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CHAPTER I 

INTRODUCTION 

Descriptions of the genus Yucca are well-represented in botan

ical literature. Taxonomic studies and studies concerning its rela

tionship with the yucca moth are abundant. However, few studies have 

been undertaken which give a detailed account of the leaf anatomy of 

this plant. Therefore, this study was undertaken to describe the 

leaf anatony of Yucca camrpestris ̂ fcKelvey, to determine whether or 

not plants collected from different habitats vary significantly in 

leaf structure; and finally, to see if aridity has any specific ef

fects on structure. 

Yucca is the native Haitian name erroneously applied to the Man-

ihot genus (Vines, I96O). Though the number varies, depending upon 

the author, approximately forty species of Yucca, a genus of the fam

ily Liliaceae, are recognized today (Femald, 1950)« Ytteea is con

fined to the New World, where it ranges from Maryland, western lovra, 

South Dakota, south and westward to Lower California, Yucatan, and 

Central America. The region of its greatest development is the arid 

area in the southern Uhited States and northern Mexico. The tertiary 

rocks of western Europe contain remains which indicate that Yucca is 

an ancient form, and that it was once more widely scattered over the 

earth's svirfaco than it is at present (Sargent, 1947)» 

Extensive taxonomic stxidies of Yucca have been conducted by 

McKelvey (I938, 19if7) and by Webber (1953). McKelvey's work limited 
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the range of Y. campestris to the plains counties of Texas; but Web

ber describes Y. campestris as an apparent hybrid between Yixcca elata 

Engelra and Yucca glauca Nutt. Consequently, Y. campestris should be 

found within the ranges of Y. plauca and Y. elata. Y. glauca extends 

from Mantana, South Dakota, and Iowa to Texas, New Ifexico and Arizona, 

while Y. elata extends from western Texas to southern Arizona and 

northern Ifexico (Rydberg, 1932). 

Arnott (1958) conducted a thorough study of the genus including 

the formation of leaves. His work was informative from the stand

point of general leaf structure in early developing leaves; but it 

contained little information on the anatomy of fully developed leaves. 

Arber (1925) conducted a coii5)lete study of monocot leaf trends. 

Although she did not include a specific study on Yucca leaves, many 

observations and illustrations concerning monocot leaf trends—such 

as mesophyll development, bundle structure, and leaf margin develop

ment—helped pinpoint parallel development in Y. campestris leaves. 

Esau (1965) identifies palisade tissue on both sides of the leaf 

with the term isobilateral and also states that leaves with isobila-

teral palisade tissue are xeroraorphic. She discusses monocot fibers 

with their heavily lignified walls and parenchymous bundle sheath 

cells, as well as the uniformity of bundle structure and size. She 

also presents a photomicrograph of a raphid idioblast and describes 

raphides as being needle-shaped crystals which typically occur with 

other crystals of the same type in a closely packed bundle. 

Delevoryas (1966) includes a section on xerophytes and concludes 



that such plants will have a very thick cuticle, depressed stomata, 

and—in many instances—trichomes in the stomatal area. 

Swain (I963) describes, in general, the structure and chemical 

makeup of raphides indicating that they are very common plant inclu

sions formed from calcium oxalate. These slender, needle-shaped cry

stals are arranged parallel to each other in tight bundles and often 

occur in special sacs called idioblasts. 

Weatherwax (1956) discussed xerophytic adaptions which pertained 

specifically to Yucca. He includes the needle-like leaves, the de

pressed stomata, the thick cuticle, succulent roots, and—in some 

species—the formation of water storage cells. V7eatherwax gives a 

description of Yucca leaves by saying that the leaves have a netvrork 

of hard, wiry, vascular bundles distributed through a mass of soft 

parenchyma cells; but he does not describe their specific arrange

ment . 

Most authors have dealt with Yucca leaf structiare in a very gen

eral and nonspecific way. tkny authors writing on monocotyledons 

have not included the yuccas. Thus, this study should be valuable in 

presenting information and photomicrographs of the anatomy of the 

leaves of Y. campestris. 



CHAPTER II 

MATERIALS AND MTHODS 

Leaves of Y. campestris, varying in length and age, were col

lected from four different sites on the high plains east of Lubbock, 

Texas, tfost mature leaves ranged from 12 to 18 inches in length. 

Mature leaves were collected from the outside of the plant rosette, 

while younger leaves—4 to 18 inches in length—were collected from 

the central portion of each plant. The mature leaves ranged from 

light to dark green while the young leaves were white to a very light 

green. 

Collection site number one was in mesquite grassland 15 miles 

east of Lubbock, Lubbock County, Texas. The plants were situated in 

an exposed area on the north ridge of Buffalo Springs Canyon. The 

elevation is approximately 3iOOO feet; and the area has an average 

rainfall of 18 to 20 inches a year. The soil is a mixture of sand 

and caliche. 

The second collection site was in mesquite grassland 15 miles 

east of Lubbock, Lubbock County, Texas. The plants were situated in 

deep sand surrotmded by mesquite in Buffalo Springs Canyon. The ele

vation is approximately 2,800 feet. The area has an average rainfall 

of 18 to 20 inches per year; and the soil type is deep sand. The 

significant difference between sites 1 and 2 was the nature of the 

substrate. 

The third collection site was in mesquite grassland 3 miles east 



of Crosbyton, Crosby County, Texas. The plants were located on an 

exposed bluff on the eastern escarpment of the southern highplains. 

The elevation is approximately 2,500 feet; and the annual rainfall 

is approximately 19 inches a year. The area is characterized by 

light, sandy loam and limestone gravel. 

Collection site number four was in mesquite grassland 5 miles 

north of Dickens, Dickens County, Texas. The plants were situated 

in a small valley or depressed area filled with deep sand. The ele

vation is approximately 2,200 feet; and the average rainfall is 19 

to 21 inches per year. 

After collection from the fo\rr sites, the plant material was 

preserved in a solution of formalin, acetic acid and alcohol. The 

material was cut into approximately j inch sections and aspirated. 

Some free hand sections were made; but only epidermal peels were suc

cessful by this method. The tissue was dehydrated in tertiary butyl 

alcohol and embedded in paraffin (Johansen, 19^0). Because of the 

high fiber content of Yucca, the material was eventually soaked in 

a mixture of water and glycerine for two to three days to soften the 

plant material for sectioning with the rotary microtome. 

Sections ranging from 20 to 30 microns in thickness were cut and 

stained with safranin and fast green (Johansen, 19'+0). Thinner sec

tioning resulted in much breakage—the fibers being extremely thick 

and tough. 

Microscopic measurements were made of various selected anatomical 

features of the leaves. These were the thick cuticle, the fibrous 
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leaf margins, the epidermal cells, the sunken stomata, the substoraatal 

chambers, the palisade tissue with its raphid idioblasts, and the 

spongy parenchyma with the orderly pattern of fibrovascular bundles. 

Ten different measurements were made of various tissues in both young 

and mature leaves from each collection site. Snedecor (195^) indicates 

that the efficiency of range stays above 90^ for small san̂ jles of this 

size. Consequently, range is used for tables in this paper. 



CHAPTER III 

DESCRIPTION OF COLLECTIONS 

Y. campestris leaves are slender, bluish green, and vary in 

length from 1 to 3 feet. Leaves are approximately 3/8 inches wide 

at the widest point; and young leaf margins are lined with fine 

threads of fiber bundles which often separate with age. Leaf sur

faces are plano-convex and apices are tipped with a slender spine 

about 3/8 of an inch long. 

Young leaf lamina measured approximately 1 millimeter in thick

ness and 4 millimeters in width. Mature leaf lamina ranged from 2 

to 4 millimeters in thickness and from 6 to 10 millimeters in width. 

Leaves from all collections exhibit a prominent fibrous margin 

which is exceptionally well-developed on the lateral sides of each 

leaf blade. This marginal fibrous bundle is especially well-devel

oped in young leaves and, evidently, is one of the first leaf tissues 

to develop conqsletely (Figure 1). As the leaf matures, the fibrous 

margin appears to harden and is sheared off in small or large frag

ments (Figure 2). There is evidence of an abscission-like layer of 

cells developing in mature leaves which leads to the fragmentation of 

this margin (Figure 2). Ifergin size in young leaves ranged from 560 

to 685 microns and averaged 639«5 microns in width. Height of the 

lateral margin ranged from 405 to 470 microns and averaged 436.5 

microns in young leaves. It was not possible to calculate valid aver

ages for the margin in mature leaves because of the fragmentation 
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Figure 1. Transverse section of the fibrous margin of a young Y. 

campestris leaf. A. fibrous margin 

Figure 2. Transverse section of the fibrous margin of a mature Y. 

campestris leaf showing A. an abscission layer, and B. 

the shearing off of the fibrous margin. 

''^TJiSHiiHiBi: ;a^Sî ^m.K^;- .iijwffl •mmw 
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which occurs as the leaf matures. 

Y. campestris possesses a thick cuticle which is transparent and 

appears to be secreted evenly over the epidermal cells (Figure 3)« 

Young leaves have a cuticle ranging in thickness from 6 to 8 microns 

while mature leaves have a cuticle which ranges from 10 to 15 microns 

in thickness (Table 1). 

Epidermal cells are pear-shaped and heavily sclerified only on 

the surface side (Figure 3)* Young epidermal cells average 32.6 mi

crons in height and are 11.8 microns in width. In mature leaves the 

epidermal cells average 38.2 microns in height and average 25.1 mi

crons in width (Table 2). 

Stomata in Y. campestris are paracytic with subsidiary cells 

paralleling the guard cell on each side (Figure 4), Some stomata are 

paired while others are randomly scattered. The width of the stomatal 

opening in the epidermis of young leaves ranged from 27 to 34.5 microns 

and from 45.5 to 58 microns in mature leaves. Length of the stomatal 

opening in young leaves ranged from S5 to 71 microns; and from 90 to 

110 microns in mature leaves. The stomatal pore is approximately 

twice as long as wide (Table 3)» 

In young leaves the stomata are sunken in a chamber ranging be

tween 15 to 20 microns below the epidermal surface; and in mature 

leaves, depth ranged from 25 to"35 microns below the surface (Table 

4). Cross sectional views of the mature stomata show that the walls 

of the guard cells are unevenly thickened (Figure 3)« Deep substoraatal 

chambers varying from 20 to 70 microns in depth were found in 
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Figure 3. Transverse section of a mature Y. campestris leaf showing 

A. the thick cuticle, B. the sclerified epidermal cells, 

C. a mature stomata with its D. guard cells and E. subsid

iary cells, F. the outer vestibule, G. a substoraatal cham

ber, and fl. the compact palisade tissue. 

Figure 4. Surface section of a Y. campestris leaf showing A. paired 

stomata, B. individual stomata, with C. paracytic subsid

iary cells as they occur on the epidermal surface of Y. 

campestris leaves. 
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TABLE 1. Average thickness of the 
cuticle in young and mature Y. 
campestris leaves in microns 

13 

Plant 1 

Plant 2 

Plant 3 

Plant 4 

Cuticle Thickness 

Youne: Ifeture 

6.0 

6.0 

8.0 

7.0 

15 

11 

15 

10 



TABLE 2. Average height and width in mi-
crons of epidermal cells in yoxmg and ma-
ture Y. campestris leaves 

14 

Young leaves 

Average 

Range 

Mature leaves 

Average 

Range 

Heifrht 

32.6 

30-40 

38.2 

35-45 

Width 

11.8 

10-15 

25.1 

20-30 



TABLE 3. The length and width of the stomatal pore in Y. 
campestris leaves in microns 

15 

Plant 1 

Average 

Range 

Plant 2 

Average 

Range 

Plant 3 

Average 

Range 

Plant 4 

Average 

Range 

Width of 

Young 

30 

25-35 

31 

30-33 

34.5 

30-35 

27 

25-30 

Opening 

Mature 

45.5 

45-50 

54.5 

50-60 

46 

40-50 

58 

55-60 

Length of 

Young 

62 

55-65 

60 

55-65 

71 

66-75 

55 

48-60 

Opening 

>fe.ture 

90 

82-95 

100 

95-102 

92 

90-95 

110 

108-115 



TABLE 4. Depth of sunken stomata in young and ma
ture Y. campestris leaves in microns 

16 

Young leaves 

Average 

Range 

Mature leaves 

Average 

Range 

Depth below epidermal surface 

16.9 

15-20 

29.6 

25-35 
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young leaves while chambers ranging between 45 and 70 microns in 

depth were found in mature leaves (Figure j). 

The leaf mesophyll includes palisade tissue on both adaxial and 

abaxial sides enveloping spongy parenchyma which is interspersed with 

large air spaces. Esau (I96O) describes this feature as one which 

often occurs in leaves situated in xerophytic habitats and calls the 

leaf isobilateral (Figure 5)« 

In young leaf cross sections, the palisade tissue on the adaxial 

side of the leaf varies in width 60 to 125 microns. The average is 

92.25 microns. The palisade layer on the abaxial side ranges from 

90 to 125 microns in width. The average is 11507 microns. In mature 

leaves the adaxial palisade layer averages 198.75 microns in width; 

and the abaxial palisade layer averages 200.62 microns in width (Ta

ble 5). 

The palisade parenchyma consists of cells slightly elongated per

pendicularly to the surface of the blade. The palisade parenchyma is 

Diuch more con̂ jact than the spongy tissue and varies from 6 to 10 cells 

in thickness (Figure 3)« 

Raphides with varying lengths and widths are embedded in the pal

isade tissue, Raphides occur in all leaf cross sections but were par-

tic\ilarly abundant in young leaves. Raphid bundles ranged from 15 to 

60 microns in length and 10 to 30 microns in width (Table 6). Swain 

(1963) indicates that most raphides are slender, needle-shaped crystals 

of calcium oxalate which are arranged parallel to each other in tight 

bundles and occur in special raphid sacs (Figure 6). 



18 



Figure 5« Transverse section of a mature Y. campestris leaf showing 

A. isobilateral palisade tissue. 

Figure 6. Transverse section of A. raphid bundle in a mature Y. cam

pestris leaf. 

^ ' ^ • ^ f ^ 
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TABLE 6. Measurements of raphid bun
dles in Y. campestris leaves in 
microns 

21 

Young leaves 

Range 

Mature leaves 

Range 

Height 

15-55 

25-60 

Width 

10-25 

15-30 
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A few prismatic crystals appear in the palisade tissue of the 

plant collected just east of Crosbyton, Crosby County, Texas. These 

crystals were not observed in the tissues of plants gathered at other 

sites (Figure 7)« The significance of their singular occurance is be

yond the scope of this investigation. 

The spongy parenchyma consists of cells that are not much longer 

than wide; and in some cases, appear to be nearly isodiametric. The 

cells vary in size and many intercellular air spaces occur in this 

tissue (Figure 8). As the leaf matures, some differentiation occurs 

between adaxial and abaxial spongy tissue. The spongy tissue on the 

adaxial side, above the central row of bundles, develops large, ir

regular air spaces, and an uneven distribution of bundles. In fact, 

a distinct row of well-formed bundles does not occur in the upper 

part of the leaf once the leaf matures (Figure 9)« The adaxial half 

of the spongy tissue continues to be permeated with small, evenly 

distributed air spaces and well-formed bundles in distinct, uniform 

rows. 

The spongy parenchyma is permeated by a large number of fibro-

vasctilar bundles. The pattern of bundles runs longitudinally through 

the spongy mesophyll. In general, the larger bvmdles appear toward 

the middle of the leaf and decrease in size as they near the leaf mar

gins. Some small bundles are also found in the spongy mesophyll and 

are identified by the helical thickenings in their walls (Figure 10), 

The bundle is enclosed within a bundle sheath. The bundle sheath 

is one cell in thickness and completely surrounds the bundle in such a 
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Figure 7, A, Prismatic crystals, appearing in the palisade tissue in 

young Y. campestris leaves located near Crosbyton, Crosby 

County, Texas, 

Figure 8, Transverse section showing A. spongy parenchyma, B. pali

sade tissue, C. epidermal cells, in mature Y, campestris 

leaves. 
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Figure 9̂  Transverse section of a mature Y. campestris leaf showing 

the pattern of A. fibrovascular bundles. 

Figure 10. Transverse section of a minor bundle showing A. helical 

thickenings, in the walls, B. fiber caps, C. bundle sheath 

cells. 
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way that no part of the vascular tissue is exposed to intepeellular 

air (Figure 11). The bundle sheath cells are somewhat smaller and the 

protoplasmic contents clearer than the surrounding spongy mesophyll 

cells. 

The bundles are collateral; and eaoh bundle is capped with thick 

fibers on both sides with the metaxylem and metaphloem in betvfeen. 

There is little distinction between xylera and phlpeni elements; and 

there is not one or two extremely large metaxylem cells like those 

which distinguish most bundles in monQcotyledons (Figure 11), 

Measurements of the central leaf bundle indicate spffie--but not 

extreme—differences in size between young and mature central leaf 

bundles. The central bundle in young leaves ranged from 280 to 340 

microns in height. In mature leaves, the oenti'al bundle ranged from 

310 to 375 microns in height. The central bundle in young leaves 

ranged from 185 to 215 Microns in width. In mature leaves the bundles 

ranged from 185 to 215 microns wide. Height of the central bundle in 

young leaves ranged from 286.5 mierons to 32? morons while width 

ranged from 194 to 214 mierons. Height of the central bundle in ma

ture leaves ranged from 313 to ')^6f5 microns while width ranged from 

189.5 to 215 Microns (Table 7),. 

In young leaves, 2 to 3 layers of vascular bundles lying in dis

tinct rows extend laterally through the leaf from one margin to the 

other (Figure 12), In mature leaves, 5 to ? layers of bundles may 

traverse the leaf,, ^bese bundles are clearly visible in the lower 

half of mature loaves; but are not seen clearly in the upper half of 
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TABLE 7. Measurements of the central leaf 
bundle in Y. campestris leaves in microns 

30 

Plant 1 -
Average 

Range 

Plant 1 -
Average 

Range 

Plant 2 -
Average 

Range 

Plant 2 -
Average 

Range 

Plant 3 -
Average 

Range 

Plant 3 -
Average 

Range 

Plant 4 -
Average 

Range 

Plant 4 -
Average 

Range 

Young 

Mature 

Young 

Mature 

Young 

Mature 

Young 

Mature 

Central 
Width 

214 

210-215 

194 

185-215 

194 

185-215 

189.5 

185-200 

197 

190-200 

201 

190-210 

213 

210-215 

215 

214-218 

Bundle 
HeiKht 

313.5 

300-345 

317 

310-340 

286.5 

280-300 

337 

320-340 

310 

308-315 

313 

310-320 

327 

310-3'iO 

346.5 

340-375 

— — • — ~ — " 
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mature leaves (Figure ?)» 
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The abscission layer is conqjosed of parenchymous cells and appears at 

the leaf's margin. It appears to be an extension of the epidermal 

cells; however, the walls are not sclerified. Numerous fibers make up 

this marginal protrusion; and in some leaves, the margin extended 685 

microns in width. No evidence of pitting was fovmd in the fibers of 

the leaf margins. The thick fibrous margin is protective in its 

function. 

Epidermal cells are heavily sclerified on the outer tangential 

wall. This sclerification is extremely thick, taking up approximately 

335S of the cells total height (Figure 3). The height of epidermal 

cells is approximately twice that of the width; and this ratio is 

maintained for both young and mature leaves (Table 2). The cells are 

a little broader at the base or abaxial side than on the adaxial side. 

The dense sclerification of the surface walls is another xeromorphic 

adaptation of Y. campestris leaves. 

Stomata are either paired or scattered over the surface of both 

young and mature leaves. Arnott (1958) reports that stomatal pairing 

is extremely rare. His report indicated that stomatal initials are 

usually cut off from the apical end of the primary stomatal mother 

cell. When two stomata are situated side by side, one initial must be 

cut off from the basal end of the primary stomatal mother cell. Except 

for anomalies, the stomatal initial is always produced from the apical 

end of the primary stomatal mother cell. Whatever the case might be, 

paired stomata do occur regularly in Y. campestris (Figure 4). This 

fact seems to make Y. campestris a unique plant. 
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Stomatal pore size is approximately twice as long as wide; and 

stomata in Y. campestris are bordered by paracytic subsidiary cells 

(Figure 4). The xeric adaptation of sunken stomata is a character

istic of leaves from all collection sites. Guard cells in mature 

leaves were embedded 50^ more deeply than in young leaves (Table 4). 

This increase in depth is partly explained by the thickening of the 

cuticle and the elongation of epidermal cells as a leaf matures. 

Substomatal chambers up to 70 microns in depth were measured in both 

young and mature leaves. 

The coiqaact isobilateral palisade tissue comprises approximately 

205̂  of the leaf lamina in both young and mature leaves. The spongy 

mesophyll with numerous air spaces and the vascular bundles comprise 

the rest of the leaf. The abaxial palisade tissue is better developed 

in young leaves—but not significantly so—while both the abaxial and 

adaxial palisade tissue are equally well-developed in mature leaves 

(Table 5)« The cells comprising the palisade tissue develop early 

and increase in size as the leaf matures. 

Arnott (1958) reported raphid formation in Yucca in special cells 

called idioblasts. Raphides develop within the vacuole of the idio

blast. Raphides are almost entirely limited to the palisade tissue; 

but occassionally a raphid idioblast can be fotind in the spongy paren

chyma adjacent to the palisade tissue. Sometimes these crystalliferous 

cells are twice the size of their noncrystalliferous neighbors. The 

raphides were very apparent within the palisade tissue of both young 

and mature leaves. They appeared in the leaves of plants from all 4 
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collection sites and were more numerous in young leaves than in mature 

leaves (Figure 6). Prismatic crystals xiere discovered in the palisade 

tissue of young leaves from collection site number 3 only (Figure 7)« 

They were not found in the tissues of any of the other plants. 

In yoTing leaves the spongy mesophyll is well-formed; and no dis

tinction between upper and lower halves of this tissue can be made. 

However, as the leaf .matures and begins to form the plano-convex pat

tern of a mature and well-formed Yucca leaf, the upper half of the 

spongy parenchyma stretches and large, irregular air spaces with a 

less-orderly pattern of bundle distribution develops. Thus, a clear 

line develops between upper and lower spongy mesophyll in mature Y. 

campestris leaves (Figure 9)» 

A bundle sheath of parenchyma cells completely surrounds each fi

brovascular bundle. The sheath cells are slightly elongate or ellip

tical in shape. The bundles are capped on both adaxial and abaxial 

sides with thick fibers. Consequently, transportation of materials 

between the leaf mesophyll and the bundle must occur through the pa

renchymous sheath cells and can only occur on the lateral sides of the 

bundle (Figure 11). 

There are 30 to 35 major bundles in both young and mature leaves. 

Minor bundles also appear; but the number varies somewhat from leaf to 

leaf. The major bundles alternate in position in young leaves (Figure 

12). As the leaf matures, the bundles are situated in rows; and the 

major bundles are positioned in such a way that they almost lie direct

ly over one another. This change in position of mature bundles appears 
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to be brought about by the maturation of the spongy mesophyll cells. 

As they enlarge, the bundles are moved further apart and are aligned 

in definite layers extending laterally through the leaf (Figure 9)« 

The major bundles are midway between the two epidermal siirfaces while 

the minor bundles are more closely positioned to the leaf margins or 

to the epidermal surfaces. The vascular bundles are collateral. All 

well-formed bundles are covered on their abaxial and adaxial sides by 

fiber caps (Figtire 11). The abaxial fiber cap is a little larger and 

better-formed than the adaxial cap. Arnott (1958) reports that the 

abaxial cap is the first formed. He also reported that all major bun

dles are formed in the early development of each leaf. 

Habitat does seem to effect the maturation of some leaf tissues; 

but it does not seem to determine whether a tissue will develop or not. 

Leaves collected from collection sites 1 and 3 did not appear to be as 

well-developed as leaves collected from collection sites 2 and 4. How

ever, transections of the internal leaf anatony revealed that the tis

sues found in the leaves of the more xeric sites were similar in 

structure and development to the tissues in the leaves collected from 

the more mesic sites. In the more xeric leaves, the cuticle was 33/̂  

thicker, the length and width of stomatal pores were reduce^, and the 

size of the main bundles were also somewhat reduced. Other than that, 

the tissues and their development were very similar for all leaves 

from all sites. 

Some variations are noticeable when mature and young leaf tissues 

are compared. However, many of these variations are brought on by 



37 

normal leaf maturation. 

McKelvey (1938, 1947) reports on the tendency of the well-devel

oped leaf margins in Y. campestris to be absent or much reduced with 

age. This investigation revealed an abscission-like layer of cells 

which develops at the base of the fibrous margin and separates the 

protruding and well-developed fibrous margin from the rest of the 

leaf (Figure 2). The photomicrographs reveal a fractioning or peel

ing away of mature margins. Consequently, several threads of fibrous 

tissue may come from the original fibrous margin. 

As the leaf matures and increases in size, so does the cuticle. 

The cuticle in mature leaves is 50^ thicker than the cuticle in young 

leaves. 

Epidermal cells beneath the cuticle continue to grow and develop 

as the leaf matures. Measurements indicate an increase ranging from 

15 to 25/̂  in epidermal cell height with an increase up to 50^ in epi

dermal cell width as a leaf matures. The stomatal pores in the epi

dermis increase in width by 33/̂  as they mature; and they become more 

deeply embedded beneath the epidermal surface (Table 4). 



CHAPTER V 

SUMMARY 

The results of this investigation indicated that Y. campestris 

leaves collected from four different sites had certain anatomical 

features in common. Some of these features were: a thick cuticle 

which extended into large, fibrous margins on the sides of each leaf, 

large epidermal cells heavily sclerified on the outer tangential wall, 

sunken stomata with an outer vestibule on the surface side and deep 

substomatal chambers, isobilateral palisade tissue permeated with raph

id idioblasts, isodiametric spongy parenchyma with large and irregular

ly scattered air spaces, and collateral vascular bundles surrovmded 

by a parenchymous bundle sheath with fiber caps on both the adaxial 

and abaxial sides of the bundle. Prismatic crystals were fovmd in 

the palisade tissue of leaves collected from site number 3« 

The study revealed a consistent degree of xeromorphy in leaves 

collected from all sites. Leaves collected from sites 1 and 3 reveal

ed a greater degree of xeromorphy than leaves collected from sites 2 

and 4. This was evidenced by their thicker cuticles, reduced stomatal 

pore size, and their reduced vascular bundle size. 

Two outstanding features of Y. campestris leaves were revealed 

by this study. Paired stomata—considered to be an anomaly—appear 

regvilarly on the surface of Y. campestris leaves. The appearance of 

an abscission layer at the base of the fibrous leaf margin was also 

observed. 
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