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TINS AND RATS OF SYNTSHSI8 OF PEKIN, 

INVERT SUGAR AND TOTAL SUGARS IN CORN GRAIN

DURING TEN REPRODUCTIVE PERIOD

INTRODUCTION

There have been many investigations dealing with the chemical compo­

sition of the mature oom ovule. A few of these works ( 8, 15 ) were concerned 

primarily with the total percentage composition of the grain and its various 

parts, such as the hull, the horny gluten, the horny starch, the germ and so 

forth. The data usually consisted of percent protein, ash, oil and carbohydrates 

or nitrogen-free extract. In other experiments ( 16, 17, 18, ) the com ovule

has been subjected to total chemical analysis at several stages in its develop­

ment, The purpose of these investigations was to determine at what stage of 

growth the yield and composition of the grain justified its use as feed. '«Mile 

these studies accomplished their purpose, and were desirable from several points 

of view, they contributed meager information on the metabolism of the chemical 

constituents of the developing ovale. This study therefore, was undertaken for 

the pun ose of following the course of phytin, total phosphorus, reducing sugars, 

sucrose and starch in the corn ovule at frequent intervals from before pollin­

ation to advanced maturity.

RNVIBB OF LITERATURE

phosphorus

phytin
phytin is known to be the principal storage form of phosphorus In 

seeds. It is also known to be absent from vegetative tissue on which tests have 

been made, with the exception of a few grass species (14) grown at Emelo, South 

Africa and wheat straw (19) produced In England, No Cane and Widdowson (20 ) 
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reported that the tops of carrots, parsnips, potatoes, Jerusalem artichokes, 

onions, swedes and turni. s contained no phytin, whereas the under-ground portions 

of the first four contained phytin while the latter three did not* No explanation 

was given for the finding* Aside from this information, the rest of a rather 

large amount of data concerning phytin appears controversial . Even th® exact 

chemical formula is not fully agreed upon, although the majority of investi­

gators agree that phytic acid consists of one mole of inculte and six moles of 

phosphoric acid* Starkenstein ( 29) was of the opinion that phytic acid is a 

complex pjprophosphorlo acid compound with inesite, whereas Anderson ( 3 ) be­

lieves it to be a hexa orthophosphorlc acid ester of inesite* In support of the 

latter structure Anderson statesi haw been forced to the conclusion, there­

fore, that the assumption of Suzuki and collaborators, that phytic acid is 

inosite hexaphosphoric acid Ce^isOtoe^e» && correct, " Recently Young (31 ) pre­

pared sodium phytate and from the analysis assigned to it the formula, 

SazsCeH^Oa^P^ . 3Ha0 ♦ 35 HgO* The naturally occurring calcium, magnesium and 

potassium salt of phytic acid is known as phytin.

Since the object of this investigation was quite different from that 

of previous work on the corn ovule, the literature on the subject is very limit­

ed. As a matter of fact the only published data touching directly on this prob­

lem appeared in 1983 by DeTurk, Holbert and Bowk (11 )«

They reported the absence of phytin in the vegetative parts of the 

corn plant, including stalk, blades and forming tassels and ears, during the 

pre-pollination period. Two weeks after pollination, however, they found phytin 

in the fertilized owl es but failed to find it in any other part of the riant. 

This work represents the first recorded attempt to determine the initial syn­

thesis of phytin in reproductive tissue.
From their work it appears that phytin is synthesized only in the 

fertilised ovule beginning during the first two weeks following pollination* In 

referring to the formation of phytin in the fertilized ovule DeTurk et. al..
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mde the following oomentss "The accepted reversibility of enzyme reactions 

( 5 ) for instance# considered with the undisputed enzymatic cleavage of phytin 

by phytase ( 1, 2, 7, 23, ) leaves no doubt that phytin synthesis is an en­

zyme reaction, Furthermore, the fact that the beginning of this synthesis 

follows immediately after pollination and does not occur before pollination sug­

gests an intimate association of activation of the zymogen with fertilization of 

the ovule, Inasmuch as extremely small quantities of an activator may be suf­

ficient to set off a progressive enzyme reaction, it is not beyond the range of 

possibility that the pollen grain may serve as the carrier of this activator,*

This hypothesis is based on the failure of the writers to find phytin 

in unpollinated ovules and on the data of Md arson and Kulp ( 4 ) who stated t 

"Judging by the very small difference between the total soluble and the inorganic 

phosphorus in pollen it appears rather doubtful if phytin or inesite hexaphos­

phorio acid is present in this material."

One might conclude from the data presented in the literature that 

the vegetative parts of the com plant and the unroll inated ovules do not contain 

phytin. It seems to be questionable, however, as to whether or not corn pollen 

contains this compound.

Total Phosphorus

The review of the literature reveals no concrete evidence on the 

course of total phosphorus in the developing com ovule* The problem has not 

been thoroughly investigated and the data presented in this study are perhaps the 

first showing the trend of total phosphorus throughout the complete development 

of the cryopsis*

Carbohydrates

The writer is unable to find in the literature any work dealing with 

the fractionation of the carbohydrate compounds throughout the growth of the corn 

ovule,
*$*
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Weather Date*

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

ation taken at this station during the 1939 growing season.

Month Total rain 
in inches

Max.
Temp.
°F

Min.
Temp.
*F

Mean Daily 
Temp.
*P

Mean Max.
Temp.

*F

Mean Min.
Temp

P

Total Hours
Sunshine

March 4.83 81 14 42.5 51.7 32.2 224.10
April 5.39 79 21 48.2 57.5 38.0 222.45

May 1.19 89 35 68.5 77.1 63.8 352,20
Ju e 6.17 90 51 75.1 81.8 64.1 298.43

July 1.73 98 56 77.8 85.5 65.4 329.60
Aug. 6.38 91 64 75.1 83.6 61.7 334.14

Sept. 0.32 99 41 72.5 85.0 58.2 332.24
Oct. 2.54 89 28 57.4 69.0 43.3 260,27
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SAMPLES

Collecting and Preserving

Station Reed's yellow dent corn was used for this investigation. 

Each day during the active shooting period shoot bags were put on a large number 

of normally developing ears on which no silks were visible. When the silks were 

ready to be pollinated the controlled pollination and sampling schedule was be­
gun, The schedule is given in Table | .

The first sample consisted of 24 unpollinated ears selected at random 

from the bagged shoots at 10:00 A.M. July 20. At 8*00 A.M. the same day 48 ears 

were pollinated. These served for the second and third samples, representing 

intervals after pollination of 6 and 12 hours, respectively. Prom 5:00 to 7*30 

F.M. July 20, all remaining bagged shoots were pollinated and marked. This 

large quantity of uniformly pollinated material supplied samples for the period 

from July 21 to August 3, during which time samples were taken daily except the 

last few days. From August 10 to September 28 weekly samples were selected at 

random from the naturally pollinated ears.

All samples, except the fully mature ones, were brought from the 

field to the laboratory in moist gunny sacks and preserved within three hours 

after being picked. Each field sample was divided into three laboratory samples 

and each of these three groups was husked separately and divided into shanks, 

silks, ovules and cob. The ovules were out and then thoroughly scraped from the 

cobs into a clean, enameled pan. The material was mixed and about 50 grams 

placed into a tared 400 ml. beaker and covered with 300 ml. of boiling 96% 

alcohol without the addition of CaQO# ( 9). The alcohol-plant mixture was boiled 

about 16 minutes after which it was rapidly dried in a forced steam own at 73*6. . < o 

Upon being remowd from the own the sample was covered with 9# alcohol, a petri 
dish placed over the beaker and stored^ ^he sllk^^re preserved like the ovules . 

«hiU^^apba a^ After the ovules were

sufficiently mature to shell they were rapidly dried in the steam own at
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Table 2 ollen and s<ample collection.

Date pollinated Ho. of ears per Date Interval between
field sampled Sampled Pollination and 

sampling

Kot pollinated 24 7*20*39**10 a.m. 0
7"*20—39, 8 a.m. 24 7-20*39*- 2 p«m* 6 hrs.

7*20*39 > 8 a»m* 24 7-20*39— 8 12 hrs.
7*20*39, 5*7:30 p,m* 21 7-21*39— 7 P 1 day.

8 « 21 7—22*39— « 2 days.« « 18 7*23*39** H 3 days,
M n 16 7-24*39— n 4 days.* w 12 7*25*39— N 5 days.
* « 9 7-27*39— » 7 days.H It 9 7-30-39— M 10 days.
a » 10 8—3—39— R 2 weeks.

Hatural Pollination 9 8-10*39 3 weeks.R # 9 8-17-39 4 weeks.
« « 9 8*24*59 5 weeks.« H 9 8-31-39 6 weeks.
« w 9 9*7*39 7 weeks.» w 9 9-14-39 8 weeks.
« a 9 9*21*39 9 weeks.
w w 12 9*28*39 10 weeks.

xEa«h field sample was divided into three laboratory sample s, taking one third 
of the number of ears indicated in this odumn for each.



73*0 and stored in one-pint, glass jars with a few naphthalene balls.

Preparation of Samples *

The samples preserved in alcohol were prepared for analysis by 

drying for 12 hours in the «team oven at 53*0» followed by 8 hours in a vacuum 

oven at 65*0» This treatment brought them to constant weight as shown in Table 

3 » .
After drying and weighing, the samples were ready for analysis » 

All materials not preserved in alcohol were ground in a Wiley mill and dried in 

the vacuum oven in preparation for analysis»

Table 3 * Rate of loss of moisture from alcohol preserved corn 
samples by drying in vacuum» .  . .. ... ....

Drying conditions 6 30
Sample Ho, 

54 73

12 hrs, in steam 
oven at 53*O» 146.970 116.169 126.976 145,193
1 hr» in vacuum 
oven at 65*0» 145.966 116.159 126.970 145.134
2 hrs, in vacuum 
oven at 65®C 145,938 116.144 126.957 145.104
3hrs, in vacuum 
oven at 65*0, 145,926 116.138 B 6.964 145,106
4 hrs, in vacuum 
oven at 65*0 145.925 116.138 126.956 145,127
5 hrs in vacuum 
oven at 65*0» 145.918 116.129 126.950 145.114
6 hrs, in vacuum 
own at 66*0, 145,310 116.126 126.960 145.290
7 hrs, in vacuum 
oven at 65*0, 145.903 116.119 126.943 145.099
8 hrs, in vacuum 
oven at 65*0, 145,901 116,115 126.943 145.110



MBTEODS OF ANALYSIS

Phosphorus

Phytin
the sample was extracted 2 hours on a shaking machine with a solution 

of 1.^ HC1-1O% anhydrous Na^SO^» The samp le-solvent ratio may range from 1:10 

to it20. It was then either filtered with suction through a pooch crucible with 

asbestos mat or centrifuged and filtered through a coarse filter paper. Fifty 

ml« of the extract were pipetted into a 280 ml. beaker and 50 ml. of distilled 
water added, giving an HC1 concentration of 0.6%. An excess (usually 15 ml.) of 

' f A K- Â-A& • .

slowly stirred.^ After the ferric phytate p%oipitdte^^jBtood L.houp xu was 

filtered onto a fine asbestos mat in a gooch crucible by means of suction. The 

precipitate was rinsed from the beaker with a few small quantities of 0.6% Wl- 

-Na8S0< solution, after which it was washed several times with the same solution 

to remove free phosphorus compounds. The pooch crucible was then ignited in the 

electric furnace for 3 hours at 1000*C.
* After cooling the asbestos mat with the ignited precipitate it was 

transferred to a 250 ml. beaker and the precipitate dissolved in 10 ml. of con­

centrated H01. Water was added and the solution filtered into a 200 ml. volu­

metric flask, made to volume and total phosphorus determined oolorimetricRlly 

( 12), This value expressed as percent of sample represents phytin phosphorus.

Time required for precipitation of ferric phytate.

Since, as previously stated, one of the major objects of this inves­

tigation was to ascertain the initial synthesis of phytin in the owles, it was 

imperative to learn the smallest quantity of phytin phosphorus that this pre­

cedars could detect.
la order to do this about 1 liter of earn meal extraot was prepared 

in the ratio of 5 grams of meal to 100 «1. of solvent and phytin phosphorus de­
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t erained. Different size aliquots of this solution 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 test are shown in Table 4 .

Table 4 . Relationship of quantity of phvtin phosphorus to rate 
of ferrie phytate formation and precipitation.... . .... ....

Vol. of Phytin Phosphorus __________  Time Required for _
Extract Present Cloudiness '.. "v"1 ' '^ompïèKe'Weôïp.
ml. mgm, - , . hrs, ,...... .. hr a.

0.5 0*066 96 ' j
451.0 0.132 22.0

2.0 0.264 11.0 20
3.0 0.396 4,5 20
4.0 0.528 2.0 6
5.0 0.660 1.5 6

10.0 1.32 0.33 2
15.0 1.98 0.15 0.5
20.0 2.64 immediately 0*25
25.0 3.30 w 0*25
30.0 3.96 w 0.25
50.0 w 0.25

These results show that as little as 0.066 mgm. of phytin phosphorus 

can be precipitated by this method if allowed to stand 96 hours.

Total phosphorus*

Samples used for total phosphorus determination were oxidized by
1

the nitrio-perchloric acid method . Following oxidation the residue was taken 

up in about 25 ml. of 8^ HNOS and heated on the steam bath for a half hour to 

convert meta-jiho sphorie acid to orthophosrhoric acid. Results at this station 

show that H010a dehydrates a portion of the orthophosphoric to metaphosphoric 

acid during removal of excess ROW* on the hot plate. After the hydrolysis 

treatment phosphorus was determined colorimetrically,

Carbohydrates, 

Extraction of sugars. 

The sample was extracted three times with 80 percent alcohol by 

Unpublished method.
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digestion on the steam bath and decanting through an alundum crucible, after 

which the residue was transferred to the alundum crucible and the extraction eon- 

tinned for 15 hours in a Soxhlet* The alcohol was removed by evaporation on the 

steam bath in the original 400 ml. beaker, water being added to prevent its 

going to dryness* Toluene was added and it was then made to volume in a 500 ml* 

volumetric flask, from which filtered aliquots were used without further treat­

ment for reducing sugar determination ( 22)• All samples not preserved in alco­

hol were weighed directly into alund an thimbles for extraction*

Determination of Reducing Sugars.

The Munson-Walker procedure was followed up to and including washing 

of the eu: rows oxide with warm water* The crucible was then removed from the 

suction flask and the outside rinsed with water, after which the asbestos mat, 

containing the CuaO, was transferred to the original beaker and thoroughly dis­

integrated in about 25 ml* of warm water* The crucible was then placed in the 
beaker and about 25 ml* of ferric sulfate* added and stirred. The beaker was 

placed on the steam bath and hated apyr oximately one half hour or until Cu%0 

had reacted completely with ferric sulfate. The beaker was removed from the 

steam bath, allowed to cool and distilled water added to a volume of about 200 

ml. Two drops of ortho phenanthroline indicator were added and the ferrous ion 

titrated with approximately 0.05 H ceric sulfate solution previously standard­

ized against pure dextrose* (See Table 5 Page n )«

Sucrose.
To a 250 ml* aliquot of the sugar solution was added 10 ml* of con­

centrated HOI and hydrolysis allowed to proceed for a minimum of 48 hours at 

about 30*C* The acid was then nearly neutralised with MOM and made to 300 ml* 

with distilled water* After filtering, total sugar was determined on aliquots 

of this solution and sucrose calculated.

1 600 grams Fee(SO*)e ♦ 1000 ml* cone. 8*80* ♦ 5000 ml. distilled W*
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Table 5 * Standardization of cerio sulfate»

mgms Dextrose @1* Ave* ml, Ce(S04)s 
minus blank

10*408 6*90
6*80
6*90
6*90 6.635 1.5686

20*816 14*00 
13*80 
13*70 
14*00 13*640 1*5261

31*224 20*20
20*20
20*30
20*20 20*00 1*6616

41.632 27*45
27*35 27*16 1*5328

52*040 33*50 
33*70 
33*70 
33*50 33*36 1*5600

Blank 0*26
0*30
0*20
0*20

Mean 1*5497
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Starch*

The residue from sugar extractions was transferred to a 400 ml. 

beaker, 200 ml. of distilled water added, the beaker covered with a watch glass 

and boiled 26 minutes. The watch glass and sides of the beaker were rinsed and 

allowed to cool to 46eC, It was then placed in a 45*0, oven, undiluted taka* 

diastase was added in about a 1:1 ratio ( 10 ) with the starch and held at this 

temperature for three hours with occasional stirring. The beaker was heated on 

the steam bath, filtered into a 400 ml. beaker and washed until approximately 

350 ml* were collected. Ten ml. of concentrated 801 were added and the solution 

evaporated to about 100 ml. ( 10 ) after which the HC1 was nearly neutralised 

with NaOH. The solution was then made to 250 or 500 ml. depending on the quantity 

of starch. After filtering, its reducing value was determined and starch cal­
culated. A blank Ast-be run with^this determination.

RESULTS AND DISCUSSION OF DRY WEIGHT DATA

The values for dry weight of grain per ear of corn show a weekly 

rate of increase comparable to the autocatalytic reaction ( 26 ) of biological 

materials. This reaction is characterised by a slow rate of activity during the 

early part of its functioning, during which time the autocatalytic substances are 

accumulating. Following this priming period the reaction becomes accelerated 

and continues so until the organism reaches the peak of its first growth cycle. 

At this point the reaction subsides, probably because of exhaustion of food mater­

ials or on account of the inhibitory nature of the byproducts, and the rate of 

development of the organism becomes exceedingly slow. After a certain length 

of time, depending on the organism under investigation, the rate of the growth 

reaction increases for a second time until a maximum has been reached in a second 

growth cycle. Then follows the decline. A third or fourth cycle may occur.
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Growth cycles have been described by Minot (21 ) for the guinea-pig 

and by Brody ( 6 ) in the fowl. Three successive periods of rapid growth alter­

nating with periods of slow growth in the mouse have been described by Robertson 

(27 ). The growth rate of an annual plant (25 ) has also been shown to exhibit 

similar behavior*

The weekly rate growth of the developing corn ovule likewise proceeds 

in cycles and not at a uniform acceleration from pollination to maturity. Con­

firmation of this statement is obtained from a study of the weight data given 

in Table 6 and graphically shown In Figure 1 * It is observed (Fig* 2 ) 

that the rate of increase was rather slow for the first two weeks after polli­

nation followed by a more rapid rate during the 3rd and 4th weeks. During the 

5th and 6th weeks the rate of dry weight production decreased rather rapidly to 

zero, thereby completing the first cycle of the growth curve. Immediately there­

after growth was resumed, reaching the peak of a second cycle at the end of the 

7th week* At the end of the 8th week the rate of growth had again fallen to 

zero, thus concluding the second and last cycle in the development of the corn 

ovule*

The loss of dry weight during the succeeding two weeks, 9th and 10th, 

my be accounted for as an experimental error resulting from the selection of 

ears from the same small plot from which all previous samples had been taken. 

The personal factor in this method of sampling may have resulted in leaving smal­

ler ears for the two last periods, thereby showing a loss in weight of dry grain 

per ear. In this connection attention should be called to the work of Curtiss 

and Patrick ( 8 ) In which they reported a loss in weight of grain per’acre from 

October 8 to October IS, They believed a slightly defective stand may have been 

partly responsible for the decrease but felt that this explanation alone was 

insufficient to account for the total loss* In both of these experiments res­

piration may have been responsible for at least a portion of the observed lose 

in weight of dry grain toward the end of the last cycle*
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Table 6 « Dry weight data of corn samples»

Interval after 
Pollination

Ho* of ears 
per field 
sample

-^L * - — — '
‘ Total dry 

weight of 
ovules

_____#»•

Average dry wt. 
of ovules per 

ear
......©M.

Weekly gain 
of ovules 
per ear 

gms.
Unpollinated Vv $; 26.40 1.10

6 hours 24 26,69 1.11 w—-

12 hours 24 23.95 1.00
1 day 21 27.95 1.33
2 days 21 33.21 1.58
3 days 18 53.71 2.98 w«»w

4 days 15 41.03 2.74
Ô days 12 65.59 5.47 *****
7 days 7/JS. ' Ï 9 46.78 6.20 4.10

10 days 9 79.05 8.78 . „ r
2 weeks 10 134.50 13.45

.15
4.67

3 weeks 9 526.70 56.62 45.07
4 weeks % 9 974.29 108.25 140.73
5 weeks ' i-1# 9 1,157.15 128.57 20.32
6 weeks % III 9 k,143.28 127.03 **1.547 weeks 9(1 9 1*551.00 172.33 45.30 -
8 weeks 9 1,561.26 173.47 1.149 weeks ^^1 9 1,461.3® 162.37 *11.10

10 weeks 12 1,797.06 149.76 •12.61
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In 1889 Sohwltzer ( 28 ) made weekly determination» of the average 

weight of grain per ear of oom from August 6 to September 17» This was done 

for the purpose of learning the time st which to harvest corn in order to secure 

the largest acre yield of grain. In doing this work he selected only four ears 

at each sampling date. The results are given in Table 7 . These data show 

a more rapid increase in dry weight per ear than that shown by the present work. 

However the varieties were different and this together with other variables 

would satisfactorily account for the observed differences in rate of growth of 

the ovules. Nevertheless in general, the growth curves and the weekly rate of 

increase in the two investigations agree quite well. The weekly rate of increase 
' v J xper ear for Schweitzer’s work, like that of the writers’ indicates cyclic rather v 

than uniformly accelerated development.

white variety of corn.
Table 7 . Agronomic data of Schweitzer’s work with St, Charles

Date Sampled
No. of ears 
per sample.

Dry weight of 
grain 

per sample, 
gma.

Weekly dry weight 
increase of ovules 

per ear
......... gms-

August 6, 1889 4
4

25.5
66,4 30.9

” 20, 4 115.7 59.3
* 27, 4 191.8 76.1

Segt. 3,
* 10, 4 181.2 10,6

4 191.5 10.3
* 17, 4 236.6 45.1
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RESOLZS DISCUSSION iEOSPBCRUS DATA

The percentages of total and phytin phosphorus found in developing 

oom ovules are recorded in Table 8 and shown in Figure 3 e The unpollinated 

ovules contained 0.608 percent total phosphorus. Those ovules pollinated for 6 

and 12 hour intervals showed only a slight decrease from the unpollinated sample 

At the end of one day following pollination total phosphorus had decreased to 

0.603 percent and remained close to this value for the 2nd, 3rd, 4th, Sth, 7th 

and 10th day after pollination. By the end of the 2nd week after pollination 

percentage total phosphorus started to decline and continued to do so until the 

completion of the 4th week. From this time to the end of the expa riment percent­

age total phosphorus remained unchanged»

Observation of the phytin data shows the unpollinated ovules and 

those pollinated for a period up to 2 weeks to contain a very low percentage of 

phytin phosphorus. The average for this period was 0.0145 percent. The import­

ant fact in this connection, however, is the finding of phytin phosphorus in the 

unpollinated corn ovule* This is the first record so far as the author is aware 

of the detection of phytin phosphorus in the unfertilised ovule. Heretofore it 

has been found in ovules which had been pollinated for a period of about 2 weeks.

By the end of the third week after pollination rapid synthesis of 

phytin was under w ay and proceeded through the fifth week, at which time the 

percentage was 0.197. There was very little activity during the 6th week 

whereas by the end of the 7th week phytin phosphorus had Ino eased to 0.257 

percent where it remained practically unchanged to the 10th and final sampling 

period.
The above Inverse relation of percentage of total and phytin phos­

phorus in the corn ovule has likewise been observed in the developing wheat 

kernel. Knowles and Watkins ( 19) found 0.941 percent total phosphorus and 

0,079% phytin phosphorus in wheat ovules on June 18 whereas on August 6 total
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Table 8 . Percentage of total and phytin phosphorus In developing 
corn ovules '

Interval after
Pollination

Phosphorus
4 G

Ave. percentage of
——------------

I Phytin phosphorus - ,w^ 
as Percentage of 
total phosphorus "/ ►

Total 
%

Phytin
*

Total 
P

Phytin 
P

Unpollinated
0.615^

0.008 0-608 0.013 1.84 Y
0.601 0.017

6 hours 0.565 0.005 0.551 0.012 2.13 ° -5^
0.537 0*018

12 hours 0.531 0*015 0.602 0*015 2.42 0 1
0.674 0.015

1 day 0.495 0.013 0.503 0*013 2.60 #
0.512 0.013

2 days 0.443 0 «013 0.486 0,012 2.45 * 41
0.529 0.011

h . 48 days 0.460 0.007 0.478 0,013 2.62 D
0.496 0.018

4 days 0.513 0,009 0.495 0*012 2*49
0.477 0.016

5 days 0.484 0.002 0,484 0.034 7.02 «
0.483 0.066

7 days 0.484 0.003 0.478 0.004 0*91
0.472 0.005

10 days 0.518 0.012 0.492 0.009 1.86
0.466 0.066

o - o *V r -0 |5~
3 weeks 0.421 0.007 0.426 0.017 3*57 & 1

0.430 0.027

3 weeks 0.343 0.107 0.323 0.114 35.15 D •
0.304 0.121

4 weeks 0.288 0.157 0.296 0.152 51*17
0*304 0.146

6 weeks 0.324 0.206 0.315 0.197 62,84 H G
0.302 0.188

6 weeks 0.324 0.214 0.318 0.209 65*68 M 0
0.312 0.204

7 weeks 0.312 0.273 0.297 0,257 86.87
0.281 0.241

8 weeks 0.285 0.248 0.295 0.255 66,53 O'
0.304 0.262
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Table 8 Continued.

Interval after 
ollination

Inaaphorus 
Total Phytin

lye. percentage of
Total Phytin .
P P V

phytin phosphorus 
as Percentage of 
total nhosnhoiw &

9 weeks 0.312
0.299

0.270
0.272

0.305 0.271 88.79

1G weeks 0.320
0.296

0.278
0.263

0.308 0.271 87.85

' * T > 4
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phosphorus had diminished to 0*821^ and plytln phosphorus had increased to 0,405 

percent. This inverse relationship of percentages of total and phytin phosphorus 

for the first 4 weeks should not be construed as indicating conversion of the 

non-phytin phosphorus already in the ovule into nh tin, (See Fig, 5 )«

The percentage of the total phosphorus which occurs as phytin 

(Table 8 and Fig, 4 ) indicates that the conversion of phosphorus into 

phytin took place very slowly during the first two weeks after pollination, 

At the end of this two week period phytin phosphorus constituted only 3.57% of 

the total phosphorus. From the second to the seventh week the formation of 

phytin phosphorus rapidly increased in proportion to the total phosphorus, final­

ly constituting 86,67% of the latter. For the remaining three samples but little 

change was ovserv d in the relationship of phytin and total phosphorus.

In the mature wheat kernel Knowles and Watkins ( 19) found phytin 

phosphorus to make up 49.3% of the total phosphorus. Rather (24 ) reported 

that nhytin phosphorus represented 67 and 77 percent of the total phosphorus in 

two different samples of corn grain* According to Webster (30) phytin phosphorus 

amounted to 62.6% of the total in yellow dent and 76,6% of total phosphorus in 

white corn, Phytin values obtained by DeTurk st* al., ( 11) ranged about 83% 

of the total phosphorus in samples of yellow dent com*
The average milligrams of total phosphorus, phytin phosphorus and 

non-phytin phosphorus in ovules per ear of corn throughout the development of 

the car are given in Table 9 and shown graphically in Figure 5 , 

in the first place these data show that the quantity of total and 

phytin phosphorus increased in the kernels per ear from July 20 to September 7 

whereas the non-phytin phosphorus increased only to August 17* In the second 

place they show that the non-phytin phosphorus exceeds the phytin phosphorus 

during the first three weeks following pollination, Furthermore the that that 

non-phytin phosphorus acoumlation keeps p es with phytin during this period is 

proof that phosphorus intake from outside the ear is furnishing more phosphorus
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Table 9 . Milligrams of phosphorus in grain per ear during growth.

Interval after PhoSohoruP In ovules raraar o V
Weekly increases of

Pollination Total Phytin non-Phytin Phosphorus in grain
W mgm isgja ear

..... -..*8» . ... W

Unpollinated 6» 60 0.12 6.48

6 hours 6.12 0.13 5.99
12 hours 6*01 0.15 5.86 ******

1 day 6,70 0,17 6.53
2 days 7.69 0.19 7.50

3 days 14.27 0.37 13*90
4 days 13.53 0.34 13.19

5 days 26.43 1.86 24.57
/ Ï-111 week 24.85 0.23 24.62 18.25 0.10

10 days
2 weeks

43.21
57.23

0.80
1.95

42.41
55.28 33.38 1.72 3d-kU

3 weeks 189.25 66.51 122.74 132.02 64.56
4 weeks 320.65 164.00 156.531 131.28 97.49 3 J 7? ,
5 weeks 402.04 252.64 149.40 81.51 88.64
6 weeks 404.21 265.49 138.72 2.17 12.85 “ 1 & • G

«. $ • G> -f 0 Q
7 weeks
8 weeks

510.96
511.22

442.89
442.36

68.07
68.87

106.75
0.26

177.40
*0,54

9 weeks 495.55 440.02 65. S3 -15.67 -2.33 -
10 weeks 461.11 405.10 56.01 -34.44 -34.96
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than is needed for phytin synthesis. By the end of the 4th week, August IT, 

the rate of phytin synthesis had overtaken that of phosphorus intake, and from 

that time through the 7th week synthesis of phytin occurred partly at the expense 

of the other forms of phosphorus present in the ovules. At no time however, 

during the development of the ovules, was there a sufficient accumulation of 

phosphorus in the developing kernels to make them independent of a reserve 

external supply in the stalk and leaves or in the culture medium, ; Confirmation 

of this statement was found in another experiment in which corn plants were 

grown in sand culture. Complete removal of phosphorus from the culture solution 

just before shooting, resulted in the formation of only rudimentary shoots and 

in some plants no shoots were formed. As an example, during the 7 day period. 

August 31 to September 7, the non-phytin phosphorus decreased 71 milligrams in 

grain per ear while the phytin phosphorus increased 177 milligrams. The non- 

phytin phosphorus contributed, therefore, 40# of the phytin phosphorus leaving 

60# to be supplied from a source external to the ovules.

The weekly gains of milligrams of total and phytin phosphorus in 

ovules per ear during growth are given in fable 9 and figure 6 • These values 

show the rate of accumulation of total phosphorus to exceed that of phytin to 

the end of the 4th week following pollination, From the 5th through the 7th 

week phytin phosphorus accumulated at a faster rate than total phosphorus. The 

loss of total and phytin phosphorus for the 9th and 10th week is believed to be 

due to the decrease found in dry weight of grain per ear for these two periods. 

Had the dry weight of kernels per ear remained constant during this late matur­

ation period no loss of either total or phytin phosphorus would have been ob­

served, The curves in Figure 6 indicate that the weekly rate of phosphorus 

translocation into the ovules followed the weekly rate of dry ovule production 

| or vice versa and therefore proceeded in accordance with an autocatalysed 

reaction.
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Phytin in com silks

Samples of silks were collected from the ears harvested before pol­

lination and those harvested 1, 3, 5, and 1 days after pollination for the pur­
pose of learning if phytin were present in silk prior to or following pollination. 

The data are given in Table 10 •

_______Table 10 » Percentage phytin phosphorus present in com silks. ...

Interval after pollination % phytin phosphorus Average %
....... ...    Phytin Phosphorus,

Unpollinated 0*018 
0*018 0*017

1 day 0.014
0*012 0.013

3 days 0*010
0*011

0.011

5 R 0*010
0*008 0.009

7 W 0*014
0*008 0*010

it may be observed that each sample of silks analysed contained 

phytin phosphorus, though the percentage was rather low. The data seem to sug­

gest a decrease in percentage phytin phosphorus with increase in time after 

pollination.

Phytin in corn pollen
Several samples of pollen were collected from cash of three variet­

ies of corn and analysed for phytin phosphorus* These data are given in Table

11 .

Table n * Phytin phosphorus ..analysis, of pollen...... . ... ....——

Sample Ko* Variety .. . percent phytin plies* ....

61 Reedb Yellow Dent 0*037
62
78

M
Ohio 67

0.045
0*057

73
76

n
n

0*040
0*040
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These results indicate that phvtln phosphorus is present in pollen 

of the varieties tested. The percentage phytin phosphorus in pollen is consider 

ably higher than that found in silks.

RESULTS AND DISCUSSION OF CARBOHYDRATE DATA

Reducing sugars and sucrose

The analyses of the various corn samples for reducing sugars, 

sucrose and total sugars are recorded in Table 12 and shown graphically in 

Figure 7 . It may be observed from these data that reducing sugars amounted

to 2b percent of the dry material during the first 10 days after pollination 

whereas sucrose constituted only 10 percent during this period. The data show 

an increase for percentage reducing sugar* during the first week following 

pollination with a corresponding decrease for percentage sucrose. However, as 

percentage reducing sugars decreased from the first to the second weak percent­

age sucrose increased and exceeded percentage reducing sugars at the end of the 

two week period. Percentage reducing sugars continued to decrease at a rapid 

rate to the end of the third week after which they diminished slowly to the end 

of the experiment. After percentage sucrose reached its maximum concentration 

at the two week sampling period it too decreased rapidly to the third 'week, 

somewhat less rapidly to the fourth week and very slowly to the tenth and last 

sampling period.

In this connection it should be stated that on the third week after 

pollination the corn kernels were sufficiently mature to be shelled from the 

cob* although with difficulty.

Percentage total sugar shows the young ovules maintaining a rel­

atively high concentration for the first 10 days following pollination after 

which the percentage rapidly decreased to the third week and slowly decreased 

to the end of the experiment.
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yellow
Tabi 

r dent eom* 12 • Percentage sugar in developing ovules of Station Reed’s

Interval after . Percentage Sugars . Ave. Percentage Sugars
Pollination Reducing as

Dextrose Sucrose
Total as 
Dextrose

Reducing as
Dextrose Sucrose

Total as 
Dextrose

Unpollinated 22.50 '
26.47

L 10.69
9.26

33.75
35.22

23.98 9*98 34.49

6 hours 25.37 10*06 35.95 25.37 10.05 35.95

12 hours 21.97
25.00

13,97
11.53

36*67
37.14

23.49 12.76 36.91

1 day 21.96
23.88

9.83
12*58

32.29
37.12

22.92 11.21 34*71

2 days 27.53
25.11

10.93
10.76

39.04
36.44

26.32 10.85 37.74

3 days 28.67 8.86 58.00 28.67 8.86 38.00

4 days 29.17
24.47

8.54
8.34

58.15
33*25

26.82 8.44 35.70

5 days 27.37
27.44

9.43
6.48

37.30
33.19

27.41 7.45 35.26

7 days 25.77
25.99

9.87
10.00

36.16
36.62

26.88 9.94 36.40

10 days 21.28
23.99

11.24
12.24

33.11
36*88

22.64 11.74 36.00

2 weeks 9.68
14.53

14.82
15.30

25.07
30.63

12*10 14.96 27.85

3 weeks 2.36
2.04

6.64
5.81

9.55
8.16

2*20 6*23 8.78

4 weeks 1.87
1.99

4.10
4.28

6*19
6*49

1.93 4.19 6,34

5 weeks 1.23
1.21

2.73
3.71

4.10
5.11

1*22 3.22 4.61

6 weeks 1.13
1.17

2*60
3.02

8.8?
4.35

1.16 2.81 4.11

7 weeks 0.84
0*82

2.40
2.09

3*37
3.02

0.83 2.25 3*20

8 weeks 0*49
0.28

1*93
1.54

2.52
1.90

0*39 1.75 2.21
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Tabiv.j -Lc e Continued*

Interval after 
Pollination

percentage Sugars __ .. Ave, Percentage Sugars
reducing as 
Dextrose

Total as
Sucrose Dextrose

Seducing as 
Dextrose

Total as "
Sucrose Dextrose

9 weeks 0.99
0 *18

0.82
1.40

1.85
1.66

0,59 1.11 1.76

10 weeks 0,87
1.64

1.08
0,95

2,00
2,64

1.26 1.02 2.52

A,
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Stareh

in analysing the starch data, Table 13 and Figure 8 , it is inter­

esting to note the rapid percentage increase of this compound in the ovules 

from the first to the third week after pollination despite a simultaneous in­

crease in volume of ovule, From the third to the sixth week percentage starch 

remained fairly constant. By the seventh week there occurred a small increase 

which was maintained rather uniformly to the tenth week.

From a comparison of the curves in Figures 7 and 8 it may be 

seen that there is an inverse relation between percentage total sugar and per­

centage starch from the first to the third week after pollination. These curves 

appear to indloa e that starch is being increased in the corn kernels at the 

expense of total sugar previously stored in the ovules. However, the data 

presented in Table 14 and Figure 9 , giving grams of sugar in ovules per

ear* do not substantiate this inference, bus instead show the two sets of data 

to be independent insofar as an increase in starch indicates a decrease in 

sugar. The fact is, that during the first four weeks following pollination the 

total sugar in the ovules, although decreasing in percentage, increased in grams 

per ear and therefore did not contribute to the rapidly increasing starch. v
Obviously this means that sugar was being translocated into the ovules at a rats 

such that total sugar, largely sucrose, and starch increased in absolute amount. 

The reason, therefore, for percentage reduction of total sugar appears to be a 

more rapid increase in volume of ovule than increase in quantity of sugar, there­

by proving that the inverse relationship of percentage total sugar and percent­

age starch in developing corn ovules is basically unrelated though concomitant.

From the fourth to the tenth week following pollination there occur­

red a general decrease in grams of reducing sugars and sucrose per ear. This 

decrease may have resulted from a transformation of sugar into starch* however 
V 

the quantity was too small to alter either the percentage or the grams of starch 

in the ovules per ear, Figure 10 .



Table 13 • Percentage and gram of starch in ovules per ear of corn.

Interval after 
Pollination

percent 
Starch

Average per­
cent btareh

Average grams of 
starch in grain 

per ear

Unpollinated 7.64
12.03 9,83 0.11

3 days 10.72
14.52 12.62 0.37 !

1 week 4.00
4.51 4.26 0.22 4

2 weeks 24.15
28.86 26.50 3.56 p "

3 weeks 53.72
55.92 54.82

'r
32.08

4 weeks 55.68
53.01 54.35

\^S
58.634

5 weeks 53.40
54.08 55.74 69.09

6 weeks 86.03
55.23 55,63 70.67 S

T weeks 63.24
55.46 59.35 102.11 J

8 weeks 56.40
58.38 57.39

— Ç" U
99.58 J

9 weeks 58.48
60.00 59.27 96.24^ "

10 weeks 67.18
66.55 56.85

-
85,14 '
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Table • Grams of su^ar in ovules per ear of corn from July 20 
to September 27» 195^.,   ... .... ......... ... , . . . . ... ......

Interval after 
pollination.

Sugar in ovules per ear
Reducing sugar as

Dextrose 
. _____ ____

Sucrose

gms.

Total Sugar as 
Dextrose

........ ___________
Unpollinated 

6 hours
0.26
0.28

0.11 
0,10

0.38
0,40

12 hours 
1 day

0.23
0.31

0.13
0.15

0.37
0.46

2 days
3 days

0.42
0.81-

0.17 
0.27

0.60
1.06

4 days
5 days

0.73
1.50

0.24
0.44

0.98
1.95

1 week
10 days

1.35
1.99

0.52
1.03

1.89
3.07

2 weeks
5 weeks

1.57
1,29

1.89
3.65

3.60 
/5.13

4 weeks
5 weeks

2.09
1.57

4.5^
4.14

6.86
5.93

6 weeks
7 weeks

1.46
1.43

3,67
3.88

' 5.22
5.51

8 weeks
9 weeks

0.67
0.95

3,00 
1.80

3.83
2,88

10 weeks 1.88 1.52 3.47
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The data given in Table 13 and Figure 10 show that there were 

weekly increases in grains of starch in the ovules per ear from July 20 to 

September 7 and at no time did the accumulated su^ar in the grain suffice for 

these increases. They were made possible by continuous translocation of sugar 

into the ovules from a stored supply of sugar in the stalk and from a daily 

manufactured supply in the leaves. The latter source probably predominated in 

this respect (13).

The rate of translocation of sugar into the ovules cannot be determ­

ined very accurately from this work, yet a general idea is obtained as to the 

maximum rate which occurred from the 6th to the 7th week. During this period 

the analyses showed that 35.24 grams of sugar and starch, expressed as dextrose# 

were translocated into the ovules per ear of corn. This corresponds to a uni­

form translocation of 3.5 milligrams of dextrose per minute.

Of the 35.24 grams of dextrose the total sugar# as dextrose, rep­

resented only 0.29 gram, showing that the major reaction in the development of 

the corn grain is the synthesis of starch from sugar. This synthesis occurs 

immediately upon sugar entering the ovule and# in view of the small amount of 

sugar stored in the mature grain, may be considered to be a rather complete 

reaction.

Carbohydrate in corn silks
Percentage reducing and sucrose sugars in corn silks (Table 15 ) 

are in the same order as in the ovule. However,the difference between the 

two is greater# at least over the 1 week period tested. There is a definite 

tendency for percent reducing sugars to decrease by the fifth day after polli­

nation with an increase in percent sucrose. On a percentage basis the increase 

in percent suc ose accounts for a little more than half the percent reduction 

in radioing sugars and in this case the percent reduction is believed to repre­

sent a milligram reduction as the weight of silks per ear probably increases
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very little if any after the 5th day following pollination. Although the chemi* 

cal study of the carbohydrates of the silks was terminated on the 7th day after 

pollination, careful observation of the silks at weekly intervals thereafter 

would lead one to believe that a large part of the total sugars was transferred 

to the developing ovules. At what rate and order of transfer no suggestion 

would be offered. .

It may be observed from Table lô that during the first week follow­

ing pollination the silks contain a higher percent of reducing sugars and a 

lower percent of sucrose than the developing ovules.

Table 15 . Percentage of sugars found in corn silks.

Interval after
Pollination.

%
Reducing sugar Average

% 
Sucrose Average

Unpollinated 36,44
35.95 36.20

2.03
3.66 2.85

1 day 37.29
35,74 36.52

3.7?
4.28 4.03

3 days 36,34
36,34 36.34

3.54
3.09 3.32

5 days 31,98
34.37 33.18

5,34
4.62 4.98

7 days 33.73
34,00 33.67

4,49
5.40 4.96

Carbohydrates in corn pollen

Observation of data in Table 16 shows percent reducing sugars and 

percent sucrose in pollen of Bead's yellow dent corn and variety 67 to be 

opposite that found in the silks. Whether high reducing sugars and low sucrose 

in the silks and low reducing sugars and high sucrose in pollen bears any sig­

nificance is not known at this time, however it is believed this relationship 

has not been suggested heretofore, Anderson ( 4) in determining percentage 

1 Ohio inbred line. 
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reduoing sugars and sucrose in pollen of a yellow dent corn1 found 3.50# for the 

former end 3•09> for the latter carbohydrate. These analyses are similar to ° 

those found by the writer*

& Improved Learning.
8 Ohio Inbred Line.

The pollen was collected on July 22, two days after thia work 

started and while the pollen was shading freely.

..  .. Table j.6 * Percentage sugars found in pollen*

Variety %
Reducing sugar Average

%
Sucrose Average

Reed*s Yellow
Dent 1*37 1.37 9.82 9.82
67 * 8 1.58 14*36
67 1.28 14.58

67 3*22
2.03

9*37
12.77
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SUMMARY

The dewloping corn ovule under investigation increased in weight 

per ear from July 20 to September 7, remained constant to September 14 and de* 

olined somewhat for the September 21 and 28 sampling periods. The weekly inarea* 

ses of grain per ear indicate that the development of the corn ovule takes place 

in cycles rather than at a uniform rate. c

It is believed that both the staminate and pistillate parts of the 

corn plant contain phytin prior to the process of pollination.» Following pol* 

lination phytin rapidly increases in the ovule and on September 21 constituted 

88.79 percent of the total phosphorus,

During the first 10 days after pollination the young corn ovules 

contained about 35 percent total sugar expressed as dextrose» Of this amount 

25 percent represented invert sugars and 10% represented sucrose» Percent invert 

sugars decreased rapidly from 10 days to two weeks whereas sucrose increased 

somewhat during thia period. However from two weeks to the end of the expert* 

ment both invert sugars and sucrose decreased to approximately 1 percent each. 

Sucrose was maintained at a slightly higher concentration than invert sugars 

throughout this period.
Starch, on the other hand, made up about 8 percent of the dry ovules 

during the first week after pollination» At the end of the second week it had 

reached 20% and at the end of the third week it was 8#. Thereafter percentage 

starch in the developing corn grain remained fairly constant. Percentage starch 

however, did not increase at the expense of sugars stored in the ovules.

The relative proportion of invert sugars and sucrose in the pistil* 

late and staminate inflorescence differ widely, in that the former contained 

approximately 36% invert sugars and about 3% sucrose while the latter contained 

about 1,# invert sugars and approximately 12% sucrose.
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