LIRRARY

By N

TIME AND RATE OF SYNTHESIS OF PHYTIN,
INVERT SUGAR AND TOTAL SUGARS IN CORN
GRAIN DURING THE REPRODUCTIVE PERIOD

BY

ERNEST BENTON EARLEY
B. S., Clemson College, 1928
M. 8., Virginia Polytechnic Institute, 1929

THESIS
SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF DOCTOR OF PHILOSOPHY IN AGRONOMY
IN THE GRADUATE SCHOOL OF THE
UNIVERSITY OF ILLINOIS, 1941

URBANA, ILLINOIS




University of Illinois Library

Manuseript Thesss

Unpublished thesss submitted for the Master’s
and Doctor’s degrees and deposited in the University
of Illinois Library are open for inspection, but are
to be used only with due regard to the rights of the
authors. Bibliographical references may be noted,
but passaeges may be copied only with permission of
the authors, and proper credit must be given in sub—
sequent written or publishsd work. Exiensive copy—
ing or publication of the thesis in whole or in part
requires also the consent of the Dean of the Craduate
School of the University of Illinois.

This thesis by@'ﬂ\lfu{m&m

has been used by the following bersons, whose signe—
tures attest their acceptance of the above restric—
tions.

A Library which borrows this thesis for use by
its patrons is expected to secure the signature of
each user.,

NAME AND‘£EE§ESS DATE i
77/7»«" @.,.,wa/ . /1/2/4[5[



UNIVERSITY OF ILLINOIS

THE GRADUATE SCHOOL

Japuary 11, 1941

I HEREBY RECOMMEND THAT THE THESIS PREPARED UNDER MY

SUPERVISION BY Ernest Benton Earley

ENTITLED Time and Rate of Synthesis of Phytin, Invert Sugar and

Total Suears in Corn Grain During the Reprcductive Period.

BE ACCEPTED* AS FULFILLING THIS PART OF THE REQUIREMENTS FOR

THE DEGREE OF. Doctor of FPhilosophy

GGk

] In (':harge of Thesis
(VK Rty
\ Hea(? Department

Recommendation concurred inf

C(MM Committee
£2 7TZ§LQ£Z;? | En
G740 deict)

Final Examination}

*Subject to successful final examination in the case of the doctorate.
tRequired for doctor’s degree but not for master’s.

1000—12-40—20306-S

1128326




' 2

ACENOWLEDGUENT

The writer wishas to express his ap
preoiation to sll those who gave saslstance
in this investigation., He is particularly
grateful teo Dr. E. B, DeTurk for his help-
ful sugrmestions during the course of this
‘work and for his &ié in the preperation of

the manuseript,



TABLE OF CONTENTS

Puge
Acknowledmment,. o+ o o o s o & ¢ & ¢ o ¢ % s ¢« ¢ s 5 o o 2 0 @ x
Teble of contente + o « ¢ & o o » s ¢ o 2 2 o ¢ 2 & s 8 o s o xX
Inbroductions « « o o o 5 s o s 8 % 2 o s 6 & 5 & & s & ¢ » 8 1
Review of Literatures « o « o s o o 4 ¢ 0 o 2 8 ¢ 6 0 0 & » & 1
PhQSphnrus e v s s w K 8 4w e s e s s s e s ow 8o 1
Phytine o o o s o o ¢ e 6 o ¢ % 5 5 ¢ s v ¢« s v s s 2
TOLEL o o » 2 4 & 2 & % & & ¥ 5 v « 4 o« 0 o v 2 8 » 3
Carbohydrabess o « o o s & ¢ 5 & 5 &« o » & ¢ o ¢ 5 & o ¢ 3
Metecorological debB 4 « o » » s o s o » 5 8 o v s « % ¢ s s @ 4
Samples
Collecting and PreBervinlfe o o « o s o ¢ 0 6 2 ¢ & & » o 1
Table 2, Sohsdule of pollinetion and sample
00llectbions » 4 ¢ o 4 5 2 v 2 2 s 6 s s e 8
Prepuretion of Sampless « o 2 » o ¢ o o o 2 5 ¢ 6 + o o 4
Table 3. Drying of samples « o o « ¢ o ¢ ¢ ¢ o & o 7
Yethods of Analysis
Phosphorus
Phybifia v o » o o o & 2 2 2 » 6 8 s a4 ¢« 5 2 2 % » & 8
Precipitation of ferric phytaste, » ¢« o « s o » 8
TotBl o o 4 o ¢ ¢ 6 « ¥+ o ¢ 2 6 5 0 6 ¢ 8 5 2 & & 9
Carbohydrates .
Bxtraction of SUgarBe » & » » ¢ o o » ¢ s & 8 s v » 10
Determinstion of Reducing Sugar o« « o + o o & » » 10
BUBTOBE. & « » s » ¢ v 6 5 ¢ ¢« ¢ 2 ¢ o o ¢ » 10
Table 5. Stendardizetion of Ce{80¢)ge » « » o 11
Sturch o o 4 a o o » » 3 8 ¢ 0 » 8 8 5 & 60 ¥ 12
Results and discussion of dry welght data 4 » o ¢ ¢ o ¢ » » » 12
Table 8. Dry weight daba of samples o + o« o » o o ¥ » 14
PAZe Lo o o # o o 5 o 50 2 5 4 2 2w v 5 2 6 # 0 6 ¥ b 15
PEe 2 w o ¢ o v o 6 0 5 3 6 ¢ v 4 koo w G 8 s b 18

Teble Te o o 5 ¢ ¢ # 5 5 2 * v » 5 4 o & &8 2 o 5 » 3 2 » 17



S XX K-

Results and discussion of phosphorus 4at8.0 o » « o o » s « P;go
Table 8, Percentags of total and rhytin phosphorus in
developing corn ovaleSs o & v s 6 » v s 2 ¢ & » 19
Fifle Bu o o o 6 5 5 o 2 o 5 5 % » ¢ 5 o9 & 9 a8 ¢ # o o 21
Pige %4 o v o 5 o 2 o 5 6 45 o 2 06 2 5 o0 0088288 23
Table 9, Milligrams of phesphorus in grein per ear
durdng growthe « o v o o ¢ ¢ 6 o s o = 2 » 2 s & 24
Fig. T e 25
Fige 6 o v ¢ o o 6 ¢ 5 ¢ 6 ¢ 2 5 % a4 6 0 8 6 28 304 27
Phytoin dn oorn 811k8 « 2 ¢ o 4 4 o o o « ¢ ¢ o ¢ 0 s o o 28
Table 10, Fercentage ghytin in silks 4 o » » » & @ 28
Phvtin incorn pollen, o« « o o ¢ o « o o o 8 o 2 o« » & & 28
Table 11, Percentage phytin in ;ollenNe o« « » o « = 28
Results and discussion of earbohydrate deta,
Reducing sughrs and BUCTOBSs 4 s « o ¢ ¢ o 5 » = v o o & 29
Table 12; » » » & » 2 = o sPorcentage suger in
OVULIGE 4 a o v o o 5 o « o 2 8 2 8 & 2 & 30
e A 32
SURTCNe o o on o v o o 5 5 % 58 % 56 2 8 8 3 8 o 5 8 4 0 33
Table 13,
Percentage Starch and grams in owles. . 34
Figa Be ¢ ¢ # o 6 o 0 ¢ 6 0 8 ¢ 2 8 ¢« 6 % 2 % 2 o2 &6
Table 14, Grams of sugar In ovules . o 4 o ¢ « « o 38
Pige 9¢ o o o 5 o 5 o o 5 6 9 2 2 8 6 2 25 5 22 2 4 37
Carbohydrates In oorn 531EBe « o 2 o« & o 4 & 2 v ¢ o & @ 38
Pige 10 o 4 6 v 2 4 o o 4 9 6 % 4 5 2 8 ¢ o & 5 ¢ » 39
Table 16, Percentage sugers in corn 211ks, + 4 « » 40
Carbohydrates in ¢orn pollen es o o ¢ & o 5 » 0 o & & 40
Table 18, Percontage sugers in corn pollenm o o « o 41
SUMMATY. o # % % 8 & 5 % 5 & F 4 K b e n 8 B w A e A A ¥ s » 42
Literature RefersnosBe o+ o« o o ¢ o o o 4 o s« o s o & s ¢ ¢ & 435

vitaodbhittl'i‘ll#,ﬂl"l‘oi“ﬂﬁlQPQ‘IF*‘ 4‘5



TIME AND RATH OF SYNTH SIS OF FEYTIN,
INVERY SUGAR AND TOTAL SUGARS IN CORK GRAIN
DURING THE Rg-RODUCTIVE 1 IRICD

INTRODUCTION

There huve been many investipgations ddaling with the chemieal compo-
sition of the mature corn owvule, A few of these works ( 8, 15 ) were concerned
primerily with the total rercentage composition of the grain and ite warious
parts, such &s the hull, the horny glutem, the horny starch, the germ and so
forth., The data usually consisted of ‘g;ercent nrotein, ash, 0il and carbohydrates
or nitrogen-free extragt., In other experimemts ( 16, 17, 18, ) the eorn owule
has been subjeected to total chemiesl analysis at several stages in its develop-
ment, The purrose of these investigations was to debtermine at whait stage of
growth the yield and eomposition of the grain justified its use as fesd, VWhile
these studies asoomnlished their purrose, znd were desirable from ssveral points
of vﬂiew, they contributed meager information om the metabolism of the chemiesl
constituents of the developing owle. This study therefors, was undertaken for
the puriose of following the sourse of ;hytim, total phoschorus, reducing sugers,
suorose and starch in the sorn owile at freguent intervals from before pelline

etion to advansed maturity.

REVIEY OF LITHERATURB
Phosphorus
Phytin
Phytin is known to be the ;rincipel storage form of phosphorus in
sseds, It 1s also known to be absent from vegetative tissue on whieh tests have
been mede, with the exception of & few grass species {14) grown &t Brmelo, South

Afriéa and wheet straw (19) produced in Englend, MoCane and Widdowson {20)
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reported that the tops ol oarrots, parsnips, potatoes, Jerusalem artichokes,
onions, swedes and turnl;e contained no phytln, wheress the under-ground portions
of the first four contained phyviin while the lettor three did not, No explanation
was given for the finding, Aside from this informnticn, the rest of a rather
large amount of date conceraning phytin appears controversiel. ¥ven the exset
chemical formulae is not fully sgreed upon, although the msjority of inveati-
gators apgree that phytio acid consists of one mole of inosite end six moles of
vhosphorie acid. Sbtarkenstein { 29) was of the oninion thet phytie asid is &
complex pjrophosphorie acid compound with inosite, whereas ’nderson ( 3 ) bee
lieves it te be & hexa orthopliosphoric scid ester of inesite, In support of the
latter struoture inderson statesy ™o haves besn forced to the conclusion, there-
fore, that the assuaption of Suszuki and ocollaborstors, that phytic zcid ia
inosite hexaphosphoric acid CuHig0gePes i8 corrset.™ Recently Young (31 ) pre~
pared sodium phytets and from the analysis assigned to it the formula,
BogoCaHgOneFy « 3HgO # 35 Ha0. The maturally cocurring oslcium, magnesium and
potassium selt of phytic ecid is known as ;hytin,

Since the object of this investigatlon wes quite different from that
of previous work on the sorn owale, the literaturs on the subjeot is very Timit-
ed., 28 a matber of faot the only published deta touching directly on this probe
laﬁ appearsd in 1933 bty Defurk, Holbert end Howk (11 ).

They reported the sbsence of phytin in the vegetative parts of the
corn plant, including stalk, blades and forming tassels emd ears, during the
pre=~pollination period. Two weeks after pollination, however, they found phytin
in the fertilized ovules bub failed to find it in any other rart of the plant.
This work represents the first recorded sttempt to determine the initial syn~
theais of phy‘bin in reproductive timeus,

Fm their work it appears that phytin is synthesised only in the
fertilized owale beginning during the first twe weeks following pollination. Im
referring to the fofmtim of phytin in the fertilized owtle DeTurk et. ale,
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made the following commentss “The socepied reversibility of enzyme remctions
{ 5) for instance, considered with the undisputed enzymatic cleavage of phytin
hylph}rtase ( 1, 2, 7, 23, ) leaves no doubt that phytin synthesis is an en-
syme reaction. Furthermore, the fact that the beginning of this synthesis
follows immediately after pollination and does not osour before pollination suge
gests an intimate sssociation of activetion of the zymogpen with fertilization of
the owle, Inasmuch es sxbremaiy saxll guantities of an sotivator mey be sufe-
fielent to set off s ;rogressive enzyme remction, it is not heyond the range of
possibility thet the pollen grein mey serve as the carrier of this activstor.”
This hypothesis is based on the feilure of the writers to find vhytin
in unpollinated owiles and on the date of Anderson and Kulp ( 4) who stated:
"Judging by the very small difference between th§ total soluble and the inorganie
phosphorus in pollen it appears rather doubtful if phytin or inosite hexaphose
phoric acid is present in this meterial.®
(ne might oconclude from the dats presented in the litereture that
the wegetetive parts of the ocorn plant and the unpellinated owlas do net contain
phytin, It seems to be guestionable, howsver, as to whether or not corn pollen

aonteins this compound,

Total Fhosphorus

The fevuw of the literature reveals no conorete evidence on the
ascurse of total phosphorus in the developing sorn owle. The problem has not
been thoroughly inwvestigated and the deta presented in this study ere perhaps the
firat showing the trend of totsl phosphorus throughout the complete development
of the oryopsisa

Carbohydrates
The writer is unable to find in the litereture any work dealing with
 the fractionation of the earbohydrate compounds throughout the growkh of the sorn

" owale, ¢
e




ndly
Vazther Data,

The dets in Table (1 ) represent some of the recorded weather inform-

ation teken at this station during the 1939 prowing season.

¥onth Totel rain Max, Min, MNean Daily Meun Mex, Hean Min, Total Hours

in inches Temp, Temp, Temp. Temp, Temp Sunshine
| °F °F °F °F °F

Mareh 4,83 81 14 42,8 51.7 32.2 224,10
April 5.39 ) 21 48.2 57.6 38,0 222.45
May 1,19 89 36 68.5 T7.1 63.8 362,20
July 1.78 98 58 77.8 85.5 65.4 329,80
Aug, 8.38 81 64 751 83.6 61,7 334.14
Sept, 0.32 99 41 T2,6 85.0 §8.2 332.24

Qot, 2,54 89 28 57.4 69.0 43.5 260,27
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SAMPLES
dollecting and Freserving

Station Reed's yellow dent corn wes used for this investigation,

Baoh day during the active shooting ;reriod shoot bags were put on a large number
of normally develaping esrs on which no silks were visible, When the silks were
ready to be pollinabted the sontrellsd pollination and sampling schedule was be-
gun, The schedule is glwven in Table]% .

The first sample consisted of 24 unpollinated ears selected st random
from the baggad shoots at 10500 A.M, July ao.‘?sgé 8100 A.M, the same day 48 ears
were pollinetied. These served for the second and third samples, representing
intervals after pollination of 8 end 12 hours, respectively., From 6:00 te 7330
Pol. July 20, all remainihg bagged shoots were pollinsted and marked, Thism
large guantity of uniformly pollinated material supplied semples for the period
from July 21 to August 3, during which time samples were teken daily except the
lest few days., From fugust 10 to September 28 weekly samples were selected at
rendom from the naturally pollineted eara.

A1l semples, exeopt the fully mature ones, were brought from the
field Lo the laboratory in moist gunny sacke and preserved within thres houra
aftar being picked, Hach field sample was divided into three laboratory samples
and esch of these three groups was husked separately and divided into shenks,
silke, owulaes and cob, The ovules were cut and then thoroughly sorapsd from the
oobs into & clean, ensmeled ran, Th@ natearisl was mized and about 50 grams
placed into a tared 400 ml, beaker and covered with 300 ml. of boiling 1+3:54
aloohol without the addition of ga0s ( 9)s The aloohol-plant nu'h\:%a \:as boiled
ebout 15 mirmtes after which it wans rapidly dried in a foroed o‘gm o:;n at ?5'3. -
Upon being ramoved from t;ho aven the umple was sovered with C‘Zﬁy& alaohol, & »of' i
dish placed over the beaier and aw:'edb )m silkv e ;i:iorwd liikce the ovules _
Whoﬁ&mhng@:m_;f?;gmkgg,;;mxm.drﬁ.nd«..mmwﬂmyomm ifter the ovulss ware

sufficiently mature to shell they were M rapidly dried in the steam oven ab
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Table 2 . tohedule of ralién and semple collection,

Date pollinated Ho. of ears per Date Interval between
field sampled Sampled. Follination and
sannling
Hot pnllinated 24 Tu@0mEYunll a,m, 0
T=-20=33, 8 n.m, 24 Tw20m3w~ £ pem, 6 hrs,
Tu20=39, 8 a.m. 24 P«20m33m= 8 pom. 12 hre,
T=20=39, 5=-T7:130 p.m. 21 Te2lwBIm= T Do 1 day.
" " 21 7w28wEFm- ¥ 2 days,
" " 18 Tu2Fw3Gmm " 3 days.
n " 18 TulbmBEGem M 4 days.
" " iz TulbumBGme " 5 duys.
n n g Tl TaBGme * 7 deya.
" " 2 TwB0w3@mm ™ 10 days.
” " 10 Bal3e30n- " 2 waeks,
Hetural Pollination B:] 8~10-39 3 weoks.,
" o 9 BelT7-39 4 weeka,
" # 9 Ba24-58 5 weaks.
" s 9 83139 8 weeks,
" w g DT 38 T wosks.
" ® g Gulism39 8 weeks,
" " 8 L BA T Y 9 weeks.
® " iz §u2Bud9 10 weaks,

gach field semple wrs divided into three laboratory samples, taking one third
of the mumber of sars indleated in thie oclusm for each.



73°C and stored in one-pint, glass jars with e few naphthalens balls,
Preparstion of Samples .6 ﬁ,r-u;_v,.?.ﬂ% )

The samples preserved in aleohel were prepared for analysis by
drying for 12 hours in the ateam oven at 53°C, feollowsd by 8 hours in & vasuunm

oven at 65%C, This trestment brought them to gonstant weight as shown in Table

3 e o
_After drying mnd weighing, the samples were ready for analysis.

411 meteriels not pregerved in alcohol wers ground in a Wiley mill and dried in
the wvacuum oven in preperation for analyals.,

Tablae 3 . Rate of loss of moisture from nleohol pressrved corn
sam:les by drying in vacuum,

Sample Ho.
Drying conditions ] 30 54 73
12 hrs. in steam ' :
oven at 53°C. 145,910 116‘169 136-975 145,193
1 hr, in veouum
oven at 85°C, 145,088 116,188 128.870 145,134
2 hrs., in wvacuum
oven at §5°C 145,938 118,144 126,987 145,104
3hrs, in vacuum
oven at 65°C, 145,928 118.138 R 8.964 145,108
4 hrs, in veouun A
oven at 65°C 145,925 1l6.138 126,956 145,127
5 hrs in wouum
oven at 85°C, 146,918 118,129 126,880 145.114
& hrs,s in vecuum
oven at 856°C, 145,910 114,128 126,950 145.230
7 hra, in vacuum
owen at 65°C. 145,903 118,119 126,945 145,099

8 hrs. in veouum ; -
oven at 65°C, 145,501 116,115 126,943 145.110
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¥ETHODS OF ANALYSIS

Fhosvhorus

Fhytin

The sample was extracted 2 hours on a sheking machine with a sclution
of 1.2% HMC1-10f% anhydrous NagS80,. The sample-solvent ratlo may renge from 1310
to0'1120. It was then either filtered with suction through e gooch crueible with
asbestos mat or centrifuged and filtered throuph a coarse filter yaper, Fifty
ml., of the extraoct were pipetted into s 280 ml. beaker and 50 ml, of distilled

weter added, piving an JiC1 concentration off 0.6%4, An exeaas {usueany 15 m1.) of

"J‘? 31”‘% m ' b
about 0.2% ferric ghloride solution in 0.6% Hcl was ad ad hile tne solution was
12 Torarn Dt Lbtrneliad pnon wiitd famirfulils” b laledy bn | Ao Wbl AE A Vipblonct

elowly stirred.7 After the ferric phytete p rvité!’ce d sbood 1 houp it was

filtered onto a Fine asbestes mat in a goooh erusible by means of suotion, The
precipitate was rinsed from the beaker with a few small guantities of 0.6% HOl«
~NagS04 solution, after which it was weghed several times with the seme seolution
to remove free phosphorus compounds. The googh orucible was then ignited in the
elactrio furnace for 3 hours at 1000°C,

. After cooling the asbestos mat with the ignited precipitate it was
transferred to s 250 ml, besker and the precipitate dissolved in 10 ml, of oon-
centrated HOL, Weter was sdded mnd the solution filtered into & 200 ml. volu=~
metric flask, made to volume and total phosyhorus determined colorimetrierlly

(12), This wvelue expressed as percent of samcle represents vhytin phosphorus.

PTime required for precipitation of ferrie phytate,

Sinve, as previously etated, one of the mejor objects of this inves~
tigation was to mssertain the initial synthesis of phytinm in the owiles, 1%t was
imperetive to learn the smallest quentity of phytin phosphorus that this pro=-
csdure could detent,

in order to do this about 1 liter of oorn meal extract was prepared

in the ratic of 5 grams of mesl to 100 ml, of solvent and phytin phosphorus de-




ternined. Different size aliquots of this zolution were used, In each case
the total volume was made up to 115 ml, and the total iron added, 28,5 mgms,
The results of this tast are shown in Table 4 .,

Table 4 . Relationship of guantity of phrtin zhosphorus to rate
of ferrie phytate formation and preairitation,

Vel. of Phytin Phosphorus Tine Required for
bxtrect Present “Cloudiness Compléte Freoip.
ml. mem, hra, hra.,
0u5 0.066 e 96 - W fev,
1.0 0.132 22,0 45
2.0 0,284 11.0 20
3.0 0.396 4,8 20
4,0 0.528 2.0 8
8.0 0.660 1.8 6
10.0 1,32 0433 2
15.0 1.98 0.15 0.5
20.0 2.64 immediataly 0,25
26,0 3. " 0.25
3.0 .96 " Q.25
50-9 m G b " 0.25

These results show that es little ms 0.066 mgm, of rhvtin rheosphorus
can be precipiteted by thie method if allowed to stand 98 hours.

Total Fhosphorua,.

Semples used for totel phosphorus determination were oxidized by
the nitrie~-perchlorie acid m_thod&. Pollowing oxidetion the residue was taken
up in about 26 ml. of 8% HNOy and heatsd on the steam dath for s half hour to
or.;uvert meta-phaaghorie' agid to orthophosthoric seids Resulte at this station
show that HOL0, dehydrates a ;:oz“bidn of the orthophosyhorie to metaphosphorie
acid during removel of exoess HCLO, on the hot rlate, After the hvdrolysis

treatment yhosphorus wes determined ¢olorimetrisally, (gl)

Carbohydrates,
Bxtreoction of sugurs,

The samples was extrsoted three times with 80 percent alechol by

AUnpublished method.
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digestion on the stear bath and decanting through an alundum eruoible, after
whieh the residue was trensferred to the alundum crucible and the extraction cone
tinﬁad for 15 hours in & soxhlet, The nlcohol was removed by evaporation on the
steam bath in the originel 400 ml, beaker, water being added to prevent its
going to dryness, Tolusne waa added and it was then made to volune in a 500 ml.
volumetrio flask, from which filtered aliquots were used without further treat
ment for redueing suger determination { 22). All samrles not preserved in alco-

hol were weighed direotly into alund m thimbles for extraction.

Determination of Reducing Supers.

The Munson-Walker rrocedurs was followed ur to and inecluding wasghing
of the currous oxide with warm water. The orucible was then removed from the
suction flask and the outeide rinsed with weter, after whieh the asbestos ma%,
sonteining the Cugy0, wa&,transfarred to the original beaker and thoroughly dig-
integrated in about 25 ml, of warn weter. The crucible was then placed in the
beaker and sbout 25 ml, of ferric aulfktaz added and stirred, The beaker wes
rlaced on the stean bath and hﬂatedlapyraximmtely one half hour or until Cugl
had reasoted completely with ferric sulfate, The beeker was removed from the
gteam bath, allowed to cool and distilled water added to & volums of about 200
ml. Two drops of ortho phenanthroline indicator were added and the ferrous ion
titrated with sprroximately 0.05 K oceric silfete solution previously standard-

ized amgninst rure dextrose, (See Table 5 Pags 11 J.

Buorose,

o 8 250 ml. aliguot of the supar solution was added 10 ml. of oon-
esntrated HCl and hydrolysis allowed to progeed for & minmlmum of 48 hours st
about 30°C. The aoid was then nearly neutralized with NaOH and mede to 300 ml,
with distilled water. After filtering, total sugar was determined on aliquots

of this splution and susrose oeleulated.

1 B0D grams Fog(S04)s ¢ 1000 ml. como. HoS0¢ + 8000 ml. distilled Hg0.




Table 5 , Standardizstion of ceric sulfate,

wll=

mgme Dextrose

ml, Co(S0,)a

Ave, ml, 0s(80,); Ratio D82 JExiross

mimas blank

‘1

4/2

10,408

20.818

31,224

41,832

52,040

Blank

6.90
8.80
6.90
6.90

14.00
13.80
13,70
14,00

20, 20
204,20
20.30
20,20

27.45
27,35

33,50
33.70
33,
33.80

Q.26
0430
0.20
0.20

6.6386

13,640

20.00

27,16

33.36

Nean

1.5686

1,5261

1.5616

1.5328

1, 5800
1.5497
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Starcha

The residue from sugser extraotions wag transferred to a 400 ml,
baaﬁar, 200 ml, of distilled water added, the besker covered with & watoh glass
end boiled 25 minutes. The wateh glass and sides of the beaker were rinsed and
allowed to oool to 45°C. It was then placed in & 45°C. oven, undiluted takae
disstase was added in ebout a 131 ratio (10 ) with the stareh and held at this
temperature for thres hours with oceasional stirring, The beaker was heated on
the gteam bath, filtered into a 400 m. beaker and washed until evproximately
350 ml. were collected., Ten ml, of concentrated AUl were sdded and the solution
evaporated to about 10C mls {10 ) after which the HCl was nearly neutralized
with NeOH. The solution was then mede to 250 or 500 ml, dspending on the quantity
of sterch, After filtering, its redusing walus was determined and stersh cale
culsted, A blank Mis5 be run ﬁth%ia determination,

RESUL?S AND DISCUSGION OF DRY WBIGHT DATA

The walues for dry weight of greir per ear of corn show a weekly
rate of inorease comparable to the antocatalybio reasction { 26 ) of biologieal
materiels. This reaction is characterized by a slow rate of sctivity during the
early part of its functioning, during which time the autooatelytio substances ere
acoumnleting. Pollowing this priming period the reacction besomss sccelerated
and oontinugs so until the organism reaches the pesk of its first growbth oyele,
At this point the reastion subsides, probably bessuss of exhaustion of food matere
lals or on acoount of the inhibitory nature of the byproduets, and the rate of
development of the orgenism becomes exceedingly slow. After & oertain length
of time, depending on the organism under investigation, the rate of the growth
reschion inoreases for a second time until a maximum has been remched in & seaond

growth oyole, Then follows the deolines, 4 third or fourth oyole may oeour,
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Growth eycles have been dsseribed by Minot (21 ) for the guines-nig
and by Brody ( 6 ) in the fowl. Three successive periods of repid growth altere
nating with periods of slow zrowth in the mouse have been deseribed by Rohertson
(27 )« The growth rete of an annual plant {25 ) has also been shown to exhibit
similar behavior,

The weekly rate growth of the developing sorn owvule likewise proceeds
in cycles and not at s uniform aoceleration from pollination to maturity. Cone
firmation of this statement is obtained from a study of the weight data giv@n
in Table 6 and graphlioally shown in Figure 1 . It is observed (Fig, 2 )
that the rate of incresse wus rather slow for the first two weeks aftier nolli-
netion followed by a more repid rete during the 38rd and 4th weeirs, During the
5th and 6th weeks the rats of dry weight jroduction decreassed rather rapidly to
zero, thereby completing the firast oyele of the growth curve., Immedietely theree
after growth was resumed, reaching the pesk of a second cyole at the end of the
Tth waek, 4t the end of the Bth week the rate of growth had agaln fallen to
tero, thus concluding the second and last cyols in ths develorment of the corn
owle,

The loss of dry weight during the succeeding two weeks, 9th and 10th,
may be scoounted for as an experimental error resulting from the selection of
ears from the sams small plot from whieh all previcus samples hed been teksn.

The personal factor in this method of sampling may have resulted in leaving smal-
ler ears for the two last pericda, thereby showing a loss in weight of dry grain
per ear, In this connection abttention should be oalled to the work of Gurtiss
and Patriok { 8 ) in which they reported a loss in weight of grain pet”@cra from
October 8 to October 15. They believed a slightly defective steand may have been
partly responsible for the deoresse but felt that this explenation alone wes
insufficient to sccount for the total loss. In both of thess experiments res-

pirnt&dn may have been responsible for at least a portion of the observed loss

in weight of dry grain towerd the end of the last oyele.



Table ¢ o Dry weight date of corn sam:les,

Ko. of sers - Total dry Avarage dry wt. Weskly pain
Interwsl after per field weight of of owles per of owles
Pollination sample ovules ear per ear
@85 ) m' - ms‘
Unpollinated 7/70/%; 24 26,40 1,10 e
6 hours 24 26,69 1.11 ——ore
12 hours 24 23,95 1.00 -
1 dey 21 27.956 1,33 —
2 d.&ys 21 33.21 1058 -
3 d&yﬁ 18 83,71 2.98 -
4 deys 15 41,08 2,74 -~
& d&yﬂ iz 55.59 5.47 -
7 days 7051 9 46,78 Be20 4,10
10 days 9 79.08 8,78 R
“ g .13
2 weeks §[?[2” 10 154,50 13.45 467
3 weeks g0 9 626,70 58.62 45.07
4 woeks §[17 8 974,29 108,25 l,ie.'ra
§ weeks - . 9 1,157,186 128,57 20,32
6 wesks 7[3! 9 k,143.28 127,03 ~1.54
T weeks 9i9 9 1,561.00 172,33 45,30 -
8 weeks i 9 1,561,26 173,47 1,14
9 weeks 4/ 9 1,461,36 162,37 ~11,10
10 weeks 107 12 1,797.06 149,76 -12,61
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In 1869 Schweitser { 28 ) made weekly determinstions of the average
welght of grain per ear of corn from sugust 68 to September 17, This was done
far tha purpose of learning the time at which to harvest corm in order to meecure
the largest sore yield of grain, In doing this work he selested only four sars
at cach sampling date, The results are given in Table 7 , These date show
& more rapid increase in dry welght per esr than that shown by the present work.
However the warieties were different and this together with other warisbles
would satisfactorily wecount for the observed differencss in rate of growth of
the owales., Nevertheless in peneral, the growth curves snd the weakly rate of
incresse in the two investigations agree quite well, The woekly rote of inorease
per ear fbr‘Schweitzer‘s vork, like that of the writsr;: indicetes cvolic rather M/‘
than uniformly sccelerated develo;ment,

Table 7 , Agronomic data of Schweitzer's work with 5%, Charles
whits wariety of corn,

Pry weight of Woekly dry waight
Ho. of ears grain inerease of owles
Date Sampled peor sample. per sample. per ear
. . ERS. FRB.
Au%ust 6, 1889 4 25,5 -
13, 4 66,44 30.9
" 20, 4 116.7 89,3
" 27, 4 151.8 78.1
$egh. 3, 4 181.2 10,6
10, 4 191.5 10.3
" 17, & 236.8 46.1
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RESULLS AND DISCUSSICH OF VHOSIHMRUS DATA

The percentages of total and phytin ;hosphorus found in develoning
corn ovales are recorded in Tpble 8 end shewn in Figurs 3 . The unpollinated
ovules contained Q.608 percent totel phosphorus, Those owles pollinated for 8
end 12 hour interwvals showed only a slight decrease from the unpellinated sample.
#t ti.e end of one day following pollination total rhosphoruz had decreased to
0,803 percent and remsined elose to this walue for the 2nd, ¥rd, 4th, 5th, Tth
and 10th day after rollination. By the end of the Znd week after pollinstion
percentage total phosphorus started to decline and conmtinued to do so until the
gorinletion of the 4th week., From this time to the snd of the exje riment percent-
age Lotal rhosphorus remanined unchenged,

Ohservation of the phytin deate shows the unpollinsted owmiles and
those nollinsted for a period up to 2 weeks to contain & very low parcentags of
phytin phosvhorus, The average for this perisd waz 0,0145 percent, The imports-
ant feet in this connsotion, however, is the finding of phytin rhesvhorus in the
unpollinated corn owule. This is the first record so far as the author is aware
of the detection of phytin phosphorus in the unfertilised owule. Heretofors it
hes been found in owilas which had beem pollinated for & pericd of about 2 weeks,

By the end of the third week after pollinatiom rapid synthesis of
phytin was under w sy and procesded through the fifth week, at which time the
peroentage was 0,197, There was very little activity during the 6th week
whereas by the end of the Tth week phyhin phosphorus had ine-eased to 0,287
percent where it remained prectically unchenged to the 10th and finel sampling
period,

The above inverse relation of percentage of total and phytin phos
phorus 4n &ha corn ovule has liiewise bean observed in the developing wheat
kernel, Knowles snd Wetkins { 19) found 0,941 percent total phosphorus and
0,079% phytin phosphorus in whest ovules on Juns 18 whereas on fagust & total
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corn ovales

Teble 8 , Percentage of total and phytin phosphorus in develoring P

:«% B C-u ! i
Interwal albor Phos horus Ava. percentege of // Phytin phospherus - %0
Pollimation Total Fhytin Total Phytin ¢ es Percentage of Ty
A % P P total phospherus ;.
Unpollinated 0.615 0.008 0.608 0.013 1.84 p.59%
0.601 0,017 :
6 hours 0.566 0,006 0,551 0.012 2,13 p.537
0.537 0.018
12 hours 0.531 0,015 0.602 0,015 2442 t-$81
0.6T4 0.0L5
1 day 0.495  0.013 0.503  0.013 2,80 o 499
04512 0,013
NN |
2 deys 0445 0,013 0,486 0012 2.45 o417
0.529 0,011
o bs
3 days 0+460 0,007 0.478 0,013 2.62 p-b
04986 0,018
4 days 0,513 0.009 04495 0.012 2.49 o483
CedTT 0,016
$ days 0.484 0,008 0,484 0,084 7.02 o8P
0.483 0,086
7 days G.‘lei O.@O& 00@78 0004 0.91 0 ’ ‘4 ")‘(
0.4T2 0008
04466 0.086
0.01%} 5018 MO
2 weeks 0-*21 G.Oﬂ}? 0.428 &1@1?‘ 3 57 @ i ei
04430 04027
3 weeks 0.243 0.107 0.323  0.114 38.15 0-Lroq
0. 304 0,121 y
: o
4 woeks 0.288  0.157 0,296 0,152 51.17 o1
02504 Qe 146
6 woeks 0.324 04206 0.313 04197 62,84 o- 11k
0.302 0,188
8 weeks 0.324  0.214 0,518 0,209 65,88 0.164
0.312 0.204
| 0
0.281 0;241 '
0
8 wooks 0.285  0.248 0,296  0.368 86.53 o O

0.304 0.262



Table 8 QContinued,
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Interval after Fnoespnorus ive, percentege of Phytin phosphoras '?%%w
ollination Total Fhytin Totel Fhybin | ss Fereentege of 7
% P PV _ totsl nhosphorus b

9 waeeks 0.312

0.299

0270
0.272

0320
0.296

0.278
0+283

1¢ weeks

0,308 0.271 88,79

04308 C.271 87.85
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phosphorus had diminished to 0.821% and phytin yhosphorus had inereased to 0,408
porcent, This inverse relationship of percentages of toktal snd phytin phosphorus
for ﬁhe first 4 weeks should not be oonstrusd as indleating conversion of the
non-phytin phosphorus elready in the owule into phetin, (8ee Fig, 5 ).

The percentage of the tobtal rhoaphorus whieh voours ss phytin
(feble 8 =and Fig. 4 ) indicates that the conversion of ;hosrherus into
phytin took place very slowly during the Tirst two weeks after rollinstion,
At the ond of this two week periocd 'hytin phosrhorus constituted only 3,57 of
the tosel phosphorus, From the second to the seventh week the formation of
shrtin phosphorus rapidly ins-essed in yrevortion to the total phosphorus, final-
1y constituting 88,674 of the latter, For the remaining three samples but little
chenge wus ovserved in the relstionship of phytin end totel phesphorus.

In the mature wheat kernel Knowles snd Watkins { 19) found phytin
phosphorus to make up 49.3% of the total phosphorus. Rather {24 ) reported
that phytin vhosphorus represented 67 and 77 vercent of the total phosphorus in
two different semples of corn grain, fccording to Webster (30) phytin phosphorus
amounted to B2.65 of the total in yellow dent and 78.8% of total phesphorus in
white corn. FPhvtin wmlues obtained by DeTurk st. al., ( 11) ranged about 83%
of the total phosphorus in samples of yellow dendt corne

The average milligrame ef total phosphorus, phytin phosphorus and
nou-phytin rhosphorus in ovules per ear of eorn throughout the development of
the ear are riven in Teble 9 and shown graphieslly in Figure 5 .

Io the Pirst plaoce these data‘shoﬁ that the quantity of total and
‘phytin phosphorus inereased in the kernels per ear from July 20 to September 7
whereas the non-phytin phosphorus inereased only to August 17, In the second
plage they show thet the non-phytin phosphorus exceeds the phviin phosphorus
during the first thres weeks fellowing pollination, PFarthermore the faob thet
nen-phytin phosphorus asoumulation keeps m ce with phytin during this period is
proof that phosphorus intake from cutside the sar is furnishing more phoaphorus
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Table 9

o Killigrams of vhosphorus in grain per sor during growth.

In’hrai'val af'ter

[ [ €.
FPhosvhorus” in ovules per asar

‘a’fe%:ly incraass? of

Pollinstion Total Phytin non-Fhytin Fhosyhorus in grain A
mgm o mgm mgm 7al Per ear Digfl, -
, mem
Unpollinated 8,60 O.12 §.48 ——— ——
6 houre 3012 0015 5‘99 - e -
12 hours 8,01 0.18 5,86 . ——
1 dsy 6. T0 0,17 8,53 - —
2 daya 1.69 0.19 7056 - ra——
S days 14.27 0237 13,90 -—— —
4 days 13.53% .34 13.19 - -
$ days 26,43 1,56 24,57 — -— v
1 week 24.85 0,23 24.62 18,25 0.10 80y
2 wesks 57,25 1,95 55,28 33,38 1.72 30-
5 weeks 189.26 86,51 122.74 132.02 64.56 tn.H6
4 weeks 320,55 164,00 156,58 131,28 97.49 33.77,
i - 7;4\ ! :
5 weeks 402,04 252,64 149.40- 81.51 88.64 ki 3 goa
6 weeks 404.21 265,49 138,72 2,17 12.86 - v, b8=R12
. ..,w;@~[s$=3?lz
7 weeks 610,98 442,89 88,07 _ 106.75 177.40 2o
8 weeks 511.22 442,35 68,87 0.26 =0, 54 + 0
9 weeks 495.565 440,02 65,53 -15,87 -2,33 - 13.3¢
10 Wﬂﬁks 461.11 405019 55.01 0341“ : ‘34.96 “E' 0 R ‘{g
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then is needed for phytin synthesis, By the end of the 4th week, August 17,
the rate of phytin symthesis had overtaken that of phosphorus intake, and from
that time through the 7th week synthesis of phytin oseurred pertly at the expense
of the other forms of rhosphorus nresent in the ovules. AL no time however,
during the development of the omles, was thers a suffiecient zceumulation of
phosrherug in the developing kernels to make them independent ¢f a reserve
external surply in the stalk end leaves or in the culture medium, {Gcnfirmaticn
" of this statement was found in another experiment in which corn ph;nta were
grown in sand culture. Complete removal of phosphorus from the culture solution
, Just before shooting, resulted in the formasion of only rudimentery shoots and
i\__in some plants no shoots were furmed; As an sxamrle, durlng the 7 day period,
August 31 teo September 7, the non~phytin vhosphorus decressed 71 milligrams in
grsein per enr while the phytin phosphorus inereased 177 milligrems. Ths none
phytin phesphorus contributed, thersfore, 40% of the phrtin phosphorus leaving
80% to be supplied from s source sxternal to the cwiles.,

The weekly gains of milligrans of tntai and phytin phosphorus in
owvules per ear during growth are given in Teble 9 and Figure 6 . Thess walues
show the rate of acoumulation of total phosphorus to sxceed that of phytin to
the end of the 4th week following pollination., From the 5th through the Tth
week phybin phosphorus acoummlebed at s faster rate than total phosphorus, The
loss of totel and phytin phosphorus for the 9th and 10th week 1s believed to be
due to the decresse found in dry weight of grain per ear for these two periods.
Hed the dry weight of kernels per ear remained constont during this lete matur-
stion periocd no 1os§ of aither total or phytin phosphorus would have been obw
served, The ourvas in Figure 6 indicate that the weekly rate of phosphorua
translosation inte the owlas follawed the wokly rate of dry ovule produstion

[or vice veraéland therefore procesded in assordance with an sutocatalyzed
[ -~

reagtion,
("S/i‘z‘ ‘ { ety 2
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Phvtin in corn silks

Sa@plea of silks were collested from the ears harvested before pel-
lination and those harvested 1, 3, 5, and T days efter pollination for the pur~
nose of leorning 1f phytin were present in silk ;rior to or following pollination.

The data are given in Table 10 .

Taebla 10 . VPercentage phytin rhosphorus vrasent in corn silks.

Interval after pollinastion % phytin chosphorus Averege %
Phytin Fhosphorus.

npollinated ¢.018
0.016 G017

1 day ¢.014
0,012 0,013
3 days 0,010 0.011

0,011

5 " 0.010
0.008 0.008

7 " 0.0)4
0,008 0,010

It may be observed that each sample of silks enalyzed contained
¢hytin phosphorus, though the percentage was rether low, The data seem to sug~
gest & decrease in percentege phytin rhosphorus with inorease in time after

pellination,

Phvtin in eorn pollen
Several samples of pollen were aollested from eaeh of three variets

jos of corn and anslyred for phrtin phosphoruss These deta are given in Table

11 .
Table 1] « Fhytin phosphorus analysis of pollen,
Samyle Ko. Yerioty Percent phytin phos.
83 Resed's Yellow Dent 0,087
82 " 0,046
18 Ohio 67 0.0B87
75 " 0,040

7% n 0040
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These results indioate that phtin phosphorus is sresent in rollen
of the wvarieblies tested., The perncntage'phyhin phosphorus in pollen ia consider

ably hicher than that found in silks,

RESULTS AND DISCUSSION GF CARBOHYDRATE DATA

Reducsing sugars and suecrose

The enslyses of the various corn samrles for rsducing SMEArS,
sucrese and total sugers are recorded in Table 12 and shown grarhically in
Figire 7 . It may be observed from these data tht reducing sugars amounmted
to 25 percent of the dry materisl during the first 10 days after rollination
whersag suQroee aonstitugad only 10 nercent during this reriod, The data show
an increase for persentage reducing sugerd during the first week following
rollinetion with & corres:ondine decrease for percencage sucrose., IHowever, as
percentage reducing sugurs decrsased from the first to the second week percent.
fge suorose inoressed and exceeded psrcentage reduneing sugars at the end of the
two week psriod. Percentage reducing sugers continued to deorsase at a rapid
rate to the end of the third week efter which they diminighed slowly to the end
of the experiment, After percentage suorcse reached its maximum concentration
at the two wesk samprling peried it toc deereased rapidly to the third week,
gomewhat less ra}:idly to the fourth week and very slowly te the tenth and last
sem-ling mariod,

In this conneotion it should be steted that on the third week after
pollination the courn kernels were suffisiently mesture te be shelled from the
oob; although with difficulty.

Percentage total sugar shows the young owiles maintaining s rele
atively high oconcentration for the first lﬁ deys following pollination sfter
which tho'pareantﬁgo rapidly deoreased to the third week and slowly deoreased

to the end of the experiment.
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Table ;5 « Percentage sugar in developing owles of Stetion Heed's
yellow dent corn,

Interwal after Perventare Supars ) Ave, Percentape Sugzars
Pollination  Reduoing es Total as Heduoing s To?aé a8
Daxtrosas Suosrose Dextrose Dextroase Buorose naxtrese
Unpollinated 22,60 10.89 33,75 23,38 9,98 34.49
25.47 9.28 35,22 ’
6 hours 25,37 10.08 36.98 25,37 10.056 35,95
12 hours 21.97 135,97 36.67 23.49 12,75 36,91
£5.00 11,63 37,14
1 day 21.96 9,83 32.29 22,92 11,21 34,71
23,88 12.58 37.12
2 days 27.6% 10,93 39.04 26,32 10.88 37.74
26,11 10.76 86.44
3 days 28,67 8.86 38,00 28.87 8,86 38.00
4 d&yﬁ 29.17 3o54 58015 26i82 Bu“ 55.?0
24447 8.34 38,25 '
8 days 2737 2,43 37.80 27.41 7.48 35,26
2744 5,46 83.19 ' '
7 deys 26,77 9.87 36,18 25.88 9.94% 38,40
25,99 10.00 36,62
10 deys 21.28 11,24 33.11 22.64 11.74 35.00
23,99 12,24 38,88
2 weeks 9,68 14.62 25,07 12,10 14.96 27.88
14,53 15,30 30.63
3 weeaks 3.86 enM 9055 2620 6‘35 8‘@76
2.04 5,81 8.18
4 weeks 1.37 4016 6.19 1.93 *;19 ﬁw%
1.99 4,28 6,49
5 woeks 1.23 2-73 4:10 1.32 3&22 *.81
1.21 3.7 8.11
6 weeaks 1'15 8060 308? 1.15 3.81 4.11
1.17 3.08 4.38
7 waeks 0.% 2.40 345? QB3 2.25 5&29
.82 2.09 3.02
8 weeks 0.49 1.93 2.58 0.59 1.78 2,21

0.28 115" 1-90
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Continued,

Interwvsl after

FPereentage Sucers

Ave, Percentgg%;&ugara

Follination Reducing &s otal &8 Redueing &s otal &s
Jaxtrose Suercse Dextreose Pextrose  Suaroze Dextrose
9 weeks 0.99 O.82 1.85 0,569 1.11 1.76
0418 1.40 1.66
10 weeks (}.8? 1-68 2.00 1.26 1:02 2t32
1.64 (.08 2.64
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Starch

In analysing the starch data, Table 13 and Pigure 8 , it is intere
esting to note the re;id percentage inorease of thia compound in the ovales
from the Pirst to the third week after pollinetion despite a simulSansous ine
cresnss in volume of owaule, From the third to the sixth week percentage starch
rempined fairly constent, By the seventh wesk there cecsurred a small inoreasze
which was maintained rether uniformly %o the teath wesk,

From a eomrarison of the curves in Figures 7 end 8 it may be
seen that there is an inverse rolation betwesen percentage totel sugar and pere
oentage starch from the first to vhe third week after pollinetion, These curves
appear to indiome that staroh is being ineremsed in the sorn kernels at the
exzense of botal sugar rreviously stored in the owules, However, the data
presented in Table 14 and Figure 9 , giving grems of sugar in owles per
ear, do not substantiete this inference, but instead show the two sete of data
to be indejendent ingofar as an inersase in stareh indieates a deeremse in
sugar, The fact is, that during the first four weeks following ;cllinatior the
total sugar in the owules, althouph decremeing in percentege, inoreased in grums
per ear and{;hareform did not conbribute to the rapidly ineremsing stareh;¥
Obvicisly this means that sugear was being transloosted into the owiles at a rats
such that total sugsr, largely sucrose, snd stearch inoreased in absoclute amount.
The resson, therefore, for per:entage reduction of total sugar appears to be a

Amcre repid inorease in volume of nwle than 1nara$se in guantity of sugar, there-
by proving that the inverse.relationship of percentage total sugar and percent-
ege starch in developing corn owvules is basically unrelated though concommitant.

From the fourth to the tenth wesk following pollination there oseur-
red & goneral deorease in grams of reduoing augers end suerose per earp This
degrease may have resulted from a trensformation of sugar into sﬁarwh,\hownvnr
the quentity was too small to alter either the percentage or the grams cf starch

Ny

in the ovules per ear, Figure 10 .



Tebie 13 » Percentage and grams of staerch in owiles per ear of corn

Interval after Peroent  Average Per- Average grams of
Pollination Starch sant Starch stareh in grain
per ear
Unrollinated 7.64
12003 9.83 chlh\‘
3 days 10,72
14.52 12,62 .37
1 week 4.00 ;
*i 51 4o25 6’922 ""f‘\’
2 weeks 24,15 IR
28,86 28,80 3.56
3 weeks 53,72 : A S+
55.92 54.82 32,08
w S
4 weeks 55,68 ( L]
53;01 54.35 58035”
& weeks 53,40 Lot b
54,08 55,74 69,09 ) ¢
! f !“: b
6 weeks 86,03 i LT
55,23 55,63 70.67 “:}
7 weaks 83,24 Y 41
85,46 59.35 102,11 é
8 weeks 58,40 % - b
5‘8558 57.33 8988 '? -
9 weeks 56,45 ,fr - 7.3 !
60,00 69,27 96,24
10 weeks 87.158 g > 1. o
56,66 56,85 85,14
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Table 1: . Graoms of sugar in ovles rer esr of corn from July 20
to Sertember 27, 193u.

Interval after Buger in owles per eay
Follination. Reducing supgar as Suorose Total Sugar as
Dextrose Dextrosa

gms ., , PTIS o . EmS.

Ungellinated C.26 0.11 0.38

8 hours 0.28 0,10 0+40

12 hours (e 23 0,13 0e37

1 &&y 3.51 D.18 0.45

2 deys 0,42 0.17 0.80

3 days 0.81 0.27 1.08

4 days 0.T3 0,24 0,98

5 days 1950 Ceds 1,95

1 weak 1,35 0.52 1.89

10 d&yﬂ 1-99 l¢03 5;07

2 Wﬁakﬂ 1. 57 1'89 SQm

3 weeks 1.29 -~ B.85 /5413

4 weoks 2,09 454 | 6486

5 weaks l. 57 ‘5.14 5;93

6 weeks 1,46 3,57 . 5,22

7 weaks 1.43 3.88 « 8.81

8 weeks 0.87 5,00 5,83

9 Wa‘skg 0‘95 1.80 2'&6

10 weoKs 1« 88 19 63 3.6?




*£yTangew 0% UOTISUTTITOd WOXJ STBAIOIUT ATNS9M € WIOO JO I89 J9G SOTNAC U JeSnS Jo smexy *f ‘1L
82/6 12/6 71/6 Lj6 1¢/3 n2/2 Li/2 lefl  sgjozfl

ST

98 0Jd3X9( S® sJedns Juiomps

OH\m MNm

>
/

// - \\
N /\

37

980J4X8Q S SJIBENg Te}0]




38

The deta given in Table 13 and Figure 10  show thet there were
woekly inoreases in grams of starch in the owilss per sar from July 20 to
Se;:ntemﬁer 7 and at po time did the ascumulated surar in the grain auffice for
thess inoreases, They were made vossible by contimious transloeation of sugsr
into the owles from a stored surply of sugar in the stalk and from & daily
mapufactured supply in the leawves, The latier soures probably predominsted in
this res:eot (13).

The rste of transloeation of suger inte the ovules seannot bs determe
ined very soourately from this work, yet a general ides is obtalned as to the
neximum rate which occurred from the 6th to the Tth week. During this period
the analyses showed thet 35.24 greams of supger and starch, expressed as dextrose,
were translocated into the owales yer ear of corn., This corresponds to & uni=-
form translocation of 3,5 milligrems of dextrose per mimte.

Of the 35,24 grems of dextrose the total sugar, as dextrose, rep-
resented only 0.29 gram, showing that the major reaotioﬁ in the dewvelopment of
the oorn grain is the synthesis of starch from sugar, This a}mthesis' opeurs
immediately upon sugar entering the owule and, im view of the small smount of
sugar stored in the mature grain, msy be sonsidered to be a rather oomplete

reaction.

Carbokydrate in corn silks

Percentage reducing and sucrose sugars in corn silks (Table 15 )
are in the same order as in the owuls, However,the difference bstwesn the
two is grester, at least over the 1 week period tested. There is & definite
tendensy for pereent reducing sugsars to decrease by the fifth dey after polliw
nation with an inerease in peroent auorose. (n a pora&ntlaga basis the inarease
in percent suo ose acocunts for s 1ittle mors than half the percent redustion
in red:oing sugers and in this case the pereent reduction is believed to repre~

sent & milligram reduction as the weight of silke per esar probably inoreases
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very little if any after the 5th day following pollination. Although the chemiw
cal study of the carbohydrates of the silks was terminated on the Tth day after
yolliﬁation, careful observation of the silks at weekly intervals thereafter
would lead one to believe thet a large part of the total sugers wes transferred
to the doveloping owviles. AU what rate and order of transfer no supgestion
would be offered, TS

It moy be observed from T&bi; 15 that doring the first week follow
ing pollination the silks contein a higher percent of reducing sugars and a

lower pereent of suercse than the developing ovulas,

‘I‘nble 15 « Percentage of supgerns found in corn silksa,

Interval after

Pollination, Bedueing sugar Averane Suerose Average
Unpollin&tad 36544 2.03
55.56 36.20 .68 2.85
1l day 3?‘0 29 De 77
36,74 368,62 4.26 4,03
3 days 36,34 3. 54
38.5& 56034 3;09 3‘ 32
8 days 31,98 ) 8.54
4. 37 33.18 4.82 4,98
T days 35.73 4,49
34,00 33,87 8.40 4,95

Carbohydrates in corn pollen

V\Obsormtion of dabe S.h'»:'l‘abla 16 shows pereent reducing sugars and
peroent sucrose in pollen of Reed's yellow dent corm and variety M"x to be
oppesite that found in the silks, Whether high reducing sugers and low 8UCTOS®
in the silks and low reduoing sugars snd high suorose in poellen bears any gige
nificenos is not known at this time, however it is believed this relationship
has not besn suggested herstofors, Anderson { 4) in determining pereentage

% Ohio inbred line.



wid] -

b
reducing sugers and sucrcse in vollen of & Yellow dent corn fourd 3,50% for the

former =md 9.097 for the latter oarbtohydrste. These enelyses are similar o ¢«

those found by the writer,

The pollen was collected on July 22, two days after this work
started and while the rollen was sheding freely,

Table 15 . Percentage supsrs found in pollen,
L)

Variety Redueing sugar Average Sugroge Avorage

Reed*s Yellow

Dent 1.37 1.537 9,82 3.82
67 ® 1.58 14,36
67 322 9.37
2.03 12.77

L

t Improved Leeming,
8 Ohio Inbred Line.
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SUMMARY

Tha developing corn owvule under investipetion incresased in weight
rer esar from July 20 to Sertember 7, remained sonstant teo September 14 and de-
olined somewhat for the September 21 and 28 sampling periods. The weekly inorea-
ses of grain per ear indicate that the development of the corn owule takes place
in cyeles rather than et a §niform rate,

it is bélievmd that both the staminats and pistillate parts of the
eorn plant contein phytin prier tp the iroocess of pcllinatién. [Following pole
lination phytin rapidly inoreaaeshin the ovule and on Sertember 21 comatituted
88,79 nercent of the total phesphorus,

puring the firast 10 deys after nellinabion the young corm owules
contained asbout 35 percent total sugar expressed as dextrose, Cf this amount
25 percent represented Invert sugars and 10% rapresented sucrose. Percent invert
sugars decressed rapidly from 10 days %o two wenks wherses sucrose inereased
somewhat during this period, However from two weeks to the snd of the experie
ment both invert sugars and sucrose decrsased to aprroximately 1 percent each.
Suerose was mniﬁtainﬂd at a slightly higher soncentration than invert sugere
throughout this perlod.

Starch, on the other hand, made up zbout B percent of the dry owles
during the rirst week after pollination. At the end of the second week it hsd

_reached 20% and st the end of the third week it was 684, Thereafter percentage
starch in the doveloping sorn grain remsined fairly constant. Fercentege sterch
however, did not incresze at the expense of sugers stored in the ovules.

The relative proportion of invert sugers and susrcse in the pistil~
late and staminete inflorsscence differ widely, in that the former contained
approximately 36% invert sugars and sbout 3% suorose while the latter contained

about 1,88 tuvert sugars end approximately 127 sucrose.
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