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SUMMARY
1. A gene influencing the strength of culm in maize has
been isolated and found to behave as a simple Mendelian recessive. The character has been called lazy and the factor pail'
involved has been degignated La lao
2. Lazy plants are distinguished from their normal sibs by
their prostrate habit of growth. Their culms have a much
lower breaking strength.
3. The culms of the lazy and normal plants have similar
morphological structure, but differ histologically in the thickness of their cell walls.
4. The gene, lazy, exerts a marked influence on the composition of the culm. It greatly restricts the deposition of
such structural materials as cellulose, lignin and pentosans.
Lazy culms contain more moisture per unit weight of green tissue. During early development they also contain smaller
amounts of nitrogen, water soluble material and total ash constituents on a green-weight basis.
5. Both the primary and secondary layers of the cell walls
in corn become heavily lignified. All parts of the cell walls
from the culms of normal plants contain much more lignin than
do those of lazy plants. These differences are more apparent
in the younger tissues.
6. The sequence of lignin formation is similar in normal
and lazy culms. In parenchymatous tissues of both kinds of
plant lignification apparently originates in the primary 'wall
and later extends thru the secondary walls. In sclerenchymatous tissues the reverse relationship exists.
7. The lignin in the middle lamella and in the secondary
walls differ in its structural appearance, the former being
fibrillar and the latter granular in appearance.
S. All parts of the cell walls from the culms of lazy plants
appear to contain less cellulose than do those of normal plants.
The middle lamella of the young tissues of both normal and
lazy plants appeared to be of a cellulosic nature and not pectinaceous.
9. The expressed juice of the lazy stalks contains a smaller
quantity of ash and total solids. Its osmotic pressure is somewhat lower than that of the normal sibs. The ionizable constituents in the tissue fluids of the lazy culms, as shown by electrodialysis, also are lower.
10. The data indicate that the prostrate habit of growth,
characteristic of the lazy plants, is due to a physical ralationship between the strength of the supporting tissue and the
weight of the plant to be supported. This relationship evidently results from a restricted deposition of the structural
materials of the dry matter per unit weight of green material.
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In 1923 a new heritable character appeared in a progeny of
maize grown for genetic studies. This new character expresses
itself as a weak culm, which results in a prostrate habit of
growth. Because of the peculiar gTowth habit associated with
this character it has been named" lazy."
This character offered an opportunity for the study of certain factors which might be associated with extreme differences
in stiffness of culm. It had the added advantage of being
definitely controllable from the hereditary standpoint. For
these reasons a study of normal and lazy plants was undertaken.

Fig. 1. Normal and lazy plants at the stage in which the lazy character begins
to express itself. The two plants on the left are normal and the two on the right
are lazy.
:lThe data on which this papeL" is based come from a cooperative project between
the Farm Crops and Chemistry sections of the Iowa Agricultural Experiment Station
and the Office of Cereal Crops and Diseases. United States Department of Agriculture. The morphological, histological and microchemical studies were carried on by
the senior author in the laboratories of the Botany Department, Cornell University.
where facilities were provided by the members of that department. Particulat· appreciation is due to the generous cooperation of Drs. B. McClintock, G. W. Beadle. L.
F. Randolph . L. W. Sharp and A. J. Eames.
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The present paper reports the inheritance of this character
and the results of a rather detailed study of the differences between normal and lazy maize culms. These investigations include comparisons of the two types of plants in r egard to physical strength, morphological and histological structure, and
chemical composition. Certain physical and chemical determinations also have been made on the juices of the two types of
tissues.
ORIGIN AND DESCRIPTION OF THE LAZY CHARACTER
Lazy plants were first noticed in a single F 2 progeny from a
cross of two inbred lines obtained the previous year from Dr.
J. R. Holbert, Bloomington, Illinois. One of the inbred parents
of this cross was a line of Funk YeHow Dent that had been
selfed for three generations, and the other was a line from
Funk 90-Day which had been selfed only one generation. The
lazy character had not been observed in either of the parental
lines.
Nine F2 progenies from the original cross and six progenies
which were back crosses between Fl plants and lazy plants
have been grown. Only the one progeny has segregated for
the lazy character. If either of the parental plants of this
cross had been heterozygous, a 1:1 ratio of segregating to nonsegregating F2 or backcross progenies would have been expected with a single gene involved. With only one of the 15
progenies segregating, there is less than one chance in 1,000

Fig. 2. A lazy plant some time after it had been staked up.
has sagged between "the root and the point of support.

Note how the stem
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that either parental plant was heterozygous. It is believed,
therefore, that lazy arose as a mutation in one of the parental
gametes entering the original F 1 cross.
Lazy plants are indistinguishable from their normal sibs up
to the time that the stem begins to elongate rapidly. Under
ordinary field conditions the plants are about three feet high
at this time (fig. 1). As the stem elongates it seemingly lacks
sufficient strength to hold the plant erect. The stalk gradually
bends more and more until the plant finally rests on the ground.
All of the bending seems to occur in the younger tissues just
above the nodes.
After becoming prostrate the lazy plants grow along the
ground, following the unevenness of the surface (fig. 3). The
stem apparently lacks the strength even to support its own
weight. When plants are raised and supported by a stake the
upper end of the stalk droops down again and even in many
cases the portion of the stalk between the root and the point
of support will sag as shown in fig. 2.
INHERITANCE
The lazy character is inherited as a simple Mendelian reces ..
sive. The factor pair involved has been designated La La. The
original F 2 progeny segregating for lazy plants produced 82
normal and 20 lazy plants. Eleven normal plants in this progeny were selfed. Five of these proved to be homozygous normal, and six were heterozygous for lazy, where the expected
numbers were 32/3 :71/ 3. The heterozygous plants (including
the original progeny ) produced 979 normal and 300 lazy
plants, where 959 normal and 320 lazy plants were expected.
The deviation of 20 plants is only 0.6 times its probable error.
Progenies have been grown from 27 F, plants of the constitution La la which were backcrossed to the recessive. These progenies produced 1,389 normal and 1,397 lazy plants, where 1,393
plants of each kind were expect ed. The agreement between
the observed and expected numbers is very close in this case.
Figure 3 shows th e segregation in a representative backcross
progeny.
Seven progenies have been grown fJ'om lazy plants selfed or
from intercrosses between lazy plants. These progenies contained 19 normal and 209 lazy plants, where all lazy plants
were expected. One of the normal plants was, without doubt,
an outcross. Of the remaining 18 plants, 15 occurred in one
progeny of very small plants from a selfed lazy plant, while
the other 3 were small plants occurring in two other pro genies.
While the erect plants in these progenies were not tested genetically, it is felt that they were of the composition la la and r eo
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Fig. 3. A representative backcross progeny showing the segregation for nOl'mal
and lazy plants.

mained erect simply because they lacked sufficient weight to
bend OVflr.

REIJA'l'IVE SIZE AND STR,ENGTH OF NORMAlJ AND
LAZY CULMS
Lazy plants do not differ significantly in size, as judged by
diameter and length of culm, from their normal sibs. 'l'hc
diameters of the mature culms of 20 normal and 21 lazy plants
from a representative backcross progeny were determined.
Means for the center of the second internode are recorded below:
Large diamEter (em.) .......... .
Small diameter (em.)

Normal
.................... 2.66 ± 0.14
... 2.45 ± 0.23

Lazy
2.50 ± 0.18
2.29 ± 0.21

Difference
0.16 ± 0.23
0.16 ± 0.31

The lazy plants are somewhat less productive than their normal sibs. This doubtless is due in part to their prostrate condition, which puts them at a decided disadvantage in regard to
sunlight.
The breaking strengths of the culms of normal and lazy
plants were determined at two stages of maturity. The first
determinations were made in the latter part of September
when the ptants were mature, bl\t the stalks were still greeT}.
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The second determinations were made about the middle of November when the plants were dead, and the stalks had dried
out considerably. The data are recorded in table I. It will be
seen that the breaking strength of the green lazy eulms is about
50 percent of that of the normal culms, while the' breaking
strength of the dead culms for lazy is only 40 percent of that
for normal. After the lazy plants r ipen in the fall the water
soluble material in the culm is rapidly leached out and the
culms soon become so soft that they may be crushed easily between the fingers.
TABLE 1. BREAKING STRENGTH OF NORMAL AND LAZY CORNSTALKS
1930.

Internode tested" Position tested

I

Breaking streng~h in pounds

Normal

___
L_az_Y_ _

II

1 La.~~~~mal

Ma ture G r een S t a lks
Third
Fourth
Fifth
Third
Fourth
Fifth
Third
Fourth
Fifth

Top
Top
Top
Center
Center
Center
Bottom
Bottom
Bottom

Mean

Third
Fourth
Fifth
Mean

Center
Center
Center

157
12.5
84
107
90
67
136
106
86

67
49
41
56
51
40
66
57
45

0.43
.39
.49
.52
. 57
. 60
.49

.54

.52

-~

-~

-~

106.4

52 . 4

. 51

Mat ure Dry Stalk.
37.4
34.2
33.4

14.7
15.1
13 . 5

.39
.44
. 40

-

35.0

-

14 . 4

-

.41

MORPHOLOGICAL AND HISTOLOGICAL STUDIES WITH
NORMAL AND LAZY CULMS
No gross morphological . differences between lazy plants and
their normal sibs could be found. No consistent differences
could be found in the number, distribution or size of the vascular bundles. The outer ring of supporting tissue appeared as
thick in lazy as in the normal plants. Figure 4 shows cross
sections thru this outer ring of supporting tissue at the center
of the second internode for normal and for lazy plants. The
similarity in the size of the bundles and in the number of layers
of epidermal cells is apparent. The relative distribution of
bundles between the outer ring of supporting tissue and the
pith appeared to be the same in both kinds of plants. The sections shown in fig. 4, however, are not large enough to show
this comparison. Stiffness of stalk in the lazy plants appears
to have no relation to the numb er or distribution of the bunrles, altho Moldenhawer (14) found the stiffness of the culms
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of cereals to be dependent to a high degree on the number of
vascular bundles they possessed.
. Referring again to fig. 4, it will be seen that the walls of
practically all of the cells of normal plants are thicker than
those of the corresponding cells of lazy plants, altho cell size is
not significantly different in the two kinds of plants. The differences in wall thickness are greatest in the thick walled cells
of the bundle caps. Differences in wall thickness also are very
noticeable in the parenchyma. A comparison of A with Band
of C with D in fig. 4 shows that the differences in wall thickness are larger in young than in old tissue. The wall thickness
of the pith cells is not greatly different in the two kinds of
plants.
COMPARATIVE COMPOSITION OF NORMAL AND LAZY
CULMS
It was anticipated that normal and lazy culms might show
decided differences in their chemical composition. The relation between composition and culm stiffness has held the interest of investigators for many years. According to Davidf;on
and Phillips (2) Sir Humphrey Davy in 1798 associated lodging
with low silica content of the straw. The hypothesis of silica
deficiency was finally set aside by the work of Sachs (23) who
demonstrated by the water culture method that silica could be
entirely removed without weakening the culm tissue. Sachs'
work was later substantiated by Knop (10) and many others.
Nanji and Shaw (16) found no definite relationship between
stiffness of the culm and silica in straw. They suggested that
silica tends to increase the assimilation of phosphoric acid and
usually results in an earlier maturity of cereals.
Sachs (24) attributed straw weakness to a lack of lignification in the supporting tissues of the culm. Lienau (11) reported a definite correlation between the ash constituents in
the stem and the thickness of the cell walls. He found that
phosphoric acid increased the crude fiber content and the cellwall thickness, while potash, lime and nitrogen were retarding
factors in this respect. The work of Nanji, Paton and Ijing
(15) has shown that no relationship exists between the various
forms of pectin and the lodging of crop plants.
More recently Welton (26) and Welton and Morris (27)
found that lodging resulted from low dry matter per unit
length of culm. The reduction in dry matter was due chiefly
to a restricted deposition of lignin, cellulose and various reserve
polysaccharides in the culm tissue. These products all contribute either directly or indirectly to the toughness and
rigidity of stems. Hyper-nutrition, shading and high tempera-
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tures were conducive to culm weakness. The results of these
workers are in accord with those of Rivera (22) who, working
with cereals, concluded that lodging was due to the high water
content of the tissues. In contradistinction to the views of
Sachs and Welton, however, Davidson and Phillips (2) have
recently shown the ash and silica content of straw from fertilized-lodged plots to be markedly lower than straw from the
control area. They also found a greater deposition of lignin
in the lodged straw and associate its accumulation with the
brittleness of the stem.
The early investigations of the chemical nature of various
portions of the cell walls have been ably reviewed by Harlow
(7) and need not be repeated here. Practically all of these
early investigations were carried out on wood. Past evidence
has indicated that the middle lamella in typically perenchymatous tissues is composed of pectin in one or more of its forms
while in woody tissue it is heavily lignified.
Dickson (3) and Dickson and Holbert (4) found the composition of the cell walls of corn and wheat seedlings to be influenced greatly by the temperatures under which the seedlings
were grown. The compositional changes in the cell walls were
correlated with resistance to invasion by certain pathogenic
organisms.
More recently the chemical nature of the cell wall has been
studied by Ritter (20, 21) and Harlow (8). Ritter found the
lignin of three species of wood to be divided approximately
equally between the middle lamella and the remainder of the
cell wall. The lignin of the middle lamella differed from that
of the cell wall structurally and chemically. Harlow found the
secondary cell walls of several soft woods to be appreciably
lignified, altho he failed to distinguish the amorphous secondary-wall lignin described by Ritter (20). Harlow found
that with few exceptions the secondary cell walls of the hardwoods contained practically no lignin. Lignified tertiary
thickenings were present in several species.
COLLECTION AND PREPARATION OF MATERIAL

Samples for the cheinical analyses of the dry matter consisted of"five representative plants taken on each of three dates.
The samples were collected on July 27, Aug. 15 and Sept. 18,
and are referred to as the July, August and September samplings. The July sampling was made as soon as possible after
the lazy plants could be classified definitely. They were rapidly transported to the laboratory where the leaves, ears and
tassels were removed. The stalks were severed at each node,
quartered, weighed and brought to an air-dry basis in a current of air at 70° C. The air-dry material was then ground to
pass the 112 mm. screen of the Wiley mill.
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Samples for the analyses of the press JUIces were collected
in J uly, 1930. Ten representative culms each of lazy and of
normal plants were taken and immediately transported to the
laboratory in ice-chilled containers. The material was rapidly
washed in tap and distilled water, wiped dry with cheese cloth,
minced in a chilled nixtamal mill, placed in glass containers
and frozen at - 10° C. for 24 hours. The frozen tissues were
warmed slightly and their juices expressed with the aid of a
chilled and paraffined steel cylinder under a hydraulic pressure
of 200 kg. per sq. cm. The centrifuged press juice of both the
normal and lazy culms was kept frozen at - 30° C. until used .
Samples for the microchemical determinations were taken
July 27 and Sept. 18, killed in chrom-acetic fixative and preserved in 70 percent alcohol until examined.
METHODS OF ANALYSIS
CHEMICAL:

Moisture Determination.-Tared samples of ground tissue were dried
to a constant weight in a Freas electric vacuum oven at 70· C. and 15
to 20 mm. pressure.
Total Ash .-2 gm . samples were ashed at a duII red heat in ail electric furnace to a constant weight.
a-CeIIulose .-T~red samples were treated with 4 percent NaOH at 180
pounds pressure for one hour according to the method of Mehta (13).
Lignin.-2 gm. samples were treated with 72 percent H 2S0. according to the method of Schorger (25) .
Total Pentosan.-Determinations were made by distiIIation with 12
percent HCl as described in Official Methods (1) .
Water Soluble Material.-5 gms. of tissue were extracted with 200
cc. of water at room temperature for 2 hours.
Reducing and Total Sugars.-Determined by the Quisumbing and
Thomas method (19).
Total and Water-Soluble Nitrogen.-Tared samples were digested
with Hg and H2S0. according to Official Methods (1) .
Carbon Dioxide and Uronic Acid Anhydride.-2 gm. samples were
digested with 12 percent HCl and the liberated C02 precipitated with
Ba (OH)z as specified by Nanji. Paton and Ling (15 ).
Total Solids in Press Juice.-Determined by the refractometric
method proposed by Gortner and Hoffman (6) .
Osmotic Pressure and Bound Water.-These determinations were
made by closely foIIowing the technique as used by Gortner and Harris
(5) and Newton and Gortner (17) .
Electrolytic Dialysis.-A three-compartment ceII using parchment
membranes and similar in construction to that described by Mattson
(12) was employed in studying the ionizable constituents of the juices.
A direct current of 200 volts was used with an amperage of not over
1~ amperes.
The catholyte and anolyte are expressed in miIIiequivalents.
IVhcROCHEMICAL :

Three lines of attack were carried along more or less jointly
in studying the distribution of lignin and cellulose in the cell
walls. They' were (1) treatment with 72 percent sulfm'ic acid,
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Fig. 4. Cross sections thru the corticular ring of supporting tissue at the center
of the second internode of normal and lazy plants. The sections are s tained to show
the distribution of oellulose (black) and lig nin (gray). X 145.
A. Normal plant, July 27
B. L azy plant, July 27
C. Normal plant, Sept. 18
D. Lazy plant, Sept. 18
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Fig. 5. Cross section s thru the center of the second internode of normal and lazy
plants coHect.ed July 27. which h ave been treated with 7'2. percent sulphuric acid to
show the relative lig nin content. A and B X 145. C and D X 650.
A . Normal plant
B. Lazy p lant
C. Parenchyma cells from A
D. Parenchyma cells from B
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Fig. 6. Cross section thru the center of the second internode of normal and lazy
plants collected Sept. 18. X 145.
A (normal) and B (lazy) were treated with 72 percent s ulphuric acid and show
the relative lignin content.
C (normal) a nd D (lazy) were chlorinated and t r eated with dilute sodium sulphite
and show the relative cellulose content.
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Fig. 7. Cross ::;ections just above the third node of normal and lazy plants collected Sept. 18. X 145.
A (normal) and B (lazy) were treated with 72 percent sulphuri c acid. They sh ow
the relative am:::unts of lignin pTesent in the two types of plants and its distribution
between the primary and secondary walls in parenchymatous and sch lerenchymatous
tissues.
C (normal) and D (lazy) were chlorinated and treated with dilute sodium su lphite
and show the relative amou nts and the distribution of cellulose.

HO

Fig. 8. A. Cross section of young parenchyma cells from a normal p lant stained
to show the early stages of lignin development in the primary wall. X 650.
B. Cross section of mature parenchyma cells frem a normal plant stained to show
the cellulosic inner walls (dark in the picture) of the p it chambers. X 650.
C. Cross section of schlerenchy ma cells from just above the third node of a nor ..
mal plant stained to show the distribution of cellulose (black) and lig nin (gray) between the primary and secondary walls in these tissues. X 6FiO.
D. Acid treated section from a normal p lant showin g the fibrillar s tructure of
the lign in in a spiral t hickenin g of the vessel wall. X 650.
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(2) chlorination and subsequent 'treatment with dilute sodium
sulfite solution and (3) the use of differential stains. Section.';
30 microns thick cut from unimbedded material were used for
most of the studies. A few of the sections for staining were cut
8 to 10 microns thick from material imbedded in paraffin.
Sections which previously had stood 24 hours or longer ill
alcohol-benzene solution were used for the treatment with sulfuric acid. They were mounted on a slide, treated with an excess of acid for 24 to 48 hours or longer and were then sealed
in the acid. Mounts made in this manner have been kept nearly
a year and have shown no noticeable change. Most of the
photomicrographs of these treatments were taken from slides
about one month old.
The sections for chlorination were not previously treated
with alcohol-benzene solution. They were chlorinated for
short periods and treated with 2 or 3 percent sodium sulfite
solution until they were completely delignified as evidenced by
the failure of the characteristic color to appear when sodium
sulfite was added. The delignified sections were mounted on
slides and stained with the differential stains or in some cases
were mounted without staining.
The acid treatment apparently removed everything but the
lignin fraction. The residue from this treatment completely
disappeared upon chlorination and the addition of dilute sodium
sulfite solution. The residue from the chlorination treatments
supposedly was cellulose. It was not completely soluble, however, in sulfuric acid. Observations of the section under the
microscope during the acid treatment revealed that the material failing to dissolve was from the innermost portion of the
cell wall and very probably consisted of the remnants of the
cell contents. In the reverse procedure in which acid treated
sections were chlorinated, these remnants of the cell contents
very likely were washed away when the acid was removed, or
when the dilute sodium sulfite was applied and for this reason
were not observed.
Crystal violet and erythrosin were the differential stains
used. Crystal violet stained the lignin and erythrosin the cellulose. The staining schedule was essentially that suggested
by Jackson (9). The sections were stained 10 minutes in a V2
percent crystal violet solution and 3 minutes in a saturated
solution of erythrosin in clove oil.
These stains proved to be very helpful in interpreting the
results of the chemical treatments. They are very specific for
lignin and cellulose. Those areas which were shown by the
microchemical tests to be essentially lignin stained a clear blue,
those shown to be of a cellulosic nature stained a clear red, and
those' shown to contain both lignin and cellulose appeared pur-
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pIe, due to an intermingling of the two stains. Completely delignified sections when run thru the staining schedule and fixed
on a slide with untreated sections stained a clear red with no
trace of blue, while the untreated sections showed the differential staining just described.
Critical examinations of the stained sections were made with
a Zeiss 2 mm. n.A. 1040 apochromatic objective and 5x compensating oculars.
:j!JXPERIMENTAL RESULTS
CHEMICAL

The collection of samples during July, August and September, a!'I previously noted, permitted a study of the composition

of the stalks thruout their period of maturation. The amount
of dry matter in each sample was determined, and the dry matter then was analyzed for those substances which it was
thought might be associated with culm weakness. Data pertaining to these analyses are assembled in table II.
TABLE H . PERCENTAGE COMPOSITION OF NORMAL AND
LAZY MAIZE CULM8-1929.
Original green weight

Moisture-free haBis

Determination

Lazy

Normal

Normal

baBi~

Lazy

- - - -. - - - - - - - - - - - - - - - - - - - July Aug. Sept. July Aug. Sept. July Aug. Sept. July Aug. Sept.
---- ------------ ------

Dry matter
Total ash
3.84 I. 61 1.94
a--CelJulose
24.66 25.50 27.20
Lignin
12 .86 15 .80 17.35
Total pentoaan 17 .20 18 .50 20.22
Pentosan value
due to uronic · 1.00 0.78
acids
1.18
Carbon dioxide I. 50 Uronic acid
6.00 4 . 72
anhydride
Water soluble
material
38 . 60 36.20 37.00
16.00
Reducing Bugars Total reducing
sugars water
25.00
801. material
pH water ext.
5.6 6.2 6.2
Total acidity
cc. 1/10 NaOH 3 . 0 3 .5 3 . 0
per 5 gm.

4.08
24.33
11 .02
15 . 70

3.41
20.80
11 . 45
14.40

2.75
19.44
12 .00
14.20

9.22 18 .35
0.35 0 .29
2.27 4.67
1.18 2.90
1.58 3.39

19 .20
0 .37
5.22
3.33
3.88

2.80
0.11
0.68
0 .30
0.43

10.40
0 . 35
2.16
1.19
1.49

15.80
0.53
3.07
1.89
2.24

1.19

-

0 .88 0 . 09

-

0.15

0.03

-

0 . 14

1.78

-

1.32 0.13

-

0 .22

0.05

-

0 . 21

7 . 12

-

5.28 0.53

-

0 .90

0.20

-

0 . 83

40.40 47 . 70 47.60 3.57 6.64 7.10
22.10
-

-

-

5.8

6.1

1.13 " . 96 7 .52

31.40
6 .3

10 .5 10 .2 10 .5

ti!BUeS

1.12 0 . 38 0 .38 2.07 1.10 1.32 0 . 10 0 . 07 0.07 0 . 05 0 . 11 0 . 21
Total nitrogen
Water soluble
O.H.
0 . 11 1.50 0 . 92 0 . 06
0.02 0 . 04
nitrogen
0.65 H.O Sol. N.
29.00
72.46
60.00
28.50
80.00
M
. IIO
58.03
69.60
Total nitrogen

-

-

-

Expressing the results upon both a moisture-free and a
green-weight basis as in table II permits a comparison of the
dry-weight composition and the green-weight composition of

143
the two types of tissues. Normal and lazy culms differ widely
in the total amounts of dry matter. The lazy stalks possess the
higher hydration capacity thruout the growing season, that is,
they contain more moisture per unit weight of green tissue.
On a green-weight basis the amount of cellulose, lignin and
pentosan gradually accumulates in the culms of both normal
and lazy plants. The percentage of cellulose and pentosan in
the dry matter of the lazy culms gradually decreases with increase in maturity, however. Cellulose, lignin and pentosan
comprise approximately 54 percent of the dry matter of the
normal culms in July and 65 percent in September; while in
the lazy tissues the figures are 50 percent for July and 45 percent for September, respectively.
The greatest differences between the normal and lazy culms
on the original green weight basis occur during the July sampling, which was shortly after the lodging of the lazy plants.
Normal culms at this time have a three-fold greater concentration of ash constituents. They also possess more than three
times the quantity of organic structural material, such as cellulose, lignin and pentosans. Water soluble compounds and total
nitrogen also are present in greater quantity in the normal
culms. The amount of carbon dioxide formed by decarboxylation suggests that between 5 and 6 percent of the total pentosan originates from sugar acids of the glucuronic type . From
the limited data on carbohydrates in the water extracts of
September, it would appear that a decidedly lower carbohydrate-nitrogen relationship exists in the dry matter of the laz),
culms. This situation is in accord with the work of Welton
(26) and Welton and Morris (27) previously noted.
The possibility arose that there might be a differential deposition of the structural elements in the different portions of the
normal and lazy culms. With this in mind the outer husk or
cortex was separated from the pith or ground tissue with its
vascular bundles. Analyses of these two parts for the September sampling are reported in table III.
TABLE III. PERCENTAGE COMPOSITION OF THE DRY MATTER FROM
THE CORTEX AND PITH OF NORMAL AND LAZY MAIZE CULMS. SEPT. 1929.

Cortex

<>-Cellulo8e
Lignin
Total pento8an
Water eoluble material
Total nitrogen

Moisture-free, waterextracted basis

M ois ture-free basis

Determination

Pith

Cortex

Pith

-- -- -- --- -- -- - - ~ormal
Lazy Normal Lazy Normal Lazy Normal Lazy
- -- - - -- -- -- - - 27.30
20 .80
20 .05
29.50
0 . 59

19.37
13 .67
14 .30
48.20
1.20

18.04
10 .78
15. 80
44.80
0 . 69

14.08
8.38
13 .00
56 . 10
1.27

37.36
27.45
28.30

37 . 52
23 . .54
27.20

32.71
18.48
28.78

31.33
17 . 82
29.48
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The data presented in table III show that, on a moisturefree basis, there is a larger percentage of cellulose. lignin and
pentosan in the cortex of both normal and lazy culms than in
the pith, while the water soluble material and total nitrogen
are most abundant in the pith. The differences between cortex
and pith are larger in the normal than in the lazy culms. When
the water soluble portion of the dry matter is removed, the cel·
lulose, lignin and pentosans are rather evenly distributed
thruout the remaining portion of the dry matter. This fact is
further demonstrated in table IV in which some of the data
presented in table II have been recalculated upon a moisturefree, water-extracted basis. Here it will be noted that, with
the exception of total nitrogen, no decided compositional differences occur between the analyses of either the normal or lazy
culms from July to September. Evidently cellulose, lignin and
pentosans are rather regularly distributed thruout that portion
of the dry matter not soluble in water.
TABLE IV. PERCENTAGE COMPOSITION OF THE DRY MATTER OF
NORMAL AND LAZY CORNSTALK TISSUE. 1929.
(Moisture-free. water-extracted basis)
Sample
Normal

Lazy

Mon th

a - Cellulose

Lignin

Total
pentosan

Total
nitrogen

July
Sept.
July
Sept.

36.80
36.00
35.60
35.19

23.10
29.75
22.00
28. 13

26.70
28.50
25.10
25.40

0.77
0.39
0.96
0.75

Certain differences, chiefly in the hydration capacity, ash
and water-soluble materials, suggested that a preliminary study
should be made of the fluids as represented by the press juices
from minced and frozen green culms. Collections were made
of the stalks or normal and lazy plants during . July of 1930.
Determinations were made on the expressed juices of total
solids, total acidity, pH, freezing point depression (to. ) , osmotic
pressure, bound water, electrodialysis, total nitrogen, total reducing sugar and total ash . The data are recorded in table V.
TABLE V. CONSTANTS OF THE JUICE OF LAZY AND
NORMAL CORN CULMS. JULY 10, 1930.
Determination

Total Bolids (percent)
Total acidity N/IO NaOH-20 cc juice (cc)

pH

Ll.(OC)

Oemotic pressure (atmos.)
Bound water (per cent)
Electrodialysis (MilliequivalentB)

Total nitrogen (percent)
Total reduoing sugarB (percent)
Total ash (percent)

Normal

4.15
1.60
5.60
0 . 73
8.83
3.87
5.81 (acid)
4.06 (baBe)
0.034
2.09
0 . 51

Lazy
3.75
1.60
5.54
0.61
7.43
4.01
5 . 04 (acid)
3.16 (base)
0.033
2.20
0.43
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It is apparent that the expressed juices from both types of
culms differ little in total acidity, pH, bound watflr, total nitrogen and total reducing sugars. The total solids and ash, however, are present in greater amounts in the normal plants. The
depression of the freezing point, 6., and consequently the osmotic pressure, is slightly greater in the normal culms. This
difference in osmotic concentration between the two types of
tissues amounts to 1.4 atmos., which is equal to a pressure of
20.5 lbs. per sq. in. While these data would indicate that the
greater rigidity of the normal culms might be due in part to
the larger turgor pressure resulting from a greater osmotic
concentration of the cell sap, lazy plants in the field always appear as turgid as their normal sibs. Furthermore, when no
saturation-deficit occurs, a variation of 1 to 2 atmos. in osmotic concentration can scarcely be interpreted as being important.
MICROCHEMICAL

The microchemical tests indicatc that both the primary and
secondary layers of the cell walls in corn become heavily lignified . All parts of the cell walls of the normal plants coutain
much more lignin and cellulose than do those of the lazy plants.
This is true for all of the stages of growth which were studied,
altho the differences are more striking in young than in old
tissue. Samples from the center ' of the second internode
showed larger differences when taken early than wh en taken
late in the season. Of the samples taken late in the season
those from the younger tissue just above the node showed
larger differences than those from the older tissue at the top
of the internode. In this respect the microchemical determina_tions substantiate the results of the chemical analyses, espccially for lignin a,lld cellulose as percentages of the original
green weight. The development of lignin and cellulose evidently is retarded in the lazy plants and a smaller total quantity of lignin therefore is developed.
The differences in the lignification of normal and lazy plants
are best illustrated by the acid treatmcnts. Figure 5 shows
acid treated sections from the samples taken July 27 from the
center of the second internode. A decided difference in the
quantity of lignin present is apparent. Figures 5C and 5D are
greater magnifications of parenchyma cells from the sections
shown in 5A and 5B, respectively. All parts of the cell walls
differ greatly in the quantity of lignin present, altho the difference is greatest in the secondary layers. In the normal plant
the secondary-wall lig'nin appears as double concentric rings
and nearly fills the lumen of the cell, having been forced there
by the rapidly hydrolyzing cellulose which swells greatly when
attacked by the -acid. In the lazy plant the secondary-wall
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lignin appears as a more or less amorphous deposit. Untreated sections comparable to 5A and 5B are shown in fig3.
4A and 4B.
Acid treatments of sections from samples taken from the center of the second internode on Sept. 18 are shown in figs. 6A
and 6B. The lignin content of both types of plant is much
higher at this time than earlier in the season. The normal plant
(fig. 6A) has an enormous quantity of lignin. Even with careful manipulation some lignin was washed away as the acid was
drawn under the cover glass. The cells which have retained
their structure are entirely filled with concentric rings of
lignin. Comparable sections of untreated material are shown
in figs. 4C and 4D.
Figures 7A and 7B are sections from samples taken just
above the third node on Sept. 18 which have been treated with
acid. The more advanced stage of th e lignification in the normal plant, in both the parenchyma cells and the sclerenchyma
cells of the bundle tissues, is . readily apparent.
In all of the acid treated sections of both normal and lazy
plants the lignin in the middle lamella differed in its structural appearance from that in the secondary walls. The middle-lamella lignin had the finely striated appearance described
by Ritter (20). The secondary-wall lignin, while arranged in
rings in the more highly lignified cells, had a granular appearance. The spiral secondary thickenings of the primary xylem
vessels, however, showed a definite fibrillar structure, the
fibrils extending lengthwise of the spiral (fig. 8D). It is possible that the secondary walls also were fibrillar in structure, as
Ritter (21) found to be the case in certain wood cells. If the
fibrils extended lengthwise of the cell they might appear as
granules when viewed in cross section. Occasional cells were .
found in which the secondary walls were tipped over and could
be viewed from the side. In a few cases these walls showed
a fibrillar structure similar to that of the secondary thickenings of the xylem vessels. The fibrils in all such cases, however,
appeared to run around the cell in the manner described by
Ritter for the outside layer of the secondary wall. No indications of a fibrillar structure of the secondary wall running
lengthwise of the cell were observed.
In both the normal and the lazy plants which were studied
the sequence of lignin formation in the different layers of the
cell walls was the same. The only difference was that formation progressed more slowly in the lazy than in the normal
plants.
In parenchyma cells lignification apparently begins in thc
thickened corners of the middle lamella (that is next to the intercellular air spaces ) . From the corners it gradually extends
to the center of the primary wall betwecn adjoining cells. It
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then progresses thru the secondary layers of the cell wall
toward the lumen. Those portions of the primary cell wall adjoining the intracellular air spaces appear to be the last parts
of the primary wall to lignify. The adjoining portions of the
secondary walls appear to be slightly behind other portions in
the early stages of lignification, but apparently catch up before
lignification has progressed thru many of the secondary layers.
Figure 8A shows an early stage in the lignification of the middle lamella in the parenchyma cells.
In the thick walled sclerenchyma cells of the bundle caps the
sequence of lignification is quite different. Lignification apparently begins in these cells in the first-deposited secondary
layers and extends well thru these layers before the middle
lamella begins to lignify. Lignification does not progress uniformly thruout the middle lamella in the bundles. There are
often more or less radial bands of varying width in which the
middle lamella is much less dignified than that of the bundle as
a whole. Apparently, even in mature corn plants the middle
lamella in the bundles is not completely lignified. This condition is indicated in figs. 6A and 6B by the failure of the cells
of the bundle caps to maintain their structure as in the parenchyma.
The difference in the sequence of lignification in the parenchyma and sclerenchyma tissues is well illustrated in figs. 7A
and 7B, which are sections from just above the third node that
have been treated witp. acid. In the lazy plant only middlelamella lignin is present in the parenchyma, while in the bundle caps only secondary-wall lignin is present. In the normal
plant secondary-wall lignin with a small amount of middlelamella lignin is present in the bundle cap, and only middlelamella lignin is present in the parenchyma. This difference is
shown also in fig. 80, which is a greater magnification of a bundle cap from a comparable section from a normal plant stained
with the differential stains. The dark areas represent cellulose.
The unlignified middle lamella in the above sections showed
no indication of dissolving when treated with a pectin solvent.
It probably is cellulose and not a compound of pectin. These
observations are supported by the quantitative chemical analyses by Peterson and Hixon (18) which indicated only a .v ery
indefinite trace of pectin in the mature cornstalk. They suggested that the middle lamella. in cornstalks must be composed
of material other than pectin.
The differences in the cellulose content of the cell walls are
shown in the delignified sections. Delignified sections from
samples taken from the center of the second internode on Sept.
18 are shown in figs. 60 and 6D. The differences in the cellulose content are not as apparent as were those in the lignin content. In these sections most of the middle lamella is removed

]4.8

and the cells have become more or less separated. This separated condition of the cells is unnatural. It was produced by
the partial drying of the sections necessary in order to fix them
to slides for staining. Previous to this drying the cells were attached to one another with sufficient strength to maintain the
structure of the section. It can be seen from figs. 6C and 6D
that the cellulose connections between the individual cells are
much stronger in the lazy than in the normal plants. The
cells of the normal plant are entirely separated from one
another, while those of the lazy plants remain attached in
small blocks of cells. This is especially true of the cells in
the bundle caps. The above condition naturally would be expected inasmuch as the middle lamella of these cells is slow in
lignifying and lignification in general progresses more slowly in
the lazy than in the normal plants.
Delignified sections from samples taken just above the third
node on Sept. 18 are shown in figs. 7C and 7D. The diffE'rence
in cellulose content is most noticeable in the cell walls of the
parenchyma. The separated condition of the cells in these sections also was caused by the partial drying of the sections.
The ability of delignified sections to maintain their structure
evidently indicates the presence of a small amount of cellulosic
material even in the highly lignified middle lamella of mature
parenchyma cells. It was difficult to determine the nature of
these cellulose connections from the acid treated or chlorinated
sections, as the tissues in each case were considerably distorted
by the treatment. Examination of the stained sE'ctions revealed that the innermost walls of the pit chambers are composed of cellulose. Surrounding this layer of cellulose is an
area staining purple which indicates the presence of both lignin
and cellulose. (Ritter (21) found the chamber walls of the bordered pits of wood cells to be lignified.) In locations where
the middle lamella of mature parenchyma cells apparently was
completely lignified, these thin layers of cellulose and lignocellulose appear to be the only cellulosic material which crosses
it. Photomicrographs of these pits showing their cellulose
walls (appearing dark in the figure) are shown in fig. 8B. The
chlorination treatments all showed a layered condition of the
cellulose in the secondary walls similar to the layers of lignin
produced by the acid treatments. The stained sections also
show this layering, as may be seen in fig. SB . The evidence
would seem to indicate that in the mature cornstalk the layers
of the secondary wall consist of alternate layers of lignin and
cellulose, or more likely lignin and ligno-cellulose.
DISCUSSION
From the data presented it is evident that the gene causing
lazy plants profoundly influences development in the corn
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plant. The lazy character expresses itself in the culm. B eing
a culm character its effect does not become apparent until the
culm b egins to elongate rapidly. The lazy gene induce no
gross morphological differences in the structure of the culm.
The numb er and distribution of the vascular bundles is similar
to that in normal plants. Normal and lazy plants differ
slightly in their osmotic concentrations. The difference, however, is scarcely of sufficient magnitude to explain the peculiar
growth habit of the lazy plants. It appears that the most important effect of this gene is its influence on the amount and
composition of ·the dry matter.
Dry matter develops much more slowly in lazy than in normal
plants. The data show that in July the normal plants contain
approximately three and one-half times as much of the structural materials, such as cellulose, lignin and pentosans as lazy
plants, while in September they contain slightly less than twice
the amount of structural material. Inasmuch as the greatest
differences were noted in the younger tissues, it is quite possible
that had analyses been made on short sections of the culm just
above the node, taken early in the season, still greater variations would have been obtained. The lower dry matter c ontent of the lazy culms is reflected in the thinner cell walls of
these tissues, altho the two are not directly proportional. Microchemical studies indicate that the total quantity of lignin and
cellulose differs greatly in the normal and lazy culm tissue,
but that their distribution in these two tissues is very similar.
A logical explanation of the reaction of lazy plants would
be that this phenomenon is the result of a purely physical r elationship between the strength of the tissue and the weight
of the plant to be supported. The weakness of the lazy culm
evidently is due to the low content of such structural materials
as cellulose, lignin and pentosans per unit weight of green tissue. The bending occurs in the young, rapidly growing tissue
immediately above the nodes. This is the region in which the
greatest difference in structural materials between normal and
lazy culms is to be expected. This tissue is turgid and breaks
readily if bent too far. The bending phenomenon is a gradual
process which continues until the plants become prostrate. It
appears to be the result of the constant pressure caused by the
weight of the growing plant.
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