increased. Maximum plant weight and maximum
vitamin content occurred at the twelfth harvest in the first and
third experiments, and at the eleventh harvest in the spring
experiment at Stillwater. In the latter experiment there was a
sharp deerease both in plant dry weight and vitamin content at
the twelfth harvest. Maximum pi=nt weight and vitamin content
attained were less in the third experiment at Perkins than in
either of the experiments at Stillwater, and were greater in the
spring experiment (second) than in the fall experiment (first) at
the latter location. The mean dry weights of plants from all
harvests in the first, second and third experiments were 24.03
gmn., 27.03 gm., and 17.84 gm., respectively.

The mean smounts, per plant, of dry matter, ascorbic acid,

riboflavin, thiamine and carotene at each harvest for the three
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combined experiments are presented in table II. Increases in
plant weight and vitamin content over a pericd of six weeks were
large; the mean maximum dry weight was 17.5 times the dry weight
of the plants at the first harvest, and the amounts of ascorbie
acid, riboflavin, thiamine and riboflavin increased 13.6, 10.7,
14,0 and 8,8 fold respectively. :

The result of the analysis of variance for the three
experiments is presented in table III. Variation among experi-
ments was highly significant for all constituents; the mean dry
weight of plants and the amount of each of the vitamins per plant
were signitieantly higher in the first and second experiments
conducted at Stillwater than in the third experiment at Perkins,
Differences between the spring and fall experiments at Stillwater
were not significant; this is of interest ainoa.growing conditions
during these two seasons were markedly different. Differences in
dry matter and vitamin content of plants at the successive harvest
were highly significant. It is of interest to note that the mean
total amount of ascorbic acid per plant was about 1000 times the
mean amount of thiamine and about 500 times the mean amount of
rivoflavin., The riboflavin pcr plant was consistently about twice
the thiamine content per plant. The numerical values of these
inter-vitamin relationships were consistent in all experiments.

Since the amount of vitanin per plant tended to vary with
total weight, correlation coefficients were calculated to deter-
mine the reality and significance of this relationship. As shown
in table IV, positive correlation coefficients for plant dry
weight and the amounts, per plant, of ascorbic acid, thiamine,
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riboflavin and carotene were highly significant in all experiments.
This relationship was unaffected either by season or location;
correlation coefficients were equally high in plants produced in
different seasons at the same location and at different locations
in the same season.

Correlation coefficients were determined for the fresh weight
of plant and the amount of the four vitamins per plant, in the
second and third experiments. These coefflecients, whieh_-ggro shown
in table IV, were also positive and highly significant. 4

To determine whether correlation between plant dry weight and
vitamin content was the same at different stages of maturity,
partial correlation coefficients were determined with age of plant
held constant, The partial correlations (table IV) were signif-
icant, but they were appreciably lower than the total eor:.lnt&on.
This suggested the possibility that the concentration of vitamin
in the plant changes as the plant matures.

To dotormng'whc¢her such changes had occurred, the amount
of each vitamin per gram dry weight of whole plant was calculated
f;r all samples in each experiment; mean values 2pr the three
experiments combined are presented graphically 1nlriguro l. In
this figure it is evident that as the plants matured there was a
marked and progressive decrease in the amount of carotene and ri-
boflavin per gram dry weight of whole plant tissue; over a period
of six weeks carotene content decreased from 0.43 mg. to 0.19 mg.
per gn., and riboflavin from 25.9 meg. to 13.8 meg. per gm. The
results of the analysis of variance presented in table V shows

that the variation among harvests was highly significant for both
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carotene and riboflavin. There was also a highly significant
variation among harvests for the amount of ascorbic acid per gram
dry plant weight (table V); this decrease in concentration was

not as marked as was observed in the case of carotene and ribo-
flavin, nor was it continuous from an e_arly to a late stage of
growth, Figure 1 shows a difference between the level of ascorbie
acid at the first five harvests and the vitamin level at the last
seven harvests, Variations from 9.92 to 10.4 mg. and from 7,82
%o 8.82 mg, ascorbic acid per gram dry plant weight, were observed
at the first and second levels of vitamin content, respectively.
There was no significant variation among harvests in the amount
of thiamine per gram dry plant weight., Differences in the amounts
of ascorbic acid, riboflavin and carotene per gram dry weight of
plant with maturity, explain, at least in part, the lessened cor-
relation between plant weight and vitamin content when age of the
plant was held constant.

Regression coefficients, table VI, were calculated for the
amount of vitamin per plant on plant dry welght in all experiments
and on plant fresh weight in the second and third experiments. An
analysis of -,mﬁ of estimate showed that there was no signifi-
cant variation among the regression coefficients in the three
experiments for ascorbie acid, thiamine and carotene. There was
a significant variation among the regression coefficients for
riboflavin; the regression coefficient in the third experiment
differed from that in the other two.

On the assumption of a linear relationship, equations were
derived in each experiment for the estimation of the amount, per



plant, of ascorbic aeid, riboflavin, thiamine, and carotene
from the dry weight of the plant. In the seeond and third
experinents equations were also derived for the estimation of
these vitamins from the fresh weight of the plant. These eq-
uations are showa in table VI.

S8ince the analyses of errors of estimate llhmd that there
was no significant variation among experiments in the regression
coefficients for ascorbie aeid, thiamine, and carotene, an eg-
uation for the estimation of the amount of esach of these vitamins
per plant was derived from the three experiments combined. Data
from the first and second experiments were used for ths calculat~
ion of an equation for the estimation of riboflavin, These
eguations and the values from whieh they were derived are shown
graphically in figares IX, III, IV and V. It is of interest to
note that in easch of the figures the line representing the eom~-
bined equation foilows very elosely the general trend of the
actual valuess plotted.

A study of the correslation of the plant content of each of
the four vitamins with each other showed a‘him:r significant
correlation for each pelr of vitamins in each of the experiments.

In general it might be sald that the ylelds of dry matter
are more important in determining the total yields of vitamin than
varistions in the content of the plant tissue. Other workers are
in agreemsnt with this conmcept {34, 36).

Distribution of Plant Constituents

One of the -oi-a important aspects of this problem was to

determine the distribution of dry matter and vitamins among the
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leaf blades, midribs and roots. The mean percentage distribution
of dry matter and vitamins at each harvest are presented in table
VII for the three experiments combined; the data are shown graph-
ically in Pigure VI. Significant variations, as determined by

an analysis of variance of the three experiments, are shown in
table IX,

As the plants matured, the percentage of dry matter in the
leaf blades decreased significantly from about three-fourths to
one~half of the total plant dry matter. There were also signif-
icant decreases, with maturity, in the percentage of ascorbie acid
and riboflavin in the leaf blades; the decrease in the leaf blade
eontent of ascorbic acid, from about 70 percent to 57 percent of
the whole plant content, closely approximated the decrease in the
percentage of dry matter in the blades, but the decrease in the
percentage of riboflavin from about 90 to 80 percent wasconsiderably
less than the decrease in the percentage dry matter in this plant
part, There were no significant changes with maturity in the
percentages of carotene and thiamine in the leaf blades; carotene
remained nearly constant at about 95 perceutthroughout the six
weeks' growing period, and although the percentage of thiamine
decreased about ten percent, the change was not significant.

The dry matter of the midribs increased significantly from
about 23 to 39 percent of the whole plant as the plant madured.
The percentage of ascorbic acid and riboflavin in the midribs
also increased, but the incereases were not so great as the change
in dry matter and were not significant; the percentage of ascorbic
acid increassed from 20 to 32 pergent of the total amount present,
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and the percentage of riboflavin incressed from 9 to 14 percent
of the total plant content. The percentage of thiamine in the
midribs varied between 6 to 13 percent, with no consistent
pettern of variation; the percentage of carotene remained nearly
constant at three to six percent during the successive harvests.

In the roots, the percentage of dry matter inereased signif-
icantly from about five to 16 percent of the total plant dry
matter; small but significant increases also occurred in the
percentages of ascorbic acid, riboflavin and thiamine,

The mean percentage distribution of dry matter, ascorbiec
acid, riboflavin, thiamine and carotene in each of the three
experiments is preseﬁt.ed in table VIII. As is indicated in table
IX there were significant differences among experiments in the
percentage of total dry matter, ascorbie acid, riboflavin and
thiamine in the leaf blades. An examination of the data in table
VIII will show that the mean percentage of dry matter in the leaf
blades was significantly greater in the fall experiment than in
the two experiments conducted in the sprins. Variations among
éxperiments in the percentage of ascorbic acid, riboflavin and
thiamine in the leaf blades were significant only between the fall
and spring experiments (table VIII) at Stillwater and were apparent-
ly the result of the higher percentage of dry matter in the leaf
blades in the former experiment. The mean percentage of total dry
matter in the midribs was somewhat greater in the spring experiment
at Stillwater than in the other two experiments (table VII), and
as a result the percentages of ascorbic acid, riboflavin end
thiamine in the midribs in this experiment were significantly high



er than in the other two.

There was no significant variation among experiment in the
porqontage of dry matter in the roots, but thoro'wnra significant
differences in the percentages of ascorbic acid, riboflavin and
thiamine; the percentages of these vitamins in the roots in the
fall experiment were less than in the two spring experiments.

The mean overall percentages of distribution of dry matter
and vitamins among the ﬁlnnt parts are shown in table X. As
may be seen in this table, the distribution of ascorbic acid
followed that of dry matter more closely than did the other
vitamiﬁs; about 65.5 percent of the total plant ascorbic acid
was located in the leaf blades, as com@grad to 54.5 percent of
total plant dry matter, and the percentages of this vitamin in
the other plant parts were slightly less than the percentage of
dry matter. The proportions of the other vitamins in the leaf
blades were much greater than the proportion of total plant dry
matter; about 84 percent of the plant content of riboflavim and
thiamine, and about 95 percent of the total plant carotene content
were located in the leaf blades. There was no carotens and only
a small percentage of riboflavin and thiamine in the roots; there
was somewhat more riboflavin than thiamine in the midribs, and

only a trace of carotene.
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TABIE I
Mean amounts, per plant, of dry matter, ascorbic acid, ribofla-

vin, thiamine and carotene in Seven Top turnip greens over a
period of six weeks.

Hoanl amount of constituent per plant
Harvest Pry Ascorbic ﬁIEofIagin Thiamine Carotene

matter acid

First eﬁgggimant: Stillwater, Fall 1
_GE . CE. . Mg,
1 3.53 35.75 89.1 25.2 1.58
2 3.59 35.95 99.3 32.5 1.'77
A 8.88 86.97 204.8 77.7 3.65
5 12.93 144.09 292.3 127.6 5.02
6 20.46 190,71 390.5 175.6 749
7 24.61 233.35 469.9 191.9 8.74
8 32.48 291.17 504.7 288.5 10.17
9 43.18 396.86 735.7 321.8 11.46
10 43.36 370.67 661.7 374.1 8.90
11 4L2.89 344.49 740.3 391.3 7.17
12 45.71 375.63 __820.9 409, 9.72
Second experiment: water, pringi
1_ low . m 194 00_%
2 2.81 27.9 Ti:2 32.9 1.11
3 8.02 93.0 148.4 92.9 2.87
L 10.68 119.6 203.4 105.7 3:23
5 14.33 139.8 252.9 122.7 4e35
Q) 28.33 189.9 502.6 226.7 7.16
7 27.12 238.1 L92.4 209.1 7.28
g 35.74 313.0 673.2 4L08,.5 9.04
9 41.289 349.6 759.9 309.6 9.10
10 50.68 L78.3 749.4 409.1 12.92
il 62.23 L24.9 372'2 5%2.& 1;.76
2 L2. » 46, 9.5 40
Third experiment: Perkins, Opring, 1951 .
1 ek . . ol " 0.63
2 2.63 25.9 64.3 2445 1,08
3 7.73 The2 183.7 61.2 2.65
4 8.41 87.0 160.8 59.3 2.97
5 14.11 127.8 265.2 111.5 LeT9
6 17.52 147.1 296.4 116.1 491
¥ 4 11.01 92.7 178.5 T7.1 2.77
8 24.81 198.9 352.9 221.6 5.89
9 24.69 230.8 386.1 180.7 5.43
10 24+13 214.2 399.6 235.6 6.78
11 36.60 310.3 588.6 281.0 7.70
12 40,08 321.8 434.6 259.9 6.35

lyean of duplicate samples.



TABLE IIX

Mean total amounts of dry matter, ascorbic aecid, riboflavin, thiamine and
carotene in Seven Top turnip-green plants in three experiments during a six
weeks' growing ssagon.

ﬂban! amount Of constituent per plant

Harvest Dry Ascorbic Riboflavin Thiamine Carotene
matter acid
Cm., 'ﬁg. Teg. ﬂ;g. _ﬂg.
3 2.66 26.4 68.7 28.3 1.09
2 3.01 29.9 78.2 30,0 1.32
3 7.86 80.1 172.5 78,2 2.73
4 9.32 97.8 189.7 80,9 3.26
5 13.79 137.2 270.1 120.6 3.22
6 22.10 175.9 396.5 172.8 6.52
7 20,91 188.0 380.3 159.3 6.27
8 30.84 267.7 510.2 306,2 8.37
9 36,60 325.7 627.3 270.7 8,66
10 39.89 35444 603.6 339.6 953
11 46,68 359.9 734 7 394.9 9.54
e < 4£2.69 349.2 600.7 353.4 7.99

Lkaoh value is the mean of values obtained in the analysis of duplicate
samples from each of three experiments.

Qz



TABIE IIIX
Analysis of variance for total amounts of constituents in turnip-
: green plants at 12 harvests, in three experiments

Constituent Dry matter Alocrbii acid Ribdboflavin Thiamine Carotene
Souree of Variation D.¥. Mean squares
Experiments 2 527.0482%* 37,231.95%* 197, 777.87%% 60,746.01%* 37,05%*
Harvests 11 1,516.5868** 98,497.92%*  317,341.50** 105,279.62** 58,66%*
Experiments X Harvests22 60.5570 4,051, 34 19,506.70 &y061,23 6.04
(Experimental error) _
Error . : 3% 32,6518 2,440,84 9,923.88 2,536.38 2,79
(Sampling Error)

G, Mg. Meg. Heg. Mg.
Mean 22.97 199.37 386,02 194.56 5.83
Stendard deviation 7.78 63,65 139.66 63.72  2.46
Gosf. of variabion, % 33,87 31.93 36,18 32,75 42.16
L. S, D, for harvests 9.32 76.22 167.24 76.31 2.94
L. 8. D, for sxperiments 4 .66 38.11 83.62 38.15 l.48

L2



TABLE IV

Total and partial™ correlation coefficients for plant dry weisht and the
total amounts of ascorbiec acid, riboflavin, thiamine and cerotene in Seven Top turnip-
green plants in three experiments.

Pxperiment
Fumber Deseription SCOrDLC 6C oflavin Thiamine ~ garotene
' al Partial Total Partial Tobal Fartial Total rartial
1 SgiiiWater, 0.992 0.914 0.990 0.894 0.989 0.8274 0.886 0.598
a

2 Stillwater, 0.963 0,787 0,970 0.888 0.966 0.815 0.962 0.906
spring

3 Perkins, 0.990 0.919 0.946 0.673 0,963 0.715 0.930 0.590
. spring

Total correletion coefficients for plant fresh weight and the total amount
of ascorbic aeid, riboflavin, thiamine and carotene.

2 Stillwater 0.955 0.950 0.922 0.907
spring

3 Perkins, 0.984 0.969 0.965 0.946
spring

*partial correlation coefficients for the amount of vitamin per plant
and plant drv weight with age of plant held constant.

[z



TABLE V

Analysis of variance for the amount of vitamin per gram
dry matter of whole plant at 12 harvest in
three experiments

Constituent Ascorbic acid Riboflavin Thiamine Carotene
Source of variance D, F. Mean: squares
Experiments 2 1.035 - 31.650* 3.415 0.01610%*
Harvests 11 5.000%%* 92,210%* 7.629 0.03536%**
Experiments X Harvests 22 1.132 6.522 5.627 0.00233
(BExperimental error)
Error 36 0.294 1.469 0.5511 0.000464
(Sampling error)

Ng. Meg. Meg. Mg.
Mean 9.13 19.0 8.8 0.301
Standard deviation 1,06 2.55 2.37 0.048
Coef. of variation, % 11.66 13.42 26.83 16.05
L. S. D. for harvests 1.27 3.06 B 0,058
L, S, D, for experiments 0.64 1.42 — 0,058

A2



TABLE VI

Equations for estimation of the total amounts of ascorbic acid, riboflavin, thiamine, and carotene
in Seven Top turnip-green plants from fresh and dry weight.

Equations for estimation of total amounts of ascorbic awld, rl.hﬂ:m, thiemine, and

ar . bl ”

o 8 iy

1 T'NLr ™ 'L

——Bxperiment o tel .

Nos Deseription  Ascorbie acld (X ) Thiamine (X R Carotene (X.)

1 mrgl.m. " Ep#16.866 + 8.242 X K= 57.529 + 15620 X;  Ry= 4.672 + 84461 X;  y= 24084 + 0.187 X,

2  Stillvater, K= 23,405 + 7.592 X;  Ag= 504424 + 144553 X;  R,= 14.180 + 8.236 X;  Rp= 0.726 ¢+ 0.2A7 X,
spring

3 Perkins, o= 8,065 + 84208 X3  Xg= 62793 + 124253 X; K= 104787 + 781 X;  Rg= 1.261 + 075 X,

Equations for the estimation of total amounts of sscorbic acid, riboflavin, thismine, and .carotene
in turnip-green plants from the plant fresh weight (X.)

2 Stillvater, Ra= 294335 + 0,659 X3°  Ry= 664374 + 1,246 X, K= 264472 + 04688 Xo  ‘Rp= 1A58 + 0.,0079 X,

8 Perkins, Bo= ~44972 + 04863 X,  Kg= 36,166 + 14327 Xo  Xy® ~1.770 + 0706 Xo  ‘Ry= 0+905 + 0.0189 Xo
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TABLE VII

Mean percentage distribution of dry matter, ascorbiec acid, ri-
boflavin, thiamine, and carotene in Seven Top turnip-green plants
at 12 harvests in three combined experiments.

Harvest Dry Ascorbic Riboflavin Thiamine Carotene
metter acid

Leaf blades
1 72.33 72.75 88.72 90.55 95.45
2 T2 44, 73.87 88.40 91.22 96.35
3 62.97 67.58 83.63 79.82 95.85
A 61.49 68.93 84.28 87.97 95.10
5 60.98 67.03 85.63 79.25 96.22
6 54.46 63.27 82.55 81.10 95.97
7 57.84 65.20 84.15 88.52 96.40
8 55.71 63.23 82.50 86,00 96.35
9 53.06 62.78 81.05 75.28 95.90
10 53.89 64.30 82.26 82.20 97.08
12 45.48 57.57 78.32 81.85 93.93
Midribs
1 23.00 20.82 9.23 5.18 4.55
2 21.46 19.25 9.15 5.97 3.65
3 26.51 22.80 12.85 11.83 417
4 28.37 23.13 12.13 6.07 4.90
5 27.62 23.50 10.30 12,77 3.78
6 35.44 27.58 14.35 12.93 4 .05
7 31.67 27.28 12.67 5.72 3.60
8 29.30 26.03 11.75 6.75 3.65
., 32.14 26.38 12.90 11.43 bel2
10 31.79 26.08 12.13 8.12 2.92
11 34.14 30.93 15.08 11.88 be 25
12 38.77 32.00 14.03 8.07 6.07
Roots
1 4.67 6.43 2.07 L.27 0.00
2 6.09 6.8¢2 2.41 2.83 .00
3 10.53 9.65 3.50 8.33 0.00
4 10.15 7.95 3.55 6..00 0.00
> 11.40 Qb5 4400 7.93 0.00
6 10.10 9.20 3.01 6.00 0.00
9 14.80 10.87 6.07 9.30 0.00
10 14.32 9.62 5.63 9.68 0.00
11 14.75 9.82 6.00 10.40 0.00C
12 15.75 10.42 7.67 10.12 0.00



TABLE VIII

Mean percentage distribution of dry matter, ascorbic aecid, riboflavin, thiamine
and carotene among the leaf blades, midribs and roots of Seven Top turnip-green plants
in each of the experiments.

Experiment Meanl percentage of total amount of constituent per plant
Dry Matter Ascorbiec Acid Riboflavin Thiamine Carotene

In Leaf blades

Stillwater, fall 6145 69.30 85.93 27.27 95.79
Stillwatar’ Spring 56.66 61086 80.75 79083 95.91
Perkins, spring 57.33 +30 83.43 84.26 95.89
L.S.D. for experiments 3,70 .56 2.89 Le54 -
L.S.D, for harvests 7.40 9.12 5.78 9.08
Stillwater, fall 28,42 23.06 11.03 6.95 be21
St llwater, spring 31.67 28,30 14.00 12.36 4.09
Perkins, spring 29.96 25.12 11.63 7.37 Lell
L.S.D. for experiments - 3.79 2.53 3.61 -
LoSoDo for har"ﬂat 6.41 7.58 ) 5006 7-22 et
Stillwater’ fall 10114 7-65 3.04 5!78 -
Stillwater, spring 11.67 9.84 5.2’0 7080 -
Perkins, spring 12.70 9.67 Lo 9% 8.38 -
L-S.Do for BIperimantB s 1.10 1010 2077 e
L.S.D, for harvests - 2.20 2.20 5.54 -

lijean of 24 samples; duplicate samples taken at 12 harvests.

>C



TABLE ITX

Significance of variation among experiments and harvesis in the percentege dige
tribution of dry matter and vitamin content of Seven Top turnip sreens at 12 harvests

in three experiments.

Dry matter Ascorbic amcid Riboflavin Thismine =  Carctene
Plant part B+ 12 B H B ¥ % H B

” e -4 g & % Eapd o e % - £ R
Leaf blad.@s = - 4 7 ) * ok i e NOSQ §§§0$§‘I i’?qdn

Y . B g e 3% 2T O & o ek 2t AR
'ﬁ}é dl‘lbs ?jch ¥ 3‘}3.5';. lf.g ':3!. e angc F('. }\d‘.%a
. . ¢ g b o 5 e : 2 e £ p s
Roots .S, e i o e ik o ¥ — —

lyariation among experinents

EYariatian among harvests



TABLE %

fean percentage distribution of dry mabter, ascorbie acid, riboflavin, thiamine,
and carobene awong the leaf blades, nidribs and roots of Seven Top turnip-gresn plants
in all experimsnts.

ﬁeanlpercentage of total amount of eonstitusnt per plant

Tlant pazt _ i
, Dry matter  Ascorbic acid Rivoflavin _ Thisnine _ Carotene

Leaf blades 5448 6,18 65.49£7,62 23.37%4.83 83.79%7.59 95,86+11.95

Midribs 30.02%5.35 25.49%+6,32 12,22 £4.23 8,80%6.02 L.14%1.72
Roots 11.50%+3,78 9.02+1.83 Lol ti.8h  7.32 £3.54 — -

lyean of 72 samples; duplicate samples taken at 12 harvests in sach of three experiments.

{4
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SUMMARY AND CONCLUSIONS

Relationships between the amount of dry matter in the whole
plent and the whole plant content of ascorbiec acid, riboflavin,
thiamine, and carotene, and the distribution of these constituents
among plant parts were studied in Mgrom Seven Top turnip-
green plant s,

Three experiments were conducted at two locations during
spring and fall growing seasons. Duplicate, randomly-selected
samples of not less than ten plants were collected twice each
wiek over a period of six weeks; leaf blades, midribs, and roots
were analyzed for moisture, ascorbiec acid, riboflavin, thianine,
and carotene.

The mean amounts of these constituents per plant in the three
experiments were as fadllows: Dry matter, 22,97 * 7.78 gm.; ascorbiec
acid, 199.4 * 63.7 mg.; riboflavin, 386.0 + 139.7 meg.; thiamine,
194.6 * 63,7 meg.; and carotene, 5.83 ¥ 2,46 mg.

As the plants matured there was a highly significant increase
in the total amounts of vitamin and dry matter. Correlations
between plsnt dry weight and the total amount per plant of ascorbic
acid, riboflavin, thiamine, and carotene were positive and highly
sign:lﬁcanf. This was also true for plant fresh weight and total
amount of each of the vitamins,

When age of plant was held constant, partial correlation
coefficients for plant dry weight and the vitamin content of the



whole plant were also significant but were less than the total
correlation coefficients. The decrease in correlation in the
case of ascorbic aecid, riboflavin, and carotene was attributed
to significant decreases, with age of plant, in the amount of
these vitamins per gram dry weight of the whole plant., There
wag no significant variation among harvests in the amount of
thiamine per gram dry weight of the plant,

Regression coefficients were determined for total plant
vitanin content on total plant dry matter in the three experi-
ments; an analysis of errors of estimate showed no significant
variation among experiments in the regression coefficients for
ascorbic acid, thiamine, and carotene; the regression coeffi-
cient for riboflavin in one experiment differed significantly
from the other two,

On the assumption of a linear relaticnship the following
regression equations were derived from the combined data of three
experiments for the estimation of the total amounts of ascorble
acid (X;), thiamine (IA)’ and carotene (x,} in the plant from
the total amount of dry matter (II) in the plant:

Ascorbie acid, mg. /fz = 16.667+ 7.954 Il

Thiamine, meg. %) = 4840+ 8.261 X,

Carotene, mg. %, = 1.179+0.2025 X,

The following equation for the estimation of riboflavin (13)
was derived from data in two experiments:

Riboflavin, meg. T3 = 55.886+14.797 X;

Correlation coefficients for the total plant content of the
four vitamins with each other were positive and highly signifi-
cant in all experiments.
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The mean pereentages of total plant dry natter in the plant
parts were: in leaf blades, 54,48 % 6.l§»gercent; in midribs,
30,02 & 5,35 percent; and in roobs, 11,50 ¥ 3,78 percent. The
mean percentages of the four vitamins in the leaf blades were ag
follows: asecorbic acid, 65.49 * 7.62 percent; riboflavin, 83,37+
4.83 percent; thiamine, 83.79 ¥ 7.59 percent; and eavotene, ?5;86_
* 1,95 percent.

As the plants mature& the decrease, from 72 to 46 percent,
in the pexcentage of dry matter of leaf blades in the combined
experiments was highly significant, There were highly signif-
jcant increases in dry matter in the nidribs and roots; the
percentagze of tosal plant dry matter inereased froam 23 to 39
percent in the midribs and from 4.67 %o 15,75 percent in the roots.

The percentages of ascorbic acid and riboflavia in leaf
blﬁdes algo decrsased gsignificantly asg the plants matmrad; but
decreases in these constituents were less than the decrease in dry
nabtter, There weré also highly signifieant incereases in the
pereentages of these constituents in the roots, but increases in
the nidribs, were not significant. |

Yo significant changes occurred with maturity in the percent-
age of thianine in leaf blades and nidribs but there was a signif-
icant increase in the percentage of tniamine in the roots.

The distribution of carctene in the leaf bladez and pldridbs

remained alpost eonstant throughout the growing period,



(1)

(5)

(6)

(7)

(8)

(9)

(10)
(11)

(12)

(13)

(14)

BIBLIOGRAPHY

Aberg, Borje, Effects of light and temperature on the
ascorbic acid content of en plants. Xgl. Lantsbruks-
Hogskol Ann, 13, 239-273 (1946)

Bernstein, Leon, Hamner, K. C. and Parks, R. Q., Influence
of minersl nutrition, soil fertility and climate on
carotene and ascorbic acid content of turnip greens. Plant
Physiol, 20, 540~572 (1945)

Blackman, G. E. and Wilson, G. L., Physiological and eco-
logical studies in the analysis of plant enviroment VII.
An analysis of the differential effects of light intensity
on the net assimilation rate, leaf-area ratio and relative
growth rate of different species. Ann., Botany 15, 373-
408 (1951) /

Bondi, A, and Meyer, H., The riboflavin content of poultry
feeding stuffs. J. Agr. Sei. 36, 6-9 (1945)

Brown, H. D., Schulkers, Ruth D. and Shetlar, M. R., Effect
of mineral deficiencies on the carotene coantent of vegetables
grown in the greenhouse. Proc., Am, Soc, Hprt. Sei. 44,
4L62=464 (1944

Conner, R, T. and Straub G. J., Dotermigation of thiamin;
by the thlochyome reaction. Ind. Eng. Chem, Anal, Ed. 13,
380~-384 (1941)

Demers, Marthe, Ascorbic acid and chlorophyll gradients in
Solanum tuberosum L. stems. Rev. Can. Biol. 10, 249-271 (1951)

Devyatnin, V. A,, Distribution of ascorbic acid in plant
leaves. Vitamin Research News (U.S.S.R.) No. 1, 35-38 (1946)

Fernandez, Maria del Capella De, Influence of seasonal
changes in the vitamin:content of some vegetables in Porto -
Rico. El Crisol 2, No. 3, 5-10 {1948)

Gallup, Willis D. and Reder, Ruth E., Sprouted Cowpeas as
a source of protein and vitamins. Oklahoma Academy of
Science 24, (1944)

Guha, B, C, and Ghosh, A. R. Biological formation of ascorbic
acid. Nature 135, pt. 1, 234 (1935




45

(15) Gurjar, A. M., Carbon nitrogen ratio in relation to plant
metabolism, Seience 51, 351-352 (1920)

(16) Gustafson, Felix G., Influence of temperature on the vitamin
content of green plants. Plant Phsiol. 25, 150-157 (1950)

(17) Hamner, K. C., Minor elements and vitamin content of plants.
Soil Sei. 60, 165~171 (1945)

(18) Hamner, K. C. and Parks, R. Q., Effect of light intensity on
ascorbic aeid content of turnip greens. J. Am, Soe. Agron,
36, 369-373 (1944)

(19) Hansen, Elmer, Seasonal variations in the mineral and
vitamin content of certain green vegetable crops. Proc.
Soe., Hort., Sei, 46, 299-304 (1945)

(20) Heinze, P. H,, Kanapgux, M. S., "Wade, B. L., Grimball, P, C.
and Foster, R. L., Ascorbie Acia Content of 39 varieties
of Snap Beans, Food Research 9, 19-26 (1944)

(21) Heller, V. G., Vitamin synthesis in plants as affected by
1ight source. J. Biol. Chem. 76, 499-511 (1928)

{(22) Hunter, A. S., Kelly, W. C. and Somers, G. F., Effects of
variations in soil moisture tension upon the ascorbic acid
g;d(iagogono content of turnip greens. Agron. J. 42, 96~

950

(23) Janes, B, E., Variations in dry weight, ascorbic acid and
carotene content of collards, broccoli and carrots as
influenced by geographical location and fertilizer level.
Proc. A-t 800. w' 30;:_ w. ‘07-412 (19‘-6)

(24) Janes, B. E., Composition of Florida grown vegetables. II
Effect of variety, location, season, fertilizer level and
soil moisture on the organiec coupoaition of cabbage, beans,
tomatoes, collards, broceoli, and ecarrots. Florida Agr.
Expt. Sta. Bull. 455, 5-44 (1949)

(25) Xuppers, J. R., Rusoff, L.L. and Seath, D. M., Seasonal
variation of carotene and other nutritionally important
constituents in two pasture grasses, Pallis and Carpet.

J. Agr. Researeh 77, 55-63 (1948)

(26) Lecat, P., Distribution and variations in the ascorbic acid
system in plants. Plant end Soil 3, 267-308 (1951)

(27) Lo, Teng-Yl and Chen, Shan-Ming, The effect of chemicals
and growth on the vitamin C and P contents of Chinese lettuce.

Chinese J, Nutrition 5-10 (1946)




(28)

(29)

(30)

(31)

(32)

(33)

(34)

(35)

(36)

(38)

(39)

(40)

(41)

Lueas, Robert, Effect of copper fertilization on carotene,
ascorbiec acid, protein and copper contents of plants grown
on organic soils. Soil Sel. 65, 461-469 (1948)

Lyons, C. B, and Beeson, K. C., Influence of toxic conecen-
$rations of micronutrient elements in the nutrient medium

on vitamin content of turnips and tomatoes. Bot. Gaz. 109

506-520 (1948)

Mei, Chen-An, Hsieh, Kuang-Mel and Chen, Teh-Ming, The
influence of light upon the apparent ascorbic acid content
of etiolated soybean seedlings. Biochem, Bull, (China)
HOC 57. 3-5 (19’05)

Moore, L. A. and Ely, Ray, Extraction of carotene from plant
material. Ind. Eng. Chem., Apal. Ed. 13, 600-601 (1941)

Noggle, G. R. and Watson, S. A., The relation of riboflavin
and ascorbic acid to carbohydrate and nitrogen fractions in
immature ocat plants as influenced by mineral dsficiencies.
Plant Physiol. 24, 265-277 (1949)

Osborn, Robert,H., Elliott, John H. and Martin, Arthur F.,
Apparatus for photoeledtric Titrations. Ind. Eng. Chem.,
Anal, Bd. 15, 643 (1943) .

Reder, Ruth, Ascham, Leah and Eheart, Mary S., Effect of
rortiiizer and environment on the ascorbic acid content of
turnip greens, J. Agr. Research 66, 375-388 (1943)

Snedecor, George W., Statistical Methods, Iowa State College
Press, Ames, Iowa, 4Lth e on,

Sanarni G. F., Kelly, W, G., and Hamner K. C., Changes in

ascorbic acid content of turnip-leaf disks as influenced by
light, temperature and 302 concentration. Areh. Biochem. 18,
59-67 (1948)

Southern Cooperative Group, Studies of sampli techniques
and chemical analyses of etables. EEu%Eern Soopcrativu
sries etin No.

Venkataramani, K. S., The factors governing the vitamin C
content of Trigonella foenum-graecum. Proc, Indian Acad,
Sei. 32B, 112-115 (1950)

Virtanen, A. I. and Jorma, J., Changes in the ascorbic acid
content of green glants in the dark. Suomen Kemistilehti
18 B, 50-52 (1945




{42)

(433
{44)
(45)

(46)

Biol. 31, 22-30 {1944)

&Y

Watson, S, 4., and W@g&le, G. Re, Effect of Hineral
daflclencles upon the synthesis of riboflevin and ascorbic
acld bv the oat plant. Plant Physiol, 22, 228-243 (1947}

ﬁiﬁhner, €. L., B-Vitamin changes during development of
curcurbit and tomato leaves Am, I, E@tan? 36, 355~359 {1949)

Woodman, R. I., Hutrition of vegetables ia sand. Ann Applied

Wynd, F. L., Relationship between dry we l?ht, protein and
vitenins in leaves of cereals Food Research 11,195-202 {1946)

Zepkova, G. 4., Concentration of vitanin € in certain plant
species of Central Asia Compt. renﬂ. Agad. Sei, {U.R.S.S.)
48, 653-658 {1945)




THESIS TITLE: Vitamin Coantent of Seven Top Turnip~@reen  Plantg
a8 Relpbed To Dry Matter and the Distribution of

Thssé Gonstituents in the Plank,
AUTHOR: George V. 0dell

THESIS ADVISER: Dr. Ruth B, Reder

The content ané foran have been cheekeld and approvad by the
author and thesis adviser. Changes or corrections in the thesis
are not made by the Graduate School office or by any connittee.
The copies are sent to the bindery just as they are approved by
the author and faculty adviser.

TYPIST:  Bebtty Jeane Odell



VITA

Ceorge V. Odell
Candidate for the degree of

Master of Seience

Thesis: Vitamin Content of Seven Top Turnip-Green Plants as
Related To Dry Matter and the Distribution of These
Constituents in the Plant.

Ma jor: Biochemistry

Biographical and other items;
Born: April 27, 1926 at Earlsboro, Oklahoma

Undergraduate study: Oklahoma Agricultural and
Mechanical College 1946-1950

Experiences: Navy, U.S.S. Gentry, D. E. 349
1944-1946,

U.8.8. New Jersey B. B. 62, 1947
Employed by the Agricultural Chemistry
Research Department 1948 through 1952
Wember of: Phi Lambda Upsilon
Date of Final Examination: June 1952



