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CHAPTER I
INTRODUCTION

Sorghum bicolor (L.) Moench has been a well established
economic crop since the time of earliest civilizations. The
grain is used for human food as well as feed for animals,
and the stems and leaves are used for green chop, hay,
silage, and pasture.

Grain sorghum is cultivated throughout Africa and
extensively in India, Manchuria, and the United States. It
is also grown in Asia Minor, Iran, Pakistan, Korea, Japan,
and some islands of both the East and the West Indies. It
is an important crop in the United States, particularly in
the Southwest where the climate is too hot and dry for corn.
The states leading in grain sorghum production are Texas,
Kansas, Nebraska, Oklahoma, California, and Missouri.

Sorghum secretes a waxy coating known as "bloom"
(epicuticular wax) on the leaf blades and leaf sheaths.
Three types have been recognized: a heavy coating known as
"bloom", a light coating or "sparse-bloom", and no covering
which is termed "bloomless".

Greenbugs, Schizaphis graminium (Rondani), a major pest
of sorghum since 1968, have been reported to show

nonpreference for the bloomless types of sorghum, but few



studies have been done to explain this nonpreference.
The objectives of this study have been to:

1. Describe the surfaces of leaves of the three
types and to record the relative amounts and
distribution of wax on bloomless, sparse-
bloom and normal bloom types of sorghum.

2. Study the comparative morphology of the three
types of leaves at the tissue level.

3. Rélate these features to preference or

nonpreference of greenbugs.



CHAPTER 1II
LITERATURE REVIEW

Ayyangar et al. (3) and Ayyangar and Ponnaiya (4),
working with the World Collection of Sorghum at the Millet
Breeding Station at Coimbatore, India, reported that all
sorghum plants exude a form of epicuticular wax known as
"bloom". This bloom is a white powdery appearing
epicuticular wax which is readily observed on leaf blades
and leaf sheaths. The authors recognized three types:
1. the heavy covering or "bloom"; 2. the light covering or
"sparse-bloom"; and 3. the absence of covering termed
"bloomless". They (3) mentioned also that both cultivated
and wild sorghums of Asiatic and African origins showed this
waxy secretion in some degree, and on careful examination
bloomless types of sorghum revealed traces of wax. The
appearance of the waxy secretion began as early in the 1life
of the plant as the third or fourth day after germination.
The secretion increased until the plant approached the
flowering phase and then there was a gradual decline in
deposition. The deposit was more pronounced on the
intraveneous region, whether on leaf sheath, leaf blade or
any other region.

Ayyanguar and Ponnaiya (4) indicated that an African

3



variety, "Vigage", was of the bloomless type. They reported
inheritance studies when the bloomless type of sorghum was
crossed with both heavy-bloom and sparse-bloom types of
sorghum. In the cross with the heavy-bloom, all F; had
heavy bloom, and the F, segregated into 252 plants with
heavy bloom and 84 bloomless plants. This gave a ratio of
3:1, indicating a single recessive gene for bloomlessness.
In the cross with the sparse-bloom, all F; had heavy bloom,
and the Fy segregated into 108 heavy-bloom, 35 sparse-bloom,
and 43 bloomless plants, giving a 9:3:4 ratio. The authors
concluded that bloom was completely dominant over bloomless,
and that bloomless was epistatic to sparse-bloom. The
symbols used were BmBm for bloom, bmbm for bloomless, hh for
sparse-bloom, and HH for bloom.

In another study, Peterson et al. (12) investigated the
relationship among five bloomless and four sparse-bloom
mutants. The mutants were crossed in all combinations, and
with two normal bloom lines. The results showed that
bloomlessness was controlled by homozygous recessive alleles
at either one of two loci, and the gene symbols bmybmy and
bm,bmy were assigned. Sparse-bloom was conditioned by three
independently inherited homozygous recessive alleles at
either one of three loci. The gene symbols assigned were
hihy, bhphy, and h3h3. The fourth mutant was not positively
identified.

Wilkinson and Commins (17) extracted leaf epicuticular

waxes with chloroform from bloom and bloomless near-isogenic



lines of Redbine-60. The chloroform extract was esterified,
separated, and quantified. They used the first leaf below
the flag leaf at the dough stage of maturity. The results
showed that for equal density of leaf, the leaves of the
bloomless near-isogenic line had 73% of the epicuticular
fatty acid, 118% of the fatty alcohol, and 1% of the alkane
content of those constituents of the bloom leaves. It
appeared that there was a 57% reduction on the bloomless
leaves of the fatty acids + fatty alcohols + alkanes, -
compared to the bloom leaves.

Other studies have been done which demonstrated that
bloomless forage sorghums have better digestibility than
bloom types of forage (6, 7). Cummins and Dobson (6)
compared the digestibility of bloom and bloomless sorghums
with an in wvitro technique. The three near-isogenic
bloomless sorghum lines had 22% higher digestibility than
the three near-isogenic bloom sorghum lines. The study
showed that the absence of the waxy deposit on the bloomless
lines facilitated the penetration of the microorganisms in
the rumen, and the waxy coating on the bloom lines slowed
down the penetration process. Hanna et al. (7) applied a
similar method to that used previously by Cummins and Dobson
(6). They concluded that the bloomless lines had higher
digestibility. From other studies they indicated that the
bloomless types had more water loss and so less drought

tolerance, due to the absence of the waxy bloom on the



plant.

Blum (5) reported a study to relate the forms of
epicuticular wax to the resultant effect on the spectral
characteristics of the leaf. He used two near-isogenic
lines of sorghum, one bloomless (bmbm) and the other normal
(BmBm), to study the role of epicuticular wax as a possible
drought resistance factor in sorghum. Samples from leaf
sheaths and leaf blades were examined by scanning electron
microscopy after being treated and frozen in liquid nitrogen
and gold plated in a vacuum chamber. Some samples were
dewaxed with chloroform. Leaf blades were used to make the
quantitative determinations of epicuticular wax, and the
reflectance was measured by the mean of spectrophotometer
equipped with a chromatographic scanning attachment. Blum
(5, p. 51) observed the bloom genotype by using the scanning
electron microscopy and noted (1) "appearance of waxy bloom
in the form of fine filaments over the leaf sheaths and the
central basal region of the abaxial leaf blade surface";
(2) "a possible increase in thickness of the homogeneous-
amorphous epicuticular wax"; (3) "an excessive formation of
waxy flakes over the epicuticular wax layer". He also noted
that "the total amount of chloroform-extracted epicuticular
wax was significantly greater in the leaf blades of bloom
than the bloomless genotype." Finally he (5, p. 51)
mentioned, "The reflectance of radiation in the visible and
near-infrared region over the adaxial leaf blade surface was

about 4-5% greater in the bloom than in the bloomless



genotype." The bloom genotype was considered to be drought
resistant.

Greenbugs have been a major pest of sorghum since 1968
(15). Greenbugs are plant aphids which inject toxin that
kills leaf tissue as they feed. They fed only on small
grains prior to 1968, but now they feed on sorghum also.
Considerable effort has been directed to the study and
characterization of the responsible biotypes, as well as to
the search for resistant germplasm. Peiretti (11) studied
greenbug resistance in sorghum as related to the bloomless
character, since greenbugs exhibited a high degree of
nonpreference for bloomless sorghums, He studied a
bloomless line (RWD3-Weskan), a normal resistant 1line
(shallu Grain), their Fj;, Fy, and a susceptible check (RS
610). He reported that the bloomless character was
regulated by a single recessive pair of genes, with the
expression of bloom being dominant to bloomless. The
greenbug nonpreference was associated with a trait from
bloomless RWD3-Weskan which was inherited independently from
alleles which regulated the expression of tolerance to
damage from Shallu Grain, and the tolerance to damage was
regulated by a single pair of alleles with partial or no
dominance. Amini (1) also studied the nature of resistance
of bloomless sorghum to greenbugs. He confirmed the nature
of the inheritance of the bloomless character and also

reported that the two types of resistance from RWD3-Weskan



(nonpreference) and from IS 809 (tolerance) were regulated
by independent factors. He concluded that the bloomless
sorghum appeared to increase in the trait for nonpreference
with increasing the age of the plants. Starks and Weibel
(14) conducted a study of the nonpreference of greenbugs for
bloomless sorghum. Near-isolines were used for comparison
in three different tests: natural infestations or field
conditions, leaf cage tests, and large cage tests. The
results showed that the bloomless and sparse-bloom
conditions in sorghum reduced the reproduction of greenbugs
and damage from natural infestation. However, when the
aphids were confined in cages on leaves, damage and
reproduction were not reduced. This led them to suggest
that the mechanism of resistance was mainly nonpreference by
the aphid instead of antibiosis or tolerance to injury by
the plant. Some other suggestions were that in the early
plant growth stages the resistance due to nonpreference for
bloomless and sparse-bloom genotypes was not effective.
However, there was protection 45 or more days after

emergence.



CHAPTER III
MATERIALS AND METHODS

Field Conditions

Three near-isogenic lines (R OKY62 bmjbmj;, R OKY62
h2h2, and R OKY62 BmBm) were grown at the Perkins Agronomy
Research Station during the summer of 1982 under two
different sets of environmental conditions in single row
plots. The first treatment was supplemental irrigation.
Seeds were planted June 14, while seeds for the second
treatment were sown June 19 and grown without irrigation.
The leaf samples were collected at four different intervals.
The first sample was collected at approximately growth stage
#3, which corresponds to the "growing point differentiation"
of Vanderlip (16). The second sample was collected at
approximately growth stage #4, or "final leaf visible in
whorl", and the last two samples were collected at growth
stage #6 or "half bloom" and growth stage #7 or "soft
dough". In each treatment at each sampling date, one
representative plant was chosen at random in the row. It
was pulled from the ground with roots still attached, and
taken to the laboratory for observation. The removal of wax

was carefully avoided.



10
Scanning Electron Microscopy (SEM)

The plant samples were examined with a JOEL JSM 35
Scanning Electron Microscope (SEM)., One leaf was chosen at
random by numbering and drawing a number from among the
first to the last fully expanded leaf. The same leaf was
used for both scanning electron microscopy and light
microscopy. An area of 3 x 5 cm was cut from the fresh leaf
with a razor blade, and mounted on an aluminum stub with
silver paint. The usual pretreatment of materials was not
used because the solvent in standard SEM procedures removes
epicuticular wax (8). Samples were taken from leaf sheath
and leaf blade of each type of sorghum. The surfaces of
bloom leaf sheath and leaf blade samples were examined
directly with the SEM, whereas the surface of sparse-bloom
and bloomless had to be coated with gold palladium and
dehydrated at the same time in a vacuum chamber, because
their more regqular surfaces caused electrical charging.

The SEM distinguishes the features of the surface of
the cuticle, while light microscopy shows the cross

sectional features of the tissue surface.
Light Microscopy

From the same leaf collected for scanning electron
microscope observation, some larger samples were collected
from the leaf sheath and the leaf blade for observation with

the light microscope. Standard procedures of microtechnique



11

were used (13)., For killing and fixing purpose, the pieces
of tissue of each type were immersed and stored in 50% FPA
solution (formalin-propronic acid-alcohol). The material
can be stored in FPA indefinitely.

The preparation of the material for light microscopy
included dehydration followed by embedding in paraffin. The
T-butyl alcohol (a solvent of paraffin) served as both a
dehydratant and a clearing agent, Six different solutions
contained increasing concentrations of t-butyl alcohol and
decreasing concentrations of distilled water and ethyl
alcohol (13).

Samples were left in solutions #1 to 5 for one hour,
and there were three changes of solution #6. The third
change was aspirated and left overnight. The next step was
infiltration in paraffin, which consisted of dissolving the
paraffin in the solvent containing the samples, and
gradually increasing the concentration of paraffin while
decreasing the concentration of the solvent. After the
material was infiltrated, it was embedded in melted paraffin
in a plastic boat. The paraffin was allowed to solidify to
act as supportive matrix for sectioning. The embedded
samples were mounted on wood blocks and sectioned with a
rotary microtome at twelve micrometers. The sectioned
ribbons were mounted to slides (13). Ten slides were made
for each specimen and they were stained in an electro-
mechanical stainer.

After the staining, cover slips were mounted to the
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slides with some drops of "Adams histoglav" and the leaf
tissues were ready for observation. During the observation
of the tissue, one hundred measurements were made from each
slide for the thickness of the cell wall of the lower
epidermis and the upper epidermis. Since there were no
replications, the means, the range, and the standard

deviation were calculated for each type.



CHAPTER 1V
RESULTS AND DISCUSSION

Scanning Electron Microscopic

Observation
R OKY62 bmybm; (Bloomless Isogenic Line)

The observations of four samples of the bloomless line
R OKY62 supported the belief that there were no new
anatomical features of the adaxial cross section including
the epidermis of the leaf sheath and leaf blade tissue other
than those observed by Metcalff (10) and Artschwager (2).
The structure of the adaxial surface of the leaf sheath
revealed prominent major veins covered mostly by five to six
single rows of silica cells associated with cork cells
(Figure 1). The stomates, subsidiary cells and guard cells
were arranged at either side of the vein. The long cells
were arranged along with the single row of stomates. They
had thin cell walls and were elongated and narrow (Figure
2). Silica cells and cork cell groups alternated with short
cells (Figure 3). More often micro-hairs which were
composed of two rounded parts occurred with the long cell
(Figure 2), and prickle hair cells which were not divided

appeared occasionally along long cells (Figure 4). There

13



Figures 1-4. Scanning Electron Micrographs Showing Main

Figure

Figure

Figure

Figure

Features of the Leaf Sheath Adaxial
Epidermis and Leaf Blade Abaxial Epidermis
of Bloomless Sorghum R OKY62 bmjbmy

SI = silica cells

MV = major veins

C = cork cells

SC = silica-cork cell groups
MH = micro-hairs

P = prickle hairs

LC = long cells

ST = stomates

G = guard cells

SB = subsidiary cells

Leaf Sheath at "Eight Leaf" Stage Showing Major
Veins and Interveinal Area x200

Leaf Blade at "Half Bloom" Stage Showing
Epidermis Cells x540

Leaf Sheath at "Half Bloom" Stage Showing
Features of Major Veins x540

Figure 1 Showing Prickle Hair in Leaf Sheath
x2000
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appears to be a thickening along long cells, at the base of
silica-cells, stomates, micro-hairs, and prickle hairs that
Blum (5) called amorphous wax (Figure 4). This amorphous
wax is different from the filamentous epicuticular bloom
wax. However, there seemed to be little difference in
amorphous wax deposition between leaf sheath and leaf blade
surface under supplemental irrigation. The structure of the
leaf blade abaxial epidermis showed mainly the same features
as the leaf sheath, except that the adaxial apidermis of the
leaf sheath had more prominent veins. The contrast may be
seen in Figure 5 and Figure 7, compared with Figure 6 and
Figure 8., Also the dumbbell shaped silica cells associated
with cork cells were more abundant on leaf sheath surfaces
(Figures 5 and 7). However, there was no appearance of
bloom wax on the surface of any of the four samples of
bloomless tissue (Figures 1 through 8). The micro-hairs
were less abundant on the leaf sheath (Figure 9) compared to
the leaf blade surface (Figure 10) in all three types of
sorghum. The dumbbell shaped silica cells showed a
depression in the middle and there seemed to be a groove
traversing the long axis of each silica cell (Figure 11).
The micro-hairs had a longitudinal depression (Figure 12),
and their bases became thickened as they entered a thick
deposition of amorphous wax. In conclusion, the
observations of the bloomless sorghum did not reveal the
presence of any filamentous epicuticular wax deposit on leaf

sheaths nor on leaf blades during the vegetative growth of



Figures 5-8. Scanning Electron Micrographs Showing Contrast

Figure

Figure

Figure

Figure

of Epidermal Features of Leaf Sheath and
Leaf Blade at "Final Leaf" Stage and at
"Boot" Stage of Bloomless Sorghum R OKY62
bm; bmg

Leaf Sheath Structure at "Final Leaf" Stage
Showing Two Close Veins, High Frequency of
Silica Cells and Stomates x200

Leaf Blade Structure at "Final Leaf" Stage
Showing Long Cell Walls Slightly Raised and
Sparse Single Rows of Stomates x200

Leaf Sheath Structure at "Boot" Stage Showing the
Same Features as for Figure 5 x200

Leaf Blade Structure at "Boot" Stage Showing the
Same Features as for Figure 6 x200



18




Figures 9-12. Scanning Electron Micrographs Showing
Contrast of Leaf Sheath and Leaf Blade at
"Half Bloom" Stage and High Magnification
of Silica Cells and a Micro-hair of R OKY62
bmj; bmy

Figure 9. Leaf Sheath at "Half Bloom" Stage Showing Major
Vein, Silica Cells and Stomates x200

Figure 10. Leaf Blade at "Half Bloom" Stage Showing
Multiple Micro-hairs on Abaxial Epidermis x200

Figure 11. Figure 9 Showing Silica Cells and Grooves x2000

Figure 12, Figure 10 Showing a Micro-hair and Silica Cork
Group of Cells x2000
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plants in the dryland condition or under supplemental
irrigation. The structures of the leaves included high
concentrations of silica cells and micro-hairs on leaf
sheaths. Howev;r, no differences in wax deposition were

observed among samples in the four different dates of

sampling (Figures 1 through 12).
R OKY62 hohy (Sparse-bloom Isogenic Line)

The scanning electron micrographs showed an increase of
filamentous epicuticular wax fragments on the leaf sheaths
from the "eight leaf" stage to the "soft dough" stage. On
the leaf blades wax filaments appeared only by the "soft
dough" stage. When the samples were collected at "eight
leaf" stage, there was no visible bloom on the upper and
lower surfaces of leaf blades, but there was some bloom on
the leaf sheaths. This appeared in the scanning electron
micrographs as thin filaments of wire-like material which
was found mainly over the veins (Fiqures 13 and 15). This
wax extruded from the epidermal cells and accumulated
predominately near the veins (Figure 13)., The filaments of
bloom wax appeared to be shorter near the surface of the
cuticle and longer in the uppermost layer. Stomates were
distingquishable beneath the thick covering (Figure 15). 1In
general the filamentous wax bloom did not cover all the
cuticle surfaces. On the contrary the scanning electron
micrographs of the abaxial epidermis of the leaf blade did

not show any filaments of wax on the surface of the



Figures 13-16. Scanning Electron Micrographs Showing Leaf

Figure

Figure

Figure

Figure

13.

14,

15.

16.

Adaxial Epidermis and Leaf Blade Abaxial
Epidermis at "Eight Leaf" Stage Under Two
Magnifications of R OKY62 hyhy

Leaf Sheath at "Eight Leaf" Stage Showing
Appearance of Filamentous Waxes Over Vein x200

Leaf Blade at "Eight Leaf" Stage Showing Long
Cell Walls and Stomates But No Wax Filaments
x200

Figure 13 Showing Enlarged Wax Filaments x540

Figure 14 Showing No Trace of Filaments x540
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epidermis (Figures 14 and 16). The cell walls of the
epidermis and the stomates appeared clearly. The structure
of the waxy bloom of this type of sorghum was that of
rodlike long filaments (Figure 17). Except in areas with
much artifactual material, long cells and silica cells are
visible. At higher magnification only silica cells could be
observed under the wax filaments (Figure 18). The filaments
appeared curved and hook-like, and their interiors appeared
transparent or hollow (Figure 19). They seemed to be
extruded from the epidermal surface. Just before the "half
bloom™ stage, the wax filaments on the leaf sheaths appeared
to be smaller in diameter and more intertwined (Figure 20).
The wax layer on the top of the cuticle became dense.
Scanning electron micrographs of the leaf blade at the "half
bloom" stage still showed no wax filaments over the adaxial
epidermis (Figure 21). However, at the "soft dough" stage
there appeared an extensive amount of wax on the leaf sheath
and leaf blade (Figures 22 and 23). The wax runs parallel
to the silica cells. There did not seem to be a high
concentration of filaments in areas near stomatal openings.
There seemed no great difference from the two environmental
conditions. Scanning electron micrographs of leaves of
plants collected before "half bloom" stage under dry land
conditions showed a little bloom on the leaf sheath and none
on the leaf blade (Figures 24 and 25), but both parts of the
leaves showed epicuticular wax filaments at the "soft dough"

stage (Figures 26 and 27).



Figures 17-19. Scanning Electron Micrographs Showing Leaf
Sheath Wax Filaments at "Final Leaf" Stage
at Different Magnifications of R OKY62
hsh

242

Figure 17. Wax Filaments Accumulated Over Veins of Leaf
Sheath x200

Figure 18. Figqure 17 Showing Wax Filaments and Silica Cells
x540

Figure 19, Figure 17 Showing Wax Extruded From Epidermal
Surface x2000
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Figures 20-

Figure 20.

Figure 21.

Figure 22.

Figure 23.

23. Scanning Electron Micrographs Showing Leaf
Sheath and Leaf Blade Structures at "Final
Leaf" Stage and at "Boot" Stage

Leaf Sheath at "Final Leaf" Stage Showing
Extensive Wax Filaments x200

Leaf Blade at "Final Leaf" Stage Showing No Wax
Filaments x200

Leaf Sheath at "Boot" Stage Showing Matted Wax
Filaments x200

Leaf Blade at "Boot" Stage With Extensive Wax
Filaments x200
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Figures 24-27. Scanning Electron Micrographs Showing

Figure 24.

Figure 25,

Figure 26.

Figure 27.

Contrast of Leaf Sheath and Leaf Blade
Under Dryland Conditions at "Half Bloom"
Stage and at "Soft Dough" Stage of R OKY62
hohp

Leaf Sheath Structure at "Half Bloom" Stage
Showing Sparse Bloom x200

Leaf Blade Structure at "Half Bloom" Stage
Showing No Bloom x200

Leaf Sheath at "Soft Dough" Stage Showing Matted
Wax Filaments x200

Leaf Blade at "Soft Dough" Stage Showing Slight
Bloom on Adaxial Epidermis x200
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R OKY62 BmBm (Bloom Isogenic Line)

In all samples of bloom sorghums there were wax
filaments over the abaxial surface of the leaf sheaths and
leaf blades. The filaments of extruded epicuticular wax
were found over veins (Figure 28). At the "eight leaf"
stage, scanning electron micrographs showed long strands and
coils of filaments over silica cells (Figure 29). The leaf
sheath samples observed contained more accumulated filaments
which were thinner and more coiled from the "eight leaf"
stage (Figures 28 and 29), to the "final leaf" stage
(Figures 30 and 31).

Leaf blade surfaces contained less wax filaments than
leaf sheaths under the same environmental conditions but the
amount of bloom increased during the plant growth (Figures
32 and 33 versus Figures 34 and 35). There seemed to be no
difference between the wax filaments observed under the two
environments except there was more bloom on the leaf blade
of plants grown under the dryland condition (Figures 34 and
35). There was less wax accumulation after two week
development uder irrigated conditions at "soft dough" stage
(Figures 36 and 37) compared to dryland conditions at "half
bloom"™ stage (Figures 38 and 39). In late stages of growth
(Figures 40 and 41) wax filaments formed densely over the
epidermis. They appeared to be hollow and to have a knob at
the end. In the earlier stage the wax filaments appeared

shorter and transparent (Figures 42 and 43).



Figures 28-31. Scanning Electron Micrographs Showing Wax
Bloom Filaments at Two Different Intervals
of Growth on Leaf Sheath Abaxial Epidermis
of R OKY62 BmBm

Figure 28. Leaf Sheath at "Eight Leaf" Stage Showing Wax
Filaments x540

Figure 29, Figure 28 Showing Silica-Cells Under Wax
Filaments x1000

Figure 30. Leaf Sheath at "Final Leaf" Stage Showing
Intensive Wax Layer x200

Figure 31. Figure 30 Showing Silica-Cells and Veins Under
Wax Filaments x540
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Figures 32-35. Scanning Electron Micrographs of Leaf Blades

Figure

Figure

Figure

Figure

32.

33.

34,

35.

at Two Different Stages of Growth of R
OKY62 BmBm

Leaf Blade at "Boot" Stage Under Supplemental
Irrigation Showing Small Amount of Bloom x200

Figure 32 at x540

Leaf Blade at "Half Bloom" Stage Showing More
Wax Than in Figure 32 x200

Figure 34 at x540
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Figures 36-39. Scanning Electron Micrographs Showing Leaf

Sheath Structure at Two Different Stages
of Growth of R OKY62 BmBm

Figure 36. Leaf Sheath at "Soft Dough" Stage Showing Wax
Filaments Over Silica-Cells at x200

Figure 37. Figure 36 at x540

Figure 38. Leaf Sheath at "Half Bloom" Stage Showing Less
Wax Deposit x200

Figure 39. Figure 38 Showing Wax Layers x540
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Figures 40-43. Scanning Electron Micrographs Showing Wax
Filaments at Different Stages of Plant
Growth of R OKY62 BmBm

Figure 40. Waxy Bloom Over Leaf Sheath at "Soft Dough Stage
x540

Figure 41. Figure 40 Showing Apparently Hollow Filament
With Ending Caps x2000

Figure 42, Leaf Sheath at "Half Bloom" Stage Showing Wax
Filaments Over Knobs and Silica-Cells x2000

Figure 43. Leaf Blade at "Half Bloom" Stage Showing Wax
Filaments Over Knobs x2000
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In conclusion epidermal leaf surfaces of bloomless
sorghums did not appear to have any waxy bloom when examined
with the scanning electron microscope. Major veins were
covered with silica celss, cork cells, and silica-cork
groups. Stomates and epidermal cells with long walls
appeared in interveinal regions. Sparse bloom sorghums had
wax in the later stages of development but bloom sorghums
showed waxy bloom eary in development. Figures 18 and 42
are preparations in which waxy bloom apparently originated
from the epidermal surface. Kraufman (9) observed the
occurrence of craterlike pores on the surface of silica
cells. Those pores are more clearly seen at higher
magnification. They are of different sizes and have uneven
striation on their surfaces. Those pores may be analogous
to sites where teichode (ectodesmata) traverse the outer
walls of silica cells., The origin and function of these
pores on the surface of silica cells are unknown. They may
be passages for the transport of cutin and waxes to the
epidermal surface. Those pores could be opened and closed
by biochemical processes to liberate waxes. If wax
liberation is related to silica cells it can be understood
why there was more accumulation in leaf sheath than leaf
blade. Also greenbugs [Schizaphis graminum (Rondani)] might
be able to use those pores to feed very easily over the

veins into the phloem.
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Light Microscopic Observations

Leaf Sheath

The cross sections of the leaf sheath showed the same
structure in all three types of sorghum. The adaxial
surface appeared smooth except for slight ribs over larger
vascular bundles. The abaxial surface appeared ribbed. The
cross section of the leaf sheath showed running vascular
bundles parallel to one another. The vascular bundles of
different sizes of angular configuration are scarce. 1In all
samples of leaf sheath at "eight leaf" stage (6), small and
medium vascular bundles lay close to the epidermal surface.
No large vascular bundles were observed at this stage. The
vascular bundles lacked protoxylem. Their schlerenchymatous
sheaths were narrow at the xylem pole, massive in the phloem
region and always confluent with hypodermal sclerenchyma.
The adaxial and abaxial epidermal cells were plate shaped
(Figure 44)., The thickness of the cuticle of the bloomless
near-isogenic line R OKY62 bmjbm; was more uniform in
adaxial and abaxial epidermis (Figure 44). It had an
average thickness of 1.257 + 0.064 um as compared to 0.976
+ 0.0620 um for the sparse-bloom near-isogenic line R OKY62
hohy, and 2.1750 + 0.1418 um for the bloom isogenic line R
OKY62 BmBm. There were three types of vascular bundles in
the "boot", "half-bloom", and "soft dough" stages. The
small and medium bundles were like those described earlier,

but the larger vascular bundles eventually occupied all the



Figures 44-45. Light Micrographs of Leaf Sheath

VS = vascular bundle
EP = epidermal cells
AB = abaxial epidermis
P = phloem

M = mesophyll

Figure 44. Cross Section of Leaf Sheath of R OKY62 bmjbm
at "Half Bloom" Stage, Showing Medium ané
Small Vascular Bundles Lying Beneath the
Adaxial Epidermis x110

Figure 45. Cross Section of Leaf Sheath of R OKY62 hohy at
"Dough" Stage, Showing Alternating Small and
Medium Vascular Bundles and Thick Epidermis
x400
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cross sectional surface of the leaf. They are called girder
or I-beam vascular bundles, according to Metcalf (10). The
phloem sheath was massive. The schlerenchymatous bundle cap
at the phloem side was in contact with the hypodermal
schlerenchyma. The area between the radial sheets of
sclerenchyma was filled with large colorless cells (Figure
45). There were two small bundles between two large girder

shaped vascular bundles. The leaf sheath of all three types

was an average of 0.3439 um.
Leaf Blade

The cross section of 1leaf blade showed identical
structure in all three types of sorghum. The section showed
parallel veins like the sheath, but the cross connecting
veinlets were not so prominent as in the sheath (Figure 46).
The presence of bulliform cells made the difference between
adaxial and abaxial epidermal cells (Figure 47). There were
two types of vascular bundles. There were small round
groups of 12-15 alternating with large oval bundles (Figure
46). The large bundles occupied the entire length of the
tissue and represented the principal veins of the leaf. The
small bundles round in shape were found deeply embedded in
parenchyma in close proximity to the epidermis. Each bundle
had a phloem pole directed toward the adaxial epidermis and
surrounded by schlerenchyma cells, and a xylem pole
separated from the epidermis by several layers of parenchyma

cells. The mesophyll of the blade consisted of relatively



Figures 46-47. Light Micrographs of Leaf Blade

VB = vascular bundle
P = phloem
S = stomate
M = mesophyll cells

Figure 46. Cross Section of Leaf Blade of R OKY62 BmBm at
"Eight Leaf" Stage, Showing Thick Cell Wall
of Epidermis and Large and Small Vascular
Bundles x110

Figure 47. Cross Section of Leaf Blade of R OKY62 bm;bm; at
"Half Bloom" Stage, Showing Bundle Sheath,
Epidermal Cells and Mesophyll Cells x400
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compact chlorenchyma with plastids that were smaller and
more numerous than those of the sheath. The palisade layer
was not well developed.

The thickness of the cuticle layer of both leaf blade
and leaf sheath did not show any particular trend (Tables I
and II). The means for the thickness of the cuticle (Table
III) showed 0.2551 um for bloomless near-isogenic line R
OKY62 bmybmjy, 0.3341 um for sparse-bloom R OKY62 h,oh,, and
0.2962 um for bloom R OKY62 BmBm. But the analysis of
variance showed no difference in thickness of the cuticle
due to the varieties (bloom, sparse-bloom and bloomless).
However, the thickness of the cuticle was largely thicker in
supplemental irrigation conditions over dryland conditions,
0.4169 um and 0.1734 um, respectively (Table IV). However,
the thickness of the epidermis of each variety showed
significant differences (Table IV). 1In conclusion, the
three near-isogenic lines did not show any significant
differences in thickness. This suggests that the layer
measured was the layer of amorphous wax as observed under
SEM. The difference in preference by greenbugs [Schizaphis
graminum (Rondani)] was due to the amount of wax deposited
over the cuticle. There seemed to be two explanations
possible. The greenbugs may sense some chemicals in the wax
which would indicate food to them. They might also sense
the pores opened to extrude wax to reach the phloem of the
leaf. Since the bloom has more wax than the two other types

of sorghum, greenbugs feed on it more easily. Sparse-bloom,



TABLE I

a

STANDARD DEVIATIONS AND STANDARD ERRORS MEASUREMENTS

OF CUTICLE THICKNESS OF LEAF SHEATH SAMPLES

RANGES, MEANS,

e T - . T - e e e e e —— . —— - - - - e . ——————————— e - S G - o o v i - 4 B G v " S A A e = e e e O e ——

Floam

SparseHloam

RBloamless

Renge

Stardard Standard
Meen Deviation Frorox

Standard Standard
Mean Deviation Frorox

Fenge

Stadhrd Standard

Meen Deviation Frrox

ik S

0.1945 0.1010 0.0101
06 .
0770
6120
2583
1141

L0050 2,1750 1.48 0,148

cEcEIniE

00000000

SERIERGE

COCCOOCOCOC

JoERERRSE

00000110
&

r
8888413

SEEEREEE

2020023

EREEE

SEEEEE
OO0 OO O
ZEREEES
S o OO OO C O
[en] LK =]

REEENRE

wwwwwwww

L4
30310111

SEHESRARSSE

2000 0,165 0.016%0

0.
1010 0.010

53
0.0840 0.0108

0970 0.0970 0.,0049

0
0

2230 0.0560 0.0056
0.244 0.0661 0.0074
0.135¢° 0.10014 0.0174

8556
1945
1298
J237 0.0645 0.0065

0
0
0
0
0
0

1gEsEcs
GEREEEES

SE4EERES

CoCoCcOoOOCOoOCOo

REBEES

Siiiiial

SESQFRSE

48

easurements are in micrometers (um).
l, 2, 3, and 4 = sample numbers; A = supplemental irrigation, B = dryland.

Means of the total representing missing data.
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dryland.

supplemental irrigation, B

eans of the total representing missing data.

A

Measurements are in micrometers (um).
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r 2, 3, and 4 = sample numbers;



TABLE III

MEANS FOR DIFFERENT COMBINATIONS OF VARIETY, LEAF PART AND

EPIDERMIS TYPE (IN MICROMETERS)
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ANALYSIS OF VARIANCE OF THE THICKNESS OF CUTICLE BY

CONSIDERING VARIETY AS A MAJOR FACTOR AND

LEAF PARTS AND EPIDERMIS TYPE AS
SECONDARY FACTORS

Source DF Sum of Mean F-Ratio
Squares Square
Mean 1 8.361 8.361
Blocks 1 1.423 1.423
Treatments (Variety) 2 0.100 0.050 1.821 NS
Main Plot Error 2 0.055 0.027
Leaf Part 1 0.228 0.228 5.177%
Epidermis Type 1 1.366  1.366 30.988""
Variety x Leaf Part 2 0.020 0.010 0.228 NS
Variety x Epidermis Type 2 0.151 0.076 1.716 NS
Leaf Part x Epidermis Type 2 0.127 0.127 2.889 NS
Variety x Leaf Part 2 0.067 0.033 0.759 NS
X Epidermis Type
Error 9 0.397 0.044
Sampling 72 9.854 0.137
Total 96 22.150
*F < 0.05
**F < 0.005

NS = non significant
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which has a moderate amount of wax, is preferred to

bloomless.



CHAPTER V
SUMMARY AND CONCLUSIONS

Three near-isogenic lines of sorghum, bloom R OKY62
BmBm, bloomless R OKY62 bmjbmj, and sparse~-bloom R OKY62
hohy were grown in the summer of 1982, The leaf samples
were collected to study a possible relationship between the
presence of wax on leaf blades and leaf sheaths to the
preference of greenbugs [Schizaphis graminum (Rondani)l.
The plants were grown under two environments, supplemental
irrigation and dryland conditions. Leaf samples from leaf
sheaths and leaf blades were mounted on aluminum stubs and
examined with JOEL JSM 35 SEM. Other samples of each
treatment were processed for light microscopy. The
thickness of cuticle was measured and statistically
analyzed.

The following conclusions could be drawn from the
observations:

1. All bloomless samples showed a regular, flat,

unbroken epidermal structure under the SEM.
The leaf sheath had more prominent veins than
the blade. The presence of amorphous wax
over the epidermis, which is different from

the bloom wax, was observed. As observed by
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light microscopy, the cuticle was of equal
thickness in both irrigated and dryland
conditions.

All sparse-bloom samples showed epicuticular
bloom wax over the cuticle in the leaf sheath
in the form of rod-like structures and coiled
fine filaments which seemed to have hollow
interiors. The waxy bloom appeared in the
leaf blade later than in the leaf sheath.
The cuticle layer did not show any
significant difference from the two other
types. Sparse-bloom tissue had an
intermediate amount of bloom wax and probably
had intermediate number of pores to extrude
wax., This may be related to the intermediate
monpreference exhibited by greenbugs to these
tissues.

All bloom samples had epicuticular wax
deposited over the cuticle in the leaf sheath
and the leaf blade. The waxy bloom appeared
in rod-like coiled filaments as described
above. The thickness of the cuticle did not
show any significant difference from the two
other types. So the greenbugs may use the
pores as entries for their stylets to

penetrate and feed in the phloem.
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